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This Manual like its preceding editions, has been
prepared to assist those who work or experiment with
radio tubes and circuits. It will be found valuable by
radio servicemen, radio technicians, experimenters,
radio amateurs, and all others technically interested
in radio tubes.
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Structure of a Metal Radio Tube
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20 — CRIMPED LOCK
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22 — EXHAUST TUBE
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24 — EXHAUST TIP
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Electrons and Electrodes

The radio tube is a marvelous device. It makes possible the performing of
operations, amazing in conception, with a precision and a certainty that are astound-
ing. 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
development opens new fields of design and application.

The importance of the radio tube lies in its ability to control almost instantly
the flight of the millions of electrons supplied by the cathode. It accomplishes this
with a minimum of control energy. Because it is almost instantaneous in its action,
the radio 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 negatlve electricity known_as electrons. Scientists have_estimated that these
invisible bits of electricity weigh only 1/46 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
example, 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 radio tubes to produce the necessary electron supply.

A radio 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 it may be the more
compact and efficient metal shell.

CATHODES

A cathode is an essential part of a radio tube because it supplies the electrons
necessary for tube operation. Electrons are released from the cathode by means
of some form of energy applied to it. Generally, heat is 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.

~3—
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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 ggplied
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.

e Directly heated filament cathodes require comparatively
little heating power. They are used in almost all of the tube ty
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, 1F5-G, 1H4-G,

| 1H5-G, and 31. A-c operated types having directly heated fila-
Fig.1  ment-cathodes are the 2A3 and 45.
CATHODE
An indirectly heated cathode, or heater-cathede, consists of
a thin metal sleeve coated with electron-emitting material. With- | 5,0 a1c0
in the sleeve is a heater which is insulated from the sleeve. The reaten
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 radio tubes intended
for operation from a-c power lines and from automobile batteries. The use of
separate parts for emitter and heater functions, the electrical insulation of the
heater from the emitter, and the shielding effect of the sleeve may all be utilized
in the design of the tube to prevent the introduction of hum from the a-c 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 a-c operation have heater cathodes.

GENERIC TUBE TYPES

Electrons are of no value in a radio tube unless they can be put to work. A
tube is, therefore, designed with the necessary parts to utilize electrons as well as
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
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).

—4—
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DIODES

The simplest form of radio 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- ELECTRON

lied by a suitable electrical source connected Low
tween the plate terminal and a cathode e
terminal. Under the influence of the positive PLATE CURRENT
plate potential, electrons flow from the cathode
to the plate and return through the external caru-
plate-battery circuit to the cathode, thus com- ©°¢
Eletmg the circuit. This flow of electrons is
nown as the plate current and may be meas-
ured by a sensitive current meter. M

OUTPUT

[}
(bl
Fig. 3

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, the tube permits electrons to flow
& from the cathode to the'plate but not from the plate
9 to the cathode. If an alternating voltage is applied
;§ to the plate, the plate is alternately made positive
g and negative. Plate current flows only during the
¢/ eecriFeo oureurtime when the plate is positive. Hence the current
Sf-n=—n~7——— through the tube flows in one direction and is said
«f s to be rectified. See Fig. 4. Diode rectifiers are
o used in a-<c receivers to convert a.c. to d.c. for sup-
I plying “B,” “C,” and screen voltages to the other
} tubes in the receiver. Rectifier tubes may have

| one plate and one cathode. The 1-v and 12Z3 are
s of. this form and are called half-wave rectifiers,
kﬁ:)! since current can flow only during one-half of the
| >‘ ALTERNATING alternating-current cycle. When two plates and
[ | voLTace eyt One or more cathodes are used in the same tube,
l J current may be obtained on both halves of the a-c
Fig. 4 cycle. The 5T4, 5Y3-G and 5Z3 are examples of
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 form an effect known as space-charge, This charge has a repelling
action on other electrons which leave the cathode surface and impedes their passage
to the plate. The extent of this action and the amount of space-charge depend on
the cathode temperature and the plate potential. The higher the plate potential, the
less is the tendency for electrons to remain in the space-charge region and repel
others. This effect may be noted by applying increasingly higher plate voltages to
a tube operating at a fixed heater or filament voltage. Under these conditions, the
maximum number of available electrons is fixed, but increasinﬁly 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,
emission. Tubes are sometimes tested by measurement
of their emission current. However, in this test it is [T
generally not feasible to measure the full value of Satration Point
emission because this value would be sufficiently large
to cause chanﬁ in the tube’s characteristics, or to
damage the tube. For that reason, the test value of
current in an emission test is less than the full emission
current. However, this test value is larger than the
maximum value which will be required from the cathode /'
in the use of the tube. The emission test, therefore,
indicates whether the tube’s cathode can supply a ’
sufficiently large number of electrons for satisfactory O PLATE VOLTAGE——
operation of the tube. 5 Fig. 5

v

J 4

/
/

NUMBER OF ELECTRONS
REACHING PLATE ——
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If space charge were not present to repel electrons comin% 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 means is used in rectifier types, such as the 83-v and
the 25Z5, having heater-cathodes. In these types the radial distance between
cathode and plate is only about two hundredths of an inch. Another means for
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 permeat-
ing 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 col-
lisions 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. lonization, 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 filament occurs,
the space-charge is neutralized by the positive mercury ions so that increased num-
bers of electrons are made available, A mercury-vapor rectifier has a small voltage
drop between cathode and plate (about 15 volts). This drop is practically inde-
pendent of current requirements up to the limit of emission of electrons from the
filament, but is dependent to some degree on bulb temperature.

An ionic-heated cathode rectifier tube is another tiv)ge which depends for
its operation on gas ionization. The 0Z4 and 0Z4-G are tubes in this classification.
They are of the full-wave design and contain two anodes and a coated cathode
sealed in a bulb under a reduced pressure of inert gas. The cathode in each of these
types becomes hot during tube operation but the heating effect is caused by bom-
bardment of the cathode by the ions from within the tube rather than by heater
or filament current from an external source. The internal structure of the tube is
designed so that when sufficient voltage is applied to the tube, ionization of the gas
occurs between the anode which 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 principle of rectification.
The initial small flow of current through the tube is sufficient to raise the cathode
temperature quickly to incandescence whereupon the cathode emits electrons.
The voitage 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
that a minimum load current always flow in order to maintain the cathode at the
temperature required to supply suflicient emission.

TRIODES

When a third electrode, called the grid, is placed between the cathode and
late, the tube is known as a triode, the family name for a three-electrode tube.
he grid usually is a winding of wire extending the length of the cathode. The

spaces between turns are comparatively large so that the passage of electrons from
cathode to plate is practically unobstructed by the turns of the grid. The purpose
of the grid is to control the flow of plate current. When a tube is used as an ampli-
fier, a negative d-c 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 s o
of the grid and plate polarities. When the N

PLATE
PLATE CURRENT

plate is positive, as is normal, and the GRID

d-c grid voltage is made more and more a
negative, the plate is less able to attract £
electrons to it and plate current decreases.
When the grid is made less and less nega-
tive. the plate more readily attracts elec-
trons to it and plate current increases.
Hence, when the voltage on the grid is
varied in acoordance with a signal, the plate

-6
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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 6C5, 76, and 2A3.

The grid, plate, and cathode of a triode form an electrostatic system, each
electrode acting as one plate of a small condenser. The capacitances are those
existing between 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 capacitance 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.

TETRODES

The capacitance between grid and plate can be made small by mounting an
additional electrode, called the screen, in the tube. With the addition of the screen,
the tube has four electrodes and is, accord-
ingly, called a tetrode. The screen is
mounted between the grid and the plate
and acts as an electrostatic shield between PLATE
them, thus reducing the grid-to-plate CRID CURRENT
capacitance, The effectiveness of this
shielding action is increased by connecting
a by-pass condenser between screen and ¢
cathode. By means of the screen and

ELECTRON
FLOW

this by-pass condenser, the grid-plate 4 BY
capacitance of a tetrode is made very A==
small. In practice, the grid-plate capac- Fig. 7

itance is reduced from an average of 8.0
micromicrofarads (uuf) for a triode to 0.01 xuf 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
time the screen shields the electrons between cathode and screen from the plate so
that the plate exerts very little electrostatic force on electrons near the cathode.
Hence, as 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 verr little
on the plate voltage. The fact 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 radio tubes, electrons striking the plate may, if moving at sufficient
speed, dislodge other electrons. In two- and three-electrode types, these dislodged
electrons usually do not cause trouble because no positive electrode other than the
plate itself is present to attract them. These electrons, therefore, are drawn back
to the plate. Emission caused by bombardment of an electrode by electrons from
the cathode is called secondary emission because the effect is secondary to the
original cathode emission. In the case of screen-grid tubes, the proximity of the
positive screen to the plate offers a strong attraction to these secondary electrons
and particularly so if the plate voltage swings lower than the screen voltage. This
:eﬁico‘(:'l lowers the plate current and limits the permissible plate-voltage swing for

trodes.

7
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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 and is usually connected to the cathode. Because of its negative potential

ELECTIRON
FLOW

SUPPRESSOR
C 3

INPUT

with respect to the plate, the suppressor retards the flight of secondary 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 sup-
pressor makes possible higher power output with lower grid-driving voltage: in
radio-frequency amplifier pentodes the suppressor permits of obtaining 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 as compared
with that of tetrodes. In fact. the plate voltage may be as low as, or lower than,
the screen voltage without serious loss in signal gain capability. Representative
power-amplifier pentodes are the 1A5-G, 6F6. and 25A6; representative r-f amplifier
pentodes are the 1N5-G, 6]7, and 125]J7.

BEAM POWER TUBES

A beam power tube is a tetrode or pentode in which use i3 made of directed
electron beams to contribute substantially to its power-handling capability. Such
a tube contains a cathode. a control-grid, a screen, a plate, and, optionally, a sup-
pressor grid. When a beam power tube is designed without an actual suppressor,
the electrodes are so spaced that secondary emisssion 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-forming plates at cathode
potential to assist in producing the desired Eeam 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 flow to 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.

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-forming plates coincide with the dashed
portion of the beam and thus extend the space-charge potential region beyond the
beam boundaries to prevent stray secondary electrons from returning to the screen
outside of the beam. The 616 and 6L6-G are examples of beam power tubes utiliz-
ing this construction.

In place of the space-charge effect just described. it is also feasible to use an
actual suppressor to repel the secondary electrons. Examples of beam power tubes
using an actual suppressor are the 6V6 and 6G6-G.

—8—
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INTERNAL STRUCTURE OF TYPE 6L6 BEAM POWER TUBE

BEAM-FORMING .
PLATE
CATHODE

GRID
SCREEN

Fig. 9

MULTI-ELECTRODE and MULTI-UNIT TUBES

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

Later and present trends of tube design are the development of “specialty”
types. These types are intended either to give optimum performance in a particular
application or to combine in one bulb functions which formerly required two or
more tubes. The first class of tubes includes such examples of specialty types as
the 6F6, 125J7, 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 frequencies at
the same time. The tube is designed primarily for use as a mixer in superheterodyne
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 varjable-gain audio amplifier in volume-expander
and comgressor 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 duplex-diode triodes
1H6-G and 6SQ7, as well as the duplex-diode pentodes 1F7-GV and 12C8 and the
twin class A and class B types, 6C8-G and 6B8, respectively. In this class also is
included the multi-unit type 1D8-GT. This tube combines in one bulb three
units—a diode for use as detector and avc, a triode for use as the first audio-fre-
quency amplifier, and a power-output pentode. Related to muiti-unit tubes are
the electron-ray types 6E5 and 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 1A7-G and 12SA7.

—9—
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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 superheterocfyne receivers.

Complete classification of tubes by services and cathode voltages is given on
the chart at the beginning of the DATA SECTION,

Radio Tube Characteristics

The term “CHARACTERISTICS” is used to identify the distinguishing
electrical features and values of a radio 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 d-c potentials applied
to the tube electrodes, while Dynamic Characteristics are the values obtained with
an a-c voltage on the control grid under various conditions of d-c 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
varying control-grid bias voltage and measuring plate current for different plate
voltages. 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 », 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 volta%e must be made 0.1 volt more negative to hold plate
current unchanged, the amplification factor is 1 divided by 0.1, or 10. In other
words, a small voltage variation in the grid circuit of a tube has the same effect on
the plate current as a large plate voltage change—the latter equal to the product
of the grid voltage change and amplification factor. The u of a tube is useful for
calculating stage gain, as discussed on page 13.
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function of the available emission and the duration of the pulsating current flow
from the rectifier tube during each half cycle. In a given circuit, the actual value
of peak plate current is largely determined by filter constants. If a large choke is
used in the filter circuit next to the rectifier tubes, the peak plate current is not
much greater than the load current, but if a large condenser is used in the filter
next to the rectifier tubes, the peak current is often many times the load current.
In order to determine accurately the peak current in any circuit, the best procedure
usually is to measure it with a peak-indicating meter or to use an oscillograph.

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.

Screen dissipation is the power dissipated in the form of heat by the screen as
a result of electron bombardment. With tetrodes and pentodes, the power dis-
sipated in the screen circuit is added to the power in the plate circuit to obtain the
total B-supply input power.

The plate efficiency of a power amplifier tube is the ratio of the a-c power
?lhtppt tci') the product of the average d-c plate voltage and d-c plate current at
ull signal, or

power output watts
average d-c plate volts X average d-c plate amperes

Plate efficiency (%) = X 100

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

power output watts
(input signal volts, RMS)?

Power sensitivity (mhos) =

Radio Tube Applications

The diversified applications of a radio tube may, within the scope of this
chapter, be grouped broadly into five kinds of operation. These are: Amplification,
rectification, detection, oscillation, and frequency conversion. Although these
operations may take place at either radio or audio frequencies and may involve the
use of different circuits and different supplemental parts, the general considerations
of each kind of operation are basic.

AMPLIFICATION

The amplifying action of a radio tube was mentioned under TRIODES, page
7. This action can be utilized in radio circuits in a number of ways, depending
upon the results to be achieved. Four classes of ami)liﬁer 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, cut-off bias, used in these defini-
tions 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 cut-off value so that the plate current is approximately
zero when no exciting grid voltage is applied, and so that plate current in a specific
tube ﬂl?evgs 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 cut-off value so that the plate current in each tube
is zero when no alternating grid voltage is applied, and so that plate current flows
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function of the available emission and the duration of the pulsating current flow
from the rectifier tube during each half cycle. In a given circuit, the actual value
of peak plate current is largely determined by filter constants. If a large choke is
used in the filter circuit next to the rectifier tubes, the peak plate current is not
much greater than the load current, but if a large condenser is used in the filter
next to the rectifier tubes, the peak current is often many times the load current.
In order to determine accurately the peak current in any circuit, the best procedure
usually is to measure it with a peak-indicating meter or to use an oscillograph.

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.

Screen dissipation is the power dissipated in the form of heat by the screen as
a result of electron bombardment. With tetrodes and pentodes, the power dis-
sipated in the screen circuit is added to the power in the plate circuit to obtain the
total B-supply input power.

The plaie efficiency of a power amplifier tube is the ratio of the a-c power
?\;ltppt toi'; the product of the average d-c plate voltage and d-c plate current at
ull signal, or

power output watts

average d-c plate volts X average d-c plate amperes X 100

Plate efficiency (%} =

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)?

Power sensitivity (mhos) =

Radio Tube Applications

The diversified applications of a radio tube may, within the scope of this
chapter, be grouped broadly into five kinds of operation. These are: Amplification,
rectification, detection, oscillation, and frequency conversion. Although these
operations may take place at either radio or audio frequencies and may involve the
use of different circuits and different supplemental parts, the general considerations
of each kind of operation are basic.

AMPLIFICATION

The amplifying action of a radio tube was mentioned under TRIODES, page
7. This action can be utilized in radio circuits in a number of ways, depending
upon the results to be achieved. 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, cut-off bias, used in these defini-
tions 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 cut-off value so that the plate current is approximately
zero when no exciting grid voltage is applied, and so that plate current i a specific
tube ﬂl?evc&is 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 cut-off value so that the plate current in each tube
is zero when no alternating grid voltage is applied, and so that plate current flows
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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
nput cycle, the suffix 1 may be added to the letter or letters of the class identifica-
tifo::ll.1 Tlg suffix 2 may be used to denote that grid current flows during some part
of the cycle.

For radio-frequency amplifiers which operate into a selective tuned circuit, as
in radio transmitter applications, or under requirements where distortion is not an
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 5%, 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 &ower performance can be obtained by using a
push-pull stage for audio service. With class AB ané class B amplifiers, a balanced
amplifier stage using two tubes is required for audio service.

As a class A voltage amplifier, a radio tube is used to reproduce grid voltage
variations across an impedance or a resistance in the plate circuit. These variations
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 suit-
able grid bias so that the applied grid-input voltage produces plate-current variations
proportional to the signal swings. Since the voltage variation obtained in the plate
circuit is much largFer than that required to swing the grid, amplification of the
signal is obtained. Fig 13 gives a graphical illustration of this method of amplifica-
tion and shows, by means of the grid-voltage vs. plate-current characteristics curve,
the effect of an input signal (S) applied to the grid of a tube. O is the resulting
amplified plate-current variation.

The plate current flowing through the load resistance (R) of Fig. 14 causes a
voltage drop which varies directly with the plate current. The ratio of this voltage
variation produced in the load resistance to the input signal voitage 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

Voltage amplification = Toad resistance + plate reslstance

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

From the first formula, it can be seen that the gain actually obtainable from
the tube is less than the tube’s amplification factor but that the gain approaches the
amplification factor when the load resistance is large compared to the tube’s plate
resistance. Fig. 15 shows graphically how the gain approaches the mu of the tube
as load resistance is increased. From the curve it can be seen that to obtain high
gain in a voltage amplifier, a high value of load resistance should be used.
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In a resistance-coupled amplifier, the load resistance of the tube is approximately
eqlual 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 necessary
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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 pExte registor 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. A higher value of grid resistance
is permissible when cathode bias is used than when fixed bias is used. When cathode
bias is used, a loss in bias due to grid-emission effects is nearly completely offset
by an increase in bias due to the voltage drop across the cathode resistor. The
recommended values of plate resistor and grid resistor for the tube types used in
resistance-coupled circuits, and the values of gain obtainable, are shown in the
RESISTANCE-COUPLED AMPLIFIER SECTION.

The input impedance of a radio tube, that is, the impedance between grid and
cathode, consists of (1) the capacitance between grid and cathode, (2) a resistance
component resulting from the time of transit of electrons between cathode and

id, and (3) a resistance 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 Ar 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 between cathode and
plate 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 enou%h at very high radio frequencies to affect appre-
ciably the gain and selectivity of a Yreceding stage. Tubes such as the Acorn*
types 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.

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

¢ Registered Trademark.
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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
for modulation-distortion, the cause is usually the last intermediate-frequency stage.

CATHODE\ PLATE

PLATE MILLIAMPERES

SUPPRESSCR GRID SCREEN NEGATIVE GRID VOLTS
Fig. 16 Fig. 17

The characteristics of super-control types are such as to enable the tube to handle
both large and small input signals with minimum distortion over a wide range. A
cross-section of the structure of a 6K7, a typical super-control pentode, is shown in
Fig. 16. The super-control 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 coarse 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 cathode emission and tube characteristics is essentially the
same as for uniform spacing. As the grid bias is made more negative to handle
larger input signals, the electron flow from the sections of the cathode enclosed by
the ends of the grid is cut off. The plate current and other tube characteristics are
then dependent on the electron flow through the coarse section of the grid. This
action changes the gain of the tube so that large signals may be handled with
minimum distortion due to cross-modulation and modulation distortion. Fig. 17
shows a typical plate-current vs. grid-voltage curve for a super-control 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
super-control 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
super-control types can accommodate large and small signals, they are particularly
sustable for use In sets having automatic volume control. Super-control tubes also
are known as remote cut-off types.

As a class A power amplifier, a radio tube is used in the output stage of radio
receivers to supply relatively large amounts of power to the loudspeaker. For this
application, large power output is of much greater importance than high-voltage
amplification, so that gain possibilities are sacrificed in the design of power tubes
to obtain power-handling cafability. Power tubes of the triode type in class A
service are characterized by low power sensitivity, low plate-power efficiency, and
low distortion. Power tubes of the pentode type are characterized by high power
sensitivity, high plate-power efficiency, and relatively high distortion. Beam power
tubes such as the 66 have a still higher power sensitivity and efficiency and have
a higher power output capability than triode or conventional pentode types.

A class A power amplifier is also used as a driver to supply power to a class
AB or a class B output stage. It is usually advisable to use a triode type, rather
than a pentode, in a driver stage because of the lower distortion of the triode.
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Either push-pull or parallel operation of power tubes may be employed with
class A amplifiers to obtain increased output. The parallel connection (Fig. 18)
%owdes twice the output of a single tube with the same value of grid-signal voltage.

he push-pull connection (Fig. 19) requires twice the input-signal voltage, but
has, in addition to an increase in power, a number of important advantages over
single-tube operation. Distortion due to even-order harmonics and hum due to
plate-supply-voltage fluctuations are either eliminated or decidedly reduced through
cancellation. Since distortion is less than for single-tube operation, appreciably
more than twice single-tube output can be obtained by decreasing the load resistance.
Should oscillations occur in the push-pull or parallel stages, they can often be
eliminated by connecting a non-inductive resistor of approximately 500 ohms in
series with each grid lead at the tube socket.

Operation of power tubes so that the grids run positive is inadvisable except
undc;x;ﬁ conditions such as are discussed later in this section for class AB and class B
amplifiers.

Power output for triodes as single-tube class A amplifiers can be calculated
without serious error from the plate family of curves by assuming a resistance load.
The proper plate current, grid bias, and optimum load resistance, as well as the
per cent second-harmonic dlstortlon. can also be determined. The calculations
are made grapbically and are illustrated by Fig. 20 for given conditions. The
procedure is as follows: Draw a straight line XY through the points P and X on
the plate family of curves. P is known as the zero-signal bias point and may readily
be located by determining the zero-signal bias, Ec,, from the following formula:

Zero-signal bias (P) = 258 X Eb

where Eb is the chosen value of d-c Flate voltage at which the tube is to be operated
and u is the amplification factor of the tube. X is a point on the d-c bias curve
at zero volts and is determined by the value of the maximum-signal plate current,
I max., which is e?ual to twice the zero-signal plate current. or 2lo. In the case
of filament types of tubes. the calculations are given on the basis of a d-c operated
filament. When, however the filament is a-c operated. the calculated value of d-c
b;ats}1 shogled be increased by approximately one half the filament-voltage rating
of the tu

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 (E max.—E min.)
divided by (I max.—I min.), where E is in volts and ] in amperes.

For power output calculations, it i3 assumed that the peak alternating grid
voltage is sufficient (1) to swing the grid from the zero-signal bias value to zero
bias on the positive swing and (2) to a value twice the zero-signal bias value on the
negative swing. During the positive swing. the plate voltage and plate cwrrent
reach values of E min, and I max.: during the negative swing, they reach values of
E max. and I min. Since power is the product of voltage and current, the average
power output, as indicated by a wattmeter, i8 given by

(I max. - I min.) (E max. -~ E min.)

Power output = 3

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

In the output of a power amplifier triode, some distortion is present. This
distortion is predominately second-harmonic in single-tube amplifiers. The per-
centage of second-harmonic distortion may be calculated by the following formula:

I max. 4 I min.
2
1 maz. ~ I min.

- 10

% 2nd harmonic distortion = X 100

where Io is the zero-signal plate current in amperes.
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Example: Determine the load re-
sistance and undistorted power
output of a triode operated at 250
volts on the plate, given its ampli-
fication factor of 3.5 and its plate
characteristics curves as shown in
Fig. 20.

Procedure: Draw the load line
XY through the operating point
(P) and the zero d-c grid bias
point (X)

- 068 X 250 485 voits
35 .

X = 2 X 0.0335, or 0.067 ampere

PLATE MILLIAMPERES
g
o

P

[] 250
By substituting the curve values in PLATE voLTS

the power output formula, we find Fig. 20

= 1.8 watts

Power output = (0.067 - 0.00S) (357 ~ 118)

The resistance of the load line XY is

357 - 118
G067 —o0006 3920 ohms

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

0.067_+ 0.006 _  o.nc

2nd harmonic distortion = 0.067 —0.006 X 100 = 4.9%

It is customary to make the selection of load resistance such that the distortion
as calculated from the above equation does not exceed 5 per cent. When the method
shown above is used to determine the slope of the load resistance line, 2nd harmonic
distortion in the output of a triode power amplifier is generally less than 5 per cent.
Ordinarily, the plate load resistance for a single-tube amplifier is approximately
equal to twice the plate resistance.

Power output for triodes in push-pull power
amplifiers may be determined by means of the
piate family, given Eo as the desired operating

late voltage. The method is to erect a vertical
ine at E = 0.6 Eo (see Fig, 21), intersecting the
Ec =0 curve at the point I max. This es-
tablishes I max. Then,

I max. X Eo
5

13
Q.

Power output =

PLATE MILLIAMPERES (1}
g

If I max. is expressed in amperes and Eo in
volts, power output is in watts.
2 Fig. 21 illustrates the application of this
%~ method to the case of two type 45’s operated

20]

00157 200" 950 .3
[ maTE VosiEe) at Eo = 250 volts.
bo——— g,
0.096 X 250
Fig. 21 Power output = 3 4.8 watts

The method for determining the proper load resistance for triodes in push-pull
is as follows: Draw a load line through I max. and through the Eo point on the
zero-current axis. Four times the resistance represented by this load line is the
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plate-to-plate load for two triodes in a class A push-pull amplifier. From the curves
in Fig. 21, we have
Eo - 0.6 Eo 100

Foar— X4 = 5gog X 4 = 4160 ohms

Plate-to-plate load =
This simple formula is applicable to all power output triodes in push-pull. The
operating grid-bias voltage 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 cut-off at a plate voltage of 1.4 Eo. Thus, for single-tube operation
of the type 45, the grid-bias voltage is recommended as -50 volts for 250 volts on
the plate. Plate-current cut-off at 1.4 Eo, or 350 volts, occurs at —110 volts on
the grid. One-half of this value is -55 volts, which is the most negative value per-
missible without departing from class A conditions. ration beyond this point
will be accompanied by rectification and will no longer be representative of a class
A amplifier.

Power output for pen-
tode and for beam power
tubes as class A amplifiers
can be calculated in much
the same way as for triodes.
The calculations can be made
graphically from a special
plate family, as illustrated in
Fig, 22. From a point A just
above the knee of the zero-
bias curve, draw arbitrarily
selected load lines to the
zero plate-current axis. These
lines should be on both sides

PLATE MILLIAMPERES

of the operating point P whose

£ - . nosition is determined by the
. PLATE \OLTS AT desired operating plate volt-
*V IS THE CONTROL-GR.D BIAS VOLTAGE AT THE OPERATING POINT age, Eo’ and oneha fthe max-
Fig. 22 imum-signal plate current.

Along any load line, say AA,,
measure the distance AO;. On the same line, lay off any equal distance O,A,.
For optimum operation, the change in bias from A to O, should nearly equal the
change in bias from O, to A,. If this condition cannot be met with one line, then
another line should be selected. When the most satisfactory line has been chosen,
its resistance may then be determined by the following formula.

E max. - E min.

Load resistance (Rp) = T max =T min

The value of Rp may then be substituted in the following formula for calculat-
ing power output.

[I max. - I min. + 1.41 (Ix - Iy}]2 Rp
32

Power output =

For both of these formulas, if I is in amperes and E in volts, Ry is in ohms and
power output is in watts.

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

1 max. 4+ 1 mia. - 2 o

I'max. =T min. 4 1.41 (Ix - Ty) X 100

% 2nd harmonic distortion =

{ max. - I min. - 1.41 (Ix - Iy)
I max. ~ I min. 4+ 141 (Ix - ly)

% 3rd harmonic distortion = X 100

% total (2nd and 3rd) harmonic distortion = , /(57 2nd har. dist.)® + (% Srd bar. dist.)?
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The conversion curves given in Fig. 23 apply to radio tubes in general but are
particularly useful for power tubes. These curves can be used for calculating
approximate operating conditions for a plate voltage which is not included in_the
published data on operating conditions. For instance, ‘suppose it is desired to
operate two 6L6’s in class A, push-pull, fixed bias, with a plate voltage of 200 volts.
The nearest published operating conditions for this class of service are for a plate
voltage of 250 volts. The operating conditions for the new plate voltage can be
determined as follows: First compute the ratio of the new plate voltage to the
plate voltage of the published data. In the example. this ratio is 200/250 = 0.8.
This figure is the Voltage Conversion Factor, Fe. Multiply by this factor to obtain
the new values of grid bias and screen voltage. This gives a grid bias of <16 X 0.8 =
-12.8 volts, and a screen voltage of 250 X 0.8 = 200 volts for the new conditions.

CONVERSION FACTORS To obtain the rest of the new conditions,
A o6 08 1o s 2025 multiply the published values by factors shown
on the chart as corresponding to a voltage
8 7 conversion factor of 0.8. In this chart,
? 7/ Fi applies to plate current and to screen
i / current,
5 Fp applies to power output,
Fr applies to load resistance and plate
resistance,
Fgm applies to transconductance.
y Thus, to find the power output for the new
conditions, determine the value of Fp for a
voltage conversion factor of 0.8. The chart
shows that this value of Fp is 0.6. Multiply-
] ing the published value of power output by
Y 0.6, the power output for the new conditions is
N 14.5 X 0.6 = 8.7 watts.

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
4 negative bias holds plate current within the
o / limit of the tube’s plate dissipation rating. As
= / a result of these higher voltages, more power
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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

Ry Ts—5o 7o therefore are not driven to a positive potential
VOLTAGE CONVERSION FACTOR (Fe) and do not draw grid current. In class ABs,
92C-5499R2 the peak signal voltage is greater than the bias
Fig. 23 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 bf 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 Jarge fluctuations of plate current in a class AB, stage, it is
important that the 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 choke-input filter.
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It is sometimes advisable to use a mercury-vapor rectifier tube rather than a vacuum
type because of the better regulation of the mercury-vapor type. In all cases, the
resistance of the filter chokes and power transformer should be as low as possible.

A class B power 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, that 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.

There are several tube types designed especially for class B amplification, The
characteristic common to all these types is high amplification factor. With this high
amplification factor, plate current is small when grid voltage is zero. These tubes,
therefore, can be operated in class B at a bias of zero volts so that a bias supply
is not required. A number of the class B amplifier tube types consist of two triode
units mounted in one tube. The two triode units can be connected in push-pull
so that only one tube is required for a class B stage. Examples of class B twin
triode types are the 6N7, 6A6, and 1G6-G.

Because a class B amplifier is usually operated at zero bias, each grid is at a
positive potential during 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 imposes the same requirement on the driver stage as in a class AB,
stage; that is, the driver should be capable of considerably more power output than
the power required for the class B grid circuit in order that distortion be low. The
interstage transformer between the driver and class B stage usually has a step-
down turns ratio.

The fluctuations in plate current in a class B stage are large so that it is im-
portant that the power supply have good regulation. The discussion of the power
glpplylfgr a class AB, stage. therefore, also applies to the power supply for a class

amplifier.

An inverse-feedback circuit, sometimes called a degenerative circuit, is one
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 ajl 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 impedance
can, if not corrected, produce considerable frequency distortion. Such frequency
distortion can be reduced by means of inverse feedback. Inverse feedback circuits
are of the constant voltage type and the constant-current type.

The application of the constant
voltage type of inverse feedback to a
power output stage using a single
beam power tube is illustrated é

woor 3l Fig. 24. In this circuit, R,, Ry, and
sioNAL S are connected across the output of
! the 6.6 as a voltage divider. The
secondary of the grid-input trans-
former is returned to a point on this
voltage divider. Condenser C blocks
"2 the d-c plate voltage from the grid.
However, a portion of the tube’s a-f
‘0 output voltage, approximately equal
Fig. 24 to the output voltage multiplied by
the fraction R./(R: + Ra), is applied
to the grid. There results a decrease in distortion which can be explained by the

curves of Fig. 25.
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Consider first the amplifier without the use of inverse feedback. Suppose that
when a signal voltage e, is applied to the grid the a-f 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 a-f plate voltage has a waveform shown by e’,. The plate-voltage
waveform is inverted compared to the plate-current waveform because a plate-
current increase produces an increase in the drop across the plate load. The voltage
at the plate is the difference between the drop across the load and the supply volt-
age; thus, when plate current goes up, plate voltage goes down: when plate current
goes down, plate voltage goes up.

' % i ep

Fig. 25

Now suppose that inverse feedback is applied to the amplifier. The distortion
ir;?u]arity in plate current is corrected in the following manner. With an inverse
feedback arrangement, the voltage fed back to the grid has the same waveform
and phase as the plate voltage, but is smaller in magnitude. Hence, with a plate
voltage of waveform shown by e’y the feed-back voltage appearing on the grid is
as shown by e’yr. This voltage applied to the grid produces a component of plate
current i’y It is evident that the irregularity in the waveform of this component
gf plate current would act to cancel the original irregularity and thus reduce

istortion,

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, is 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 correct 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 means of an increase in signal voltage,
the power output can be brought back to its full value. Heuce, 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. 26. The circuit is conventional except that a feedback resistor, R,, is con-
nected between the plates 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
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a very large volume range. For instance, 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 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. 27. The action of this circuit
depends on the fact that the gain of the 6L.7 as an audio amplifier can be varied
by variation of the bias on the No. 3 grid. When the bias on the No. 3 grid is made
less negative, the gain of the 6L7 increases. In the circuit, the signal to be amplified
is applied to the No. 1 grid of the 6L7 and is amplified by the 6L7. The signal is
also applied to the grid of the 6C5, is amplified by the 6C5, and is rectified by the
6H6. The rectified voltage developed across R8, the load resistor of the 6HS, is
applied as a positive bias voltage to the No.3 grid of the 6L7. Then, when the
amplitude of the signal input increases, the voltage across R8 increases, and the
bias on the No. 3 grid of the 6L.7 is made less negative. Because this increases the
gain of the 6L7, the gain of the amplifier increases with increase in signal amplitude
and thus produces volume expansion of the signal.

The No. 1 grid of the 6L7 is a variable-mu grid and therefore will produce
distortion 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 the usual magnetic phonograph pick-up.
The no-signal bias voltage on the No. 3 grid 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 6L.7. 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 in%ut reaches a certain amplitude, the delay voltage can be inserted as a
negative bias on the 6H6 plates at the point marked X in the diagram.

Another circuit using volume expansion is shown in CIRCUIT SECTION.
This circuit can also be used to provide volume compression for microphone oper-
ation. Volume compression prevents overloading and blasting and compensates
for differences in voice level produced by movements of the speaker at the micro-
phone, In this circuit the 6H6 is connected as a voltage doubler. The d-¢ output
18 applied across potentiometer Rye. The arm and one side of Ry is connected to
the d.p.d.t. switch S, to permit reversing of the polarity of the voltage taken from
Ris. The amount of d-c voltage across R4 is dependent on the average signal level.
When the level tends to increase, the voltage across R increases; when the level
decreases, the voltage decreases. The voltage taken from Rgs is applied in series
with the control-bias of the master mixer tube. When the switch is set to “expand.”
the voltage becomes opposite in polarity to the bias of the tube. This lowers the
bias and increases the amplification factor of the tube. When the switch is set
to ‘“‘compress,” the two voltages are additive. The negative bias is, therefore,
increased and the amplification factor is decreased.

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. 28 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
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a very large volume range. For instance, 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 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. 27. The action of this circuit
depends on the fact that the gain of the 6L7 as an audio amplifier can be varied
by variation of the bias on the No. 3 grid. When the bias on the No. 3 grid is made
less negative, the gain of the 6L7 increases. In the circuit, the signal to be amplified
is applied to the No. 1 grid of the 6L7 and is amplified by the 6L7. The signal is
also applied to the grid of the 6C5, is amplified by the 6C5, and is rectified by the
6H6. The rectified voltage developed across R8, the load resistor of the 6HS, is
applied as a positive bias voltage to the No.3 grid of the 6L7. Then, when the
amplitude of the signal input increases, the voltage across R8 increases, and the
bias on the No. 3 grid of the 6L.7 is made less negative. Because this increases the
gain of the 6L7, the gain of the amplifier increases with increase in signal amplitude
and thus produces volume expansion of the signal.

The No. 1 grid of the 6L.7 is a variable-mu grid and therefore will produce
distortion 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 the usual magnetic phonograph pick-up.
The no-signal bias voltage on the No. 3 grid is controlied 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 in%ut reaches a certain amplitude, the delay voltage can be inserted as a
negative bias on the 6H6 plates at the point marked X in the diagram.

Another circuit using volume expansion is shown in CIRCUIT SECTION.
This circuit can also be used to provide volume compression for microphone oper-
ation, Volume compression prevents overloading and blasting and compensates
for differences in voice level produced by movements of the speaker at the micro-
phone, In this circuit the 6H6 is connected as a voltage doubler. The d-c output
18 applied across potentiometer Rys. The arm and one side of Ry is connected to
the d.p.d.t. switch S, to permit reversing of the polarity of the voltage taken from
Ris. The amount of d-c¢ voltage across R.q is dependent on the average signal level.
When the level tends to increase, the voltage across R.e increases; when the level
decreases, the voltage decreases. The voltage taken from Rae is applied in series
with the control-bias of the master mixer tube. When the switch is set to “expand.”
the voltage becomes opposite in polarity to the bias of the tube. This lowers the
bias and increases the amplification factor of the tube. When the switch is set
to “‘compress,” the two voltages are additive. The negative bias is, therefore,
increased and the amplification factor is decreased.

A phase inverter is a circuit used to provide resistance couplingrbetween 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 mput 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. 28 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
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is provided by triode Ts. The output voltage of T is applied to the grid of T,. A
portion of the output voltage of T, is also applied through the resistors R, and Ry
to the grid of Ts. The output voltage of T, is applied to the grid of T.. 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 f
plate of Ty in the negative direction. ~ NAUT
Thus, when the output voltage of T, VOLTAGE
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 Es,
the signal applied to the grid of T,
should be less than the voltage at E,, ' 5
in the ratio of the voltage gain of
T.. Under the conditions where
a twin-type tube or two tubes hav-
ing the same characteristics are
used at T, and T,, R, should be equal to the sum of Ry and R;. The ratio of R; to
R, plus 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 va%ue of R; is, therefore, equal to R,
divided by the voitage gain of T,; R, is equal to R, minus Ry.

Fig. 28

Values of R;, Ry, Ry 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 Ty and T.. A
phase-inverter circuit using a 6N7 is shown in the CIRCUIT SECTION.

RECTIFICATION

The rectifying action of a diode finds an important application in supplying a
receiver with d-c power from an a-c 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, page 5. The function of a filter
is to smooth out the ripple of the tube output, as indicated in Fig. 29. The action
of the filter is explained on page 40. The voltage divider is used to cut down the
output voltage to the values required by the plates, screens, and grids of the tubes
in the receiver.

A half-wave rectifier and a full-wave rectifier
circuit are shown in Fig. 30. In the half-wave
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circuit, current flows through the rectifier tube to
the filter on every other half-cycle of the a-c 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, through plate
No. 1 on one half-cycle when plate No. 1 is positive
with respect to the cathode, and through plate
No. 2 on the next half-cycle when plate No. 2 is
positive with respect to the cathode. Because the
current flow to the filter is more uniform in the
full-wave circuit than in the half-wave circuit, the
output of the full-wave circuit requires less filtering.
Rectifier operating information and circuits are
given under each rectifier tube type and in the
CIRCUIT SECTION.

Parallel operation of rectifier tubes permits of obtaining correspondingly
increased output current over that obtainable with the use of one tube. For
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example, when two full-wave rectifier tubes are connected in parallel, the plates
of each tube are connected together and each tube acts as a half-wave rectifier.
The allowable voltage and load conditions per tube are the same as for full-wave

HALF-WAVE RECTIFIER FULL-WAVE RECTIFIER

b
ouTPuT *
c‘:l_"y: T0 INPUT ouTPUY
vOLTS TO
[ L'IER siTER

Fig. 30

service but the total load-handling capability of the complete rectifier is approx-
imately doubled. When mercury-vapor rectifier tubes are connected in parallel,
a stabilizing resistor of 50 to 100 ohms should be connected in series with each plate
lead in order that each tube will carry an equal share of the load. The value of the
resistor to be used will depend on the amount of plate current that passes through
the rectifier. Low plate current requires a high value; high plate current, a low
value. When the plates of mercury-vapor rectifier tubes are connected in parallel.
the corresponding filament leads should be similarly connected. Otherwise the
tube drops will be considerably unbalanced and larger stabilizing resistors will be
required Two or more high-vacuum rectifier tubes can also be connected in par-
allel to give correspondingly higher output current and, as a result of paralleling
their internal resistances, give somewhat increased voltage output. With high-
vacuum types stabilizing resistors may or may not be necessary depending on the
tube type and the circuit.

A voltage-doubler circuit of simple form is shown in Fig. 31. The circuit derives

its name from the fact that its d-c voltage output can be as high as twice the peak
value of a-c input  Basically, a voltage doubler

7 is a rectifier circuit arranged so that the output
voltages of two half-wave rectifiers are in series.

The action of a voltage doubler is briefly as

o-¢ _ follows. On the positive half-cycle of the a-c

" L oTVT put, that is, when the upper side of the a-c
£ input line is positive with respect to the lower
e\ side, the upper diode passes current and feeds

A-C e
INPUT

L

7,12 % SEPARATE FILAMENT a pogitive charge into the upper condenser. As
! TRANSFORMER WINDINGS positive charge accumulates on the upper plate
Fig. 31 of the condenser, a positive voltage builds up

across the condenser. On the next half-cycle of
the a-c input, when the upper side of the line is negative with respect to the lower
side, the lower diode passes current so that a negative voltage builds up across the lower
condenser. As long as no current is drawn at the output terminals from the conden-
sers, each condenser can charge up to a voltage of magnitude E, the peak value of
the a-c input. It can be seen from the diagram that with a voltage of +E on one
condenser and ~E on the other, the total voltage across the condensers is 2E. Thus
the voltage doubler supplies a no-load d-c output voltage twice as large as the
peak a-c 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 condensers. The arrangement shown
in Fig. 31 is called a full-wave voltage doubler because each rectifier passes current
to the load on each half of the a-c input cycle.

Two rectifier types especially designed for use as voltage doublers are the
metal 25Z6 and the glass 25Z5. 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
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voltage-dropping resistor across the line. The connections for the heater supply
and the voltage-doubling circuit are shown in Figs. 32 and 33.
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With the full-wave voltage-doubler circuit in Fig. 32, it will be noted that the
d-c load circuit can not be connected to ground or to one side of the a-c 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 a-c line. Such a circuit arrange-
ment may cause hum because of the high a-c potential between the heaters and
cathodes of the tubes. The circuit in Fig. 33 overcomes this difficulty by making
one side of the a-c line common with the negative side of the d-c load circuit. In
this circuit, one half of the tube is used to charge a condenser 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 a-c input cycle. The voltage reg-
glatlx)clm of this arrangement is somewhat poorer than that of the full-wave voltage

oubler.

DETECTION

When speech or music is transmitted from a radio station, the station radiates

a radlo-frequency wave whose amplitude varies in accordance with the audio-

frequency signal being transmitted. The r-f wave is said to be modulated by the

:}a;_f vgﬁve. The effect of modulation on the waveform of the r-f wave is shown in
ig. 34.

W <
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Fig. 34

In the receiver it is desired to reproduce the original a-f modulating wave from
the modulating r-f wave. In other words, it is desired to demodulate the r-f wave.
The receiver stage which performs this demodulation is called the demodulator or
detector stage. There are three different detector circuits in general use, the diode
detector, the grid-bias detector, and the grid-leak detector. These detector circuits
are alike in that they eliminate, either partially or compietely, alternate half-cycles
of the r-f wave. With the alternate half-cycles eliminated, the audio variations of
the other half of the r-f wave can be amplified to drive a loudspeaker or headphones.

A diode-detector circuit is shown in Fig. 35. The action of this circuit when a
modulated r-f wave is applied is illustrated by Fig. 36. The r-f voltage applied to
the circuit is shown in light line; the output voltage across condenser C is shown
in heavy line. Between points (a) and (b) on the first positive half-cycle of the
applied r-f voltage. condenser C charges up to the peak value of the r-f voltage.
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Then as the applied r-f voltage falls away from its peak value, the condenser holds
the cathode at a potential more positive than the voltage applied to the anode.
The condenser thus temporarily cuts off current through the diode. While the
diode current is cut off, the condenser discharges from (b) to (c¢) through the diode
load resistor R. When the r-f voltage on the anode rises high enough to exceed
the potential at which the condenser holds the cathode, current flows again and

-
A-F
QUTPUT

Fig. 35

the condenser charges up to the peak value of the second positive half-cycle at (d).
In this way, the voltage across the condenser follows the peak value of the applied
r-f voltage and reproduces the a-f modulation. The curve for voltage across the
condenser, as drawn in Fig. 36, is somewhat jagged. Ilowecver, this jaggedness,
which represents an r-f component in the voltage across the condenser, is exaggerated
in the drawing. In an actual circuit the r-f component of the voltage across the
condenser is negligible, Hence, when the voltage across the condenser is amplified,
the output of the amplifier reproduces the speech or music originating at the trans-
mitting station.

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

The diode method of detection has the advantage over other methods in that it
produces less distortion. The reason is that its dynamic characteristic can be made
more linear than that of other detectors. It has the disadvantages 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 avc
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 duplex-diode triode tube is shown in
Fig. 37. Both diodes are connected together. R, is the diode load resistor. A

TO CRID
OF NEXT
AUDIO
STAGE

Fig. 37 Fig. 38

portion of the a-f voltage developed across this resistor is applied to the triode grid
through the volume control R,. In a typieal circuit, resistor R, may be tapped so
that five-sixths of the total a-f voltage across R, is applied to the volume control.
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This tapped connection reduces the a-f voltage output of the detector circuit
slightly but it reduces audio distortion and improves the r-f filtering, D-c bias
for the triode section is provided by the cathode-bias resistor Rs and the audio
by-pass condenser Cs. The function of condenser C, is to block the d-c¢ bias of the
cathode from the grid. The function of condenser C. is to by-pass any r-f voltage
on the grid to cathode. A duplex-diode ﬁatode may also be used in this circuit.
With a pentode, the a-f output should resistance-coupled rather than trans-
former-coupled.

Another diode detector circuit, called a diode-biased circuit, is shown in
Fig. 38. In this circuit, the triode grid is connected directly to a tap on the diode
load resistor. When an r-f signal voltage is applied to the diode, the d-c voltage
at the tap supplies bias to the triode grid. When the r-f signal is modulated, the
a-f 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. 37 is that
the diode-biased circuit does not employ a condenser 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 r-f 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 différent values of bias on the triode grid for different signal strengths
and the triode will produce distortion. Since there is no bias applied to the diode-
biased triode when no r-f 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 avc 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 hias 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 6R7 or
1H6-G having a medium-mu triode. Tube types having a high-mu triode or a
pentode should not be used in a diode-biased circuit.

A grid-bias detector circuit is shown in Fig. 39. In this circuit. the grid is
biased almost to cut-off, i.e., operated so that the plate current with zero signal is
practically zero. The bias voltage can be obtaineJ’ 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 r-f 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.
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The grid-leak and condenser method, illustrated by Fig. 40, is somewhat more
sensitive than the grid-bias method and gives its best results or weak signals. In
this circuit, there 1s no negative d-c bias voltage applied to the grid. Hence, on
the positive half-cycles of the r-f signal, current flows from grid to cathode. The
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grid and cathode thus act as a diode detector, with the grid-leak resistor as the
diode load resistor and the grid condenser as the r-f by-pass condenser. The voltage
across the condenser then reproduces the a-f 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 voitage
thus reproduces the original a-f signal.

In this detector circuit, the use of a high-resistance grid leak increases selectivity
and sensitivity. However, improved a-f response and stability are obtained with
lower values of grid-leak 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.

AUTOMATIC VOLUME CONTROL

The chief purposes of automatic volume contrel 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 r-f and i-f gain so
that this gain is less for a strong signal than for a

ave weak signal. In this way, when the signal strength
BIAS . at the antenna changes, the ave circuit reduces the
vOLTAGE resultant change in the voltage output of the last
c2 i-f stage and consequently reduces the change in

Fig. 41 the speaker’s output volume.

The avc circuit reduces the r-f and i-f gain for a strong signal usually by
increasing the negative bias of the r-f, i-f, and frequency-mixer stages when the
signal increases, A simple avc circuit is shown in Fig. 41. 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 r-f
and i-f stages increases, and the gain of the r-f and i-f stages is decreased. Thus
the increase in signal strength at the antenna does not produce as much increase
in the output of the last i-f stage as it would produce without avc. When the
signal strength at the antenna decreases from a previous steady value, the avc
circuit acts, of course, in the reverse direction. applying less negative bias, permitting
the r-f and i-f gain to increase, and thus reducing the decrease in the signal output
of the last i-f stage. In this way, when the signal strength at the antenna changes,
the avc circuit acts to prevent change in the output of the last i-f stage, and thus
acts to prevent change in loudspeaker volume.

The filter, C and R,, prevents the avc
voltage from varying at audio frequency.
The filter is necessary because the voltage
drop across R; varies with the modulation
of the carrier being received. If avc volt- ouTPUT
age were taken directly from R, without o tast
filtering, the audio variations in avc voltage I-F stace
would vary the receiver’s gain so as to
smooth out the modulation of the carrier.
To avoid this effect, the avc voltage is

QUTPUT
OF LAST
I-F STAGE

taken from the condenser C. Because of DAVE

the resistance R. in series with C, the con- =3VIMIND 1 [

denser C can charge and discharge at only 2T iR
a comparatively slow rate, The avc volt- =

age therefore cannot vary at frequencies Fig. 42
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as high as the audio range but can vary at frequencies high enough to compensate
for most fading. Thus the filter permits the ave circuit to smooth out variations
in signal due to fading, but prevents the circuit from smoothing out audio modulation.

It will be seen that an avc circuit and a diode detector circuit are much alike.
It is therefore convenient in a receiver to combine the detector and the avc 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. 41, a certain amount of avc negative bias is applied
to the preceding stages on a weak signal. Since it may be desirable to magntain
the receiver’s r-f and i-f gain at the maximum possible value for a weak signal, ave
circuits are designed in some cases to apply no avc bias until the signal strength
exceeds a certain value. These avc circuits are known as delayed ave, or, davce
circuits. A davc circuit is shown in Fig. 42. In this circuit, the diode section D,
of the 6H6 acts as detector and avc diode. R, is the diode load resistor and R,
and C, are the avc filter. Because the cathode of diode D, is returned through a
fixed supply of -3 volts to the cathode of D, a d-c current flows through R, and
R; in series with Dy. The voltage drop caused by this current places the avc lead
at approximately -3 volts (less the negligible drop through Ds). When the average
amplitude of the rectified signal developed across R, does not exceed 3 volts, the
avc lead remains at -3 volts. Hence, for signals not strong enough to develop
3 volts across R, the bias applied to the controlled tubes stays constant at a value
giving high sensitivity. However, when the average amplitude of rectified signal
voltage across R, exceeds 3 volts, the plate of diode D; becomes more negative
than the cathode of D; and current flow in diode D, ceases. The potential of the
avc lead is then controlled by the voltage developed across R,. Therefore, with
further increase in signal strength, the avc circuit applies an increasing avc bias
voltage to the controlled stages. In this way, the circuit regulates the receiver’s

or strong signals, but permits the gain to stay constant at a maximum value
or weak signals.

It can be seen in Fig. 42 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
Ri/(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. They are widely used as tuning
indicators in radio receivers. Types such as the 6U5/6G5 and the 6N5 contain

two main parts: (1) a triode which

CATHODE _—PUORESCENT  operates as a d-c amplifier and (2)

— . - all !

SHIELD an electron-ray indicator which is

__RAY -CONTROL located in the bulb as shown in

-~ ELECTROOE Fig. 43. The target is operated at

TRIODE a positive voltage and therefore

—~PLATE attracts electrons from the cathode.

When the electrons strike the target

they produce a glow on the fluores-

cent coating of the target. Under

CATHODE these conditions, the target appears
as a ring of light.

A ray-control electrode is
Fig. 43 mounted 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 electrostatic field of the electrode, and do not reach that portion of the tar-
get behind the electrode. Because the target does not glow where it is shielded from
electrons, the control electrode casts a shadow on the glowing target. The extent
of this shadow varies from approximately 100° of the target w| the control
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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 electrode
is determined by the voltage on the grid of the triode section, as can be seen in Fig.
44. The flow of the triode plate current through resistor R produces a voitage drop
which determines the potential of the control electrode. When the voltage of the
triode grid changes in the positive direction, plate current increases, the potential
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 negative
direction, the shadow angle narrows.

TYPE
TYPE 6K 6AF6-G
ODE AN~
CONNECTED R
ELECTRON- %
RAY TUBE AVC
. VOLTAGE
0.1
imeG, [RF R— B+
~— AN -
TO CONTROLLING R-TYPICAL VALUE 15 0.5 MEGOMM

VOLTAGE +8B

Fig. 44 Fig. 45

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 d-c
amplifier. See Fig. 45. 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, avc voltage is applied to the grid of the d-c amplifier. Since

avc voltage is at maximum when the set is tuned to give maximum response to a
station, the shadow angle is at minimum whe}rll tk}lle rgceive(ll' is tuned tgr gesonémce
with the desired station. e choice

CIRCUIT FOR WIDE -~ANGLE :i:':?o(; between electron-ray tubes depends on

a.  IMEG. RAY TUBE the avc characteristic of the receiver.

The 6E5 contains a sharp cut-off triode
which closes the shadow angle on a com-
paratively low value of avc voltage. The
6N5 and 6U5/6G5 each have a remote
cut-off triode which closes the shadow on
a larger value of avc voltage than the
6ES5. The 6AF6-G may be used in con-
junction with d-c amplifier tubes having
125 v. either remote or sharp cut-off character-
istics. Examples showing how electron-
ray tubes are incorporated in receiver cir-
cuits are given in CIRCUIT SECTION.

VOLYAGE
R|+R2:l6700 OHMS ‘1.:

Fi The sensitivity indication of electron-
ig- 46 ray tubes can be increased by using a
separate d-c amplifier to contro! the action of the ray-control electrode in the tuning
indicator tube. This arrangement increases the maximum shadow angle from the
usual 100° to approximately 180°. A circuit for obtaining wide-angle tuning is

shown in Fig. 46.

CONTROLLING

OSCILLATION

As an oscillator, a radio 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
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frequency. Several circuits (represented in Figs. 47 and 48) 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. Feed-back may be

= ¢
8- A- B+ B~ HEATER B+
A+ TRANSFORMER

Fig. 47 Fig. 48

produced by electrostatic or electromagnetic coupling between the grid and plate
circuits. When sufficient energy is fed back to more than equal 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 capacity. By proper choice of these values, the
frequency may be adjusted over a very wide range.

FREQUENCY CONVERSION

Frequency conversion is used in superheterodyne receivers to change the
frequency of the r-f 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. 49,

two voltages of different frequency, the
QuTPYT AT r-f signal voltage and the voltage gen-
Ml
OSCILLATOR

INPUT AT

R=F SIGNAL
FREQUENCY

INTERMEDIATE erated by the oscillator, are applied to

the input of the frequency mixer.

These voltages beat, or heterodyne,

within the mixer tube to produce a

FREQUENCY CONVERTER plate current having, in addition to

Fig. 49 the frequencies of the input voltages,

numerous sum and difference frequen-

cies. 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 differ-

ence between the signal frequency and the oscillator frequency. The selected out-

put frequency is known as the intermediate frequency, or 1.f. The output frequency

of the mixer tube is kept constant for all values of signal frequency by tuning the
oscillator to the proper frequency.

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

Three 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 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 three methods direr
in_the ttyl?e& 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, employs as mixer tube either a triode, a tetrode, or
a pentode, in which oscillator voltage and signal voltage are applied to the same

d. In this method, coupling between the oscillator and mixer circuits is obtained
y means of inductance or capacitance.
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The second method employs a tube having an oscillator and frequency mixer
combined in the same envelope. In one form of such a tube, coupiing between
the two units is obtained by means of the electron stream within the tube. One
arrangement of the electrodes for this t is shown in Fig. 50. 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 fur-
ther controlled by the r-f signal
voltage on grid No. 4. Thus, the
variations in plate current are due
to the combination of the oscillator
and the signal frequencies. The
purpose of grids No. 3 and No. 5,
which are connected together with-
in 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 Fig. 50
type.

Pentagrid-converter tubes of this design are good frequency-converting devices
at medium frequencies but their performance is better at the lower frequencies
than at the high ones. This is because the output of the oscillator drops off as the
frequency is raised and because certain undesirable effects produced by interaction
between oscillator and signal sections of the tube increase with frequency. To
minimize these effects, several of the pentagrid converter tubes are designed so
that no electrode functions alone as the oscillator anode. In these tubes, grid No. 1
functions as the oscillator grid, and grid No. 2 is connected within the tube to the
screen (grid No.4). The combined two grids No. 2 and 4 shield the signal grid
(grid No. 3) and act as the composite anode of the oscillator triode. Grid No. 5
acts as the suppressor. Converter tubes of this type are designed so that the space
charge around the cathode is unaffected by electrons from the signal grid. Further-
more, the electrostatic field of the signay grid also has little effect on the space
charge. The result is that r-f voltage on the signal grid produces littie effect on the
cathode current. There is, therefore, little detuning of the oscillator by avc bias
because changes in avc 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 6SA7.

Another method of frequency conversion utilizes a separate oscillator having
its grid connected to the No. 1 grid of a mixer hexode. A tube utilizing this con-
struction is the 6K8 and a top view of its electrode arrangement is shown in Fig. 51.
The cathode, triode grid No. 1, and triode plate form the oscillator unit of the tube,

The cathode, hexode mixer grid

HEXODE GRID N24 (gnd No. 1), hexode double-
(MIXER SCREEN SECTION) screen (g'rids No. 2 and 4)'
INTERNAL SHIELD hexode mixer grid (grid No. 3)
INTERNAL SHIELD—{>]¢ | Ve suecs and hexode Qll‘?nte constiﬁut; tl}&e
, . mixer unit. e internal shields
TRIODE (03€.) PLATE are connected to the shell of the
tube and act as a suppressor for
caTHODE the hexode unit. The action
Fig. 51 of the 6K8 in converting a radio-

. frequency signal to an inter-

mediate frequency depends on (1) the generation of alocal frequency by the triode
unit, (2) the transferring of this frequency to the hexode grid No. 1, and (3) the
mixing in the hexode unit of this frequency with that of the r-f signal applied to
the hexode grid No. 3. The 6K8 is not critical to changes in oscillator-plate voltage
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or signal-grid bias and, therefore, finds important use in all-wave receivers to
minimize frequency-shift effects at the higher frequencies.

The third method of frequency conversion employs a tube E:rﬁcula.rly designed
for short-wave reception. This tube, called a pentagrid mixer, has two independent
control grids and 18 used with a separate oscillator tube. R-F signal voltage is
applied to one of the control grids and os-

tor voltage is applied to the other.

SR AToR Tvp;il.zm It f(fllgws, thertefore,dl:hatto tlzﬁ variagons
USING - in plate current are due_ e combina-
SERRaTE GrenEsson) | ortur tion of the oscillator and signal frequencies.
o ClReUIT The arrangement of electrodes in a penta-
(TO OSCILLATOR) GRIDS N22 84 grid-mixer tube is shown in Fig. 52. The
(sCREEN) tube contains a heater cathode, five grids,

ool and a plate. Grids No. 1 and 3 are
CIRCUIT control grids. The r-f signal voltage is ap-
el plied to grid No. 1. This grid has a remote

AW cut-off characteristic and is suited for con-

trol by avc bias voltage. The oscillator

Fig. 52 voltage is applied to grid No. 3. This

d has a sharp cut-off characteristic and
produces a comparatively large effect on plate current for a small amount of
oscillator voltage. Grids No. 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 penta-
grid-mixer tubes,

Radio Tube Installation

The installation of radio tubes requires care if high-quality performance is
to be obtained from the associated radio 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 in helping the
experimenter and radio technician to obtain the full performance capabilities of
radio tubes and circuits. Additional and gﬂ'tment information is given under
each tube type and in the CIRCUIT SECTION.

FILAMENT AND HEATER POWER SUPPLY

The design of radio tubes allows for some variation in the voltage and current
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
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 d-c 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 d-c 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 a-c supply to provide the proper filament or
heater voltage. Receivers intended for operation on both d-c and a-c power lines
have the heaters connected in series with a suitable resistor and are supplied directly
from the power line.
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D-c¢ filament or heater operation should be considered on the basis of the
source of power. In the case of the battery supply for the new 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 serieg 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. It is also recommended that an accurate volt-
meter or milliammeter be permanently installed in the receiver to insure operation
of the tubes at their rated filament voltage. 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 d-c 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.

Required reaistance (chms) = supply volts — rated volts of tube type

total rated filament current (amperes)

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

For the case where the heaters and/or filaments of several tubes are operated
%n ser(n)&};,n thf, resistor value is calculated by the following formula, also derived
rom 's law

Required resistance (ohma) = supply volts — total rated volts of tubes

rated amperes of tubes

Thus, if a receiver having one 6SA7, one 6SK7, one 6B8, one 25A6, and one 25Z6
is to be operated from a 117-volt power line, the series resistor is equal to 117 volts
{the supgly voltage) minus 68.9 volts (the sum of 3 X 6.3 volts 4 2 X 25 volts)
divided by 0.3 ampere (current rating of these tubes), i.e., approximately 160 ohms.
The wattage dissipation in the resistor will be 117 volts minus 68.9 volts times 0.3
ampere, or approximately 14.4 watts. A resistor having a wattage rating in excess
of this value should be chosen.

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 resistance (ochme), tube B =
heater volts, tube B

rated heater amperes, tube A — rated heater amperes, tube B

For example, if a 6A6 having a 6.3-volt, 0.8-ampere heater i8 to be operated in a
series-heater circuit employing several 6.3-volt tubes having heater ratings of 0.3
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ampere the required shunt resistance for each of the latter types would be

6.3
m s OF 12.6 ohms.

Heater shunt resistance =

The value of a series voltage-dropping resistor for a sequence of tubes having

one or more shunt resistors should be calculated on the basis of the tube having
the highest heater current rating,

When the series-heater connection is used in a-c/d-c 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 a-c 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 a-c line is
shown in Fig. 53.

AUDIO ST L] con- 1 ABfe L Power ] Recti- A e
DETECTOR [ | qumt e || VERTER Noers AMPLIFIER FIER oTaTon
%‘ l, TV
: A.C.OR D.C.
Fig. 53

A.c 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 a-c 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 radio 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 a-c outlet and the transformer primary. Before such a transformer is installed,
the a-c line fluctuations should be very carefully noted. Some radio sets are equipped
with a line-voltage switch which permits adjustment of the power transformer
primary to the line voltage. When this switch is properly adjusted, the series-
resistor or booster-transformer method of controlling line voltage is seldom required.

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 iine voltage, tubes will
operate at their rated heater or filament current. The method for calculating the
resistor value is given above.

HEATER-TO-CATHODE CONNECTION

The cathodes of heater-type tubes, when operated from a.c., shouild be con-
nected either to the mid-tap on the heater-supply winding or to the mid-tap of a
50-ohm (approximate) resistor shunted across the winding. This practice follows
the general recommendation that the potential difference between heater and
cathode be kept low. In high-gain resistance-coupled circuits, it is suggested that
the heater be made 10 volts positive with respect to the cathode in order to prevent
emission from taking place from heater to cathode and producing hum. If a large
resistor is used between heater and cathode, it should be by-passed by a suitable
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filter network or objectionable hum may develop. The hum s due to the fact
that even a minute pulsating leakage current flowing between the heater and
cathode will develop a small voltage acroes any resistance in the circuit. This
hum voltage is amplified by succeeding stages. When 6.3-volt heater-cathode types
are operated from a storage battery, the cathodes are connected either directly or
through biasing resistors to the negative battery terminal. 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 d-c plate supply, which is
furnished either by the d-c power line or by the a-c power line through a rectifier.

PLATE VOLTAGE SUPPLY

The plate voltage for radio tubes Is obtained from batteries, devices for recti-
fying a.c., direct-current power lines, and small local generators. Auto radios have
caused the commercial development of a number of devices for obtaining a high-
voltage d-c supply either from the car storage-battery or from a generator driven
by the car engine,

The maximum plate voltage value for any tube type should not be exceeded
if most satisfactory performance is to be obtained. Plate voltage should not be
applied to a tube unless the corresponding recommended grid voltage is also sup-
plied 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 condenser, 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 d-c 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
voitage, 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 usvally 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 a-c supply. If
bias voltages are obtained from the voltage divider of a high-voltage d-c 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. 54. The cathode current is, of course, equal

e = e- = B¢
R= GRID-BIASING RESISTOR T=FILAMENT TRANSFORMER C=BY-PASS CONDENSER

Fig. 54

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

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

Resistance (ohms) =

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

By-passing of the cathode-bias resistor depends on circuit design requirements.
In r-f circuits the cathode resistor should always be by-passed. In a-f circuits the
use of an unby-passed resistor will reduce distortion by introducing degeneration
into the circuit. However, the use of an unby-passed resistor decreases power
sensitivity. When by-passing is used, it is important that the by-pass condenser
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 condenser (approximately 0.001 uf) in order to prevent oscillations. The
usual a-f by-pass may or may not be used, depending on whether or not degenera-
tion is desired. In tubes such as the 6AB7/1853 and 6AC7/1852 having a very
high value of transconductance, there are appreciable changes of input capacitance
and input conductance with plate current. In order to minimize such changes
when a tube of this type is used as an r-f or i-f amplifier, a portion of the cathode-
bias resistor may be left unby-passed. Additional information on this subject is
given in the DATA SECTION under the 6AB7.

Grid-bias variation for the r-f and i-f 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. 55 and 56; (2) from a bleeder circuit by means of a potentiometer as shown
in Fig. 57 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, 41.
In all cases it is important that the control be arranged so that at no time will the
bias be less than the recommended grid-bias voltage for the particular tubes used.
This requirement can be met by providing a fized 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.

— -

VARIABLE

3 ¢
- A- A+ B¢ B +

VARIABLE

Fig. 58 Fig. 56 Fig. 57

Where receiver gain is controlled by grid-bias variation, it is advisable to have the
control voltages extend over a wide range in order to minimize cross-modulation
and modulation-distortion. A remote cut-off type of tube should, therefore, be
used in the controlled stages.

SCREEN VOLTAGE SUPPLY

The jtive screen voltage for pentodes and beam power tubes may con-
veniently be obtained from a high-voltadge supply through a series resistor because
tubes having suppressor action provide high uniformity of the screen-current
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characteristic. Fig. 58 shows a pentode with its screen voltage supplied through
a series resistor, The positive screen voltage for tetrodes (screen-grid tubes) should
be obtained from a proper voltage tap or from a potentiometer connected across
the B supply. It should not be obtained from a high-voltage supply through a
series_resistor because of the characteristic screen-current variations in tetrodes.
Fig. 59 shows a tetrode with its screen voltage obtained from a potentiometer.
It 18 important to note that the plate voltage for tetrodes or pentodes should be
agFlied before or with the screen voltage. Otherwise, with voltage on the screen
only, the screen current may rise high enough to cause excessive screen dissipation.

Fig. 58 Fig. 59

Screen-voltage variation for the r-f 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 decreased gain per stage. The voltage
variation is obtained by means of a potentiometer shunted across the screen voltage
supply. See Fig. 59. 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 widely followed practice
to shield separately each unit of the high-frequency stages. For instance, in a
superhe! yne receiver, each i-f and r-f coil may be mounted in a separate shield
can. Baffle plates may be mounted on the ganged tuning condenser to shield each
section of the condenser from the other sections. The oscillator coil may be
especially well-shielded by being mounted under the chassis. The shielding pre-
cautions required in a receiver depend on the design of the receiver and the layout
of the parts. In all receivers having high-gain high-frequency stages, it is necessary
to shield separately each tube in the 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 terminal. The grounding connection should be short and heavy.

FILTERS

Feed-back 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 direct to the tube
cathode rather than by way of the voltage-supply circuit. Fig. 60 illustrates
several forms of filter circuits. Condenser C forms the low-impedance path, while
the choke or resistor assists in diverting the signal through the condenser by offering
a high-impedance to the power-supply circuit.

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

0-C D-C D= D-C
VOLTAGE VOLTAGE VOLTAGE YOLTAGE
LEAD LEAD LEAD LEAD

l R l I L L
T L R Trocmee |
TO CATHOOE TO CATHODE TO CATHOOE YO CATHOOE
R=RESISTOR  C=BY-PASS CONDENSER  LTAF OR RF CHOKE
Fig. 60

The minimum practical size of the condensers may be estimated in most cases
by the following rule: The impedance of the condenser at the lowest frequency
amplified should not be more than one-fifth of the impedance of the filter choke or
resistor at that frequency. Better results will be obtained in special cases if the
ratio is not more than one-tenth. Radio-frequency circuits, particularly at high
frequencies, require high-quality condensers. Mica condensers 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 smobothing filter usually consists of condensers
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. Smooth-
ing effect is obtained from the condensers 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 condenser-input according to whether a choke
or condenser is placed next to the rectifier tube. See Fig. 61.

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

CHOKE ~INPUT TYPE FILTER CONDENSER-INPUT TYPE FILTER CONDENSER FILTER

— [y Y,y [ UREEEATY
L L L
From Fhom L o
RECTIFIER ¢ - OuUTPUT RECTIFIER T ¢ ¢ ovrPwr RECTIFIER . ouTRUT
Tuee Tuse TuBE

L=FILTER CHOKE C=FILTER CONDENSER

Fig. 61

1

If an input condenser is used, consideration must be given to the instantaneous
peak value of the a-c input voltage. This peak value is about 1.4 times the RMS
value as measured by an a-c voltmeter. Filter condensers, therefore, especially the
input condenser, 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 d-c output voltage will be somewhat lower than with the input-
condenser method for a given a-c plate voitage. 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 usuaﬂgecauspd by
the formation of a steep wave front when plate current within the tube begins to
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flow on the positive half of each cycle of the a-c supply voltage. There are several
ways of eliminating this type of interference. One is to shield the tube. Another
is to insert an r-f choke having an inductance of one millihenrv or more between
each plate and transformer winding and to connect high-voltage, r-f by-pass con-
densers between the outside ends of the transformer winding and the center tap.
See Fig. 62. The r-f chokes should be placed within the shielding of the tube. The
r-f by-pass condensers should have a voltage rating high enough to withstand the

ak voltage of each half of the secondary, which is approximately 1.4 times the

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

zTUQC SHIELD
——

FUSE

TO A-C
POWER LINE

TO
_l FILTER

N T

ELECTROSTATIC
SHIELD
C=R-F BY-PASS CONDENSER,MICA L3 R-F CHOKE
Fig. 62

OUTPUT-COUPLING DEVICES

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

PLATE 10
To LOUDSPEAKER
INPLT ” LOUDSPEAKER
” CATHODE [ o
TRANSFORMER METHOD © CHOKE-COIL METHOD
Fig. 63

Qutput-coupling devices are of two types. (1) choke-condenser -and (2) transformer.
The choke-condenser type consists of 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 d-c plate current component of the signal voltage
but opposes the flow of the fluctuating component A by-pass condenser of 2 to
6 uf supplies 2 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 of 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 63 Examples of transformers for %xsh-pull
stages are shown in several of the circuits given in the CIRCUIT SECTIO
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RCA Receiving Tube Classifications

The following chart classifies RCA tubes according to their cathode voltages
and their functions. It will assist the tube user in identifying type numbers and in
choosing a tube type for an application. Types having similar characteristics are
grouped in parentheses.

Cathode Volts| 1.4 2.0 2.5 5.0 6.3 1&;.167'0
DIODE DETECTORS & RECTIFIERS
Detectors, twin (6H6, 6H6-G)
. TA6
half-wave 1-v 1273
35Z3.LT
35Z4-GT
3525-GT
45Z5-GT
half-wave, with beam 70L7-GT
power amplifier
half-wave with 12A7
Rectifiersq  power pentode 25A7-G
vacyum (5T4 (6X5, 6X5-G,
5U4.6, | 6X5.GT, 84),
5X4-G, 62Y5-G,
573), Y4
{5w4,
5Y3.G,
!ufl-wovel 5724
5Y4.G,
80),
(5V4.G,
83-v)
mercury 82 83
Laas Cold-Cathode Types: 024, 0Z4-G.

Rectifier-Doublers (2526
2576.G
2526.GT,

2525)
11726-GT
DIODE DETECTORS with
AMPLIFIERS
[with high-mu triode 1H5-G
1H5-GT |
One ) with high-mu triode and
Diode r-f pentode 3A8-GT
with medium-mv triode,
and power pentode 1D8.GT
Lwith pentode 185
with medium-mu tiiode (185 SS (65R7, 6R7, 125R7
1H6-G) 6R7-G, 85)
with high-mu triode 2A6 (65Q1, (125Q7
Two J 6Q7,607-G, |12Q7-Gh)
Diodes 607-GT, 6T7-G,
6B6-G, 75)
1C6
with pentode 1F1-GV, | 2B7 (688, 688-G, 12(8
~ 1F6) 6B7)
CONVERTERS & MIXERS
Pentagrid Converters (1A71-G,| (1C1-G, {2A7 (6SA7, (125A7
1AT-GT)| 1C6) 6A8, 6A8.G, [1248.Gh
1R5 [ (1D1-G, 6A8-GT, 6D8-G,
1A6) 6A7), 1B8-LM

Triode-Mexode Converters 6K8 12K8

Octode Converters TAS8

Pentagrid Mixerss (6L7, 6L.1-G)

NOTE; This ciassification does not include the following old types: 00-A, 01-A, 10, 11, 12, 20, 22, 26, 40, 48,
50, 71-A, 81, 99, 112-A, 874, 876, and 886, Data on these types, however, are given In subsequent pages.
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Cathode Volts| 1.4 | 20 |2s| so 63 12610
VOLTAGE AMPLIFIERS
DETECTORS, OSCILLATORS
single unit 1G4-G | (1H4.G,| 27, {6C5, 6C5-G), | 12)5-GT
30) 56 ]5, 6)5-G,
6J5-G1), 6L5.G,
16, 31, 6P5.-G,
fmedium-mu 6AES-GT
twin unit 6C8-G, 6F8-G
twin plate 6AE6-G
with power 6ADI-G
pentode
Triodes< with diode, 1D8.GT
power
pentode
single unit (6SF5, 6F5 {125Fs
6F5.G, 6F5-G1), | 12F5.Gf)
| high-mu oks-G
twin unit 6SCY 125C7
with diode, [3A8-GT*
r-f pentode
Tetrod remote cut-off 35
sharp cut-off 32 24A 36
[remote cut-off 1T4 (1Ds-GP,| 58 (65K7, (125K7
1A4-P), &K1, 6K7-G, |12K7-Gh
6K1-GT, 78),
(657, 657-G),
(6U7-G, 6D6),
6W1.G, 39/44,
TAT-LM, 187,
Pentodes < 6ABT@,6ACTE
remote cut-off, 6F7
with triede
sharp cul-off (IN5.G, |(1E5-GP, | 57 (6517, 6J1 (1928)7
1N5.GT)| 1B4.P), 6J1-G, 6J7-GD), {12J1-Gh
15 6C6,17,71CT
(sharp cut-off, with di- |3A8.GT*
ode, high-mu triode
POWER AMPLIFIERS
low-mu, single unit 31 2:\53,
Triodes single unit 49 46 6ACS.G 25AC5-GT|
high-mu {
twin unit 1G6-G | (1J6-G, | 53 {6N7, 6N1.G,
19) 6Ab), 21-G, 19
‘without rectifior 1Q5-GT, {6L6, 6L6-G), (2516,
175-GI, (6V6, 6V6.G, | 2506.G
Beam 3Q5.GT* 6V6-GT), 6Y6-G, [25L6.GT),
Powaer 7C5.LT 35AS5-LT,
Tubes 35L6-
50L6-G
with rectifier 70L7-GT
single unit 1A5-G, | (1F5-G, [2AS (6F6, 6F6-G, 421), (25A6
165-G, | 1Fa), |47 (6K6-G, 6K6.GT, | 25A6-G,
154 |1Gs-G, | 59 41), 6G6-G, 38, | 43),
33, 6A4, 89, 185-LT | 25B6'G
Pentodes 9 hwin unit 1E7-G¥%
with diode and triede | 1D8-GT
with medium-mv triode 6ADI-G
with rectifier 12A7
25A1-6
video 6AGT®
DirechCoupled Amplifiers (6B5, 6N6-G)
ELECTRON-RAY TUBES
with remoate cut- 6ABS/6NS,
i off riode 6US5/6G5
Indi- {sinoled ik sharp cot- 6E5
calors off triode
twip, without triode 6AF6-G
GAS-TRIODES Cold-Cathode, Starter-Anade Type: 0A4.G,

* Two 1F5-G’s in one bulb.

@Desig

d for tel

*Filament ananged for either 1.4 volt or 2.8-volt operation.
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Interpretation of Receiving-Tube Ratings

A star before CHARACTERISTICS under any tube type indicates that the
maximum ratings for this type are to be interpreted in accordance with RMA
Standard M8-210. This standard establishes a new system of ratings in which the
meaning of maxsmum rating is changed from “absolute maximum” to *‘design
maximum.” This change has been made to take into account the normal voltage
variations of the various power-supply sources used for modern radio receivers.
The Standard M8-210* follows:

It shall be standard to interpret the ratings on recefving types of tubes accord-
ing to the following conditions:

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 moderate
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.

PLATE and SCREEN — In the case of plate voltage and screen voltage, how-
ever, recommended maximum values are given. The interpretation of this maximum
value depends on the power source, as follows:

A-C or D-C Power Line: The maximum ratings of plate and screen voltages and
dissipations given on the tube type data sheets are Design Maximums. For equip-
ment designed for use in the United States on nominal power-line services of 105-
125 volts, satisfactory performance and serviceability may be anticipated provided
the equipment is designed so as not to exceed these Design Maximums at a line
voltage of 117 volts.

Automobile Storage Batteries: When a tube is used in automobile receivers and
other equipment operated from automobile storage batteries, consideration should
be given to the larger percentage range over which the battery voltage varies as
compared with the power-line voltage. The average voltage value of automobile
batteries has been established as 6.6 volts. Automobile-battery-operated equip-
ment should be designed so that when the battery voltage is 6.6 volts, the plate
voltage, the plate dissipation, the screen voltage, the screen dissipation, and the
rectifier load current will not exceed 909, of the respective recommended design
maximum values given in the data for each tube type.

“B” Batteries: Equipment operated from ““B” batteries should be designed so
that under no condition of battery voltage will the plate voltage, the plate dissipa-
tion, the screen voltage, and the screen dissipation ever exceed the recommended
respective maximum values shown in the data for each type by more than 10%.

OTHER ELECTRODES — When a tube is of the multigrid type, the voltages
applied to the additional positive electrodes will be governed by the considerations
stated under Plate and Screen.

TYPICAL OPERATION — For many receiving tubes, the data show typical
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,

¢ Used by permission of the Engineering Department of the Radio Manufacturers Association.
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Key to Terminal Designations of Sockets

Alphabetical subscripts D, P, T, and HX indicate, respectively, diode unit, pentode unit
triode unit, and hexode unit in multi-unit types,

Numerical subscripts are used (1} in multi-grid types to Indicate relative position of grids
to cathode or filament, and (2) in multi-unit types to differentlate between two identical elec-
trodes which would otherwise have the same designation.

BP =8ayonet Pin HL ==Tap for Panel Lamp S =Sheil

BS =Base Shell K =Cathode St =Interlead Shisld
F =Filament NC =No Connection SL = Base Sleeve

FM =Filament Mid-Tap P =Plate {Anode) TA=Target

G =Grid PBF = Beam-Forming Plates U = Unit

H ==Heater RC =Ray-Control Electrode @ =Gas-Type Tube

Bottom views of sockets are shown throughout this book.

o a° DETECTOR TRIODE

The OO-A is a storage-battery triode of
the gas-filled type. Operating conditlions as

grid-leak detector: mazimum plate volts of

45, grid leak of 2 to 3 megohms, grid con- OO- A
o*o denser of 0.00025 uf, and grid return to (<)
F () filament. Filament volts, 5; amperes, 0.25.

For dimensions, see Fig. 2-24.,, OUTLINES
SECTION. The OO-A is a discontinued
40 type; it is retained for reference only.

DETECTOR AMPLIFIER
, G TRIODE

The Ol-A is a storage-battery triode used
chiefly for replacement in receivers designed
for it. Operating conditions as grid-leak
detector are the same as for 00-A except that O] - A
a*o grid return is to (-+) filament; as biased de-
. A tector, maximum plate volts of 135, bias of
-13.5 volts (approx); as amplifier, maximum
plate volts of 135, bias of -9 volts. Filament
4D volts, 5: amperes, 0.25. For dimensions, see
Fig. 2-25, OUTLINES SECTION. The Ol-A

is a discontinued type: it is retained for ref-
erence only.

NO GAS TRIODE
RO, i Q7 The 0A4-G is an ionic-cathode, glow-dis OAA'G

charge tube. It contains a plate (anode), a
grid (starter anode), and a cold cathode.
NCT KEY ThC These electrodes are sealed in a bulb filled
G4V with an inert gas or va at reduced pres-
sure. In normal operation of the 0A4-G, a
relatively small amount of electrical energy supplied to the starter-anode circuit initiates a glow
discharge between cathode and starter-anode. This discharge produces positive ions which assist
in initiating the main discharge between cathode and anode. The anode current which flows
during the cathode-anode discharge actuates a relay or other device connected in the anode circuit.
Because the discharge can be initiated with so little energy, it is practical to obtain remote control
of line-operated electrical devices by means of an electrical impulse generated at- radio frequencies
and transmitted over the same power line. The 0A4-G may also be used as a voltage reulator
or as a relaxation oscillator.

CHARACTERISTICS
P AK ANODE BREAKDOWN VOLTAGE (Starter-anode tied to cathode) 2%50 min.  Volts

PEAK POSITIVE STARTER-ANODE-BREAKDOWN VOLTAGE....... e 90 :::; 83{;:
STARTER-ANODE CURrgENT (For transition of discharge to anode at

140 vOlts Peak) . v veeeveernorrocsovranncnsnsans 100 max. Microamperes
STARTER-ANODE DROP ..o ovivivernnenrinrnrarsosesossaranes 60 approx. Volts
ANODEDROP ... ...0c0n.ns cianeeneas P e eererae e . 70 approx. Volts
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MAXIMUM RATINGS and TYPICAL OPERATING CONDITIONS

PEAK CATHODE CURRENT.........

DeC CATHODE CURRENT. . ..0vveoes

Typical OPERATION WITH A-C SuPpPL
Anode-Supply Voltage (RM: l;
A-C Starter-Anode Voltage (] eak)
R-F Starter-Anode Voltages (P

ealk)
Sum of A-C and R-F Starter-Anodes Voltages (Peak’

Relay Service
100 max. Milllamperes
25 max. Milliamperes
105-130 Volts
70 max.  Volts
55 min. Volts
110 min. Volts

INSTALLATION and APPLICATION

The base of the OA4-G fits the standard octal socket which may be installed to hold the tube
in any position. For physical characteristica of the 0A4-G, see Fig. 2-17, OUTLINES SECTION.

As a relay tube, the 0A4-G can be o
erated in the circuit shown below. In
this circuit, the starter-anode is main-
tained at a potential just below that re-
quired for breakdown by means of th
bleeder RiRs. When a carrier having the
frequency of the tuned circuit LC is im-
pressed on the power line, a resonant
voltage a; across L and C. The
effect of the voltage across the condenser
C is to increase the negative potential
peaks on the cathode and thus to in-
crease the potznt:ala between cathode
and starter-anode. hese peaks start a
discharge between cathode and starter-
anode. This dmchargle‘cﬁroduces free ions
which enable the discharge to transfer
to the anode if circuit values are such
that sufficient starter-anode current
flows. Because a.c. is supplied to the
anode, the OA4-G ceases to discharge
when the carrier is removed.

If the 0A4-G is to be operated from a
d-¢ power line, it will be necessary to
provide means for reducing the anode
voltage to a value under 60 volts (ex-
tinction voltage). This can be done
conveniently by opening the anode circuit.

Most of the voltage on the starter-
anode required to /cause breakdown is
supplied by the bleeder circuit. As a result,
the tuned circuit is required to supply
only the difference between breakdown
voltage and applied a-c voltage. Provi-
sion should be made, therefore, to supply
an r-f starter-anode voltage having a
minimum peak value of 55 volta.

Typical breakdown characteristics of
the 0A4-G are shown for conditions where
the starter-anode and anode are either
positive or negative, respectively. The
tube is designed to be operated so that
the discharge takes place when the
starter-anode and anode are both posi-
tive (first quadrant). Breakdown between
cathode and starter-anode occurs when
the starter-anode voltage reaches 85 volts
approximately. This discharge initiates
a discharge between cathode and anode,
provided the anode potential is ade-
quate. The required anode potential is
a function of the current flowing to the
starter-anode circuit. In practice, it is
desirable to have a current of at least
200 microamperes flowing to the starter-
anodae.
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FULL-WAVE
GAS RECTIFIERS

The 0Z4 and 0Z4-G are full-wave,
gas-filled rectifiers of the cold-cathode OZ 4
type. They are used principally for

renewal in vibrator-type B-supply

units. The bases of these types fit the

Sratalied to hold the tubes - any

ins to hold the tul in any

position. For physical characteristics OZ 4_ G
of the 0Z4 and 0Z4-G, see Figs, 1-2

and 2-3, respectively, in the, OUT-

LINES SECTION. The shell of the

NC 0Z4 and the external shield required

for the 0Z4-G should be grounded.

The use of filters may be necessary

G-4R to eliminate objectionable noise.
Type 0Z4-G
MAXIMUM RATINGS
STARTING-SUPPLY VOLTAGE PER PLATE ...... .. .. 300 min. Peak Volts
PEAX PLATE-TO-PLATE VOLTAGE................. 1000 max.  Volts
PEAR PLATECURRENT .. .....covvvvninnnannn.. 2?(5) max. I\I\/I,Ig%}amperes
max. iamperes
D-COUTPUTCURRENT ..., { 30 min. Milliamg:rres
D-COUTPUT VOLTAGE . . ...vveiviininnannn. 300 max. Volts
AVERAGE DyNaMic TUBE VOLTAGE DroP. . ....... 24 Volts

SUPER-CONTROL R-F
AMPLIFIER PENTODE

The 1A4-P is a super-control pentode -
of the 2-volt filament type for battery- ] AA’ P

operated receivers. Its rating, char-
acteristics, and application are the
same as for the Type 1D5-GP, except
that the mterelectrode capacitances are as shown below. Filament operation is
discussed under Type 1C7-G. The base of the 1A4-P fits the standard four-
contact socket which should be installed to hold the tube preferably in a vertical
position, but horizontal operation is permissible if pins 1 and 4 are in a vertical
;S)I}'::lg:gr OFor physical characteristics of the 1A4-P, refer to Fig. 2-16, OUTLINES

Grip-PLATE CapaciTaNcE (With shield-can) ...... 0.007 max.  upf
INPUT CAPACITANCE. . .. ...coiiieiieeeiaennnn. 5 unf
OUTPUT CAPACITANCE . . . . ....ovviiinein e 11 unf
Gz Si
PR POWER AMPLIFIER
© ) PENTODE
r2) F- The 1A5-G is a power-amplifier pen- -
cv ©3  tode of the 1.4-volt filament type for ] A5 G
NG KEY e use in the output stage of battery-
G-6X operated receivers. The filament is

designed for operation directly across
a 1.5-volt dry cell. Operation of the filament is discussed under Type 1A7-G.



RCA RECEIVING TUBE MANUAL

% CHARACTERISTICS

FrLaAMENT VOLTAGE (D.C.).iviviiviiannnnnnnn 14 Volts
FILAMENT CURRENT . ...cvveniernnnennnnnnannnns 0.05 Ampere
PLATE VOLTAGE ......cucvuvevnnnnecnnans 85 90 max. Volts
ScreeN Voutace (Grid No. 2) ............ 85 90 max. Volts
GrID VoLTAGE (Grid No. 1)............... 4.5 -4.5 Volts
PLATE CURRENT. . ... iiiiiiiennnenrannnn 35 4.0 Milliamperes
SCREEN CURRENT. ....ovviiinvnnnnacannnn 0.7 0.8 Milliamperes
PLATE RESISTANCE (Approx.) ............. 0.3 0.3 Megohm
TRANSCONDUCTANCE .. .vvvvuvnnnnnnnananss 800 850 Micromhos
LOAD RESISTANCE . ........cocvvinnenannn, 25000 25000 Ohms
CATHODE RESISTOR ......covveerevrannnns 1000 940 Ohms
Power Outpur (109, total harmonic

distortion) ............c.coveiiiiiiinn, 100 115 Milliwatts

INSTALLATION and APPLICATION

The base fits the standard octal socket which may 'be installed to_hold the
tube in any position. For physical characteristics of the 1A5-G, refer to Fig. 2-13,
OUTLINES SECTION.

For the power-amplifier stage of radio receivers, the 1A5-G may be used
either singly or in push-pull combination. Transformer- or impedance-coupling
devices are recommended. Cathode biasing of the 1A5-G is to be preferred so
that the grid bias will be proportionately less as the B-battery voltage falls off
during battery life.

PENTAGRID CONVERTER

The 1A6 is a muiti-electrode type

of vacuum tube designed to perform

'I A 6 simultaneously the function of a mixer

tube and of an oscillator tube in super-

heterodyne circuits. Its electrical

characteristics are identical with those

of the 1D7-G. except that the interelec-

trode capacitances are as shown below.

Filament operation is discussed under Type 1C7-G. For general discussion of

pentagrid types, see Frequency Conversion in RADIO TUBE APPLICATION

section. A typical pentagrid converter circuit for the 1A6 is shown under Type
1A7-G. The base of the 1A6 fits the standard six-contact socket which should

installed to hold the tube preferably in a vertical position, but horizontal opera-

tion is permissible if pins 1 and 6 are in a vertical plane. Physical characteristics

of the 1A6 are shown in Fig. 2-16, OUTLINES SECTION.

DirecT INTERELECTRODE CAPACITANCES (Approx.):

Grid No. 4 to Plate (With shield-can) ............ 0.25
Grid No. 4 to Grid No. 2 (With shield-can) ....... 0.2
Grid No. 4 to Grid No. 1 {(With shieid-can) ....... 0.1
GridNo. 1toGridNo. 2 . ......ooveieiinnnnnn, 0.8
Grid No. 4 to All Other Electrodes (R-F Input) ... 105
Grid No. 2 to All Other Electrodes (Osc. Qutput). . 6
Grid No. 1 to All Other Electrodes (Osc. Input) ... 5
Plate to All Other Electrodes (Mixer Output) ..... 9

PENTAGRID CONVERTERS
1A7-G

The 1A7-G and 1A7-GT are multi-
electrode tubes of the 1.4-volt filament
type. Each type is intended for use

as a combined mixer and oscillator in
] A7_ GT battery-operated receivers. Through
the use of either type, the independent
control of each of these functions is made
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possible within a single tube. A general discussion of pentagrid converters is given
under Frequency Conversion in the section on RADIO TUBE APPLICATIONS,

% CHARACTERISTICS
FrLaMeNT VOLTAGE (D.C) ....oiivnnene et 1.4 Volts
FILAMENT CURRENT . .0\ iutinenrenennnunnneaseeans 0.05 Ampere
DirecCT INTERELECTRODE CAPACITANCES:
Type 1A7-G Type 1A7-GT
Grid No.4toPlate .................. 0.30* 0.4* uuf
Grid No.4toGrid No. 2 ............. 0.26* 0.25* uuf
Grid No.4toGridNo. 1 ............. 0.12+ 0.12* uuf
Grid No. 1toGrid No. 2 ............. 0.90* 15 unf
Grid No. 4 to All Other Electrodes
RFInput)....................... 6.5* 75 uuf
Gnd No. 2 to All Other Electrodes
Except Grid No. 1 (Osc. Output) .... 4.6* 4.0 upf
Grid No. 1 to All Other Electrodes
Except Grid No. 2 (Osc. Input) ..... 4.0* 3.2 uuf
Plate to All Other Electrodes
(Mixer Output)........coveeeenenn. 11* 10 unf

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

Converter Service

PLATE VOLTAGE . ... ..'uutrinernernanaccacnnans 90 max. Volts
ScreEN VoLTace (Grids No. 3and No. 5) .......... 55 max. Volts
SCREEN SUPPLY VOLTAGE . . .. . ovvieiiiiennnenan 90 max. Volts
ANODE-GRrID VoLTAGE (Grid No. 2) . ............... 90 max. Volts
ToTAL CATHODE CURRENT. . . ...ovineniinennnnennn 3 max. Milliamperes
TvypicaL OPERATION:
Plate Voltage .. ...coiviiiiiii i iiiiiieinennann 90 Volts
Screen Voltage . ..ocoviiiiiiiiiiinnennnannanens 45%* Volts
Anode-Grid Voltage. .........ccoiiiiivvenneennn 90 Volts
Control-Grid Voltage (Grid No. 4)............... 0 Voits
QOscillator-Grid (Grid No. 1) Resistor............. 200000 Ohms
Plate Current ....coviviineiirennenenreenennnns 0.55 Milliampere
Screen Current . ... ....ii ittt 0.6 Milliampere
Anode-Grid Current. ........cccoviiiiinnnn.. 1.2 Milliamperes
Qscillator-Grid Current. ............. ... ..., 0.035 Milliampere
Total Cathode Current. . ....................... 2.4 Milliamperes
Plate Resistance. . ........ccoiiiviiinneenn.. 0.6 Megohm
Conversion Transconductance. .................. 250 Micromhos
Conversion Transconductance (Approx.) with
Control-Grid Volts = -3 ... .........c.vvvne.. 5 Micromhos

The transconductance of the oscillator portion of the 1A7-G and 1A7-GT is 600 micromhos
under the following conditions: plate voltage, 90 volts; screen voltage, 45 volts; control-grid
voltage, 0 volts; anode-grid voltage, 90 volts; and oecillator-grid voltage, O volts.

** Obtained preferably by using a properly by-passed 70000-ohm voltage-dropping resistor
in series with a 90-volt supply.

INSTALLATION and APPLICATION

The base of either the 1A7-G or the 1A7-GT fits the standard octal socket
which may be mounted to hold the tube in any position. Physical characteristics
of the 1A7-G and the 1A7-GT are shown in Figs. 2-11 and 2-6, respectively, in the
OUTLINES SECTION. Complete shielding of the 1A7-G and 1A7-GT is generally
necessary to prevent intercoupling between its circuit and those of other stages.

The filament of either the 1A7-G or the 1A7-GT may be connected directly
across a 1.5-volt dry cell. Series operation of the filament with the filaments of
other 1.4-volt battery types is permissible provided shunt resistors are employed
across certain filaments to carry the plate current returning from other tubes
through these filaments. The shunt resistors should be adjusted to maintain the
filament voltage of each tube at its rated value of 1.4 voits under operating condi-
tions. It is obvious that the shunt resistor can also be used to adjust for a differ-
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ence in filament-current ratings. Series-parallel operation of 1.4-volt types is not
re%ommended because failure of one tube may cause excessive voltage across other
tubes.

As a frequency-converter in superheterodyne circuits, either the 1A7-G or
the 1A7-GT can supply the local oscillator frequency and at the same time mix it
with the r-f input frequency to provide the desired intermediate frequency. It is
important to note that the anode-grid voltage and the plate voltage must each
be higher than the screen voltage. Conventional oscillator coils may be used
because these tubes are not critical for frequencies up to 15 mega-cycles. The size
of the oscillator-grid resistor is not critical but requires design adjustment, depend-
ing on the values of the anode-grid voltage and of the screen voltage. The circuit
should be adjusted so that the cathode current is approximately 2.4 milliamperes.
A resistance of at least one megohm should be in the control-grid return to the
negative filament.

Since the capacitance between grid No. 4 and plate is in a parallel path with
the capacitance and inductance of the plate load, it is important to use a load
capacitance of sufficient size to limit the magnitude of the r-f voltage built up across
the load. If this is not done, r-f voltage feed-back will occur between plate and grid
No. 4 to produce degenerative effects. For this reason, the size of the load condenser
in the plate circuit should be not less than 50 uuf. A typical converter circuit which
provides exceptionally uniform oscillator output over the entire grid-bias range
15 shown below. OPERATION CHARACTERISTICS

:Lv':‘rt: '127;563;0 E¢5 04 VOLTS D,
TYPICAL PENTAGRID CONVERTER CIRCUIT o [REATE vOUTS=90 wast
FOR FILAMENT-TYPE TUBES 2 %E’ZiSSN’E:&éo?‘fm‘f‘.f“éﬁ?&vx?éivss S
3 GRID N22 {ANCDE GRID) VOLTS =90
R-F (INPUT ) GRID N21(0SCi_L ATOR GRID)
& 300+ RESISTCR-OHMS =200000
E\- 3 P e
"‘WT T r ING 3157 .
3 250 - l30|V()LT SUPPLY
s LA T
§ .
F 200
4
T
2z 150~
= = g
SIGNAL ANODE-GRD  FIL, SCREEN PLATE =
IGROBIAS SUPPLY  SUPPLY SUPPLY SUPPLY g 100
C =0l HUf 2
g';}GANGED VARIABLE CONDENSERS Y so
C3= PAODING CONDENSER F4 N
C4= GRID CONDENSER OF 200 UUF 8 -
L1 Q3T TATOR SoATE NBUCTANCE COUPLED | :
WP DT UL NBUCTANGE OF L) AND Lz ° 02 .04 .06 .08 O
R = OSCILLATOR GRID LEAK OSCILLATOR-GRID MILLIAMPERES
92C-8091
G
R-F AMPLIFIER PENTODE Py 52
27N
The 1B4-P is a pentode of the fila-
I B 4 P ment type. It is used pnmargy as a
- radio-frequency amplifier or detector
in battery-operated receivers. The c*o
standard four-pin socket for the 1B4-P F4 o3
should be mounted to hold the tube pref-
erably in a vertical position. Horizontal aM

operation is permissible if pins 1 and 4 are in a vertical plane. Filament operation
is discussed under Type 1C7-G. Physical characteristics of the 1B4-P are shown
in Fig. 2-16, OUTLINES SECTION. For characteristics, refer to Type 1E5-GP.
PD2 PD)
© ()
DUPLEX-DIODE TRIODE

D
[

1B5/25S . tne 185255 is a filament typeot " ©er
tube containing two diodes and a A
triode in a single bulb. It is used as o o
a combined detector, amplifier, and £ %-
automatic-volume-control tube in bat- &M
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tery-operated receivers. The standard six-contact socket for the 1B5/25S should
be mounted to hold the tube preferably in a vertical position. Horizontal operation
is permissible if pins 1 and 4 are in a vertical plane. Filament operation is dis-
cussed under Type 1C7-G. Phgsical characteristics of the 1B5/25S are shown
in Fig. 2-19, OUTLINES SECTION. For characteristics, see Type 1H6-G.

“@ & POWER AMPLIFIER
(0% PENTODE
The 1C5-G is a power-amplifier ]C5-G

r+(2) -
N\ pentode of the l.4-volt filament type
“3  for use in battery-operated receivers

NCTTKEY e in which economy of filament current
G-6X is important.
% CHARACTERISTICS
FriLaMENT VOLTAGE (D.C.)........oiiviviinn.t, 1.4 Volts
FILAMENT CURRENT . ... ovivintinnnrrennennnnnn 0.1 Ampere
PLATE VOLTAGE . .....cvvvernrnennnnann 83 90 max. Volts
ScrEEN VoLTaGE (Grid No. 2) .......... 83 90 max. Volts
Grip VOLTAGE (Grid No. 1)............. -7 -75 Volts
PLATE CURRENT . . ..ot vv vt iiernnnnnnss 7 7.5 Milliamperes
SCREEN CURRENT . .. ..vvvvvvrnnnnnnrons 1.6 1.6 Milliamperes
PLATE RESISTANCE (Approx.) ........... 110000 115000 s
TRANSCONDUCTANCE . ...vvvvvnrenannnnn 1500 1550 Micromhos
LOAD RESISTANCE ........ovvvvvnnnnnn. 9000 8000 Ohms
CATHODE RESISTOR ....vvvivvninnnnnn.. 920 825 Ohms
Power OUTPUT*.........cciivnnnnnnnnn.. 200 240 Milliwatts

* 109, total harmonic distortion.

INSTALLATION and APPLICATION

The base of the 1C5-G fits the standard octal socket which may be installed
to hold the tube in any position. Physical characteristics of the 1C5-G are shown
in Fig. 2-13, OUTLINES SECTION. The filament of the 1C5-G is designed so
that it may be operated directly from a 1.5-volt dry battery. For further dis-
cussion of filament operation, see Type 1A7-G. Application of the 1C5-G is the
same as for the Type 1F5-G.

AVERAGE PLATE CHARACTERISTICS

TYPE 1C5-G | T
Ef=1.4 VOLTS D.C. outs ECL® -
|- SCREEN VOLTS =90 NTROL-GRID
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PENTAGRID CONVERTER

The 1C6 is a multi-electrode vacuum

tube of the 2-volt filament type de-

] Cé signed to perform simultaneously the

functions of mixer and oscillator in

superheterodyne circuits. For general

discussion of pentagrid types, see Fre-

quency Conversion in RADIO TUBE

APPLICATIONS section. The electrical characteristics of the 1C6 and its applica-

tions are identical with those of Type 1C7-G, except for capacitances which are

shown below. For installation, see Tyge 1A6. Physical characteristics of the
1C6 are shown in Fig. 2-16, OUTLINES SECTION.

DirecT INTERELECTRODE CAPACITANCES (Approx.):

Grid No.4toPlate ...............coevvnninnnn.. 0.3* upf
Grid No.4toGridNo. 2 .............oovvvnn.. 0.3* upf
Grid No.4toGridNo. 1 ....................... 0.15* upf
Grid No. 1toGridNo. 2 ....................... 15 uuf
Grid No. 4 to All Other Electrodes (R F Input) ... 10 unf
Grid No. 2 to All Other Electrodes (Osc. Output). - 6 uuf
Grid No. 1 to All Other Electrodes (Osc. Input) ... 6 upf
Plate to All Other Electrodes (Mixer Output) ..... 10 unf

* With shield-can connected to (-) filament.

PENTAGRID CONVERTER

The 1C7-G is a multi-electrode type
] C7 G of vacuum tube designed to perform
= the functions of both mixer and oscil-
lator in superheterodyne circuits. This
tube is designed for use in battery-
operated receivers. It is especially use- G-72
ful in multi-range receivers which are : .
often designed to cover frequencies as high as 20 megacycles. For general discussion
of pentagrid types, see Frequency Conversion in RADIO TUBE APPLICATIONS
section.

% CHARACTERISTICS

FiLaMeNT VoLTaGE (D.C) .. ..o 2.0 Volts
FILAMENT CURRENT . . ... iiieiii e inieeennnnnnen 0.120 Ampere
DirecT INTERELECTRODE CAPACITANCES (Approx.):* .
Grid No.4toPlate ............................ 0.26 unuf
Grid No.4toGridNo. 2 ....................... 0.32 puf
GridNo.4toGridNo. 1 ....................... 0.11 uuf
GridNo 1toGridNo.2 ...............couun... 12 puf
Grid No. 4 to All Other Electrodes (R-F Input) ... 10 uuf
Grid No. 2 to All Other Electrodes Except Grid
No.1(Osc.Output).......ooovivienranunnnn. 55 unf
Grid No. 1 to All Other Electrodes Except Grid
No.2@Osc.Input). .........oovviivnninnn.. 4.8 uuf
Plate to All Other Electrodes (Mixer Output) ..... 14 puf

* With shield-can connected to (-) filament.

Converter Service

PLATE VOLTAGE ...........civiiiiinninennenn 180 max.  Voits
ScrEEN VOLTAGE (Grids No. 3and 5).............. 67.5 max. Volts
SCREEN VOLTAGE SUPPLY. . . ..vvcicenrvncocnnnnans 180 max.  Volts
ANODE-GRID VOLTAGE (Grid No. 2) .. .............. 135 max.  Volts
ANODE-GRID VOLTAGE SUPPLY*. . ...oiiiieiennnnnnn 180 maex.  Volts
CoNTROL-GRID VOLTAGE (Grid No. 4).............. 0 min. Volts

¢ Applied through 20000-ohm dropping resistor, by-passed by 0.1 uf condenser.
— 52 —



RCA RECEIVING TUBE MANUAIL

PLATE DISSIPATION ... ...iitiitieiinninennnen 0.3 max. Watt
ScREEN DISSIPATION .. ........................... 0.2 max Watt
ANODE-GRID DISSIPATION. . ....... e 0.4 max. Watt
TotaL CATHODE CURRENT. . ..............c..c.o... 9max.  Milliamperes

TyPicAL OPERATION:

Plate Voltage .. ................... . 135 180 Volts
Screen Voltage . ................... . 67.5 67.5 Volts
Anode-Grid Voltage Supply........... 135* 180° Volts
Control-Grid Volt;f: ................. -3 -3 Volts
Oxscillator-Grid Resistor (Grid No. 1). .. 50000 Ohmas
PlateCurrent ....................... 1.3 1.5 Milliamperes
Screen Current ...................... 25 2 Milliamperea
Anode-Grid Current.................. 31 4 Miiliamperes
Oacillator-Grid Current . .............. 0.2 0.2 Milliamperes
Total Cathode Current. .. ............ 7.1 7.7 Milliamperes
Plate Resistance (dpprox.)............ 0.6 0.7 Megohm
Conversion Transconductance. ........ 300 325 Micromhos
Conversion Transconductance (At -14

volts on Grid No. 4) (Apprex.) ... ... 4 4 Micromhos

The transconductance of the oscillator portion (pot oscillating) of the 1C7-G ia 1000 micro-
mhos under the following conditions: Plate voltage, 135 to 180 volts; screen voltage, 67.5 volts;
anode-grid voltage (no voltage-dropping resistor), 135 volts; and zero oscillator grid volts  Under
these same conditions, the anode-grid current is 4.9 milliamperes.

* Applied through 20000-ohm dropping resistor, by-passed by 0.1 uf condenser

INSTALLATION and APPLICATION

The base of the 1C7-G requires the use of the standard octal socket which
may be installed to hold the tube preferably in a vertical position. Horizontal
operation is permissible with pins 2 and 7 in a vertical plane. For physical char-
acteristics of the 1C7-G, see Fig, 2-15, OUTLINES SECTION.

The coated filament of the 1C7-G may be operated conveniently from dry-cells,
from a single lead storage-cell, or from an air-cell battery. For dry-cell operation,
a filament rheostat may be used together with a permanently installed voltmeter to
insure the proper filament voltage. For operation from a 2-volt lead storage-cell,
the 1C7-G requires no filament resistor. Operation from an air-cell battery requires
a fixed resistor in the filament circuit. This resistor should have a value such that
with a new air-cell battery, the voltage applied across the filament terminals will
not initially exceed 2.15 volts.

Series operation of the filament of the 1C7-G with those of other two-volt
battery types is permissible provided certain precautions are observed. It is
essential that shunt resistors be employed across certain filaments to carry the plate
current returning from other tubes through these filaments. The shunt resistors
should be adjusted to maintain the filament voltage of each tube at its rated value
of 2.0 volts under operating conditions. It is obvious that the shunt resistor can
also be used to adjust for a difference in filament current ratings. Series-parallel
operation of two-volt types is not recommended because failure of one tube may
cause excessive voltage across other tubes. Socket terminal No. 1 (see socket con-
nections) should be connected to the positive battery terminal.

Complete shielding of the 1C7-G is generally necessary to prevent intercoupling
between its circuit and those of other stages. A typical converter circuit is shown
under 1A7-G.

As a frequency converter in superheterodyne circuits, the 1C7-G can be oper-
ated in the same way as the 1A7-G. Final adjustment of the 1C7-G circuit should
be such that the cathode current is as shown under Typical Operation.

This tube, which is similar to the 1D7-G although not directly interchangeable
with it, requires twice the filament current of the latter, but offers the feature of
an extended operating range at the higher frequencies. This feature is of particular
value in the design of multi-range receivers, since the oscillator section of the 1C7-G
has sufficient transconductance to function at frequencies as high as 25 megacycles.
In order to cover this same range of operation, the 1D7-G requires the use of a
triode octl)nnected in parallel with the oscillator section for frequencies above 10
megacycles.
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The maximum conversion transconductance is obtained with an oscillator-grid
current of slightly less than 0.2 milliampere. The size, inductance, and coupling of
the oscillator-grid and piate coils will determine this value. The coupling of these
coils should be adjusted to make the oscillator-grid current the proper value (approx-
imately 0.2 milliampere) when a grid condenser of 250 uuf and a grid leak of 50000
ohms are used. For details of oscillator-coil assemblies. refer to Type 6A8.

SUPER-CONTROL R-F
AMPLIFIER PENTODE

] D5 - G P The 1D5-GP is a super-control pen-

tode of the filament type designed for
use as a radio-frequency or intermed-
iate-frequency amplifier in battery-op-
erated receivers.

CHARACTERISTICS
FILAMENT VOLTAGE (D.C.)...................... 2.0 Volts
FILAMENT CURRENT. . ....ooiiiinininnrnnnnnnn.. 0.060 Ampere
PLATE VOLTAGE ... .ovviiiieiiiinnnnnnn. 90 180 max. Volts
ScrEEN VoLtaGe (Grid No. 2) ............ 67.5 67.5 max. Volts
GriD VoLTAaGE (Grid No. 1)............... -3

min. -3 min. Volts
2.3

PLATECURRENT . . ...vviiieiiiane i 2.2 Milliamperes
SCREEN CURRENT. ..o 0.9 0.8 Milliampere
PLATE RESISTANCE (Approx.) ............. 0.6 1.0 Megohm
TRANSCONDUCTANCE . . ... .. 720 750 Micromhos
TRANSCONDUCTANCE (At 15 volts bias) . ... 15 15 Micromhos

INSTALLATION and APPLICATION

The base of the 1D5-GP fits the standard octal socket which should be installed
to hold the tube preferably in a vertical position. Horizontal operation is permiss-
ible if pins 2 and 7 are in a vertical plane. Physical characteristics of the 1D5-GP
are shown in Fig. 2-15, OUTLINES SECTION. Filament operation is discussed
tlxgge& ’ll)‘ype 1C7-G. Screen voltage may be obtained in the same way as for Type

As an r-f or I-f amplifier, the 1D5-GP is applicable in receivers designed for it.
Stage shielding enclosing the components of each stage is, in general, necessary
for multi-stage amplifier circuits.

Volume control of the receiver is accomplished effectively by variation of the
negative voltage applied to the grid. In order to obtain adequate volume control,
an available grid-bias voltage of approximately -15 volts will be required. The
exact value will depend upon the circuit design and operating conditions. This
voltage may be obtained from a potentiometer, a bleeder circuit, or a separate
source, depending on reciver requirements.

Owing to the fact that the super-control feature of the 1D5-GP requires a
comparatively large grid-bias change, the screen and plate voltage may vary con-
siderably for various volume settings. depending on receiver design. 1t is recom-
mended, therefore, that design features be incorporated in the receiver so that the
screen voltage will not exceed 67 5 volts under conditions of minimum grid bias
and maximum plate current. With a design arrangement of this kind. the screen
voltage at decreased values of plate current may reach a value higher than 67.5
volts but should not exceed 100 volts. It should be recognized that under the
condition of screen voltage above 67.5 volts at low plate current, an increase in the
grid-bias voltage supply must be provided for adequate volume control.
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PENTAGRID CONVERTER

The IDIZ;% is :d multi-tf:lectrodtﬁe
vacuum tu %lgn to perform the
functions of both mixer and oscillator ] D7 G
in superheterodyne circuits which use =
battery power supply, For general
discussion of pentagrid types, refer

to Frequency Conversion in RADIO
TUBE APPLICATIONS section.

CHARACTERISTICS
FrLaMENT VOLTAGE (D.C).....oiiviiiiiiin et 2.0 Volts
FILAMENT CURRENT . .....cooovvuneniorinnnnncnnnns 0.060 Ampere
DiIreCT INTERELECTRODE CAPACITANCES (Approx.):
Grid No. 4 to Plate (With shield-can) ............ 0.25 uuf
Grid No. 4 to All Other Electrodes (R-F Input) . .. 13 unf
Plate to All Other Electrodes (Mixer Qutput) ..... 14 unf
Converter Service
PLATE VOLTAGE ... .uuvvevririnnunnnnonroneeennns 180 max. Volts
ScrEEN VoLTAGE (Grids No. 3and5).............. 67.5 max. Volts
ANODE-GRID VOLTAGE (Grid No. 2).............. .. 135 max. Volts
ANODE-GRID VOLTAGE SUPPLY*.................... 180 max. Volts
CoNTROL-GRID VOLTAGE (Grid No. 4).............. -3 min. Volts
ToTAL CATEODE CURRENT. . . ..ivvvenerennnnnnnn. 9 max. Milliamperes
TyricaL OPERATION:
Plate Voltage . ...............c.... ... 135 180 Volts
Screen Voltage . ....................... 67.5 67.5 Volts
Anode-Grid Voltage. ................... 135 135 Volts
Anode-Grid Voltage Supply............. 135 180* Volts
Control-Grid Voltage................... -3 -3 Volts
Oscillator-Grid Resistor (Grid No. 1).. ... 50000 50000 Ohms
PlateCurrent ..........c.ooovveninn... 1.2 13 Milliamperes
ScreenCurrent ...............coin.... 25 24 Milliamperes
Anode-Grid Current.................... 2.3 2.3 Milliamperes
Oscillator-Grid Current . ................ 0.2 0.2 Milliampere
Total Cathode Current................. 6.2 6.2 Milliamperes
Plate Resistance. ..............o0eenn.. 0.4 0.5 Megohm
Conversion Transconductance........... 275 300 Micromhos

Conversion Transconductance (At -22.5
voltson Grid No. 4) ................. 4 4 Micromhos

The transconductance of the oscillatar portion (not oscillating) of the 1D7-G is 425 micromhos
under the following conditions: Plate voltage, 135 to 180 volts; screen voltage, 67.5 volts; anode-
grid voltage (no voltage-droppmg resistor), 135 volts; and zero oscillator grid volts. Under these
.ame conditions the anode-grid current is 2.3 mx!lxamperes

* Applied through 2 -ohm dropping resistor, by-passed by 0.1 uf condenser.

INSTALLATION and APPLICATION

The base of the 1D7-G fits the standard octal socket which should be installed
to hold the tube preferably in a vertical position. Horizontal operation is penms-
sible if pins 2 and 7 are in a vertical plane, Physical characteristics of the 1D7-G
are shown in Fig. 2-15, OUTLINES SECTION. Filament operation is discussed
under Type 1C7-G. Complete shielding of the 1D7-G is generally necessary to
prevent intercoupling between its circuits and those of other stages.

As a freﬂuency converter in superheterodyne circuits, the 1D7-G can supply
the local oscillator frequency and at the same time mix it with the radio-input
frequency to provide the desired intermediate frequency. For this service, design
information is given under CHARACTERISTICS. It is important to note that
thcle anode-grid voltage and the plate voltage must each be higher than the screen
voltage.

For the oscillator circuit, the coils may be constructed according to conven-
tional design, since the tube is not particularly critical for frequencies up to 10

— 55 —



RCA RECEIVING TUBE MANUAL

megacycles. For higher frequencies the 1C7-G should be used. However, it
should be noted that the 1C7-G requires additional filament current. The voltage
applied to the anode-grid (No. 2) of the 1D7-G should not exceed the maximum
value of 135 volts, but should always be higher than the screen (grids No. 3 and
No. 5) voltage. The anode-grid voitage may be obtained from a suitable tap on
the B battery or from the plate-supply tap through a voltage-dropping resistor of
20000 ohms shunted by a by-pass condenser of 0.1 uf. The size of the resistor in
the grid circuit of the oscillator is not critical but requires design adjustment,
depending upon the values of the anode-grid volitage and of the screen voltage.
Adjustment of the circuit should be such that the cathode current is approximately
6 milliamperes. Under no condition of adjustment should the cathode current exceed
the recommended maximum value of 9 milliamperes.

The bias voltage applied to grid No. 4 can be varied over relatively wide limits
to control the translation gain of the tube. For example, with 67.5 volts on the
screen (grids No. 3 and No. 5), the bias voltage may varied from -3 to plate
current cut-off (approximately -25 volts). With lower screen voltages, the cut-off
goint is proportionately less. The extended cut-off feature of the 1D7-G in com-

ination with the similar characteristics of super-control tubes can be utilized
advantageously to adjust receiver sensitivity.

Since the capacitance between grid No. 4 and plate is in a parallel path with the
capacitance and inductance of the pﬁ;‘te load., it is important to use a load capacitance
of sufficient size to limit the magnitude of the r-f voltage built up across the load.
If this is not done. r-f voltage feed-back will occur between plate and grid No. 4 to
produce degenerative effects. For this reason, the size of the load condenser in
the plate circuit should be not less than 50 uf.

Converter circuits employing the 1D7-G may easily be designed to have a
translation gain of approximately 40. A typical circuit which provides exception-
ally uniform oscillator output over the entire grid-bias range is shown under
Type 1A7-G.

DIODE-TRIODE

] D 8- GT The 1D8-GT is a multi-unit tube *+(2)

having a 1.4-volt filament for use in

compact battery-operated receivers EY

designed for it. This tube combines

in a single bulb three units—a diode
for use as detector and avc, a triode for use as the first audio amplifier, and a power
output pentode.

% CHARACTERISTICS

FiLAMENT VOLTAGE (D.C)........cviiiiininnn.. 1.4 Volits
FILAMENT CURRENT ....00iivrrnnininsenenennnnns 0.1 Ampere

Pentode Unit as Class A, Amplifier

PLATE VOLTAGE ....,............ 45 67.5 90 max. Volts

ScrEEN VoLTAGE (Grid No. 2) .... 45 67.5 90 max. Volts

Grip VoLTaGE (Grid No. 1)....... —4.5 -6 -9 Volts

PLATRCURRENT. . .....oiivennns. 1.6 3.8 5 Milliamperes

ScREEN CURRENT. ..........0vu.. 0.3 0.8 1.0 Milliamperes

PLATE RESISTANCE............... 0.3 0.2 0.2 Megohm

TRANSCONDUCTANCE .. .covurrnn... 650 875 925 Micromhos

Loap RESISTANCE .. .. 20000 16000 12000 Ohms

TotAL DISTORTION. .............. 10 10 10 Per cent

Power OUTPUT........ovvnnnnn.. 35 100 200 Milliwatts
Triode Unit as Class A; Amplifier

PLATE VOLTAGE .......covviennen 45 675 90 max. Volts

GRID VOLTAGE . ...evvvvrenncnnns 0 (¢] 0 Voits
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PLATE CURRENT. . ............... 0.3 0.6 1.1 Milliamperes

AMPLIFICATION FACTOR. .......... 25 25 25

PLATE RESISTANCE. .............. 77000 55500 43500 Ohms

TRANSCONDUCTANCE . ............ 325 450 575 Micromhos
Diode Unit

The diode plate is located at the negative end of the fllament, and is independ-
ent of the triode and pentode units except for the common filament.

INSTALLATION and APPLICATION

The base fits the standard octal socket which may be installed to hold the
tube in any position. Physical characteristics of the 1D8-GT are shown in Fig. 2-5,
OUTLINES SECTION. Filament operation is discussed under Type 1A7-G.

The diode may be used in conventional circuits as a detector and to supply
avc voltage to r-f, i-f, and mixer stages. The diode should not be used for bias
supply due to the probabxhty of triode plate-current cut-off and to the fact that
a varying bias would be applied to the pentode unit.

(I}d&smtance or transformer coupling may be employed between the triode and
pentode.

R-F AMPLIFIER PENTODE

The 1E5-GP is a pentode of the 2.0-
volt filament type for use in battery- ] E5 - GP
operated receivers as a radio-frequency
amplifier or as a detector.

CHARACTERISTICS
FrLaMeNT VoLTAGE (D.C).............covvnnnn. 2.0 Volts
FILAMENT CURRENT. .. .vvvierrinncnennnnnnnnnn. 0.060 Ampere
PLATE VOLTAGE ... .....icuiiiiinnnnnnnnn 90 180 max. Volts
ScrEEN VoLTAGE (Grid No. 2) ............ 67.5 max. 67.5 max. Volts
GRID VoLTAGE (Grid No. 1)............... -3 -3 Volts
PLATE CURRENT. . ..ovviverinerenennnnnns 1.6 1.7 Milliamperes
SCREEN CURRENT. .....ccvvvnnnnnnnncnanns 0.7 0.6 Milliampere
PLATE RESISTANCE. . .....covvvivinnnnnn.. 1 1.5 Megohms
TRANSCONDUCTANCE . . ..cvvvvrnnnnnannnns 600 650 Micromhos
GRIL VOLTAGE® (ADProX.) ........cvvvunnn -8 -8 Volts
GrID-PLATE CapracITANCE (With shield-can) 0.007 max. uuf
INPUT CAPACITANCE . . oot vvieiiniinnnnnann 5 uuf
OQUTPUT CAPACITANCE . . . .cvnvveeeraennnnn 11 uuf

® For plate current cut-off.

INSTALLATION and APPLICATION

The base of the 1E5-GP fits the standard octal socket which should be installed
to hold the tube preferably in a vertical position. Horizontal operation is permis-
sible if pins 2 and 7 are in a vertical plane. Physical characteristics of the 1E5-GP
are given in Fig. 2-15 OUTLINES SECTION.. Filament operation is discussed
under Type 1C7-G.

The screen voltage may be obtained from a tap on the B-supply battery or
from a bleeder circuit across the battery. as a whole or in part. Due to the screen
current characteristics of the 1E5-GP, a resistor in series with the B-supply may
be employed. if desired, for obtaining the screen voltage, provided the maximum
voltage between screen and filament does not exceed 100 volts under conditions of
reduced plate current
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TWIN-PENTODE ""’ P.
POWER AMPLIFIER .
The 1E7-G is a multielectrode 0
] E7-G vacuum tube containing two power- @) ;o e
amplifier pentodes in one envelope, r+ G3
This construction permits the use of O
one tube in the final, push-pull stage NCTTREY G,
of battery-operated receivers. G-8C
% CHARACTERISTICS
FILAMENT VOLTAGE (D.C)....ovviiiiieinniiennen 20 Volts
FILAMENT CUBRENT. ......iiiennvnnnnannennennnnn 0.24 Ampere
AVERAGE CHARACTERISTICS OF SINGLE Um‘r
Plate Voltage .. ....ccoviivnnveeernnnnnonnnanns 135 Volts
Screen Voltage (Grid No. 2).........cvvvnvnnnn. 135 Volts
Grid Voltage (Grid No. 1) ............ccovunnn. -4.5 Volts
Plate Current .....coovvvvveenrennnnnrnnnanans. 75 Milliamperes
ScreenCurrent ... ... .. ... i 22 Milliamperes
Plate Resistance (APProX.)........ccveevvnnennn.. 0.26 Megohm
Transconductance . ..........c.ccoiviininenenenns 1425 Micromhos

As Push-Pull Class A, Amplifier

Yalves are for two units

PLATE VOLTAGE .. . .. ... ittt iiiineennnnn 135 max. Volts
SCREEN VOLTAGE ..\ .vvvvttieiininiinnnenennnnn. 135 max. Volts

GRID VOLTAGE® . . ...iiiitiiiiniiienenranaeannnn 7.5 Volts

P£AK A-F GrID-TO-GRID VOLTAGE. . ............... 1.5 Volts
ZERO-SIGNAL PLATE CURRENT (ApProx.)............ 7 Milliamperes
Max.-SiGNAL PLATE CURRENT (Approx.) ........... 10.5 Milliamperes
ZERO-SIGNAL SCREEN CURRENT (Approx.) .......... 2 Milliamperes
Max.-S16NAL SCREEN CURRENT (APpPIox.) .......... 3.5 Milliamperes
Loap ResisTance (Plate-to-Plate). .. .............. 24000 Ohms
TotaL HARMONIC DISTORTION. .. ........ovvvivnn. 55 Per cent
Tuairp HARMONIC DISTORTION. . ................... 45 Per cent
Max.-SioNaL Power Quteutt ...l 0.575 Watt

1 A power output of 1.0 watt with 109, total distortion can be obtained in class Ay operation
with a peak a-f grid-to-grid voltage of 21 vol

* The d-c resistance in the grid circuit should not exceed 1.0 megohm with cathode bias,
or 0.5 megohm with fixed bias.

INSTALLATION and APPLICATION

The base of the 1E7-G fits the standard octal socket which should be installed
to hold the tube preferably in a vertical position. Horizontal operation is permis-
sible if pins 2 and 7 are in a vertical plane. Physical characteristics of the 1E7-G
are shown in Fig. 2-17, OUTLINES SECTIO Filament operation is discussed
under Type 1C7-G. The two units of the 1E7-G are used in the same manner as
two separate tubes in conventional push-pull, audio-frequency amplifier circuits.

POWER AMPLIFIER PENTODE

The 1F4 is a power-amplifier pen-
tode of the 2-volt filament type for use | © oL
] F 4 in the output stage of battery-oper-
ated receivers, Its electrical charac- A
teristics are the same as those of the () ()
Type 1F5-G. The base of the 1F4 fits P Ga
the standard five-contact socket which sk
should be installed to hold the tube
preferably in a vertical position with the base down. Horizontal operation is per-
missible if pins 1and 5 are in a vertical plane. Physical characteristics of the 1F4
are shown in Fig. 2-25, OUTLINES SECTION. Filament operation is discussed
under Type 1C7-G. Application is the same as for Type 1F5-
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) o} POWER AMPLIFIER PENTODE

" /3 The 1F5-G is a glower-amphﬁer pen-
tode of the 2-volt ent type for use
in the output stage of battery-operated 'I F 5 G
r+(2) ALAD - receivers. This tube has low filament- -
) S»  and plate-current requirements, high
NCREY e power sensitivity, and is capable of
delivering a considerable amount of

6-6x audio power with low distortion.
% CHARACTERISTICS
FiLaMENT VoLTaGE (D.C) . ..ot 2.0 Volts
FILAMENT CURRENT .. ....oovveeveiiinnnnnnnnnnnns 0.12 Ampere
As Single-Tube Class A; Amplifler
PLATE VOLTAGE . ... .civiirieeenrernnnnnnenencans 180 max. Volts
SCREEN VOLTAGE ... covvvivvrnrenniinnrenannnnens 180 max. Volts
PLATE DISSIPATION ... .ciivtiniiiiiiieiinnenennns 1.75 max. Watts
SCREEN DISSIPATION . ocovvevnnreininnniniannenes, 0.75 max. Watt
TyPIcAL OPERATION:
PlateVoltage . ...........covviennnn.n. 90 135 Voits
Screen Voltage (Grid No 2) ............. 20 135 Volts
Grid Voltage (Grid No. 1) .............. -3 —4.5 Volts
Peak A-F ri Voltage. . ............... 3 45 Voits
PlateCurrent .......c.cocciviiiaiinnnn. 4 8 Milliamperes
ScreenCurrent ......c.oooveviiii., 1.1 24 Milliamperes
Plate Resistance (Approx.).............. 0.24 0.20 Megohm
Transconductance .. ................... 1400 1700 Micromhos
Load Resistance. . .............cccvvut, 20000 16000 Ohms
Cathode Resistor ...................... 588 432 Ohms
Total Harmonic Distortion.............. 6 5 Per cent
PowerOutput.........ocovvvevennnnnn, 110 310 Milliwatts
As Push-Pull Class AB, Amplifier
Values are for two tubes
PLATE VOLTAGE .......oovviiivanineinnn., e 180 max. Volts
SCREEN VOLTAGE ... .vvvenan v ivnnrienneenannnns 180 max. Volts
PLATE DISSIPATION ...........iiiiiiiiiniennnnn.. 1.75 max. Watts
SCREEN DISSIPATION .. .oivivviie i cvinneeennnennnn 0.75 max. Watt
TypicaL OPERATION:
PlateVoltage . ..........ccvviiveiv .. 180 Voits
Screen Voltage . .......ccoovviiiviannia... 180 Volts
GridVoltage. . .....ccoooiviin i, -7.5 Volts
Peak A-F Grid-to-Grid Voltage. . ................ 15 Volts
Zero-Signal PlateCurrent....................... 19 Milliamperes
Max.-Signal Plate Current . . . ................... 21 Milliamperes
Zero-Signal Screen Current...................... 55 Milliamperes
Max.-Signal Screen Current. . ................... 7 Milliamperes
Load Resistance (Plate-to-plate)................. 20000 Ohms
Total Harmonic Distortion...................... 45 Per cent
Max.-Signal Power Output...................... 1.25 Watts

INSTALLATION and APPLICATION

The base of the 1F5-G fits the standard octal socket which should be installed
to hold the tube preferably in a vertical position with the base down. Horizontal
operation is permissible if pins 2 and 7 are in a vertical plane. Physical character-
istics of the 1F5-G are shown in Fig. 2-2], OUTLINES SECTION. Filament
operation is discussed under Type 1C7-G.

For the power amplifier stage of radio receivers, the 1F5-G is recommended
either sin, s-ély or in push-pull combination. More than one audio stage preceding
the 1F! is undesirable because of the possibility of microphonic disturbances
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resulting from the high level of amplification. Transformer- or impedance-coupling
devices are preferable. If resistance coupling is employed, the d-c resistance in
the grid circuit should not exceed 1.0 megohm under cathode-bias conditions; with
fixed bias, the maximum value is 0.5 megohm.

DUPLEX-DIODE PENTODE

The 1F6 is a duplex-diode pentode
-l F 6 of the 2-volt filament type. Its elec-

G2p POz
©

trical characteristics are the same as

those of the Type 1F7-GV, except for

capacitances which are given below.

The base of the 1F6 fits the standard

six-contact socket which should be in-
stalled to hold the tube preferably in a vertical position with the base down. Hori-
zontal operation is permissible if pins 1 and 6 are in a vertical plane. Physical
characteristics of the 1F6 are shown in Fig. 2-16, OUTLINES SECTION. Filament
operation of the 1F6 is discussed under Type 1C7-G.

Pentode: GRID-PLATE CAPACITANCE®*............... 0.007 max. puf
INPUT CAPACITANCE. ..........ovvnnn.n, 4 ppf
OUTPUT CAPACITANCE .......cvvvvnnnnnn. 9 upf

* With shield-can.

DUPLEX-DIODE PENTODE

P G;
The 1F7-GV is a duplex-diode pen- = )\l
tode consisting of two diodes and a
] F7.. GV pentode in a single bulb. It is recom- r+(2)
mended for service as a combined
detector, amplifier (radio-, intermedi- NOKEY
ate-, or audio-frequency), and auto- o Ne
matic-volume-control tube in battery- 7AD

operated receivers. For diode detector and avc considerations, refer to the RADIO
TUBE APPLICATIONS section.

% CHARACTERISTICS
FroaMeNT VOLTAGE (D.C.).........ooiiiiiia... 2.0 Volts
FILAMENT CURRENT .. ... ..ovviunnnnnnnnnennennn. 0.06 Ampere
Pentode: GRID-PLATE CAPACITANCE®............... 0.01 max. uuf
INPUT CAPACITANCE®. ... ................ 38 upf
OuTpuT CAPACITANCE* .................. 9.5 uuf

® With shield-can connected to (-) filament,
Pentode Unit—As Class A, R-F or I-F Amplifier

PLATE VOLTAGE .. .......00ivvuiunanananarseaanns 180 max. Volts
ScrREEN VoLTAGE (Grid No. 2) .................... 67.5 max. Volts

Grip VOLTAGE (Grid No. 1) ... ...t -15 Voits

PLATE CURRENT. . ..ottt i, 2.2 Milliamperes
SCREEN CURRENT. .. ....00uvvivunnnnnnneannrnnnns 0.7 Milliampere
PLATE RESISTANCE (ADPIOX.) ... ...iiiernniennne. 1 Megohm
TRANSCONDUCTANCE . . ..o ot ieeenaneeennnns 650 Micromhos
TRANSCONDUCTANCE (At —12 volts biag)§........... 20 Micromhos

Pentode Unit—As Resistance-Coupled A-F Amplifier

PLATE-SUuPPLY VOLTAGE ........... 135 135 Volts
ScreeN-SuppLy VOLTAGE. . ........ 135 135 Volts
D-CGRripD VOLTAGEL ... .. ......... -1.0 -2.0 Volts

PEAK A-F GRID VOLTAGE . ......... 0.64 0.62 Volt
Zero-S16NAL D-C PLATE CURRENT 0.42 0.42 Milliampere

§ For cathode current cut-off.
$ If a grid-coupling resistor 18 used, ita maximum value
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Max.-SiGNAL D-C PLaTE Current . 0.34 034 Milliampere
PLATE RESISTOR. .. .....oovvuun... 0.25 0.25 Megohm
SCREEN RESISTOR. ................ 1 0.8 Megohm
LoAD RESISTANCE . ......c........ b hid

Grip REstsTORY . ............ 1.0 05 1.0 0.5 Megohm
VOLTAGE AMPLIFICATION. ..... 48 43 46 41

TotAl HarMoNIC DISTORTION . 5 5 5 5 Per cent
Peak VoLTaGe OuTPUT .. ... 30.8 28 28 252 Volts

** The load resistance across which the output voltage is developed, consists of the plate
resistor, coupling condenser, and grid resistor of the following tube.

+ For the following tube.

Diode Units

The two diodes and the pentode are independent of each other except for the
common filament. The two diode units are placed at the negative end of the
filament. Operation curves for diode units are given under Type 6B7.

INSTALLATION ond APPLICATION

The base of the 1F7-GV fits the standard octal socket which should be instailed
to hold the tube preferably in a vertical position with the base down. Horizontal
operation is permissible if pins 2 and 7 are in a vertical plane and the long leg of
the filament is below the short leg. Information on filament operation is given
under Type 1C7-G. Physical characteristics of the 1F7-GV are shown in Fgg
2-15, OUTLINES SECTION. The 1F7-GV is similar in application to Type 6B8.

"G) DR DETECTOR AMPLIFIER

TRIODE 1G4-G

“" The 1G4-G is a medium-mu triode

(0" () of the l.4-volt filament type for use
NCTKEY Tne as a detector or voltage amplifier.
G-5%
% CHARACTERISTICS
FiLameNT VoLTaGE (D.C). ... .. oot 14 Volts
FILAMENT CURRENT . .o ittt ieeiieiniaenaannss 0.05 Ampere
GRID-PLATE CAPACITANCE . ........cciviininnannn.. 2.8 unf
GRID-FILAMENT CAPACITANCE. .. ....vovivnnnnnnn., 2.2 upf
PLATE-FILAMENT CAPACITANCE . . ... ....0vvvnnenn.. 3.4 unf
PLATE VOLTAGE ........ e 90 max. Volts
GRID VOLTAGE . .......ccovenn.. .. -6 Volts
PLATE CURRENT. . ................. NP 2.3 Milliamperes

PLATE RESISTANCE 10700 Ohms
AMPLIFICATION FACTOR . .. ... ... ... iiiiiiniinnns 8.8 .
TRANSCONDUCTANCE . . . ttrevnnnnriaannnennnnnns 825 Micromhos

INSTALLATION and APPLICATION

The base of the 1G4-G fits the standard octal socket which may be installed
to hold the tube in any position. The filament is designed to be operated directly
from a 1.5-volt dry battery; other information on filament operation is given under
Type 1A7-G. For physical characteristics of the 1G4-G, refer to Fig. 2-13, OUT-
LINES SECTION.

The 1G4-G is similar in application to the 1H4-G except that it is not recom-
inéeg:iéd for class B service. The 1G4-G is especially useful as a driver for Type
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POWER AMPLIFIER °2 '
PENTODE @
] G 5 G The 1G5-G is a power-amplifier
= pentode with a 2-volt filament for r+(2) AL (Dr-
use in battery-operated receivers G3
where economy of filament-current NCTKEY e
drain is important. o-6x
% CHARACTERISTICS
FiLAMENT VOLTAGE (D.C). ... it 20 Volts
FILAMENT CURRENT .. ... ..iiiiitnneiinnnnnnnnn 0.12 Ampere
As Class A; Amplifier
PLATE VOLTAGE . ... ottt i 135 max. Volts
SCREEN VOLTAGE . ... oot iiieeeieennnn. 135 max. Volts
PLATE DISSIPATION . .....................c..u... 1.25 max. Watts
SCREEN DISSIPATION . ...... ..o, 0.6 max. Watt
TvypicaL OPERATION:
Plate Voltage . ................ 90 124 135 Voits
Screen Voltage . ............... 90 124 135 Volts
D-C Grid Voltage.............. -6 -11  -135 Volts
Peak A-F Grid Voltage.. ....... 6 9.9 9.2 Volts
Zero-Signal Plate Current . . . . ... 8.5 10 8.7 Milliamperes
Max.-Signal Plate Current. . . ... 8.7 10.7 9.7 Milliamperes
Zero-Signal Screen Current. . .. .. 2.5 3 2.5 Milliamperes
Max.-Signal Screen Current. . ... 3 4.3 3.6 Milliamperes
Plate Resistance (Approx.). ..... 133000 145000 160000 Ohms
Transconductance .. ........... 1500 1500 1550 Micromhos
Load Resistance. ... .......... 8500 8000 9000 QOhms
Total Harmonic Distortion. .. ... 6 10.5 11 Per cent
Second Harmonic Distortion . .. 3 7 8 Per cent
Third Harmonic Distortion . . . .. 5 7.5 7 Per cent
Max.-Signal Power Output... .. 250 600* 550** Milliwatts

* A power output of 650 milliwatts with 13% total distortion (6% second, 11% third) can
be obtained with a peak a-f grid voltage of 11 volts.

**A power output of 750 milliwatts with 189, total distortion (9% second, 15% third) can
be obtained with a peak a-f grid voltage of 13.5 vofts.

INSTALLATION and APPLICATION

The base of the 1G5-G fits the standard octal socket which should be installed
to hold the tube preferably in a vertical position with the base down. Horizontal
operation is permissible if pins 2 and 7 are in a vertical plane. Physical character-
istics of the 1G5-G are shown in Fig, 2-21, OUTLINES SECTION. Filament
operation is discussed under Type 1C7-G.

Application of the 1G5-G is similar to that of the 1F5-G. Transformer- or
impedance-coupling devices are recommended. When the grid circuit has a
resistance not higher than 0.5 megohm, fixed bias may be used; for higher values,
cathode bias is required. With cathode bias, the grid circuit may have a resistance
as high as, but not greater than one megohm.

CLASS B
TWIN AMPLIFIER

] Gé"G The 1G6-G combines in one bulb

two high-mu triodes designed for

class B operation. It is intended for

use in the output stage of battery-

operated receivers and is capable of G-7AB
supplying considerable audio-frequency power. The two units have separate
external terminals for all electrodes except the filaments, so that circuit design is
similar to that of class B amplifiers using individual tubes.
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CHARACTERISTICS
FiLaMENT VOLTAGE (D.C)...ov i 1.4 Volts
FILAMENT CURRENT . . ... .. iitiiiinniennnnennnnns 0.1 Ampere
As Class B Amplifier
PLATE VOLTAGE ,.vvtiie i inneeennan s 110 max. Volts
Peax PLATE CURReENT (Per plate) ................ 20 max. Milliamperes
TyricaL. OPERATION:
Unless otherwise specified, values are for both unils
Plate-Sup; Sly Impedance. ............... 0 0 Ohms
Effective Grid-Circuit Impedance (Per unit) 0 2530 Ohms
Plate Voltage ...................cocn.. 90 90 Volts
D-CGrid Voltage...................... 0 0 Volts
Peak A-F Grid-to-Grid Voltage.......... 42 48 Volts
Zero-Signal D-C Plate Current .......... 2 2 Milliamperes
Max.-Signal D-C Plate Current.......... 14 11 Milliamperes
Peak Grid Current (Per unit) ........... 5 6 Milliamperes
Effective Load Resistance (Plate-to-plate). 12000 12000 Ohms
Total Harmonic Distortion.............. 3 4 Per cent
Power Output (Approx.).... ............ 675 350 Milliwatts

INSTALLATION and APPLICATION

The base of the 1G6-G fits the standard octal socket which may be installed
to hold the tube in any position. Physical characteristics of the 1G6-G are shown
in Fig. 2-13, OUTLINES SECTION. The 1.4-volt filament is designed to operate
directly from a 1.5-volt dry battery. Refer to Type 1A7-G for further information
on filament operation.

The 1G6-G is designed to be operated with zero bias. A discussion of class
B operation is given in the RADIO TUBE APPLICATIONS section,

In the conditions shown under TYPICAL OPERATION, the plate-supply
impedance of zero ohms indicates that battery supply is requlred for the plate.
The effective grid-circuit impedance of 2530 ohms is for a class B stage in whlch the
effective resistance per grid circuit is 2500 ohms at 400 cycles and the leakage react-
ance of the coupling transformer is 155 millihenrys. The driver stage should be
capable of supplying the grids of the class B stage with the specified values at low
distortion. Type 1G4-G is satisfactory for this service.

The 1G6-G may also be used under class A conditions as follows: maximum
plate volts, 90; grid volts. 0; amplification factor. 30; plate resistance, 45000 ohms;
transconductance, 675 micromhos: plate current, 1 rmlllampere These values are
for each triode unit.

“a G DETECTOR AMPLIFIER
G TRIODE

The 1H4-G is a three-electrode tube ] HA. - G

r+(2) F' for use as detector or amplifier in bat-
tery-operated receivers where economy

NCTKEY T'ne - of filament-current drain is important.
G-55
CHARACTERISTICS
FiameENT VoLTAGE (D.C). ... .. ... ... ... 2.0 Volts
FILAMENT CURRENT . ... .......0iiiiiiinnnnnnn. 0.060 Ampere
As Class A; Amplifier
PLATE VOLTAGE ................. 90 135 180 max. Volts
GRID VOLTAGE . .........¢c00uv... -4.5 -9 -135 Volts
PLATE CURRENT. .... ... 25 3.0 3.1 Milliamperes
PLATE RESISTANCE. .............. 11000 10300 10300 Ohms
AMPLIFICATION FACTOR. .......... 9.3 9.3 9.3

TRANSCONDUCTANCE .. ........... 850 900 900 Micromhos
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As Class B Amplifier

PLATE VOLTAGE .......vviiiiniernnnnenaneennnnns 180 max. Volts
PEAR PLATE CURRENT . . ..viiiiivenianenrernnnns 50 max. Milliamperes
ZerO-S1GNAL CURRENT (Per tube) ................. 1.5 max. Milliamperes

TypicAL OPERATION:
Unless otherwise specified, values are for two tubes

Plate Voltage ................ ..., e 157.5 Volts
GridVoltage . . .. ... iiviiii it iiiiane, -15 Volts
Zero-Signal Plate Current (Per tube)............. 1.0 Milliampere
Effective Load Resistance {(Plate-to-plate} ........ 8000 Ohms
Max.-Signal Driving Power ..................... 260 Milliwatts
Max.-Signal Power Qutput (Approx.)* ........... 2.1 Watts

* With one Type 1H4-G as driver operated under the following conditions: Plate voltage,
157.5 volts; negative grid-bias voltage, 11.3 volts; plate load of approximately 18000 ohms; input
transformer ratio (primary to one-half secondary), 1.165; and total distortion of 6 to 7%

INSTALLATION and APPLICATION

The base of the 1H4-G fits the standard octal socket which should be installed
to hold the tube preferably in a vertical position with the base down. Horizontal
operation is permissible if pins 2 and 7 are in a vertical plane. Cushioning of the socket
in the detector stage may be desirable if microphonic disturbances are encountered.
Physical characteristics of the 1H4-G are shown in Fig. 2-17, OUTLINES SECTION.
For filament operation, refer to INSTALLATION on Type 1C7-G.

As a detector, the 1H4-G mar be oPerated either with grid leak and condenser
or with grid bias. The plate voltage for grid-leak detection should not be more
than 45 volts. A grid leak of from 1 to 5 megohms used with a grid condenser of
0.00025 uf is satisfactory. The grid return should be connected to the positive
filament socket terminal. For grid-bias detection, plate voltage up to the maximum
value of 180 volts may be used. The corresponding grid bias should be adjusted
s0 that the plate current is about 0.2 milliampere when no signal is being received.

In resistance-coupled service, the 1H4-G should not be used with a d-c resist-
ance in the grid circuit greater than 2 megohms.

DIODE HIGH-MU TRIODES

] H5 - G The 1H5-G and 1H5-GT are multi-

electrode tubes of the 1.4-volt filament
type. Each type contains a single
diode and a high-mu triode, and is for

] H 5 GT use as a combined detector and ampli-
= fier in radio receivers designed for its

characteristics.
% CHARACTERISTICS
FILAMENT VoLTAGE (D.C). ... i 1.4 Volts
FILAMENT CURRENT . ... .0vttinernninanannnnnnnann 0.05 Ampere
Type 1H5-G Type 1H5-GT

Triode: GRID-PLATE CAPACITANCE® ..... 1,0 1.0 wuf

GRID-FILAMENT CAPACITANCE® . . 1.1 1.2 wnf

PLATE-FILAMENT CAPACITANCE® . 5.8 5.0 uuf

* Approximate.
Triode Unit—As Class A; Amplifier

PLATE VOLTAGE ........ciiieiniiineenrnannnnnns 90 max. Volts
GRID VOLTAGE . ..0vtitiiteiniannnnnanannannaans 0 Volts
PLATE CURRENT . .. iiiiriineteneiiinnanenranans 0.14 Milliampere
PLATE RESISTANCE. .. o.iiiit e riiiiiiinnnnrannen 240000 Ohms
AMPLIFICATION FACTOR . . .................. R, 65
TRANSCONDUCTANCE .. .vovieenrananns erereniiins 275 Micromhos
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Diode Unit

The diode and the triode are independent of each other except for the common
filament. The diode is located at the negative end of the filament. Further con-
sideration of diodes is given in the RADIO TUBE APPLICATIONS section.

INSTALLATION and APPLICATION

The base of either the 1H5-G or the 1H5-GT type fits the standard octal socket
which may be installed to hold the tube in any position, Physical characteristics
of the 1H5-G and 1H5-GT are shown in Figs. 2-11 and 2-6. respectively, in the
OUTLINES SECTION. Filament operation is discussed under Type 1A7-G.

The triode unit is recommended for use with resistance-coupled circuits because
of its high amplification factor. Diode biasing of the triode is not suitable because
of the probability of plate-current cut-off, even with relatively small signal voltages
applied to the diode circuit.

AVERAGE PLATE CHARACTERISTICS

123,

TYPE IH5-GT
E£=1.4 VOLTS D.C.

o
}}/ v
g > // ,,0//
3 /] é.,‘/ A
3 A 1 7 A
é /// /// /// y
. P // A
< — // /,’/}"’
/
I = e g 2 == e
PLATE VYOLTS 92C~-610)
PO Po,
OO, DUPLEX-DIODE TRIODE

Pr o ‘ G'r
’ The 1H6-G is a 2-volt filament type
of tube containing two diodes and a ] Hé G
r+(2) ()¢~ triode in a single bulb. It may be -
oo used as a combined detector, amplifier,
and automatic-volume-control tube in
battery-operated receivers. For diode-
G-7AA detector considerations, refer to RADIO
TUBE APPLICATIONS, The base requires the use of the standard octal socket
which should be installed to hold the tube preferably in a vertical position with
the base down. Horizontal operation is permitted if pins 2 and 7 are in a vertical
plane. Physical characteristics of the 1H6-G are shown in Fg 2-17, OUTLINES
SECTION. Filament operation is discussed under Type 1C7-G.

NCTKEY ne

% CHARACTERISTICS

FILaMeNT VOLTAGE (D.C.).........cvvviienennn 2.0 Volts
FILAMENT CURRENT. ... 00ivveesinenannnsennnnnens 0.06 Ampere
Triode: GrID-PLATE CAPACITANCE®............... 4.8 unf

GRID-FILAMENT CAPACITANCE® ........... 4.0 uuf

PLATE-FILAMENT CAPACITANCE® .......... 2.6 unf

® Approximate.
Triode Unit—As Class A, Amplifier

PLATE VOLTAGE ........0iviiiiiiiienenennnennnns 135 max. Volts
GRIDVOLTAGE . ..oivit it ie it iiiiiiieeinanns -3 Volts
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PLATE CURRENT. . oo ittvieeisieneeaneennnn 08 Milliampere

PLATE RESISTANCE. .........0oiiiiiiiiiiiiiennen 35000 Ohms

AMPLIFICATION FACTOR . . ....coviiiviiennnnnnnnnns 20

TRANSCONDUCTANCE . . .....connvuencrsncenronnens 875 Micromhos
Diode Units

The two diodes and the triode are independent of each other except for the
common filament. Diode plate No. 1 is located at the negative end of the filament;
diode plate No. 2 is located at the positive end, Because of this arrangement,
diode plate No. 1, when the diodes are used for different purposes, should be used
for detection to avoid signal-delay effects. Operation curves for the diode units
are given under Type 6B7.

CLASS B TWIN AMPLIFIER

C1z )

T2 PT»
The 1J6-G combines in one bulb
] Jé G two high-mu triodes designed for class
= B operation, It is intended for use in O, e
the output stage of battery-operated
receivers and is capable of supplying NC— KEY e
approximately 2 watts of audio power. G-7AB

. The triode units have separate external
terminals for all electrodes except the filaments, so that circuit design is similar
to that of class B amplifiers utilizing individual tubes in the output stage.

% CHARACTERISTICS

FiLaAMENT VOLTAGE (D.C.). .. ..ttt iiiien e 2.0 Volts
FILAMENT CURRENT . ... .oivnrunnnenncrnronaannns 0.24 Ampere
As Class B Power Amplifier
PLATE VOLTAGE ....iiuuivereeniennenaennensnanns 135 max. Volts
PeAK PLATE CURRENT (Per plate) ................. 50 max. Milliamperes
TypicAL OPERATION:
Plate Voltage ................. 135 135 135 Volts
Grid Voltage. . ................ -6 -3 0 Volts
Zero-Signal Plate Current
(Per plate). .... fereeneenea 0.1 1.7 5 Milliamperes
Effective Load Resistance
(Plate-to-plate). ............. 10000 10000 10000 Ohms
Average Power Input (Approx.)* 95 130 170 Milliwatts
Power Output (Approx.)........ 1.6 19 2.1 Watts

* Applied between grids to give indicated values of power output.

INSTALLATION and APPLICATION

The base of the 1J6-G fits the standard octal socket which should be installed
to hold the tube preferably in a vertical position with the base down. The tube
may be mounted horizontally if pins 1 and 4 are in a vertical plane. Physical
characteristics of the 1J6-G are shown in Fig. 2-17, OUTLINES SECTION. For
filament operation, refer to Type 1C7-G.

As a class B power amplifier in the output stage of battery-operated receivers,
the 1J6-G should be operated as shown under CHARACTERISTICS. In such
service, it may be operated either with zero grid bias or with negative grid bias,
The latter method may be of advantage in cases where plate-battery drain must
be conserved, even at some sacrifice in power output.

The type of driver tube chosen to precede the 1J6-G should be capable of
handling enough power to operate the class B amplifier stage. Allowance should
be made for transformer efficiency. It is most important, if low distortion is desired,
that the driver tube be worked well below its class A undistorted-output rating,
since distortion produced by the driver stage and the power stage will be present
in the output. A discussion of class B amplifier features is given in the RADIO
TUBE APPLICATION section.
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R-F AMPLIFIER PENTODES

The IN5-G and IN5-GT are r-f ] N5'G

pentodes of the 1.4-volt filament type
for use in battery-operated receivers.

The two types are identical except for
their capacitances and the smaller -
physical size of the IN5-GT. ] N 5 GT

% CHARACTERISTICS
FiLaMENT VoLTAGE (D.C).....oovii e 1.4 Volts
FILAMENT CURRENT . .....oovvvvnininnnnnnnennnns 0.05 Ampere
PLATE VOLTAGE ... ..ottt iiiiiiiiiieie et iannns 90 max. Volts
SCREEN VOLTAGE .....ovivivinrevairernnennnns 90 max. Volts
GRID VOLTAGE . ... civiieiirnnncnaininannanss 0 Volts
PLAaTE CURRENT. . .....ooviiii i, 1.2 Milliamperes
SCREEN CURRENT. . ... .0vvverinrennnnneeannnnnns 0.3 Milliampere
PLATE RESISTANCE (APDIOX.) . ....viriieannnnrnnn 15 Megohms
TRANSCONDUCTANCE, .\ .\ vvrsveensveennneennnnns 750 Micromhos
TRANSCONDUCTANCE (At -4 voltsbias) ............. 5 Micromhos

Type IN5-G Type IN5-GT

GRID-PLATE CAPACITANCE®........ 0.007 max. 0.007 max. uuf
INPUT CAPACITANCE. ............. 32 3.2 upf
Outpur CAPACITANCE. . .......... 11.0 10.0 uuf

* With shie.d-can.

INSTALLATION and APPLICATION

The base of either the IN5-G or the IN5-GT fits the standard octal socket
which may be mounted to hold the tube in any 2p()sition. Physical characteristics
of the IN5-G and IN5-GT are shown in Figs. 2-11 and 2-5, respectively, in the
OUTLINES SECTION. Filament operation is discussed under Type 1A7-G.

These types are designed to be operated with equal screen and plate voltages.
The operating conditions are given for maximum efficiency of these types as r-f
or i-f amplifiers. In avc circuits, these types should be only partially controlled
to avoid excessive reduction in receiver sensitivity with large signal input.

AVERAGE PLATE CHARACTERISTICS

TYPE INS-GT
Ef = 1.4 VOLTS D.C.
|- SCREEN VOLTS =90

CONTROL-GRID VOLTS EC 3 +0-5

/‘

AN
\

PLATE MILLIAMPERES
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-2.5
0 20 40 (3] [] 100 T 13! *a—'l

0
PLATE VOLTS 92¢C ~ 8093
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BEAM POWER AMPLIFIER

The 1Q5-GT is a power amplifier of
] Q 5 - GT the beam type h_avxgg a l.4-volt fila-
ment. It is desi for use in the

output stage of battery-operated re- ©
ceivers.

% CHARACTERISTICS

FILAMENT VOLTAGE (D.C))...........coivviinn - 14 Volts
FrLAMENT CURRENT........ 0.1 Ampere
PLATE VOLTAGE .......... 90 max. Volts
SCREEN VOLTAGE ......... 90 max. Volts

GRID VOLTAGE ........... —4.5 Volts

PeAR A-F GrID VOLTAGE. . 4.5 Volts

PLATE CURRENT. « v ovvniiiniiieieeinnninnananen 9.5 Milliamperes
SCREEN CURRENT . . .vvvrininrneeerannrnaanennns 16 Miiliamperes
TRANSCONDUCTANCE . . ..0vvvrivinnreenrnnnnnanans 2100 Micromhos
LOAD RESISTANCE .. ......0vvivriiiiiiinrreennnns 8000 Ohms

ToTAL HARMONIC DISTORTION. ........cviveiinnnnn 75 Per cent
POWER QUTPUT. ..ottt iieinennnneanns 0.27 Watt

INSTALLATION and APPLICATION
The base of the 1Q5-GT fits the standard octal socket which may be mounted
to hold the tube in angosition. Physical characteristics of the 1Q5-GT are shown
llnA;‘lé 2-8, OUTLINES SECTION. Filament operation is discussed under Type

The 1Q5-GT may be operated as a single-tube class A, amplifier under conditions
given above. The type of input coupling used should not introduce too much
resistance in the grid circuit. Transformer- or impedance-coupling devices are
recommended. When the grid circuit has a resistance not higher than 0.1 megohm,
fixed bias may be used; for higher values, cathode bias is required. With cathode
bias, ﬁlr;:: grid circuit may have a resistance as high ag, but not greater than, 0.5
megohm.

PENTAGRID CONVERTER

The 1R5 is a miniature type of multi-

electrode vacuum tube designed to

] R5 perform_simultaneously the functions

of a mixer tube and of an oscillator

tube in superheterodyne circuits.

Through its use, the independent con-

trol of each function is made possible

within a single tube. The 1R5 is designed with high operating efficiency especially
for compact, light-weight, portable equipment. The high operating efficiency even
with only a 45-volt B-supply has been attained by a new design which provides
the miniature size without decreasing the size of essential electrode parts. The
conventional base has been replaced with a glass button base. For general dis-
cussion of pentagrid types, see Frequency Conversion in RADIO TUBE APPLI-

TAT

CATIONS section.
% CHARACTERISTICS
FrLaMeNT VOLTAGE (D.C).........covviiviiinn, 14 Volts
FILAMENT CURRENT . ...0vvvriinerneerernnanansans 0.05 Ampere
DirecT INTERELECTRODE CAPACITANCES: }
Grid No. 3 to All Other Electrodes (R-F Input) ... 7.0 puf
Plate to All Other Electrodes (Mixer Output) ..... 7.0 puf
Grid No. 1 to All Other Electrodes............... 3.8 puf
Grid No.3toPlate ...........coovvviviinn.. 0.4 max. puf
Grid No. 1toGrid No. 3 ....................... 0.2 max, pu
Grid No.1toPlate ........................ ... 0.1 max.

$ With no external shield.
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Converter Service

PLATE VOLTAGE . ....vvviveniiiiiiirneerroernns 90 max. Volts
ScreEN VoLTAGE (Grids No.2and No. 4) .......... 67.5 max. Volts
SCREEN SUPPLY VOLTAGE. . .. ..ovvvennrnennnnnnnen 90 max. Volts
CoNTROL-GRID VOLTAGE (Grid No. 3).............. 0 min. Volits

TOTAL CATHODE CURRENT. ... vvvvrvernnnnnroeenns 5.5 max. Milliamperes
TyPicAL OPERATION:

Plate Voltage .. ..................... 90 90 Volts

Grids No. 2 and No. 4 Voltage 45 675 Volts

Grid No. 3 Voltage 0 0 Volts

Grid No. 1 Resistor. . . .. 0.1 01 Megohm
Plate Current ................cc0.n.. 0.8 17 Milliampere
Grids No. 2 and No. 4 Current 1.8 3 Milliamperes
Grid No. 1Current .................. 0.15 025 Milliampere
Total Cathode Current............... . 2.7 5 Milliamperes
Plate Resistance (Approx.)............ 06 075 05 Megohm
Conversion Transconductance......... 235 250 Micromhos
Conversion Transconductance (Approx.) 5* 5* 5 Micromhos

The transconductance between grid No. 1 and grids No. 2 and No. 4 tied to plate (not oscil-
l-ti g) is a&proxxmalelr 1200 micromhos when grids No. 1 and No. 3 are at zero volts, and grids
and No. 4 and plate are at 45 volts,
* With grid No. 3 bias of -0 volts. ** With grid No. 3 bias of <15 voits.

INSTALLATION and APPLICATION

The base of the 1RS5 fits a button-base socket which may be installed to hold
the tube in any position, Physical characteristics of the 1R5 are shown in Fig.
2-2, OUTLINES SECTION. For filament operation, see Type 1A7-G.

As a frequency converter in superheterodyne circuits, the 1R5 can_supply
the local oscillator frequency and at the same time mix it with the radio-input
frequency to provide the desired intermediate frequency. For this service, design
information is given under CHARACTERISTICS.
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POWER AMPLIFIER PENTODE

The 1S4 is a miniature type of
power-output pentode designed with
high efficiency and good power sensi-
tivity especially for compact, light- ]S 4
weight, portable equipment operating
with a B-supply battery of 45 volts,
It has the same structural features as
the 1R5. 6
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% CHARACTERISTICS
FrLaMENT VOLTAGE (D.C.)......ccciiiiiiiiiinanes 14 Volts
FILAMENT CURRENT . . ...oiiniinnnrenecinnnesanen 0.1 Ampere
PLATEVOLTAGE ............c0hvvvnnnn. 67.5 max. Volts
SCREEN VOLTAGR . vvvevevearecnannnn. - 67.5 max. Volts

ToraL CaTHODE CURRENT*
TotAL CaTHODE CURRENT**
TyricAlL OPERATION:

Plate Voltage ......................... 45 67.5 Volts
........................ 45 67.5 Volts

Gnd Vol (Grld No. 1) .. -4.5 -7 Volts

Peak A-F nd Voltage. ................ 4.5 7 Volts

Zero-Signal Plate Current............... 38 7.2 Milliamperes

Zero-Signal Screen Current.............. 0.8 15 Milliamperes

Plate Resistance (Approx.).............. 0.1 0.1 Megohm

Transconductance ..................... 1250 1550 Micromhos

Joad Resistance. . ..................... 8000 5000 Ohms

Total Harmonic Distortion.............. 12 10 Per cent

Max.-Signal Power Output.............. 0065 0.180 Watt

*Under maximum-signal conditions. *Jnder no-signal conditions.

INSTALLATION and APPLICATION

The base of the 154 fits a button-base socket which may be installed to hold
the tube in any position. Physical characteristics of the 1S4 are shown in Fij
2-2, OUTLINES SECTION. For filament operation, see Type 1A7-G. App i-
cation is similar to that for Type 1A5-G.

DIODE-PENTODE

The 1S5 is a miniature type of multi-
‘I S 5 electrode tube containing a diode and
an audio-frequency pentode in a single
bulb. The 1S5 is desi y
for compact, light-weight, rtable
equipment. It will provide hxg
even when operated with a B-battery

6AU
voltage of only 45 volts. The structural features of the 1S5 are the same as those

of the 1R5
% CHARACTERISTICS
FraMENT VOLTAGE (D.C.).. .. ... ... iiaL.. 14 Volts
FILAMENT CURRENT. . ...oviviiniininnnanrenennnns 0.05 Ampere
AvVERAGE CHARACTERISTICS OF PENTODE UNIT:
Plate Voltage . ............ .. ciiiiiiiniinan.. 67.5 Volts
Screen Voltage .................. e 67.5 Volts
GridVoltage. .. .......... . ..o 0 Volts
Plate Resistance. ........... e e 0.4 Megohm
Transconductance . ... ..................ouu.n. 625 Micromhos
PlateCurrent ............ .. .. coiiiiiirrinnnn,s 2.3 Milliamperes
ScreenCurrent ... ... ... i 0.6 Milliampere
Pentode Unit— As Class A; Amplifier
PLATE VOLTAGE ......cviiviienrrnrnrnsonenanenss 90 max. Volts
SCREEN VOLTAGE ... ..vvirunrrnirinennanronnnonns 90 max. Volts
GRID VOLTAGE ....e.vvvniviansserrnnerannncnnans 0 min. Volts
TOTAL CATHODE CURRENT . . .+ evvvonenenennnnn 3.7 max. Milliamperes
TypricAL OPERATION AS RESISTANCE-COUPLED AMPLIFIER!
Plate-Supply Voltage........... 45 67.5 90 Volts
Screm-Supply Voltage.......... 45 67.5 20 Volts
Grid Voltage. . . ............... 0 0 0 Volts
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Plate Resistor. . .......... Ceeen 1 1 1 Megohm
Series Screen Resistor .......... 3 3 3 Megohms
Screen By-Pass Condenser ...... 0.1 0.1 0.1 £

Grid REGISIOT 1+ e v zeeere 10 10 10  Megohms
Voltage Gain (Approx.)*........ 30 40

*0btained when the grid of the pentode unit is fed from a source having an impedance o
1.0 megohm.

Diode Unit

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

INSTALLATION and APPLICATION

The base of the 1S5 fits a button-base socket which may be installed to hold
the tube in any position. Physical characteristics of the 1S5 are shown in Fig. 2-2,
OUTLINES SECTION. For filament operation, see Type 1A7-G.

AVERAGE PLATE CHARACTERISTICS
PENTODE UNIT

TyPe 1S5
Epx1.4VOLTS O.C.

| SCRCEN VOLTSc4%
SUPPRESSOR VOLTS =0

vOLTS ECiED

rOL-GRID
CONT

1

- 0.5

et

1
/‘
|1

PLATE MILLIAMPERES
>
™.

"1
o1
et

N

«2.0,

Ecy=-2.%

-3.0

60 80
PLATE VOLTS 92C-B6099R1

Sogeanss SUPER-CONTOL R-F
" AMPLIFIER PENTODE

F+ The 1T4 is a miniature type of super- ] TA'
control pentode designed for use as a

a3 radio-frequency or intermediate-fre-

AR quency amplifier in compact. light-
6 _weight, portable equipment. The

super-control feature is explained under Super-Control Amplifier in RADIO TUBE
APPLICATIONS section. The 1T4 features internal shielding which eliminates
the need for an external bulb shield, but a socket with shielding is essential if mini-
mum grid-plate capacitance is to be obtained. The general appearance and size
of the 1T4 is the same as that of the 1R5

INTERNAL!
SHIELD

% CHARACTERISTICS
FiLaMENT VOLTAGE (D.C)........oovviiiiiiias, 1.4 Volts
FILAMENT CURRENT. ..ottt 0.05 Ampere
GRID-PLATE CAPACITANCE* . ...................... 0.01 max. puf
INPUT CAPACITANCE® ... .. iiii s 35 wpf
OuTPuT CAPACITANCE® ...... ... ... .....coviiiii.n 73 wuf

* With no external shield
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As Class A, Amplifier
PLATE VOLTAGE . .....iiitiirntiirennnennninnnns 90 max. Volts
ScrREEN VOLTAGE (Grid No. 2) .................... 67.5 max, Volts
SCREEN SUPPLY VOLTAGE . . . ... ovvuinnnnnnnnn. .. 90 max. Volts
GRID VOLTAGE (Grid No. 1)....................... 0 min. Volts
TOTAL CATHODE CURRENT . . . ...o.iiiiinnnnnnnnnn 5.5 max. Milliamperes
Typical. OPERATION:
Plate Voltage . ................ 45 90 90 Volts
Screen Voltage . ............... 45 45 675 Volts
Grid Voltage. .. ............... 0 0 0 Volts
Plate Current ................. 1.9 2 3.7 Milliamperes
Screen Current ................ 0.7 0.65 1.25 Milliamperes
Plate Resistance............... 0.35 0.8 05 Megohm
Transconductance ............. 700 750 900 Micromhos
Grid Voltage for transconductance
of 10 micromhos............. -10 -10 ~-18 Volts

INSTALLATION and APPLICATION
The base of the 1T4 fits a button-base socket with shielding. The socket may
be installed to hold the tube in any gositionA Physical characteristics of the 1T4
are shown in Fig. 2-2, OUTLINES SECTION. For filament operation, see
Type 1A7-G. Application of the 1T4 is similar to that of other remote cut-off,
filament-type tubes.

AVERAGE PLATE CHARACTERISTICS
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TYre I T4
_Eg21.4 VOLTS D.C.
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6.0
1 i ) 8.0
1 T T
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PLATE YOLTS 32C-610t
G G
BEAM POWER AMPLIFIER OO}
The 1T5-GT is a power-output am- (357
plifier of the directed-beam type for
] T 5 - GT use in battery-operated radio receiv- G) ©,
ers. The 1T5-GT is used in applica- F*\~'~/\“7 &
tions where a moderate power output
is desired and very low filament-current NCTKEY TNe
drain is necessary. G-6X
% CHARACTERISTICS
FILAMENT VOLTAGE (D.C)...oovvvvviiiinennnnenss 14 Volts
FILAMENT CURRENT. ....0vivrneevennnnennnennnnns 0.05 Ampere
PLATE VOLTAGE ....ciivvvvinneeennnanernnnnennns 90 max. Volts
SCREEN VOLTAGE ..vvivnnrinnnernnnensennnnnoenns 90 max. Volts
GRID VOLTAGE . ...0iivinnervinnreonnnneennencens -6 Volts
PEAR A-F GRID VOLTAGE. ........covvniininninnnn. 6 Volts
PLATE CURRENT. . ..o i iviiiiiiirreencannnes 6.5 Milliamperes
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ScrREN CURRENT. ........... ceeeeesans teeeeneaen 14 Milliamperes
TRANSCONDUCTANCE . ..uvnvnrerrenonnnnneronsaos 1150 Micromhos
LOAD RESISTANCE .. ..0viiiuninneeennnrinnnnnnnens 14000 Ohms

TotaL HARMONIC DISTORTION. . ..vvvivvannnnnnnns . 75 Per cent
POWBR OUTPUT.......covvvvvvnnnnn eveeeanes oo 0.17 Watt

INSTALLATION and APPLICATION

The base of the 1T5-GT fits the standard octal socket which may be mounted
to hold the tube in any position. Physical characteristics of the 1T5-GT are shown
in Fig. 2-8, OUTLINES SECTION. Filament operation is discussed under Type
1A7-G. Information on the value of resistance in the grid circuit is the same as
that given for Type 1Q5-GT.

® ©) HALF-WAVE RECTIFIER
The 1-v is a half-wave, high-vacuum
rectifier tube employing a heater ty, 'I
0* of cathode. It is used principally for 'v
" H renewal purposes in radio equipment of
either the a-c/d-c or the automobile
46 type designed for its characteristics.
% CHARACTERISTICS
HEATER VOoLTAGE (A.C.or D.C) oivvvvinvnnnnns . 6.3 Volts
HEATER CURRENT ... ..oivvnernnerennsencnnesannes 03 Ampere
As Half-Wave Rectifler
PeAK INVERSE VOLTAGE. ..... e ere e iiareeeaiaas 1000 max. Volts
PEAR PLATE CURRENT .. ..covvvvninnn.. eeeeenaes 270 max. Milliamperes
D-C HeaTER-CATHODE POTENTIAL . .. ...ovvienenn. 500 max. Volts
TyricaL OpPERATION WITH CONDENSER-INPUT FILTER:
A-C Plate Voltage (RMS) ...... 117 150 325 max. Volts
Total Effective Plate-Supply
Impedancef................. 0 min. 30 min. 75. min. Ohms
D-C Output Current....... ceus 45 max. 45 max. 45 max. Milliamperes

$When a filter-input condenser larger than 40 uf is used, it may be necessary to use more
plate-supply impedance than the minimum value IgDWll to limit the peak plate current to the
rated value.
OPERATION CHARACTERISTICS
TYPE v E426.3vOLTS |

INSTALLATION and APPLICATION

The base of the 1-v fits the standard four- FILTER | TOT,EFFECT,
contact socket which may be mounted to hold the [] crves | conoenser | TaptoAnet
tube in any position. Physical characteristics e —— |
of the 1-v are shown in Fig 2-19, OUTLINES & [*®%-- d 5
SECTION. For heater operation, see Type 6A8.  Zsoo{{ ¢ e °
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POWER-AMPLIFIER TRIODE

P G
The 2A3 is a three-electrode, high- @) ©
vacuum type of power amplifier tube
2 A 3 for use in eI:éle power-outp'lll‘i1 stage of
a-c operat recelvers. e excep-
tionally large power-handling ability 0*0
of the 2A3 is the result of its desi F F
features. Among these are its extremely
high transconductance and its large 4D
effective cathode area.
CHARACTERISTICS
FruaMeNT VoLTaGE (A.C.or D.C.) ................ 2.5 Volts
FILAMENT CURRENT . ... i0ivierrnnnnnnnneaanennnes 2.5 Amperes
GRID-PLATE CAPACITANCE (ApProx.)............... 16.5 fm
GRID-F1LAMENT CAPACITANCE (Approx.)............ 7.5 puf
PLATE-FILAMENT CAPACITANCE {APDPIOX.)........... 5.5 upf
As Single-Tube Class A, Amplifier
FrLAMENT VOLTAGE (A.C).........ccoiveie e, 25 Volts
PLATE VOLTAGE ........oiiiieieiiiiiiiianennnn, 250 max. Volts
GRID VOLTAGE® .. ... ...ttt -45 Volts
CATHODE RESISTOR ............coiviiineinnn. 750 Ohms
PLATE CURRENT. ........0oiiiiiiiiiiininnennnn. 60 Milliamperes
PLATE RESISTANCE. . .......0viiiiiininiinnnnnns 800 Ohms
AMPLIFICATION FACTOR . .......................... 42
TRANSCONDUCTANCE .. .........ccciiiiienenannnn. 5250 Micromhos
LOAD RESISTANCE .. ...viviiinernniiininnanenenss 2500 Ohms
UNDISTORTED POWER QUTPUT. ... ... ..cvivinnnn, 35 Watts
As Push-Pull Class AB, Amplifier {(Two Tubes)
Fixed Bias Cathode Bias
FiaMeNT VoLTaGE (AC).......ooaL.... 25 2.5 Volits
PLATE VoLTaGE (Maximum)............... 300 300 Volts
GRID VOLTAGE® .. ......vvvvveirininnnnnns -62 — Volts
CATHODE RESISTOR .........000viiiinnnnn- — 780 Ohms
ZERO-SIGNAL PLATE CURRENT.............. 80 Milliamperes
ErrecTiveE Loap ResisTANCE (Plate-to-plate). 3000 5000 Ohms
ToraL HARMONIC DISTORTION. ............. 5 Per cent
POWER OUTPUT. ....oviiiiiiiiennennanns 15 10 Watts

* Grid volts measured from mid-point of a-c operated filament.

INSTALLATION and APPLICATION

The base of the 2A3 fits the standard four-contact socket which should be
installed to hold the tube preferably in a vertical position. Horizontal operation
is permissible if pins 1 and 4 are in horizontal position. Sufficient ventilation should
be provided to prevent overheating. Physical characteristics of the 2A3 are shown

ig. 2-27, OUTLINES SECTION.

As a power amplifier (Class A;), the 2A3 is usable either singly or in push-pull
combination in the power-output stage of a-c receivers. Recommended operating
conditions are given under CHARACTERISTICS.

The values recommended for push-pull operation are different than 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 input signal and of cancellation of second-
harmonic distortion by virtue of the push-pull circuit. The cathode resistor should
preferably be shunted by a suitable filter network to minimize grid-bias variations
produced by current surges in the cathode resistor.

When 2A3’s are operated in push-pull, it is desirable to provide means for
— 74—
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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,
therefore, that the difference in plate current between two tubes may be sufficient
to unbalance the system seriously. To avoid this possibility, simple methods of
independent cathode-bias adjustment may be used, such as (1) input transformer
with two independent secondary windings, or (2) filament transformer with two
independent 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 d-c resistance in the grid circuit
should not exceed 0.5 megohm. With fixed bias, however, the d-c resistance should
not exceed 50000 ohms,

AVERAGE PLATE CHARACTERISTICS
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POWER AMPLIFIER PENTODE

The 2A5 is a heater-cathode type of power-
amplifier pentode for use in the audio-output
stage of a-c receivers. It is capable of givin 2A5
large power output with a relatively smal
input-signal voltage.  Except for its heaver
rating (2.5 volts, 1.75 amoere), the 2A5 has
electrical characteristics identical with those
of the 6F6. Applications, also, are the same
as for the 6F6.

The base of the 2A5 fits the standard six-contact socket which may be installed to hold the
tube in any position. Physical characteristics of the 2A5 are shown in Fig. 2-25, OUTLINES
SECTION. The bulb of the 2A5 will become very hot under certain conditions of operation.
Sufficient” ventilation should be provided to prevent overheating. The heater of this type is
designed to operate at 2.5 volts. The transformer windin. s‘.}ppl ing the heater circuit should
be designed to operate the heater at this recommended value for full-load operating conditions at
average line voltage. The cathode should preferably be connected directly to a mid-tap on the
heater winding or to a center-tapped resistor across the heater winding. If this practice is not
followed, the potential difference between heater and cathode should be kept as low as possible.
This type is used principally for renewal purposes,

N
A\

P02 Poy
2 er DUPLEX-DIODE
- o HIGH-MU TRIODE A6
The 2A6 is a heater type of tube consisting
of two diodes and a high-mu triode in a single
° e bulb. Tt js for use as a combined detector,
amplifier, and automatic-volume-control tube

in radio receivers designed for its character-
6G istics. Except for its heater rating (2.5 volts.
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0.8 ampere), the 2A6 has electrical characterigtics identical with those of the 75. The base of
the 2A6 fits the standard six-contact socket which may be installed to hold the tube in an
ition. Physical characteristics of the 2A6 are shown in Fig. 2-16, OUTLINES SECTION.
his type is used principally for renewal purposes.

PENTAGRID CONVERTER

The 2A7 is a2 multi-electrode type of vacuum
tube designed to perform simultaneously the
functions of a mixer (first detector) tube and

2 A7 of an oscillator tube in superheterodyne cir-

cuits. Except for its heater rating (2.5 volts,

0.8 ampere) and capacitances (same as for

the 6A7), the 2A7 has electrical characteris-

tics identical with those of the 6A8. The base

of the 2A7 fita the seven-contact (0.75-inch

pin-circle diameter) socket which may be in-

- stalled to hold the tube in any position.

Physical characteristics of the 2A7 are shown in Fig 2-16. QUTLINES SECTION. Complete

shielding of the 2A7 is generally necessary to prevent intercoupling bet ween its circuit and the cir-

cuits of other stages. Refer to APPLICATION on Type 6A8. This type is used principally
for renewal purposes.

DUPLEX-DIODE PENTODE 2 e
G2p oy
The 2B7 is a heater type of tube consisting
of two diodes and a pentode in a single bulb.
It is designed for service as a combined de-
2B7 tector, amplifier (radio-, intermediate-, or
audio-frequency), and automatic-volume-
control tube in radio receivers. Except for
its heater rating (2.5 volts 0.8 ampere) and
capacitances (same as for 6B7), the 2B7 has
electrical characteristics identical with those
of the 6B8-G. The base of the 2B7 fits the
) . seven-contact (0.75-inch pin-circle diameter) o,
socket which may be installed to hold the tube in any position. Physical characteristics of the
2B7 are shown in Fig. 2-16, OUTLINES SECTION. Complete shielding of detector circuits
emfluf\‘!ing'lhe'287 is generally necessary to prevent r-f or i-f coupling between the diode circuits
and the circuits of other stages. Refer to APPLICATION under Type 6B8. The 2B7 is used
principally for renewal purposes.

BEAM POWER AMPLIFIER

The 3Q5-GT is a filament type of

power-amplifier tube which employs

3Q 5 G directed electron-beam principles. It
- is intended for use in a-c/d-c battery

receivers. The filament has a center

tap so as to permit of either a series-

filament or a parallel-filament arrange-

ment. For discussion of beam power
amplifier considerations, refer to section on ELECTRONS and ELECTRODES.

4 CHARACTERISTICS
Series-Filament Parallel-Filament

Arrangement Arrangement
FiLaMent VortaGge (D.C))........ 2.8 14 Volts
FiLAMENT CURRENT.............. 0.05 0.1 Ampere
PLATE VOLTAGE ........ reeeaaes 90 max. 90 max. Volts
ScreeN VortaGe (Grid No. 2) .... 90 max. 90 max. Volts
Grip VoLTace (Grid No. 1)....... -4.5 -4.5 Volts
PLATE CURRENT. .............. .. 75 95 Milliamperes
ScREEN CURRENT. ............. .. 10 1.6 Milliamperes
PLATE RESISTANCE (Approx.) ..... 0.11 0.1 Megohm
TRANSCONDUCTANCE . ....0vvvnonn 1800 2100 Micromhos
LoAD RESISTANCE ............... 8000 8000 Ohms
TotaL Harmonic DisTorTION. .. .. 7.5 7.5 Per cent
Max.-SicNaL Power Qureur ..... 250 270 Milliwatts
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INSTALLATION and APPLICATION

The base of the 3Q5-GT fits the standard octal socket which may be mounted
to hold the tube in any position. Physical characteristics of the 3Q5-GT are shown
in Fig. 2-8, GUTLINES SECTION.,

The coated filament is designed to be operated either with the two sections
in series across two dry cells in series or with the two sections in parallel across
one dry cell. With the series arrangement. the filament voltage is applied between
pins No. 2 /+) and No. 7 (). Pin No. 8 is not used. With the paralle] arrange-
ment, the filament voltage is applied between pin No. 8 (-) and Pins No. 2 and
No. 7 (+) connected together. For further information on filament operation,
see Type 1A7-G.

The 3Q5-GT may be operated as a single-tube class A; amplifier under con-
ditions given above. The type of input coupling used snould not introduce too
much resistance in the grid circuit. Transformer- or impedance-coupling devices
are recommended.

Ppp
o FULL-WAVE HIGH-VACUUM
() RECTIFIER 5T 4
The 5T4 is a full-wave. high vacuum
e‘ rectifier of the metal type for use in METAL
OMO a-c receivers having high current re-
s KEY™F quirements.
ST

* CHARACTERISTICS

FiLAMENT VOLTAGE (AC). .. ooviiiiiiiiiiiiiann 5.0 Voits
FILAMENT CURRENT . . o0t iiinneniereinnernnnnn . 2.0 Amperes
As Full-Wave Rectifier
PEAXK INVERSE VOLTAGE . . .. .......coiiiiinnnnnn. 1550 max. Volts
Peak PLATE CURRENT PER PLATE . ................ 675 max. Milliamperes
TyricaL OPERATION wiTH CONDENSER-INPUT FILTER:
A-C Plate Voltage per Plate (RMS) ............. 450 max. Volts
Total Elfective Plate-Supply Impedance per Platet. 150 min. Ohms
D-COutput Current. . ...........coovuinnnunn. 225 max. Milliamperes
Typical. OperaTioN wiTH CHOKE-INPUT FILTER:
A-C Plate Voltage per Plate (RMS).............. 550 max. Volts
Input-Choke Inductance........................ 3 min. Henries
D-COutput Current . . .............coooiinnn... 225 max. Milliamperes

{When a filter-input condenser larger than 40 uf is used, it may be necessary to use more
plal:luyfply impedance than the minimum value shown to limit the peak plate current to the
rated value.

INSTALLATION and APPLICATION

The base of the 5T4 fits the standard octal socket which should be installed
to hold the tube preferably in a vertical position. Horizontal operation is permis-
sible if pins 2 and 4 are in a vertical plane. Physical characteristics of the 5T4
are shown in Fig. 1-9, OUTLINES SECTION. Provision should be made for
adequate ventilation to prevent overheating. The coated filament of the 5T4 is
designed to operate from the a-c line through a step-down transformer. The
voltage at the filament terminals should be 5.0 volts under operating conditions
at an average line voltage of 117 volts. Filters are discussed in the RADIO TUBE
APPLICATIONS section.
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OPERATION CHARACTERISTKS OPERATION CHARACTERISTICS
CONDENSER INPUT TO FILTER CHOKE INPUT TO FILTER
TYPE 514 T TYPE 5T4
200kt ££25.0 VOLTS AC. 0 £ =5.0 VOLTS AC.
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FULL-WAVE HIGH-VACUUM

Ppy
5U4.G RECTIFIER ﬁo
= The 5U4-G is a full-wave, high
vacuum rectifier of the filament type 9‘

for use in a-c receivers having high (D
current requirements. NC KREYSE

% CHARACTERISTICS

FILAMENT VOLTAGE (A.C.). ..viiieivnnn i iinennnnns 5.0 Volts
FILAMENT CURRENT. ......ovvtiiivineienneaannns 3.0 Amperes
As Full-Wave Rectifier
PrAX INVERSE VOLTAGE. . ......coivvinvnnnnnnnn.. 1550 max. Volts
PEAR PLATE CURRENT PER PLATE ................. 675 max. Milliamperes
TyricaL OrPERATION WITH CONDENSER-INPUT FILTER:
A-C Plate Voltage per Plate (RMS).............. 450 max. Volts
Total Effective Plate-Supply Impedance per Plate:. 75 min. Ohms
D-COutputCurrent. ...........ccooiivvnnnn.. 225 max. Milliamperes
TypicaL OPERATION wiTH CHOKE-INPUT FILTER:
A-C Plate Voltage per Plate RMS).............. 550 max. Volts
Input-Choke Inductance........................ 3 min. Henries
D-COutputCurrent.............cccvviviinnnn. 225 max. Milliamperes

3 When a filter-input condenser larger than 40 uf is used, it may be necessary to use more
plate-luﬁply impedance than the minimum value shown to limit the peak plate current to the

INSTALLATION and APPLICATION

The base of the 5U4-G fits the standard octal socket which should be installed
to hold the tube ‘freferably in a vertical position. Horizontal operation is permis-
sible if pins 1 and 4 are in a vertical plane. Physical characteristics of the 5U4-G
are shown in Fig. 2-26. QUTLINES SECTION. Filament operation and ventila-
tion are discussed under Type 5T4. Information on filter circuits is given in the
RADIO TUBE APPLICATIONS section,

— 78—



RCA RECEIVING TUBE MANUAL

OPERATION CHARACTERISTICS OPERATION CHARACTERISTICS
TYPE 5US-G ¢ =5.0 VOLTS AC. TYPE 5V4-G
---CHOE[(L)!NPUY TO FILTER: "E(:b.O VOLTS
——COND{NSE:(C“';I_?UY 10 FILTER: o - CHOKLE(E):\E':%‘;E;O( :::TER
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‘°° FULL-WAVE HIGH-VACUUM
°l RECTIFIER
The 5V4-1(;{l is fahful}ll-wave, l;ligg- 5V 4 G
vacuum rectifier of the heater-cathode -
0, N type capable of supplying large d-c
() O currents. The close electrode spacing
NCTKEY in this tube permits excellent voltage
G-5L regulation,
% CHARACTERISTICS
Heater VoLTAGE (AC.) ..cvvvvveennns, ceesren 5.0 Volts
HEATER CURRENT .. ...uviviiinennnnnseeraneannns 2.0 Amperes
As Full-Wave Rectifier
PEAR INVERSE VOLTAGE. . ....cooiiinrnnrnennnnnn. 1400 max. Volts
PEARK PLATE CURRENT PER PLATE . ...........0.... 525 max. Milliamperes
TyricaL OperaTION WITH CONDENSER-INPUT FILTER:
A-C Plate Voltage per Plate (RMS).............. 375 max. Volts
Total Effective Plate-Supply Impedance per Plate}. 65 min. Ohms
D-COutput Current..........covvievevnnnennnns 175 max. Milliamperes
TvypicaL OrerATION WITH CHORE-INPUT FILTER:
A-C Plate Voltage per Plate (RMS).............. 500 max. Volts
Input-Choke Inductance.............ccevvvnn... 4 min, Henries
DCOutputCurrent...........c.oovevvveennnn. 175 max. Milliamperes

$ When a filter- mput condenser larger than 40 uf is used, it may be necessary to use more
plat:l-uupply impedance than the minimum value shown to limit the peak plate current to the
rated value,

INSTALLATION and APPLICATION

The base of the 5V4-G fits the standard octal socket which may be mounted
to hold the tube in any position. The bulb becomes hot during continuous opera-
tion and requires adequate ventilation to grevent overheating. Physical character-
istics of the 5V4-L are shown in Fig. 2-21. OUTLINES SECTION. The heater
is designed to operate from the a-c line through a step-down transformer. The
voltage at the heater terminals should be 5.0 volts under operating conditions at
a line voltage of 117 volts. For information on filter circuits. refer to the RADIO
TUBE APPLICATIONS section. Operation curves for the 5V4-G are shown above
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FULL-WAVE HIGH-VACUUM Foz

RECTIFIER ox
5W4 The 5W4 is a full-wave, high-
METAL vacuum rectifying tube of the metal @)

type for use in a-c receivers having low F ‘

current requirements. KEY
ST
* CHARACTERISTICS
FiLaMeNT VOLTAGE (A.C) . oo vv v iiiiiiierennenens 5.0 Volts
FILAMENT CURRENT. ... .ovvinnnncncnnensveenannns 1.5 Amperes
As Full-Wave Rectifier
PEAK INVERSE VOLTAGE. . . ...ceiiivenenrnnnnnnnnnn 1400 max. Volts
PeEAK PLATE CURRENT PER PLATE ................. 300 max. Milliamperes
TypicaL OpERATION WiTH CONDENSER-INPUT FILTER:
A-C Plate Voltage per Plate (RMS).............. 350 max. Volts
Total Effective Plate-Supply Impedance per Plate}. 25 min. Ohms
DCOutput Current...........covvieiniinnnnn. 100 max. Milliamperes
TvyricaL OpERATION wiTH CHOKE-INPUT FILTER: .
A-C Plate Voltage per Plate (RMS).............. 500 max. Volts
Input-Choke Inductance.................oonuen 6 min. Henries
DCOutputCurrent.........ccoviviiiinnnn.n.. 100 max. Milliamperes

3 When a flter-input condenser larger than 40 uf is used, it may be necessary to use more
plgg-nu ply impedance than the minimum value shown to limit the peak plate current to the
rated value.

QOPERATION CHARACTERISTICS

INSTALLATION and APPLICATION s
L = 6 HENRIES (MIN,

The base of the 5W4 fits the standard octal g [—=—conpmeca (o) meut 1o ruce: |
socket which should be installed to hold the tube S0 TMPEDANCE PER PLATE =25 OHib
preferably in a vertical position with the base ot
down. Horizontal operation is permissible if pins i 5
2 and 8 are in a vertical plane. Physical charac- g ,_4*_ 00 VoL TG
teristics of the 5W4 are shown in Fig 1-7. OUT- 2 ool lsod Tpe— iR TR RAT
LINES SECTION. Refer to Type 5T4 for % | ] T~
filament operation. Filter circuits are discussed @ ST L]
in RADIO TUBE APPLICATIONS section. g% '3 ™

5 [ et
szc j‘~+- -—%::;‘r'—
2o
— 35— e %o
D-C LOAD MILLIAMPERES
92C-4584R2
NC )
FULL-WAVE HIGH-VACUUM ., o
RECTIFIER >
5X4-G 1 sxic s full-wave, high N AAADF
vacuum rectifying tube of the filament 0110
type for use in a-c receivers having high NETREYE

current requirements. Its maximum
ratings and typical operating conditions 6-3Q
are the same as those for Type 5U4-G, The base of the 5X4-G fits the standard
octal socket which should be mounted to hold the tube preferably in a vertical
position, Horizontal operation is permissible if pins 2 and 7 are in a horizontal
gl&x:gr IoPNhyt;ical characteristics of the 5X4-G are shown in Fig. 2-26, OUTLINES
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RCA RECEIVING TUBE MANUAL
Foz FULL-WAVE HIGH-VACUUM
D' RECTIFIER
The 5Y3-G is a full-wave, high-
vacuum rectifier of the filament type -
G) ifier of the fil 5Y3 G
X)) for use in a-c receivers of moderate
() current requirements.
Ne T REYSE
G-5T
% CHARACTERISTICS
FILAMENT VOLTAGE (A.C). ...t iiiiiiiiianninns 5.0 Volts
FILAMENT CURRENT . ..coviverivrecanocesscaans vee 20 Amperes
As Full-Wave Rectifier
PEAR INVERSE VOLTAGR. . . 0vovtvuninrienianenennnnnns 1400 mazx. Volts
PEax PLATE CURRENT PER PLATE . ........0.00utn. 375 max. Milliamperes
Tyrical OPERATION WITH CONDENSER-INPUT FILTER:
A-C Plate Voltage per Plate (RMS).............. 350 max. Volts
Total Effective Plate-Supply Impedance per Plate}. 10 min. Ohms
D-COutput Current............ e rreaeeaaan 5 max. Milliamperes
TypicaL OperaTiON wiTH CHOKE-INPUT FILTER:
A-C Plate Voltage per Plate (RMS).............. 500 max. Volts
Input-Choke Inguct.ance ........................ 5 min. Henries
DCOutput Current.......covviinuunneneennns 125 max. Milllamperes

$ When a filter-input condenser larger than 40 uf is used, it may be necessary to use more

plate--u'Yply impedance than the minimum value shown to limit the peak
rated value.

INSTALLATION and APPLICATION

plate current te the

The base of the 5Y3-G fits the standard octal socket which should be mounted
to hold the tube perferably in a vertical position. Horizontal operation is permis-
sible if pins 2 and 7 are in a horizonta! plane. Physical characteristics of the 5Y3-G
are shown in Fig. 2-21, OUTLINES SECTION. Filament operation and ventila-
tion of the 5Y3-G are the same as for Type 5T4. Filters are discussed in the

RADIO TUBE APPLICATIONS section.

OPERATION CHARACTER!%TlCS

CHOKE INPUT TO FiLTE

——
TYPE 5Y3-G
l-E¢£=5.0 VOLTS

CHOKE=S HENRIES (MIN.)

A.C.

& PuT ¢
4 500 | ‘
=
b L‘soe Vo
o LT
4 ‘00_7\\5%15 PER A a7
£ \?"\ B
> .
$ <o L
z [
% 300_§Z e
]
E ;3_or° !
]
2 ol | T
5 2°°’—i?v°\ —
e S
ke
3,
;
&
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40 80 120
0-C LOAD MILLIAMPERES

92C-8095
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OPERATION CHARACTEZRISTICS

CONDENSER INPUT

1O FILTER

T T
TYPE 5Y3-G
|-E¢=5.0 voLTS A.c.

»
3

T L

INPUT CONDENSER=4uf
| TOT.EFFECT. PLATE-SUPPLY
) IMPEDANCE PER PLAYE®

30 OHMS
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RCA RECEIVING TUBE MANUAL

PD)

FULL-WAVE HIGH-VACUUM

RECTIFIER P20y O

The 5Y4-G is a full-wave, rectifying
5Y 4 G tube of the filament type for use in
= a-c receivers of moderate current re-  nc(2) (T Ok
quirements. Its maximum ratings oY ®
and typical operating conditions are NEREY 7
the same as those for Type 5Y3-G. The 6-5Q
base of the 5Y4-G fits the standard octal . .
socket which should be mounted to hold the tube preferably in a vertical position.
Horizontal operation is permissible if pins 2 and 7 are in a horizontal plane. Phys-
ical characteristics of the 5Y4-G are shown in Fig. 2-21, OUTLINES SECTION.
Filament operation and ventilation are the same as for Type 5T4.

FULL-WAVE HIGH-VACUUM  &r—&"
573 RECTIFIER
The 5Z3 i full- ectifi
the ﬁfamentl:yge &tezzzg {or gug:)lgf 000

ing rectified power to radio equipment

having very large direct-current re- 4c

quirements. Its maximum ratings
and typical operating conditions are the same as those for the Type 5U4-G. The
base of the 5Z3 fits the standard four-contact socket which should be mounted to
hold the tube preferably in a vertical position with the base down. Horizontal
operation is permissible if pins 1 and 4 are in a horizontal plane. Physical character-
istics of the 5Z3 are shown in Fig. 2-27, OUTLINES SECTION. Filament opera-
tion and ventilation are discussed under Type 5T4.

FULL-WAVE HIGH-VACUUM

RECTIFIER
5Z 4 The 5Z4 is a full-wave, high-vacuum
rectifying tube of the metal type
METAL with an indirectly heated cathode.

This tube is intended for supplying
rectified power to radio equipment
having moderate direct-current require-

ments.
% CHARACTERISTICS
HEATER VOLTAGE (A.C.) ... . ... 5.0 Volts
HEATER CURRENT . ....c.iitiitiieiinennnaenns 2.0 Amperes
As Full-Wave Rectifier
PEAK INVERSE VOLTAGE . . .. ....coiitineeeninneans 1400 max. Volts
PEAR PLATE CURRENT PER PLATE ................. 375 max. Milliamperes
TyricAL OPERATION WiTH CONDENSER-INPUT FILTER:
A-C Plate Voltalge per Plate (RMS).............. 350 max. Volts
Total Effective Plate-Supply Impedance per Plate}. 30 min. Ohms
DCOutput Current. .. ......ccviniiiinirrnanns 125 max. Milliamperes
TypricaL OPERATION WITH CHOKE-INPUT FILTER:
A-C Plate Voltage per Plate (RMS).............. 500 max. Volts
Input-Choke Inductance................vvenns. 5 min. Henries
DCOutput Current. . .........cciiiiivrnnaaenns 125 max. Milliamperes

1 When a filter-input condenser larger than 40 uf is used, it may be necessary to use more
pla::g—uglaply impedance than the minimum value shown to limit the peak plate current to the
rated value.
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RCA RECEIVING TUBE MANUAL

INSTALLATION and APPLICATION

The base of the 5Z4 fits the standard octal socket which may be installed to
hold the tube in any gosxtlon Physical characteristics of the 5Z4 are shown in
Fig. 1-7. OUTLINES SECTION. Heater operation and ventilation are discussed
under Type 5V4-G. For discussion of rectifiers and filter circuits, refer to RADIO
TUBE APPLICATIONS section.

OPERATION CHARACTERISTICS OPERATION CHARACTCRISTICS
CHOKE INPUT TO FILTER CONDENSER INPUT TO FILTER
T T T T T T T T T T ~T
TYPE 524 TYPESZ4  £4325.0 VOLTS A.C.
|-E¢=5.0 voLTs A.C. FFILTER INPUT CONDENSER=C -
« I T e TOTAL EFFECTIVE FLATE-SUPRLY
INPUT CHOKE =5 HENRIES (MIN.) _] | IMPEDANCE PER PLATE =
& 500 T CHOKE =5 HEl l sl( ) & 600l BSOVOLTS il \ FLate =
o 3 Ry
Y . 500 VoLt l T MS PER L
S RM 1 | ATE
o T—— PER PLAT 3 S
o Y a2 PER PLATE 2 oo 2 S )
5 4% 1 L [ [ SN, C=aur
5 <00 r 4 25, o |
Zz e — z I~ 87
- 3."»0 B = \§ \-.4
< 30¢ %z 300 ]
v 300 I~ » , — ~8
4 N
o - o P P
- g
r 200 \ 200
2 =)
a @
3 5
4 °
Y 100 o 100
a &
° P 80 120 160 ° 40 80 120 160
D~C LOAD MILLIAMPERES D~C LOAD MILLIAMPERES
92¢-4434R2 92C-4435R)

POWER AMPLIFIER PENTODE

The 6A4 is a power-amplifier pen-
tode of the 6.3-volt filament type for 6A4
use in receivers employing a six-volt

storage-battery filament supply. The
6A4 1s interchangeable with Type LA.

CHARACTERISTICS
FraMeNT VoLTAGE (AC.or D.C.) . ... ..vo.t. 6.3 Volts
FILAMENT CURRENT . ..ot tiiie et riienininnnans 0.3 Ampere
PLATE VOLTAGE ............. 100 135 165 180 max. Volts
ScreeN Vorrace (Grid No. 2). 100 135 165 180 max. Volts
Grip VoLrace®* (Grid No. 1).. -6.5 -9 -11 -12 Voits
PLATE CURRENT. ............ 9 14 20 22 Milliamperes
ScREEN CURRENT. .. ......... 16 25 35 39 Milliamperes
PLATE REsistance (Approx.).. 83250 52600 48000 45500 Ohms
TRANSCONDUCTANCE . ........ 1200 1900 2100 2200 Micromhos
LoAD RESISTANCE ........... 11000 9500 8000 8000 Ohms
CATHODE-B1AS RESISTOR . . ... 615 545 470 465 Ohms
Power Outpurf............ , 031 0.7 1.2 14 Watts

#* Grid volts measured from n gatlve end of d-c operated filament. If the filament is a-c

operated, the tabulated values of grid bias should each be increased by 4.0 volts and be referred to

the mid-point of filament. The d-c resistance in the grid circuit should not exceed 0.5 megohm
9 per cent total harmonic distortion.

INSTALLATION and APPLICATION

The base of the 6A4 fits the standard five-contact socket which should be
mounted to hold the tube c{)referably in a vertical position. Horizontal operation
is permissible if pins 1 and 5 are in a vertical plane. Physical characteristics of
the 6A4 are shown in Fig. 2-25. OUTLINES SECTION The coated filament of
the 6A4 is primarily intended for operation irom a six-volt storage battery. Socket

No. 1 should be connected to the positive battery terminal.
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CLASS B TWIN AMPLIFIER

The 6A6 is a heater-cathode type of

tube combining in one bulb two high-

6 Aé mu triodes designed for class B opera-

tion. The triode units have separate

terminals for all electrodes except

heater and cathode, so that circuit de-

gign is similar to that of class B am-

. plifiers using two tubes. The 6A6 (with

the two units in parallel) may also be used as a class A, amplifier to drive a 6A6

as class B amplifier. Electrical characteristics of the 6A6 are the same as those of

Type 6N7. The base of the 6A6 fits the medium seven-contact (0.855-inch, pin-

circle diameter) socket which may be mounted to hold the tube in any position.

Physical characteristics of the 6A6 are shown in Fig 2-25, OUTLINES SECTION.

For heater operation and application, refer to Type 6N7 and to RESISTANCE-
COUPLED AMPLIFIER CHART.

PENTAGRID CONVERTER

The 6A7 is a multi-electrode type
of vacuum tube designed to perform
simultaneously the functions of a mixer

6A7 tube and of an oscillator tube in super-
heterodyne circuits. For discussion

of pentagrid types. see Frequency Con-

version under RADIO TUBE APPLI-

CATIONS. Except for capacitances,

which are given below, the electrical

characteristics of the 6A7 are identical with those of the 6A8.

DirecT INTERELECTRODE CAPACITANCES:

Grid No. ¢ to Plate (With shield-can) ............ 0.3 wuf
Grid No. 4 to Grid No. 2 (With shield-can) ....... 015 pufl
Grid No. 4 to Grid No. 1 (With shield-can) ....... 0.15 puf
GridNo. 1toGridNo. 2 ....................... 10 uuf
Grid No. 4 to All Other Electrodes (R-F Input) ..... 8.5 puf
Grid No. 2 to All Other Electrodes (Osc. Output). . 5.5 nuf
Grid No. 1 to All Other Electrodes (Osc. Input) ... 7.0 uuf
Plate to All Other Electrodes (Mixer Output) ..... 9.0 wuf

INSTALLATION and APPLICATION

The base of the 6A7 fits the seven-contact (0.75-inch pin-circle diameter)
socket which may be installed to hold the tube in any position. Physical charac-
teristics of the 6A7 are shown in Fig. 2-16, OUTLINES SECTION. For heater
and cathode operation, refer to Type 6A8. Complete shielding of the 6A7 is
generally necessary to prevent intercoupling between its circuit and the circuits
of other stages. Application of this type is similar to that of Type 6A8. A typical
circuit is shown under Type 6A8.

PENTAGRID CONVERTER

6 A8 The 6A8 and 6A8-G are multi-elec-
trode vacuum tubes. Each type is de-

METAL signed to perform simultaneously the
functions of a mixer (first detector)
6 A8 G tube and of an oscillator tube in super-
= heterodyne circuits. Through the use of

either type, the independent control of

each function is made possible within a

. single tube. For general discussion of
;;.einot;fsnd types, refer to Frequency Conversion under RADIO TUBE APPLICA-
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% CHARACTERISTICS

Heatee VortaGE (AC.orD.C) ..ovvvvvivivnnn.,
HERATER CURRENT . ...vvtvrnnnnnnrennnnnrnnennns

Type 6A8 Type 6A8-G

Volts

6.3
03 Ampere

Direct INTERELECTRODE CAPACITANCES:®

Grid No.4twPlate .................... 0.03 0.26 unl
Grid No.4toGrid No. 2 ............... 0.1 0.19 upf
Grid No. 4toGridNo. 1 ............... 0.09 0.16 uuf
Grid No. 1toGrid No. 2 ............... 0.8 11 suf
Grid No. 4 to All Other Electrodes

(RFInput)......coooviinniiiiiines 12.5 9.5 unf
Grd No. 2 to All Other Electrodes Except

Grid No. 1 (Osc. Qutput)............. 50 4.6 uuf
Grid No. 1 to All Other Electrodes Except

Grid No. 2 (Osc. Input) .............. 6.5 6 uuf
Plate to All Other Electrodes (Mixer

OUIPUL) .. .eiiiiiiiiviieeeaanannns 12.5 12 uuf

¢ With shell of 6A8 connected to cathode, and with close-fitting shield on 6A8-G connected
to cathode.

As Frequency Converter

PLaTE VOLTAGE ......... e ieiat e 300 max. Volts
ScreeN VoLTaGe (Grids No. 3and No. 5).......... 100 max. Voits
SCREEN SUPPLY VOLTAGE . . ... ...ovnnnninnnnnns 300 max. Volts
ANODE-GRrID VOLTAGE (Grid No. 2) .. .............. 200 max. Volts
ANODE-GRID SUPPLY VOLTAGE . . .....ovinnnnnnn, 300 max. Volts
CoNTROL-GRID VOLTAGE (Grid No. 4) . ............. 0 min. Volts
PLATE DISSIPATION ... ..ttt iieiniiininnns 1.0 max. Watt
SCREEN DISSIPATION ...ttt 0.3 max. Watt
ANODE-GRID DISSIPATION . . ... . iiiie i 0.75 max. Watt
ToOTAL CATHODE CURRENT . .+ v\ vviineeirnnnnnnnnnn 14 max. Milliamperes
TyricaL OPERATION:
Plate Voltage . ................cu.. 100 250 Volts
Screen Voltage . ............. ... 50 100 Volts
Anode-Grid Voltage. ................... 100 250** Volts
Control-Grid Voltage .................. -15 -3 Volts
Oscillator-Grid Resistor (Grid No. 1)..... 50000 50000 Ohms
PlateCurrent .............ccovivennnnn 1.1 3.5 Milliamperes
Screen Current ...........0oiiiiinnnnn. 1.3 2.7 Milliamperes
Anode-Grid Current.................... 2 4 Milliamperes
Oscillator-Grid Current . ... ............. 0.25 0.4 Miliiampere
Total Cathode Current .. ............... 4.6 106 Milliamperes
Plate Resistance (Approx.).............. 0.6 0.36 Megohm
Conversion Transconductance. .......... 360 550 Micromhos
Conversion Transconductance (Approx.). . 3t 61t Micromhog

t With control-grid bias of -20 volts HWith conirol-grid bias of -35 volta.

** Anode-grid supply voltage applied through a properly by-paseed 20000-ohm voltage-
dropping resistor.

INSTALLATION and APPLICATION

The base of either the 6A8 or the 6A8-G fits the standard octal socket which
may be installed to hold the tube in any position. Physical characteristics of the
6A8 and the 6A8-G are shown in Figs. 1-5, and 2-15, respectively, in the OUT-
LINES SECTION,

The heater of the 6A8 or the 6A8-G is designed to operate on either a.c. or
d.c. When either type is operated on a.c. with a transformer, the winding which
supplies the heater circuit should operate the heater at its recommended value
for full-load operating conditions at average line voltage. For service in auto-
mobile receivers, these types should have their heater terminals connected directly
across a 6-volt battery. In receivers that employ a series-heater connection, the
heater of either the 6A8 or 6A8-G may be operated in series with the heaters of
other types having a 0.3-ampere rating. The current in the heater circuit should
be adjusted to 0.3 ampere for an average line voltage of 117 volts.
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The cathode of the 6A8 and of the 6A8-G when either type is operated from
a transformer, should preferably be connected directly to the electrical mid-point
of the heater circuit. When either type is operated in receivers employing a 6-volt
storage battery for the heater supply, the cathode circuit is tied in either directly
or through bias resistors to the negative side of the d-c plate supply which is fur-
nished either by the d-c power line or the a-c line through a rectifier. In circuits
where the cathode is not directly connected to the heater. the potential difference
between them should be kept as low as possible. 1f the use of a large resistor is
necessary between the heater and cathode in some circuit designs, it should be
by-passed by a suitable filter network or objectionable hum may develop.

As a frequency converter in superheterodyne circuits, the 6A8 or the 6A8-G
can supply the local oscillator frequency and at the same time mix it with radio-
input frequency to provide the desired intermediate frequency. For this service,
design information is given under CHARACTERISTICS.

For the oscillator circuit, the coils may be constructed according to conven-
tional design, since neither tube type is particularly critical. The supply voltage
applied to the anode-grid No. 2 should not exceed the maximum value of 300 voits.
In fact, from a performance standpoint, a lower value is to be preferred, because
it will be adequate to provide for optimum translation gain. Under no condition
of adjustment should the cathode current exceed a recommended maximum value
of 14 milliamperes.

The bias voltage applied to grid No. 4 can be varied from zero to cut-off to
control the translation gain of eithe: type. With lower screen voltages, the cut-off
point is less remote. The extended cut-off feature of the 6A8 and the 6A8-G in
combination with the similar characteristic of super-control tubes can be utilized
advantageously to adjust receiver sensitivity.

Typical coil data and circuit are shown below When the 6A8 is used in this
circuit, its shell should be connected to ground. Complete shielding of the 6A8-G
is generally necessary to prevent intercoupling between its circuits and the circuits
of other stages.

Since the capacitance between grid No. 4 and plate is in a parallel path with
the capacitance and the inductance of the plate load, it is important to use a load
capacitance of sufficient size to limit the magnitude of the r-f voltage bullt up
across the load. If this is not done, r-f voltage feed-back will occur between plate
and grid No. 4 to produce degenerative effects. For this reason, the size of the
load condenser in the plate circuit should not be less than 50 uuf.

OPERATION CHARACTERISTI OPERATION CHARACTERISTICS
WITH $0000-OHM 08 ILLATOR-GR?D EE’AK WITH_50000-OHM OSCILLATOR-GRID LEAK
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TYPICAL PENTAGRID CONVERTER CIRCUIT

C = GANGED TUNING GONDENSER
(40 70 350 puf)
€1€2.C6:Cp:C7 = 0.1 BF
C3=0.00025 P f
C4= SEE TABLE BELOW
= 250000 OHMS, 0.) WATT
RZ= 10000 -50000 OHMS , 0.] WATT
R3= OSCILLATOR-ANODE (GRID N22)
VOLTAGE -DROPPING RESISTOR
R4= 150-300 OHMS, 0.1 WATT
Rs = SCREEN{GRIDS N2 38 S)FILTER RESISTOR
L = 60-MILLIHENRY R-F CHOKE
T = 465-KC I-F TRANSFORMER

© i 0
GRID N2 4 GRID N22 GRIDS N2 345 PLATE

BIAS SUPPLY  SUPPLY SUPPLY  SUPPLY
COIL-DESIGN DETAILS
FREQUENCY BAND
MEGACYCLES 0.15 TO 0.40 0.85 TO L5 L5 T0 40 | 407010 | 10 TO 25
ASSEMBLY Ne 1 |

2 2 3 3
TURNS[WIRE ¥ [TURNSIWIRE # [TURNS! WIRE ¥ [TURNS] WiIRE #{TURNS| WiRE % |TURNS] WIRE #
R-F CON_({L1) | 422 [36SSE| 116 130SSE] 146 [32ENAM | 36.2 |30ENAM| 10.) |SOENAM| 4.4 [20ENAMI
0sC. GRID Cot. (L2} || 198 [36SSE| 80 [30SSE| 92 [32ENAM| 30.9 |30ENAM| 9.7 [30ENAM| 4.3 [20ENAM
OSC. PLATE COIL (L3)[ 60 [36SSE| 30 | 30SSE| 20 [32ENAM| 12 [S0ENAM] 12 3GENAM] 6 |36CNAM
OSC. TRACKING COND.(Cq)| N7 WS 400 BRF 1070 piid £ 2900 MUF | 7300 UUF
N2 | NE2 NE 3

MULTI-LAYER coau.s SINGLE ~LAYER COILS SINGLE -LAYER COILS

P,

a2

= [ MR
CATHODE

GRIDNZV \gy T GRID N22 GR'DN°' CATHODE 8+

GRID Ne2

PENTAGRID CONVERTER

The 6A8-GT is a multi-electrode
tube designed to perform simultane-
ously the functions of mixer tube and 6 A8 GT
of oscillator tube in superheterodyne =
circuits. For general discussion of
pentagrid converters, see Frequency
Conversion under RADIO TUBE
G-8A APPLICATIONS. Physical charac-

teristics of the 6A8-GT are shown in Fig. 2-6, OUTLINES SECTION. Maximum
Ratings and Typical Operation for the 6A8-GT are the same as for the 6A8.

& ELECTRON-RAY TUBE

¢ 6AE5/61N5 is the negre %elslignatiscéré

or the electron-ray tu .

rQ @ type 6N5 for further data. Physical 6AB5I 6N5
A characteristics of the 6AB5/6N5 ar

shown in Fig. 2-18, OUTLINES
H SECTION.
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TELEVISION AMPLIFIER

PENTODE

The 6AB7 i ode of the singl
6AB7 1853, Ths SABT is 2 pentode of the single-
METAL receivers. Because of its extended cut-

off characteristic, it is recommended

for use in the r-f and i-f stages of the

pic ure amplifier of such receivers, par-

ticu larly those employing automatic ¥ .

ain control. The 6AB7 c an also be used as a mixer and makes a good oscillator in

ow-voltage applications. The shielded-construction features of the 6AB7 are similar
to those of the 6AC7/1852,

CHARACTERISTICS
HeaTER VOLTAGE (AC.or D.C) ..ovivenenneen . 6.3 Volts
HEATER CURRENT ............. 0.45 Ampere
GRID-PLATE CAPACITANCE® . .. .. 0.015 max. puf
INPUT CAPACITANCE®. .............. 8 puf
OUTPUT CAPACITANCE® . ... ... iiiiiiiinnnnnnnanas 5 wuf
® With shell connected to cathode.
As Class A; Amplifier
PLATE VOLTAGE ...... it iviiivnenrneennineneanas 300 max. Voits
SCREEN VOLTAGE .........0cviivviinnnennnnennnns 200 max. Volts
SCREEN SUPPLY VOLTAGE . .. ..0vvrnrnnnnnennnnns 300 max. Volts
PLaTE AND ScrEEN DissipaTiON (Total)............ 4.4 max. Watts
SCREEN DISSIPATION ............ciiviiiiiennnns 0.65 max. Watt

TvypicAL OPERATION:
Condition It Condition Il 11

Plate Voltage ................... 300 300 Volts
Suppressor Voltage............... 0 0 Volts
Screen Supply Voltage............ 200 300* Volts
Screen Series Resistor ............ - 30000 Ohms
GridVoltage. . . ................. -3 -3 Volts
Plate Resistance (Approx.)........ 0.7 0.7 Megohm
Transconductance ............... 5000 5000 Micromhos
Grid Bias for Transcon-
ductance =50 micromhos . ...... -15 225 Voits
Plate Current ......... veeaeans 125 125 Milliamperes
Screen Current .......co00vvnen.. 3.2 32 Milliamperes
2 With fixed screen supply. 3% With series screen resistor. R
Screen supply voltages in excess of 200 volts require the use of a series dropping resistor to

limit the voltage at the screen to 200 volts when the plate current is at its normal value of 12.5
millinmperes.

INSTALLATION and APPLICATION

The base of the 6AB7 fits the standard octal socket which should be mounted
to hold the tube preferably in a vertical position. Horizontal operation is permis-
gible if the socket is positioned so that ping No. 2 and 7 are in a vertical plane.
Physical characteristics of the 6AB7 are shown in Fig. 1-3, OUTLINES SECTION.
For heater operation and cathode connection, refer to Type 6AG7.

Control-grid bias may be obtained by means of a cathode-bias resistor ad-
justed to give a plate current of 12.5 milliamperes, or from a fixed source, depending
on the application.

In tubes such as the 6AB7 with a very high value of transconductance,
appreciable changes in input capacitance and input conductance occur with changes
in plate current. In order to minimize these changes when the 6AB7 is used as
an r-f or i-f amplifier. a portion of the cathode-bias resistor may be left unby-passed.
Reducing the changes of input capacitance and input conductance in this manner,
however, is accomplished with some sacrifice in effective transconductance and
some increase in effective grid-plate capacitance. To prevent excessive effective
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grid-plate capacitance, precautions should be observed to keep external plate-
cathode capacitances at a minimum. It should be observed that with this method
of minimijzation, the cathode is not at a-c ground potential. Because of this fact,
the most favorable connection of the tube electrodes will be obtained with sup-
pressor and screen at a-c ground potential as shown in the circuit diagram below.

. In some installations having automatic bias control which provides a fixed
minimum bias adequate to limit plate current to 12.5 milliamperes, and also using
a 30000-ohm series screen resistor, the cathode may be connected through an unby-
passed resistor to ground. This resistor may conveniently form part of the fixed
minimum bias. Such an arrangement serves to minimize changes of input capac-
itance and input conductance,

The d-c resistance in the gid circuit should not exceed 0.25 megohm with
fixed bias. When full cathode bias and a series screen resistor are used, the d-c
resistance may be as high as 0.5 megohm.

The screen voltage may be obtained from a potentiometer, a bleeder across
the B-supply source, or through a series resistor. Use of the series screen resistor
(Condition 1I) provides a somewhat more extended cut-off characteristic than is
obtained with fixed screen voltage (Condition I).

The suppressor should be connected directly to ground in r-f and i-f circuits
to minimize feedback.

. As an amplifier, the 6AB7 is especially useful in the r-f and i-f stages of the
picture amplifier of television circuits employing automatic gain control.

. .In circuits where changes of input capacitance and input conductance are not
minimized by a partially unby-passed cathode-bias resistor, it will be advisable to
operate the 6AB7 with circuits heavily loaded with resistance and capacitance.
Although such circuits minimize the effect of the relatively small variations in
tube capacitance and conductance, they also cause some sacrifice in gain .

[l 3~

Ry
AUTOMATIC GAIN

CONTROL VOLTAGE +300V.
G
(® HIGH-MU
"Q POWER AMPLIFIER TRIODE
) OM The 6AC5-G is a high-mu triode de- 6AC5 - G

HINAL signed for use in either single-ended or

n:v push-pull audio-frequency power am-

NC K plifiers, It is especially useful in

6-6Q direct-coupled circuits in which the
driver tube develops positive grid bias for a single 6AC5-G, In push-pull class B
service, conventional zero-bias operation is employed.

CHARACTERISTICS

Heater VoLTagE (AC.or D.C) .ovvvvvv v, 6.3 Volts
HEATER CUBRENT . .....vviinnrininnnnnnnciannnans 04 Ampere
AVERAGE CHARACTERISTICS:

Plate Voltage........covvrrervnnrrennnecninnnae 250 Volts

Grid Voltage. ............coovveniiiiiennnennn. +13 Volts

Plate Resistance...........c.covviiiinenrinnnns 36700 Ohms

Amplification Factor...............covivennn... 125

Transconductance ......ccovvvevnenneernnnnannn 3400 Micromhos

Plate Current................ Ceneetreteaenaaas 32 Milliamperes

Grid Current................ eeeen Ceereeanians 5 Milliamperes
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As Class B Power Amplifier

PLATE VOLTAGE .......cvivnvivrererenennnnnnnanss 250 max, Volts
PEAK PLATE CURRENT (Pertube).................. 110 max. Milliamperes
AVERAGE PLATE DISSIPATION .. .....civvvvnnnnnnn. 10 max. Watts

TyricAL OPERATION:

Plate Voltage ..........cciiiiiiveinrennnnnnnn. 250 Volts
Grid Voltage. . . ...ooviviiiiniiniininnnnnneeens 0 Volts
Peak A-F Grid-to-Grid Voltage. ................. 70 Voits
Zero-Signal D-C PlateCurrent .................. 5 Milliamperes
Effective Load Resistance (Plate-to-plate) ........ 10000 Ohms
Power OQutput (Approx.)* ......civvenvrnenenns 8 Watts

* With peak input of 950 milliwatts applied between grids.

INSTALLATION and APPLICATION

The base of the 6ACS5-G fits the standard octal socket which may be installed
to hold the tube in any position. Physical characteristics of the 6AC5-G are shown
in Fig. 2-17, OUTLINES SECTION. For heater operation, refer to Type 6K6-G,
Cathode connection is the same as that for Type 6A8.

In push-pull class B service, the 6AC5-G should be operated as shown under
CHARACTERISTICS.

In direct-coupled power amplifier service, a single 6AC5-G is preceded by a
Type 76 in the dynamic-coupled circuit shown below. Bias voltage for both tu
is developed by the elements of the circuit which are common to both tubes, The
total d-c resistance in the grid circuit
of the driver should not exceed one
megohm. The main purpose of the
25000-ohm resistor is to prevent a
current surge occurring while the tube
is warming up. In this service, the
maximum plate voltage is 250 volts.
the maximum average plate dissipa-
tion is 10 watts. the average plate
current is 32 milliamperes, and the
average plate current of driver is 5.5
milliamperes. With an input signal
to the driver of 16.5 volts (rms) and . L
a load resistance of 7000 ohms, the power output is 3.7 watts with 109, distortion.
When the driver tube is operated up to the grid-current point, a power output of
4.3 watts with approximately 16%, distortion may be obtained

>—0

OUTPUT

L—o
e

PLATE
SuUPPLY

>

TELEVISION AMPLIFIER

PENTODE
6AC7I 1 852 The 6AC7 is a pentode of the single-
METAL ended metal type for use in television

receivers. It i1s recommended for use

in the r-f and i-f stages of the picture

amplifier of such receivers as well asin

the first stages of the video amplifier.
The 6AC7 can also beused as a mixer and is a good oscillator in low-voltage
applications.

The 6AC7 has the same electrode assembly as the RCA-1851, but a special
shielded-lead construction has been employed in the 6AC7, to permit bringing out
the control-grid lead to a base pin rather than to a pin cap, without increase in the
grid-plate capacitance. From a circuit standpoint, the proximity of grid pin to
cathode pin simplifies wiring and decreases the size of the inductance loop connect-
ing the input circuit to the tube, These are features important at high frequencies
because they provide decreased feedback and improved circuit stability
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CHARACTERISTICS
HeaTBR VOLTAGE (AC. or DC) .. .ovvvnervnnenn. . 6.3 Volts
HEATER CURRENT . ......ivvviniinnnennnnnnnnnnns 0.45 Ampere
GRID-PLATE CAPACITANCE® ... ...0vviiinnnnecnnnnn 0.015 max. uuf
INPUT CAPACITANCE® . ... iniiveeiennnennennss 11 puf
OUTPUT CAPACITANCE® ... ivivveieenrnnnennann, 5 uuf

° With shell connected to cathode,

As Class A Amplifier

PLATE VOLTAGE .......ciiviiiinnienernnaninanises 300 max. Volts
SCREEN VOLTAGE .......c0vvvvunnnnererennnnnnnns 150 max. Volts
SCREEN SUPPLY VOLTAGE . . .. ..o.iernnnnennnrenan 300 max. Volts
PLaAte AND ScrREEN DissteatioN (Total)............ 3.4 max. Watts
SCREEN DISSIPATION . ... vvinerrenrnnneeennnnennns 0.38 max. Watt
Tyricar OPERATION:
Condition I*  Condition I1**
Plate Voltage .. ................. 300 300 Volts
Suppressor Voltage............... 0 0 Voits
Screen Supply Voitage............ 150 300t Volts
Screen Series Resistor ............ - 60000 Ohms
Cathode-Bias Resistor............ 160 min. 160 min. Ohms
Plate Resistance (Approx.)........ 0.75 0.75 Megohm
Transconductance ............... 9000 9000 Micromhos
PlateCurrent ...........c..cunes 10 10 Milliamperes
Screen Current .................. 25 2.5 Milliamperes
* With fixed screen supply. *% With seriés screen resistor.

3 Screen supply voltages in excess of 150 volts require use of a series droppinq registor_to
lig,l:lx; the voltage at the screen to 150 volts when the plate current is at its normal value of 10
milliamperes.

INSTALLATION and APPLICATION

The base of the 6AC7 fits the standard octal socket which should be installed
to hold the tube preferably in a vertical position. Horizontal operation is permis-
sible if the socket is positioned so that pins No. 2 and 7 are in a vertical plane.
Physical characteristics of the 6AC7 are shown in Fig. 1-3, OUTLINES SECTION.
For heater operation and cathode connection, refer to Type 6AG7.

Voltage supply considerations are similar to those for Type 6AB7. In video
stages the cathode-bias resistor should not be by-passed if it is desired to have
degeneration and freedom from distortion. When, however, no degeneration and
maximum amplitude are desired, the cathode-bias resistor should be by-passed
with a large condenser (350 nf).

AVERAGE PLATE CHARACTERISTICS

“*I'rvee 6aCT/ 1852
Ef 6.3 VOLTS €c)=0
§__ SCREEN VOLTS =180 b
: -~
3 /
3 -0.5
d
3
~as L~
~N 40
g é\/ 1 i
= .
z2
-3 e
@ "% CONTROL-GRID VOLTS EC;=-1.5#
x 15
) <y V‘ \\
[ \
3 Yicyz LN -2
Zo ) i
w N
3
v S . Tl -2.5)
IR on — 20
P iy S Spuy (Y S S S SR -3.8
t—-4.0
1 —e E
o %G o 240 320 200 280 sé0
PLATE VOLTS 92¢-4021
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As an amplifier, the 6AC?7 is especially suited for use in the r-f and i-{ stages of
the picture amplifier of television receivers and may also be used in the first video
stages when several such stages are used. The use of the 6AC7 as a high-gain
audio amplifier is not recommended unless the heater is operated from a battery
source. Additional information on application of the 6AC7 is the same as shown
for Type 6AB7.

AMPLIFIER TRIODE

G
The 6AES5-GT is a low-mu amplifier ®
triode of the heater-cathode type in- e
tended for use in a-c/d-c receivers. The
AGAES-GT  baseof the 6AE5-GT fits the standard
octal socket which may be mountedto  » \ AL ON
hold the tube in any position. Physical OO
characteristics of the 6AE5-GT are NG HEY
shown in Fig. 2-8, OUTLINES SEC- 6-6Q
TION. For heater operation and cath- )
ode connection, refer to Type 6A8. The 6AE5-GT may be used as a driver for the
Type 25AC5-GT.

CHARACTERISTICS
Heater VorTaGE (A.C.orD.C) ... ...t 6.3 Volts
HEATER CURRENT . .....o0iiiiiiieeieeinnnnnnns 0.3 Ampere
PLATEVOLTAGE .........00i it 95 Volts
GRID VOLTAGE® .. ... itttiiiiiiiiiiineeeeennn -15 Volts
PLATECURRENT. . ...........ccciinnnn., e, 7 Milliamperes
AMPLIFICATION FACTOR. . .......ciiiiiee e 4.2
PLATE RESISTANCE. . ...vvvvrieiiniiineeeennns 3500 Ohms
TRANSCONDUCTANCE .. .evvvvennnnnnennnnneeronnns 1200 Micromhos

* The d-c resistance in the grid circuit should not exceed 1.0 megohm.

RCys ™™
ELECTRON-RAY TUBE OXO,
Twin Indicator Type RCuz
6AF6-G e sarec 4 highvacaum, INAYAL,
heater-cathode type of tube designed OO
to respond visually, by means of two NCKEY K
shadows on a fluorescent target, to 1AG

changes in the voltages applied to the X .
control electrodes. The tube, therefore, is a voltage indicator and as such is partic-
ularly useful as a convenient and non-mechanical means to indicate accurate tunin
of a receiver to the desired station. Features of the 6AF6-G are its small size an
its flexibility of application.

CHARACTERISTICS

HEeaTER VoLTAGE (AC.orD.C) ovvvviivvivnnn. 6.3 Volts
HEATER CURRENT ... .oiiitiiiienanrinaneennnnns 0.15 Ampere

As Tuning Indicator

TARGET VOLTAGE. . . ........ e as {13(5) o ggﬂ‘:
RaY-CoNTROL ELECTRODE SUPPLY VOLTAGE. ........ 135 max. Volts
TypricAL OPERATION:
Target Voltage ........ccvvvvvieennenns 100 135 Volts
Target Current®. .. ........c0ovvvvnnnn.. 0.9 1.5 Milliamperes
Ray-Control Electrode Voltage (Approx.)t 60 81 Volts
Ray-Control Electrode Voltage (Approx.)} 0 0 Voits

© With 0 voits on ray-control electrode.
1 For shadow angle of 0* produced by either ray-control electrode.
For shadow angle of 1 produced by either ray-control electrode.
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INSTALLATION and APPLICATION

The base of the 6AF6-G fits the standard octal socket which may be mounted
to hold the tube in any position. The plane through the ray-control electrodes
passes through pins 3 and 7. Physical characteristics of the 6AF6-G are shown
n Fié. 2-1, OUTLINES SECTION. Heater operation Is the same as for Type
6D8-G. For cathode connection, refer to Type 6A8.

The ray-control electrodes may be tied together to give twin shadows or they
may be connected to separate control tubes to give two independently controlled
shadows. In either case, the voltage or volt-

ages required for control are supplied to the AVERAGE CHARACTERISTICS
6AF6-G through one or more voltage amplifier | TYPEGAF6-G  Eg=6.3 VOLTS |
tubes. A typical circuit for the 6AF6-G is shown cuve | TARGET
below. For further information on the perform- —-l-L?;sﬁ-
ance of tuning indicators, refer to Type 6ES, -1 100
RAY-CONTROL {TARGET™]
1 ELECTRODES -
g HA = =
& ol LN z 4
] h
5 \ rr— n
P \ t—t i
TYPE 6K7 VAN 360 ‘ lrareer | 28
TRIODE AANAA- F W'\ CURRENT |3&
CONNECTED R < fsnanowzy N S
| P M -l z:
O )
\os ] AN D] H
AVC A z N -
VOLTAGE ® 20p—beq” N '8
N\ \ 5
*_ B+ e N -
20 40 60 13
R~TYP{CAL VALUE 15 0.5 MEGOHM RAY~CONTROL ELECTRODE VOLTS
92C~ 4909

AMPLIFIER PENTODE

RCA-6AG7 is 2 heater-cathode type 6 A G7

of metal tube intended for use primar-
ily in the output stage of the video
amplifier of television receivers, It
may also be used advantageously in
television transmitters as a coupling
device between video-frequency stages and transmission lines.

The desi%n of the 6AG7 features not only an exceedingly high value of trans-
conductance but also high plate-current capability. As a result, a large voltage
for modulating a Kinescope can be built up across the relatively low load resistance
required for coupling the 6AG7 to the Kinescope.

* CHARACTERISTICS
Heater VoLTaGE (AC.or D.C) ...ttt 6.3 Volts
HEATER CURRENT .. 0vvvriinimnnneeenreninnnnnnn, 0.65 Ampere
Direct INTERELECTRODE CAPACITANCES!
GridtoPlate..............coiiiii i 0.06 max. upuf
TAPUL o evee e e e e 12.5 et
Output. . ... 7.5 iy
Grid to Screen (Approx.) . ... ... ... ...l 5.8 puf
Grid to Cathode (Approx.)................ouut. 5.2 uuf
Heater to Cathode (Approx.).................... 10.7 puf
AVERAGE CHARACTERISTICS:
Plate Voltage ................... .. ... ool 300 Volts
Screen Voltage ..............coociiiiiiniaa., 300 Volts
GridVoltage. . ................coiiiiiiiiii, -10.5 Volits
Interlead Shield.......................... Connected to cathode at ground
Plate Resistance...................cccovennn. .. 0.1 Megohm
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Transconductance . ..........ccievieeeinnnnn . 7700 Micromhos
Plate Current ................. e Milliamperes
ScreenCurrent ...t . Milliamperes
PLATEVOLTAGE .......coiiiiviiiiiiinnaaennnen 300 . Volts
ScRERN VOLTAGE .. . . Volts
PLATE DissIpaTiON . . . Watts

SCREEN INPUT . ... vvvvvssoosiniiiiii . Watts

Plate-Supply Voltage............... 300 300 Volts

Screen Voltage ................... . 125° 125°° Volta
GridVoltage. . .................... 0* -2 Volts

Grid Resistor...................... 0.25-0.5 cee Megohm
Cathode Resistortf ................ cees 57 Ohms
Interlead Shield.................... Connected to ground

Grid Signal Swing (Peak to peak).... 4 4 Volts

Plate Current ....... e 52+ 28 Milliamperes
ScreenCurrent .................... 16* 7 Milliamperes
Load Resistance. .. ................ 3500 3500 Ohms
Voltage Output (Peak to peak)...... 140 140 Volts

$Intended for use where d-c restoration ia accomplished in the grid circuit of the 6AG7.

°Obtained from supply having good regulation.

*°Obtained preferably g’om plate supply through series resiator.

%Zero-signal value.

$1$By-passed by 250 uf, approx.

INSTALLATION

The base of the 6AG?7 fits the standard octal socket which should be installed
to hold the tube preferably in a vertical position with the base either up or down.
Horizontal operation is permissible if the socket is positioned so that pins No. 2
and No. 7 are in a vertical plane. Physical characteristics of the 6AG7 are shown
in Fig. 1-7, OUTLINES SECTION.

The heater of the 6AG7 is designed to operate on either a.c. or d.c. Under
any condition of operation, the heater voltage should not deviate more than plus
or minus 109, from the normal value of 6.3 voits.

The eathode when the 6AG?7 is operated from a transformer, should be con-
nected through a bias source either to one side or to the electrical mid-point of the
heater circuit. In the case of d-c operation from a 6-volt storage battery, the
cathode circuit should be tied through a bias source to the negative battery terminal.
The ]ﬁotential difference between heater and cathode should be kept as low as
possible,

Control-grid bias may be obtained from a fixed supply, from a cathode resistor,
or from a variable voltage supplied for automatic control purposes. In video use,
the latter method provides for control of the picture background. With the cathode-
resistor bias method, the resistor should not be by-passed if it is desired to have
degeneration and freedom from distortion. When, however, no degeneration and
maximum signal amplitude are desired, compensation can be provided by utilizing
filters with equal time constants in the cathode circuit and in the plate circuit.

The sereen voltage for the 6AG7 operated with fixed bias or cathode-resistor
bias, should %r-eferably be obtained through the use of a resistor in series with the
high-voltage B-supply, The use of a series screen resistor requires the use of a large
by-pass condenser in the screen circuit. The size of the by-pass condenser can
reduced if a suitable compensating filter is used in the plate circuit. When the
bias for the 6AG7 is obtained by the automatic background-control method, it is
recommended that the screen voltage be obtained from a source of good regulation.

The interlead shield is connected within the tube to pin No. 3. This pin
should be grounded at the socket to provide a shield between the grid and heater

(pin No. 2).
APPLICATION
As a video amplifier, the 6AG7 is especially designed for use in the final video
st.aée to_modulate the Kinescope in a television receiver. In such service, the
6AG7 will provide adequate modulating voltage without frequency discrimination
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over the wide bandwidth required for high-definition television reception, The
extremely high transconductance and the large plate current of this tube make
possible relatively high voltage gain with the low load resistance needed to give
uniform output over the wide frequency range. A typical circuit showing suitable
constants for a video amplifier is shown below.

TYPICAL VIDEO VOLTAGE AMPLIFIER
HAVING BANDWIDTH OF 4 MEGACYCLES

ca

BIAS SUPPLY

KINESCOPE
GRID
TYPE 6AG? )

T
| L‘\/\/\/\/Vl Le

VIDEO INPUT O ! Ry

AND A L RL

-lr-

o

o 0

; +i25W. +300V.

llﬂ‘-——

+

Ci = 95 yuf = Tgt;eﬂ Capacitance + Socket Capacitance + Wiring Capacitance

Capacitance
Ci = 19 uuf = Kinescope Capacitance + Socket Capacitance 4 Wiring Capacitance +
Coil Capacitance
L. = 250 uh Filter Inductor Ri = 20000-Ohm, Non-Reactive Resistor
Ls = 125 gh Filter Inductor Rs: = 3500-Ohm, 10-Watt, Non-Reactive Resistor
AVERAGE PLATE CHARACTERISTICS
WITH £C) AS VARIABLE
TYPE 6AGT
Ef=6.3VOLYS
SCREEN VOLTS =150
3 s
& Lot
3,
<
3 w -
i e e
8
5_ CONTROL ~GRID VOLTS Ec)=-2
AN ¢
[
§ e ) T =3
|3 I
5 \J -4
@° et
\E, k ———— Eci=p _s
; ° Iy ECy=-6
0 00 EJIW—J 300 300 l 500 600
PLATE vOLTS 92¢-6034
Ly T 51’.
DIRECT-COUPLED
P ER PLIFIER
o OWER AMPLIFIE 6B5
1 The 6B5 is a multi-electrode tube

s of the heater-cathode type consisting
OauOZ of two triodes in one bulb and used
6AS chiefly for replacement in receivers
designed for its characteristics. One
triode, the driver, is directly connected within the tube to the second, or output,
triode. Electrical characteristics of the 6B5 are identical with those of the 6N6-G.
The base of the 6B5 fits the standard six-contact socket which may be mounted
to hold the tube in any position. Ph{_sical characteristics of the 6B5 are shown
in Fig. 2.25, OUTLINES SECTION. For heater operation, see Type 6N7
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DUPLEX-DIODE HIGH-MU
TRIODE

The 6B6-G is a heater-cathode type

6B 6 G of tube consisting of two diodes and
- a high-mu triode in one bulb. It is

for use as a combined detector, ampli-

fier, and automatic-volume-control

tube. For diode-detector considera-
tions, refer to RADIO TUBE APPLI-

CATIONS section.
% CHARACTERISTICS
HEeATER VoLTAGE (AC.or D.C) .....ccoiinnaae 6.3 Voits
HEATER CURRENT . .. ..vviiiniiiinnnnreenenns 0.3 Ampere
Triode: GRID-PLATE CAPACITANCE® ................. 1.3 unf
GRID-CATHODE CAPACITANCE®. ............. 2.7 #uf
PLATE-CATHODE CAPACITANCE®. ............ 45 unf
* With close-fitting shield connected to cathode. Values are approximate.
Triode Unit — As Class A; Amplifier
PLATE VOLTAGE .............iiiiiiiiiiiiinnnnn 250 max. Volts
GRID VOLTAGE . ...vivtiieiinrnenneaneennns -2 Volts
PLATE CURRENT. . .......iiiieiiieiiieennns 0.9 Milliampere

PLATE RESISTANCE. ... ....ooviiiiiiiennennnnns 91000 Ohms
AMPLIFICATION FACTOR . . ...c oo 100
TRANSCONDUCTANCE . . .vvvvivnreernnnrennnnnnnns 1100 Micromhos

Diode Units

The two diode plates are placed around a cathode, the sleeve of which is com-
mon to the triode unit. Each diode plate has its own base pin. Diode biasing of
the triode unit of the 6B6-G is not suitable. Operation curves for the diode units
are given under Type 6B7.

INSTALLATION and APPLICATION

The base of the 6B6-G fits the standard octal socket which may be installed
to hold the tube in any position. Physical characteristics of the 6B6-G are shown
in Fig. 2-15, OUTLINES SECTION. Heater operation and cathode connection
ggb 'glhe same as for Type 6A8. Application of the 6B6-G is similar to that of Type

DUPLEX-DIODE PENTODE

The 6B7 is a heater-cathode type of

6B7 tube consisting of two diodes and a

pentode in a single envelope. It is

used as a combined detector, amplifier

(radio-, intermediate-, or audio-fre-

quency), and automatic-volume-control

tube in a-c receivers having a 6.3-volt

heater supply. Its electrical characteristics, except for capacitances, are identical

with those of the 6B8-G. Capacitances of the 6B7 are given below, For diode-

detector considerations, refer to RADIO TUBE APPLICATIONS section. Instal-

lation is discussed under Type 6A8 and application under ng’rﬁB& Physical
characteristics of the 6B7 are shown in Fig. 2-16, OUTLINES S TION.
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AVERAGE CHARACTERISTICS
HALF-WAVE RECTIFICATION-5INGLE DIODE UNIT

weees7| | | ]
| TTcorve LcAooﬁEagst ]
Pentode Capacitances — A 250000 [t
GRID-PLATE*. . ... ...... 0.007 max. uuf L] 2 aoese |
INPUT ...l 35 ;.mf
OUTPUT. ... ..., 9.5 upf 9 O’ 160 Q
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Q X ) 120
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46 <30 -2 -1 °
D~C VOLTS DEVELOPED BY DIODE
92C-5278R1

DUPLEX-DIODE PENTODE

The 6B8 is a heater-cathode type of
metal tube consisting of two diodes
and a pentode in the same envelope.
It is recommended for use as a com-
bined detector, amplifier (radio-, inter-
mediate-, or audlo-fretx ency), and
automatic-volume-control tube in a-c
receivers having a 6.3- volt heater sup-

METAL

ply. For diode-detector considerations, refer to RADIO TUBE APPLICATIONS

section.
% CHARACTERISTICS
HEeater Vortace (A.C.or D.C) ...oovviialel.. 6.3 Volts
HEATER CURRENT . . .ivvveetninnnneereeeennnannan 0.3 Ampere
Pentode: GRID-PLATE CAPACITANCE®* . .............. 0.005 max. upuf
INPUT CAPACITANCE® . . .. ................ 6 uuf
OuTPUT CAPACITANCE® ............c0vnnn. 9 uuf
* With shell connected to cathode.
Pentode Unit — As Class A, Amplifier
PLATE VOLTAGE .. ....oiiuuiiinananionnnroannnans 300 max. Volts
ScrREEN VOLTAGE (Grid No. 2) .................... 125 max. Volts
SCREEN SUPPLY VOLTAGE . . ... vvieernenrnnneneann 300 max. Voits
GRrID VOLTAGE (Grid No. 1)....................... 0 min. Volts
PLATE DISSIPATION «.0vviieniirnnianineiannenans 2,25 max. Watts
SCREEN DISSIPATION .....oovierrnneenercnennannan 0.3 max. Watt
TvypicAL OPERATION:
PlateVoltage .. ..........cciiviin i, 250 Volts
Screen Voltage ....................... 125 Volts
Grid Voltage“ .. -3 Volts
Plate Current ........... 10 Milliamperes
Screen Cwrrent ........... 2.3 Milliamperes
Plate Resistance (Approx.). 0.6 Megohm
Transconductance .. ..........cooeevnvnneeennnn 1325 Micromhos
Grid Bias Voltage (Approx.)t ................... -21 Volts

t For cathode cunrént cut-off.
%% The d-¢ resistance in the grid circuit should not exceed 1.0 megohm.
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Diode Units

Two diode plates are placed around a cathode, the sleeve of which is common
to the pentode unit. Each diode plate has its own base pin. Operation curves for
the diode units are given under Type 6B7.

INSTALLATION and APPLICATION

The base of the 6B8 fits the standard octal socket which may be installed to
hold the tube in any position. Physical characteristics of the 6B8 are shown in
Fig. 1-5, OUTLINES SECTION. Heater operation and cathode connection
are the same as for Type 6A8.

For detection, the diodes of this tube may be utilized in a full-wave circuit
or in a half-wave circuit. In the latter case, one plate only or the two plates in
paralle may be employed. The use of the half-wave arrangement will provide
approximately twice the rectified voltage as compared with the full-wave
arrangement.

For aatomatic volume control, a rectified voltage which is dependent on the
r-f or i-f carrier is usually employed. This voltage may be utilized to regulate the
gain of the r-f and/or i-f amplifier stages 80 as to maintain essentially constant-
carrier input to the audio detector. Refer to discussion of automatic-volume-
control methods in RADIO TUBE APPLICATIONS section.

For r-f ot i-f amplification, the pentode unit of the 688 may be employed in
conventional circuit arrangements. It is designed so that its cut-off is somewhat
extended to permit of moderate gain control by grid-bias variation without intro-
ducing cross-modulation effects. The cut-off point and the ability to handle the
larger signals may be altered by choice of screen voltage to suit the requirements of
the circuit. For many types of circuits a convenient and practical method of
obtaining the desired benefit of the extended cut-off is to supply the screen voltage
from a high-voltage tap through a series resistor. This arrangement provides
automatically an increase in the voltage applied to the screen as the grid-bias is
rrlx)ade more negative, with the result that the maximum signal-handling ability is
obtained

For a-f amplification, the pentode unit of the 6B8 may be used in a resistance-
coupled circuit arrangement to_provide hlgh gain under operating conditions given
in the Resistance-Coupled Amplifier Chart

Typical duplex-diode pentode circuits are shown in the CIRCUIT SECTION.
When the 6B8 is used in these circuits, its shell should be connected to ground.

AVERAGE PLATE CHARACTERISTICS

8
TYPE 6B8 -
£5 = 6.3VOLTS £cy =0
1a}—SCREEN voLTS=125)
-1
12 ~2
o -
v -GRID YOLTS Eci=-3
& el CONTROL
a
2 /‘ b
<
-é 8 /,/ =5
3
V -8
e W VAT =
S o
a L -8
L) -9
-10
o ¥ 7 a
2 2
ECi= -14
— | LTJ
o 860 240 326 00 a8

PLATE VOLTS 92C~ 4857
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5 o) DUPLEX-DIODE PENTODE

The 6B8-G is a heater-cathode type
of t&e cpnsi}s]ting of t};vol t;:liodles and a
pentode in the same bulb. It is rec-
ommended for use as a combined 6BS_G
detector, amplifier (radio-, intermed-
iate-, or audio-frequency), and auto-
matic-volume-control tube. For diode-
detector considerations, refer to RADIO
TUBE APPLICATIONS section.

% CHARACTERISTICS
Heater VoLtacE (AC.orDC) ...oivvvvniinn... 6.3 Volts
HEATER CURRENT ... ...0vvvuronnsesvinceecnnnens 0.3 Ampere
Pentode: GRID-PLATE CAPACITANCE}............... 0.01 max. uuf
INPUT CAPACITANCEL . . ..., 3.6 uuf
OuTPUT CAPACITANCEY . .ovvvvvianennnns 9.5 puf
$ With close-fitting shield connected to cathode.
Pentode Unit — As Class A, Amplifier

PLATE VOLTAGE ........ciivtrncnnnnninsecnronnns 300 max. Volts
ScrEEN VOLTAGE (Grid No. 2) .. ..o 125 max. Volts
SCREEN SUPPLY VOLTAGE . . . eoveerrerrvnnnonnnsenn 300 max. Volts
GrID VOLTAGE (Grid No. 1). ..ovvvevevin i iiins, 0 min. Volts
PLATE DISSIPATION ... ..0iveivinnnnnnnnreneennnns 2,25 max, Watts
ScREEN DISSIPATION .. ....vvvnnnnnnn i 0.3 mgx, Watt
TyricaL OPERATION:

Plate Voltage . ................ 100 250 250 Volts

Screen Voltage ................ 100 100 125 Volts

Grid Voltage** ................ -3 -3 -3 Volts

PlateCurrent ................. 5.8 6 9 Milliamperes

ScreenCurrent ................ 1.7 1.5 23 Milliamperes

Plate Resistance (Approx.)...... 0.3 0 0.6 Megohm

Transconductance ............. 950 1000 1125 Micromhos

Grid-Bias Volt. (Approx.)t...... -17 ~-17 -21 Volts

t+ For cathode current cut-off.
® The value of the resistance in the grid circuit should not d 1.0 megoh
Diode Units
Two diode plates are placed around a cathode, the sleeve of which i3 common
to the pentode unit. Each diode plate has its own base pin. Operation curves
for the diode units are given under Type 6B7,

INSTALLATION and APPLICATION

The base of the 6B8-G fits the standard octal socket which may be installed
to hold the tube in any position. Phyasical characteristics of the 6B8-G are shown
in Fig. 2-15, OUTLINES SECTION. For heater operation and cathode connec-
tion, refer to Type 6A8.

Complete shieiding of detector circuits emploXing the 6B8-G is generally
necessary to prevent r-f or i-f coupling between the diode circuits and the circuits
of other stages. Refer to APPLICATION on the Type 6B8 and to the RESIST-
ANCE-COUPLED AMPLIFIER CHART.

DETECTOR AMPLIFIER
G TRIODES 6C5

e\“/ﬂ The 6C5 and 6C5-G are three-elec-

METAL

. trode tubes of the heater-cathode type C
reana ::Sm recommended for use as detectors, 6 5" G
SHIELD 6Q amplifiers, or oscillators. They have
a high transconductance together with
a comparatively high amplification factor. Except for capacitances, the electrical
characteristics of the two types are identical.
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% CHARACTERISTICS

HeateEr VoLTAGE (A.C.orD.C) ..oovvvviinnnnn... 6.3 Voits
HEATER CURRENT ... ..oiintiiinnennnernnnonnnnns 0.3 Ampere
6C5* 6C5-G**
GRID-PLATE CAPACITANCE .........cc0vuunn 2.0 2.2 unf
GRID-CATHODE CAPACITANCE ............. 3.0 4.4 uuf
PLATE-CATHODE CAPACITANCE. ............ 11 12 upf
* With shell connected to cathode. ** With close-fitting shield connected to cathode.
As Class A, Amplifier
PLATE VOLTAGE .................. e, 300 max. Voits
GRID VOLTAGE . i vivvreriinnnnnnnsrnennnnanenas 0 min. Volts
PLATE DISSIPATION ... .ot iie i iie e 2.5 max. Watts
TypicaL OPERATION:
Plate Voltage . ..........ciiiiiiiiiiiiinennn 250 Volts
Grid Voltage ® ...ttt -8 Volits
PlateCurrent ..............cviiiieiiinrnnns 8 Milliamperes
Plate Resistance. . ............coviiiinvnnenennn 10000 Ohms
Amplification Factor ........................... 20
Transconductance . .......c.ccoviveeeeennerennnas 2000 Micromhos

° The d-c resistance in the grid circuit should not exceed 1 megohm.

INSTALLATION and APPLICATION

The base of either the 6C5 or the 6C5-G fits the standard octal socket which
may be installed to hold the tube in any position. For heater operation. and cathode
connection, refer to Type 6A8. Physical characteristics of the 6C5 and 6C5-G
are shown in Figs. 1-2 and 2-17, respectively, in the OUTLINES SECTION.

As amplifiers, the 6C5 and 6C5-G are applicable to radio-frequency or audio-
frequency circuits. Recommended oge ating conditions for service using trans-
former coupling are given under CHARACTERISTICS. Operating conditions for
the 6C5 and 6C5-G as resistance-coupled audio-frequency amplifiers are given
in the RESISTANCE-COUPLED AMPLIFIER CHART.

As detectors, the 6C5 and 6C5-G may be of the grid-leak and condenser or
grid-bias type. The plate voltage for the grid-leak-condenser method should be
45 to 100 volts. A grid leak from 0.1 to 1.0 megohm with a ézrid condenser of
0.00005 to 0.0005 uf is satisfactory. For the grid-bias method of detection, a plate-
supply voltage of 250 volts may be used together with a negative grid-bias voltage
of approximately 17 volts. The plate current should be adjusted to 0.2 milliampere
with no input signal voltage. The grid-bias voltage may be supplied from the
voltage drop in a resistor between cathode and ground.

AVERAGE PLATE CHARACTERISTICS

T
y TYPE 6CS5
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G2 G3
Q—@ TRIPLE-GRID DETECTOR
O
o " AMPLIFIER 6C6
The 6C6 is a triple-grid tube of the
a‘o heater-cathode type recommended for
n / service as a biased detector in radio

receivers designed for its character-

6F jstics. This tube is capable of deliver-
ing a large audio-frequency output voltage with relatively small input voltage.
Significant among its electrical features are its sharp plate current ‘“‘cut-off” with
respect to grid voltage. The 6C6 is constructed with an internal shield connected
to the cathode within the tube.

* CHARACTERISTICS

Heater VoLTAGE (AC.orD.C) .......cvena..... 6.3 Volts
HEATER CURRENT . ... 0iiiiinnerronnecaanonaanans 0.3 Ampere
PeNtope CONNECTION:
Grid-Plate Capacitance®. . ..........civvevennnnn 0.007 max. puf
Input Capacitance. . ......ovvvvvvrirnnnnnrranss 5 uuf
Qutput Capacitance, .......oeveeververrrosnnans 6.5 unf
TriopE CONNECTION '}
Grid-Plate Capacitance. .............ccovvvenunns 2 uuf
Grid-Cathode Capacitance. . .......covvveveeen.. 3 nuf
Plate-Cathode Capacitance ...........cccoevuun.. 10.5 upf

* With close-fitting shield connected to cathode.
4 With screen and suppressor connected to plate.

Other characteristics of this type are the same as for Type 6]7.

INSTALLATION and APPLICATION

The base of the 6C6 fits the standard six-contact socket which may be installed
to hold the tube in any ition. Physical characteristics of the 6C6 are shown in
Fig. 2-20 OUTLINES SECTION. For heater operation and cathode connection,
reter to Type 6A8. Application of this type is similar to that of Type 6]7.

TWIN-TRIODE AMPLIFIER

The 6C8-G is a multi-electrode type
of vacuum tube consisting of two high- 6C 8 G
mu voltage-amplifier triodes in one -
bulb, It will found useful as a
voltage amplifier or as a phase inverter.

Except for the common heater, each
triode is independent of the other.

% CHARACTERISTICS
HEeATER VoLTaGE (AC.or D.C) vovvvieivinnnnnnn. 6.3 Volts

HEATER CURRENT . ....0uvvivvvnrrenennnons eeenen 0.3 Ampere
Triode Unit 1  Triode Unit 2
GRID-PLATE CAPACITANCE® ........... 2.5 24 upf
GrID-CATHODE CAPACITANCE®. ... 3.4 2.5 uuf
PLATE-CATHODE CAPACITANCE®........ 35 3.9 unf
GriD-GrID CAPACITANCE® ............ 0.1 sl
PLATER-PLATR CAPACITANCE® .. ........ 15 uuf
¢ Approximate.
Each Triode Unit — As Class A, Amplifler
PLATE VOLTAGE ........... cereesraens vesreenes 250 max, Volts
GRID VOLTAGE . .......c00vunne Ceeererenaciannons 0 min. Volts
PLATE DISSIPATION ........... Ceceeteeteaacncanns 1.0 max, Watt
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TypicAL OPERATION:

Plate Voltage .. ..........cciiivviiiinninn., 250 Volts

Grid Voltage. . .. R 4.5 Volts

Plate Current . ........ .. 3.2 Milliamperes
Plate Resistance.................... cee... 22500 Ohms
Amplification Factor ........................ ... 36

Transconductance .. ............cccviiinerinnnn 1600 Micromhos

INSTALLATION and APPLICATION

The base of the 6C8-G fits the standard octal socket which may be installed
to hold the tube in any position. Physical characteristics of the 6C8-G are shown
in Fig, 2-15, OUTLINES SECTION. For heater operation and cathode con-
nection, refer to Type 6A8.

As a class A, amplifier, the 6C8-G may be operated under conditions shown
under CHARACTERISTICS. Additional information is given in the RESIST-
ANCE-COUPLED AMPLIFIER CHART. In high-gain amplifiers, hum may
be reduced or eliminated by grounding pin No. 7 (héater) or by grounding the
arm of a potentiometer of 100 or 500 ohms connected across the heater terminals.

AVERAGE PLATE CHARACTERISTICS
EACH TRIODE UNIT

TYPE 6C8-G
Ef = 8.3 VOLTS
£, %@;”0 A/
.(2] o§7 A /7 A
A VA YA
: )4 // a4y
2 /// / /// // /// // /°/
/////// ,/ - / 7
EfdEEciaSCcalnun
G2 G3
TRIPLE-GRID
SUPER-CONTROL AMPLIFIER .
6D6 The 6D6 is a triple-grid super-con-

trol amplifier tube recommended for

service in the radio-frequency and

intermediate-frequency stages of radio
. . receivers designed for its character-
istics. The ability of the tube to handle the usual signal voltages without cross-
modulation and modulation distortion makes it adaptable to the r-f and i-f stages
of receivers employing automatic volume control. The 6D6 is constructed with
an internal shield connected to the cathode within the tube. Except for capac-
itances, given below, the electrical characteristics of the 6D6 are identical with
those of the 6U7-G.

GRID-PLATE CAPACITANCE ...........ooiiinnnnnn, 0.007 max.* puf
INPUT CAPACITANCE. . ...cviiiiei e 4.7 puf
OUTPUT CAPACITANCE . . . o ovvvtreinnieneerrnrnnnns 6.5 wuf

¢ With close-fitting ahield connected to cathode.
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INSTALLATION and APPLICATION

The base of the 6D6 fits the standard six-contact socket which may be installed
to hold the tube in any position. Physical characteristics of the 6D6 are shown
in Fig. 2-20, OUTLINES SECTION. For heater opzration and cathode connec-
tion, refer to Type 6A8. For control-grid bias, screen voltage, and suppressor
connection, refer to T 6SK7. Shlelding of all stages is necessary if magximum
gain per stage is to be obtained. Refer to APPLICATION on Type 6SK7.

PENTAGRID CONVERTER

The 6D8-G is a multi-electrode tube
designed to perform simultaneously the
functions of a mixer (first detector) 6D8'G
and of an oscillator tube in superheter-
odyne circuits. The 6D8-G permits
economy in circuit design due to the
G-8A low heater current of 0.15 ampere. For
general discussion of pentagrid converters, see FREQUENCY CONVERSION
in the RADIO TUBE APPLICATIONS section.

% CHARACTERISTICS

HeaTeR VoLTAGE (AC.or DC.) ..........o.ee.. 6.3 Volts
HEATER CURRENT .. ......ivteieinnnnnininnannnns 0.15 Ampere
DirecT INTERELECTRODE CAPACITANCES (Approx) *
GridNo 4toPlate............................ 0.2 puf
GridNo. 4toGrid No. 2 ....................... 0.2 puf
Grid No.4toGrdd No. 1 ....................... 0.16 i
GridNo.1toGridNo.2 ....................... 1.1 puf
Grid No. 4 to All Other Electrodes (R-F Input) . 8.0 upf
Grid No. 2 to All Other Electrodes except Grid No.1
(Osc Output) . ...vveeiiiiiieeiiireraeennenns 4.6 upf
Gnd No 1 to All Other Electrodes except Grid No. 2 55 ¢
................................ E A
Plate to AH Other Electrodes (Mixer Output) ..... 11.0 waf
® With close-fitting shield connected to cathode.
As Frequency Converter
PLATE VOLTAGE ... ..iiiierieivirininienencannns 300 max. Volts
ScrEEN VoLTAGE (Grids No. 3 and No. 5).......... 100 max, Volts
SCREEN SUPPLY VOLTAGE . .. ...\ vvveininninnnnn. 300 max. Volts
ANODE-GRID VOL.TAGE (Grid No. 2)................ 200 max. Volts
ANODE-GRID SUPPLY VOLTAGET ..........cccuvnn... 300 max. Volts
ConToL-GRrID VoLTAGE (Grid No. 4)............... 0 mén. Volts
PLATE DISSIPATION .. cvvvtvveneeiernnnnnaaerennns 1.0 max. Watt
SCREEN DISSIPATION .. .oiiiviieiiiiinnennnnnennns 0.3 max. Watt
ANODE-GRID DISSIPATION ., ..o\t vaveiinnnnnnn 0.75 max, Watt
ToTAL CATHODE CURRENT . . . . .vvvvennennnnnerrnnn 13 max. Milliamperes
TvyricaL OPERATION:
Plate Voltage . . .................ooeee 135 250 Volts
Screen Voltage . .........cccvvvinennnn. 67.5 100 Volts
Anode-Grid Supply Voltage............. 135 250t Voits
Control-Grid Voltage................... -3 -3 Volts
Oscillator-Grid Resistor (Grid No. 1)..... 50000 50000 Ohms
PlateCurrent ...........cc00vvveaannnn. 15 3.5 Milliamperes
Sereen Current .....covieiiiiiiienn, 1.7 2.6 Milliamperes
Anode-Grid Current.................... 3 4.3 Milliamperes
Oscillator-Grid Current. ................ 0.2 0.4 Milliamperes
Total Cathode Current. ................ 6.4 10.8 Milliamperes

Anode grid supply voltagea in excese of 200 volts require the use of 20000-ohm voltage-
dropping resistor by- y 0.1 uf
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Plate Resistance (Approx.)......cooeuu.n 0.6 0.4 Megohm
Conversion Transconductance........... 325 550 Micromhos
Conversion Transconductance (Approx.). . 51 61t Micromhos

The transconductance of the oscillator portion (not esciliating) of the 6D8-G is 1200 micromhos
under the following conditions: plate voltage, 250 volts: screen voltage, 100 volts; anode-grid
voltage, 200 volts (no voltage-dropping resistor); and oscillator-grid voltage, O volts.

$ With control-grid bias of ~25 volts. 1! With contro}-grid bias of —-35 volts.

INSTALLATION and APPLICATION

The base of the 6D8-G fits the standard octal socket which may be installed
to hold the tube in any position. Physical characteristics of the 6D8-G are shown
in Fig 2-15, OUTLINES SECTION.

The heater of the 6D8-G is designed to operate on ejther a.c, or d.c. For
operation on a.c. with a transformer, the winding which suri> lies the heater circuit
should operate the heater at its recommended value for full-load operating condi-
tions at average line voltage. For service in automobile receivers, the heater term-
inals of the 6D8-G should be connected directly across a 6-volt battery. In receivers
that employ a series-heater connection, the heater of the 6D8-G may be operated
in series with the heaters of other types having 0.15-ampere rating, or in series
with the heaters of other types requiring more than 0.15 ampere if the 6D8-G
heater is shunted by a suitable resistor to pass the current in excess of 0.15 ampere,
The current in the heater circuit of the 6D8-G should be adjusted to 0.15 ampere
for the normal supply-line voltage., The cathode connection is the same as for
Type 6A8. Complete shielding of the 6D8-G is generally necessary to prevent
intercoupling between its circuits and the circuits of the other stages,

Application of the 6D8-G is the same as for Type 6A8

[ AL
ELECTRON-RAY TUBE B
(indicator Type)
6E5 " RCA
The 6E5 is a high-vacuum, heater-

cathode type of tube designed to 0 °
indicate visually, by means of a » #

fluorescent target, the effects of a 8R

change in the controlling voltage.
The tube, therefore, is essentially a voltage indicator and as such is particularly
useful as a convenient and non-mechanical means to indicate accurate tuning of a
receiver to the desired station. The 6ES5 is similar to the 6U5/6G5 except that the
6U5/6G5 triode unit is designed with a remote plate-current cut-off characteristic.
For discussion of Electron-Ray Tube considerations, refer to RADIO TUBE
APPLICATIONS section.

% CHARACTERISTICS

Heater VoLTAGE (A.C.orD.C) ..vivivviennnnn 63 Volts

HEATER CURRENT . .. ..iviiienrernnnennaneneaeens 03 Ampere
As Tuning Indicator

PLATE-SUPPLY VOLTAGR ..t iivirniinnnernnennnnns 250 max. Volts

TARGET VOLTAGE. . ... . e { %88 %”’f gg}g

TyricAL OPERATION:
Plate- and Target-Supply Voltage 100 200 250 Volts

Series Triode-Plate Resistor. . ... 0.5 1 1 Megohm
Target Current (Approx.)....... 1 3 4 Milliamperes
Triode-Plate Current*. . ........ 0.19 0.19 0.24 Milliampere
Triode-Grid Voltage (Approx.):

For Shadow Angleof 0° ...... -3.3 -6.5 80 Volts

For Shadow Angle of 90° . .... 0 0 0 Volts

® For 2ero triode-grid voltage.
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INSTALLATION and APPLICATION

The base of the 6E5 fits the standard six-contact socket which may be installed
to hold the tube in any position. For convenience, the tube is usually mounted
horizontally so that the fluorescent screen is readily visible when the receiver circuit
is tuned. A small hood, placed over the dome and fluorescent target, will help to
eliminate external light reflections. Physical characteristics of the 6ES are shown
in Fig. 2-19, OUTLINES SECTION,

For heater operation and cathode connection, refer to Type 6A8. The bulb
of this tube becomes hot under certain conditions of operation. Sufficient ventila-
tion should be provided to prevent overheating.

The visible effect is observed on the fluorescent target located in the dome of
the bulb. The pattern on the target varies from a shaded angle of 90° with zero
bias (off tune) to a shaded angle of approximately 0° at resonance with a strong
carrler. Exact tuning is indicated by the narrowest shaded angle that can be
obtained. The stronger the carrier, the narrower is the shadow,

The diagrams below show typical tuning-indicator circuits employing the
6ES. If the strongest carrier received produces sufficient avc voltage to exceed the
cut-off bias value of -8 volts, the shadow area of the fluorescent target will overlap.
To overcome this effect resistor R, should be connected, as shown, between the
triode-unit grid and cathode in order to reduce the control voltage. The value of

I-F_TRANS. g‘tez%smgcgglr%hérg; I-F TRANS. 2&%%&5‘52422,22
e
it i &
Tl
ave,  Ba Avc. Ra
AN
L TYPE 6£% To af L
CZI cl_RCJlT CzI
= S R g 6ES
2
Ry
< [
_________ 43; 4
TO CATHODE-BIAS TO CATHODE-BIAS
RESISTOR (RC) RESISTOR (R¢)
OR GROUND OR GROUND
{ 1.0 Megobm for B+ = 250 Volts Ri = Rq
R = { 0.5 Megohm for B+ w 100 Voits Ry + R = 0.2 Megohm
Ri = 0.05 Megohm (R-F Filter) Ci = 100 to 200 uy!
Rs = 02 Megohm Cs = AVC Filter Condenser
Rs = Determined by test. See text. s = 0.05 to 1.0 uf
R¢ = AVC Filter Resistor Ci = Cy

R; may easily be determined by applying a strong signal and adjusting R; until
the shadow-angle is nearly zero. If the resultant value of R, is 30 low as to reduce
the avc voltage appreciably, the d-c controlling voltage for the 6E5 should be
obtained from a tap on the diode load resistor as shown in the diagram at the right.

.
. HIGH-MU TRIODES 6F5
The 6F5, 6F5-G, and 6F5-GT are METAL
G) high-mu triodes designed for use in 6F 5 G
H y 7\ resistance-coupled amplifier circuits. -

32 Except for capacitances given below,

NCiers-cr REY Tk the electrical characteristics of these
© 5M (tsyé%es are identical with those of Type 6F5 - GT
Type 6F5* Type 6F5-G** Type 6F5-GT**
GRiD-PLATE CAPACITANCE ..., 2.3 2.6 2.8 uuf
GRID-CATHODE CAPACITANCE . . 55 2.2 2.2 uuf
PLATE-CATHODE CAPACITANCE. 4.0 2.8 32 upf

* With shell connected to cathode. Values are approximate.
** With no shields. Values are approximate.
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INSTALLATION ond APPLICATION

The base of each of these tubes fits the standard octal socket which may be
installed to hold the tube in any position. Physical characteristics of the &F5,
6F5-G, and 6F5-GT are shown in Figs. 1-5, 2-15, and 2-5, respectively, in the
%UTIéII{%ES SECTION. For heater operation and cathode connection, refer to

ype .

Application of these tubes is similar to that of the 6SF5. The maximum d-c
resistance in the grid circuit should not exceed one megohm. For additional data,
see the RESISTANCE-COUPLED AMPLIFIER CHART.

POWER AMPLIFIER

6F6 PENTODES

METAL The 6F6 and 6F6-G are power-ampli-
fier pentodes of the heater-cathode
type for use in the audio-output stage

6F6 G of a-c receivers. These types are ca-
= pable ot giving large power output with
a relatively small input voltage. Be-

cause of the heater-cathode construction, uniformly low
hum-level is attainable in power-amplifier design.

% CHARACTERISTICS
HeaTer VoLTAGE (AC.orD.C) ...eivveiaaa 6.3 Volts
HEATER CURRENT . ....00vininiiniiiinnnnnennnnns 0.7 Ampere
As Single-Tube Class A, Amplifier — Pentode Connection
PLATE VOLTAGE ......oiiiiien it iiieeennn 375 max. Volts
ScrEEN VOLTAGE (Grid No. 2) .................... 285 max. Volts
PLATE DISSIPATION . ..ottt 11 max, Watts
SCREEN DISSIPATION ..............oiiiirininnnnn 3.75 max. Watts
TypicAL OPERATION:
Fixed Bias Cathode Bias
Plate Voltage . ............ 250 285 250 285 Volts
Screen Voltage . ........... 250 285 250 285 Volts
Grid Voltage (Grid No. 1) .. -16.5 -20 - - Volts
Cathode Resistor ........ - - 410 440 Ohms
Peak A-F Grid Voltage ... 16,5 20 165 20 Volts
Zero-Signal Plate Current... 34 38 34 38 Milliamperes
Max.-Signal Plate Current .. 36 40 35 38 Miliiamperes
Zero-Signal Screen Current . . 65 7 6.5 7 Milliamperes
Max.-Signal Screen Current. . 105 13 9.7 12 Milliamperes
Plate Resistance (Approx.).. 80000 78000 - - Ohms
Transconductance .. ....... 2500 2550 - - Micrombos
Load Resistance........... 7000 7000 7000 7000 Ohms
Total Harmonic Distortion. . 8 9 8.5 9 Per cent
Max -Signal Power Output. . 3.2 4.8 31 45 Watts
As Single-Tube Class A; Amplifier — Triode Connectiont
PLATE VOLTAGE ... . iiiiiiiiinenivaninnnnnenns 350 max. Volts
PLATE aND ScREEN DissipaTiON (Total)............ 10 magx. Watts
TyricaL OPERATION:
Fixed Bias Cathkode Bias
Plate Voltage ....................... 250 250 Volts
Grid Voltage (Grid No. 1) ............ -20 - Volts
Cathode Resistor ................... - 650 Ohms
Peak A-F Grid Voltage............... 20 20 Volts
Zero-Signal Plate Current............. 31 31 Milliamperes
Max.-Signal Plate Current . . .......... 34 32 Milliamperes
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Plate Resistance. .................... 2600 - Ohms
Amplification Factor ................. 6.8 -
Transconductance ............... 2600 - Micromhos
Load Resistance................. 4000 4000 Ohms
Total Harmonic Distortion 6.5 6.5 Per cent
Max.-Signal Power Output 0.85 0.8 Watt

As Push-Pull Class A, Amplifier — Pentode Connection

PLATEVOLTAGE ......oiiiiiteiinriiinnnnnnnns 375 max. Volts

SCREEN VOLTAGE ....ovvivin i rinnnnennnnens 285 max. Volts

PLATE DISSIPATION .. .. ..iiiiiiiriniineannns 11 max. Watts

SCREEN DISSIPATION . .........cviiiiiinnnnnn. 3.75 max., Watts

TypicaL OperATION: Values are for two tubes

Fixed Bias Cathode Bias

Plate Voltage ....................... 315 315 Voits
Screen Voltage . ..................... 285 285 Voits
Grid Voltage. .. .......coevnnninn, -24 - Voits
Cathode Resistor .................... - 320 Ohms
Peak A-F Grid-to-Grid Voltage. ....... 48 58 Volts
Zero-Signal Plate Current............. 62 62 Milliamperes
Max.-Signal Plate Current. ........... 80 73 Milliamperes
Zero-Signal Screen Current............ 12 12 Milliamperes
Max.-Signal Screen Current. .......... 19.5 18 Milliamperes
Effective Load Resistance (Plate-
to-plate) . .........coiiiiiiiaan, 10000 10000 Ohms
Total Harmonic Distortion............ 4 3 Per cent
Max.-Signal Power Qutput............ 11 10.5 Watts
As Pysh-Pull Class AB, Amplifler — Pentode Connection
PLATE VOLTAGE ......oviivieiniiiinnnanaiannss 375 max. Volts
SCREEN VOLTAGE .. ooivtiireiinin ... 285 max. Volts
PLATE DISSIPATION .....oitiiiiiiiiiiiiiiennen, 11 max. Watts
SCREEN DISSIPATION ......vvvvivininnnennnnnnnnss 3.75 max. Watts

TryricAL OpErATION: Values are for two tubes

Plate Voltage ...............
Screen Voltage
Grid Voltage. . ..............
Cathode Resistor* ...........
Peak A-F Grid-to-Grid Voltage
Zero-Signal Plate Current
Max.-Signal Plate Current
Zero-Signal Screen Current
Max.-Signal Screen Current

Fixed Bias Cathode Bias

Effective Load Resistance (Plate-

to-plate)
Total Harmenic Distortion
Max.-Signal Power Output

...... 375 375 Volts

...... 250 250 Volts

...... -26 - Volts

...... - 340 Ohms

...... 82 94 Volts

...... 34 54 Milliamperes
...... 82 77 Milliamperes
...... 5 8 Milliamperes
...... 19.5 18 Milliamperes
...... 10000 10000 Ohms

...... 3.5 5 Per cent
...... 18.5 19 Watts

* The value given for the cathode resistor is determined for a grid bias of -21 volts.

As Push-Pull Class AB, Amplifier — Triode Connectiont

PLATE VOLTAGE

PLaTE AND SCREEN DissipaTion (Total)

350 max. Volts
10 max. Watts

TypicaL OPERATION: Values are for two tubes

Plate Voltage

Grid Voltage. . ..............

Cathode Resistor! ...........

Peak A-F Grid-to-Grid Voltage
1 Screen connected to plate.

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

Fixed Bias Cathode Bigs

...... 350 350 Volts
...... -38 - Volts
...... - 730 Ohms
...... 123 132 Volts

$ The value given for the cathode resistor is determined for a grid bias of -36.5 volts.
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Zero-Signal Plate Current........... 48 50 Milliamperes
Max.-Signal Plate Current........., 92 61 Milliamperes
Effective Load Resistance (Plate-

to-plate) .. ..iiiieri i 6000 10000 Ohms
Total Harmonic Distortion.......... 2 3 Per cent
Max.-Signal Power Qutput.......... 13 9 Watts

INSTALLATION and APPLICATION

The base of either the 6F6 or the 6F6-G fits the standard octal socket which
may be installed to hold the tube in any position. Physical characteristics of the
6F6 and 6F6-G are shown in Figs. 1-7 and 2-21, respectively, in the OUTLINES
SECTION.

The heater in both types is designed to operate on either a.c. or d.c. When
a-c operation with a transformer is used, the winding which supplies the heater
should operate the heater at its recommended value for full load operating con-
ditions at average line voltage. In automobile receivers, the heater terminals of
both types should be connected directly across a 6-voit battery. In a series-heater
circuit employing several 6.3-volt types and one or more 6F6’s or 6F6-G’s, the
heaters of the 6F6’s or 6F6-G's should be placed on the positive side. Furthermore,
gince most 6.3-volt types have 0.3-ampere or 0.15-ampere heaters, a bleeder circuit
across these heaters is required to take care of the additional heater current of the
6F6's or 6F6-G's. Each 6.3-volt tube of the 0.3-ampere type in the series circuit
should, therefore, be shunted by a bleeder resistance of 16 ohms. Similarly, each
?i3évo111t tube of the 0.15-ampere type should be shunted by a bleeder resistance of

.5 ohms.

For cathode connection, refer to Type 6A8.

As class A, power-amplifier pentodes, the 6F6 and 6F6-G may be used either
singly or in push-pull. Recommended operating conditions are given under
CHARACTERISTICS.

As class A, power-amplifier triodes, the 6F6 and 6F6-G may be used either
eingly or in push-pull. For this service the screen is connected to the plate. Rec-
ommended operating conditions are given under CHARACTERISTICS.

As class AB; power-amplifier triodes or pentodes the 6F6 and 6F6-G should
be operated as shown under CHARACTERISTICS. The values shown cover
operation with fixed bias and with cathode bias. and have been determined on the
basis of some grid-current flow during the most positive swing of the input signal
and of cancellation of second-harmonic distortion by virtue of the push-pull circuit.

In any service the type of ingut coupling used should not introduce too much
resistance in the grid circuit. ransformer- or impedance-coupling devices are

AVERAGE PLATE CHAR&\)%TERISTICS

—
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recommended. When the grid circuit has a resistance not higher than 0.1 megohm,
fixed bias may be used: for higher values, cathode bias is required. With cathode
bias. the grid circuit may have a resistance as high as, but not greater than, 0.5
megohm provided the heater voltage is not allowed to rise more than 10%, above
rated value under any condition of operation.

AVERAGE PLATE CHARACTERISTICS
TRIODE CONNECTION

N
B

T
TYPE 6F6

- Il“l:/"o ,/ Ef= 63 VOLTS
5 L,U / i’,/o//
o5 [/ /
O,
AV 84N
10 4 B ;S
WA A A

%\,
N

PLATE (I6) OR GRID (1¢) MILLIAMPERES

L~ ; 62

PLATE VOLTS

TRIODE-PENTODE

The 6F7 is a heater-cathode type of
tube combining in one bulb a triode
and an r-f pentode of the remote cut-
off type. Since these two units are in-
dependent of each other except for the
common cathode, the 6F7 maybe adapt-
ed to circuit design in several ways.

CHARACTERISTICS
Heater VoLTAGE (AC.or D.C) .......... eereaes 6.3
HEATER CURRENT ... civvrvronsnnassancnsnannans 0.3
DirecT INTERELECTRODE CAPACITANCES:

Triode Unit—GridtoPlate . ...........c.vvvuen 2.0
Grid to Cathode.................. 25
PlatetoCathode ................. 3.0

Pentode Unit—Grid to Plate (With shield-can) ....  0.008 max.
nput ...... ereeerre e 3.2
OQutput.....oovveeininiienennnn, 125
As Class A, Amplifier
Triode Unit  Penlode Unit
PLATE VOLTAGE .........c000 100 max. 100 250 max.,
ScreeN VorLtacr {Grid No. 2). - . 100 100 max.
Grip Vortace (Grid No. 1)... -3min. -3min, -3 min.
PLATE CURRENT . . .ovvunnnnns 5 6.3 6.5
ScREEN CURRENT. .....cvvenn — 1.6 15
AMPLIFICATION FACTOR..... .. —_ —_
PiATE RESISTANCE . ..ovveenns 0.016 0.29 0.85
TRANSCONDUCTANCE .. ..... . 500 1050 1100
TRANSCONDUCTANCE . ..c0vvns
(At -35 volts biag)......... — 9 10

92¢-4440

6F7

unf
mutf'
bp

uuf

Volts
Volts
Volts
Milliamperes
Milliamperes

Megohm
Migr%mhoe

Micromhos
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INSTALLATION and APPLICATION

The base fits the standard small 7-pin socket which may be installed to hold
the tube in any gosxti(m. Physical characteristics of the 6F7 are shown in Fig.
2-f16 O’lrJTLINE SECTION. For heater operation and cathode connection,
refer to Type 6.

TWIN-TRIODE AMPLIFIER

The 6F8-G is a multi-electrode tube _ S
consisting of two medium-mu voltage "T2(3) X (6)P1
6 F 8 - G amplifier triodes in one bulb. It may be
used as a voltage amplifier or as a phase y @

inverter. Except for the common heater,
each triode is independent of the other.

KTZ C'T,

The heater rating and capacitances are KEY KTy
iven below; other characteristics for G-86G
each triode unit are identical with those of the 6J5.
% CHARACTERISTICS
HeATER VOLTAGE (AC.ot DC) ..., 6.3 Volts
HEATER CURRENT ... iiiiiieiniiinnnrnennnnnnns. 0.6 Ampere
DirECT INTERELECTRODE CAPACITANCES:®
Triode Unit 1 Triode Unit 2
GridtoPlate.................. 4.0 3.6 puf
Grid to Cathode. . ............. 32 3.0 wuf
PlatetoCathode . ............. 3.2 3.8 uuf
GridtoGrid .................. 0.2 uuf
PlatetoPlate ................. 0.4 uuf
Grid of Unit 2 to Plate of Unit 1 0.1 uuf

® With close-fitting shield connected to cathode. Values are approximate.

INSTALLATION and APPLICATION

The base of the 6F8-G fits the standard octal socket which may be mounted
to hold the tube in any position. Physical characteristics of the 6F8-G are shown
in Fig. 2-15, OUTLINES SECTION. For heater operation and cathode connec-
tion, refer to Type 6A8, hut give consideration to the greater heater current of
the 6F8-G. As a phase inverter, the 6F8-G may be operated as shown in the RE-
SISTANCE-COUPLED AMPLIFIER CHART,

POWER AMPLIFIER PENTODE 2y A

The 6G6-G is a power-amplifier o
gentode of the heater-cathode ty d[];e ()
or

666_6 use in the output stage of ra
receivers. In applications where a mod- @) ©
H \ . / H

erate power output is desired, the 6G6-G

is economical because of jts low plate- OMON

power requirements and low heater NCTTKEY ™6y

current. G-7$

* CHARACTERISTICS
HeaTer VoLTaGE (A.C.or DCH ..........o...... 6.3 Volts
HEATER CURBENT .. .....civetnrnnennnenennennnns 0.15 Ampere
As Class A, Amplifier — Pentode Connection

PLATEVOLTAGE .....covitiviieeneinnineaneeennnns 180 max. Volts
SCREEN VOLTAGE . ...vvvniinenennennnanroennnenns 180 mazx. Volts
PLATE DISSIPATION ......cvvttiiiniinnnninnennnn. 2.75 max. Watts
SCREEN DISSIPATION . ....0vurnrvnnnnnnnnenennens 0.75 max. Watt

t In no case should the heater voltage fluctuate so that it exceeds 7.0 valts.
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TypricaL OPERATION:
Plate Voltage .. ..........cccvvennn.... 135 180 Volts
Screen Voltage (Grid No. 2)............. 135 180 Volts
Grid Voltage (Grid No. 1)* ...... e -6 -9 Volts
Peak A-F Grid Voltage. ................ 6 9 Volts
Zero-Signal Plate Current............... 115 15 Milliamperes
Zero-Signal Screen Current.............. 2 25 Miiliamperes
Plate Resistance (Approx.).............. 0.17 0175 Megohm
Transconductance ..................... 2100 2300 Micromhos
Load Resistance. .. .................... 12000 10000 Ohms
Total Harmonic Distortion.............. 75 10 Per cent
Max.-Signal Power Output.............. 0.6 11 Watts

* The d-c resistance in the grid circuit may be as high as 05 megohm with cathode hias or
0.1 megohm with fized bias, provided the heater voltage is not allawed to rise more than 109,
above the rated value under any condition of operation.

As Class A, Amplifier — Triode Connection
(Screen tied to plate)
PLATE VOLTAGE ... .. ittt iiein .

PLATE DISSIPATION . ... ... i
Tyrical OPERATION:

180 max. Volts
2.5 max. Watts

Plate Voltage . ......... ...t 180 Volts
GridVoltage. . . ....... ... -12 Volts

Peak A-F Grid Voltage......................... 12 Volts
Zero-Signal PlateCurrent....................... 11 Milliamperes
Plate Resistance. . ...........ccoviiinnnininn .. 4750 Ohms
Amplification Factor ........................... 9.5

Transconductance . .........veiireiirnnnnnnrans 2000 Micromhos
Load Resistance. ... ..........c. ioiiiinaa.., 12000 Ohms

Total Harmonic Distortion...................... 5 Per cent
Max.-Signal Power Qutput...................... 0.25 Watt

INSTALLATION ond APPLICATION

The base of the 6G6-G fits the standard octal socket which may be installed
to hold the tube in any position. Physical characteristics of the 6G6-G are shown
in Fig. 2-17, OUTLINES SECTION. Heater operation is similar to that of the
6D8-G; for cathede connection, refer to Type 6A8. Application of the 6G6-G is
similar to that of the 6K6-G.

KDz PD;
or PR TWIN DIODE 6H6
© The 6H6 and 6H6-G are tubes of
the heater-cathode type containing METAL

(Dw two diodes in one envelope. Except for
e‘/ the common heater, the two units are 6H 6 G
s:ene (U © independent of each other. This ar- -
RTERNAL 6HE-G rangement offers flexibility in design of
) circuits using these types for detection,
low-voltage rectification, or automatic volume control. For diode-detector con-
siderations, refer to RADIO TUBE APPLICATIONS section.

KEY Koy

% CHARACTERISTICS
HeaTter VoLTAGE (AC.or D.C) ...ceiiiael L. 6.3 Volts
HEATER CURRENT . ... ....cviviiinininenennnnnnnn 0.3 Ampere
DirecT INTERELECTRODE CAPACITANCES:
Type 6H6* Type 6H6-G**

Plate No. 1 to Cathode No. 1 ....... 30 3.1 aul

Plate No. 2 to Cathode No. 2 ....... 3.4 4.0 wuf

Plate No. 1 to Plate No. 2. ......... 0.1 max. 0.1 max. unf

With shell connectad to cathode. ® With close-fitting shield connected to cathode.

— 11—
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As Rectifier

A-C PuATE VOLTAGE PeER PLATE (RMS) ............ 117 max, Volts
D-C OQutput CURRENT PER PLATE .. ............... 4 max. Milliamperes

INSTALLATION and APPLCATION

The base of either the 6H6 or 6H6-G fits the standard octal socket which may
be mounted to hold the tube in any position, Physical characteristics of the 6H6
and 6H6-G are shown in Figs 1-1 and 2-17, respectively, in the QUTLINES
SECTION. For heater operation and cathode connection, refer to Type 6A8.

. For detection, the diodes may be utilized .
B e Tatier case-ome plate oaly. or the twg MMM RIS Soc
plates in parallel. may be employed. The use of o]L“ o oLts {100
the half-wave arrangement will provide approx-
imately twice the rectified voltage as compared
with the full-wave arrangement.

For automatic-volume control, the 6H6 and
6H6-G may be used in circuits similar to those
employed for any of the duplex-diode types of
tubes. The only difference is that the 6H6 and
6H6-G are more adaptable due to the fact that
each diode has its own separate cathode.

Since the diodes by themselves do not pro-
vide any amplification, it is usually necessary to
provide gain by means of a supplementary tube.
Types such as the 6C5, 6SF5, 65]7, and 6SK7
are very suitable for this purpose. Their use in <Boogo L]/

F—1— 1000035 };
]

combination with the 6H6 or 6H6-G is similar T
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to that of the amplifier sections of duplex-diode e 3 —mo oo e

triode or pentode types. D-C VOLTS DEVELOPED BY DIODE
92¢~4446

DETECTOR AMPLIFIER

6.]5 TRIODES

The 65, 6)J5-G, and 6J5-GT are

triodes of the heater-cathode type

6]5'6 designed for use as detectors, ampli-
fiers, or oscillators. These tubes have iods

a high transconductance together with ncieiz-cr "€ K

6.]5'GT ?acfgglmﬁvely high amplification 6Q

% CHARACTERISTICS

HEeATER VOLTAGE (A.C.orD.C) ..ooiiviviennnnnns 6.3 Volts
HEATER CURRENT . ......c0vtvriiennennannonnnnns 03 Ampere

Type Type  Type

6J5* 6]5-G** 6J5-GT
Grip-PLate Caracrtance(Approx.)... 3.4 4.0 —_— uuf
GRrID-CATHODE CAPACITANCE(Approx.). 3.4 4.2 —_ puf
PLaTe-CATHODR CAPACITANCE(Approx.) 3.6 5.0 —_ uuf

* With shell connected to cathode. *s With close-fitting shield connected to cathode.

As Class A, Amplifier
Types 6J5, 6J5-G Type 6J5-GT

PLATE VOLTAGE ............c.... 300 max. 250 max. Voits
GRID VOLTAGE . .........c0nnnun. 0 min, 0 min. Volts
PLATE DISSIPATION .............. 2.5 max. 2.5 max. Watts
TyricaL OPERATION (6]5, 6]5-G, 6J5~GT)
Plate Voltage. ................ 90 250 Voits
Grid Voltage*. . ............... 0 -8 Volts
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Plate Current ................. 10 9 Milliamperes
Plate Resistance........ .. 6700 7700 Ohms
Amplification Factor .. .. 20 20

Transconductance .. .... . 3000 2600 Micromhos

*The d-c resistance in the grid circuit should not exceed 1.0 megohm.

INSTALLATION and APPLICATION

The base of each type fits the standard octal socket which may be installed to
hold the tube in any position. Physical characteristics of the 6J5, 6J5-G, and
6J5-GT are shown in Figs. 1-3, 2-17, and 2-8, respectively, in the OUTLINES
SECTION. For heater operation and cathode connection, refer to T 6A8.
For application, see Type 6C5, and Type 6F8-G in RESISTANCE-COUPLED
AMPLIFIER CHART.

AVERAGE PLATE CHARACTERISTICS
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TRIPLE-GRID
DETECTOR AMPLIFIERS 6'3“7

The 6]J7 and 6J7-G are triple-grid
tubes of the heater-cathode type rec- 6J 7_G
reRn KEY ommended for service as biased detec-
SHiELD 697G IR tors. In such service these tubes are
capable of delivering a large audio-
frequency output voltage with relatively small input. Other applications include
their use as high-gain amplifiers.

% CHARACTERISTICS

HeaTer VoLTacE (AC.or D.C) .ovvvvivvvnnn..... 6.3 Volts
HEATER CURRENT . .. .iiittineriinerennnnnnnnnns 0.3 Ampere
PeNTODE CONNECTION: Type 6J7* Type 6]7-G

Grid-Plate Capacitance............. 0.005 max. 0.007 max.** puf

Input Capacitance................. 7 4.6** upf

Output Capacitance. ............... 12 12%+ uuf
Tr1opE CONNECTION:

Grid-Plate Capacitance. ............ 2 1.8° suf

Grid-Cathode Capacitance. ......... 5 2.6° uuf

Plate-Cathode Capacitance ......... 14 1.7° puf

® With shell connected to cathode. ** With close-fitting shield connected to cathode

© Without shield-can.
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As Class A Amplifier — Pentode Connection

PLATEVOLTAGE ........ ... ..c0iiiiiiiiiannnn. 300 max. Volts
ScrEEN VOLTAGE (Grid No. 2).................. ... 125 max. Volts
ScREEN SUPPLY VOLTAGE . . . .. ..o eiieeiinns 300 max. Volts
GrID VOLTAGE(Grid No. 1)....................... 0 min. Volts
PLATE DISSIPATION .. ........o it iiiaenenn 0.75 max. Watt
SCREEN DISSIPATION ............... ... .. ......... 0.1 max. Watt
TypPicAL OPERATION:
Plate Voltage ......................... 100 250 Volts
Screen Voltage . ................coon.t. 100 100 Volts
Grid Voltagef ............c.covviunns, -3 -3 Volts
SUDPPressOr. . ..cviiiii it Connected to cathode at socket
PlateCurrent ......................... 2 2 Milliamperes
ScreenCurrent ......o.vii i 0.5 0.5 Milliampere
Plate Resistance. . ..................... 1.0 T Megohm
Transconductance ..................... 1185 1225 Micromhos
Grid Voltage (Approx.)®® ............... -7 ~7 Voits
% For cathode-current cut-off. t Greater than 1.0 megohm.

As Class A, Amplifier — Triode Connection

(Screen and suppressor tied fo plate)
PLATE VOLTAGE .. ....oiit it iiiineininannnnenns 250 max. Volts
GRIDVOLTAGE ................cciuieinnn.. e 0 min. Volts
PLATE & SCREEN DissiratioN (Total) 1.75 max. Watts
TyricarL OPERATION:

Plate Voltage . ................c....... 250 Volts

Grid Voltagef ......................... . -8 Volts
PlateCurrent ......................... . 6.5 Milliamperes
Plate Resistance. . ..................... 10500 Ohms
Amplification Factor ................... 20

Transconductance . . ................... 1900 Micromhos

1 The d-c resistance in the grid circuit should not exceed 1.0 megohm.

INSTALLATION and APPLUCATION

The base of either the 6J7 or 6]J7-G fits the standard octal socket which may
be installed to hold the tube in any position. Physical characteristics of the 6]7
and the 6J7-G are shown in Figs 1-56 and 2-15, respectively, in the OUTLINES
SECTION. For heater operation and cathode connection, refer to Type 6A8.

The screen voltage may be obtained from a potentiometer or bleeder circuit
across the B-supply source. Due to the screen-current characteristics of these tubes,
a resistor in series with the high-voltage supply may be employed for obtaining the
screen voltage, provided the cathode-resistor method of bias control is used. This
migxod, however, is not recommended if the high-voltage B-supply exceeds 300
volts.

As a biased detector, the 6J7 or 6]7-G can deliver a large audio-frequency
output voltage of good quality with a fairly small radio-frequency signal input.

110131 recommended conditions for either of these types as a biased detector are
as follows:

Plate Supply* ........... 100 100 250 250 Volts
Screen Voltage .......... 12 30 50 100 Volts

Grid Voltage. ........... -1.16 -1.83 -2 -4.3 Volts
Cathode Resistor ........ 18000 10000 3000 10000 Ohms
Suppressor.............. Connected to cathode at socket

Cathode Cur. (Zero Signal} 063 0.183 065 043 Milliampere
Plate Resistor. .......... 1.0 025 025 0.50 Megohm
Blocking Condenser. . . . .. 0.01 001 003 0.03 ul

Grid Resistorf........... 10 05 025 0.25 Megohm
R-F Signal (RMS)** ..... 1.05 1.6 118 137 Volts

* Voltage at plate will be PLATE-SUPPLY voltage less voltage drop in plate resistor caused
by plate current. |
t For the following amplifier tube.
*¢ With these signal voltages modulated 209, the voltage output under each set of operatin
conditions is 17 peak volts at the grid of the following amplifier, a value sufficient to insure f
audio output from a Type 6F6 at 250 volts on plate.
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Detector bias may be obtained from a bleeder circuit, from a resistor in the
cathode circuit, or from a partial cathode-biasing circuit. The cathode-resistor
method permits of higher output at low percentage modulation, since the input
signal may be increased almost in inverse proportion to the modulation without
resulting in objectionable distortion.

As audio-frequency amplifier pentodes in resistance-coupled circuits, these
gxgier%ay be operated as shown in the RESISTANCE-COUPLED AMPLIFIER

As a radio-frequency amplifier pentode, the 6J7 or 6]J7-G may be used particu-
larly in applications where the r-f signal applied to the grid is relatively low, that
is. of the order of a few volts. In such cases either screen or control-grid voltage
(or both) may be varied to control the receiver volume. When larger signals are
involved. a super-control amplifier tube should be employed to prevent the occur-
rence of excessive cross-modulation and modulation-distortion. Recommended
operating conditions for amplifier services are given under CHARACTERISTICS.

AVERAGE PLATE CHARACTERISTICS

I - =
_— 7
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c2 $3 TRIPLE-GRID
’ DETECTOR AMPLIFIER

The 6J7-GT is a triple-grid detector 6J7_GT
amplifier of the heater type recom-
9‘/ O mended for service as a biased detector.

TERIAD In such service it is capable of deliver-
SHIELD™ TTREY ing a large audio-frequency output
GT-7R (6J7-GT) voltage with relatively small input.
* CHARACTERISTICS
Heater VorLtage (AC.orDC) ... iinennt. 6.3 Volts
HEATER CURRENT . ...\ iiiiiitinrnnoneereearonnns 0.3 Ampere
GRID PLATE CAPACITANCE® ... ...iiiriierinnnnenns 0.005 max. uuf
INPUT CAPACITANCE® . ... .iitiiirieeneernnns 5.2 puf
OUTPUT CAPACITANCE® ... .. iiiieierrinennnnans 12 upf
* With close-fitting shield connected to cathode. Values are approximate.
As Class A, Amplifier — Pentode Connection
PLATE VOLTAGE .......00iiiviinnnaaciansasnaaans 250 max, Volts
SCREEN VOLTAGE .. ..ottt iviiniiiieeinnaennnas 125 max. Volts
SCREEN SUPPLY VOLTAGE . . .. ... i iiiinaenanns 250 max. Volts
GRID VOLTAGE . seveveaeeeccuenanaeeeannanninons . 0 min. Voits
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PLATE DISSIPATION ... iviiiinnnineararoncnannnss 0.75 max. Watt
SCREEN DISSIPATION ... iuuieetiveernnneannaaennons 0.1 max. Watt
Tyrical. OpPERATION:

Values are same as those shown for Type 6]7.

As Class A, Amplifier — Triode Connection
{Screen and suppressor tied to plate)
Maximum ratings and typical operation are the same as for the Type 6]7.

INSTALLATION and APPLICATION

For installation, refer to Type 6D8-G: and for application, to ’I‘y(pe 6J7.
Physical characteristics of the 6J7-GT are shown in Fig. 2-6, OUTLINES SECTION.
Complete shielding of the 6J7-GT is generally necessary to prevent intercoupling
between its circuits and the circuits of other stages.

HI-MU TRIODE

6K5'G The 6K5-G is a high-mu triode of

the heater-cathode type designed for
use as a voltage amplifier in receiver
circuits designed for its characteristics.

CHARACTERISTICS
HEeaTeErR VoLTAGE (AC.or D.C) ....iviiiinn., 6.3 Volts
HEATER CURRENT . . ivtrinnrrnnrennnecnnaroanans 0.3 Ampere
PLATE VOLTAGE ... .oiiiiiiiiiiiinnnnnns 100 250 Volts
GRID VOLTAGE . ..vivvivenevenreannannnns -15 -3 Voits
PLATE CURRENT . . .tivvveenrernnannnssns 0.35 1.1 Milliampere
PLATE RESISTANCE . .. vveerinrrnnrvnnsoens 78000 50000 Ohms
AMPLIFICATION FACTOR. .................. 70 0
TRANSCONDUCTANCE . . .e.vvenrnennrnnnns 900 1400 Micromhos
GRID-PLATE CAPACITANCE® ... ......ciivnvenenennns 2.0 puf
GRID-CATHODE CAPACITANCE® . ... ...ovvviinvnnnnn. 2.4 puf
PLATE-CATHODE CAPACITANCE® . ......cvvvernnnnn 3.6 uuf

* With no shield. Values are approximate.

INSTALLATION and APPLICATION

The base of the 6K5-G fits the standard octal socket which may be mounted
to hold the tube in any position. Physical characteristics of the 6K5-G are shown
in Fig. 2-15, OUTLINES SECTION. Heater operation and cathode connection
are the same as for Type 6A8.

As a class A, amplifier, the 6K5-G may be operated in resistance-coupled
amplifier circuits. When the 6K5-G is used to amplify the output of the 6H6 diode,
it is recommended that fixed bias be employed. Diode-biasing of the 6K5-G is
not suitable because of the probability of plate-current cut-off, even with small
signal voltages applied to the diode circuit.

POWER AMPLIFIER
PENTODE
6K 6_G The 6K6-G is a power-amplifier pen-
tode of the heater-cathode type for
use in circvits designed for its char-
acteristics. It is capable of delivering

a moderate power output with a rel-
atively small input voltage.
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% CHARACTERISTICS
HEATER VoLTAGE (A.C.orD.C) ....oiviivenrnnnen 6.3 Volts
HEATER CURRENT . ... .. iiivtrnininennennncnnnns 0.4 Ampere
PLATE VOLTAGE .......veiviiiiernnnnnnssnncnnnns 315 max. Volts
SCREEN VOLTAGE .....c0vvernenreernoeennnannenns 285 max. Volts

PLaTE DisstraTioN 8.5 max. Watts

ScREEN DissiPATION 2.8 max. Watts
TyricaL OPERATION:
Plate Voltage ............. .. 100 250 315 Volts
Screen Voitage . 100 250 250 Volts
Grid Voltage. .. ............... -7 -18 =21 Volts
Peak A-F Grid Voltage. ........ 7 18 21 Volts
Zero-Signal Plate Current....... 9 32 25.5 Milliamperes
Max.-Signal Plate Current. ..... 9.5 33 28 Milliamperes
Zero-Signal Screen Current. ..... 1.6 5.5 4 Milliamperes
Mazx.-Signal Screen Cutrent. . ... 3 10 9 Milliamperes
Plate Resistance............... 104000 68000 75000 Ohms
Transconductance . ............ 1500 2300 2100 Micromhos
Load Resistance............... 12000 7600 9000 Ohms
Total Harmonic Distortion. . .... 11 11 15 Per cent
Max.-Signal Power Qutput...... 0.35 34 45 Watts

INSTALLATION ond APPLICATION

The base of the 6K6-G fits the standard octal socket which may be installed
to hold the tube in any position. Heater operation is the same as that for Type
6A8, except for series operation. The heater of the 6K6-G may be operated in
series with the heaters of other types having lower heater-current ratings if the
heaters of these types are shunted with suitable resistors to pass the current in
excess of that for which the types are rated. For cathode connection, refer to
Type 6A8. Physical characteristics of the 6K6-G are shown in Fig. 2-17, OUT-
LINES SECTION.

For the power amplifier stage of receivers. the 6K6-G may be used either
singly or in push-pull combination. More than one audio stage preceding the
6K6-G is undesirable because of the possibility of microphonic disturbances resuit-
ing from the high level of amplification.

Any conventional type of input coupling may be used provided the resistance
added to the grid circuit by this device is not too high. Transformer- or impedance-
coupling devices are recommended. When the gi1id circuit has a resistance not
higher than 0.1 megohm fixed bias may be used: for higher values, cathode bias
is required. With cathode bias, the grid circuit may have a resistance as high as,
but not greater than, 1.0 megohms, provided the heater voltage does not rise more
than 109, above the rated value under any condition of operation.

POWER AMPLIFIER PENTODE

The 6K6-GT is a power-amplifier

tode ?l thethh.%tl?g-cét%wel type.
t is similar to the ut is con-
structed in a smaller bulb, Physical -
characteristics of the 6K6-GT are 6K6 GT
shown in Fig. 2-8, OUTLINES SEC-

TION. Installation and application
of the 6K6-GT are the same as for the

Type 6K6-G.
CHARACTERISTICS
HEATER VOLTAGE (A.C.) ... .cvvviineniiiiinnns 6.3 Volts
Heater CURRENT ...... eerieereaias eeeeeaaan 0.4 Ampere
PLATRE VOLTAGE ......... e 180 250 max. 250 max. Volts
ScREEN VOLTAGE ........ vene 180 250 max. 250 max. Volts
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GRrID VOLTAGE .............. -135 -18 -16.5 Volts
PLATE CURRENT. . ........... 185 32 34 Milliamperes
ScREEN CURRENT. ........... 3.0 5.5 5.7 Milliamperes
PLATE REsisTANCE (Approx.) . 81000 68000 65000 Ohms
TRANSCONDUCTANCE ......... 1850 2200 2300 Micromhos
LoAD RESISTANCE . .......... 9000 7600 7000 Ohms
TotaL HARMONIC DISTORTION . 10 10 7 Per cent
Power QUTPUT.............. 15 3.4 3.2 Watts
TRIPLE-GRID

6K7 SUPER-CONTROL AMPLIFIER
METAL

The 6K7 and 6K7-G are triple-grid
super-control amplifiers of the heater-
cathode type recommended for service

6 K7-G in the radio- or intermediate-frequency
stages of radio receivers. The ability
of these tubes to handle unusual signal
voltages without cross-modulation and

modulation-distortion makes them adaptable to the r-f and ji-f stages of receivers
employing automatic volume control.

% CHARACTERISTICS
Hearer VoLtace (AC.orD.C) ...........ooe 6.3 Voits
HEATER CURRENT . ..0ovtvtiinrnnneenrnanennnneas 03 Ampere
Type 6K7° Type 6K7-G*°
GRID-PLATE CAPACITANCE ............ 0.005 max. 0.005 max. uuf
INPUT CAPACITANCE. .......covvennn.. 7 up
OUuTPUT CAPACITANCE . . .. ......vvnnn. 12 12 wuf

° With shell connected to cathode. 3
% With cloee-fitting shield connected to cathode. The shield in the dome is connected
internally to the cathode.

As Class A, Amplifier

PLATE VOLTAGE ....oiii ittt iennnnnannns 300 max. Volts
SCREEN VOLTAGE . .vovvtvirnireenerennnunnsennons 125 max. Volts
SCRBEN SUPPLY VOLTAGE . . . . .. ..iivinenninennnns 300 max. Volts
CONTROL-GRID VOLTAGE . ... . ovevveeneeninnnnnnnss 0 min. Voits
PLATE DISSIPATION ......c00vvriiiiinnneerrennnnns 2.75 max., Watts
SCRERN DISSIPATION ...........ciiiiviiinninnnnnns 0.35 max. Watt
TypicAL OPERATION:
Plate Voltage ............. 90 180 250 250 Volts
Screen Voltage . ........... 90 7% 100 125 Volts
Grid Voltage. .. ........... -3 -3 -3 -3 Volts
Suppressor................ Connected to cathode at socket
Plate Current ............. 5.4 4.0 70 105 Milliamperes
Screen Current ............ 1.3 1.0 1.7 2.6 Milliamperes
Plate Resistance (Approx.).. 0.3 1.0 0.8 0.6 Megohm
Transconductance . ........ 1275 1100 1450 1650 Micromhos
Grid Voltage (Approx.) for
transcond. of 2 micromhos. -385 -325 -425 -52.5 Volts

INSTALLATION and APPLICATION

The base of either the 6K7 or the 6K7-G fits the standard octal socket which
may be installed to hold the tube in any position. Physical characteristics of the
6K7 and 6K7-G are shown in Figs. 1-5 and 2-15. respectively in the OUTLINES
SECTION. For heater operation and eathode connection. refer to Type 6AS8.
Voltage supplies and applications are the same as for Type 6SK7.
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AVERAGE PLATE CHARACTERISTICS
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TRIPLE-GRID
SUPER-CONTROL AMPLIFIER

The 6K7-GT is a triple-grid super- 6K7" GT

control amplifier. It is similar in char-
acteristics, installation, and application
to the 6K7-G, but is somewhat smaller

GT-7R (6K7-GT) in size. Physical characteristics are
shown in Fig. 2-6, OUTLINES SECTION.

% CHARACTERISTICS
HeaTER VOLTAGE (A.C.OorD.C) .................. 6.3 Volts
HEATERCURRENT . ........0o0iiiiiiiinnnnn.., 0.3 Ampere
GRID-PLATE CAPACITANCE® ....................... 0.005 max, upf
INPUT CAPACITANCE® . ... ..o 46 uuf
OUuTPUT CAPACITANCE® . .........iciiiiiiiinnnnnns 12 upf
* With close-fitting shield connected to cathode. Values are Approximate.
As Class A, Amplifier

PLATE VOLTAGE ...... ... ... ..., 250 max. Volts
SCREEN VOLTAGE .......... N 125 max. Volts
SCREEN SUPPLY VOLTAGE . . . ... ..0ovvvrnnnnnnnn 250 max. Voits
CONTROL-GRID VOLTAGE . . . .......coieeiiininn.. 0 min. Volts
PLATE DISSIPATION .. .....iviieiiiiiiaaeeees 2.75 max. Watts
ScrREEN DISSIPATION . ..............cciiiiinnnnn 0.35 magx. Watt
TvyricaL OPERATION:

Plate Voltage . ........................ 100 250 Volts

Screen Voltage . ....................... 100 100 Volts

Grid Voltage. . ........................ -3 -3 Volts

SUPPIeSSOr. . ..oi vt Connected to cathode at socket

PlateCurrent ......................... 6.5 7.0 Milliamperes

ScreenCurrent .............c.cciiunnn 16 1.7 Milliamperes

Plate Resistance (Approz.).............. 0.25 0.8 Megohm

Transconductance .. .........ccoo0enen.. 1325 1450 Micromhos

Grld Voltage (Approx.) for transcond. of

Mho8 .......oiivinieaen -385 425 Valts
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TRIODE-HEXODE
CONVERTER

6K8

METAL metal

in a single envelope.

The 6K8 is a multi-electrode tube of
construction consisting of a
triode oscillator and a hexode mixer
The design of
the 6K8 reduces interaction between

the oscillator and mixer sections of the tube, and thereby peérmits optimum per-

formance at the high as well as the low radio frequencies.

% CHARACTERISTICS

Hearer VoLTAGE (AC.orD.C) ..o viiiviits
HEATER CURRENT . .. ..itiitiiiinrererncnnnnnnn
DirecT INTERELECTRODE CAPACITANCES (Approx.):®
Hexode Grid No. 3 to Hexode Plate..............
Hexode Grid No. 3 to Triode Plate .. ............
Hexode Grid No. 3 to Triode Grid and Hexode
Grid No. 1
Triode Grid and Hexode Grid No. 1 to Triode Plate
Triode Grid and Hexode Grid No. 1 to Hexode Plate
Hexode Grid No. 3 to All Other Electrodes = R-F

Grid and Hexode Grid No. 1 = Oscillator Qutput
Triode Grid and Hexode Grid No. 1 to All Other
Electrodes except Triode Plate = Oscillator Input
Hexode Plate to All Other Electrodes = Mixer Qut-
PUL Lo e e e i e
® With shell connected to cathode.

As Frequency Converter

HexopE PLATE VOLTAGE ................c0unnnn..
Hexopr ScreeN VoLTace (Grids No. 2and 4)......
Hexopg ScREEN SuppPLy VOLTAGE. . . ..............
Hexobpk CoNTROL-GRID VOLTAGE (Grid No. 3)......
TRIODE PLATE VOLTAGE. .. ...ivvveiiiiiinnnnenn,
HexoDE PLATE DISSIPATION ...,
HEXODE SCREEN DISSIPATION ..........oovvvnn....
TRIODE PLATE DISSIPATION . . . ....................
ToTAL CATHODE CURRENT. .. .ovitinninnneenninns
TypicaL OPRRATION:

Hexode Plate Voltage .................. 100
Hexode Screen Voltage ................. 100
Hexode Control-Grid Voltage ........... -3
Triode Plate Voltage. .. ................ 100
Triode Grid Resistor ................... 50000
Hexode Plate Resistance (Approx.) 0.4
Conversion Transconductance........... 325
Hexode Control-Grid Voitage (Approex.)

for conversion transconductance of 2

micromhos. . .....cvetiiiiiii e -30
Hexode Plate Current. . . . 2.3
Hexode Screen Current. .......... .. 6.2
Triode Plate Current . .................. 38
Triode Grid and Hexode Grid No. 1 Current 0.15
Total Cathode Current................. 125

0.15
12.5

Volts
Ampere

. upf
. uuf

. upf

. puuf

suf
i
unf

wuf

Volts
Volts
Volts
Volts
Volts
Watt
Watt
Watt
Milliamperes

Volts

Volte
Volts

Volts
Ohms
Megohm
Micromhos

Volts
Milliamperes
Milliamperes
Milliamperes
Miiliampere
Milliamperes

The traneconductance of the triode section, not oscillating, of the 6K8 is approximately 3000
micromhos when the triode plate voltage is 100 volts, and the triode grid voltage is O volts.
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INSTALLATION and APPLICATION

The base of the 6K8 fits the standard octal socket which may be installed
to hold the tube in any position. Physical characteristics of the 6K8 are shown
in Fig. 1-6, OUTLINES SECTION. Heater operation and cathode connection
are the same as for Type 6A8.

As a frequency converter in superheterodyne circuits, the 6K8 supplies the
local oscillator frequency and mixes it with the radio-input frequency to provide
the intermediate frequency. Design information for this service is given under
CHARACTERISTICS.

The stability of operation of the 6K8 is due to the fact that the oscillator
frequency is not critical to changes in oscillator-plate voltage or signal-grid bias.
In some circuits, changes in these voltages are due to poor power-supply regulation
and the normal action of the avc circuit. Operation of the 6K8 with a hexode-
screen supply of 100 volts is recommended with a Flate supply of either 100 or 250
voits. In series-fed oscillator circuits, the 100-volt hexode-screen supply may be
taken from the same point in the power-supply
system as are the screen supplies for the r-f and

. R " . OPERATION CHARACTERISTIC.
i-f tubes. In shunt-fed circuits, a resistor or ATION ChA ISTics

choke must be used in the oscillator-plate cir- P Sours
cuit. The common point in the supply circuit 4 | par vous i T
must be adequately by-passed to ground. I [TROOC FLATE VOLTS 100 100
The recommended oscillator-grid current of 3 £ [wioxismdioe 7 7| 4
150 microamperes is obtained easily; a value be- £ Z*®fmooctu afSision” 0 o g
low 100 microamperes is not recommended. The 1 ¢ ¥ 2
oscillator coils used with pentagrid converter 2, .0 A= ad
types may not be suitable for the 6K8 due to 2 2 FA N ] u
the possibility of over-exciting the oscillator unit,. ¢ 3 7N I~ 2
Such coils may be used if the oscillator-plate  2'2z2 _J g ‘g
voltage Is reduced, or if the number of tumson £ 3 [—fr/firpl u
the tickler coil or the mutual inductance be- 2,2, 4 o
tween tickler and secondary coils is reduced. g ; L 3
The bias voltage applied to the hexode 3 5,1 |7 .8
control-grid may be varied from -3 volts to "¢ x
cut-off to control the translation gain of the 5 § [— *
tube. The extended cut-off may used in ° ey
combination with that of super-control amplifier TRIODE GRID & HEXODE GAID Nai
tubes to adjust receiver sensitivity. 0zc-assens

DETECTOR AMPLIFIER TRIODE

The 6L5-G is a three-electrode tube
of the heater-cathode type for use as
an amplifier, detector, or oscillator in 6L5'G
circuits designed for its characteristics.
The low heater current is a considera-

tion in applications where economy of
power is important.

CHARACTERISTICS

HeaTer VoLTAGE (A.C.or D.C) .ovivivviiininn.n. 6.3 Volts
HEATER CURRENT . ......civeinnnennracnerncnnnns 0.15 Ampere
PLATE VOLTAGE .. .. .iiiiiiiiiinnnennnens 135 250 max. Volts
GRID VOLTAGE . .....00vvvvnnvennnnneenns -5 -9 Volts
PLATE CURRENT. .. vvvveirnnnnneernnnnns 3.5 8 Milliamperes
PLATE RESISTANCE. ....oovvvnveiennnennnn 11300 9000 Ohms
AMPLIFICATION FACTOR. ........cciiinnnn 17 17
TRANSCONDUCTANCE . ...cvvvvvnvrnnnnnnns 1500 1900 Micromhos
GrID Bias VOLTAGE (Approx.)®............ ~-11 -20 Volts
Grip-PLATE CAPACITANCE (ADProx.)® .. .ovvvvnnnns. 2.7 upf
GRID-CATHODE CAPACITANCE (Approx.)*............ 3.0 uuf
PLaTE-CATEODE CAPACITANCE (ApDrox.)*........... 5.0 upf

* For cathode current cut-off. ¢ With close-fitting shield connected to cathode.
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INSTALLATION and APPLICATION
The base of the 6L5-G fits the standard octal socket which may be mounted
to hold the tube in any position. Physical characteristics of the 6L5-G are shown
in Fig. 2-17, OUTLINES SECTION. Heater operation and cathode connection
are discussed under Type 6A8.
As a class A, amplifier, the 6L5-G may be operated in resistance-coupled
circuits as shown in the RESISTANCE-COUPLED AMPLIFIER CHART.

BEAM POWER AMPLIFIERS

6'_6 The 6L6 and 6L6-G are power-am-
plifier tubes for use in the output stage
METAL of radio receivers, especially those

designed to have ample reserve of
6L 6_G power-delivering  ability. The 6L6
and 6L.6-G provide high power output
sensitivity and high efficiency. The
power output at all levels has low third

and negligible higher-order harmonic distortion. For discussion_of beam po
amplifier considerations, refer to section on ELECTRONS and ELECTRODES

% CHARACTERISTICS
HeaTer VoLTAGE (A.C.orD.C) ..coivvvvvvnnnn... 6.3 Voits
HEATER CURRENT . ... iiviiiirinrnnnnnnencenannns 0.9 Ampere
As Single-Tube Class A, Amplifier
PLATE VOLTAGE .......ccvuiviiiivnnersnnnnnannns 360 max. Volts
SCREEN VOLTAGE .. ....iviiiiinnneenreranennnns 270 max. Volts
PLATE DISSIPATION .....iiiiiieriinninninrnnennns 19 max. Watts
SCREEN DISSIPATION ... 0ivvtiiinnenrveerennnnnnn 2.5 max. Watts
TyPICAL OPERATION:
Fixed Bias Cathode Bias
Plate Voltage ............. 250 350 250 300 Volts
Screen Voltage ............ 250 250 250 200 Voits
Grid Voltage. . ............ -14 -18 - - Volts
Cathode Resistor .......... - - 170 220 Ohms
Peak A-F Grid Voltage. . ... 14 18 14 125 Volts
Zero-Signal Plate Current. .. 72 b4 75 51 Milliamperes
Mazx.-Signal Plate Current .. 79 66 78 545 Milliamperes
Zero-Signal Screen Current. . 5 25 5.4 3 Milliamperes
Max.-Signal Screen Current. 7.3 7 7.2 4.6 Milliamperes
Plate Resistance. .......... 22500 33000 - - Ohms
Transconductance ......... 6000 5200 ~ - Micromhos
Load Resistance........... 2500 4200 2500 4500 Ohms
Total Harmonic Distortion. . 10 15 10 11 Per cent
Max.-Signal Power Qutput . . 6.5 108 6.5 6.5 Watts
As Single-Tube Class A, Amplifier — Triode Connectiont
PLATE VOLTAGE ... . ... viiiiiiiiiiinnnnnrnenenes 250 max. Volts
PLATE AND ScrEEN DissipatioN (Total)............. 10 max. Watts
TypricAL OPERATION:
Fixed Bias Cathode Bias
Plate Voltage ............. 250 250 Volts
Grid Voltage. ............. -20 - Volts
Cathode Resistor .......... - 490 Ohms
Peak A-F Grid Voltage. .... 20 20 Volts
Zero-Signal Plate Current. ., 40 40 Milliamperes
Max.-Signal Plate Current .. 44 42 Milliamperes
Plate Resistance........... 1700 - Ohms
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Amplification Factor ....... 8 -
Transconductance 4700 -
Load Resistance. .. ... . 5000 6000
Total Harmonic Distortion. . 5 6
Max.-Signal Power Output. . 14 1.3
As Push-Pull Class A, Amplifier
PLATEVOLTAGE ......... .. iiiiiiiiriinennnnnn, 360 mazx.
SCREEN VOLTAGE ... ..oviiiniiniiiinenanreennnns 270 max.
PLATE DISSIPATION ........ciiiiiirennnnnnnnnnn.. 19 max.
SCREEN DISSIPATION ... ..vviininiennnnnnenneennnn 2.5 max.

TypicaL OperATION: Values are for two tubes
Fixed Bias Cathode Bias

Plate Voltage .. ............... 250 270 270
Screen Voltage . ............... 250 270 270
Grid Voltage. .. ............... -16 -175 -
Cathode Resistor .............. - - 125
Peak A-F Grid-to-Grid Voltage. . 32 35 40
Zero-Signal Plate Current....... 120 134 134
Mazx.-Signal Plate Current. .. ... 140 155 145
Zero-Signal Screen Current. .. ... 10 11 11
Max.-Signal Screen Current. . ... 16 17 17
Plate Resistance............... 24500 23500 -
Transconductance ............. 5500 5700 -
Effective Load Resistance (Plate-
to-plate).................... 5000 5000 5000
Total Harmonic Distortion...... 2 2 2
Max.-Signal Power Qutput...... 14.5 17.5 185
As Push-Pull Class AB, Amplifler
PLATEVOLTAGE ......... ..t 360 max.
SCREEN VOLTAGE .. .0vvvitiiveeninninnnnennnenns 270 max.
PLATE DISSIPATION .....coiiiiiein i, 19 max.
SCREEN DISSIPATION ......covvtrnnnnneenreranns. 2.5 max.

TypicAL OPERATION: Values are for two tubes
Fixed Bias Cathode Bias

Plate Voltage .. ............... 360 360 360
Screen Voltage . ............... 270 270 270
Grid Voltage. .. ............... -225 225 -
Cathode Resistor .............. - - 250
Peak A-F Grid-to-Grid Voltage. . 45 45 57
Zero-Signal Plate Current........ 88 88 88
Max.-Signal Plate Current...... 132 140 100
Zero-Signal Screen Current...... 5 5 5
Max.-Signal Screen Current..... 15 11 17
Effective Load Resistance (Plate-
to-plate). ................... 6600 3800 9000
Total Harmonic Distortion. ..... 2 2 4
Max.-Signal Power Output...... 26.5 18 24,5
As Push-Pull Class AB, Amplifier
PLATE VOLTAGE ..........cciiviiiiiiiniinnnn.. 360 max.
SCREEN VOLTAGE .. .vvitiiviinsnnnnnnnnnnnenneens 270 max.
PLATE DISSIPATION ... ...t 19 max.
SCREEN DISSIPATION . ...vvvvriniirnnnnrrennnnn. 2.5 max.
TvyricaL OPERATION: Values are for two tubes
Fixed Bias
PlateVoltage . ........................ 360 360
Screen Voltage ............. .. 225 270
Grid Voltage. . ...........ccovvnnennn.. -18 =225
Peak A-F Grid-to-Grid Voltage.......... 52 72

Micromhos
Ohms

Per cent
Watts

Volts
Volts
Watts
Watts

Volts

Volts

Volts

Ohms

Volts
Milliamperes
Milliamperes
Milliamperes
Milliamperes
Ohms
Micromhos

Ohms
Per cent
Watts

Volts
Volts
Watts
Watts

Volts
Volts
Volts
Ohms
Volts
Milliamperes
Milliamperes
Milliamperes
Milliamperes

Ohms
Per cent
Watts

Volts
Voits
Watts
Watts

Volts
Volts
Volts
Voits
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Zero-Signal Plate Current............... 78 88 Milliamperes
Max.-Signal Plate Current.............. 142 205 Milliamperes
Zero-Signal Screen Current. ........ .. 3.5 5 Milliamperes
Max.-Signal Screen Current. ............ 11 16 Milliamperes
Effective Load Resistance (Plate-to-plate). 6000 3800 Ohms

Peak Grid-Input Power*................ 140 270 Milliwatts
Total Distortion®*®* ..........cvvvnnnn. 2 2 Per cent
Mazx.-Signal Power Output..... Ceerevees 31 47 Watts

* Driver stage should be capable of supplying the grids of the class AB, lta}le with the specified
peak values at low distortion. The effective resistance per grid circuit of the class AB; stage

should be kegt below 500 ohms and the effective impedance at the highest desired response fre-
quency should not exceed 700 ohma,

** With zero-impedance driver and perfect regulation, plate-circuit distortion does not exceed
2%. In practice, plate-voltage regulation, screen-voltage regulation, and grid-bias regulatien
should be not greater than 5%, 5% and 3%, respectively.

INSTALLATION and APPLICATION

The base of either the 6L6 or the 6L6-G fits the standard octal socket which
mag' be installed to hold the tube in any position. Physical characteristics of the
6L6 and the 6L6-G are shown in Figs. 1-9 and 2-26, respectively, in the OUT-
LINES SECTION.

The heater is designed to operate at 6.3 volts, The transformer supplying
this voltage should be designed to operate the heater at this recommended value
for full-load operating conditions at average line voltage. Under the maximum
screen and plate dissipation conditions, the heater voltage should never fluctuate
g0 that it exceeds 7.0 volts. For cathode connection, refer to Type 6A8.

In all services, precautions should be taken to insure that the dissipation
rating is not exceeded with expected line-voltage variations, especiaily in the cases
of fixed-bias operation. When the push-pull connection is used, fixed-bias values
up to 109, of each typical screen voltage can be used without increasing distortion.

As class A, power amplifiers, the 6L.6 and 61.6-G should be operated as shown
under CHARACTERISTICS. The values cover cathode- and fixed-bias operation
for both types where used as beam power tubes as well as where they are connected
as triodes, and have been determined on the basis that no grid current flows durin
any of the input signal swing. The second harmonics can easily be eliminat
by the use of push-pull circuits. In single-tube resistance-coupled circuits, the
second-harmonics can be minimized by generating out-of-phase second harmonics
in the pre-amplifier.

As push-pull class AB, power amplifiers, the 6L.6 and 6L.6-G may be operated
as shown under CHARACTERISTICS. The values shown cover cathode- and
fixed-bias operation and have been determined on the basis that no grid current
flows during any part of the input signal swing.

AVERAGE PLATE CHARACTERISTICS
WITH EC| AS VARIABLE
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The type of input coupling used in class A, and class AB, service should not
introduce too much resistance in the grid circuit. Transformer- or impedance-
coupling devices are recommended. When the grid circuit has a resistance not
higher than 0.1 megohm, fixed bias may be used; for higher values, cathode bias
is required. With cathode bias the grid circuit may have a resistance as high as,
but not greater than, 0.5 megohm provided the heater voltage is not allowed to
rise more than 109, above the rated value under any condition of operation.

As push-pull class AB, power amplifiers, the 6L6 and the 6L6-G may be oper-
ated as shown under CHARACTERISTICS. The values cover operation with
fixed bias and have been determined on the basis that some grid current flows
during the most positive swing of the input signal.

Refer to CIRCUIT SECTION for circuits employing the 6L6 or 6L6-G, and
to the RADIO TUBE APPLICATIONS section for discussion of inverse-feedback
arrangements.

AVERAGE PLAYE CHARACTERISTICS
TRIODE CONNECTION

TYPE 6L6
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PENTAGRID MIXER

AMPLIFIERS 6 L7

METAL

o’l(;he 6L7 and G%Z;G age gxulti-elec-
trode vacuum tubes. ach type is -
designed with two separate control 6'_7 G
grids shielded from each other, This
design permits each control grid to act
independently on the electron stream. These tubes, therefore, are especially useful
as mixers in superheterodyne circuits having a separate oscillator stage, as well as
in other applications where dual control is desirable in a single stage. The design
of the tubes is such that coupling effects between oscillator and signal circuits are
made very small. This feature enables the 6L7 and 6L7-G to give high gain in high-
frequency circuits, For general discussion of pentagrid types, see Frequency Con-
version in the RADIO TUBE APPLICATIONS section.

* CHARACTERISTICS

Heater VoLTaGgE (AC.or D.C) .ovvvvvvenannnn.. 6.3 Volts
HEATER CURRENT . ..0.vtiiiviieniiinnnnnneennns 0.3 Ampere
DirecT INTERELECTRODE CAPACITANCES:
Type 6L7* Type 6L7-G°
Grid No. 1to Grid No. 3 ........... 0.2 max. 0.2 max. uuf
Grid No.1toPlate ................ 0.001 max. 0.005 max. uuf
® With shell connected to cathode. ® With close-fitting shield connected to cathode.
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Grid No.3toPlate ................ 0.1 0.24 puf

Grid No. 1 to All Other Electrodes. . . 75 6 uuf

Grid No. 3 to All Other Electrodes. .. 10 12 uuf

Plate to All Other Electrodes. ....... 11 10 upf

As Mixer

PLATE VOLTAGE..........0.iieeiiinnernnnnnnnn 300 max. Volts
ScreEEN VoLTAGE (Grids No. 2 and No. 4)......... 150 max. Volts
PLATE DISSIPATION . ... . iiiiiiinerienennnanes 1.0 max. Watt
SCREEN DISSIPATION .. .iiinin ettt iinninnnenns 1.5 max. Watts
TypricaL OPERATION:

Plate Voltage . ..........ccovvivnnnnn. 250 250 Volts

Screen Voltage . ........ccceieeevenan. 100 150 Volts

Signal-Grid Voltage (Grid No. 1) ....... -3 min. -6 min.t Volts

Oscillator-Grid Voltage (Grid No. 3)** .. -10 -15 Volts

Peak Oscillator Voltage Applied to Grid

No.3 . i 12 min. 18 min. Volts

PlateCurrent ...............c.couat. 2.4 3.3 Milliamperes

ScreenCurrent .............covivnnn 7.1 9.2 Milliamperes

Plate Resistance. . .................... Greater than 1 Megohm

Conversion Transconductance. ......... 37 350 Micromhoe

Signal-Grid Voltage for Conversion Trans-

conductance of 5 Micromhos ....,.... -30 —45 Volts

** The d-c resistance in oscillator-grid circuit should be limited to 50000 ohms.
1 Recommended values for all-wave receivers.

As Class A, Amplifier

PLATE VOLTAGE .......c.viiiiiiiiiiirenenennnnnns 300 max. Volt

SCREEN VOLTAGE . .\vviivinnnannannenenrnannnnnn 100 max. Volts

PLATE DISSIPATION .........coiiiiiiiiinnenannnn. 1.5 max. Watts

SCREEN DISSIPATION ... .o0cinnnrieneernrrenanenns 1.0 max. Watt

TypricAL OPERATION:
Plate Voltage .. .........c.cciiiiiiiineinennnnns 250 Volts
Screen Voltage (Grids No. 2 and No. 4) .......... 100 Volts
Control-Grid Voltage (Grid No. 1)............... -3 Volts
Control-Grid Voltage (Grid No. 3)............... -3 Volts
PlateCurrent .........c.0iiiieiiiieriinneenanns 5.3 Milliamperes
ScreenCurrent .. ..... ... i i it 6.5 Milliamperes
Plate Resistance (AppProx.)..........cvevveeennnn. 0.6 Megohm
Transconductance (Grid No. 1 to Plate).......... 1100 Micromhos
Transconductance with —15 volts bias on Grid No. 1 5 Micromhos
Transconductance with -15 volts bias on Grid No. 3 5 Micromhos

INSTALLATION and APPLICATION

The base of either the 6L7 or the 6L7-G fits the standard octal socket which
may be installed to hold the tube in any position. Physical characteristics of the
6.7 and the 6L.7-G are shown in Figs. 1-5 and 2-15, respectively, in the OUTLINES
SECTION. For heater operation and cathode connection, refer to Type 6A8.

As mixers in wperheterodtgne circuits, the 6L.7 and 6L7-G can mix the input
from an external oscillator with the radio-input frequency to provide the desired
intermediate frequency. For this service, design information is given under
CHARACTERISTICS.

As radio-frequency or intermediate-frequency amplifiers, the 6L.7 and 6L.7-G
should be operated as shown under CHARACTERISTICS. In general, properl
designed radio-frequency transformers are preferable to interstage coupling imped):
ances, especially in cases where a high-impedance B-supply may cause oscillation
below radio frequencies, The fact that the grid No. 1-plate capacitance of these
types is extremely small is advantageous in circuits where high attenuation is
required.
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OPERATION CHARACTERISTICS
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“-" 2 ELECTRON-RAY TUBE
Ne oy Indicator Type
The 6N5 is a high-vacuum heater- 6N5
°° cathode tube designed to indicate

visually, by means of a fluorescent
6 target, the effects of a controlling

R voltage. The tube is a voltage indi-
cator and as such is a convenient means to indicate accurate tuning of a radio
receiver, For a discussion of Electron-Ray Tube considerations, see the RADIO
TUBE APPLICATIONS section. This type has been superseded by 6AB5/6N5.

% CHARACTERISTICS
Heater VoLtaGE (A.C.orD.C) ...ovveiee 6.3 Volts
HeaTER CURRENT ......... PR 0.15 Ampere
PLATE-SUPPLY VOLTAGE .. iovveinvneneniunnnnnnnns 180 max. Volts
TARGET VOLTAGE . .....vviviiiirriiiiinnnnvanns {%88 :,a: : xg}g
TypicAL OPERATION:
Plate-and-Target Supply.................... 135 135 Volts
Series Triode-Plate Resistor................. 025 10 Megohm
Target Current 1°..............ooi Ll 2 19 Milliamperes
Triode-Plate Current®. .. ................... 05 0.13 Milliampere
Triode-Grid Voltage (Approx.):
For shadow angleof 0° ................... -10 155 Volts
For shadow angleof 90° .................. 0 0 Volts
t Subject to wide variations. ® For zero triode-grid voltage.

INSTALLATION and APPLICATION

The base of the 6N5 fits the standard 6-contact socket which may be installed
to hoid the tube in any position. Physical characteristics of the 6N5 are shown
in g‘:é 2-19, OUTLINES SECTION. Heater operation is similar to that of the

for cathode connection, see Type 6A8.

Application and circuits are similar to those for Type 6ES. The low heater
current makes this tube useful in applications where economy of heater power is
important. The cut-off characteristic of the triode of the 6N5 is somewhat more
extended than that of the 6E5.
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AVERAGE CONTROL CHARACTERISTICS
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POWER AMPLIFIER

The 6N6-G is a multi-electrode tube
6_G of the heater-cathode type consisting
of two triodes in one bulb, One triode,
the driver, is directly connected with-
in the tube to the second, or output,
triode. The 6N6-G is used chiefly for
replacement in receivers designeg for
its characteristics.

% CHARACTERISTICS

HEeATER VOLTAGE (AC.or D.C.) ..ovvvennnnnnn.... 6.3 Volits
HEATER CURRENT . ...c0cvveernrovioscassrecnonnns 0.8 Ampere

As Class A; Power Amplifier
OutPuT-TRIODE PLATE (PTy) VOLTAGE ............. 300 max. Volts
INPUT-TRIODE PLATE (PT;) VOLTAGE. .............. 300 max. Volts
INpuT-TrRIODE GRID (GT)) VOLTAGE. ... ..evvnnnns. 0 Volts
PeAR A-F GRID (GT)) VOLTAGE ......ccvvvvvennnns 21 Volts
OutpPuT-TRI10DE PLATE CURRENT ........0c00nvunnn. 42 Milliamperes
INPUT-TRIODE PLATE CURRENT. . ....vvveviennnnnn. 9 Milliamperes
PLATE RESISTANCE. .....covveiiviinnenarrannannns 24000 Ohms
TRANSCONDUCTANCE (GTi toPTa). . ...ovvvvvvnnnn.. 2400 Micromhos
AMPLIFICATION FACTOR. . ........coiiiiiniacnnn.. 58
LLOAD RESISTANCE . .. .0vviaceivrnnniaacersnanenns 7000 Ohms
ToraL HARMONIC DISTORTION. ..........c0vunnnn. 3 Per cent
POWER QUTPUT. . vviviiiineanneeeecconsrenoannnn 4 Watts

INSTALLATION and APPLICATION

The base of the 6N6-G fits the standard octal socket which may be mounted
to hold the tube in angsposition. Physical characteristics of the 6N6-G are shown
in Fig. 2-21, OUTLINES SECTION. Heater operation is the same as for Type 6N7.

The 6N6-G may be operated as a class A, power amplifier under conditions
shown under CHARACTERISTICS. The tube operates without external bias,
but the input-triode grid does not draw current because a bias voltlaje for this grid
is set up within the tube. If two 6N6-G’s are operated in push-pull, the plate-to-
plate load resistance should be 10000 ohms.
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CLASS B TWIN TRIODES

The 6N7 and 6N7-G are multi-unit 6 N7
types of tubes. Each type contains METAL

in one envelope two high-mu triodes

designed for class B operation. The

triode units have separate terminals 6N7'G
for all electrodes except the cathodes and

88 heaters. The 6N7 and 6N7-G may also

be used as class A, amplifiers (triode units in parallel) to drive a single 6N7 or
6N7-G as a class B amplifier in the output stage.

% CHARACTERISTICS

Heater VoLTAGE (AC.or DC) ...l 6.3 Voits
HEATER CURRENT . ... ....ooiiiinnnnnnneann... 0.8 Ampere
As Class B Power Amplifier
PLATE VOLTAGE ...........oviiiiiiiiinnennnn, 300 max. Volts
Peax PLATE Current (Per Plate) .. ............... 125 max. Milliamperes
AvrRAGR PLATE DissiraTion (Per plate) ........... 5.5 max. Watts
TyricaL OPerATION:
Unless otherwise specified, valves are for the two units
Plate-§up81y Impedance................ 0 1000 Ohms
Effective Gnid-Circuit Impedance (Per unit) 0 516 Ohms
Plate Voltage .. ....................... 300 300 Volts
GridVoltage. .. ....................... 0 0 Volts
Peak A-F Grid-to-Grid Voltage.......... 58 82 Volts
Zero-Signal D-C Plate Current .......... 35 35 Milliamperes
Max.-Signal D-C Plate Current.......... 70 70 Milliamperes
Peak Grid Current (Per unit) ........... 20 22 Milliamperes
Effective Load Resistance (Plate-to-plate). 8000 8000 Ohms
Total Harmonic Distortion.............. 4 8 Per cent
Third Harmonic Distortion ............. 35 75 Per cent
Fifth Harmonic Distortion. . ............ 15 35 Per cent
Max.-Signal Power Output. . ............ 10 10 Watts
As Driver* — Class A, Amplifier
PLate VoLTacet ... ... .. ... ... ... 250 294 Volts
GRID VOLTAGE . ............ccoivinun.. .. -5 -6 Volts
PLaTE CURRENT . . .................oou... 6 7 Milliamperes
PLATE RESISTANCE..............0o0vvnnn. 11300 11000 Ohms
AMPLIFICATION FACTOR. .............. .... 35 35
TRANSCONDUCTANCE . . .......ovvvennnnnn. 3100 3200 Micromhos

t Mazximum plate voltage = 300 volts.
* Both grids connected together at socket: likewise both plates.

INSTALLATION and APPLICATION

The base of either the 6N7 or the 6N7-G fits the standard octal socket which
may be installed to hold the tube in any position. Physical characteristics of the
6N7 and 6N7-G are shown in Figs. 1-7 and 2-21, respectively, in the OUTLINES
SECTION.

‘The heater is designed to operate at 6.3 volts. In a series-heater circuit em-
ploying several 6.3-volt types and one or more 6N7's or 6N7-G’s, the heaters of
the 6N7’s and 6N7-G’s should be placed on the positive side. Furthermore, since
most 6.3-volt types have 0.3-ampere heaters. a bleeder circuit across these heaters
is required to take care of the additional 0.5-ampere heater current of the 6N7's
and 6N7-G’s. Each 6.3-volt tube of the 0.3-ampere type in the series circuit should,
therefore, be shunted by a bleeder resistance of 13 ohms. Cathode connection is
the same as for the 6AS8.

As class B power amplifiers, the 6N7 and 6N7-G are used in circuits similar
in design to those utilizing individual tubes in the output stage. They require no
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grid-bias, since the high-mu feature of the triode units reduces the steady plate
current at zero bias to a relatively low value. Refer to RADIO TUBE APPLIC-
ATIONS section for general class B amplifier design considerations.

. Two 6N7’s or 6N7-G’s can be operated in a class B output stage with the two
triode units of each tube connected in parallel to give a power output of 20 watts,
ig%rlg::mllatg. under conditions of 300 volts on the plates and of a 5000-ohm plate-

-plate load.

In the second set of conditions shown under Typical Operation, the plate-
supply impedance of 1000 ohms indicates a value that is obtainable in a practical
design. The effective grid-circuit impedance of 516 ohms is for a class B stage
in which the effective resistance per grid circuit is 500 ohms at 400 cycles and the
leakage reactance of the coupling transformer is 50 millihenrys. The driver stage
should be capable of supplying the grids of the class B stage with the specified
values of driving voltage and current at low distortion.

As class A; amplifier triodes, the 6N7 and 6N7-G may be employed in the
driver stage of class B amplifier circuits, and thus reduce the number of tube types
necessary in a receiver, hen operated in this way with a plate supply of 300
volts and corresponding grid-bias, these tubes are capable of supplying a power
output upwards of 400-milliwatts. The load into which the driver works will
depend largely on the design factors of the class B amplifier. In general, however,
the load will be between 20000 and 40000 ohms. The d-c resistance in the grid
circuit of the 6N7 and 6N7-G when operated as a class A amplifier, may be as high
as 0.5 megohm with cathode bias. With fixed bias, however, the resistance should
not exceed 0.1 megohm. Typical operating values as resistance-coupled amplifiers
are given in the RESISTANCE-COUPLED AMPLIFIER CHART.

Among other and less conventional applications of the 6N7 and 6N7-G are
the use of either type as (1) biased detector and one-stage a-f amplifier, (2) two-
stage a-f amplifier, (3) amplifier and phase-inverter to supply resistance-coupled,
push-pull output tubes, (4) two-tube oscillator, and (5) oscxflator and amplifier,

AVERAGE PLATE CHARACTERISTICS
EACH TRIODE UNIT~CLASS B OPERATION
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Y% CHARACTERISTICS

HeATER VOLTAGE (A.C.orD.CY .......... 6.3 Voits
HEATBR CURRENT . ...............covn... 0.3 Ampere
PLATE VOLTAGE ... ...................... 100 250 max. Voits
GRrID VOLTAGE® . . . .. -5 -135 Volts
PLATE CURRENT. .. .. .. 2.5 5 Milliamperes
PLATE RESISTANCE. ...................... 12000 9500 Ohms
AMPLIFICATION FACTOR . .................. 13.8 13.8
TRANSCONDUCTANCE . . ......oovvinnnnnn.. 1150 1450 Micromhos
GRID-PLATE CAPACITANCE®. ............... 2.2 wuf
GRID-CATHODE CAPACITANCE®. . . ........... g é uug

s

PLATE-CATHODE CAPACITANCE® . ........... .
° With close-fitting shield connected to cathode. Values are approximate.
* The d-¢ resistance in the grid circuit should not exceed 1.0 megohm.

INSTALLATION and APPLICATION

The base of the 6P5-G fits the standard octal socket which may be mounted
to hold the tube in any position. Physical characteristics of the 6P5-G are shown
in Fig. 2-17, OUTLINES SECTION. Heater operation and cathode connection

are discussed under Type 6AS8.

APPLICATION

As an amplifier, the 6P5-G is applicable either to radio-frequency or audio~
frequency circuits. Recommended operatiné conditions for service using trans-
former coupling are given under CHARACTERISTICS. For operation as a
resistance-coupled amplifier, refer to the RESISTANCE-COUPLED AMPLIFIER

CHART.

As a detector, the 6P5-G may be of the grid-leak-and-condenser or grid-bias
type. The plate voltage for the grid-leak-and-condenser method should be about
45 volts. A grid leak of from 1 to 5 megohms with a grid condenser of 0.00025 uf
is satisfactory. For the grid-bias method of detection, a plate-supply voltage of
250 volts may be used together with a negative grid bias voltage of approximately
20 volts. The plate current should be adjusted to 0.2 milliampere, with no input
signa} voltage. The grid-bias voltage may be supplied from the voltage drop in
a resistor between cathode and ground. The value of this cathode resistor is not
critical, 30000 to 150000 chms being suitable. The higher value will permit the

application of a larger input signal.

AVERAGE PLATE CHARACTERISTICS
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6Q7 DUPLEX-DIODE
HIGH-MU TRIODES
METAL The 6Q7, 6Q7-G, and 6Q7-GT are
6@7-G multi-unit types of tubes, Each type
contains two diodes and a high-mu
triode in one envelope and is for use as
6Q7-GT combined detector, amplifier, and (2i8&7.c7KE Tk
automatic-volume-control tube in radio  nCied7GT 4y
receivers designed for its characteris-

tics. For diode-detector considerations, refer to RADIO TUBE APPLICA-
TIONS section.

* CHARACTERISTICS
HEeATER VoLTAGE (A.C.orD.C.) ........ceeunnn.. 6.3 Volts
HEATER CURRENT . . ..oiiiiinnniiiiiananrennnnn. 0.3 Ampere
Type Type Type
6Q7*  6Q7-G** 6Q7-GT

Triode: GRID-PLATE CAPACITANCE .... 15 1.7 _— anl
GRrID-CATHODE CAPACITANCE.. 5.5 2.2 —_—_ upf
PLATE-CATHODE CAPACITANCE. 5 3.2 —_ unf

* With shell connected to cathode. Values are approximate.
** With no shield. Values are approximate.

Triode Unit — As Class A, Amphﬁer
PLATEVOLTAGE ..........c0oviviinnnnnn. 250 max. Volts

GRID VOLTAGE .. ...oviiii i, —1 5 Volts
PLATECURRENT. . ...ovviiin e 0.35 1.1 Milliamperes
PLATE RESISTANCE . .......ovivieiieennnnn 87500 58000 Ohms
AMPLIFICATION FACTOR. . ................. 70

TRANSCONDUCTANCE . . .......ccvvuenunnnnn 800 1200 Micromhos

Diode Units

The two diode plates are placed around a cathode, the sleeve of which is
common to the triode unit. Each diode plate has its own base pin. Operation
curves for the diode units are given under Type 6B7.

INSTALLATION and APPLICATION

The base of either the 6Q7, the 6Q7-G, or the 6Q7-GT fits the standard octal
socket which may be installed to hold the tube in any position. Physical character-
istics of the 6Q7, 6Q7-G, and 6Q7-GT are shown in Figs. 1-5, 2-15, and 2-6, respect-
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ively, in the OUTLINES SECTION. Heater and cathode considerations are
the same as for Type 6A8.

These three t are in many respects similar to the 6SQ7 except that they
have a lower amplification factor which permits of handling somewhat larger input
driving voltage without overloadmg The triode unit is recommended for use
only in resistance-coupled circui ypical recommended operating conditions
are given in the RESISTANCE-COUPLED AMPLIFIER CHART.

Grid bias for the triode unit of the 6Q7, 6Q7-G, and 6Q7-GT may be obtained
from a fixed source, such as a fixed-voltage tap on the d-c power supply or from
a cathode-bias resistor, It should not be obtained by the diode-biasing method
because of the probability of plate-current cut-off, even with relatively small signal
voltages applied to the diode circuit.

DUPLEX-DIODE TRIODES

The 6R7 and 6R7-G are multi-unit 6R7
tubes. Each type contains two diodes
and a triode in a single envelope and METAL

is for use as combined detector, ampli-
fier, and automatic-volume-control tube

in radio receivers designed for its char- -
acteristics. For diode-detector consid- 6 R7 G
erations, refer to the RADIO TUBE

APPLICATIONS section.
* CHARACTERISTICS
HEATER VOLTAGE (AC.or D.C) .............. ... 6.3 Voits
HEATER CURRENT 41\ ivvirnerntnainnnennrnnnes 03 Ampere
Type Type

Tf£0d¢: 6R7* 6R7-G**

GRID-PLATE CAPACITANCE (Approx.)..... 2.2 2.4 uuf

GRrID-CATHODE CAPACITANCE (ApPDrox.) .. 5.0 2.6 upf

PLATE-CATHODE CAPACITANCE (APProx.) . 3.2 5.2 puf

* With shell connected to cathode. ** With shield.
Triode Unit — As Class A; Amplifier
PLATEVOLTAGE ........ciiiiiiiiiiiiiinennenn 250 max. Volts
GRID VOLTAGE . ...\ iiiieiiiiiiiiinicnneannnns -9 Volts
PLATECURRENT. . ...t iiii i eenes 9.5 Milliamperes
PLATE RESISTANCE. ..........0oiiiiiiiiieneennnn, 8500 Ohms
AMPLIFICATION FACTOR . . .......... ... it 16
TRANSCONDUCTANCE .. .....ovvnrieinnannnnnnnnnnns 1900 Micromhos
LOAD RESISTANCE .. ......0.ciiiiiinininnnnnnenns 10000 Ohms
PowBROUTPUT ... ....iiiiiriir it iiinenannannnn 300 Milliwatts
Diode Units

The two diode plates are placed around a cathode, the sleeve of which is com-
mon to the triode unit. Each diode plate has its own base pin. Operation curves
for the diode units are given under Type 6B7.

INSTALLATION and APPLICATION

The base of either the 6R7 or the 6R7-G fits the standard octal socket which

y be installed to hold the tube in any position. Physical characteristics of the
6R7 and 6R7-G are shown in Figs. 1-5 and 2-15, respectively, in the OUTLINES
EEETION Heater and cathode considerations are the same as those for Type

As transformer-coupled amplifiers, the triode units of the 6R7 and 6R7-G
may be employed in conventional circuit arrangements. Operating conditions
are shown under CHARACTERISTICS. As resistance-coupled amplifiers, the
triode units may be used under conditions given in the RESISTANCE-COUPLED
AMPLIFIER CHART.
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Grid bias for the triode units of the 6R7 and 6R7-G may be obtained from
a fixed source, such as a fixed-voitage tap on the d-c power supply or from a cathode-
bias resistor, It should not be obtained by the diode-biasing method because of
the probability of plate-current cut-off, even with relatively smail signal voltages
applied to the diode circuit.

20 AVERAGE PLATE CHARACTERISTICS
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TYPE 6R7
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6 57 SUPER-CONTROL
AMPLIFIERS

METAL
The 6S7 and 657-G are triple-grid

6 57 G super-control amplifier tubes of the

- heater-cathode type designed for use

in radio- or intermediate-frequency

amplifiers. The ability of these tubes

to handle unusual signal voltages without cross-modulation or modulation distor-

tion makes them adaptable to receivers employing automatic volume control.

These tubes may be used to advantage in applications where economy of heater
power is important.

% CHARACTERISTICS
HEATER VOLTAGE (A.C.or D.C)) ..........c.covtt. 6.3 Volts
HEATER CURRENT . ...\ .ittiinerneennineenennnnn 0.15 Ampere
Type 6S7° Type 6S7-G**
GRID-PLATE CAPACITANCE .. .......... 0.005 max. 0.008 max. puf
INPUT CAPACITANCE. . ................ 6.5 4.4 puf
OuTPUT CAPACITANCE . . .......oonnn. 10.5 8 uuf
° With shell connected to cathode. ** With close-fitting shield connected to cathode.
As Class A, Amplifier
PLATE VOLTAGE .............ciiiiiiiiiannn. 300 max. Volts
ScreeEN VoLTAGE (Grid No. 2) ................ 100 max. Volts
SCREEN SUPPLY VOLTAGE. . .. ................ 300 max. Volts
GRID VoLTAGE (Grid No. 1). .. ................ 0 min. Volts
PLATE DISSIPATION .... ... .. ................ 2.25 max. Watts
ScREBEN DISSIPATION .. .. . ...............c.... 0.25 max. Watt
TyprcaL OPERATION:
Plate Voltage .. ................... 135 250 Volts
Screen Voltage . ................... 67.5 100 Volts
Grid Voltage. . .................... -3 -3 Volts
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SUDDIESSOr. . .o ivveverrnancnnannns Connected to cathode at socket
PlateCurrent .............c.c000n. 85 Milliamperes
ScreenCurrent .................... 09 2 Milliamperes
Plate Resistance (Approx.).......... 1.0 1.0 Megohm
Transconductance ................. 1250 1750 Micromhos
Grid Voltage for transconductance of

10 micromho8 ................... 25 -38.5 Volts

INSTALLATION and APPLICATION

The base of either the 6S7 or the 6S7-G fits the standard octal socket which
may be installed to hold the tube in any position. Physical characteristics of the
657 and 6S7-G are shown in Figs. 1-6 and 2-15, respectively, in the OUTLINES
SECTION. For heater operation and cathode connection, refer to Type 6D8-G.
Voltage supplies and applications are similar to those discussed under Type 6SK7.

AVERAGE PLATE CHARACTERISTICS
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PENTAGRID CONVERTER

The 6SA7 is a multi-electrode vacu-
um tube of the single-ended metal type
designed to perform simultaneously
the functions of a mixer (first detector)
tube and of an oscillator tube in super-
heterodyne circuits, especially those of
the all-wave t%. Utilizing a special
structure, the 6SA7 has excellent os-

92C-4868

6SA7

METAL

cillator frequency stability, and offers mechanical advantage from a circuit stand-

point as discussed under Application.

% CHARACTERISTICS
HEATER VoLTAGE (A.C.orD.C) ..................

DiIRECT INTERELECTRODE CAPACITANCES:
Grid No. 3 to All Other Electrodes = R-F Input° .
Plate to All Other Electrodes = Mixer Output® . ..
Grid No. 1 to All Other Electrodes®. .............
Grid No.3toPlate® ........................... 0
Grid No. 1toGridNo. 3° . ..................... 0.
Grid No. 1toPlate® ...........cocviiiinna.n 0
Grid No. 1 to All Other Electrodes Except Cathode.
Grid No. 1toCathode ...........cocnvveennnne.
Cathode to All Other Electrodes Except Grid No. 1
* With shell connected to cathods.

6.
HEATER CURRENT ... ..iiiineeinnnnnnennnnnnn. 0.
9

[T
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As Frequency Converter

PLATE VOLTAGE .. ..0ivvninerinnnennensvancannan 300 max. Volts
Guips No. 2 and No. 4 VOLTAGE . ........ . Volts
Grips No. 2 and No. 4 SupeLy VOLTAGE . Volts
GRIDNO. 3 VOLTAGE . ......c.oiiiiiieienenennnnnns 0 min. Volts

g
g

g
:

PLaTE AND Grips No. 2 and No. 4 DissipatioN (Total) 2.0max. Watts

Grips No. 2 and No. 4 DISSIPATION .. ............. 1.0 max. Watt

ToTAL CATHODE CURRENT . ..vvvevvrnnerevennnnns 14 max. Milliamperes

TyricaL OperaTioN with Self-Excitation:
Plate Voltage . ................. e 100 250 Volts
Grids No. 2 and No. 4 Voltage .......... 100 100 Volts
Grid No. 3 (Control) Voltage. . .... e 0 0 Volts
Grid No. 5 and Shell Voltage............ 0 0 Volts
Grid No. 1 Resistor. . .................. 20000 20000 Ohms
PlateCurrent .....................0otn 33 35 Milliamperes
Grids No. 2 and No, 4 Current. .. ....... 8.5 8.5 Milliamperes
Grid No. 1Current .................... 0.5 0.5 Milliampere
Total Cathode Current................. 12.3 12.5 Milliamperes
Plate Resistance (Approx.).............. 0.5 1.0 Megohm
Conversion Transconductance........... 425 450 Micromhos
Conversion Transconductance (Approx.)f. 2 2 Micromhos

t With grid No. 3 bias of --35 volts.

‘The transconductance between grid No. 1 and grids No. 2 and No. 4 connected to plate (not
oscillating) is approximately 4500 micromhos when.sgdl No. 1, No. 2, No. 3, and shell are at
0 volts, and grids No. 2 and No. 4 and plate are at 100 voits.

INSTALLATION and APPLICATION

The base of the 6SA7 fits the standard octal socket which may be installed
to hold the tube in any position. Physical characteristics of the 6SA7 are shown
in Fig. 1-3, OUTLINES SECTION. Heater operation and cathode connection
are the same as for Type 6A8.

The 6SA7 offers several advantages from a circuit standpoint over other
converter types: (1) elimination of loose or broken grid wires encountered with
types having a top cap; (2) wiring can be completed below the set panel, (3) neater
appearance of the chassis, (4) use of simple oscillator-coil and switching arrange-
ments, (5) higher conversion gain, (6) small frequency shift at high frequencies,
and (7) simplification of tube renewal.

Because of the special structural arrangement of the 6SA7, a change in signal-
grid voltage produces little change in cathode current. Consequently, an r-f
voltage on the signal grid produces little modulation of the electron current flowing
in the cathode circuit. This feature is important because it is desirable that the
impedance in the cathode circuit should produce little degeneration or regeneration
of the signal-frequency input and intermediate-frequency output. Another impor-
tant feature is that, because signal-grid voltage has little effect on the space charge
near the cathode, changes in avc bias produce little change in oscillator trans-
conductance and in the input capacitance of the No. 1 grid. There is, therefore,
little detuning of the oscillator by avc bias.

A typical self-excited oscillater circuit for use with the 6SA7 is similar to that
shown for the 12SA7 in circuit 14-4 (CIRCUIT SECTION). For operation in
frequency bands lower than approximately 6 megacycles, the circuit should generally
be adjusted to provide, with recommended values of plate and screen voltage, a
value of Ek of approximately 2 volts peak, and an oacillator-grid current of 0.5
milliampere through a grid-leak resistance (Rg) of 20000 ohms. In the low-
and medium-frequency bands, the recommended oscillator conditions can be
readily met. However, in the band covering frequencies higher than approx-
imately 6 megacycles, the tank-circuit impedance is generally so low that it is not
easy to obtain these oscillator conditions. For optimum performance in this band,
it is generally best to adjust the oscillator circuit for maximum oonversion gain
at the low-frequency end of the band. Maximum conversion gain at this end of
the band is usually obtained by adjustment of the oscillator circuit to give a value
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of Ex of approximately 2 volts peak and an oscillator-grid current of 0.20 to 0.25
milliampere, with a grid leak of 20000 ohms.

As a set{)a.rately excited converter, the 65A7 may be operated as shown under

Characteristics except that Grid No. 3 should be supplied with a bias of -2 volts.
OPERATION CHARACTERIST!
OPERATION CHARACTERISTICS . AT, SrARaTERISTICS
Js rvP: 63A7
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TWIN TRIODE AMPLIFIER

The 65C7 is a twin-triode amplifier
of the single-ended metal type intend- 6SC7

ed primariy for phase-inverter service. METAL
Each triode unit is designed with a high
mu-factor to give high gain.

% CHARACTERISTICS

HeaTER VoLTAGE (A.C.or D.C) .................. 6.3 Volts
HEATBR CURRENT . ... ..ot iiiniieennnennnns 0.3 Ampere

As Class A, Amplifier — Each Triode Unit
PLATEVOLTAGE ........c.ciiiiiiiiiiinieneinnnnns 250 max. Volts
GRID VOLTAGE . ... .o iiiiirieeieaaaiiiannaann -2 Volts
PLATE CURRENT. . ..0vvtirnetcnaiineenneennann, 2 Milliamperes
PLATE RESISTANCE (APPIOX.) . .....vvviinnnnnannn 53000 Ohms
AMPLIFICATION FACTOR . . . ........................ 70
TRANSCONDUCTANCE (APPIroX.) . . .........coovvunnn. 1325 Micromhos
GRID-PLATE CAPACITANCE® . ...................... 2.4 upf
Grip-CATHBODE CAPACITANCE® . . ...............ounn 3.0 uuf
PLATE-CATHODE CAPACITANCE® . .........c00vunnnn. 40 puf

® With shell connected to cathode. Valuee are approximate.

INSTALLATION and APPLICATION

The base of the 6SC7 fits the standard octal socket which may be mounted
to hold the tube in any é)osmon Physical characteristics of the 6SC7 are shown
in Fig. 1-3. OUTLINES SECTION. For heater operation and cathode connection,
refer to Type 6A8. As a phase-inverter, the 6SC7 may be operated as shown in
the RESISTANCE—COUPLED AMPLIFIER CHART.
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AVERAGE PLATE CHARACTERISTICS

TYPE 6SC7
Ef=6.3VOLTS
74
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HIGH-MU TRIODE ©
63 F5 The 6SF5 is a high-mu triode of the
METAL single-ended metal type for use in re- k(@) Vo
sistance-coupled amplifier circuits. OO
S™KEY™H
6AB
% CHARACTERISTICS
HeateEr VoLTaGE (A.C.orD.CY .................. 6.3 Volts
HEATER CURRENT . ........ .00, 0.3 Ampere
PLATEVOLTAGE ..............cciiiiine e 250 max. Volts
GRID VOLTAGE . ..........oiiiiiiiiiinnnnen. . -2 Voits
PLATE CURRENT. . o ooiii ettt iieie e i 0.9 Milliampere
PLATERESISTANCE. ...........coiiiiiienneninnnns 66000 Ohms
AMPLIFICATION FACTOR . . .. .......o it 100
TRANSCONDUCTANCE . . v\vvvnvnrnnnnnnneeeenannes 1500 Micromhos
GRID-PLATE CAPACITANCE® . ..................c.... 24 puf
GRID-CATHODE CAPACITANCE®. . . ............... . 4.0 puf
PLATE-CATHODE CAPACITANCE*. . .................. 3.6 unf

* With shell connected to cathode. Values are approximate.

INSTALLATION and APPLICATION

The base of the 6SF5 fits the standard octal socket which ma 1gsbe mounted to

hold the tube in any position. Physical characteristics of the 6SF5 are shown in

FIF 1-3, OUTLINES SECTION. For heater operation and cathode connection,
er to Type 6A8.

As an amplifier in resistance-coupled a-f circuits, the 6SF5 may be operated
under conditions given in the ISTANCE-COUPLED A-F AMPLIFIER
CHART. In resistance-coupled c¢ircuits, the d-c resistance in the grid circuit of
the 6SF5 should not exceed 1.0 megohm.

When a 6SF5 is used to amplify the output of the 6H6 diode, it is recommended
that fixed grid bias be employed. Diode-biasing of the 65F5 is not suitable because
of the ,meabﬂlty of plate-current cut-off, even with relatively small signal voltages
applied to the diode circuit.
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AVERAGE PLATE CHARACTERISTICS
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TRIPLE-GRID
DETECTOR AMPLIFIER

The 6S]7 is an r-f amplifier pentode
of the metal type featuring single-
ended construction with interlead
slueldmg, described under Type 6SK7.

n comparison with capped types pre-

92C- 4974

63J7

viously available, the GSJ7 offers the circuit advantages of more stable amplifier
operation, greater uniformity of gain in amplifiers, and higher gain. Because of
its sharp cut-off characteristic, this type is also suitable for service as a biased
detector. In such service the 6SJ7 is capable of delivering large audio-frequency

output voltage with relatively small input voltage.

% CHARACTERISTICS

HeaTer VoLTaGE (A.C.or D.C) ............. ... .. 6.3
HEATERCURRENT .....................couuui... 0.3
PENTODE CONNECTION:
Grid-Plate Capacitance®*. . . ..................... 0.005 max.
Input Capacitance® ............................ 6
Output Capacitance*...... ... .................. 7
TriopeE CoNNECTION:
Grid-Plate Capacitance*. .. ..................... 2.8
Grid-Cathode Capacitance* ..................... 34
Plate-Cathode Capacitance*..................... 11

Volts
Ampere

suf
suf
puf

unt
pupf
upf

* With shell connected to cathode. 1 With screen and suppressor connected to plate.

As Class A, Amplifier — Pentode Connection

PLATEVOLTAGE ................c.ciiiiii ... 300 max. Volts
ScrEEN VoLTAGE (Grid No.2) . ................... 125 max. Volts
SCREEN SUPPLY VOLTAGE . . . ............. v 300 max. Voits
GripD VoLTAGE (Grid No. 1)..................... .. 0 min. Volts
PLATE DISSIPATION ..................viiiiinn 2.5 max. Watts
SCREEN DISSIPATION .. .. ....0ooio . 0.3 max. Watt
TypicAL OPERATION:
PlateVoltage .. ....................... 100 250 Voits
Screen Voltage . ....................... 100 100 Volts
GridVoltage. . . ....................... -3 -3 Volts
Suppressor. .. ........................ Connected to cathode at socket
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PlateCurrent ......cccovvevinneeennnnss 2.9 30 Milliamperes
ScreenCurrent .......covvvivriiinnnnn. 0.9 0.8 Milliamperes
Plate Resistance. . ..................... 0.7 Megohm
Transconductance ...............cce0nnn 1575 1650 Micromhos
Grid Voltage t. .. ......covvvenenn.... -9 -9 Volts
$ Greater than 1.0 hm 11 For cathode-current cut-off.
As Class A, Amplifier — Triode Connection
(Screen and suppressor tied fo plate)
PLATE VOLTAGE ......0c0vviiiiieenerennnnnnnnnens 250 max. Volts
GRID VOLTAGE . .......ovivininnaneeecnnnnnennns 0 min. Volts
PLATE DISSIPATION ......vviiiiiiiinnnnnnnnnanens 2.5 max. Watts
TyricAL OPERATION:
Plate Voltage . ..........covvivvienenns 180 250 Volts
Grid Voltage. . ............cooveiiiuen, -6 -85 Volts
PlateCurrent ..........cccoviiiiiinenns 6.0 9.2 Milliamperes
Plate Resistance. ..................c.... 8250 7600 Ohms
Amplification Factor ................... 19 19
Transconductance ..............c.cvennn 2300 2500 Micromhos

INSTALLATION and APPLICATION

The base of the 6S]7 fits the standard octal socket which may be mounted to
hold the tube in any position. Physical characteristics of the 6SJ7 are shown in
Fif' 1-3, OUTLINES SECTION. For heater operation and cathode connection,
refer to Type 6A8.

As a class A, amplifier, the 6S]7 may be operated either as a pentode or as a
triode, as shown under Characteristics. The screen voltage for the 6SJ7 operated
as a pentode may be obtained from a potentiometer or bleeder circuit across the
B-supply device. Due to the screen-current characteristics of the 6SJ7, a resistor
in sertes with the high-voltage supply may be employed for obtaining the screen
voltage, provided the cathode-resistor method of bias contro! is used. This method,
however, is not recommended if the high-voltage B-supply exceeds 300 volts.

As a radio-frequency amplifier pentode, the 65J7 may be used particularly in
applications where the r-f signal applied to the grid is relatively low, that is of the
order of a few volts. In such cases either screen or control-grid voltage (or both)
may be varied to control the receiver volume. When larger signals are involved,
a super-control amplifier tube should be employed to prevent the occurrence of
excessive cross-modulation and modulation distortion.

As an audio-frequency amplifier pentode in resistance-coupled circuits, the
6SJ7 may be operated under conditions shown in the RESISTANCE-COUPLED
AMPLIFIER CHART.

AVERAGE PLATE CHARACTERISTICS

TYPE 6SJ7
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TRIPLE-GRID SUPER-
CONTROL AMPLIFIER

The 6SK7 is a triple-grid super-con-
trol amplifier of the metal type featur- 65 K7
ing single-ended construction with
interlead shielding. In comparison
with capped types previously avail-
able, the 6SK7 offers the circuit advan-
tages of more stable ({)hﬁer operation,
greater uniformity of gain in amplifiers, and higher gain. Because of its remote
cut-off characteristic, this type is able to handle unusual signal voltages without
cross-modulation or modulation distortion. The 6SK7 is recommended for use
in thel r-f or i-f stages of receivers especially those employing automatic volume
control,

% CHARACTERISTICS
Heater VoLtacE (A.C.orD.C) ..oviiivvnntnt. 6.3 Volts
HEATER CURRENT ...t vierrnnnrrnnnennnacnnnanon 0.3 Ampere
GRID-PLATE CAPACITANCE® ... ......coviinnnnnnnn. 0.003 max. puf
INPUT CAPACITANCE® . . ...t iiiverninerrnnnnnnnns 6 uf
OUTPUT CAPACITANCE® . ... iivirievnnennceernnnnnns 7 uuf
* With shell connected to cathode.
As Class A; Amplifier

PLATE VOLTAGE .. .vvuninennensonnneennennnnenas 300 max. Volts
SCREEN VOLTAGE . .vvivterrveneosanerensnnennnens 125 max. Volts
SCREEN SUPPLY VOLTAGE . . ... vvvrrnnnennnnnnnnnns 300 max. Volts
GRID VOLTAGE . . .vvttnenrenevronanennaeennnnans 0 min. Volts
PLATE DISSIPATION ... iviienniiiiiinenrenennnnn 4 max, Watts
SCREEN DISSIPATION .. ..viiinnrrinenernnanennans 0.4 max. Watt
TypicAL OPERATION:

Plate Voltage . .........c.ccoviiinninnn. 100 250 Volts

Screen Voltage . ........ccoivvenennenn. 100 100 Volts

Grid Voltage. . . ......ccoviiivivnnnn.n. -3 -3 Volts

SUPPIESSOr . . . vt viieee et iiiaenanraas Connected to cathode at socket

PlateCurrent ...........ciiivennnn.. 8.9 9.2 Milliamperes

ScreenCurrent ........covviiieennn.., 2.6 24 Milliamperes

Plate Resistance (Approx.}.............. 0.25 0.8 Megohm

Transconductance . .............c.c.c..... 1900 2000 Micromhos

Grid Bias for transconductance of 10

micromhos. . ....ivetiei i -35 -35 Volts
INSTALLATION e Sak o
and APPUICATION /‘“"‘LOPE

The base of the 6SKZ7 fits the
standard octal socket which may be i
installed to hold the tube in any
position, Physical characteristics of 1
the 6SK7 are shown in Fig, 1-3, ”“DE”\ V 27T
OUTLINES SECTION. For heater AN
operation and cathode connection =<
refer to Type 6A8. 7

The interlead shielding within / I B Nl ///
the base of the 6SK?7 is accomplished ; / g ‘
by means of a conical stem shield

Y
3]

and a cylindrical base shield. The wArER OLTAL ARV EXHAUST
metal cone is inserted through the BASE : 1 e 1 i TuBE
hole in the stem where the exhaust 10l Ii 1 |

tube connects. The cone extends . i

some distance into the exhaust tube L \mmochL
and is connected to the common BASE SHIELD
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unding pin (pin No. 1). The cylindrical base shield is positioned inside the locating
ase plug, and is also connected to pin No. 1. The conical shield reduces the capac-
itance between leads in the glass of the stem: the cylindrical shield reduces the capac-
itance between those pins that are diametrically opposite each other. Since the grid
and the plate leads are diametrically opposite, the capacitance between them is kept
to a value comparable with that obtainable with top-cap construction.

. 'The single-ended construction offers distinct advantages from a circuit stand-
point, as follows: (1) elimination of loose or broken grid leads, (2) wiring can be
completed below the set panel, (3) neater appearance of the chassis, (4) more stable
amplifier operation, (5) greater uniformity of gain in amplifiers, (6) higher gain
per stage, (7) lowered cost, and (8) simplification of tube renewal.

Control-grid bias variation will be found effective in changing the volume of
the recejver. In order to obtain adequate volume control, an available grid-bias
voltage of approximately 50 volts will be required. The exact value will depend
upon the circuit design and operating conditions. This voltage may be obtained,
depending on the receiver requirements, from a potentiometer across a fixed supply
voltage or by the use of a variable cathode-bias resistor.

The screen voltage may be obtained from a potentiometer or bleeder circuit
across the B-supply source. Due to the screen current characteristics of the 65K7,
a resistor in series with the high-voltage supply may be employed for obtaining the
screen voltage provided the cathode-resistor method of bias control is used. This
method, however, is not recommended if the high-voltage B-supply exceeds 300
volts, Furthermore, it should be noted that the use of a resistor in the screen
circuit will have an effect on the change in plate resistance with variation in sup-
pressor voltage in case the suppressor is utilized for control purposes.

The suppressor may be connected directly to the cathode or it may be made
nefatxve with respect to the cathode. For the latter condition, the suppressor
voltage may be obtained from a potentiometer or bleeder circuit for manual volume-
and selectivity-contro), or from the drop in a resistor in the plate circuit of the
automatic volume-control tube,

As a radio-frequency amplifier, the 6SK7 is especially applicable to radio
receiver design because of its ability to reduce cross-modulation effects, its remote
“cut-off” feature, and its flexible adaFtability to circuit combinations and to receiver
design. Recommended conditions for the 6SK7 as an amplifier are given under
CHARACTERISTICS.

To realize the maximum benefit of the long “cut-off” feature of this tube, it is
necessary to apply a variable grid bias and to maintain the screen at a constant
potential with respect to the cathode. Good results. however, may be obtained by

using a variable cathode resistance. Such a resistance, of course, reduces the screen
potential by the amount that the bias is increased and thus hastens the “cut-off.”

AVERAGE PLATE CHARACTERISTICS
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Therefore, the ability of the tube to handle large signals is somewhat impaired.
This effect may be nullified by means of a series resistor in the screen circuit.

The use of series resistors for obtaining satisfactory control of screen voltage
in the case of four-electrode tubes is usually impossible because of secondary emis-
sion phenomena. In the 6SK7, however. the suppressor practically removes these
effects and it is therefore possible to obtain satisfactorily the screen voltage from
the plate supply or from some high intermediate voltage providing these sources
do not exceed 300 volts. With this method, the screen-to-cathode voltage will fall
off very little from minimum to maximum value of cathode-control resistor. In
some cases, it may actually rise. This rise of screen-to-cathode voltage above the
normal maximum value is allowable because the screen and the plate current are
reduced simultaneously by a sufficient amount to prevent damage to the tube. It
should be recognized in general that the series-resistor method of obtaining screen
voltage from a higher voltage supply necessitates the use of the variable cathode-
resistor method of controlling volume in order to prevent too high a voltage on the
screen. When screen and control-grid voltage are obtained in this manner, the
remote “cut-off”’ advantage of the 6SK7 may be fully realized.

DUPLEX-DIODE

HIGH-MU TRIODE 6SQ7

The 6SQ7 is a multi-unit tube of the
metal type containing two diodes and METAL
a high-mu triode in one envelope. The
8Q 6SQ7 is designed for use as a combined
detector, amplifier, and automatic-
volume-control tube. For diode-detector considerations. see RADIO TUBE
APPLICATIONS section.

% CHARACTERISTICS
HeateEr VOLTAGE (A.C.orD.C) .................. 6.3 Voits
HEATBER CURRENT ... ... iiiinnnnneeiennnnnnnn. . 0.3 Ampere
Triode: GRID-PLATE CAPACITANCE®................ 1.8 wuf
GRID-CATHODE CAPACITANCE®. . ........... 3.6 upf
PLATE-CATHODE CAPACITANCE®*. ........... 3.2 uuf
* With shell connected to cathode. Values are approximate.
Triode Unit — As Class A, Amplifier
PLATEVOLTAGE ............ ... cccoiivii ... 250 max. Volts
GRID VOLTAGE . ........c0iitiiiiinanannennnan.. -2 Volts
PLATE CURRENT. . .....ciiiiiiiiiiiieenanannn.. 0.9 Milliampere
PLATE RESISTANCE. ........coiiiiiieeiaeennnn, 91000 Ohms
AMPLIFICATION FACTOR . . .. ................... .. 100
TRANSCONDUCTANCE .. ...oitvieernneennnnnennnns 1100 Micromhos

Diode Units
The two diode plates are placed around a cathode, the sleeve of which is com-
mon to the triode unit. Each diode plate has its own base pin. Operation curves
for the diode units are given under Type 6B7.

INSTALLATION and APPLICATION

The base of the 6SQ7 fits the standard octal socket which may be mounted to
hold the tube in any position. Physical characteristics of the 6SQ7 are shown in
Fig. 1-3. OUTLINES SECTION. Heater operation and cathode connection are
the same as for Type 6AS8.

The 6SQ7 in many respects is similar in application to the 6Q7. The out-
standing difference, however, is that the 65Q7 has a higher-mu triode. The tube
is recommended for use only in resistance-coupled circuits. Furthermore, diode-
biasing of the triode unit is not suitable because of the probability of triode plate-
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cyrre}:t cut-off, even with relatively small signal voltages applied to the diode
circuit.

As an amplifier in resistance-coupled a-f circuits, the 65SQ7 may be operated
Ender ’lt‘he conditions given in the RESISTANCE-COUPLED AMPLIFIER

AVERAGE PLATE CHARACTERISTICS
TRIODE_UNIT
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DUPLEX-DIODE
HIGH-MU TRIODE

6T7"G The 6T7-G is a heater-cathode type

of tube containing two diodes and a
high-mu triode in one bulb. The
6T7-G is used as a detector, amplifier,
and automatic-volume-control tube.
The low heater current is a feature in applications where economy of power is
important. For diode-detector considerations, refer to RADIO TUBE APPLIC-

ATIONS section.
CHARACTERISTICS

HeaTer VoLTaGE (A.C.or D.C) ...t 6.3 Volts
HEATER CURRENT ... .civiiiiiiiiiineneennnnn. 0.15 Ampere
Triode: GRID-PLATE CAPACITANCE®..........c..... 1.7 uuf

GRrIp-CATHODE CAPACITANCE® ............ 1.8 uuf

PLATE-CATHODE CAPACITANCE®. ........... 3.1 unf

® With close-fitting shield connected to cathode. Values are approximate.
Triode Unit — As Class A Amplifier

PLATEVOLTAGE .............covvvvinnnn. 100 250 mazx. Volts
GRIDVOLTAGE . ..........ooviivninninnn, -1.5 -3 Volts
PLATECURRENT. . ...........cvvvinnn, 0.3 1.2 Milliamperes
PLATE RESISTANCE. ..............cvvvnnn 95000 62000 Ohms
AMPLIFICATION FACTOR . . ................. 65 65
TRANSCONDUCTANCE .. . ....oovvrrnnrnnnnn 680 1050 Micromhos

Diode Units

The two diode plates are placed around a cathode, the sleeve of which is com-
mon to the triode unit. Each diode plate has its own base pin. Operation curves
for the diode units are given under Type 6B7.
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INSTALLATION and APPLICATION
The base of the 6T7-G fits the standard octal socket which may be installed
to hold the tube in any position. Physical characteristics of the 6T7-G are shown in
Fig. 2-15, OUTLINES SECTION. Heater and cathode considerations are the
same as for Type 6D8-G. For application refer to Type 65Q7. Additional data
are given in the RESISTANCE-COUPLED AMPLIFIER CHART.

JA

G
B — ELECTRON-RAY TUBE
Indicator Type with Triode

e‘ oL
The 6U5/6G5 i high- )
K" e susyecs i o g 6US[6G5
H O, to indicate visually, by means of a

H fluorescent target, the effects of change
6R in controlling voltage. The tube,
therefore is essentially a voltage indicator and as such is particularly useful as a
convenient and non-mechanical means to indicate accurate tuning of a radio
receiver. The 6U5/6G5 supersedes bath the 6U5 and the 6G5 and it may also be
used to replace the 6HS5 and the 6T5. For a discussion of Electron-Ray Tube
considerations, refer to the RADIO TUBE APPLICATIONS section.

% CHARACTERISTICS
Heater VoLTaGE (A.C.,orD.C) ............ ... 6.3 Volts
HEATER CURRENT . .....oiviiiiniiieneninnnnn.. 0.3 Ampere
PLATE-SUPPLY VOLTAGE .. ......oiviei e, 250 max, Volts
TARGET VOLTAGE. . . ...oovii it iiiiiiiiie e innennas {%& ":l‘,a: ‘63}{2
TyricAL OPERATION:
Plate- and Tar%et-Supply Voltage. . . 100 200 250 Volts
Series Triode-Plate Resistor. . ...... 05 1 1 Megohm
Target Current*} ................. 1 3 4 Milliamperes
Triode-Plate Current * . ........... 019 019 024 Milliampere
Triode-Grid Voltage (AgProx.):
For shadow angleof 0° .......... -8 -185 -22 Volts
For shadow angleof 90° ......... 0 0 0 Volts
¢ For zero triode-grid voltage. 1 Subject to wide variations.

INSTALLATION and APPLICATION
Installation and application of the 6U5/6G5 are the same as for T’{{e 6ES.
Physical characteristics of the 6U5/6G5 are shown in Fig. 2-18, OUTLINES
SECTION. The essential differences between the 6E5 and the 6U5/6G5 are that
the 6U5/6G5 is constructed in a tubular bulb and has a remote plate-current cut-
off characteristic.
AVERAGE CONTROL CHARACTERISTICS
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TRIPLE-GRID SUPER- G 3
G
CONTROL AMPLIFIER PGy o
The 6U7-G is a triple-grid super-
6U7_ G control amplifier tube recommended ) ©
for service in the radio-frequency and " H
intermediate-frequency stages of radio OMO,
receivers designed for its character- neE Tk
istics. The ability of this tube to handle G-7R

the usual signal voltages without cross-
modulation and modulation distortion makes it adaptable to the r-f and i-f stages
of receivers employing automatic volume control. The 6U7-G is constructed with
an internal shield connected to the cathode within the tube.

% CHARACTERISTICS
HeATER VoLTAGE (AC.or D.C.) .............. .... 6.3 Volts
HEATER CURRENT . ... ... oo .. 0.3 Ampere
GRID-PLATE CAPACITANCE® ....................... 0.007 max. puf
INPUT CAPACITANCE®. . .. ... ... ..........cccivii.. 5 uuf
OuTPUT CAPACITANCE® .. ...............ovuiuenn. 9 upf
* With close-fitting shield connected to cathode.
As Class A, Amplifier
PLATE VOLTAGE ........ ... ... ..t 300 max. Volts
SCREEN VOLTAGE . .....ooiiiie i 100 max. Volts
SCREEN SUPPLY VOLTAGE. . . ... ................... 300 max. Volts
GRID VOLTAGE . .o ooiie i e 0 min. Volts
PLATE DISSIPATION ......... ... ... .............. 2.25 max. Watts
SCREEN DISSIPATION ...........ccoiiiiiiiiannn, 0.25 max. Watt
TypicaL OPERATION:
Plate Voltage .. ....................... 100 250 Volts
Screen Voltage . ....................... 100 100 Volts
Grid Voltage. . . ....................... -3 -3 Volts
Suppressor............. .. ... ..., Connected to cathode at socket
PlateCurrent ......................... 8.0 8.2 Milliamperes
ScreenCurrent ........................ 2.2 2.0 Milliamperes
Plate Resistance (Approx.).............. 0.25 0.8 Megohm
Transconductance . .................... 1500 1600 Micromhos
Transconductance (At -50 volts bias) . ... 2 2 Micromhos

INSTALLATION and APPLICATION

The base of the 6U7-G fits the standard octal socket which may be installed
to hold the tube in any position. The maximum overall length of the 6U7-G is
47% in. and the maximum diameter is 1{% in.: the tube has a small shell octal base
and a miniature cap. For heater operation and cathode connection, refer to Type
6A8. For control-grid bias, screen voltage, suppressor connection, and application,
refer to Type 6SK7. Stage shielding enclosing the components of each stage is, in
general, necessary for multi-stage amplifier circuits.

BEAM POWER AMPLIFIERS to
6Vé6
METAL

The 6V6 and 6V6-G are power am- G,
plifiers of the beam type for use in the
output stage of radio receivers. They

6 6 G are particularly useful in automobile H
- and other battery-operated receivérs

in which reduced plate-current drain  n2ifVe-cKEY™ Per
is desirable. 7AC
% CHARACTERISTICS
HeaTEr VoLTaGE (A.C.or D.C) ......... ... ..., 6.3 Volts
HBATER CURRENT .. . ..oivieeiee i 0.45 Ampere
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As Single-Tube Class A, Amplifier

PLATEVOLTAGE ..... ... .o i, 315 max. Volts
SCREEN VOLTAGE .. .......0vviiimaneeaan 285 max. Volts
PLATE DISSIPATION ............. .. ... ..c..coun... 12 max. Watts
SCREEN DISSIPATION .. .................. . 2 max. Watts
TypricaL OPERATION:
Plate Voltage ................. 180 250 315 Volts
Screen Voltage . ............. .. 180 250 225 Volts
Grid Voltage. .. ............... -85 -12.5 -13 Volts
Peak A-F Grid Voltage. ........ 85 12,5 13 Volts
Zero-Signal Plate Current. ... ... 29 45 34 Milliamperes
Max.-Signal Plate Current. . . ... 30 47 35 Milliamperes
Zero-Signal Screen Current. . . . . . 3 4.5 22 Milliamperes
Max.-Signal Screen Current . . . .. 4 7 6 Milliamperes
Plate Resistance. .............. 58000 52000 77000 Ohms
Transconductance . ............ 3700 4100 3750 Micromhos
Load Resistance............... 5500 5000 8500 Ohms
Total Harmonic Distortion. .. ... 8 8 12 Per cent
Max.-Signal Power Output. .. ... 2 45 5.5 Watts
As Push-Pull Class AB, Amplifier
PLATE VOLTAGE ... .. ....... ... i, 315 max. Volts
SCREEN VOLTAGE . ....... ... ... iiiiiinnnnnnn. 285 max. Volts
PLATE DISSIPATION . ... .. ... . . ... ciceiieaeen... 12 max. Watts
SCREEN DISSIPATION .. ... ...t viinnennnnns 2 max. Watts
TyricaL OperaTION: Values are for two (ubes
Plate Voltage. ......................... 250 285 Volts
Screen Voltage .. ..............cc.uut. 250 285 Volts
GridVoltage ...................coo. .. -15 -19 Volts
Peak A-F Grid-to-Grid Voltage.......... 30 38 Volts
Zero-Signal Plate Current. .. ............ 70 70 Milliamperes
Max.-Signal Plate Current .............. 79 92 Milliamperes
Zero-Signal Screen Current.............. 5 4 Milliamperes
Max.-Signal Screen Cwrrent. . ........... 13 13.5 Milliamperes
Effective Load Resistance (plate-to-plate). 10000 8000 Ohms
Total Harmonic Distortion.............. 5 3.5 Per cent
Max.-Signal Power Qutput.............. 10 14 Watts

INSTALLATION and APPLICATION

The base of either the 6V6 or 6V6-G fits the standard octal socket which may
be installed to hold the tube in any position. Physical characteristics of the 6V6
and 6V6-G are shown in Figs. 1-7 and 2-21, respectively, in the QUTLINES
SECTION.

The heater is designed to operate at 6.3 volts. Under the maximum screen
and plate dissipation conditions, the heater voltage should never fluctuate so that
it exceeds 7.0 volts. For cathode connection, refer to Type 6A8.

In all services precautions should be taken to insure that the dissipation rating
is not exceeded with expected line-voltage variations, especially in the cases of
fixed-bias operation. When the push-pull connection is used, fixed-bias values up
to 109, of each typical screen voltage can be used without increasing distortion.

As class A, power amplifiers, the 6V6 and 6V6-G should be operated as shown
under CHARACTERISTICS. The values have been determined on the basis
that no grid current flows during any part of the input signal swing. The second
harmonics can easily be eliminated by the use of push-pull circuits. In single-tube,
resistance-coupled circuits, the second harmonics can be minimized by generating
out-of-phase second harmonics in the pre-amplifier.

As push-pull class AB; power amplifiers, the 6V6 and 6V6-G may be operated
as shown under CHARACTERISTICS. The values have been determined on
the basis that no grid current flows during any part of the input signal swing.

The type of input coupling used in class A, and class AB; service should not
introduce too much resistance in the grid circuit. Transformer- or im
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coupling devices are recommended. When the grid circuit has a resistance not
higher than 0.05 megohm. fixed bias may be used; for higher values, cathode bias
is required. With cathode bias, the grid circuit may have a resistance as high as,
but not greater than, 0.5 megohm provided the heater voitage is not allowed to
rise more than 109, above the rated value under any condition of operation.

AVERAGE PLATE CHARACTERISTICS
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BEAM POWER AMPLIFIER

6V 6 GT The 6V6-GT is a beam power ampli-
- fier designed for use in the output stage

of radio receivers, especially those

having limited space. Its electrical

characteristics are similar to those of

the 6V6 and 6V6-G.

CHARACTERISTICS
Heater VoLTaAGE {A.C.or D.C) ... ..ot 6.3 Volts
HEATER CURRENT . .. otiitiieeriie e iaannnns 0.45 Ampere
As Single-Tube Class A, Amplifier
PLATE VOLTAGE ... ...ttt it itieenineaninans 315 max. Volts
SCREEN VOLTAGE . .... R 285 max. Volts
PLATE DISSIPATION. . ...ttt ie e iiia e 12 max. Watts
SCREEN DISSIPATION ... iviie et ireinaann, 2 max. Watts
Tyercar OPERATION:
Plate Voltage. ................ 180 250 315 Volts
Screen Voltage . ............... 180 250 225 Volts
Grid Voltage . ................. -85 =125 -13 Volts
Peak A-F Grid Voltage......... 85 12.5 13 Volts
Zero-Signal Plate Current. . ... .. 29 45 34 Milliamperes
Max.-Signal Plate Current ...... 30 47 35 Milliamperes
Zero-Signal Screen Current . . . .. 3 4.5 22 Milliamperes
Max.-Signal Screen Current. . . .. 4 7 6 Milliamperes
Plate Resistance. .............. 58000 52000 77000 Ohms
Transconductance.............. 3700 4100 3750 Micromhos
Load Resistance ............... 5500 5000 8500 Ohms
Total Harmonic Distortion. .. ... 8 8 12 Per cent
Max.-Signal Power Qutput. . .... 2 45 55 Watts
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As Push-Pull Class AB, Amplifier

PLATE VOLTAGE . ... ...t eeiinann 315 max. Volts
SCREEN VOLTAGE .....ovviiiiiinnneennnnennnnnn. 285 max. Volts
PLATB DISSIPATION ... ... it iinnernnirennn... 12 max, Watts
SCREEN DISSIPATION .. voievrierrtnnesnnneennnnens 2 max. Watts
TypricaL OrerATION: Values are for two tubes
Plate Voltage. ...........cccivivivnit. 250 285 Volts
Screen Voltage .. ........ccoovieienn.. 250 285 Volts
GridVoltage .......ccovvivnneeinnnnnn.. -15 -19 Volts
Peak A-F Grid-to-Grid Voltage. ......... 30 38 Volts
Zero-Signal Plate Current............... 70 70 Milliamperes
Max.-Signal Plate Current .............. 79 92 Milliamperes
Zero-Signal Screen Cwrrent.............. 5 4 Milliamperes
Max.-Signal Screen Current............. 13 13.5 Mitliamperes
Effective Load Resistance (plate-to-plate). 10000 8000 Ohms
Total Harmonic Distortion.............. 5 35 Per cent
Max.-Signal Power OQutput.............. 10 14 Watts

INSTALLATION and APPLICATION

The base of the 6V6-GT fits the standard octal socket which may be installed
to hold the tube in any position. Physical characteristics of the 6V6-GT are shown
in Fig. 2-8, OUTLINES SECTION. See Type 6V6 for additional information on
installation and applications.

G2 G3

TRIPLE-GRID DETECTOR
AMPLIFIER

The 6W7-G is a triple-grid tube of 6W7' G

the heater-cathode type for use as an

amplifier and biased detector. In such

service, the 6W7-G is capable of deliv-

ering a large audio-frequency output

voltage with relatively small input. The low heater current is a feature in applica-
tions where economy of power is important.

% CHARACTERISTICS
HEATER VoLTAGE (A.C.or D.C) ...t 6.3 Volts
HEATER CURRENT . .iivinniiiiniieiiieennnnnn. 0.15 Ampere
GRID-PLATE CAPACITANCE® . ... ................... 0.007 max. puf
INPUT CAPACITANCE® . ... .. viiiiiinennnnnns 5 puf
OUuTPUT CAPACITANCB® . ... ... ..ciiveuennnneinnnnn 85 unf

* With close-fitting shield connected to cathode.
As Class A, Amplifier

PLATE VOLTAGE .. ... .iiiiiiin e iiiiinnannnes 300 max. Volts
SCREEN VOLTAGE . ..vviniiniiiiiinnenenrnnnnnns 100 max. Volts
SCREEN SUPPLY VOLTAGE . . . ....ovviviiiinnnreannn 300 max. Volts
GRID VOLTAGE . ovttvntiiienneieiiinnnanerennns 0 min, Volts
PLATE DISSIPATION .. ... ..ctiniininenrnninnnnrnenn 0.5 max. Watt
SCRBEN DISSIPATION .........viuiiinninennnnnnns 0.1 max. Watt
TyricaL OPERATION:
Plate Voltage ..............coiiiiiiriiinne. 250 Volts
ScreenVoltage . ................ccovvviiiint., 100 Volts
Grid Voltage. . . ........ ... cciiiiiiiiiiinnnnns -3 Volts
SUPDIEEEOr . o .ttt Connected to cathode at socket
PlateCurrent .............cc.oiiiiiinrnenan.. 2.0 Milllamperes
ScreenCurrent ..........ccooiiiiinn... 0.5 Milliampere
Plate Resistance (AppProx.).........coovvvevnnn.. 1.5 Megohms
Transconductance ...................... ... 1225 Micromhos
Grid Voltage (Approx.)**........ccvveiiniinnn.. -7 Volts

* For cathode-current cut-off.
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INSTALLATION and APPLICATION

The base of the 6W7-G fits the standard octal socket which may be installed
to hold the tube in any position. Physical characteristics of the 6W7-G are shown
in Fig. 2-15, OUTLINES SECTION. For heater operation and cathode connec-
tion, refer to Type 6D8-G and 6A8, respectively. Application is similar to that
of the 65J7. Additional data are given in the RESISTANCE-COUPLED AM-
PLIFIER CHART.

6X 5 FULL-WAVE HIGH-VACUUM
RECTIFIERS
The 6X5, 6X5-G and 6X5-GT are
full-wave, high-vacuum rectifiers of the
6X 5-G heater-cathode type. They are in-
tended for use in automobile-radio
receivers or in a-c operated receivers
6X 5- GT designed for their characteristics.

% CHARACTERISTICS

HeaTer VoLTagE (AC.or D.C)....oovivient.. 6.3 Volts
HEATER CURRENT . ... .. .tiiiiieinnannnennnnnn. 0.6 Ampere

METAL

PEAK INVERSE VOLTAGE . . .......... .............. 1250 max. Volts
PeAR PLATE CURRENT PER PLATE. .. . .. ..... ... . 210 max. Milliamperes
D-C HEATER-CATHODE POTENTIAL . . ... ............ 450 max. Volts
Typicar OperATION WitH CONDENSER-INPUT FILTER:
A-C Plate Voltage per Plate (RMS).............. 325 max. Volts
Total Effective Plate-Supply Impedance per Plate?. 150 mirn. Ohms
D-COQutputCurrent. ............ccovviuunin... 70 max. Milliamperes
TypicaL OpErRATION WiTH CHORE-INPUT FILTER:
A-C Plate Voltage per Plate (RMS).............. 450 max. Volts
Input-Choke Inductance. ....................... 8 min. Henries
D-COutputCurrent . .......................... 70 max. Milliamperes

$ When 2 filter-input condenser larger than 40 uf is used, it may be necessary to use more
plats-t:’t;xl)ply impedance than the minimum value shown to limit the peak plate current to the
rate ue.

INSTALLATION and APPLICATION OPERATION CHARACTERISTICS

The base of either the 6X5, 6X5-G, or Ao MR X
6X5-GT fits the standard octal socket. The @ . ——CONDENSERCCINPT T0 FILTER:
xcket 1f)(::r the fGXgI should be insgallled to_hold & 500 Wl T PEDANCE FER PiATeS

e tu preterably in a vertical position. z 128 o et 190 OIS
Horlzontal operation is permissible if pins 3 and ° 30353 A Bep py |
5 are in a horizontal plane. The 6X5-G and ..4°°':"'3‘-5&3_\L_"LLQ
6X5-GT may be operated in any position, g -J-L.:’E-Sl-_ ]
Physical characteristics of the 6X5, 6X5-G, and I R e 7
6X5-GT are shown in Figs. 1-7, 2-17, and 2-8, 3300t ™ % Sl
respectively, in the OUTLINES SECTION. 5 e
Pin 1 of the 6X5-GT has no connection, S ol 8o FO ]

The heater should be operated at 6.3 volts. A B My -7y ) WL N
Under no condition should the heater voltage 3 | -t-dodll N
ever fluctuate so that it exceeds 7.5 volts. For 9 100 = =
discussion of rectifiers and filter circuits, refer to °
RADIO TUBE APPLICATIONS SECTION,

° 20 a6 €0 80
0~C LOAD MILLIAMPERES
92C~4576R)
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BEAM POWER AMPLIFIER

The 6Y6-G is a power amplifier of
the beam type for use in the output 6Y6"G
stage of radio receivers designed for

its characteristics.

% CHARACTERISTICS

Hearer VoLTage (A.C.orD.C) ...ovvvvinnn..... 6.3 Volts
HEATER CURRENT . .....ottiininininneinnnnanns 1.25 Amperes

PLATE VOLTAGE ................................. 200 max. Volts
ScrEEN VoLTAGE (GridNo.2) .................... 135 max. Volts
PLATE DISSIPATION .................00viinenn... 12.5 max. Watts
SCREEN DISSIPATION ..........oooiiiiinnnannans 1.75 max. Watts
TypicAL OPERATION:
Plate Voltage . ........................ 135 200 Volts
Screen Voltage ........................ 135 135 Volts
Grid Voltaée éGrid No.1).............. -13.5 -14 Volts
Peak A-F Grid Voltage. ................ 135 14 Volts
Zero-Signal Plate Current............... 58 61 Milliamperes
Max.-Signal Plate Current. . ............ 60 66 Milliamperes
Zero-Signal Screen Current.............. 3.5 22 Milliamperes
Max.-Signal Screen Current. . ........... 11.5 9 Milliamperes
Plate Resistance (Approx.).............. 9300 18300 Ohms
Transconductance 7000 7100
Load Resistance................... 2000 2600 Ohms
Total Harmonic Distortion 10 10 Per cent
Max.-Signal Power Qutput 3.6 6 Watts

INSTALLATION and APPLICATION

The base of the 6Y6-G fits the standard octal socket which may be installed
to hold the tube in angsposition. Physical characteristics of the 6Y6-G are shown
in Fig. 2-21, OUTLINES SECTION.

The heater is designed to operate at 6.3 volts for full-load operating conditions
at average line voltage. Under the maximum screen and plate dissipation condi-
tions, the heater voltage should never fluctuate so that it exceeds 7.0 volts. For
cathode connection, refer to Type 6A8.

As a class A, fower amplifier, the 6Y6-G should be operated as shown under
CHARACTERISTICS. The values have been determined on the basis that no
grid current flows during any part of the input signal wm% The second harmonics
can easily be eliminated by the use of push-pull circuits. In single-tube, resistance-
coupled circuits, the second-harmonics can be minimized by generating out-of-
phase second harmonics in the pre-amplifier.

The type of input coupling used should not introduce too much resistance in
the grid circuit. Transformer- or impedance-coupling devices are recommended.
When the grid circuit has a resistance not higher than 0.1 megohm, fixed bias may
be used; for higher values, cathode bias is required. With cathode bias, the grid
circuit may have a resistance as high as, but not greater than, 0.5 megohm provided
the heater voltage is not allowed to rise more than 10% above the rated value
under any condition of operation.
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CLASS B TWIN TRIODE

The 6Z7-G is a power amplifier con-

taining two triodes in one envelope.

6Z7_ G The two triodes, designed for class B
0 tion, have separate terminals for

| electrodes except the cathodes and

heaters,
CHARACTERISTICS
HeATER VoLTAGE (AC.or D.C) .................. 6.3 Volts
HEATER CURRENT .. ...t 0.3 Ampere
As Class B Power Amplifier
PLATE VOLTAGE . ..........citieiiiiieiainnnnnn 180 max. Volts
PEAR PLATE CUrRENT (Perplate) ................. 60 max. Milliamperes
AVERAGE PLATE DISSIPATION .. ................... 8 max. Watts
TyPicAL OPERATION:
Plate Voltage ............. 135 180 Volts
Grid Voltage. . ............ 0 0 Volts
Zero-Signal Plate Current
(Perplate).............. 3 4.2 Milliamperes
Effective Load Resistance
(Plate-to-plate).......... 15000 9000 20000 12000 Ohms
Max.-Signal Power Qutput
(Approx.)............... 1.5* 25} 2.2 4.2t Watts

* With average input of 80 milliwatts applied between grids.
t With average input of 320 milliwatts applied between grids.

INSTALLATION and APPLICATION

The base of the 6Z7-G fits the standard octal socket which may be installed
to hold the tube in any position. Physical characteristics of the 6Z7-G are shown
in Fig. 2-17, OUTLINES SECTION. For heater operation and cathode connection,
see Type 6A8.

As a class B power amplifier, the 6Z7-G is used in circuits similar in design to
those utilizing individual tubes in the output stage. It requires no grid bias, since
the high-mu feature of the triode units reduces the steady plate current at zero bias
to a relatively low value. For general class B amplifier design considerations.
refer to RADIO TUBE APPLICATIONS section.

As a class A, amplifier, the 627-G may be operated in resistance-coupled circuits
as shown in the RESISTANCE-COUPLED AMPLIFIER CHART. Other applica-
tions of the 6Z7-G are similar to those discussed for Type 6N7.

Dy
FULL-WAVE HIGH-VACUUM oo ()
6ZY5 G RECTIFIER
- The 6ZY5-G is a full-wave, high
vacuum rectifier of the heater-cathode e\&}/ D
type. It is intended for use in applica- (Y *(e)
tions where economy of power is im- NC REY TR
portant. G-65
% CHARACTERISTICS
HEATER VOLTAGE (A.C.or D.C) ...t 6.3 Volts
HEATER CURRENT . . ... ... iitiiirineennnnannns 0.3 Ampere
As Full-Wave Rectifier
PEAK INVERSE VOLTAGE. . ......oiiiiniinenannn 1250 max. Volts
PEaAR PLATE CURRENT PER PLATE. . ............... 120 max. Milliamperes
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D-C HEATER-CATHODE POTENTIAL. ................ 450 max. Volts
TyricAL OpERATION WITH CONDENSER-INPUT FILTER:
A-C Plate Voltage per Plate (RMS).............. 325 max. Volts
Total Effective Plate-Supply Impedance per Plate]. 225 min. Ohms
D-COutputCurrent.................covvvnnnn. 40 max. Milliamperes
TyricaL OperaTION WiTH CHORE-INPUT FILTER:
A-C Plate Voitage per Plate (RMS).............. 450 max. Volits
Input-Choke Inductance........................ 13.5 min. Henries
DCOutputCurrent. .........coovvenvvennnnann 40 max. Milliamperes
When a filter-inpu N is used, it may re
&I:etgz-vl;?ply lmpedan%g Ehg.;: %:aex;ul::ng:fnthvilnuemah“gwn to limit the peakm"cumnm t t.omothe

INSTALLATION and APPLICATION

The base of the 6ZY5-G fits the standard octal socket which may be installed
to hold the tube in any position. Physical characteristics of the 6ZY5-G are shown
in Fig. 2-17, OUTLINES SECTION The heater should be operated at 6.3 voits.
Under no condition should the heater voltage ever fluctuate so that it exceeds 7.5
volts. For discussion of rectifiers and filter circuits, refer to RADIO TUBE
APPLICATIONS section.

Ne vy TWIN DIODE

The 7A6 is a heater-cathode type
of tube containing two diodes in one
bulb. Except for the common heater, 7 A6
the two units are independent of each
other. The 7A6 is employed in re-
ceivers for detection, for low-voltage,
low-current rectification, or for auto-
matic volume control.

* CHARACTERISTICS
HEATER VoLTAGE (A.C.or D.C) ..ovvvneiiinnn. 6.3 Volts
HEATER CURRENT . ...uvitvintnr it 0.159Y Ampere
¥ Nominal value is 7 volts. 4% Nominal value is 0.16 ampere.
As Rectifler
A-C PLATE VOLTAGE PER PLATE (RMS)............ 150 max. Volts
D-C Qurputr CURRENT PER PLATE. .. .............. 8 max. Milliamperes

INSTALLATION and APPLICATION
The base of the 7A6 fits the lock-type socket which may be mounted to hold
the tube in any position. Physical characteristics of the 7A6 are shown in Fig.
2-4, QUTLINES SECTION For heater operation, see Type 6D8-G; and for
cathode connection, Type 6A8. Application is the same as that for Type 6H6-G.

TRIPLE-GRID
SUPER-CONTROL AMPLIFIER
The 7A7-LM i iple-grid -
contrgl ar;pliﬁerlso? tt?lg es!i;nnglei‘rlllzieeil 7A7"‘ LM
metal type for use in the radio-fre-
quency and intermediate-frequency

stages of radio receivers. The 7A7-LM
fs interchangeable with the 7A7.

% CHARACTERISTICS
HeaTER VOLTAGE (AC.or D.C) ... ..ot 6.3 Volts
HEATBR CURRENT . .......0iiiiiiiin i iiinnans 0.39991 Ampere
GRID-PLATE CAPACITANCE® .. ........covvnirvnnnns 0.005 wuf
INPUT CAPACITANCE®. ..ottt 6 apf
OuTPUT CAPACITANCE® ... .........iiviviiinnnn, 7 puf

® With shell connected to cathode.
€ Nominal value is 7 volts. 999 Nominal value is 0.32 ampere.
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As Class A, Amplifier

PLATE VOLTAGE ....ooviin it iiiiaanan 250 max. Volts

SCREEN VOLTAGE ...........coiiveiiiiiiiiinnnns 100 max. Volts

GRID VOLTAGE . ..ovviii e s -3 min. Volts
YPICAL OPERATION:
PlateVoltage ......... ... ..........cccevveenn, 250 Volts
ScreenVoltage ..............oiiiiiiiiennnnn. 100 Volts
GridVoltage. . ............coi i, -3 Volts
Suppressor...................... Connected to cathode at socket
PlateCurrent ..........................ciuieu.. 86 Milliamperes
Screen Current ................... .o, 2 Milliamperes
Plate Resistance. ....................cciiiinen 0.8 Megohm
Transconductance ................c.c.cvvennunns 2000 Micromhos
Transconductance (At -35 volts bias) ............ 10 Micromhos

INSTALLATION and APPLICATION

The base of the 7A7-LM fits the lock-type socket which may be installed to
hold the tube in any position. - Physical characteristics of the 7A7-LM are shown
in Fig. 1-4, OUTLINES SECTION. For heater operation and cathode connection,
refer to Type 6A8. Application is similar to that for Type 6SK7.

OCTODE CONVERTER

7 A 8 The 7A8 s a multi-electrode tube
of the heater-cathode type designed
to perform simultaneously the func-
tions of a mixer and of an oscillator
tube in superheterodyne circuits.

% CHARACTERISTICS
HEeATER VOLTAGE (AC.or D.C) oot 6.39 Volts
HEATER CURRENT . . tvvtrineierneinennnnaaenns 0.1599 Ampere
DirECT INTERELECTRODE CAPACITANCES:
Grid No. 4 toPlate ........... 0.15 puf
Grid No. 4to Grid No. 2 ... .. 0.12 unf
Grid No. 4toGrid No. 1 ...... 0.12 nuf
GridNo. 1toGridNo. 2 ............. .ot 0.60 wuf
Grid No. 4 to All Other Electrodes (R-F Input) ... 75 uuf
Grid No. 2 to All Other Electrodes
Except Grid No. 1 (Osc. Qutput) .............. 34 uuf
Grid No. 1 to All Other Electrodes
Except Grid No. 2 (Osc. Input) . .............. 338 uuf
Plate to All Other Electrodes (Mixer Output) ..... 9 uuf
9 Nominal value is 7 volts. 99 Nominal value is 0.16 ampere.
As Frequency Converter
PLATE VOLTAGE ... .viieieieieecnennnenanneans 250 max. Volts
ScreEN VOLTAGE (Grids No. 3and No.5) .......... 100 max. Volts
ANoODE-GRrID SuprLy VoLTaGE (Grid No. 2) . ...... .. 250 max. Volts
ConNTROL-GRID VOLTAGE (Grid No. 4)... .......... -3 min. Volts
TyepicaL OPERATION:
Plate Voltage .. .............c..ooo .. 250 Volts
ScreenVoltage . ..............coo i 100 Volts
Anode-Grid Supﬁyly Voltage.......... .......... 250* Volts
Control-Grid Voltage........................... -3 Volts
QOscillator-Grid Resistor (Grid No. 1}............. 50000 Ohms
PlateCurrent ..................oo 3 Milliamperes
ScreenCurrent ... ... .. 2.8 Milliamperes
Anode-Grid Current............................ 4.5 Milliamperes

¢ Applied through 20000-ohm voltage-dropping resistor by-passed by 0.1 uf condenser
— 154 —



RCA RECEIVING TUBE MANUAL

Oscillator-Grid Current .. ...t 0.4 Milliamperes
Plate Resistance. ............ccvvvviiviennnnnn. 0.7 Megohm
Conversion Transconductance................... 600 Micromhos
Conversion Transconductance with

Control-Grid Biasof -30 Volts . ............... 2 Micromhos

INSTALLATION and APPLICATION

The base of the 7AB fits the lock-type socket which may be installed to hold

the tube in any position. Physical characteristics of the 7A8 are shown in Fig.

2-4, OUTLINES SECTION. For heater operation, refer to Type 6D8-G: for
cathode connection and application. to Type 6A8.

TRIPLE-GRID
SUPER-CONTROL AMPLIFIER

The 7B7 is a triple-grid super-control 7 B7
amplifier for use in the radio-frequency
and intermediate-frequency stages of
radio receivers.

% CHARACTERISTICS
HeaTER VoLTAGE (AC.OrD.C)).................. 6.3 Volts
HEATERCURRENT . ....... ... i . 0.1599 Ampere
GRID-PLATE CAPACITANCE . ..., 0.005 max. puf
INPUT CAPACITANCE. . ... ....... ... ccviiiie . S P
OuTPUT CAPACITANCE . . . .. ...t iiiinnaennn, 7 uaf
9 Nominal value is 7 volts, 99 Nominal value is 0.16 ampere.
As Class A, Amplifier
PLATE VOLTAGE ................. ... .cccccee o... 250 max. Volts
SCREEN VOLTAGE . ..................iiiiiien. ... 100 max. Volts
GRID VOLTAGE . ............... ..., -3 min. Volts
TyricaL. OPERATION:
Plate Voltage ... ... .. ... .. ... ... ... ... ... 250 Volits
Screen Voltage . ............................... 100 Volts
Grid Voltage. . . ...... . ... .. . . . . . i -3 Volts
Suppressor. ... .................. Connected to cathode at socket
PlateCurrent ..........................c...... 85 Milliamperes
ScreenCurrent .................. ... ... ....... 2 Milliamperes
Plate Resistance. . ............................. 0.7 Megohm
Transconductance .. ........................... 1700 Micromhos
Transconductance (At -40 volts bias) . ......... .. 10 Micromhos

INSTALLATION and APPLICATION

The base of the 7B7 fits the lock-type socket which may be installed to hold

the tube in any position. Phi;sxcal characteristics of the 7B7 are shown in Fig.
2-4, OUTLINES SECTION. For heater operation, refer to Type 6D8-G; and for

cathode connection, to Type 6A8. Application is similar to that for Type 6SK7.

DUPLEX-DIODE
HI-MU TRIODE

The 7C6 is a multi-unit tube con- 7C6

taining two diodes and a high-mu
triode in one bulb. It is intended for
use as a combined detector, amplifier,
and automatic-volume-control tube.
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Y% CHARACTERISTICS
HeaTtEr VoLTAGE (A.C.or D.C) .................. 6.39 Volts
HEATER CURRENT . .....ooivivniinnnannennnnnnnn. 0.159Y Ampere
Triode: GRID-PLATE CAPACITANCE (Approx.) ....... 1.4 upf
GRID-CATHODE CAPACITANCE (AppProx.)..... 2.4 puf
PLATE-CATHODE CAPACITANCE (AppDrox.).... 3 puf
AVERAGE CHARACTERISTICS — TRIODE UNIT:
Plate Valtage .. ...................c.ccoiinen.. 250 Volts
GridVoltage. . .............coiiiiiiiiiieen.. -1 Volt
PlateCurrent .............c.iiiiiiiiiiiiinnnn 13 Milliamperes
Plate ResiStance. ...oovveeetiiriiiinneenennnes 0.1 Megohm
Amplification Factor ....................ooviut 100
Transconductance . .........veveeeeeennnannnnne 1000 Micromhos
9 Nominal value is 7 volts. €9 Nominal value is 0.16 ampere.
Triode Unit — As Class A, Amplifier
PLATEVOLTAGE ... 250 max. Volts
TypricaL OPERATION:
Plate Supply Voltage. .......................... 250 Volts
Load Resistance. . . ...........ccvvvvennninnnn.. 0.25 Megohm
Grid ResiStOr. .o ovvveiiiiieieiii i ieee e innnnns 10 Megohms

Diode Units

The two diode units are placed around a cathode, the sleeve of whichis
common to the triode unit. Each diode has its own base pin.

INSTALLATION and APPLICATION

The base of the 7C6 fits the lock-type socket which may be installed to hold
the tube in any position. Physical characteristics of the 7C6 are shown in Fig.
2-4, OUTLINES SECTION. For heater operation, refer to Type 6D8-G; and for
cathode connection, to Type 6A8. Application is similar to that for Type 6SQ7.

FULL-WAVE SEBD @)
HIGH-VACUUM RECTIFIER "

7Y4 The 7Y4 is a full-wave, high-

vacuum rectifier of the heater-cathode nc
type. It is for use in automobile radio
receivers and in compact a-c operated
receivers.

5AB
% CHARACTERISTICS
Hearer VoLTace (AC.orD.C)............o.ese. 6.3% Volts
HEATER CURRENT ... ..vtiineneiiiiieannnnnes 059 Ampere
9 Nominal value is 7 volts. 99 Nominal value is 0.53 ampere.
As Full-Wave Rectifler
PEAK INVERSE VOLTAGE. . ...ovvnninennnnn .. 1250 max. Volts
PeAx PLATE CURRENT PERPLATE. ... ............ 180 max. Milliamperes
D-C HEATER-CATHODE POTENTIAL . . . .............. 450 max. Volts
Wite CoNDENSER-INPUT FILTER:
A-C Plate Voltage per Plate (RMS).............. 325 max, Volts
Total Effective Plate-Supply Impedance per Plate* 150 min. Ohms
DCOutputCurrent........................... 60 max. Milliamperes
Wit Croge-INPUT FILTER:
A-C Plate Voltage per Plate (RMS).............. 450 max. Volts
Input Choke Impedance. . ...................... 10 min. Ohms
D-COutputCurrent..........ccovvervvnnnnnn.. 60 max. Milliamperes

* When 2 filter input condenser larger than 40 gf is used, it may be necessary to use more
plate-supply impedance than the value shown to limit the peak plate current to the rated value.
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INSTALLATION and APPLICATION

The base of the 7Y4 fits the lock-type socket which may be installed to hold
the tube in any position. Physical characteristics of the 7Y4 are shown in Fig.
2-4, OUTLINES SECTION. For heater operation, see Type 6X5.

P G

@) ©,
POWER AMPLIFIER TRIODE
The 10 is a three-electrode, high-vacuum 'IO
tube suitable for use as an audio-frequency
o*o amplifier in equipment designed for its
A ¢ characteristics.
40
CHARACTERISTICS
FiLAMENT VorTtace (A.C. or D.C)) .. 7.5 Volts
FILAMENT CURRENT ..o vvecransverseroonserananssosesssnnres 1.25 Amperes
PLATE VOLTAGE. 350 425 max. Volts
GRID VOLTAGE* . . -32 ~40 Volts
CATHODE RusIST .. 2000 2220 Ohms
PLATE CURRENT. .. vuveccnitnnnnenosnes 10 16 18 Milliamperes
PLATE RESISTANCE . .....covvnnnnnansso. 6000 5150 5000 Ohms
AMPLIFICATION FACTOR .. ... ......oout 8 8 8 .
TRANSCONDUCTANGE vt vvrvarnonncrnnass 1330 1550 1600 Micromhos
LOAD RESISTANCE covvvrennnannniornnss 13000 11000 10200 Ohms
UNDIsTORTED POWER OUTPUT. ....vevts. 0.4 0.9 1.6 Watts

* Grid voltages are given with respect to the mid-point of filament operated on a.c. If d.c.
is used, each stated value of grid voltage should be decreased by 5.0 volts and should be refi
to the negative end of the filament.

INSTALLATION and APPLICATION
The base of the 10 fits the standard four-contact socket which should be installed to hold
the tube in a vertical ition with the base down. Physical characteristics of the 10 are shown
in Fig. 2-28, OUTLINES SECTION.

P G

@) ©

DETECTOR AMPLIFIER TRIODES

F F The 11 and 12 are three-electrode tubes
used as detectors and amplifiers in dry-cell-
4D operated receivers designed for their charac- ]]
teristics. The electrical characteristics of
Type 12 each type are identical, and are as follows:
Filament volts, 1.1; amperes, 0.25; maximum
P - plate volts, 135; grid volts, -10.5; amplifica-
e e tion factor, 6.6; plate resistance (ohms), ]2
15000; transconductance (micromhos), 440;
and plate milliamperes, 3. Physical charac-
teristics of the 11 and 12 are shown in Figs.
2-14 and 2-23, respectively, in the OUTLINES
SECTION. The 11 and 12 are discontinued
types; they are retained for reference only.

RECTIFIER-PENTODE

The 12A7 is a heater-cathode type
of multi-unit tube which combines in
one bulb a half-wave rectifier and a
power-amplifier pentode. The heater ] 2 A7
rating is 12.6 wvolts, 0.3 ampere.
RECTIFIER UNIT: Mazx. a-c plate
volts, 125:; max. d-c output ma., 30.
PENTODE UNIT: Max. plate and
screen volts, 135; grid-bias volts, -13.5:
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load resistance, 13500 ohms: plate resistance, 102000 ohms: transconductance, 975
micromhos; plate ma., 9; screen ma., 2.5; and power output, 0.55 watt. The base
fits the standard 7-contact socket (0 75-inch pin-circle diameter) which may be
mounted to hold the tube in any position. Physical characteristics of the 12A7
are shown in Fig. 2-16. OUTLINES SECTION. For heater operation and cathode
connection. refer to Types 12Z3 and 6A8, respectively.

PENTAGRID CONVERTER
The 12A8-GT is a pentagrid con-

]2 A8_GT verter of the heater-cathode type.
Except for its heater which operates
at 12.6 volts and 0.15 ampere, the
electrical and lphysical characteristics
of the 12A8-GT are the same as those
of the Type 6A8-GT, G-8A

The heater of the 12A8-GT is designed to operate on either a.c. or d.c. When
the heater is operated on a.c, with a transformer, the winding which supplies the
heater_circuit should operate the heater at its recommended value for full-load
operating conditions at a line voltage of 117 volts. In receivers that employ a series-
heater connection, the heater of the 12A8-GT may be operated in series with the
heaters of the other types having 0.15-ampere rating, or in series with the heaters
of other types requiring more than 0.15 ampere if the 12A8-GT heater is shunted
by a suitable resistor to pass the current in excess of 0.15 ampere. The current in
the heater circuit of the 12A8-GT should be adjusted to 0.15 ampere for the normal
supply-line voltage, For cathode connection, refer to Type 6AS8.

DUPLEX-DIODE PENTODE

The 12C8 is a metal type of tube
having two diodes and a pentode in

the same envelope. Except for its

] 2C8 heater rating of 12.6 volts and 0.15
ampere, the electrical and physical

METAL characteristics of the 12C8 are the same

as those of the Type 6B8. For heater
operation and cathode connection, refer
'toelTypes 12A8-GT and 6AS8, respect-
ively.

HIGH-MU TRIODE

The 12F5-GT is a high-mu amplifier
triode of the heater-cathode type. It
] 2 F 5 GT is particularly useful in resistance-
- coupled amplifier circuits. Except
for its heater rating of 12.6 volts and
0.15 ampere, and the capacitances, the

electrical and physical characteristics G-5M

are the same as those of the 6F5-GT.

The grid-plate capacitance is 2.8 guf; grid-cathode, 2.2 uuf; plate-cathode, 3.2 uuf.
For heater operation and cathode connection, refer to Types 12A8-GT and 6A8,

respectively.
DETECTOR AMPLIFIER TRIODE

The 12)5-GT is a triode of the heat-

er-cathode type designed for use as

] 2 J 5 GT detector, amplifier, or oscillator. It

= has a oomparatwely high amplifica-

tion factor together with a high

transconductance. Except for its heater

rating of 12.6 volts and 0.15 ampere,

the electrical and physical characteris~

tics of the 12]J5-GT are the same as those of the 6J5-GT. For heater operation
and cathode connection, refer to Type 12A8-GT and 6A8. respectively

— 158 —




RCA RECEIVING TUBE MANUAL

P TRIPLE-GRID DETECTOR
AMPLIFIER

" The 12J7-GT is a triple-grid detector ] 2.] 7 - GT

st()) amplifier of the heater-cathode type.
"hEs” “KEY Exlcept gxoiltg heater rathing lot' 12.(?
volts and 0.15 ampere, the electrica
GT-TR(12J7-GT) and physical characteristics of the
12J7-GT are the same as those of the 6J7-GT. For heater operation and cathode
connection, refer to Types 12A8GT and 6A8, respectively.

TRIPLE-GRID
SUPER-CONTROL AMPLIFIER

The 12K7-GT is a triple-grid super- ] 2 K7" GT

control amplifier of the heater-cathode
tlsépg fixcepfi fgr1 éts heater ra;ltingl of
~7R(12K7-GT .6 volts and 0.15 ampere, the elec-
oT-7R( ) trical and physical characteristics of .
the 12K7-GT are the same as those of the 6K7-GT. For heater operation and
cathode connection, refer to Types 12A8-GT and 6AS8, respectively.

TRIODE-HEXODE

CONVERTER
12K8
METAL

The 12K8 is a multi-electrode tube
of metal construction consisting of a
triode oscillator and a hexode mixer
in a single envelope. Except for its
heater rating of 12.6 volts and 0.15
ampere, the electrical and physical characteristics of the 12K8 are the same as
those of the 6K8. For heater operation and cathode connection, refer to Types
12A8-GT and 6AS8, respectively.

Poz2 POy

G2 G3

DUPLEX-DIODE

HIGH-MU TRIODE
The 12Q7-GT is a heater-cathode ]2Q7-GT

type of tube containing two diodes and
a high-mu triode in one bulb, Except
for its heater rating of 12.6 volts and
0.15 ampere, the electrical and physical
characteristics of the 12Q7-GT are the same as those of the 6Q7-GT. For heater
operation and cathode connection, refer to Types 12A8-GT and 6AS8, respectively.

PENTAGRID CONVERTER

The 12SA7 is 2 multi-electrode vacu-

um tube of the single-ended metal type ] 2 S A7
designed to perform simultaneously METAL

the functions of oscillator and mixer
in superheterodyne receivers. Except
for its heater rating of 12.6 volts and
0.15 ampere, the electrical and thsica.l
characteristics of the 12SA7 are the same a those of the 6SA7. For heater oper-
ation and cathode connection. refer to Types 12A8-GT and 6A8, respectively
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TWIN TRIODE AMPLIFIER

The 12SC7 is a twin-triode amplifier

of the single-ended metal type for use

] 2SC7 as a class A amFliﬁer. Except for its
heater rating of 12.6 volts and 0.15

METAL ampere, the electrical and physical
characteristics of the 12SC7 are the
same as those of the 65SC7. For heater as

operation and cathode connection, re-
fer to Types 12A8-GT and 6A8, respectively.

HIGH-MU TRIODE o

The 12SF5 is a high-mu triode ot &)
the single-ended metal type for use
] 2SF5 in resistance-coupled amplifier circuits. )

ETA Except for its heater rating of 12.6 vo
! volts and 0.15 ampere the electrical O,
and physical characteristics of the
12SF5 are the same as those of the 6AB

6SFS. For heater operation and cathode
connection, refer to Types 12A8-GT and 6AS8, respectively.

TRIPLE-GRID
-l 25J7 DETECTOR AMPLIFIER
The 12SJ7 i ingl d
METAL tube eof thJe &p?ezg%&:;peedwirafm;

sharp cut-off characteristic. Except

for its heater rating of 12.6 volts and

0.15 ampere, the electrical and physical
characteristics of the 12SJ7 are the same as those of the 65J7. For heater operation
and cathode connection, refer to Types 12A8-GT and 6A8, respectively.

TRIPLE-GRID
SUPER-CONTROL AMPLIFIER
12SK7

The 125K7 is a single-ended metal
tube of the triple-grid type with a
remote cut-off characteristic. Except
for its heater rating of 12.6 volts and
0.15 ampere, the electrical and physical
characteristics of the 12SK7 are the same as those of the 6SK7. For heater opera-
tion and cathode connection, refer to Types 12A8-GT and 6A8, respectively,

METAL

Poy

o,
DUPLEX-DIODE HIGH-MU ) OMO .
125Q7 TRIODE ﬂ( O
The 125Q7 is a single-ended metal A A ADw
METAL type of multi-unit tube containing two OWO
diodes and a high-mu triode. Except SKEY M
for its heater rating of 12.6 volts and 8Q

0.15 ampere, the electrical and physical
characteristics of the 12SQ7 are the same as those of the 65Q7. For heater opera-
tion and cathode connection, refer to Types 12A8-GT and 6A8, respectively,
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G HALF-WAVE
HIGH-VACUUM RECTIFIER

oA The 1273 is a half-wave, high- 1273

vacuum rectifier of the heater-cathode
" H type for use in suitable circuits de-
46 signed to supply d-c power from an a-c
power line. It is mtended for use in
“transformerless” receivers of the ‘“‘universal” (a.c.-d.c.) type. The adaptability
of the 12Z3 to such receivers is facilitated by the heater design which permits of
convenient series operation with other tube types.

% CHARACTERISTICS
Heater VoLTacE (AC.ot D.C)Y ... iiiiana... 12.6 Volts
HEATER CURRENT .. .....tiettinennnnnnnnnncnnaen 0.3 Ampere
As Half-Wave Rectifier
PEAK INVERSE VOLTAGE . . ......vvineiinnennnannn. 700 max. Volts
PEAR PLATE CURRENT ... .vvvrvriiiieaanannnnnns 330 max. Milliamperes
D-C HEATER-CATHODE POTENTIAL. . ... .vvvunnnnn. 350 max. Volts
Tyricat OpEraTION WiTH CONDENSER-INPUT FILTER:
A-C Plate Voltage (RMS)......... 117 150 235 max. Volts
Total Effective Plate-Supply
Impedancel................... 0 min. 30 min. 75 min. Ohms
D-COutput Current............. 55 max. 55 max. 55 max. Milliamperes

$ When a filter-input condenser larger than 40 uf is used, it may be necessary to use more
plate-susply impedance than the minimum value shown to limit the peak plate current to the

INSTALLATION and APPLICATION

The base of the 12Z3 fits the standard four-contact socket which may be
installed to hold the tube in any position. Physical characteristics of the 12Z3 are
shown in Fig. 2-19, OUTLINES SECTION. Sufficient ventilation should be
provided to circulate air freely around the tube

to prevent overheatmg OPERATION CHARACTERISTICS

The 12.6-volt heater of the 12Z3 is designed TYPE 1223 €7 2128 voUTs
to operate under the normal conditions of line- | FILTER INPUT CONDENSER =C , |
voltage variation without materially affecting Jeveve g B

N
Q
s

the performance or serviceability of this tube.
For operation of the 12Z3 in series with the
heaters of other types having 0.3 ampere rating,
the current in the heater circuit should be ad-
justed to 0.3 ampere for the normal supply
voltage

A filter of the condenser-input type is rec-
ommended for use with this tube in order to
obtain a d-c output voltage as high as possible.
A large input capacitance in the order of 16 uf
is desirable. Typical output curves for several
values of input condensers are shown in the ac-
companying diagram. As a supplement to the
curves with an a-¢ input voltage, a curve is in-

w
Y
o

X
o

&
o

0-C OUTPUT VOLTS AT INPUT 7O FILTER

@

VOLTS=117 77"

cluded to show the output when the receiver is 36 36 o
operated from a d-c power line. D-C LOAD MILLIAMEERES it
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R-F AMPLIFIER PENTODE

The 15 is a heater-cathode type of pentode
of the 2.0-volt type for use in battery-operated
'I 5 receivers that require a separate cathode con-
nection. The heater is rated at 2.0 volts
(d.c.) and 0.22 ampere. Characteristics at
maximum 7plate volts of 135, maximum screen
volts of 67.5, and grid-bias volts of ~1.5 are:
plate current, 1.85 milliamperes; screen cur-
rent, 0.3 milliampere; plate resistance, 0.63 5F
megohm; transconductance, 750 micromhos.

The base of the 15 fits the standard five-pin socket which may be mounted to hold the tube
in any position. Physical characteristics of the 15 are shown in Fig. 2-16, OUTLINES SECTION
The heater-cathode potential should be kept as low as possible, but should never be greater than
22.5 volts. Application of the 15 is similar to that of Type 1E5-GP.

GT2 o7
CLASS B TWIN AMPLIFIER )
The 19 combines in one bulb two . /‘ \ o
'l 9 high-mu triodes designed for class B 2] Ol
operation. It is intended for use in b
the output stage of battery-operated oo
receivers and is capable of supplying i, -
approximately 2 watts of audio power. 6C

The triode units have separate external

terminals for all electrodes except the filaments, so that circuit design is similar to
that of class B amplifiers utilizing individual tubes in the output stage. Except for
the filament current (.26 ampere, the electrical characteristics of the 19 are the same
ag those of the 1J6-G. For filament operation, refer to Type 1C7-G. The base of
the 19 fits the standard six-pin socket which should be mounted to hold the tube
preferably in a vertical position with base down. Horizontal operation is permis-
sible if pins 1 and 6 are in a horizontal plane. Physical characteristics of the 19
are shown in Fig. 2-19, OUTLINES SECTION.

POWER AMPLIFIER TRIODE

The 20 is a power-amplifier triode for dry- P

battery-operated receivers employing 3.3-volt

filament tubes. The filament rating is 0.132

ampere at 3.3 volts (d.c.). Characteristics at

maximum plate volts of 135, and grid-bias

20 volts of -22.5 are: plate current, 6.5 milli-
amperes, plate resistance, 6300 ohms; ampli- ° * o

Q)
©
(2]

fication factor, 3.3; transconductance, 5
micromhos; load resistance, ) ohms;
undistorted power output, 110 milliwatts.
Phpncal characteristics of the 20 are shown ap
in Fig. 2-14, OUTLINES SECTION. The 20

is a discontinued type; it i8 retained for ref-

erence only.

SCREEN-GRID RADIO-FREQUENCY
AMPLIFIER

Gy
: . . G,
The 22 is a screen-grid, radio-frequency P [
amplifier tube for use in dry-battery-operated @) \9
receivers employing 3.3-volt filament tubes.
The filament rating is 0.132 ampere at 3.3
22 volts (d.c.) Characteristics at maximum
plate volts of 135, maximum screen volts of
67.5, and -bias volts of ~1.5 are: plate °+°
current, 3.7 milliamperes; screen current, 1.3 Fo
milliamperes; plate_resistance, 325000 ohms;
transconductance, 500 micromhos. Physical
characteristics of the 22 are shown in Fig. 2-22, 4K
QUTLINES SECTION. The 22 is a discon-
tinued type; it i8 retained for reference only.
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SCREEN-GRID RADIO-FREQUENCY
AMPLIFIER

u’l‘l‘l‘: 24-A i:h:)d mn-g?d amplifier t;xube of
t] ater-ca e type for use primarily as
a radio-frequency amplifier in a-c operated 24-A
recelvers.
The heater is rated at 2.5 valts (a.c. or d.c.)
and 1.76 ampere. The maximum plate and
screen volts are 275 and 90, rezo&ectwaly,
Characteristics at plate volts of , acreen
volts of 90, and grid-bias volts of -3 are: .
plate current, 4 milliamperes; screen current (max.), 1.7 milliamperes, plate resistance, 0.6 megohm;
transconductance, 1050 micromhos. Capacitances (with shield-can) are: grid-plate 0.007 max.
sul; input 5.3 puf; output, 10.5 puf.

The base of the 24-A fits the standard five-contact socket which may be installed ta hold
the tybe in a:i:y position. Physical characteristics of the 24-A are shown in Fig. 2-22, OUTLINES
SECTION For heater operation and cathode connection, refer to Type 2A5. The screen voita
for the 24-A may be obtained from 8 fixed or variable tap on g voltage divider across the high-
voltage supply, or across a portion of the suggly. Complete shielding in all stages of the circuit
is necessary if magimum gain per stage is to obtained.

POWER AMPLIFIER

PENTODES 25A6

The 25A6 and 25A6-G are power- METAL
n amplifier pentodes of the heater-
cathode type having 25-volt heaters 2 5 A 6 G
for operation on either a-c or d-c -
supply. They are especially useful in
“d-c power line’”’ or “universal” type
receivers. In such application, these tubes are capable of handling relatively large
audio power.

% CHARACTERISTICS

HEeATER VoLTaGE (AC.or D.C) ....oviivnan .. 25 Volts
HEATER CURRENT . ... ..\iiiinennnnnnnrnnanrnnnns 0.3 Ampere
As Class A, Amplifier
PLATE VOLTAGE ................... e, 160 max. Volts
SCREEN VOLTAGE ... iiitientinnnnneiiinannns, 135 max. Volts
PLATE DISSIPATION ... ........c0ovirniiiinnnnnnn. 5.3 max. Watts
SCREEN SISSIPATION ... .. ...\t e, 1.9 max. Watts
TyPicAL OPERATION:
Plate Voltage ................. 95 135 160 Volts
Screen Voltage ................ 95 135 120 Volts
Grid Voltage....... e -15 -20 -18 Volts
Peak A-F Grid Voltage......... 15 20 18 Volts
Zero-Signal Plate Current. . .. ... 20 37 33 Milliamperes
Max.-Signal Plate Current. . . . .. 22 39 36 Milliamperes
Zero-Signal Screen Current. ... .. 4 8 6.5 Milliamperes
Max,-Signal Screen Current. . . .. 8 14 12 Milliamperes
Plate Resistance (Approx.)...... 45000 35000 42000 Ohms
Transconductance ............. 2000 2450 2375 Micromhos
Load Resistance............... 4500 4000 5000 Ohms
Total Harmonic Distortion.... .. 11 9 10 Per cent
Mazx.-Signal Power OQutput...... 0.9 2 2.2 Watts

INSTALLATION and APPLICATION
The base of either the 25A6 or 25A6-G fits the standard octal socket which
may be installed to hold the tube in any position. Physical characteristics of the
25A6 and 25A6-G are shown in Figs. 1-7 and 2-21, respectively, in the OUTLINES
SECTION,
The 25-volt heater is designed to operate under the normal conditions of line-
voltage variation without materially affecting the performance or serviceability
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of these tubes. When the heater is operated in series with the heaters of other
types having 0.3-ampere rating, the current in the heater circuit should be adjusted
to 0.3 ampere for the normal supply voltage.

In a series-heater circuit of the “d-c power line” type employing several 0.3-
ampere (6.3-volt) tﬂfﬁ and one or two 25A6’s or 25A6-G’s, the heater(s) of the
25-voit type(s) should be placed on the positive side of the line. Under these
conditions, heater-cathode voltage of these tubes must not exceed the value given
under cathode. In a series-heater circuit of the “universal” type employmg a
rectifier tube with 25-volt heater, one or two 25A6’s or 25A6-G’s and several 0.3-
ampere (6.3-volt) types, it is recommended that the heater(s) of the 25A6(’s) or
25A6-G(’s) be placed in the circuit so that the higher values of heater-cathode bias
will be impressed on the 25A6(’s) or 25A6-G(’s) rather than on the 6.3-volt types.
This is accomplished by arranging the 25A6(’s) or 25A6-G(’s) on the side of the
supply line which is connected to the cathode of the rectifier, i.e., the positive
terminal of the rectified voltage supply. Between this side of the line and the
25A6§'s) or 25A6-G(’s), any necessary auxiliary resistance and the heater of the
25-volt heater type rectifier are connected in series.

The cathede circuit in “d-c power line” or “universal” receivers is tied in either
directly or through biasing resistors to the negative side of the d-c plate supply
which is furnished either by the d-¢ power line or by the a-c line by means of a
rectifier. The potential difference thus introduced between heater and cathode of
the 25A6 or 25A6-G should not exceed 90 volts d.c., as measured between the
negative heater terminal and the cathode,

The cathode resistor should be shunted by a suitable filter network to avoid
degenerative effects at low audio frequencies. The use of two 25A6’s or 25A6-G-'s
in push-pull eliminates the necessity for shunting the resistor. The cathode resistor
for two tubes in the same stage is approximately one-half the value given for single-
tube operation.

The total d-c resistance in the grid circuit should not exceed 0.5 megohm with
cathode bias, or 0.5 megohm for the 95-volt condition and 50000 ohms for the 135-
volt and 160-volt conditions with fixed bias.

AVERAGE PLATE CHARACTERISTICS

T ] T
TYPE 25A6
E4:=25 VOLTS
SCREEN VOLTS =135
/,o/ O
so}— -
K4 /
" /\ /L -10
w O4 s
o
§ A ‘\‘k/ts-
3 // Q Y Ec1=-13
3 ! / R o —t"
o [ ‘q:o
aao /,// o N, =
u
< s ™~
g //,// N ™. -25
///—-—-——" comh\— RiD VOLTS Ec)=-30
20}/
L N ~-35
Pou < ~ - 40
= =
2
o $0 100 t 200 250 300 350 400
PLATE VOLTS 92C-45989
G2p Gip

The 25A7-G is a heater-cathode

2 5 A7_ type of tube containing a half-wave,
high-vacuum rectifier and a power- H
.ampliﬁeéﬂpentode in one envelope. It e
is particularly useful in small receivers K5 HEY ™~ Gy

of the “universal” type. sF
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CHARACTERISTICS

HeaTER VoLTAGE (AC. 0t DC.) ..o, 25 Volts
HEATER CURRENT . .....covvvvinvnnnecesenannnnsn 0.3 Ampere

Pentode Unit — As Class A, Amplifier
PLATE VOLTAGE .......coccenanerrennceacceeennns 100 max. Volts
ScrEEN VOLTAGE (Grid No. 2) .................... 100 max. Volts
Grm VOLTAGE (Grid No. 1).............oooviian.. -15 Volts
PLATE CURRENT . . ..ot iiviiiiniiiinncenenneeennns 20.5 Milliamperes
SCREEN CURRENT . .. ovvveinnvnainnnannenerenennns 4 Milliamperes
PLATB RESISTANCE.........cciivvinneiinnnnnnnnn. 50000 Ohms
TRANSCONDUCTANCE . . ..ovvvvnensnnnasecnsonanons 1800 Micromhoe
LOAD RESISTANCE .. ......iiivevnrieinnaanannnnns 4500 Ohms
(825 3 2 ¢ o 0.77 Watt

* 99, total harmonic distortion.

Rectifier Unit

ACPLATE VOLTAGE (RMS) ......civieiiieiinnns 125 max. Voits
D-COUTPUT CURRENT ....coivvevennnetvanannnans 75 max. Milliamperes

INSTALLATION and APPLICATION

The base of the 25A7-G fits the standard octal socket which may be installed
to hold the tube in any position. ngm characteristics of the 25A7-G are shown
in Fig. 2-21, OUTLINES SECTION. For heater operation and cathode connec-
tion of the pentode unit, refer to Type 25A6.

o

HIGH-MU POWER AMPLIFIER
&) TRIODE
The 25AC5-GT is a power amplifier 25AC5-GT

" e\-b/ oF triode of the heater-cathode type for

® use in the output stage of a-c/d-c radio
ne E Tk receivers.
6-6Q
CHARACTERISTICS

Hrater VoLtaGE (AC.ot D.C) . .....ivevvnnn., 25 Volts
HEATER CURRENT . ...0oovveraennnnnnnreoennonnns 0.3 Ampere
AVERAGE CHARACTERISTICS:

Plate Voltage .. ..........cviiivieninnnnnnn., 110 Volts

Grid Voltage. . .......cov it +15 Voits

Amplification Factor ...........cciiiiinnnenne, 58

Plate Resistance ................ccoiiieree.... 15200 Ohms

Transconductance . ............ccveeiieunnnnnn. 3800 Micromhos

PlateCurrent .........coviivierenrriinarsanees 45 Milliamperes

Grid Current. . ... iiietier e iaiineeeans 7 Milliamperes

As Class B Power Amplifier

PLATB VOLTAGE ........ccinerrnnannccrnnnsranans 180 max. Volts
AVERAGE PLATE DISSIPATION .. ......co0iuunnennns 10 max. Watts

TvyricaL OPERATION:

Plate Voltage . ......ocivieininnirinecnrannanns 180 Voits
Grid Voltage. . . ...cvveierrininneerernseennnns 0 Volts
Peak A-F Grid-to-Grid Voltage. ................. 60 Volts
Zero-Signal D-C Plate Current ...........c....... 4 Milliamperes
Effective Load Resistance (Plate-to-plate) ........ 4800 Ohms
Power Qutput®. .. ...cocevvvreneronnnrnonsannns 6 Watts

¢ With peak input of 810 milliwatts applied between grids.
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INSTALLATION and APPLICATION

The base of the 25ACS5-GT fits the standard octal socket which may be
installed to hold the tube in any position. For heater operation and cathode
connection, refer to Type 25A6. Physical characteristics of the 25AC5-GT are
shown in Fig. 2-8, OUTLINES SECTION.

In push-pull class B service, the 25AC5-GT should be operated as shown under
CHARACTERISTICS.

In direct-coupled power-amplifier service, a single 25AC5-GT is preceded by
a driver tube in a dynamic-coupled amplifier circuit similar to that shown under
Type 6AC5-G. The only difference is that the 25000-ohm resistor is not required.
Bias voltage for both the 25AC5-GT and the driver is developed by the dynamic-
coxg;lled connection shown in the circuit arrangement. The total d-c resistance
in the grid circuit of the driver should not exceed 1.0 megohm, Maximum ratings
for the 26AC5-GT in this service are: plate volts, 180; and average plate dissipa-
tion, 10 watts. Typical operating values with Type 6AES-GT as driver are: plate-
supply volts, 110; av. plate ma., 45; av. plate ma. of driver, 7; input signal volts
(rms) to driver, 22; load resistance, 2000 ohms; and power output, 2 watts with
109, distortion. Typical operating values with Type 6P5-G as driver are: plate-
supply volts, 180; av. plate ma., 27; av. plate ma. of driver, 4; input signal volts
(rms) to driver, 12; load resistance, 8000 ohms; and power output, 2 watts with
109, distortion. In these typical operating conditions, current does not flow in
the driver grid circuit during any part of the input cycle.

G2 G)
POWER AMPLIFIER OO
PENTODE oY%,
25B6-G 5 b v ot
pentode o e heater-ca e type
for use in radio receivers of the “‘uni- v }Lo/ oF
geég;l u_efiype where large power output neker K,
G~7S
* CHARACTERISTICS
HEeATER VoLTAGE (A.C.or D.C) ...l 25 Volts
HEATER CURRENT . .....ccuvvirriinnnnnnnnnnennnns 0.3 Ampere
As Class A, Amplifier
PLATEVOLTAGE .........c.0iiiieiiiiinnnnnnnn... 200 max. Volts
ScrEEN VOLTAGE (GridNo. 2} .................... 135 max. Volts
PLATE DISSIPATION .............0cviiiannnnnn, 12.5 max. Watts
SCREEN DISSIPATION ... ............. ..o, 2 max. Watts
TyriCAL OPERATION:
Plate Voltage .. ............... 105 135 200 Volts
Screen Voltage . ............... 105 135 135 Volts
Grid Volta éGrid No.1)...... -16 -22 -23 Volts
Peak A-F Grid Voltage. ... .. ... 16 22 23 Volts
Zero-Signal Plate Current. ... ... 48 61 62 Mililamperes
Max.-Signal Plate Current. .. . .. 55 69 71 Milliamperes
Zero-Sj Screen Current. . . . .. 2 25 1.8 Milliam;
Magx.-Signal Screen Current . . . .. 10 14.5 13 Milliamperes
Plate Resistance............... 15500 15000 18000 Ohms
Transconductance . ............ 4800 5000 5000 Micromhos
Load Resistance ............... 1700 1700 2500 Ohms
Total Harmonic Distortion. . . . .. 125 14 15 Per cent
Second Harmonic Distortion . .. 7 8 85 Per cent
Third Harmonic Distortion . .. .. 10 11 11 Per cent
Max.-Signal Power Qutput. ..... 2.4 43 7.1 Watts

INSTALLATION and APPLICATION
The base of the 25B6-G fits the standard octal socket which may be installed
to hold the tube in any position. Physical characteristics of the 25B6-G are shown
in Fig. 2-21, QUTLI SECTION. For filament operation and cathode connec-
tion, refer to Type 25A6.
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BEAM POWER AMPLIFIERS 2 5L 6

The 25L6, 25L6-G, and 25L6-GT
are beam tgéver amplifier tubes of the
by the output, stage of “amsiormer. 2 5L6-G
in the output stage of “transformer- -
less” (a.c.-d.c.) receivers. These tubes
provide high power output at therela-

2506
NEiZste-g Y Per tively low plate and screen voltages 2 5L 6 GT
available for transformerless receivers. -

7AC The high power output is obtained
with high power sensitivity and high efficiency. These distinctive features have
been made possible by the application of directed-electron-beam principles in the
design of these types. The design is similar to that of the RCA-6L6.

METAL

% CHARACTERISTICS
HEATER VoLTAGE (A.C.orD.C.) .....oevivviienn.. 25.0 Volts
HEATER CURRENT . .........00vviriiiiinnnnnnnnss 0.3 Ampere
As Class A; Amplifier
PLATE VOLTAGE .......0ovveeineeinineannanns 117 max. Volts
ScrREEN VOLTAGE (Grid No. 2) .................... 117 max. Volts
PLATE DISSIPATION . ......0iiiiiiiiiiiiienn 4 max. Watts
ScREEN DISSIPATION .................coviiinnnnn. 1.25 max. Watts
TypricAL OPERATION:
Plate Voltage .. ....................... 110 110 Volts
Screen Voltage ........................ 110 110 Volts
Grid Voltaée.(Grid No.l).............. -7.5 ~7.5 Volts
Peak A-F Grid Voltage............... . 75 75 Volits
Zero-Signal Plate Current............... 49 49 Milliamperes
Max.-Signal Plate Current ..... ......... 54 50 Milliamperes
Zero-Signal Screen Current.............. 4 4 Milliamperes
Max.-Signal Screen Current. . ........... 9 11 Milliamperes
Plate Resistance (Approx.).............. 10000 10000 Ohms
Transconductance . .................... 8200 8200 Micromhos
Jload Resistance. . ..................... 1500 2000 Ohms
Total Harmonic Distortion.............. 11 10 Per cent
Second Harmonic Distortion . ........... 10 35 Per cent
Third Harmonic Distortion . ............ 4 8.5 Per cent
Max.-Signal Power Qutput.............. 2.1 22 Watts

INSTALLATION and APPLICATION

The base of either the 25L6, 251.6-G, or 25L6-GT fits the standard octal socket
which may be installed to hold the tube in any position. Physical characteristics
of the 25L6, 25L6-G, and 25L6-GT are shown in Figs. 1-7, 2-21, and 2-8, respec-
tively in the OUTLINES SECTION. For heater operation and cathode connection,
refer to Type 25A6.

The 25L6, 25L6-G, and 25L6-GT should be operated as shown under CHAR-
ACTERISTICS. The values have been determined on the basis that grid current
does not flow during any part of the input cycle. The type of input coug)lmg used
should not introduce too much resistance in the grid circuit. Transformer- or
impedance-couﬁling devices are recommended. When the grid circuit has a d-c
resistance not higher than 0.1 megohm, fixed bias may be used; for higher values,
cathode bias is required. With cathode bias, the grid circuit may have a d-c
resistance as high as, but not greater than 0.5 megohm, provided the heater voltage
;t’sfnot allowed to rise more than 109% above the rated value under any condition

operation.
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AVERAGE PLATE CHARACTERISTICS

rvnl: 25L16 l
E4=25 VOLTS
[~ SCREEN VOLTS =110
o Ecyx0
" e
H P
; 4 -2.5
3 100 / T el
2 L1
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s — [l
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—13
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PLATE vOLTS 92¢—4684R1
RECTIFIER-DOUBLERS '“’ ’“"
The 2575, 2526, 2526-G, and 25Z6- (7= =N
GT are full-wave, high-vacuum rectifiers *oz(@) Ok

of the heater-cathode type for use in
suitable circuits designed to suf_ply
2 5Z 5 d-c power from an a-c power line,
These tubes are well suited for “‘trans-
formerless” receivers of either the

2 526 “unjversal (a.c.-d.c.)” type or the “a-c
operated” type. In “universal” re-
METAL ceivers, these tubes may be used as

half-wave rectifiers, while in the “a-c
2 526-G operated” type, they may be used as
voltage doublers to provide about twice
the d-¢ output voltage obtainable from
2576-GT  the half-wave arrangement. This two-
fold application is made possible bg
the use of a separate base pin for eac )
of the two cathodes in the respective n&iZ258-c"KEY kg,
types. For voltage-doubler considera- "'#°2°CT 44

TIONS section. and 2526-GT
% CHARACTERISTICS

HEATER VoLTAGE (A.C.orDC)) ....oovvvvvnennnn. 25 Volts
HEATER CURRENT . ......0vvvinnnnnnnnnnneeennans 0.3 Ampere

As Rectifier or Doubler
PEAK INVERSE VOLTAGE. . .....oivvinenerennnnnnan 700 max. Volts
PEAK PLATE CURRENT PER PLATE. ................ 450 max. Milliamperes
D-C HEATER-CATHODE POTENTIAL . . . .......0oouenn 350 max. Volts

TypicAL OPERATION As HALF-WAVE RECTIFIER:*
A-C Plate Voltage per Plate (RMS) 117 150 235 max. Volts
Total Effective Plate-Supply
Impedance Platef . ....... 0 min. 40 min. 100 min. Ohms
D-C Output Current per Plate ... 75 max. 75 max. 75 max. Milliamperes
® The two units may be used separately or in parallel.
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TyricaL OrPERATION AS VOLTAGE-DOUBLER:
Half-Wave Full-Wave
A-C Plate Voltage per Plate (RMS)...... 117 max. 117 max. Voits
Total Eff. Plate-Supply Imped. per Plate} 30 min. 0 min. Ohms
D-COQutput Current................... 75 max. 75 max. Milliamperes

{ When a ﬁlter-mput condengser larger than 40 uf is used, it may be necessary to use more
pl:etﬁ-lu y impedance than the minimum value shown to timit t.he peak plate current to the

ue.
INSTALLATION and APPLICATION

The base of the 25Z5 fits the standard six-contact socket whereas the base of
the 25Z6, 25Z6-G, and 25Z6-GT fits the standard octal socket. The sockets for
any ofthesetypes may be installed to hold the tubes in any position. Phyaical
characteristics of the 26Z5, 2526, 25Z6-G, and 25Z6-GT are shown in Fxgs 2-19,

1-7, 2-17, and 2-8, respectlvely, in the OUTLINES SECTION. Sufficient ventilation
should be provided to circulate air freely around these tubes to prevent overheating.

The heater in these types is designed to o te unda' the normal conditions
of line voltage variation without materially e performance or service-
ability of the tubes. The current in the heater circmt should be adjusted to 0.3
ampere for the normal supply voltage.

A filter of the condenser-input type is recommended for use with any of these
tubes in order to obtain a d-c output voltage as high as possible. A large input

citance in the order of 16 uf is desirable for half-wave rectifier service, while
her value is advantageous t’c;r voltage-doubler circuits.

Typical output curves for several values of input condensers are shown in the
accompanying diagrams. Although these curves are set up for the 25Z6, they
apply equally as well to the 2525 2526-G, and 25Z6-GT. The voltage-doubler
curves are for a full-wave doubler circuit and the rectifier curves are for the two
diode units connected in paralle] in a conventional half-wave circuit.
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AMPLIAIER TRIODE

The 26 is an amplifier tube containing a
filament designed for operation on altzmatm
SopiiBer in equpaent dctieacd for fts char
amplifier in pmen or ar-
acteristics. e%e 26 is not ordinarily suitable 26
for use ag a detector of power amplifier. The
base of the 26 fits the standard four-contact
socket which should be installed to hold the
tube m a vertuzl position, Physical charac.
40 are shown in Fig. 2-25,
OUTLINPS SECTION The coated fila-
ment of the 26 should be operated at the rated voltage of 1.5 voits from the a< line through s
step-down transformer.
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CHARACTERISTICS
FILAMENT VOLTAGE (A.C.or D.C) ... il 1.5 Volts
FILAMENT CURRENT . .o vvrnuininn oo tiaaenaaass .05 Amperes
PLATE VOLTAGE. .. ...ovvvennniinnn e 90 135 180 max. Volts
GRID VOLTAGE® .............ciiivnnn ... -7 -10 -14.5 Volts
PLATECURRENT. . ... vviieeen s 2.9 55 6.2 Milliamperes
PLATE RESISTANCE ....................... 8900 7600 7300 Ohms
AMPLIFICATION FACTOR . . . ................ 8.3 8.3 8.3
TRANSCONDUCTANCE 4. . 0vvvnnevnnonennnnns 935 1100 1150 Micromhos

* Grid voltage measured from mid-point of a-¢ operated filament.

3
27 DETECTOR, AMPLIFIER .
The 27 is a three-electrode general purpose
tube of the heater-cathode type for use as an
an amplifier and detector in a-c receivers. H H
SA
CHARACTERISTICS
HEATER VOLTAGE (A.C.ot D.C.). v ovvnvin i 25 Volts
HEATER CURRENT . ¢ .0 vvneiitetn i cnesanaeeneaanseannansnse 1.75 Amperes
PLATE VOLTAGE®. . ..., e 90 135 180 250 Volts
GRID VOLTAGEBY ......oovvvunn.. -6 -9 ~13.5 -21 Volts
PLATE CURRENT.,.............. 2.7 4.5 5.0 5.2 Milliamperes
PLATE RESISTANCE ............. 11000 9000 9000 9250 Ohms
AMPLIFICATION FACTOR .. ....... 9 9 9 9
TRANSCONDUCTANCE ............ 820 1000 1000 975 Micromhos
GRID-PLATE CAPACITANCE (APPIOX.) . c0ovvnnorrenonsnsnrnanss 3.3 waf
GRID-CATHODE CAPACITANCE (Axpvrox.) ....................... 31
PLATE-CATHODE CAPACITANCE (ADPIoX.). ... .ovvviiunaianeens. 2.3 wuuf

* Maximum plate voltage = 275 volts.
t+ Maximum value of d-c resistance in grid eircuit should not exceed 1.0 megobm.

INSTALLATION and APPLICATION

The base of the 27 fits the standard five-contact socket which may be installed to hold the
tube in any lgosition. Physical characteristics of the 27 are shown in Fig. 2-19, OUTLINES
SECTION. For heater operation and cathode connection, refer to Type 2A5.

As an amplifier, the 27 is applicable to the audio- or the radio-fre uenc&smges of a receiver.
Recommended plate and grid voltages are shown under CHARACTERISTICS.

As a detector, the 27 may be operated either with grid leak and condenser or with grid bias.
The plate voltage for grid-leak-and-condenser detection is 45 volts. A grid leak of from 1 to 5
megohms used with a grid condenser of 0.00025 uf is euitable. For grid-bias detection, a plate
voltage of 275 volts or less may be used. The corresponding grid bias should be adjusted so that

ate current, when no signal is being received, is approximately 0.2 milliampere. For the
c:%l igon of 250 volts on plate and transformer coupling, the grid bias will be approximately
-30 volts.

DETECTOR AMPLIFIER TRIODE e a)°*

The 30 is a detector and amplifier tube of
the three-electrode type for battery-operated
30 Teceivers Where economy of fﬁlament-g:urrent
rain is important. Except for capacitances, *
which are shown below, tge electrical charac- ° r
teristics of the 30 are the same as those of
the 1H4-G. The base of the 30 fits the
standard four-contact socket which should be 4D
X mounted to hold the tube preferably in a i )
vertical position, Horizontal gge.ration is permissible if pins 1 and 4 are in a vertical plane.
Physical characteristics of the are shown in an. 2-19, OUTLINES SECTION. For filament
operation, refer to Type 1C7-G; for application, refer to Type 1H4-G.

GRID-PLATE CAPACITANCE (APDIOX.) . .. ivvvvrrennnnavenennnnas 6.0 paf
GRID-FILAMENT CAPACITANCE (ADPPIOX.) . v vienevecrannorenns . 3.0 wut
PLATE-FILAMENT CAPACITANCE (ADPIOX.) .. vovveernenunnnnes 2.1 wal
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7 G POWER AMPLIFIER TRIODE

The 31 is a power-amplifier tube of the
three-electrode type for battery-operated

receivers where economy of filament-current ‘I
. drain is important. 3
o o The filament voltage and current are 2.0
F F volts (d.c.) and 0.13 ampere, respectively.
Characteristics at maximum plate volts of
4D 180 and -bias volts of -30 are: plate

current, 12.3 milliamperes; plate resistance,

3600 ohms; amplification factor, 3.8; transconductance, 1050 micromhos; load resistance, §700
ohms; undistorted power output, 0.375 watt. The base of the 31 fits the etandard four-contact
socket which should be mounied to hold the tube preferably in a vertical position. Horizontal
operation is permissible if ping 1 and 4 are in a vertical plane. Physical characteristics of the 31
are shown in Fig. 2-19, OUTLINES SECTION. For filament operation refer to Type 1C7-G.

As a power amplifier, the 31 should be operated as shown under CHARACTERISTICS.
Grid voltage may be obtained from a C-battery, or by means of a cathode-bias resistor connected
in the negative plate-return lead. The latter method is required where a grid resistor (maximum
value 1 megohm) is used. If more output is desired than can be obtained from a single 31, two
31's may be operated either in parallel or push-pull connection.

. 2 e SCREEN-GRID R-F AMPLIFIER
OZaN© The 32 ia a screen-grid tube primarily for
use as a radio-frequency amplifier in battery-
operated receivers where economy of filament-
current drain is important. For base and socket
mounting, see Type 30; for filament operation,
* see T 1C7-G. Ph characteristice of
o o the 32 are shown in Fig. 222, OUTLINES
Fe F- SECTION. For screen-voltage supply, shield-
ing, and application, see Type 1E5-GP. The
4K d-c resistance in the grid circuit of the 32
should not exceed 2 megohms.
CHARACTERISTICS
FILAMENT VOLTAGE (D.C.) . .. ii ittt it ciecinnn e 2.0 Volts
FILAMBNT CURRENT . ..\ 0inenit st nrerennnsnesnseseonrannss s 0.060 Ampere
PLATE VOLTAGE. . . ..\ tvrainnninnrtinncrounesnnen 135 180 max. Volts
SCREEN VOLTAGR (Grid No. 2). .................. ... 67.5 max. 67.5 max. Volts
GRID VOLTAGE (Grid No. 1) ........c.ooiviiiinen. -3 -3 Volts
PLATE CURRENT. .o 00 vn ettt o aanne. 1.7 1.7 Milliamperes
SCREEN CURRENT (Maximum) . ...........oivnnnvnnen 0.4 0.4 Milliampere
PLATE RESISTANCE ........vnviniiinvi .. 0.95 1.2 Megohms
TRANSCONDUCTANCE . ....... P U NN 640 650 Micromhos
GRID-PLATE CAPACITANCE (With shield-can). . ................. 0.015 max. puf
INPUT CAPACITANCE . .o\iiineiiiiiiiiiiinensrenasanns 5.3 uuf
OUTPUT CAPACITANCE . . . . ...ttt it iiannnnnns 10.5 uuf

POWER AMPLIFIER PENTODE

The 33 is a power-amplifier pentode for use
in the output stage :of battery-operated
receivers where economy of battery con-
sumption ia important. The base of the 33 fits 3 3
the standard five-contact socket which should
be instalied to hold the tube in a vertical po-
sition. In some cases, cushioning of
socket may be found desirable. Physical char-
acteristics of the 33 are shown in Fig. 2-25,
OUTLINES SECTION. For filament opera-
tion, refer to Type 1C7-G.

CHARACTERISTICS
FILAMENT VOLTAGE (D.C.) . ... i iiiiiiiiinan i invananens 2.0 Volta
FILAMENT CURRENT . o ttvtten e i iiieesne e iiianennnens 0.260 Ampere
PLATE VOLTAGE. . . o0t ivteasneneenenonnnnnenneeeenn 135 180 max. Volts
SCREEN VOLTAGE (Grid No. 2). ...................... 135 180 max. Volts
GRID VOLTAGE® (Grid No. 1)..............couuvninnn, -13.5 -18 Volts
PLATE CURRENT....ovvniutiitreiinniiianeaninns. 14.5 22 Milliamperes
SCREEN CURRENT . .. ounurerrsronrrnunnererarennnnn. 3 5 Milliamperes
PLATE RESISTANCE (ADPIOX.). . .. c.verenernnnennnn, s 50000 55000 Ohms
TRANSCONDUCTANCE .. vnnneesnveneunnnnrnnnenenenn. 1450 1700 Micromhos
LOAD RESISTANCE ..o o vveiinnr ieennnananinenenns 7000 6000 Ohms
CATRODE-BIAS REBISTOR . . ... coiiieinennnnannn. ... 77 670 Ohms
Power OutpUT (7% total harmonic distortion) . ....... 0.7 1.4 Watts

. *D-c resistance in the grid circuit should not exceed 1.0 megohm under cathode-bias con-
ditions; without cathode bias, the maximum value is 0.5 megohm.
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SUPER-CONTROL R-F
AMPLIFIER PENTODE

The 34 is a super-control pentode for use

arﬂ as a radio-freque: nmpllﬂer and

3 4 iate-frequency ampli battery-
opeuted recejvers where economy of filament-

current drun is impomnt The super-control

tutnre explained Su per-Control

mu in RADIO TUBE APPLICA-

TI NS lectlon For base and socket mount.

?f Pégdml characteristics of
the 34 are shown in Fig. 2-§2. ouU INES CTION. For filament operation, refer to Type
1C7-G; and for application, to Type 1

CHARACTERISTICS
FiLaMeENT VoLTAGR (D.C). ....... 3.0 Volita
FILAMENT CURRENT . .....co000000 rteseesatenturassesnnesas 0.060 Ampere
PLATE VOLTAGE. .. ............. veen 672.5 136 180 max. Volta
ScREEN VorLTaGE (Grid No. 2)% ...... 67.5 max. 67.5 maxz. 67.5 max. Volts
GRID VOLTAGE, Variable (Grid No. 1). . -3 mim.  ~3min. -3 min. Volts
PLATE CURRENT......coivvevvenanns . 2.7 2.8 2.8 Milliamperes
ScREEN CURRENT . . 1.1 1.0 1.0 Milliamperes
PLATE RESISTANCE . . vee 0.4 0.6 1.0 Megohm
TRANSCONDUCTANCE .. vsnnnnnnnmnnnnsss 560 600 620 Micromhos
TRANSCONDUCTANCE (At -22.5 voits bias) . 15 15 15 Micromhos
GRID-PLATE CAPACITANCE (With shield-can) . . ..........oeennn. 0.015 max. ppf
INPUT CAPACITANCE . ..i.iiuasasaassanosannssnssssssannes eus 6.0 npl
OuTPUT CAPACITANCE. .. ...... Ceiecesiasensaearaseosarnanaes 11.5 wpt

* Under conditions of maximum plate current.

SUPER-CONTROL R-F AMPLIFIER

The 35 is super-control screen-grid

amplifier tube ol the heater-cathode type

recommended as an r-f amplifier and an »f

amplifier in a-c receivers. The 35 is eflective

3 5 in reducing cross-modulation and modulation-
dxltonxon over the entire range of received

liznal‘:| o}u df;g is such as wgn?ltm“l easy

contr 8i, voltages

use of mii'&s.

without the tance switches or

a p The 38 is inter-

changeable with Typc 51.

CHARACTERISTICS

HEATER VOLTAGE (A.C.or D.C).......iivieinnnnes PP ves 25 Voits
HEATER CURRENT. . . ..iivinerrnnunnnaonnssncss heeacnraaass 1.76 Amperes
PLATE VOLTAGE® . . .. o0 ioansenrosatnsnaeacaraaaaes 180 280 Voits
SCREEN VOLTAGE (GHA N0. 2) .. . .ovveiinaonnnnans 90 max 90 max. Volts
Grm Vox.nc:, Variable (G No. ..ot -3 min -3 msn. Volts
PLATE CURRENT. .o oiieviniurennisaosassonnsnannss 6.3 6.5 Milliamperes
ScrEEN CURRENT (Maximum) .........ccovveennnns 2.5 25 Milllamperea
PLATE RESISTANCE ............. . 0.3 0.4 Megohm
TRANSCONDUCTANCE ....00veccassoees 1020 1050 2
TRANSCONDUCTANCE (At ~40 volts bias 15 15 diccomhos
GRID-PLATE CAPACITANCE (With shiel -can) ......... 0.007 max. uut
INPUT CAPACITANCE . .. ovvninerriainunonoeeanennssuarssinans 182 m

OuTPUT CAPACITANCE. .... r e eeeatet ettt ey
® Maximum plate voltage = 275 volts.

INSTALLATION and APPLICATION

The base of the 35 fits the standard five-con: tactncketwhmhmybeinmn
tubeinunygoa Physical characteristics of thzssmlbowanigz-zz.OU’rLINEs
SECTION heater operation and cathode connection, refer to Type The sereen
voltage for the 35 may be obtained from a fixed or variable tap on a voltage dw:der acros
supply voltage or from a portion of the az‘vply Complete shieldin, {iﬁor all stages of the circuit
x:‘lnecemduaryx maximum gain and the ume-coptrol-range capabilities of this tube are to be
1

As a radio-frequency and intermediate-frequency amplifier, the 35 should be ted ae
shown under CHARACTERISTICS. Volume control of receivers designed for the may be
accomplished by variation of the negative gnd bias of this tube. In order to utilize the full
volume-control range of the 35, an available grid-bias voltage of ap%:xxmately 50 volts will be
required, depending on the circuit design and operating conditions s vohaze may be obtained
from a potentiometer, a bleeder circuit, or from an adjustable cathode resistor
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s BEAM POWER AMPLIFIER

The 35A5-LT is a beam power
w amplifier of the heater-cathode t -
Far for use in the output stage of a-c/d-c 35A5 LT
receivers, The 35A5-LT is inter-

changeable with the 35A5.
% CHARACTERISTICS
HEeATER VOLTAGE (A.C.orD.C) ....cvvvviinnn.... 32 Volts
HEATER CUBRENT . .. .ciiiiiniinnnenencacans 0.15 Ampere
As Class A; Amplifler
PLATE VOLTAGE .. ... vviiiiiinrenneeneeannnnnns 110 max. Volts
SCREEN VOLTAGE .. ....viviiiiienennnnnnnnrnns v 110 max. Volts
Tvypicat OPERATION:
Plate Voltage .......... 110 Volts
Screen Voltage ....... .. 110 Volts
Grid Voltage. .......... -75 Volts
Peak A-F Grid Voltage. . .. 75 Volts
Zero-Signal Plate Current . . 40 Milliamperes
Max.-Signal Plate Current. 41 Milliamperes
Zero-Signal Screen Current . 3 Milliamperes
Max.-Signal Screen Current 7 Milliamperes

Plate Resistance. . ...... ) . 14000 Ohms

Transconductance . ..... 5800 Micromhos
Load Resistance......... 2500 Ohms
Total Harmonic Distortion. 6.5 Per cent

Max.-Signal Power Qutput.................... . 15 Watts

INSTALLATION and APPLICATION

The base of the 35A5-LT fits the lock-type socket which may be installed to
hold the tube in any position. Physical characteristics of the 35A5-LT are shown
in Fig. 2-9, OUTLINES SECTION. Heater operation and cathode connection
are the same as for Type 35L6-GT. Application is also the same as for the 35L6-GT
except as follows: with cathode bias, the grid current may have a d-c resistance
not to exceed 0.5 megohm, provided the heater voltage is not allowed to rise more
than 109 above the rated value under any condition of operation.

G2 Gy

BEAM POWER AMPLIFIER
The 35L6-GT is a power amplifier
of the directed-doctron-bears tyee for 35L6-GT

erless” receivers where high power
sensitivity is desired with low power

consumption,
% CHARACTERISTICS
HEATER VOLTAGE (A.C.orD.C.) .....ccvveeena.... 35 Volts
HEATER CURRENT ... covvvevinnnennnrnnnnnanannns 0.15 Ampere
As Class A; Amplifier
PLATE VOLTAGE . ......0vvtvinernenrnnnannensnnns 200 max. Volts
ScrEEN VoLTaGE (Grid No. 2) .. .................. 110 max. Volts
PLATE DISSIPATION . ...iiveriiiiiiineeeenennnns 8.5 max. Watts
SCREEN DISSIPATION .« .. oovrietveeinienenaanannsn 1 max. Watt
TypicaL OPERATION:
Plate Voltage................coevnnnt, 110 200 Volts
Screen Voltage ..........coviiivinnnnn.. 110 110 Volts
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Grid Volta(g,e (Grid No. 1) .............. -7.5 -8 Volts

Peak A-F Grid Voltage. ................ 75 8 Volts
Zero-Signal Plate Current. ... . ........ .. 40 41 Milliamperes
Max.-Signal Plate Current ..... ... ... 41 44 Milliamperes
Zero-Signal Screen Current. ... . ........ 3 2 Milliamperes
Max.-Signal Screen Current. ... ......... 7 7 Milliamperes
Plate Resistance (Approx.).............. 14000 40000 Ohms
Transconductance.,.................... 5800 5900 Micromhos
Load Resistance ....................... 2500 4500 Ohms
Total Harmonic Distortion............ .. 10 10 Per cent
Mazx.-Signal Power Qutput. ......... . ... 15 3.3 Watts

INSTALLATION and APPLICATION

The base of the 351.6-GT fits the standard octal socket which may be mounted
to hold the tube in any position. Physical characteristics of the 35L6-GT are shown
in Fig. 2-8, OUTLINES SECTION.

The 35-volt heater is designed to operate under the normal conditions of line-
voltage variation without materially affectm(% the performance or serviceability
of the 35L6-GT. For operation of the 35L6-GT in series with other types having
0.15-ampere rating, the current in the heater circuit should be adjusted to 0.15
ampere for the normal supply voltage,

In a series-heater circuit of the ‘“‘d-c power line” type employing several 0.15-
ampere efiyp&e and one or two 35L6-GT's, the heater(s) of the 35L6-GT(’s) should
be placed on the positive side of the line. Under these conditions, heater-cathode
voltage of the 35L6-GT must not exceed the value given under cathode. In a
series-heater circuit of the “‘universal” type employing rectifier tube 35Z4-GT, one
or two 35L6-GT’s, and several 0.15-ampere types, it is recommended that the
heater(s) of the 35L6-GT(’s) be placed in the circuit so that the higher values of
heater-cathode bias will be impressed on the 351.6-GT(’s) rather than on the other
0.15-ampere types. This is accomplished by arranging the 35L6-GT(’s) on the
side of the supply line which is connected to the cathode of the rectifier, i.e., the
positive terminal of the rectified voltage supply. Between this side of the line and
the 35L6-GT(’s), any necessary auxiliary resistance and the heater of the 35Z24-GT
are connected in series.

The cathode circuit in “d-c power line” or “universal’”’ receivers is tied in either
directly or through biasing resistors to the negative side of the d-c plate supply
which is furnished either by the d-c power line or by the a-c line by means of a
rectifier. The potential difference thus introduced between heater and cathode of
the 35L6-GT should not exceed 90 volts d.c,, as measured between the negative
heater terminal and the cathode.

As a power amplifier (class A;), the 35L6-GT is recommended for use either
singly or in push-p 1 combination in the power-output stage of ‘“d-c power line”

‘universal” receivers. The operating values shown under CHARACTER-
ISTICS have been determined on the basis that grid current does not flow during
any part of the input cycle. The type of input coupling used should not introduce
too much resistance in the grid circuit. Transformer or impedance coupling devices
are recommended. When the grid circuit has a d-c resistance not higher than 0.1
megohm, fixed bias may be used; for higher values, cathode bias is required. With
cathode bias, the grid circuit may have a d-c resistance as high as, but not greater
than 0.75 megohm.

HALF-WAVE HIGH-VACUUM
RECTIFIER

3 5Z 3 LT The 35Z3-LT is a half-wave, high-
= vacuum rectifier of the heater-cathode

type for use in a-c/d-c receivers., The

35Z3-LT is interchangeable with the

35Z3. The base of the 35Z3-LT fits

the lock-type socket which may be in-

stalled to hold the tube in any position. Physical characteristics of the 35Z3-LT
a3u-5e L(s;_hgylv‘n in Fig. 2-7, OUTLINES SECTION. For heater operation, see Type
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* CHARACTERISTICS
Heater VoLTace (AC.or D.C.) ...ovvvvvvvvennns 32 Volts
HEATER CURRENT . ...\ivvvierenrnnnnnenreronenns 0.15 Ampere
As Half-Wave Rectifler
PEAR INVERSE VOLTAGE . . ... ivviiiiiinnennnns 700 max. Volts
PEARPLATECURRENT .. ..........coooivinnn. .. 600 max, Milliamperes
D-C HEATER-CATHODE POTENTIAL . ................ 350 max. Volts
TypicaL OPERATION witH CONDENSER-INPUT FILTER:
A-C Plate Voltage (RMS) ..... 117 150 235 max. Volts
Total Effective Plate-Supply
Im [+ 0 min. 40 min. 100 min. Ohms
D-C Output Current. ......... 100 max. 100 max. 100 maex. Milliamperes

1 When a filter-input condenser larger than 40 uf is used, it may be necessary to use more
eﬁte-mpply impedance than the minimum value shown to limit the peak plate current to the rated
ue.

o) HALF-WAVE HIGH-VACUUM

) a RECTIFIER
The 35Z4-GT is a half- , high-
vacutfm rectifier <1)8f ghe he;g-ecattklllgde 3524-GT

@ @
" " " type for use in suitable circuits de-

Ne n:y“ signed to supply d-c power from an
G-SAA a-c power line. The base of the 35Z4-GT
fits the standard octal socket which may

be installed to hold the tube in any position. Physical characteristics of the 35Z4-GT
are shown in Fig. 2-8, OUTLINES SECTION. For heater operation, refer to Type

35L6-GT.
CHARACTERISTICS
Heater VoLtage (A.C.or D.C) ..........coutt .. 35 Volts
HEATER CURRENT . .......cooivnnninininnnnn.nn. 0.15 Ampere
As Half-Wave Rectifier

PEAK INVERSE VOLTAGE. . . .......oviivenninnn.. 700 max. Volts
PEAR PLATE CURRENT ., ......................... 600 max. Milliamperes
D-C HEATER-CATHODE POTENTIAL . ................ 350 max. Volts
WitH CoNDENSER-INPUT FILTER:

A-C Plate Voltage (RMS) ............ 117 max. 235 max. Volts

Total Effective Plate-Supply Impedance* 15 min. 100 min. Ohms

DCOutput Current................. 100 max. 100 max. Milliamperes

* When a filter-input condenser larger than 40 uf is used, it may be necessary to use more
3la:ilte-aupply impedance than the minimum value shown to limit the peak plate current to the rated
ue.

HALF-WAVE HIGH-VACUUM
RECTIFIER

The 35Z5-GT is a half-wave, high- 357Z5-GT

vacuum rectifier of the heater-cathode
type for use in a-c/d-c radio receivers.
The heater is provided with a tap for

G-BAD operation of a panel lamp.
% CHARACTERISTICS
Heater VoLrace (A.C, or D.C.))
Entire Heater (Pins No.2and No. 7) ............ 35 Volts
Panel-Lamp Section (Pins No. 2 and No. 3) with
0.15 ampere flowing between pins No. 2 and No. 7 7.5 Volts
HEATER CURRENT . ..coiviiiinnenennnennncannnans 0.15 Ampere
As Half-Wave Rectifier
A-C PLATE VoLTaGE (RMS) ................. ..., 235 max, Volts
PEAK INVERSE VOLTAGE. . ... .................... 700 max. Volts
PEAR PLATE CURRENT .. .. ... ... ................. 600 maz. Milliamperes
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D-C Ourrut CURRENT:

- No Shunting Resistor. .. .. 60 max. Milliamperes
Wfth Panel Lamp and{ Shunting Resxstor ........ 90 max. Milliamperes
Without Panel Lamp..... e ebereee e 100 max. Milliamperes

SHUNTING RESISTOR:
For D-C Ouput Current of 70 ma. ........ e 800 max. Ohms
80ma. .............. 400 max. Ohms
Oma ....covvveenn. 250 max. Ohms
D-C HEATER-CATHODE POTENTIAL. .. .............. 350 max. Volts
PaANEL-LAMP SEcTION VOLT. (RMS) when panel
lamp fails.............. ettt 15 max. Volts

TyPICAL OPERATION:
Witk No. 40 or No. 47 Panel Lamp in Circuit Below with Condenser-Input Filter
Heater Cur. between Pins 3 & 7.......... 0.15 015 0.15 0.15 0.15 Milliamperes
Heater Volt, between Pins 2 & 7....... .. 32 32 32 32 32 Volts
Vol i 55 55 &5 55 55 Volts
A-C Plate Vol (RMS),.....on0vvennn 117 117 117 117 235 Volts
Effective Pla upply Impedance} .. 15 15 15 g 100 Ohms

D-C Output Current, .. 60 70 80 60 Milliamperes
unting Resistor ...................... — 300 150 100 — Ohms

thbll Panel Lamp—Conventional Half-Wave Circuit with Condenser-Input Filter

Heater Cur. between Pins 3 & 7. ...........c00u.t eenaen 0.15 0.15 Milliamperes

Heater Volt. between Ping 2 & 7 .. ... ....ooiiiviininnnnas 35 35 Volts

Section VoIt. between Pins 2 & 3% ..................000ns 7.5 7.5 Volts

A-C Plate Voltage (RMS) .. ...ooviiiiiiiniiiiiinenneins 117 235 Volts

Effective Plate-Supply Impedance$ ....................... 15 100 Ohms

D-COutput Current. .. ..coovvveviearioceneocannnsennns 100 100 Milliamperes

* Maximum.

$ Minimum values. When a filter-input condenser larger than 40 uf is used, it may be neces
sary to use more plate-cupply impedance than the minimum value shown to limit the peak plate
current to the rated value.

INSTALLATION and APPLICATION

The base of the 35Z5-GT fits the standard octal socket which may be installed
to hold the tube in any position. Physical characteristics of the 35Z5-GT are shown
in Fig. 2-8, OUTLINES SECTION. For
heater operatxon. refer to Type 35L6-GT.

With the panel lamp connected as
shown in the circuit diagram, the panel-

voltage does not substantially ex-

TYPE
3I5Z5-6T
S

0-C

its opera value when the receiver 7V wen  OUTAUT
is turned on and off. The plate current “|° WEATERS
of the 35Z5-GT passes through the panel
lamp and the panel-lamp section of the
heater. Asa result, a higher level of illum- OROP ACROSS R AND ALL HEATERS (WITH
mthn ls obmned when the receiVer ‘s m PANEL LRMP) SHOULD EQUAL 117 VOLTS AT

0.1% AMPERE

operation.

SCREEN-GRID R-F AMPLIFIER

36 The 36 is a heater-cathode type of screen-
grid tube intended for use as a radio-frequency
am lifier, intermediate-frequency amplifier,

detector.
CHARACTERISTICS

HEATER VOLTAGE (A.C.or D.C) ... .iiviiiiieiiiiniinennanns 6.3 Volts
HEATER CURRENT......... T 0.3 Am

PLATE VOLTAGE. . . .covveooscnen 100 135 180 250 max. Volts
SCREEN VOLTAGER (Gnd No.'3) . 55 67.5 90 max. 90 max. Voits

GRID VOLTAGR (Grid No. 1) ..... -15 ~-1.5 -3 - Volts

PLATE CURRENT. ... . . 1.8 2.8 3.1 3.2 Milliamperes
ScREEN CURRENT . ... —_ — — 1.7 max. Milliamperes

TE RESISTANCE ... 0.55 0.475 0.5 Q.55 Megohm
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TRANSCONDUCTANCE .. vvveasans 850 1000 1050 1080 Micromhos
GRI-PLATE CAPACITANCE (With shield-can)................... 0.007 max. uuf
INPUT CAPACITANCE . .ovvvtitienennennonssrrevenneeccnnnnnas 3.7 upf
OQUTPUT CAPACITANCE . . .« ce vttt ieiiennnrvnrneronoeesonnons 9.2 unf

INSTALLATION and APPLICATION

The base of the 36 fits the standard five-contact socket which may be installed to hold the
tube in any ition. Physical characteristics of the 36 are shown in Fig. 2-16, OUTLINES
SECTION. For heater operation and cathode connection, refer to Type 6A8. For screen voltage
and shielding, refer to Type 35.

As a radio-frequency amplifier, the 36 should be operated as shown under CHARACTER-
ISTICS. As a detector, the 36 may be operated either with grid leak and condenser or with grid
bias. For grid-bias detection, suitable operating conditions are: Plate-s:lpply voltage, 180 volts
applied through a plate-coupling resistor of 0.25 megohm or an equivalent impedance; screen
voltage, 67.5 volts; and negative grid bias, 6 valts (approx.) so adjusted that a plate current of
0.1 milliampere is obtained with no input signal.

G
)

DETECTOR, AMPLIFIER

The 37 is a three-electrode general-purpose
tube of the heater-cathode type for use as 37
amplifier and detector.

H H
SA
CHARACTERISTICS

HeATER VoLTAGE (A.C.0or D.C))...... eeeseeraie et 6.3 Volts
HEATER CURRENT. . . o uiiitiaetettneeannnonaneeaarnunnnnns 0.3 Ampere
PLATE VOLTAGE. . . ..ovvuniinnn. 90 135 180 250 max. Volts
GRID VOLTAGE®* . ............... -6 -9 -13.5 ~18 Volts
PLATE CURRENT....ocvvvocnenn. 2.5 4.1 4.3 7.5 Milliamperes
PLATS RESISTANCE . . ........... 11500 10000 10200 8400 Ohms
AMPLIFICATION FACTOR . ........ 9.2 9.2 9.2 9.2
TRANSCONDUCTANCE .. ...vu.nnn. 800 925 900 1100 Micromh
GRID-PLATE CAPACITANCE (Approx.). ..... Geereae erreresanans 2.0 P
GRID-CATHODE CAPACITANCE (APDPIOX.) ...vvvunernrneernanenns 3.5 naf

TE-CATHODE CAPACITANCE (APPIOX.) . .u'vvvirrenennennaan 29 nuf

* The d-c resistance in the grid circuit should not exceed 1.0 megohm.

INSTALLATION and APPLICATION

The base of the 37 fits the standard five-contact socket which may be installed to hold the
tube in any gnition. Physical characteristics of the 37 are shown in Fig. 2-19, OUTLINES
SECTION. For heater operation and eathode connection, refer to Type 6AS8.

As an amplifier, the 37 is apl)licable to the audio- or the radio-frequerncy stages of a receiver.
Recommended plate and grid voltages are shown under CHARACTERISTICS. As a detector,
the 37 may be operated with either grid leak and condenser or with grid bias. The plate voltage
for the grid-leak-and-condenser method is 45 volts. A grid leak of from 1 to § megohms used with
a grid condenser of 0.00025 uf is suitable. For grid-bias detection a plate voltage of 250 voits,
together with a negative grid bias of approximately 28 volts, may be used. The plate current
should be adjusted to 0.2 milliampere with no input signal.

POWER AMPLIFIER PENTODE

The 38 is a power-amplifier pentode of the
heater-cathode type. The relatively low 3 8
heater current of this type makes it suitable

for automobile receivers and for power-line-

operated sets, particularly those with a series-

heater arrangement.

CHARACTERISTICS
HEATER VOLTAGE (A.C.or D.C.).....0e0vvnnns veearae sesernana 6.3 Volts
HeATER CURRENT. . . 0.3 Ampere
PLATE VOLTAGE. . . 100 180 250 max. Volta
SCREEN VOLTAGE (Grid No. 2) ... 100 135 180 250 max. Volts
Gr1p VOLTAGE (Grid No. 1) ..... -9 ~-13.5 -18 -25 Volts
PLATE CURRENT. .. 0cvvvnennrnns 7 9 14 22 Milliamperes
SCREEN CURRENT ... ..coovvvnnn. 1.2 1.5 2.4 3.8 Milliamperes
PLATR RESISTANCE . ............ 0.14 0.13 0.115 0.10 Megohm
TRANSCONDUCTANCE ............ 875 925 1050 1200 08
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LOAD RESISTANCE ....ocovennnn. 15000 13500 11600 10000 Ohma
CATHODE-BIAS RESISTOR ........ 1100 1100 1100 970 Ohms
Power OUTPUT ....... Cereenees 0.27+ 0.55¢ 1.0 2.5* Watts

* 89, total harmonic distortion.
t 10% total harmonic distortion.

INSTALLATION and APPLICATION

The base of the 38 fits the standard five~contact socket which may be installed to hold the
tube in any position. Physical characteristics of the 33 are shown in Fig. 2-16, OUTLINES
SECTION.  For heater operation and cathode connection, refer to Type 6A8.

For the power amplifier stage ot radio receivers, the 38 is recommended either uinﬂl?' or in
push-pull combination. Transformer- or impedance-coupling devices are preferable. If, how-
ever, resistance coupling is used, the d-c remistance in the grid circuit should be limited to 1.0
megohm with plate voltages up to 250 volts, provided the heater voltage does not rise more than
10% above the rated value under any condition of operation.

SUPER-CONTROL R-F AMPLIFIER
PENTODE

The 39/44 is a heater-cathode tube of the
remote cut-off type euitable for use primarily
as a radio-frequency amplifier and inter-

39 4 4 mediate-frequency amplifier in receivers de-
signed for its characteristics. The 39/44 is
effective in reducing cross-modulation and
modulation-distortion over the usual range of
signal voltages without the use of antenna
potentiometers or auxiliary volume-control

switches.
CHARACTERISTICS

HEATER VOLTAGE (A.C.or D.C). . .. ... i, 6.3 Volts
HEATER CURRENT ., . . o ttteeninvnninna i tieeetaninraaneeeaans 0.3 Ampere
PLATE VOLTAGE . . .. .o coiviiinnnt i, 90 180 250 mox. Volts
ScREEN VOLTAGE (Grid No. 2) . ... ......... 20 90 90 max. Volts
GRID VOLTAGE (Grid No. 1) ............... -3 min. -3 min. -3 mén. Volts

TE CURRENT...... e 5.6 5.8 5.8 Milliamperes
ScREEN CURRENT . . . . 1.6 1.4 1.4 Milliamperes
PLATE RESISTANCE . . 0.3756 0.75 1.0 Megohm
TRARSCONDUCTANCE « ... .cvvaann . . 960 1000 1050 Micromhos
TRANSCONDUCTANCE (At —42.5 volts bias) . 2 2 2 Micromhoe
GRID-PLATE CAPACITANCE (With shield-can, . 0.007 max. puf
INPUT CAPACITANCE . cocvverornnvnnnvons 3.5 wih
OurPuT CAPACITANCE 10 o

Thbe base of the 39/44 fits the standard five-contact socket which ma;be installed to hold
the tube in any position. Physical characteristics of the 39/44 are ehown in Fig. 2-16, QUTLINES
SECTION. For heater operation and eathode connection, refer to T 6A8. Complete shisld-
ing of all stages is neceseary if maximum gain per stage is to be obtai

The screen voltage for the 39/44 may be obtained from a section of the B-battery, from a
fixed or variable tap on a voltage divider across the suppll};voltage, or from a portion of the supply.
Care should be taken to keep the impedance between the screen and ca e as low as possiglc.
When the 39/44 is cathode-biased, a resistor in series with the high-voitage supply may be used
for obtaining the acreen volza%_e. This is possible because of the stable screen-current character-
istic of the 39/44 pentode. he resistor method of obtaining the screen voltage is limited to
circuits where the screen-voltage supply does not exceed 180 volts as a maximum. The value of
this resistance should be such that under the conditions of minimum grid bias and maximum
plate current the screen voltage will not exceed 90 volts. A resistance of approzimately 80000
ohms will be suitable.

As a radio-frequency and intermediate-frequency am‘pliﬁer_. the 39/44 should be operated
as shown under CHARACTERISTICS. Velume control of receivers designed for the 39/44 may
be accomplished by variation of the negative grid bias of this tube. In order to obtain adequate
volume control, an available -bias voltage of approximately 45 volts will be required. T]
exact value will depend upon eircuit design and operating conditions. This voltage may be
obtained from a potentiometer, a bleeder circuit, a vaniable resistor in the cathode circuit, or from
a separate source.

G

P
VOLTAGE AMPLIFIER TRIODE @) )

The 40 is a_high-mu triode of the storage-
oattery type for use in remtance-cotépled or
40 impedance-coupled amplifier or detector
circuits. Characteristics with maximum *
effective plate volts of 180 and grid-bias volts 0 o
of -3 are- plate current, 0.2 milliampere; F F
late resistance, 150000 ohms; amplification
actor, 30; transconductance, 200 micromhos. 4D
Filament volts, 5; amperes, 0.25. The effec-
tive voltage at plate is platg-sup%ly voltage minus Vdmsegmp in load of 0.25 megohm caused
by piate current. For physical characteristics of the 40, Fig. 2-25, OUTLINES SECTION.
Thed40 is a dincontinuetf type; it is retained for reference only.
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62 l POWER AMPLIFIER PENTODE

The 41 is 2 power-amplifier pentode of the

" heater-cathode type for use in the output

36 I3 stage of radio receivers with 6.3-volt heater
G3  supply. Electrical characteristics, installa- 4]

tion (except that the base requires the use of

<\ the standard six-contact socket), and aﬁplica-

o tion are the same as for the 6K6-G. Physical

" " characteristics of the 41 are shown in Fig.

2-19, OUTLINES SECTION.

POWER AMPLIFIER PENTODE

The 42 is a power-amplifier pentode ot the
heater-cathode type for use in the output
stage of a-c operated receivers. Electrical
characteristics, installation (except that the 42
base requires the use of the standard six-
contact socket), and application are the same
as for the 6F6. Physical characteristics of
the 42 are shown in Fig. 2-25, OUTLINES
SECTION.

POWER AMPLIFIER PENTODE

The 43 is a power-amplifier pentode of the
heater-cathode type for use mm the output
stage of radio receivers of the “d-c power
line” type and the ‘“‘universal” type. Elec- 43
trical characteristics, installation (except
that the base requires the use of the standard
six-contact socket), and application are the
same as for the 25A6. Physical character-
istics of the 43 are shown in Fig. 2-25, OUT-
LINES SECTION.

Ol POWER AMPLIFIER TRIODE

The 45 is a power-amplifier triode 4 5

<\ of the filament type capable of supply-
O 0 ing large undistorted power output

F F from a-c operated receivers.
4D
CHARACTERISTICS
FrLaMENT VoLTaGE (A.C.or D.C) ......ooioe.t. 2.5 Volts
F1LAMENT CURRENT......... et etaaeieeneens R 1.5 Amperes
As Single-Tube Class A, Amplifier
FrLAMENT VoLTAGE (AC) . oot 2.5 Volts
PLATE VOLTAGE ................. 180 250 275 max. Volts
GRID VOLTAGE* ................. -31.5 -50 -56 Volts
CATHODE-B1as REsisTOR . . ... .. .. 1020 1470 1550 Ohms
PLATE CURRENT. . ............... 31 34 36 Milliamperes
PLATE RESISTANCE. .............. 1650 1610 1700 Ohms
AMPLIFICATION FACTOR. . ... .. .. .. 35 3.5 3.5
TRANSCONDUCTANCE . ............ 2125 2175 2050 Micromhos
LOAD RESISTANCE .. ............. 2700 3900 4600 Ohms
UnpistorTED Power QutPUT. . ... 0.825 1.6 2.0 Watts

* Grid volts measured from mid-point of a-c operated filament. Cathode bias is advisable in

all cases; required if grid d-c resistance (max. value of 1.0 megohm) is used in grid circuit.

As Push-Pull Class AB, Amplifier
Values are for two tubes
Fixed Bias Cathode Bias

FrLAMENT VoLTAGE (A.C)....... e 2.5 2.5 Volts
PLATE VOLTAGE (Maximum)............ 275 275 Volts
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GRID VOLTAGE . ...........ccovvinn... -68 — Volts
CATHODE-BIAS RESISTOR . .............. — 775 Ohms
AVERAGE DrivinG Power (Grid-to-Grid) . 656 460 Milliwatts
ZERO-SIGNAL PLATE CURRENT........... 28 36 Milliamperes
Max.-S1GNAL PLATE CURRENT . ......... 138 920 Milliamperes
ErrecTIVE LOAD RESISTANCE

(Plate-to-plate) . ..................... 3200 5060 Ohms
TotaL HARMONIC DISTORTION. .......... 5 5 Per cent
Max.-SiGNAL Power OUTPUT ........... 18 12 Watts

INSTALLATION and APPLICATION

The base of the 45 fits the standard four-contact socket which should be
installed to hold the tube J)referably in a vertical position. Horizontal operation
is permissible if pins 1 and 4 are in a vertical plane. Physical characteristics of
the 45 are shown in Fig. 2-25, OUTLINES SECTION.

In a push-pull Class AB; stage, the 45 is operated under conditions such that
a small amount of grid current flows during the most positive swing of the input
signal and the second harmonic distortion is cancelled by virtue of the push-pull
circuit. A driver stage, consisting of one 56 operated at 250 volts on the plate,
will drive two 45's in_push-pull (fixed bias or cathode bias) to the stated output
values. A step-down interstage transformer of suitable design is required.

HALF-WAVE HIGH-VACUUM . ()
RECTIFIER ea

4525-GT The 45Z5-GT is a half-wave rectifier \
of the heater-cathode type for use in H e\“/ﬂ
a-c/d-c receivers., The heater is pro- (> e
vided with a tap for operation of a N EY Tk
panel lamp. G-BAD

CHARACTERISTICS
HzeaTER VoLTAGE (A.C. or D.C.):
Entire Heater (Pins No. 2& No. 7). ............. 45 Voits

Panel-Lamp Section (Pins No. 2 & No. 3) with 0.1
ampere flowing between pins No. 2 & No. 7. . ... 7.5 Voits
HEATER CURRENT .. ...viiinnneineeennnnennnns 0.15 Ampere

As Half-Wave Rectifier

A-C PrLatE VoLtAaGe (RMS)

Without Series Resistor....................c.v... 125 max. Volts

With Series Resistor*. . ..... e 250 max. Volts
PEAX PLATE CURRENT:

Without Panel Lamp and No Plate-to-Heater Tap

Connection .........cooviiiiiiiienrinnennnns 600 max. Milliamperes

D-C Output CURRENT:

Without Panel Lamp and No Plate-to-Heater Tap

Connection .........oivvviiiiinianiiinieann 100 max. Milliamperes
With Panel Lamp® and Plate-to-Heater Tap Con-
NeCtIONt . ...t e e 60 max. Milliamperes

* An a2-c input voltage greater than 125 volts requires the use of a 100-ohm (min.) resistor
in eeries with the plate lead. i
° Type 40, for example. $ See circuit under Type 35Z5-GT.

INSTALLATION and APPLICATION

The base of the 45Z5-GT fits the standard octal socket which may be installed
to hold the tube in any position. Physical characteristics of the 45Z5-GT are shown
in Fig. 2-8, OUTLINES SECTION. Except for the difference in heater voltage,
the 45Z5-GT is similar in operation and application to the 35Z5-GT.
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DUAL-GRID POWER AMPLIFIER

The 46 is a double-grid power-amplifie
tube recommcndad especially for mmpl
class B amplifier circuits of mtzble dulgn
The base of the 46 fits the standard five-
conm:t socket which may be installed to hold 46
the tube preferably in a vertical tion.
Horizontal operation is 'missible ne 1
andsaxeinavertu:al ane. Ph: char-

ics of the 46 are shown in Fig. 2-27
OUTLINES SECTION.
CHARACTERISTICS
Fn.Am‘lVOLTAGI(AC or D.C) . 25 Voits
FrLAMENT CURBENT . ......... tevssvesens teseenneniraaan 1.76 Amperes

As Push-Pull Class B Amplifier
(Grids No. 1 and No. 2 connected together at socket)

PLATE VOLTAGE. . . .0cuivtiiecnaivaarcastossnssnenrsnsssnssnss 400 mex. Volta
PEAX PLATE CURRENT ............. eeieenns errrnaans heees 200 mex. Millinmperes
AVERAGE PLATE DISSIPATION .. ..e0nniiili.) Ceererrasaeeeeenns 10 max. Watts

TYPiCAL OPERATION:
Values are for two lubes

Plate Voltage . teseensaraeriensanes 300 400 Volts
Grid Voltage...........c0.u.. ves 0 0 Volts
Peak A-F Grid-to-Grid Voltage 113 116 Volts
Zero-Signal Plate Current .. ............ 12 Milliamperes
Effective Load Resistance (Plate-to-plate) . 5800 Ohms

Mazx.-Signal Power Output (Approx. .

* With average power input of 950 mxlhwattl applied i:etween grids.
+ With average power input of 650 milliwatts applied between grids.

As Class A; Amplifier
(Grid No. 2 connected to plate at socket)

PLATE VOLTAGE. 250 max. Volts

GRID VOLTAGE. . -33 Volts

PrLate Current. .. 22 Milliamperss
PLATE RESISTANCE . e e 2380 ms
AMPLIFICATION FACTOR . . ... .l l il il 5.6
TRANSCONDUCTANCE &+ o0 vvaversnvsosscanssnsasonnnnennscensass 2350 Micromhos
LOAD ResiSTANCE (For max. undistorted powe) . ...l 6400 Ohms
UNDISTORTED POWER QUTPUT. .vveeennrennrrrnneenssrenasensns 1.25 Watts

N 1+ Approximately twice this value is recommended for load of this tube as driver for class B
stage.

POWER AMPLIFIER PENTODE

The 47 is a power-amplifier pentode for
use in the andio outprut stage of a-c receivers.
B s Y Bk e )
power am o same
tion, the 47 is capable of greater out tw‘l’t‘h 47
the additional {eatm of higher amplification.
The base of the 47 fits the standard five-
contact socket which should be installed to
hold the tute preferably in a vertical position.
Horizontal operation is issible if pins 1
and 5 are in a m Filament op-
same as for Type 46. Physical characteristica of the 47 ar ashown in Fig. 2-27

OUTLINES SECTION.

CHARACTERISTICS
FILAMENT VOLTAGE (A.C.0r D.C.) .. .cvvvirernncanonnsrnnenas 2.5 Volts
FILAMENT CURRENT . ....ciitviiiirnnocaronneotooenssnnssnnaces 1.76 Amperes
PLATE VOLTAGE. .. .0ovvvvrnvnnnen .. . 250 max. Volts
SCREEN VOLTAGE. ... . 250 max. Volts
Gap VOLTAGE? ,,....... .. -16.5 Volts
CATEODE-BIiAs RESISTOR . .. 4560 nma
PLATE CURRENT....... .. vean 31 Milllamperes
SCREEN CURRENT . oo cveuerrnenrrnneonroseroonsssosnsessanss o 6 Milliamperes
PLATE RESISTANCE . 100 voiviuinninnsinnionnsssssnssesseosssses 60000 Ohms
TRANSCONDUCTANCE ..... e 2500
LOAD RESISTANCE ..o vvtriinrsiconesrrosssassssnsnonssssosanas 7000 Ohms
Powzr OuTPUT (6% total harmonic distortion) ..........o00000.s 2.7 Watts

¢ If filament is operated on d.c., the grid bias should be ~15.3 voits. The d-c resistance in
the grid circuit lhouﬁ not exceed 0.5 5 megohm with catbode bias, or 50000 okms with fixed bise.
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POWER AMPLIFIER TETRODE ° '
The 48 is a power amplifier tetrode which
has pentode characteristics when operated ’
at the recommended screen and plate volt- e oL
ageo. It is for use in the audio output stage @
48 of receivers designed to operate from d-c
power lines. The Dase of the 48 fits the stand- 7\
ard six-contact socket which should be mount- o e

ed to hold the tube preferably in a vertical

position with base down. Horizontal opera-

tion is permissible {f pins 2 and 5 are in a ver- 6A

tical plane. Physical characteristics of the 48
are shown in Fig. 2-27, OUTLINES SECTION. The heater is designed to operate on direct
current. In a series-heater circuit employing one or more 48’s, the heater(s) of the 48(’s) should
be placed on the positive side of the line. The cathode circuit in d-c receivers is tied in either di-
rectly or through biasing resistors to the negative side of the heater circuit. The potential dif-
ference thus introduced between heater and cathode of the 48 should not exceed 90 volts, as
measured between the negative heater terminal and the cathode.

CHARACTERISTICS
HEATBR VOLTAGE (D.C.). . . ... ittt 30 Volts
HEATER CURRENT. . . .ottt ettt ettt caanne e ananenenaanss 0.4 Ampere
PLATE VOLTAGE. . . .t tirerieereinmoneeannnenns 96 125 max. Volts
ScREEN VOLTAGE (Grid No. 2). . .. ...... ..ot 96 100 max. Volits
GRI VOLTAGE (Grid No. 1)t . ......................... -19 -20 Volts
CATHODE-BIAS RESISTOR ... ...........c.0viineurannnn.. 310 310 Ohms
PLATE CURRENT. .0ttt et e ieeiie et i eannnns 52 56 Milliamperes
SCREEN CURRENT ... ..iiiit ittt inneannn 9 9.5 Milliamperes
PLATERESISTANCE ... Subject to considerable variation
TRANSCONDUCTANCE & .. vt nnensannnnnnnns 3800 3900 Micromhos
LOAD RESISTANCE ... ...\ ittt iasieiaeennas 1500 1500 Ohms
POWER OUTPUT* .. .. ... iiiiineniannnevnsiinnnenanns 2 2.5 Watts
$ The d-c resistance in the grid circuit should not exceed 10000 ohmes.
* 9%, total harmonic distortion.
G
DUAL-GRID POWER AMPLIFIER (3)
The 49 is a double-grid power amplifier
designed for use in battery-operated receivers
employing 2-volt tubes. In such service, it P
49 may be used either as a class B output tube e 9 ° 2
or, by a change of socket conditions, as a
class A driver tube. The base of the 49 fits e
the standard five-contact socket which should e
be installed to hold the tube in a vertical po- £ r
sition. Physical characteristics of the 49 are
shown in gig. 2-25, OUTLINES SECTION. 5C
For filament operation, refer to Type 1C7-G.
+ CHARACTERISTICS
FILAMENT VOLTAGE (D.C.) . ...oviirrinriirnnarserarerannennnns 2.0 Volts
FILAMENT CURRENT . .. itteeinoernnronsossseennnennscnnanues 0.12 Ampere

As Class B Power Amplifier

Grids No. 1 and No. 2 connected together at socket
PLATE VOLTAGE . o 4ttt vunnnee e anuans cosoieasenacassonsronnens 180 max. Volts
PEAX PLATE CURRENT PER TUBE. . .....0ovrerennvvnenanrannnnnns 50 max. Milliamperes
TyPicAL OPERATION:

Plate Voltage . . 135 180 Volta
Grid Voltage................ 0 0 Volts
Peak A-F Grid-to-Grid Voltage 70 70 Volts
Zero-Signal Plate Current . . . 2.6 4 Milliamperes
Effective Load Resistance (Pl 8000 12000 Ohms

Power Output (APProx.) .. ....o.ovviieeerunnennnnn o 2.3 3.5 Watts

As Driver — Class A; Amplifler
Grid No. 2 connected lo plate at socket

PLATE VOLTAGE . o« 1ot v iiinneienrnnestonnssesovonneerannensenn 135 max. Volts
TypricAL OPERATION:
Plate Voltage ..... e 135 Volts
Grid Voltage........ . -20 Volts
Plate Current. . ..... . 6.0 Milliamperes
Plate Resistance. ..oovevveinnneerneanronnninans e 4175 Ohms
Amplification Factor. .......v.vvivinniiiieneenneneniinrennns 4.7
Transconductance .. ... ...u.nununnineiannnoneeanoennnnns 1125 Micromhos
Load Resistance..... e e, 11000* Ohms
Power Output (ADPIOX.) ¢ .o\vvviierriveerrusasecsntoessoanns 0.170 Watt

B t; Approximately twice this vaiue is recommended for load of this tube as driver for class
stage.
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e G
) (3 POWER AMPLIFIER TRIODE

The 50 is a power-amplifier triode designed
for use primarily in the output stage of an

audio-frequency amplifier employing trans-
* former coupling. It is capable o¥ deliverin 50
° ° large undistorted power. The base of the
F F fits the standard four-contact socket which
should be instalied to hold the tube in a ver-
ap tical poeition with the base down. Physical
characteristics of the 50 are shown in Fig.
2-29, OUTLINES SECTION. Any conventional type of input coupling may be used provided
the resistance added to the grid circuit by this device does not exceed 100%0 ohms.
CHARACTERISTICS
FILAMENT VOLTAGE (A.C.or D.C) ......oiiiiiiiinniiiiinas 75 Volts
FILAMENT CURRENT .. ...0ottiinnnniinianninrnossaainnnnnnss 1.25 Amperes
PLATE VOLTAGE . ... oovvivininivennnnanns 350 400 450 max. Volts
GRID VOLTAGB® .......coovvvevnnnnnnnnn.. -63 =70 -84 Voits
CATHODE RESISTOR. . . ............c0uuunn. 1400 1275 1530 Ohms
PLATE CURRENT...cooivvieinniiinnnnnnn, 45 55 55 Milliamperes
PLATE RESISTANCE .................c.o0nn 1900 1800 1800 Ohms
AMPLIFICATION FacTOR . . ................. 3.8 3.8 3.8
TRANSCONDUCTANCE ........ovvvrvnrnrann. 2000 2100 2100 Micromhos
LOAD RESISTANCE +.vovvvenvrnnrrannnnnnens 4100 3670 4350 Ohms
UND1STORTED POWER OUTPUT....c0vvrvnnn. 2.4 34 4.6 Watts

* Measured from mid-point of a-c operated filament.

’ BEAM POWER AMPLIFIER

Q/ The 50L6-GT is a power amplifier
of the heater-cathode type designed

for use in the output stage of a-c/d-c 5OL6.GT
" 9\.“/0 receivers. Except for its heater rating
OMO. of 50 volts and 0.15 ampere, the
D 50L6-GT has electrical and physical
G-7AC characteristics identical with those of
the 25L6-GT. For heater operation
and cathode connection, refer to Type 25A6, but take into consideration the
difference in heater rating.

CLASS B TWIN AMPLIFIER

The 53 is a heater-cathode type of tube
combimng in one bulb two high-mu triodes
designed for class B operation. It is intended 53
primarily for use in the output stage of a-¢
operal receivers. Except for the heater
rating of 2.5 volts and 2.0 arggereo, the elec-
trical characteristics of the 53 are identical
with those of the 6N7. Additional data is

iven in the RESISTANCE-COUPLED
AMPLIFIER CHART. The base of the 53 fits the seven-contact (0.855 inch pin-circle diameter)
socket which may be installed to hold the tube in an{‘ position. Physical characteristics of the
53 are shown in Fig. 2.25, OUTLINES SECTION. For heater operation and cathode connec-
tion, refer to Type 2AS.

DUPLEX-DIODE TRIODE

The 55 is an a-c heater type of tube con-
sisting of two diodes and a triode in a single
bulb. It is recommended for service as a
combined detector, amplifier, and automatic- 5 5
volume-contro! tube. Except for its heater
rating of 2.5 volts and 1.0 ampere, the 55 has
electrical and physical characteristics identical
with those of Type 85. For heater operation
and cathode connection refer to Type 2A5.

— 183 —



RCA RECEIVING TUBE MANUAL

DETECTOR AMPLIFIER TRIODE

The 56 is a three-electrode tube of the
helter—cathode oozy for use as a detector,
ator in co-operated re-
56 cexven Except for its heater ratin and
capacitances which are given below,
has electrical and physical charactemﬁoo
identical with thoee of Type 76. Operat-
in¢ conditions for the 56 as resista
ed amplifier are given in the RESIST-
AN E-COUPLED AMPLIFIER CHART.

Hearzr Vortace (A.C. or D.C)) 2.5 Volts
HEATER CURRENT. . ........... 1.0 Ampere
GRID-PLATE CAPACITANCE (Appro: 3.2 ™
GrI-CATHODE CAPACITANCE (Appro: 3.2 upf
PLATE-CATHODE CAPACITANCE (Approx.).. 2.2 uuf

TRIPLE-GRID DETECTOR
AMPLIFIER

The 57 is a triple-grid tube recommended
especially for service as a biased detector in
57 a-C receivers. The 57 ia constructed with an
internal shield connected to the cathode
within the tube. Except for its heater ratin
and capacitances which are given balow, the 5
has electrical characteristics identical with
those of Type 6J7. Physical characteristics
of the 57 are shown in Fig. 2-20, OUTLINES
SECTION. The base of the 57 fits the standard six-contact socket which may be mstalled to
hold the tube in any ition. For heater operation and cathode connection, refer to Type 2
For screen voltage and shielding requirements, see Type 6C6.

HeaTER Vot.ncx (€. OSN35 v X o3 T 25 Volts
TER CURRENT. .. ... e tsane sttt e e 1.0 Ampere
PaNTODE Coxnu:
Grid-Plate Caplutance (With lhneldcan) ..................... 0.007 max. ppf
Input CapaCItANCe. ... .o iivereininnnnaianenerneanennnnnnnn 5 puuf
Output CapaCItANCE . . ......viiiiiiitieiniiiiicanerrnannns 6.5 uuf
TrioDE CONNECTION:
Grid-Plate Capacitanee . ...........c..oveinuireinernaianeennn 2 nuf
Grid-Cathode Capacitance. ..............cooeviiinnnnnnn... 3 unf
te-Cathode Capacitance ..........c.coiiviiiinnnnninvnnn.nn 105 el

TRIPLE-GRID SUPER-CONTROL
AMPLIFIER

The 58 is a triple- super-control ampli-
ﬁer tube recomment especially for service
58 the radio-frequency and intermediate-
fmquency stages of a-c receivers. The 58 is
constructed with an internal shield connected
to the cathode within the tube. Except for
its heater rating and capacitances which are
given below, the 58 has electrical chanct.er-

istics_identical with thoee of T, -G.
Physical characteristics of the 58 are shown in Fig. 2-20, wTLINES SECTION. The base of
the §8 fits the atandard six-contact socket which may be installed ta hold the tube in any position.
For heater opetanon and at.hode connection, refer to Type 2A5. For control grid bias variation,
screen voltage, tion, refer to Type 6SK7. Shielding requirements are

similar to those for Type 6C6.

HeATER VOLTAGE (A.C.or D.C))....ooovniiiiiii e e 2.5 Volts
HEATER CURRENT. .. . iiitiiitierreiinaenennenannnns 1.0 Ampere
GRID-PLATE CAPACITANCE (With shield-can) 0.007 max. puf
INPUT CAPACITANCE . ..o iiit e eriieieeninneanas 4.7 puf
CAPACITANCE . | . ittt ttinnnennieeecntasronteeesnnanees 6.3 uuf

TRIPLE-GRID POWER AMPLIFIER

The 59 is a triple-grid power-amplifier tube

of the heater-cathode type for use in the out-

59 put stage of a-c operated receivers. The
triple-grid construction of this tube, with

external connections for each grid, ‘makes

possibie its application as (1) a class A power

amplifier tn e, (2) a class A power-output

ge‘gg:de. (3) a class B power output
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CHARACTERISTICS
HEATER VOLTAGE (A.C.or D.C)....coivviiieninnneenane, venaes 2.5 Volts
HEATER CURRENT. .. cotvvvinierennetocnosesosssncnsnnnsscassns 20 Amperes
As Class A; Power Amplifier
Triode Pantods
Connection®  Connection™
PLATE VOLTAGE. .... fessevaes [P Cerrieesesaens 250 max. 250 max. Volts
ScrEEN VOLTAGE (Grid No. 2)................ e —_ 250 max. Voits
GRID VOLTAGE (Grid No. 1) .....ccvivvaviniannnen -28 -18 Volts
CATHODE RESISTOR. . . coverereeecrnsonsarosss vees 1080 410 Ohms
PLATE CURRENT....coo0ovvnnne tetbeseecnsnanaa e 26 35 Milliamperes
SCREEN CURRENT ......o0ovven Cireranes ereraaee —_ 9 Milliamperes
AMPLIFICATION FACTOR ... ciivviinrenennnnnnnnnns 6 —
PLATE RESISTANCE .......... teesreisertensanaias 2300 40000 hme
TRANRSCONDUCTANCE o .vvoravcsrovnnnvonsnnnsss .. 2600 2500 Micromhos
LOAD RESISTANCE .....covivencerarosansnonsaoess 5000¢ 6000 Ohme
POWEBR OQUTPUT ... covvvvrrrnenncnsasiseses P 1.25 3t Watta
As Class B Power Amplifier — Triode Connection
Grids No. 1 and No. 2 tied together; grid No. 3 lied o plate
PLATE VOLTAGE . . . c0vvnnereeennnssassrasteesssenssssossosssses 400 msx. Volts
PEAK PLATE CURRENT .. .0vvvuvvecunrveciosncnnrsesosassansons mazx. Milliamperes
AVERAGE PLATE DISSIPATION . ... ..vuiinn e ierasrerronnsnnssos 10 mex. Watts
AvERAGE GRID DissipaTION (Grids No. 1 and No. 2) ....... cevans 1.5 maxz, Watts
TYPICAL OPERATION:
Values are for two tubes

Plate Voitage .. . . 300 400 Volts

Grid Voltage........cc00. 0 0 Volts

Zero-Si Plate Current . . 20 26 Milliamperes

Effective Load Resistance (Plate-to-plat 4600 6000 Ohms

Power Output (APPIoX.) . .covvrineernnocnnnsseraacns 15 20 Watts
® Grids No. 2 and No. 3 tied to plate; grid No. 1 is control grid.
*° Grid No. 3 tied to cathode; grid No. 1 is control grid; grid No. 2 is screen.
¢ Optimum for maximum undistorted power output of 1.25 watts. Approximately twice
this value is recommended for load of this type as driver for class B stage.
% 7% total harmonic distortion.

INSTALLATION and APPLICATION

The base of the 59 fits the seven-contact (0.855-inch pin-circle diameter) socket which may
be installed to hold the tube in any position. Physical characteristics of the 59 are shown in Flg.
2-27, OUTLINES SECTION. For heater operation and cathode connection, refer to T 2A5.

d-c resistance in the grid circuit of the 59 operating as a class A amplifier {either with triode
or pentode connection) should not exceed 0.5 megohm if cathode bias is used. With fixed bias,
the resistance should not exceed 10000 ohms.

" &° POWER AMPLIFIER TRIODE

which should be installed to hold the tube

F ¢ in a vertical position. Physical characteristics

of the 71-A are shown in Fig. 2-25, QUT-

LINES SECTION. The coated filament

4D of the 71-A may be operated from a storage
battery or from the a-¢ line through a step-down transformer.

° ' ° glt;e 71-.A fits the standard four-contact socket 7] -A

CHARACTERISTICS

FiLAMENT VOLTAGE (A.C.or D.C.)) ..............4. ereanaanes 5.0 Volts
FILAMENT CURRENT . o0 0ovvunenrerernonenesrsooasansonssosss 0.25 Am
PLATE VOLTAGE. .. ovivvtviiininrnnnnnnns 90 135 180 max. Volta
GRID VOLTAGE® ...eooviiiitiivencnnnnnnns ~16.5 ~27 ~40.5 Voits
CATHODE RESISTOR. . ....ccoiivnnanaiiannn 1600 1700 2150 Ohms
PLATE CURRENT...ovevvtcrnronecncnarones 10 17.3 20 Milliamperes

TE RESISTANCE .. ...ovvvvinininnnnnnnn 2170 1820 1750 Ohms
AMPLIFICATION FACTOR .. . ....covinuuannnn 3 3 3
TRANSCONDUCTANCE «vvvvvvnnnnnnnnrseennn 1400 1650 1700 Micromhos
LOAD RESISTANCE «1c.viniiiiinnnsssnnsnens 3000 3000 4800 Ohms
UNDISTORTED POWER OUTPUT . .....0vvtenn. 0.125 0.4 0.79 Watt

® For operation on a-c filament supply, increase grid-bias voitage 2.5 volts. The d-c resist-
ance in the grid circuit should not ex 0.5 megohm.
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DUPLEX-DIODE HIGH-MU oy
TRIODE G,
The 75 is a heater-cathode type of tube
consisting of two diodes and a high-mu triode  P7(2) (5) «
7 5 in a single bulb. It is for use as a combined 3
detector, amplifier, and automatic-volume- .
control tube. For diode-detector considera- 0
tions, refer to RADIO TUBE APPLICA- o
TIONS section. Ezxcept for capacitances H H

which are given below, the electrical charac-
teristics of the 75 are the same as those of
T{pe 6SQ7. Physical characteristics of the 75 are shown in Fig. 2-16, OUTLINES SECTION
The base of the 75 fits the standard six-contact socket which may be instatled to hold the tube
in any position. Operating conditions for the triode unit as a resistance-coupled amplifier are

given in the RESISTANCE-COUPLED AMPLIFIER CHART.

Triode: GRID-PLATE CAPACITANCE (APDIOX.) ...vvvvvrinnvennns,
GRID-CATHODE CAPACITANCE (APPIOT.). .0 vvevenarnnans
PLATE-CATHODE CAPACITANCE (ADPIOX.)....covveuvvnnns

DETECTOR AMPLIFIER TRIODE

The 76 is a three-electrode tube of

heater-cathode type for use as detector, am-
7 6 plifier, or oscillator. Except for capacitances

which are shown below, the electrical

acteristics of the 76 are the same as those of

Type 6P5-G. The base of the 76 fits
standard five-contact socket which may

installed to hold the tube in any position.
_Ph¥sical characteristics of the 76 are shown
in

ig. 2-19, OUTLINES SECTION.

GRID-PLATE CAPACITANCE (APPIOX.) . .ionuvtrnnierrnsennsannsnas
GRID-CATHODE CAPACITANCE (APPIOX.) .vvvvuvnons evedtcenanaas
PLATE-CATHODE CAPACITANCE (ADPPIOX.). .. ..ovvrievasnvaanoana ..

TRIPLE-GRID DETECTOR AMPLIFIER

The 77 is a triple-grid tube recommended
77 for service as a biased detector in radio re-

ceivers designed for its characteristics.

such service, this tube is capable of deliver-
ing a large audio-frequency output voltage
with relatively small input voltage. Other
applications of the 77 include its use as a low-
signal-input screen-grid amplifier tube ’?_%d

e

as an automatic-volume-control tube.

the
r-

the
be

In

base of the 77 fits the standard six-contact socket which may be installed to hold the tube in any

goliﬁon. Physical characteristics of the 77 are shown in Fig. 2-16, OUTLINES SECTION. For
eater operation and cathode connection, refer to Type 6A8. Shielding and screen voitage

requirements are similar to those for Type 6C6. For detector operation, see Type 6]J7.

Y CHARACTERISTICS
HEATER VOLTAGE (A.C.or D.C.). . .ouiiiinnninsnnnaiennnnanns 6.3 Volts
HEATER CURRENT .....c0ovrunasssnn N 0.3 Ampere
GRID-PLATE CAPACITANCE (With shield-can). . ................. 0.007 max. puf
INPUT CAPACITANCE . .iivvvrvennncnnseiuisarianeoasianssnnn, 4.7 uuf
OUTPUT CAPACITANCE . . ..o cvevvnnnrecnsnanas R . 11 s
As Class A; Amplifier

PLATE VOLTAGE. . ... S U e 300 max. Voits
ScREEN VOLTAGE (Grid No. 2). ........oovvuuin it 100 max. Volits
SCREEN SUPPLY VOLTAGE . . .0 0unvereiinnaneranonesenananeens max. Volts
GRID VOLTAGE (Grid No. 1) ... ... iiiiiiinennniiannae QO min. Volts
PLATE DISSIPATION. . .o vvvnniniiiiinirieteninseeennieis 0.75 max. Watt
SCREEN DISSIPATION. . i ovvvevvenernensrnneneensersornnennss 0.1 max. Watt
TYPICAL OPERATION:

Plate Voltage ......ccovvnetrinnvrnnenerenonronnn . 100 250 Volts

Screen Voltage. . .. .oovitiiiiiiiiniiniinianeonss 60 100 Volts

Grid Voltagel. .. ccoiiiii ittt iienes ~-1.5 -3 Volts

Suppressor......cnee.n e eie st este ey Connected to cathode at socket

Plate Current. . .oovviiennneeinnans erereee s 1.7 2.3 Milliamperes

n Cuwrrent. . oo i i e 0.4 0.5 Milliamperes

Plate Resistance (APProx.) . ......c.cvevenienrennans 9.6 + Megohm

TranscONAUCLANCE . .. \vuvevneororesnnonsnsersonns 1100 1200 Micromhoe

Grid Voltage (Approx.) for cathode-current cut-off... -5.5 -7.5 Volts

d-C resistance in the grid circuit should not exceed 1.0 megohm.

he
Greater than 1.0 megohm.
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AVERAGE PLATE CHARACTERISTICS

Y v
TYPE 77
E¢56.3 VOLTS
A  JCREEN vouIs=100 RID[VOLTS! £¢(=0

SUPPRESSOR VOLTS=0

'/
(4
§_ ~1
3 / /
<
34 A //
3 =3
=
lf
=
pd -4
~5
% l'szAsTE VOLTS 400 Atrgzc_527;°
° 3 TRIPLE-GRID SUPER-CONTROL
, S AMPLIFIER
The 78 is a triple-grid super-control ampli-
r@ (D« fier tube recommended for service in the
radio-frequency and intermediate-frequency 78
AN\ amplifier gtagee of radio receivers. The
° ° internal shield around tbe plate of the 78 is
connected to the cathode within the tube.
H H Except for capacitances which are shown
6F below, the electrical characteristics of the 78

are the same as thoee for the 6K7. The base
of the 78 fits the standard six-contact socket which may be installed to hold the tube in ay
gfsition‘ Physical characteristica of the 78 are shown in Fig. 2-16, OUTLINES SECTION.
eater operation and cathode connection are the same as for the Type 6A8. Control-grid bias
variation, screen-voltage supply, and suppressor connection follow the methods given under
Type 6SK7. Shielding requirements are similar to those of Type 6C6.

GRID-PLATE CAPACITANCE*
INPUT CAPACITANCE® . . ...
OuTPUT CAPACITANCE®. .

* With close-fitting shield connected to cathode.

0.007 max. upf
4.5 wupf
11 wuuf

GT2 (]

CLASS B TWIN AMPLIFIER

The 79 is a heater-cathode type of tube
combining in one_bulb two high-mu triodes
designeq for class B operation. It is intended 79
for use in the audio-output stage of radio
receivers with 6.3-volt heater supply. The
triode units have separate external terminals
for all electrodes except the cathode and
heater 8o that circuits employing the 79 are
. i similar to thoee of class B amplifiers utilizing
individual tubes in the output stage. The base of the 79 fits the standard six-contact socket
which may be installed to glperate the tube in any position. Phyasical characteristics of the 79
are shown in Fig. 2-16, OUTLINES SECTION. For heater operation and cathode connection,
refer to Type 6A8, but give consideration to the greater heater current of the 79.

CHARACTERISTICS
Heater VoLTAGE (A.C. or D.C)) 6.3 Volts
HEATER CURRENT. . . ..ottt iiinnnrnnenes 0.6 Ampere
PLATE VOLTAGE. .. .iitiiiiiinnienrinenionenerninieonnesnnns 250 max. Volts
PEAR PLATE CURRENT PER PLATE. .. ........ .. ... coiiiiienn, 90 max. Milliamperes
AVERAGE PLATE DISSIPATION ... .cvuinioinnnnannnnraennenonens 11.5 max. Watts
TYPICAL OPERATION:
Values are for the two unsls
Plate Voltage .........c.ciiiiniiniiiieiiiiesnnnen 180 250 Volits
Grid Voltage. ............oiiininiiiiiiiinees P 0 [} Volts
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Zero-Signal Plate Current .. ......c.oioieennennns .. 7.6 10.6 Milliamperes
Effective Load Resistance (Plate- . 7000 14000 Ohms
Power Output (APProX.)® . . ivivvererncenancasvnn 5.5 8 Watts

® With average power input ‘of 380 ‘milliwatts apphed between grids.

FULL-WAVE HIGH-VACUUM
RECTIFIER

80 The 80 is a full-wave rectifying tube

of the filament type for use m d-c

g% wer-supply devices which operate

m the a-c supply line. Its maximum

ratings and typical operating condi-
tionsarethesameasthomforT 5Y3-G. The base of the 80 fits the standard
four-pin socket which should be mstalled to hold the tube (freferably in a vertical
position. Horizontal operation is permissible if pins 1 and 4 are in a horizontal
glane. Physical characteristics of the 80 are shown in Fig. 2-25, OUTLINES
ECTION. Filament operation and ventilation are the same as for Type 5T4.

4C

HALF-WAVE HIGH-VACUUM ° ne
RECTIFIER o O

The 81 is a half-wave rectifier of the fila-
ment type for use in d-c power-supply devices
8] operating from the a-¢ supply line. Full-
wave rectification may be accomplished by 0*0
the use of two 81's. The base of the 81 fits F (3
the standard four-contact socket which
should be mounted to hold the tube prefer-
ably in a vertical poeition. Horizonta! opera-
tion is permissible if pins 1 and 4 are in a
vertical plane. Physical characteristics of the 81 are shown in Fig. 2-29, OUTLINES SECTION

48

CHARACTERISTICS
FoAMENT VOLTAGE (A.C.) ... ...ttt iiiiaannranaanianens 7.5 Volts
PILAMENT CURRENT . .. ....c0vurununenecrrosnonaonnacasaness 1.25 Amperes
2000 max. Volts
500 maex. Milliamperes
Plate Voltage (R 700 max. Volts

D-C Output Current 85 max. Milliamperes

OPERATION CHARACTERISTICS OPERATION CHARACTERISTICS
CONDENSER INPUT TO FILTER Imaul\' rol FILTE
1 J 1 1 L]
TyePE 8! TVPE 81
-E¢=7.5 VOLTS A.C. -E ¢=7.5 VOLTS A.C.
b = FULL WAVE FULL WAVE
1000} === HALF WAVE «
.._J -
o ’00! ! 2
o <
" sooPsl o T Rtrs R e
2 \\s’?\Nw\’;LAr .
z - o el ;
S
- L7 S I~ a
L~ s ["6: — z 200
<o LTSS ~ = 600/=_20 VoL T3
I~ S Rum
] Ay on % ﬁ‘;&\-\s PER Py
8 LATE [l &\ ——
[ ] L
> a 2 400 =
- o
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a
5 5
°. £ 200
g° 3
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1 H
Q
20 60 100 140 180 20 €0 100 140 180
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92C-4696R1 92C-469$R1
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oo . FULL-WAVE MERCURY-VAPOR
> RECTIFIERS

The 82 and 83 are full-wave mercury-vapor 82
rectifiers of the hot-cathode type for use in
suitable rectifying devices designed to supply
d-c_power of uniform voltage to receivers in
which the direct-current requirements are
subject to considerable variation. The ex- 83
cellent voltage-regulation characteristic of
these tubes is due to the low and practically
4c constant tube voltage drop for any current
drain up to the full emission of the filament.

v+ CHARACTERISTICS
Tyg' 82 Type 83
FILAMENT VOLTAGE (A.C.) ... ..ot iiiiieraninanaasnes .5 5 Volts
FILAMENT CURRENT . . \0vveirenenennnneaannnnensasss 3 Amperes
As Full-Wave Rectifiers
PEAK INVERSE VOLTAGE............ B 1550 max. 1550 mazx. Volts
PEAK PLATE CURRENT PER PLATE. .. .......0c0iienennn 345 max. 675 max. Milliamperes
CONDENSED-MERCURY TEMPERATURE RANGE . ......... 24 -60 20 -60 °C
TyricAL OPERATION WirH CONDENSER-INPUT FILTER:
A-C Plate Voltage per Plate (RMS) ........ccccnunn 450 max. 450 max. Volts
Total Effective Plate-Supply Impedance per Plate}. .. 50 min. 50 min. Ohms
D-COutput Current. .....oovevrverrcvrancasnnnsss 115 max. 225 mex. Milliamperes
TypicAL OPERATION WITH CHOKR-INPUT FILTER:
A-C Plate Voitage per Plate (RMS) . ............... 550 mox. 550 max. Volts
Input-Choke Inductance .......................... 6 min. 3 min. Henries
D-COutput Current. ............c . iiiniinieaenns 115 max. 225 max. Milliamperes
TUBE VOLTAGE DROP (ADPPIOX.). ... .vvvivraannniennn 16 15 Volts

1 When a filter-input condenser larger than 40 uf is used, it may be necessary to use more
pl:etg-av\ﬁply impedance than the minimum value shown to limit the peak plate current to the
ra ue.

INSTALLATION and APPLICATION

The base of either the 82 or 83 fits the standard four-contact socket which should be mounted
to hold the tube in a vertical jtion with the base down. Only a socket making very good
filament contact and capable of «:arryin%l 3 amperes continuously should be used. Poor contact
at the socket will cause overheating at the pins, lowered filament voltage, and high internal drgg
with consequent injury to the tube. Adequate natural ventilation should be provided for the 8
and 83, e:pecia]lg if shielding is used. Physical characteristics of the 82 and 83 are shown in
Figs. 2-26 and 2-27, respectively, in the QUTLINES SECTION.

The 82 and 83 have very low internal resistance. Therefore, current delivered by either type
depends on the resistance of the load and the regulation of the power transformer. Sufficient
protective resistance or reactance must always be used with these types to limit the current to
the recommended maximum values, If these values are exceeded, the tube voltage drop will
increage rapidly and the filaments may be damaged permanently.

The coated flament is designed to operate from the a-c line through a step-down transformer.
The voltage at the filament terminals should be the rated value under operating conditions with
a line voltage of 117 volts. The high current taken by the filament and the possibility of damage
caused by applying plate voltage before the filament is sufficiently heated make it imperative
that g{l connections in the flament circuit be of low resistance and of adequate current-carrying
capacity.

The plate supply is obtained from a center-tapped high-voltage winding. The resistance
of the transformer windings should, of course, be low if full advantage of the excellent regulation
capabilities of these mercury-vapor rectifiers is to be obtained. Since the drop through the 82
and 83 is practically constant, any reduction in rectified voltage when the load is increased is
due to the drop in the transiormer and/or the filter windings. The returp-lead from the plates,
Le., the positive bus of the filter and load circuit, should be connected to the center-tap of the
filament winding.

Full plate load should not be applied to the 82 or 83 until their filaments have reached normal
ﬁmtmz temperature. Under normal operating conditions, the filaments heat quickly when
the set iis “turned on” and are ready to supply full-load current before the tubes in the receiver
require it.

Shielding of this tube, particularly in sensitive receivers, may be necessary to eliminate
objectionable noise. Refer to Filters in the RADIO TUBE APPL¥CATIONS section. fuse
having a rating approximately 50% in excess of normal load requirements should be inserted in
the primary of the power transformer to prevent damage in case of excessive current which may
fiow under abnormal conditions. [I{ fs recommended thal the entire equipment be disconnected from
the a-c power supply wheneser the 82 and 83 are removed from or installed sn their sockets.

As half-wave rectifiers, the 82 and 83 may be operated with plates connected in parallel
Two 82's or 83's 80 connected in a full-wave circuit can supply twice the output current of a single
tube. Both plates within the same tube should be connected to the same terminal of the plate
transformer, To equalize the current distribution between plates, a resistor of not less than 50
ohms should be connected in series with each plate.
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Pp2 PO|

FULL-WAVE HIGH-VACUUM O
RECTIFIER

- The 83-v is a full-wave rectifier tube s
83 v of the heater-cathode type intended o*'c

for use in suitable rectifying devices H H

designed to supply d-c power to re-

ceivers having large direct-current_ 4AD
requirements. The excellent voltage-regulation characteristic of the 83-v is due
to the close spacing of the cathode and plate. Maximum ratings and typical oper-
ating conditions for the 83-v are the same as those for Type 5V4-G. The base of
the 83-v fits the standard four-contact socket which may be mounted to hold the
tube in any position. Physical characteristics of the 83-v are shown in Fig. 2-25,
glUgl\;}ll\éES SECTION. Heater operation and ventilation are the same as for

e -G.

POy

FULL-WAVE HIGH-VACUUM O,
RECTIFIER

84/ 6724 e sasszi is 2 sunweve roctisir "G R fO"

of the heater-cathode type intended

for supplying rectified power to auto- ()
mobile-radic equipment designed for n ]
its characteristics. 5D
% CHARACTERISTICS
HeATER VoLTAGE (A.C.or D.C) ....coiivveenntt. 6.3 Volts
HEATER CURRENT . ... ... i iiiiiiieiananns 0.5 Ampere
As Full-Wave Rectifier
PEAK INVERSE VOLTAGE........... et eaeeeaae. 1250 max. Volts
PEAR PLATE CURRENT PER PLATE . ................ 180 max. Milliamperes
D-C HEATER-CATHODE POTENTIAL. .......... e 450 max. Volta
TypicaL OPERATION wITH CONDENSER-INPUT FILTRR:
A-C Plate Voltage per Plate (RMS).............. 325 max, Volts
Total Effective Plate-Supply Impedance per Plate?. 125 min. Ohms
D-COutputCurrent..............ccoiivvenn... 60 max. Milliamperes
TypicAL OPERATION WITH CHOKE-INPUT FILTER:
A-C Plate Voltage per Plate (RMS).............. 450 max. Volts
Input-Choke Inductance........................ 10 min. Henries
D-COutputCurrent. ... . ........ccovvvevenn... 60 max. Milliamperes

${ When a filter-input condenser larger than 40 uf is used, it may be necessary to use more
plate-supply impedance than the minimum value shown to limit the peak plate current to the

rated value. OPERATION CHARACTERISTICS
INSTALLATION and APPLICATION _TYPESA | Epres voLTs
The base of the 84/6Z4 fits the standard five- &, _|— couinseatiner 1o rires:
contact socket which may be mounted to hold the &°*% 3: T eenaneE ‘SEJE;AJ:%S
tube in any position. Physical characteristics of =  volss '
the 84/8Z4 are shown in Fig, 2-19, OUTLINES 2 | ““ﬁ\ﬁ"v&m Argl
SECTION. The heater is designed so that the 5 I e g g
normal voltage variation of 6-volt automobile bat- z oy ke S
terles during charge and discharge will not materially « 100 . -
affect the performance or serviceability of this tube. 2130
Under no condition of operation should the normal g 1 | sse—p]
operating heater valtage fluctuate to exceed a [ 209 ii‘_‘“"'"" ==
maximum of 7.5 volts. Adequate ventilation should 2 B B P R
be provided for cooling the tube by the use of 3 P o N A
chassis enclosures designed to radiate heat efficiently. ¢ 100
Filters are discussed in the RADIO TUBE AP- ¢
PLICATIONS section.
@ 2 20 0
0-C LOAD MILLIAMPERES
92C~3441R2
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DUPLEX-DIODE TRIODE

The 85 is a heatercathode type of tube
conuntir‘lﬁ of two diodes and a triode in a 8 5
single bulb for use as 2 combined detector,
amplifier and automatic-volume-control tube.
For diode-detector considerations and for a
discussion of automatic volume control, refer
to RADIO TUBE APPLICATIONS section.

CHARACTERISTICS

HEATER VOLTAGE (A.C.or D.C). . ..ivvriiieiiiiiineaannnnens 6.3 Volits
HEATER CURRENT. . .. ovvunnrouuorcnorsrerssunssssnesocnasss 03 Ampere
Triode: GRID-PLATE CAPACITANCE (Approx.) .. 1.5 i

GRID-CATHODE CAPACITANCE (Approx.). . 1.5 upf

PLATE-CATHODE CAPACITANCE (APpProX.).............. 4.3 unf

Triode Unit — As Class A; Amplifier
PLATE VOLTAGE. . . ........ciiviininannnns 135 180 250 max. Volts
GRID VOLTAGE . . .. .....¢.ovinununnnnnnn.. -10.5 -13.5 -20 Volts
AMPLIPICATION FACTOR .. ................. 8.3 8.3 8.3
PLATE RESISTANCE . ... ovovivivnnnnnnn 11000 8500 7500 Ohms
TRANSCONDUCTANCE ... .enovvninnnnin. . 750 975 1100 Micromhos
PLATE CURRENT................oovvin... 3.7 6.0 8.0 Milliamperes
LOAD RESISTANCE .. .......ccovvnnno 25000 20000 20000 Ohms
POWEROUTPUT . ...........coiiunnannnn.n 0.075 0.16 0.35 Watt
Diode Units

The two diode plates are placed around a cathode, the sleeve of which is common to the
triode %nit. 6%:7«:h diode plate has its own base pin. Operation curves for the diode units are given
under Type B

INSTALLATION and APPUCATION

The base of the 85 fits the standard six-contact sockgt which may be installed to hold the
tube in any ition. Physical characteristics of the 85 are shown in Fxg 2-16, OUTLINES
SECTION. For heater operation and cathode connection. refer to Type 6A8. Complete shield-
ing of detector circuits employing the 85 is generally necessary to prevent r-f or i-f coupling between
the diode circuits and the circuits of other stages. Diode biasing of the triode unit may be em-
ployed only when at least 20000 ohms resistance is used in the plate circuit. Conditions for the
use of the triode unit as a resistance-coupled amplifier are given in the RESISTANCE-COUPLED
AMPLIFIER CHART.

G2 G3
G —@ o TRIPLE-GRID POWER AMPLIFIER
, 0 The 89 is a triple-grid power amplifier tube
0 oL of the heater-ca type recommended for
use in receivers with 6.3-volt heater supply. 89
The triple- construction of this tube,
AN\ with external connections for each grid, makes
o e possible its application as (1) a class A power-
H 4 amplifier triode, (2) a class A power-output
pentode, and (3) a class B power-output
6F triode.
CHARACTERISTICS
HeaTER VOLTAGE (A.C.or D.C). . iiiiiiiiiiiiiiiannnennns 6.3 Volts
HEATER CURRENT. .. . oovvvrrrnnnineeervovosaronnarnnsnnssns 0.4 Ampere
Class Ay Power Amplifier — Triode Connection
Gréds No. 2 and No. 3 tied lo plate
PLATE VOLTAGE. . . ... .verrrinirnnscnenns 160 180 250 max. Volts
Guip VoLTaGE (Grid No. 1) ............... -20 -22.5 -31 Voits
CATHODE RESISTOR. . . cvvvvinnnnnnnnrnnn 1180 1125 970 Ohms
PLATE CURRENT. ........c0oviveveeennnnnn, 17 20 32 Milliamperes
AMPLIFICATION FacToR .. ... ... ... .. ... 4.7 4.7 4.7
PLATE RESISTANCE ...... . 3300 3000 2600 Ohms
TRANSCONDUCTANCE . . . .. 1428 1550 1800 Micromhos
LoAD RESISTANCE® .. .. .. ... .. 7000 6500 5500 Ohms
UnptsTorTED POWER QUTPUT. ........... .. 0.3 04 0.9 Watt

. *Optimum for maximum undistorted power output. Apgtoximately twice the value for any
given set of conditions is recommended for load of this tube when used as driver for class B stage.

Class A, Power Amplifier — Pentode Connection

Grid No. 3 tied lo cathode
PLATE VOLTAGE. . ......cc0nuen. 100 135 180 250 maz. Volts
ScrEEN VoLrtaGE (Grid No. 2) ... 100 135 180 250 max. Volts
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Grip VoLTAGE (Grid No. 1) ..... -10 -13.5 -18 -25 Volts
CATHODE RESISTOR. . ........... 900 830 785 670 Ohms

PIATR CURRENT......cvnnvnnns 9.5 14 20 32 Milliamperes
SCREEN CURRENT .............. 1.6 2.2 3.0 5.5 Milliamperes
PLATE RESISTANCE ............. 104000 92500 80000 70000 Ohms
TRANSCONDUCTANCE ............ 1200 1350 1550 1800 Micromhos
LOAD RESISTANCE .............. 10700 9200 8000 6750 Ohms
PowER OUTPUT* .. ...........ue 0.33 0.75 1.5 3.4 Watts

#99, total harmonic distortion.

Class B Power Amplifier — Triode Connection
Grids No. 1 and No. 2 tied together; grid No. 3 tied to plate

PLATE VOLTAGE. . . otivierrvetsaruasssonsacnssrnsssasssnnsss 250 max. Volts
PBAK PLATE CURRENT (Per tube) . ...oovvuiumeurinananannanns 90 max. Milliampere
AVERAGR GRID DISSIPATION (Grids No. 1 and Ne. 2) ........... 0.35 max. Watt

TYPICAL OPERATION:
Values are for two tubes

Plate Voltage ..............cooiiiiiiiiiiiiiiinnenns cesan 180 Volts

Grid Voltage. . ... ... o ittt iiiiiinrnninnsennueraconanns 0 Volta
Peak-A-F Grid-to-Grid Voltage ... ............covvvniinnen, 68 Volts
Zero-Signal Plate Current .. ......ooiiiiiieitenarneenaaness 6 Milliamperes
Effective Load Resistance (Plate-t