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Structure of a Metal Radio Tube

| — METAL ENVELOPE

2 — SPACER SHIELD

3 — INSULATING SPACER
4 — MOUNT SUPPORT

5 ~— CONTROL GRID

6 — COATED CATHODE
7 — SCREEN

8 -— HEATER

9 — SUPPRESSOR

10 — PLATE

11 — BATALUM GETTER

12 — CONICAL STEM SHIELD

13 — HEADER

14 — GLASS SEAL

15 — HEADER INSERT .
16,— GLASS-BUTTON STEM SEAL
17 — CYLINDRICAL BASE SHIELD
18 — HEADER SKIRY

19 — LEAD WIRE
20 — CRIMPED LOCK
21 — OCTAL BASE

22 — EXHAUST TUBE
23 —BASEPIN
24 — EXHAUST TIP

25 — ALIGNING KEY
26 — SOLDER

27 — AUGNING PLUG
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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 Qaplied
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 e{ectrons. 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-cathode, consists of
a thin metal sleeve coated with electron-emitting material. With- | sulaten
in the sleeve is a heater which is insulated from the sleeve. The  Heater
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 électrons 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 i

tween the plate terminal and a cathode e
terminal. Under the influence of the positive cORRENT
plate potential, electrons flow from the cathode
to the plate and return through the external
plate-battery circuit to the cathode, thus com-
ﬁleting the circuit. This flow of electrons is
nown as the plate current and may be meas-
ured by a sensitive current meter.

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
to the cathode. If an alternating voltage is applied

k)

o] to the plate, the plate is alternately made positive
3 and negative. Plate current flows only during the
€/ eeciFien ourpurtime when the plate is positive. Hence the current

Sf-n—=m~7——= through the tube flows in one direction and is said
«f | to be rectified. See Fig. 4. Diode rectifiers are
| used in a-c receivers to convert a.c. to d.c. for sup-
| plying “B,” “C,” and screen voltages to the other
) tubes in the receiver. Rectifier tubes may have

i — one plate and one cathode. The 1-v and 12Z3 are
= | of this form and are called half-wave rectifiers,
[ — since current can flow only during one-half of the

] : alternatin,
g-current cycle. When two plates and
<>l voLTeeE eor  one or more cathodes are used in the same tube,
] 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 increasin%ly 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
generally not feasible to measure the full value of
emission because this value would be sufficiently large
to cause change 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, i
indicates whether the tube’s cathode can supply a v
sufficiently large number of electrons for satisfactory PLATE VOLTAGE —>
operation of the tube. 5 Fig. 5

L]
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/
/
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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 2575, 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 t{v)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 voltage drop in such tubes is slightly higher than that of the usual hot-cathode
gas rectifiers because energy is taken from the ionization discharge to keep the
cathode at operating temperature. Proper operation of these rectifiers requires
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 ras ) '
of the grid and plate polarities. When the o4

T
plate is positive, as is normal, and the PLATE  CURRENT
d-c grid voltage is made more and more
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 accordance with a signal, the plate
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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
them, thus reducing the grid-to-plate GRID
capacitance, The effectiveness of this
shielding action is increased by connecting
a by-pass condenser between screen and .S Heater
cathode. By means of the screen and .
this by-pass condenser, the grid-plate c
capacitance of a tetrode is made very il
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 uuf or less for a screen-grid tube.

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

ELECTRON
FLOW

PLATE
SCREEN  CURRENT

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
:eﬁerg] 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

ELECTRON
FLOW

Fig. 8 y

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 is 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 emgloy beam-forming plates at cathode
potential to assist in producing the desired beam effects and to prevent stray
electrons from the plate from returning to the screen outside of the beam.
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 6.6 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 “speciaity”
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, 12SJ7, 6L.7, and 6K8. Types of this class generally require more than
three electrodes to obtain the desired special characteristics and may be broadly
classed as muiti-electrode types. The 6E7 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 variable-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 multi-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 superheterodyne 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—oplate transconductance and certain detector characteristics, and may be shown
in curve form for variations in tube operating conditions.

The amplification factor, or g, is the ratio of the change in plate voltage to a
change in control-electrode voltage in the opposite direction, under the condition
that the plate current remains unchanged, and that all other electrode voltages
are maintained constant. For example, if, when the plate voltage is made 1 volt
more positive, the grid 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.
—10 —
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Plate resistance (rp) of a radio tube is the resistance of the path between
cathode and plate to the flow of alternating current. It is the quotient of a small
change in plate voltage by the corresponding change in plate current and is expressed
in ohms, the unit of resistance. Thus, if a change of 0.1 milliampere (0.0001 ampere)
is produced by a plate voltage variation of 1 volt, the plate resistance is 1 divided
by 0.0001, or 10000 ohms.

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

Conversion transconductance (gc) is a characteristic associated with the mixer
(first detector) function of tubes and may be defined as the quotient of the inter-
mediate-frequency (i-f) current in the primary of the i-f transformer by the applied
radio-frequency (r-f) voltage producing it: or more precisely, it is the limiting value
of this quotient as the r-f voltage and i-f current approach zero. When the per-
formance of a frequency converter is determined, conversion transconductance
is used in the same way as control-grid—plate transconductance is used in single-
frequency amplifier computations.

Maximum peak inverse voltage characteristic of a rectifier tube is the highest
peak voltage that a rectifier tube can safely stand in the direction opposite to that
in which it is designed to pass current. In other words, it is the safe arc-back limit
with the tube operating within the specified temperature range. Referring to Fig. 12,
when plate A of a full-wave rectifier tube is
positive, current flows from A to C, but not from
B to C, because B is negative. At the instant
plate A is positive, the filament is positive (at
high voltage) with respect to plate B. The voltage
between the positive filament and the negative
plate B is in inverse relation to that causing
current flow. The peak value of this voltage is
limited by the resistance and nature of the path
between plate B and filament. The maximum
value of this voltage at which there is no danger
of breakdown of the tube is known as maximum y
peak-inverse voltage. The relations between peak Fig. 12
inverse voltage, rms value of a-c input voltage, .
and d-c output voltage depend largely on the
individual characteristics of the rectifier circuit and the power supply. The presence
of line surges or any other transient, or wave-form distortion may raise the actual
peak voltage to a value higher than that calculated for sine-wave voltages. There-
for, the aetual inverse voltage, and not the calculated value, should be such as not
to exceed the rated maximum peak inverse voltage for the rectifier tube. A cathode-
ray oscillograph or a spark gap connected across the tube is useful in determining
the actual peak inverse voltage. In single-phase, full-wave circuits with sine-
wave input and with no condenser across the output, the peak inverse voltage on
a rectifier tube is approximately 1.4 times the rms value of the plate voitage applied
to the tube. In single-phase, half-wave circuits with sine-wave input and with
condenser input to the filter, the peak inverse volta%e may be as high as 2.8 times
the rms value of the applied plate voltage. In polyphase circuits, mathematical
determination of peak inverse voltage requires the use of vectors.

Maximum peak plate current is the highest steady-state peak current that a
rectifier tube can safely stand in the direction in which it is designed to pass current.
The safe value of this peak current in hot-cathode types of rectifiers is a
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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
?L;ltpl‘lt 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-¢ 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 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 in a specific
tube ﬂl?evcsis 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-
tlfonl.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 power performance can be obtained by using a
push-pull stage for audio service. With class AB and class B amplifiers, a balanced
amplifier stage using two tubes is required for audio service.

As a class A voltage amplifier, 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 largPQr 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

OUTPUT SIGNAL (0

X

OUTPUT
VOLTAGE

o

- GRID VOLTS |

HNPUT
SIGNAL

INPUT 31GNAL | §
[£3]

PLATE CURRENT

Fig. 13 Fig. 14

amplification, or gain, provided by the tube. The voltage amplification due to the
tube is expressed by the following convenient formulas:

amplification factor X load resistance
load resistance + plate resistance

Voltage amplification =

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 obtainabie 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
equal to the resistance of the plate resistor in parallel with the grid resistor of the
following stage. Hence, to obtain a large value of load resistance. it is necessary

/]

/ VOLTAGE AMPLIFICATION vS.LOAD RESISTANCE

~
»
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AMPLIFICATION FACTOR=IO
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N
n
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Fig. 15

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 Froduces a voltage drop which reduces the plate voltage applied to the tube.
If the plate resistor is too large, this drop will be too large. the plate voltage on the
tube will be too small and the voltage output of the tube will be too small. Also,
the grid resistor of the following stage should not be too large, the actual maximum
value being dependent on the particular tube type. 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 resuiting from the time of transit of electrons between cathode and
grid, 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 Ay 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
imgedance may become low enough 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.

PLATE MILLIAMPERES

SUPPRESSOR GRID SCREEN “NEGATIVE GRID VOLTS
Fig. 16 Fig. 17

(-1

* 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
suitable 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 capability. 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 616 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.

a‘ 1
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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)
provides twice the output of a single tube with the same value of grid-signal voltage.
The 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
u.ndelli-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 dlstomon. can also be determined. The calculations
are made graphically 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) = 288 X Ev

where Eb is the chosen value of d-c Flate voltage at which the tube is to be operated
and p 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;atsh shotéled 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 I in amperes.

For power output calculations, it is assumed that the peak alternating grid
voltage is sufficient (1) to swing the grid from the zero-signal bias value 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 current
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, is given by

Power output = (I max. - I min) (E max. - E min.)
. 8

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 dJstomon may be calculated by the followmg formula:

I max. + I min. 1
2 "

1 mazx. - I min. X 100

% 2nd harmonic distortion =

where Io is the zero-signal plate current in amperes.
—16 —
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Example: Determine the load re-
sistance and wundistorted 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)

0.68 X 250
- 3.

67|

PLATE MILLIAMPERES
g
o

P , or —48.5 volts

X = 2 X 0.0335, or 0.067 ampere

8 25
PLATE VOLTS

By substituting the curve values in ;.
the power output formula, we find Fig. 20

(0.067 - 0.006) (357 - 118) _ 1.8 watts

Power output =

8
The resistance of the load line XY is
357 - 118
m. or 3920 chms

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

0.067 + 0.006
——5—— - 00335

0.067 - 0.006

2nd harmonic distortion = X 100 = 4.99%,

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
plate 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,

(1p)
3

b
Q

Power output =

I max. X Eo
. &

PLATE MILLIAMPERES

If I max. is expressed in amperes and Eo in
volts, power output is in watts.
Fig. 21 illustrates the application of this
T 150 & 7350 method. to the case of two type 45’s operated
PLATE VOLTS({Eg) at EO . 250 VOltS. »

n
Q.

E—wdf
e M
Power output = 0096 X 250 = 4.8 watts
Fig. 21 5

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 7
in Fig. 21, we have

Eo-06Eo 100

Plate-to-plate load = Troos X4 = 0096 X 4 = 4160 ohms

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. tion 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

position is determined by the

PLATE OLTS : desired operating plate volt-

®V 15 THE CONTROL-GRID BIAS VOLTAGE AT THE OPERATING POINT age, Eo, and one half the 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.

Load resistance (Rp) = E—:::—:—:%?—n%—;:'
The value of Rp may then be substituted in the following formula for calculat-
ing power output.

[I max. - T min. 4+ 1.41 (Ix -~ Iy)]? Rp
32

Power output =

For both of these formulas, if [ is in amperes and E in volts, R, 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

I max. 4+ 1 min. - 2 Io

Tmax =T min. F 141 0z =Ty % 100

%% 2nd harmonic distortion =

I max. — I min. - 1.41 (Ix ~ Iy)
T max. — I min. + 1.41 (Ix - Iy)

% 3rd harmonic distortion = X 100

% total (2nd and 3rd) harmonic distortion = V(% 2nd har, dist.)? + (% Srd bar. diet.)t
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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,
QA o6 08 10 15 20 25 multiply the published values by factors shown
on the chart as corresponding to a voltage
7 conversion factor-of 0.8. In this chart,
/ Fi applies to plate current and to screen
/ current,
Fp applies to power output,
Fr applies to load resistance and plate

a
/ / resistance,

3 f /! Fgm a&alies to transconductance.
o~

\\

Thus, to find the power output for the new
conditions, determine the value of Fp for a
2 V4 voltage conversion factor of 0.8. The chart
shows that this value of Fp is 0.6. Multiply-
\\ y/ ing the published value of power output by
g 0.6, the power output for the new conditions is

N 14.5 X 0.6 = 8.7 watts.

y 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
o6 stage. With this higher negative bias, the
0.5 & ‘ plate and screen voltages can usually be made
0. higher than for class A because the increased
) 4 negative bias holds plate current within the
os / limit of the tube’s plate dissipation rating. As
= / a result of these higher voltages, more power

_CONVERSION FACTORS Fi, Fp,Fr,Fgm
[=]

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
W ooy w— 5 7.0 s  therefore are not driven to a positive potential

VOLTAGE CONVERSION FACTOR (Fe) and do not draw grid current. In class AB;,
a2c-sa99r2  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 by the grid circuit. The driver stage should be capable
of a power output considerably larger than this required power in order that dis-
tortion introduced in the grid circuit be kept low. The input transformer used
in a class AB, amplifier usually has a step-down turns ratio. .

. Because of the large fluctuations of plate current in a class AB, stage, it is
important that the 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
%xpplyl'fgr 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 varjations in gain due to
changes in line voltage, possible differences between tubes of the same type. or
variations in the values of circuit constants included in the feedback circuit.

Inverse feedback is used in audio amplifiers to reduce distortion in the output
stage where the load impedance on the tube is a loudspeaker. Because the imped-
ance of a loudspeaker is not constant for all audio frequencies, the load impedance
on the output tube varies with frequency. When the output tube is a pentode or
beam power tube having high plate resistance, this variation in plate load 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
INPUT 1
SIGNAL %

Fig. 24. In this circuit, R,, R,, and
Hé % are connected across the output of

the 616 as a voltage divider. The
secondary of the grid-input trans-
former is returned to a point on this
voltage divider. Condenser C blocks

f2 the d-c plate voltage from the grid.

| However, a portion of the tube’s a-f
= & output voltage, approximately equal
Fig. 24 to the output voltage muitiplied 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’p 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.

Fig. 25

Now suppose that inverse feedback is applied to the amplifier. The distortion
irregularity 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’p, 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’ps. It is evident that the irregularity n 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’; 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’, is the plate current that would
flow without inverse feedback, it can be seen that the application of inverse feed-
back -has reduced the irregularity in the output current. In this manner. inverse
feedback acts to correct any component of plate current that does not correspond
to the input signal voltage, and thus reduces distortion

From the curve for i, it can be seen that, besides reducing distortion inverse
feedback also reduces the amplitude of the output current. Consequently. when
inverse feedback is applied to an amplifier there is a_decrease in power output as
well as a decrease in distortion. However, by means of an increase in signal voltage,
the power output can be brotlxﬁght back to its full value. Heunce, 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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output circuit to reduce response at high audio freqencies. Inverse feedback cir-
cuits can also be applied to push-pull class A and class AB, amplifiers. When the
circuit in Fig. 24 is used in push-pull, the input transformer must have a separate
secondary for each grid. Inverse feedback is not recommended for use in ampli-
fiers drawing grid power because of the resistance introduced in the grid circuit.

Constant-current inverse feedback is
usually obtained by omitting the by-pass
condenser across a cathode resistor. This
method decreases the gain and the dis-
tortion but increases the plate resistance
of the tube. When the plate resistance
of an output tube is increased, the output
voltage rises at the resonant frequency of
the loudspeaker and accentuates hang-over
effects. C- BiC+ 8+

Inverse feedback is not generally ap- Fig. 26.
plied to a triode power amplifier such /
as the 2A3 because the variation in speaker impedance with frequency does not
produce much distortion in a triode stage having low plate resistance. It is some-
times applied in a pentode stage but is not always convenient. As has been shown,
when inverse feedback is used in an amplifier, the driving voltage must be increased
in order to give full power output. When inverse feedback is used with a pentode,
the total driving voltage required for full power output may be inconveniently
large. Because a beam power tube gives full power output on a comparatively
small driving voltage, inverse feedback is especially applicable to beam power
tubes. By means of inverse feedback, the high efficiency and high power output
of beam power tubes can be combined with freedom from the effects of varying
speaker impedance.

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

The resistance to be used in the filter for a push-pull stage is 1.3 times the
recommended plate-to-plate load resistance; or, for a single-tube stage, is 1.3 times
the recommended plate load resistance. The capacitance in the filter should have
a value such that the voltage gain of the output stage at a frequency of 1000 cycles
or higher is equal to the voltage gain at 400 cycles. A method of determining the
proper value of capacitance for the filter is to make two measurements on the
output voltage across the pri-
mary of the output transformer:
first, when a 400-cycle signal is
applied to the incﬁmt. and second,
when a 1000-cycle signal of the
same voltage as the 400-cycle sig-
nal is applied to the input. The
TYPE 646 correct value of capacitance is
the one which gives equal output
voltages for the two signal inputs.
In practice, this value is usually
f?und to be on the order of 0.05
ul.

A volume expander can be

DELAY VOLTAGE used in a phonograph amplifier
to make more natural the re-
Fig. 27 production of music which has
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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 6HS6, 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 6L7 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 6.7 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 controlled by adjustment of contact
P. This contact should be adjusted initially to give a no-signal plate current of
0.15 milliampere in the 6L7. No further adjustment of contact P is required if
the same 6L7 is always used. If it is desired to delay volume expansion until the
signal input reaches a certain 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 b\lasting 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
1s applied across potentiometer Rys. The arm and one side of Rae is connected to
the d.p.d.t. switch S, to permit reversing of the polarity of the voltage taken from
Rss. 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 Rss increases; when the level
decreases, the voltage decreases. The voltage taken from Ry 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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is provided by triode T,. The output voltage of T; is applied to the grid of Ty. 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
plate of Ty in the negative direction. ~ JNPuT
Thus, when the output voltage of T, VOLTAGE
swings positive, the output voltage l
of T, swings negative and is, there-
fore, 180° out of phase with the out-
put voltage of T,. In order to ob-
tain equal voltages at E, and E,,
the signal applied to the grid of T,
should be less than the voltage at E,
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 Ry is, therefore, equal to R,
divided by the voltage gain of T,; R; is equal to Ry minus R.

INPUT

Fig. 28

Values of/R;, R, R; plus R;, and R, may be taken from the chart in the
RESISTANCE-COUPLED AMPLIFIER SECTION. In the practical application
of this circuit, it is convenient to use a twin-triode tube combining T, and T.. A
phase-inverter circuit using a 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
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
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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.

Paraltel 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

* 1
¥ OUTPUT *
vours St To N
| VOLTS
rILIER FlLIER

=]

HALF-WAVE RECTIFIER FULL-WAVE RECTIFIER

Fig. 30

i

service but the total load-handling capablility 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
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

® T oS, follows. On the positive hall-cycle of the a-c
L input, that is, when the upper side of the a-c

il input line is positive with respect to the lower

pera side, the upper diode passes current and feeds
11 T2 = 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.
A-C 1_
INPUT R D-C INPUT *
R =HEATERS OF OTHER TUBES IN SERIES
WITH VOLTAGE-DROPPING RESISTOR
. €, C;Ca = CONDENSER
Fig. 32 Fig. 33 ¢

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

il?-.f wéa4ve. The effect of modulation on the waveform of the r-f wave is shown in
ig. 34. .

oo

UNMODUL ATED A~F MODULATING MODUL ATED
R«F CARRIER WAVE R-F WAVE

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 completely, 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 (¢) 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
ouTPUT

Fig. 35 Fig. 36

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. However, 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

=
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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 Ry 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 R, and the audio
by-pass condenser C;. 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 pentode may also be used in this circuit.
With a pentode, the a-f output should be 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 voltdge applied to the diode can be held within very close limits for
all values of signal strength at the antenna. The tube used in a diode-biased circuit
should be one which operates at a fairly large value of bias voltage. The variations
in bias voltage are then a small percentage of the total bias and hence produce small
distortion. Tubes taking a fairly large bias voltage are types such as the 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 obtained from a cathode-bias resistor, a
C battery, or a bleeder tap. Because of the high negative bias, only the positive
half cycles of the 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 is 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 circutt. The output voltage
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 contro] 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
weak signal. In this way, when the signal strength
at the antenna changes, the avc circuit reduces the

ouTPUT
OF LAST
1-F STAGE

AVC
BIAS

voLTAGE Te } Stast  resultant change in the voltage output of the last
v 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
Ry, 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 avc diode increases,
the voltage drop across R, increases, the negative bias voltage aé)plied 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- .
age were taken directly from R, without & Vasr
filtering, the audio variationsin avc voitage  -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 ! MEG. 7

taken from the condenser C. Because of DAve - 1

the resistance R, in series with C, the con- =3vIMIND [

denser C can charge and discharge atonly °2_T_ PRt
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 js applied
to the preceding stages on a weak signal. Since it may be desirable to m.agntain
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, davc
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,, a2 d-c current flows through R, and
R, in series with D,. The voltage drop caused by this current places the avc lead
at approgimately -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 si%nal strength, the avc circuit applies an increasing avc bias
vo!ta%e 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

o = ——ConTig =N operates as a d-c amplifier and (2)
SHIELD - an electron-ray indicator which is
__RAY-coNTROL located in the bulb as shown in
~ ELECTRODE Fig. 43. The target is operated at
TRIODE a positive voltage and “therefore
——~pPLATE attracts electrons from the cathode.
‘When the electrons strike the target
they produce a glow on the fluores-
cent coating of the target. Under

TARGET——""

TRIODE CATHODE these conditions, the target appears
GRID——"" 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 when the control
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electrode is much more negative than the target to 0° when the control electrode
is at approximatelv 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 voltage drop
which determines the potential of the control electrode. When the voltage of the
triode grid changes in the positive direction, plate current increases, the 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 K7 B6AF6-G
TRIODE VWA~
CONNECTED R
— o
ELECTRON-
RAY TUBE AVC
~ VOLTAGE
0.1
IMEG, [ R— B+
S AAAN 4
TO CONTROLLING R-TYPICAL VALUE 1S5 0.5 MEGOHM
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 t}}1]e rsceiveé is tuned tgr }x;esonémce
with the desired station. e choice

CIRCUIT FOR WIDE -ANGLE JLU;::RNOC; between electron-ray tubes depends on
a, 1w,  RAY TUSE the avc characteristic of the receiver.

AAAA~ 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
6E5. The 6AF6-G may be used in con-
junction with d-c amplifier tubes having
either remote or sharp cut-off character-
istics. Examples showing how electron-
ray tubes are incorporated in receiver cir-
1 cuits are given in CIRCUIT SECTION.

R|4'R2:I6700 OHMS =
Fie. 46 The sensitivity indication of electron-
18 ray tubes can be increased by using a
separate d-c amplifier to control the action of the ray-control electrode in the tuning
indicator tube. This arrangement increases the maximum shadow angle from the
usual 100° to approximately 180°. A circuit for obtaining wide-angle tuning is
shown in Fig. 46.

CONTROLLING
VOLTAGE

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

® b
8- A- B+ e~ HEATER B+
At 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,

Pt AT two voltages of different frequency, the
T SiENar r-f signal voltage and the voltage gen-
FREQUENCY
OSCILLATOR

QUTIPUT AT

INTERME DIATE
FREQUENCY

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 i.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 differ
In the tty};p? of tubes employed and in the means of supplying input voitages to the
mixer tube.

A method widely used before the availability of tubes especially designed for
frequency-conversion service, employs as mixer %nbrelther a triode, a tetrode, or
a pentode, in which oscillator voltage and signal voltage are applied to the same
gnd. 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 freiuency mixer
combined in the same envelope. In one form of such a tube, coupling between
the two units is obtained by means of the electron stream within the tube. One
arrangement of the electrodes for this 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
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 undesirahle 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 i8 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 little 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 (gnds No. 2 and 4)’
INTERNAL SHIELD hexode mixer grid (grid No. 3)
SHELL and hexode plate constitute the
mixer unit. The internal shields
are connected to the shell of the
TRIOOE {0SC.)GRID 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 6KS8 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 ];:.rtwula.r ly designed

for short-wave reception. This tube, called a pentagrid mixer, has two independent

control grids and 1s 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.

OsCILLATOR | TYPE 6L7 It follows, therefore, that the wvariations

CaeT (SUPPRESSOR) [ 1oF in plate current are due to the combina-

1 outPuT tion of the oscillator and signal frequencies.

CIRCUIT The arrangement of electrodes in a penta-

GRIDS N22 & 4 grid-mixer tube is shown in Fig. 52. The

(SCREEN) tube contains a heater cathode, five grids,

HEATER and a plate. Grids No. 1 and 3 are

CATHODE control grids. The r-f signal voltage is ap-

el plied to grid No. 1.  This grid has a remote

DEAWAY cut-off characteristic and 18 suited for con-

: trol by avc bias voltage. The oscillator

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

grid 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 617 and 6L7-G are penta-
grid-mixer tubes,

USING
SEPARATE
TUBE

GRID Ne 3
(TO OSCILLATOR)

R-F
INPUT
CIRCUIT

Radio Tube Installation

The installation of radio tubes requires care if higtlzl?auality 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 8ertinent 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 vol%e 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-¢ 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 series are operated
from a 6-volt storage battery. In the case of dry-battery supply for 2-volt filament
tubes, a variable resistor in series with the filament and the battery is required to
compensate for battery variations. 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
?)%er;ateld in parallel can be determined easily by a simple formula derived from
’s law.

Required resistance (ohms) = 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 4+ 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 everheating.
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 serg)e};,n }:hf, resistor value is calculated by the following formula, also derived
rom s law '

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

rated amperes of tubes

Thus, if a receiver having one 6SA7, one 6SK7, one 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 supply 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 (ohme), 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 i 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 , or 12.6 ohms.

Heater shunt resistance =

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

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

When the series-heater connection is used in 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 beaters 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. :

FIRST R-F : VOLTAGE
AUDIO CON- POWER RECTI-
A-F b - aND 1-F [ = +— DROPPING
DETECTOR [ | smmiirier| | VERTER 'STAGES AMPLIFIER FIER RESISTOR
;_- l, "7V é
: 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 arrarigement 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., should 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 su:tabe
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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 batterles, 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
voltage. When a C battery is used, the negative terminal is connected to the grid
return and the positive terminal is connected to the negative filament socket ter-
minal, or to the cathode terminal if the tube is of the heater-cathode type. If the
filament is supplied with alternating current, this connection is usually made to
the center-tap of a low resistance (20-50 ohms) shunted across the filament ter-
minals. This method reduces hum disturbances caused by the 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

‘”! 800

Be- e 8+

_— e XA
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: .

degired 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 fixed stop on the potentiometer, by
connecting a fixed resistance in series with the variable resistance, or by connecting
a fixed cathode resistance in series with the variable resistance used for regulation.

VARIABLE

w
]
)
<
g
>

b
- A= A+ 8+

Fig. 55 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 positive screen voltage for pentodes and beam power tubes may con-
veniently be obtained from a high-voltage supply through a series resistor because
tubes having suppressor action provide high uniformity of the screen-current

— 38—



W

#y

RCA RECEIVING TUBE MANUAL

characteristic. Fig. 58 shows a pentode with its screen voltage supplied thrm:ﬁh
a series resistor. The positive screen voltage for tetrodes (screen- 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-frgguency 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
superheterodyne 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 0-C 0-C D-C
VOLTAGE VOLTAGE VOLTAGE POLTAGE
LEAD LEAD LEAD LEAD

R L L
Tocmme Toomeel  Te Tocmenl
TO CATHODE TO CATHODE TO CATHOOE TO CATHOOE
R=RESISTOR C=BY-PASS CONDENSER L=AF 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 voitage. 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
- ® P 7.7 WY PN
L L L
From e oM
— FROM  —— L £
RECTIFIER c T OuTPUT RECTIFIER “T¢ T ouTPuT RECTIFIER . OuTRUT
Tuee TUBE TUBE
o) — L e —

L=FILTER CHOKE C=FILTER CONDENSER

Fig. 61

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 voltage. However, improved regulation
together with lower peak current will be obtained.

Mercury-vapor and gas-filled rectifier tubes occasionally produce a form of
local interference in radio receivers, through direct radiation or through the power
line. This interference is generally identified in the receiver as a broadly tunable
120-cycle buzz (100 cycles for 50cycle supply line, etc.). It is usuallgecauspd 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-voitage, 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
peak voltage of each half of the secondary, which is approximately 1.4 times the
RMS value. Transformers having electrostatic shielding between primary and
secondary are not likely to transmit 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.

zTUBC SHIELD
—— —————p

TO
_l FILTER

N T

ELECTROSTATIC
SHIELD
C=R-F BY-PASS CONDENSER,MICA LZR-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 stagetoa
loudspeaker of either the electro-magnetic or dynamic type.

PLATE C= 2-6uf

PLATE INPUT 10-30 H ®
cHoke 19
INPUT TO LOUDSPEAKER
LOUDSPEAKER .
+ CATHODE | ¢
TRANSFORMER METHOD e CHOKE-COIL METHOD
Fig. 63

Output-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 mest 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 push-pull
stages are shown in several of the circuits given in the CIRCUIT SECT 10%1
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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 20 | 25| s0 6.3 12640
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-GY
power amplifier .
half-wave with 12A7
Rectifiersq  power pentode 25A7-G
vacyum (5T4 (6X5, 6X5-G,
sU4.G, | 6X5-GT, 84),
5X4-G, 6Z2Y5-G,
523), Y4
(5W4,
5Y3.G,
full-wave < 5724
N 5Y4.G,
80),
(5V4-G,
83-v)
mercury 82 83
Lgas Cold-Cathode Types: 024, 0Z4-G.

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

2525)
11726-GT
DIODE DETECTORS with
AMPLIFIERS
[with high-mu triode 1H5-G
1H5-GT |
One J with high-my triode and
Diode 1-f pentode 3A8-GT¥
with medium-mu triode,
and power pentode 1D8.GT
Lwith pentode 1S5
with medium-mu tiiode (1B5 55 ) (65R7, 6R7, 125R7
1H6-6) 6R7-G, 85)
with high-mu triode . 2A6 (65Q1, (125Q7
Two [ 6Q1,6Q1.G, |12Q7-G1
Diodes 6Q1-GT, 617-G,
6B6-G, 75)
1C6
with pentode 1F1-GV, | 287 (688, 6B8-G, 12C8
> 1F6) 6B7)
CONVERTERS & MIXERS
Pentagrid Converters (1A7-G,| (1C1-G, {2A7 (6SA7, {(125A7
1AT-GT)| 1C6) 6A8, 6A8.G, [1248-G)
1R5 [ (1D7-G, 6A8-GT, 6D8-G,
1A6) 6A7), 1B8-LM

Triode-Mexode Converters 6K8 12K8

Octode Converters TAS

Pemagrid Mixers (6L.7, 6L.7-G)

NOTE: This classification 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 thase types, however, are given In subsequent pages.
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Cathode Volts| 1.4 | 20 |25 s0 63 12610
VOLTAGE AMPLIFIERS
DETECTORS, OSCILLATORS
single wnit | 1G4-G | (1H4.G,| 27, (6C5, 6C5-G), | 12J5-GT
30) 56 6)3, 6]5-G,
6J5-G), 6L5-G,
16, 31, 6P5-G
fmedium-mu 6AE5.GT
twin unit 6C8.G, 6F8-G
twin plate 6AE6-G
with power 6ADI-G
pentode
Triodess with diode, 1D8-GT
power
pentode
single unit (65Fs, 6F5 (125Fs
6F5-G, 6F5-GN), | 12F5.Gf)
L high-mv oks-G
twin unit ‘s 6SCY 125C7
with diode, [3A8-GT*
r-f pentode
Tetrod remote cut-off 35
sharp cut-off 32 24A 36
(remote cut-off 174 [(1D5-GP,| 58 (65K7, (125K7
1A4-P), 6K, 6K7-G, |12K7-Gf)
6K7-GT, 78),
(657, 6571-G)
(6U1-G, 6D6),
6W1-G, 39/44,
TAT-LM, 71B7,
Pentodes < 6ABT@,6ACTS
remote cut-off, 6F7
with triode
sharp cut-off (IN5.G, [(1E5-GP, | 57 (65)1, 6J1 (125)7
INS-GT)| 1B4.P), 6J1-G, 6J7-GD), {12J1-GhH
15 6C6,77,7C7
Lsharp cut-off, with di- |3A8-GT*
ode, high-mu triode
POWER AMPLIFIERS
low-my, single unit 31 2:\53,
Triodes single unit 49 46 6ACS-G 25ACS5-GTj
high-my {
twin unit 1G6-G | (1J6-G, | 53 (6N7, 6N7-G,
19) 6A6), 621-G, 19
without rectifier 1Qs-GT, |- {6L6, 6L6-G), (25L6,
175.G1, 6V, 6V6.G, | 95L6-G
Beam 3Q5.GT* 6V6-GY), 6Y6.G, [25L6-G1),
Powaer 7C5. 35A5-LT,
Tubes 35L6-G
50L6-GT
with rectifier 70L7-GT
single unit 1A5-G, | (1F5-G, 12A5 (6F6, 6F6-G, 42), | (25A6,
165G, | 1F4), " |47 (6K6-G, 6K6-GT, | 25A6-G,
154 ' [1Gs-G, | 59 41), 606-G, 38 43)
33, 6A4, 89, 185-LT | 25B6'G
Pentodes < twin unit 1E7-G¥%
with diode and tiode | 1D8-GT
with medium-my triode 6AD1-G
with rectifier 12A7,
) 25A1-6
video 6AGT@.
DirectCoupled Amplifiers (6B5, 6N6-G)
ELECTRON-RAY TUBES
with remote cut- 6ABS/6NS,
. off triode 6U5/6G5
Indi- [sirgley with sharp cut- 6E5
cators off triode
twip, without triode 6AF6-G
GAS-TRIODES Cold-Cathode, Starter-Anade Type: 0A4-G.
* Two 1F5-G's in one bulb.

@Designed for television applications,

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

A star before CHARACTERISTICS tunder 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 maximum 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 receiving 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 109%.

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 muiti-unit types to differentiate between two identical elec-
trodes which would otherwise have the same designation.

BP =Bayonet Pin HL ==Tap for Panel Lamp S =Sheil

BS =Base Shell K =Cathode St =lInterlead Shield
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

Boftom views of sockets are shown throughout this book.

PG DETECTOR TRIODE

The OO-A is a storage-battery triode of
the gas-filled type. Operating conditions as
grid-leak detector: maximum plate volts of
45, grid leak of 2 to 3 megohms, grid con- OO- A
0*0 denser of 0.00025 wf, 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
4D 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

g*o grid return is to () filament; as biased de-
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 2 discontinued type; it is retained for ref-

erence only.

NO GAS TRIODE
¥O, i (e, 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.
NC™ KEY "NC These electrodes are sealed in a bulb filled
G-4V with an inert gas or vapor at reduced pres-
sure. In normal operation of the 0A4-G, a L
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 oecillator.

CHARACTERISTICS

P AK ANODE BREAKDOWN VOLTAGE (Starter-anode tied to cathode) 225 min. Volts
{ 70 min. Volts
90 max. Volts

cesteesanes . 100 max. Microamperes
STARTER-ANODE DRoP .. 60 approx. Volts
ANODEDROP .. ....0..... .o 70 approx. Volts
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MAXIMUM RATINGS and TYPICAL OPERATING CONDITIONS
Relay Service

PEAK CATHODE CURRENT. ... uuvvnervrrnnncanorosanssosanass ’ 100 max. Milliamperes
DeC CATHODE CURRENT. . .00 cvteurrironiscnsrersnosnnssnanns 25 max.  Milliamperes
TypicaL OPERATION WiTH A-C SuPPLY: pe

Anode-Supply Volta&e [633.7 £ N N 105-130 Volts

A-C Starter-Anode Voltage (Peak).......ccovvrivnneiernaens 70 max.  Volts

R-F Starter-Anode Voltages (Peak) ......cocvievrenenneannns 55 min. Volts

Sum of A-C and R-F Starter-Anodes Voltages (Peak).......... 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 ¢
erated in the circuit shown below. In Pya——
this circuit, the starter-anode is main-
tained at a potential just below that re- l

quired for breakdown by means of the

bleeder RiRs. When a carrier having the

frequency of the tuned circuit LC is im- nsv.
pressed on the power line, a resonant A-C LINE

voltage appears across L and C. The 1 R2 _[
effect of the voltage across the condenser £R, £ <
C is to increase the negative potential 1 ’T

peaks on the cathode and thus to in-

crease the potentials between cathode T 0
3?3%”&13&% ca{hlmode P::léﬂ n‘taé;tter? f}:msu-e TUNED CIRCUIT FOR R-F BIGNAL
anode. This diwhug;cgrodms free ions R|=15000 OHMS (1 WATT)

whit%‘h enggle .ghe. di a‘l;gf. to transfe}x; R2=10000 OHMS (Y WATT )

to the anode if circuit ues are suc| = -

that sufficient starter-anode _current :,:::A:.U;”O::P': FOR DESIGN RTQUIREMENTS
flows. Because a.c. is supplied to the

anode, the OA4-G ceases to discharge
when the carrier is removed.

Ry 0A4-G
h

N

CONTROLLED
CIRCUIT

o

If the 0A4-G is to be operated from a TYPICAL BREAKDOWN CHARACTERISTICS
d-¢c power line, it will be necessary to FOR DIFFERENT ELECTRODE POLARITIES

provide means for reducing the anode TYPE 0A4-G CATHODE ToO
voltage to a value under 60 volts (ex- | | LA
tinction voltage). This can be done i | Py,
conveniently by opening the anode circuit. ° "'?3"555?,’}?‘357/2/ - /:
Most of the voltage on the starter- [-7c e
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 volts.

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 Noeme T
a function of the current flowing to the ERiooe L — 2k
starter-anode circuit. In practice, it is : .
desirable to have a current of at least
200 microamperes flowing to the starter-
anode.

=
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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

installed 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

0Z4 and the external shield required

for the 0Z4-G should be grounded.

The use of filters may be necessary

to eliminate objectionable noise.

MAXIMUM RATINGS

STARTING-SUPPLY VOLTAGE PER PLATE ...... .. .. 300 min. Peak Volts

PEAX PLATE-TO-PLATE VOLTAGE. ................ 1000 max.  Volts

PEAR PLATECURRENT .. ...........co ... 29(5) max. l\l\fllg%}amperes
max. iamperes

D-C OUTPUT CURRENT . .. v veoeeaeee e { 30 i, Milliamgeres

D-COUTPUT VOLTAGE . . ...vveiviininnannn. 300 max. Volts

AVERAGE DynNaMmic TUBE VOLTAGE DroP. ........ 24 Volts

G2

SUPER-CONTROL R-F
) AMPLIFIER PENTODE

The 1A4-P is a super-control pentode -
0*0 of the 2-volt filament type for battery- ] AA’ P

i - operated receivers. Its rating, char-

acteristics, and application are the

same as for the Type 1D5-GP, except
that the interelectrode 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 IOFor physical characteristics of the 1A4-P, refer to Fig. 2-16, OUTLINES

Grip-PLATE CapaciTaNcE (With shield-can) ...... 0.007 max.  upf
INPUT CAPACITANCE. . .. ...oviiieiieeeiieennnn. 5 unf
OUTPUT CAPACITANCE . . . .. .oii i iiie e 11 unf

N POWER AMPLIFIER
S ) PENTODE

The 1A5-G is a power-amplifier pen- ] A5 - G

tode of the 1.4-voit filament type for
KEY e use in the output stage of battery-
" G-6X operated receivers. The filament is
eslgned for operation directly across
a 1.5-volt dry cell. Operation of the filament is discussed under Type 1A7-G.
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% CHARACTERISTICS

Frament VoLTacB (D.C)...evvivvvinnnnnnn... 14 Volts
F1LAMENT CURRENT 0.05 Ampere
PLATE VOLTAGE ......c0vvvvnenrovecncans 85 90 max. Volts
ScrEeN VoLTaGe (Grid No. 2) ............ 85 90 max. Volts
Grip VoLTaGE (Grid No. 1)............... 4.5 -4.5 Volts
PLATE CURRENT. . ..oivviineiininnnnnnnens 35 4.0 Milliamperes
SCREEN CURRENT . ....0iviiinnnnnnnnanenn 0.7 0.8 Milliamperes
PLATE RESISTANCE (ADpProx.) ............. 0.3 0.3 Megohm
TRANSCONDUCTANCE .. ..vvverrnnnnnnnnnns 800 850 Micromhos
LOAD RESISTANCE . ........cccvinvnnnnnen 25000 25000 Ohms
CATHODE RESISTOR ...vcvvivveerennanenns 1000 940 Ohms
Powgr Output (10% total harmonic

distortion) .......c.ciiiiiiiiianienan 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 multi-electrode type

of vacuum tube designed to perform

‘l 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 shi_eld-ca:ge ............ 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
Grid No. 1toGrid No. 2 ... ...cinneieennnnn, 0.8
Grid No. 4 to All Other Electrodes (R-F Input) ... 105
Grid No. 2 to All Other Electrodes (Osc. Output). . 6
Grid No. 1 to All Other Electrodes (Osc. Input) ... 5
Plate to All Other Electrodes (Mixer Output) ..... 9

PENTAGRID CONVERTERS

] A7" 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
FiLAMENT VOLTAGE (D.C) ........covuveienall, 14 Volts
FiLAMENT CURRENT . .. .0utiieinnnnnnnnannacnennn 0.05 Ampere
DirecT INTERELECTRODE CAPACITANCES:
Type 1A7-G Type 1A7-GT
Grid No.4toPlate .................. 0.30* 0.4* wuf
Grid No.4toGrid No. 2 ............. 0.26* 0.25* unf
Grid No.4toGrid No. 1 ............. 0.12* 0.12* uuf
Grid No. 1toGrid No. 2 ............. 0.90* 1.5 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 uuf
Grid No. 1 to All Other Electrodes i,
Except Grid No. 2 (Osc. Input) ..... 4.0* 3.2 uuf
Plate to All Other Electrodes
(MixerOutput).........oovevennnnn 11* 10 unf

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

Converter Service

PLATE VOLTAGE . ... .0iirtnneeinnenonnanennnans 90 max. Volts
ScreEEN VoLTAGE (Grids No. 3and No.5) .......... 55 max. Volts
ScREEN SUPPLY VOLTAGE....... e, 90 max. Volts
ANODE-GRID VOLTAGE (Grid No. 2)................ 90 max. Volts
ToTAL CATHODE CURRENT. .. .. vvvvvirnnnneennnnnn 3 max. Milliamperes
TypicaL OPERATION:
Plate Voltage .. ........coiiiiiiiiiinaniiennnnn 90 Volts
Screen Voltage . ......cciiviiiiernnnenennnnnnn. 45** Volts
Anode-Grid Voltage. .............cooiiiinninne. 90 Volts
Control-Grid Voltage (Grid No. 4)............... 0 Volts
Oscillator-Grid (Grid No. 1) Resistor............. 200000 Ohms
PlateCurrent .......ciiiirinnriinnnreneennns 0.55 Milliampere
Screen Current .........c.cceiitiiiiiiiiianaee 0.6 Milliampere
Anode-Grid Current. .....oovvvenviiiininnnenn, 1.2 Milliamperes
Oscillator-Grid Current. .............cccvven.n... 0.035 Milliampere
Total Cathode Current. .. .......covveeeeeoon... 2.4 Milliamperes
Plate Resistance. . ........cccoiiririnnnennnnn, 0.6 Megohm
Conversion Transconductance. . ............c..... 250 Micromhos
Conversion Transconductance (Approx.) with
Control-Grid Volts = -3 .. ................... 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, 0 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 volts 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(l:)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 volitage. 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
is shown below. OPERATION CHARACTERISTICS

Pt — T
EY:F: l%Z;SGT;O Eg=l.4 VOLTS D.C.
TYPICAL PENTAGRID CONVERTER CIRCUIT 9 [ Giios Nmy 2 NealscRrEN)voLTS zas® |
FOR FILAMENT-TYPE TUBES g | GRID Nea (CONTROL GRID) VOLTS30 |
b3 GRID Ne2 {ANODE GRID) VOLTS =90
RF INPUT o CRID Nel(OSCILLATOR GRID)
& 3001 RESISTOR- OHMS =200000 7
= *CBTAINED THROUGH 70000 -0HM
= [ DROPPING RESISTOR FROM
o 90-VOLT SUPPLY
0 25
i
: e
-
3 200
=]
z
o
Q
2 130
C = <
) y B
SIGNAL ANODE-GRD  FIL, SCREEN PLATE
IGROBAS SUPPLY  SUPPLY SUPPLY SUPPLY z 100
C =0J uf 2
S1Z}GANGED VARIABLE CONDENSERS [y
C5="PADDING CONDENSER z
C4= GRID CONDENSER OF 200 JMF S
LS b S deane
RP= MOTOAL NBUCTANCE OF Ly AND Lz ° 02 .04 .06 .08 O
Ry= OSCILLATOR GRID LEAK OSCILLATOR-GRID MILLIAMPERES
92¢-809!

R-F AMPLIFIER PENTODE

The 1B4-P is a pentode of the fila-

. ment type. It is used primarily as a

I BA. - P radio-frequency amplifier or detector

in battery-operated receivers. The

standard four-pin socket for the 1B4-P

should be mounted to hold the tube pref-

erably in a vertical position. Horizontal . .

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.

DUPLEX-DIODE TRIODE
] lezss The 1B5/25S is a filament type of Pr(®) (Der
tube containing two diodes and a A
triode in a single bulb. It is used as ° e
a combined detector, amplifier, and e %-
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. Physical characteristics of the 1B5/25S are shown
in Fig. 2-19, OUTLINES SECTION. For characteristics, see Type 1H6-G.

Koo} POWER AMPLIFIER
(07 PENTODE
The 1C5-G is a power-amplifier ]C5-G

G -
N\ pentode of the 1.4-volt filament type
> for use in battery-operated receivers

NCTREY e in which economy of filament current
G-6X is important. .
* CHARACTERISTICS
FriLaMENT VOLTAGE (D.C.)........cviviviiint, 1.4 Volts
FILAMENT CURRENT . ... ovivintinnnrrennennnnnn 0.1 Ampere
PLATE VOLTAGE . ........ocovnvinnn. e 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. .....vvvvevrnennnnnns 1.6 1.6 Milliamperes
PLATE RESISTANCE (Approx.) ........... 110000 115000 Ohms
TRANSCONDUCTANCE . ....covvtvienennnn. 1500 1550 Micromhos
LOAD RESISTANCE . ....vvvivnnnnnnnnnns 9000 8000 Ohms
CATHODE RESISTOR ....... e eiieieeea 920 825 Ohms
Power OUTPUT*. ........coivinnnnnnnnn 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 ] |E I -

Ef = 1.4 VOLTS D.C. 1s €C1Z0 1t

L scrReEN voLTs =80 onTROL GRID O e
20 —
y, -3 L
—
—-—'——’
ot

A =-e

V il e

PLATE MILLIAMPERES
=)

\\\N
NANRN

Y

‘-L e -t —
o EL) 50 75 T00 125 180 75 ELO
PLATE VOLTS 02C-4997
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PENTAGRID CONVERTER

The 1C6 is a multi-electrode vacuum

tube of the 2-volt filament t de-

] Cé signed to perform simultaneously the
functions of mixer and oscillator in
superheterodyne circuits. For general

discussion of pentagrid types, see Fre-

uency Conversion in RADIO TUBE

q
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 Type 1A6. Physical characteristics of the

1C6 are shown in Fig. 2-16, OUTLINES SECTION,

DirecT INTERELECTRODE CAPACITANCES (Approx.):
Grid No.4toPlate ..................cvvvnnnn. 0.3*
Grid No.4toGridNo. 2 ................ccvunt. 1 0.3*

Grid No.4toGridNo. 1 ....................... 0.15*
Grid No. 1toGridNo. 2 ....................... 1.5
Grid No. 4 to All Other Electrodes (R F Input) ... 10
Grid No. 2 to All Other Electrodes (OQsc. Output). - 6
Grid No. 1 to All Other Electrodes (Osc. Input) ... 6
Plate to All Other Electrodes (Mixer Output) ..... 10

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

PENTAGRID CONVERTER

The 1C7-G is a muiti-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-
ful in multi-range receivers which are

G-72

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) .. ...l 2.0
FILAMENT CURRENT ... ... iiitiiniviiinnnnnnns 0.120
DirReCT INTERELECTRODE CAPACITANCES (Approx.):* .
Grid No.4toPlate ............................ 0.26
Grid No. 4 to Grid No. 2 0.32
Grid No. 4 to Grid No. 1 0.11
Grid No 1 to Grid No. 2 12
Grid No. 4 to All Other Electrodes (R-F Input) ... 10
Grid No. 2 to All Other Electrodes Except Grid
No.1(Osc.Output).........ooiiivinennnnnnn 55
Grid No. 1 to All Other Electrodes Except Grid
No:2@Osc.Input). .........oovviiinnnnn... 4.8
Plate to All Other Electrodes (Mixer Qutput) ..... 14
* With shield-can connected to (-) filament.
Converter Service
PLATE VOLTAGE . ......ouiiiieteinnenninennannnn 180 max.
ScrREEN VOLTAGE (Grids No. 3and5).............. 67.5 max.
SCREEN VOLTAGE SUPPLY . . . ..00uvvvrnnnennnnneans 180 max.
ANODE-GRID VOLTAGE (Grid No.2)................ 135 max.
ANODE-GRID VOLTAGE SUPPLY*. . ....c.uvenenennnnn 180 max.
CoNTROL-GRID VOLTAGE (Grid No. 4).............. 0 min.

Volts
Ampere

unf
upf

Volits
Volts
Volts
Volts
Volts
Volts

* Applied through 20000-ohm dropping resistor, by-passed by 0.1 uf condenser.
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PLATE DISSIPATION .......ovtiiiiiien 0.3 max. Watt
ScREEN DISSIPATION ............ AU 0.2 max Watt
ANODE-GRID DissIPATION 0.4 max. Watt
ToraL CATHODE CURRENT . .. ..................... 9max. Milliamperes
TyprcaL OPERATION:
Plate Voltage . .................... . 135 180 Volts
Screen Voltage . ................... . 67.5 67.5 Volts
Anode-Grid Voltage Supply......... .. 135* 180° Volts
Control-Grid Volt;fae ................. -3 -3 Voits
Oncillator-Grid Resistor (Grid No. 1)... 50000 50000 Ohms
PlateCurrent ....................... 1.3 1.5 Milliamperes
ScreenCurrent ...................... 25 2 Milliamperes
Anode-Grid Current.................. 3.1 4 Milliamperes
Oscillator-Grid Current . .............. 0.2 0.2 Milliamperes
Total Cathode Current. . ............. 7.1 7.7 Milliamperes
Plate Resistance (4pprox.)............ 0.6 0.7 Megohm
Conversion Transconductance......... 300 | 325 Micromhos
Conversion Transconductance (At -14 :
volts on Grid No. 4) (Approx.) ...... 4 4 Micromhos

The transconductance of the oscillator portion (not oscillating) of the 1C7-G is 1000 micro-
mhos under the following conditions: Plate voltage, 135 to 180 volts; screen voltage, 67.5 voits;
anode-grid voltage (no voltage-dropping resistor), 135 volts: and zero oscillator grid volta  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 cc(lmnected in parallel with the oscillator section for frequencies above 10
megacycles,

— 53 —



RCA RECEIVING TUBE MANUAL

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 plate 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-
jate-frequency amplifier in battery-op-
erated receivers, g

CHARACTERISTICS
FrLaMeENT VoLTAGE (D.C.). .. ..ol 2.0 Volts
FILAMENT CURRENT . .....cvrininneennnnnennnn. 0.060 Ampere
PLATE VOLTAGE ... ..uvvvrennnnnnnenansn 90 180 max. Volts
ScrEEN VoLtaGE (Grid No. 2) .......... .. 675 67.5 max. Volts
GriDp VoLTAGE (Grid No. 1) . .............. -3min. -3 min. Volts
PLATECURRENT. . ..oviereie e eennnn 2.2 2.3 = Milliamperes
SCREEN CURRENT . ...ovvverenennnennnnn 0.9 0.8 Milliampere
PLATE RESISTANCE (Approx.) ............. 0.6 1.0 Megohm
TRANSCONDUCTANCE . . . vevvrvrnnnnunnnn.. 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
11111%%ea ’II)‘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 1DD5-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. It 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
voits 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:lectrodtge
vacuum tu esigned to perform the
functions of both mixer and oscillator ] D7 G
in superheterodyne circuits which use =
battery power supply. For general
discussion of tagrid types, refer

to Frequency Conversion in RADIO
TUBE APPLICATIONS section.

CHARACTERISTICS
FrLaMENT VOLTAGE (D.C.).........coovvviiinnnn, 2.0 Volts
FILAMENT CURRENT. . ....cvvveeeervnnnnnnnncncens 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 uuf
Plate to All Other Electrodes (Mixer Output) ..... 14 wuf
Converter Service
PLATE VOLTAGE . ... ucvivririnnonnnneeeeeneennnn 180 max. Volts
ScrREEN 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
TorTAL CATHODE CURRENT. . . .....oovvneennnn... 9 max. Milliamperes
- TyricAL OPERATION:
Plate Voltage . ........................ 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 ......................... 1.2 13 Milliamperes
ScreenCurrent ...............co0en.... 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. .............cc0eent. 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 oscillator 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-dropping resistor), 135 volts; and zero oscillator grid volts. Under these

same conditions the anode-&n current is 2.3 milliamperes.
* 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 permis-
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 frequency 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
thtlataanode-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
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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 voltage 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 bf-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 voltage and of the screen voltage.
Adjustment of the circuit should be such that the cathode current i§ approximately
6 milliamperes. Under no condition of adjusiment 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 voitage may varied from -3.to plate
current cut-off (approximately —25 voits). 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-contfel tubes can be utilized
advantageously to adjust receiver sensitivity.

Since the capacitance between %rid No. 4 and plate is in a parallel path with the
capacitance and inductance of the plate load, it isimportant 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.

Converter circuits employing the 1D7-G may easily be designed to have a
translation gain of approximately 40. A typical circuit which provides exception-
%lly ulnli\for(r;n oscillator output over the entire grid-bias range is shown under

ype 1A7-G.

DIODE-TRIODE

] D 8- GT The 1D8-GT is a multi-unit tube F+C)

having a l.4-volt filament for use in
compact battery-operated receivers
designed for it. This tube combines G-8AU
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
FiLaAMENT VOLTAGE (D.C).........coviiininnn, 1.4 Volts
FILAMENT CURRENT . .....iiiviininnnnnnnnnnennnns 0.1 Ampere
Pentode Unit as Class A, Amplifier
PLATE VOLTAGE ....,....c.c0v... 45 67.5 90 max. Volts
ScreeN VoLTaGE (Grid No. 2) .... 45 67.5 90 max. Volts
Grip VorTaGE (Grid No. 1)....... —4.5 -6 -9 Volts
PLATE CURRENT. . .........vvu... 1.6 3.8 5 Milliamperes
ScREEN CURRENT. ......ovvnvenn. 0.3 0.8 1.0 Milliamperes
PLATE RESISTANCE........ FRPUN 0.3 0.2 0.2 Megohm
TRANSCONDUCTANCE ....:....... . 650 875 925 Micromhos
LoAD RESISTANCE ............... 20000 16000 12000 Ohms
ToTAL DISTORTION. .............. 10 10 10 Per cent
PoweER OUTPUT.......ovvvnnnn... 35 100 200 Milliwatts
‘ Triode Unit as Class A, Amplifler
PLATE VOLTAGE ................. 45 67.5 90 max. Volts
GRID VOLTAGE .......... eeennas 0 0 0 Volts
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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 diodé should not be used for bias
supply due to the probabxllty of triode plate-current cut-off and to the fact that
a varying bias would be applied to the pentode unit.

éid&mstance 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
c3 operated receivers as a radio-frequency
amplifier or as a detector,

CHARACTERISTICS
FrLaMENT VOLTAGE (D.C).......... ... ..., 2.0 Volts
FILAMENT CURRENT. .. ivvierecnecrennnnnnnnnn. 0.060 Ampere
PLATE VOLTAGE ..........civviennnannnnn 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. . ..oviiieiiiiiennnnnnnen 1.6 1.7 Milliamperes
SCREEN CURRENT. . ....civvvnnnnnnnnnnnen 0.7 0.6 Milliampere
PLATE RESISTANCE. . .......ociiviinennn.. 1 1.5 Megohms
TRANSCONDUCTANCE . . ...ocvuvennnnnnnnns 600 650 Micromhos
GRIL VOLTAGE® (ADProX.) .......ccvvuunen -8 -8 Volts
GrID-PLATE CaPACITANCE (With shield-can) 0.007 max. - uuf
INPUT CAPACITANCE. . ... vveeinnnnnnnnnns 5 puf
QUuTPUT CAPACITANCE . . . ..iovvennnnnnnnn. 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 obtammg 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
POWER AMPLIFIER

The 1E7-G is a multi-electrode
] E7-G vacuum tube containing two power-
amplifier pentodes in one envelope,
This construction permits the use of
one tube in the final, push-pull stage
of battery-operated receivers.

% CHARACTERISTICS

FILAMENT VOLTAGE (D.C.).......coivinvnnian... 2.0 Volts
FrLAMENT CURRENT . .. ... vvieiineinninneennnnns. 0.24 Ampere
AVERAGE CHARACTERISTICS OF SINGLE UNIT: -
Plate Voltage ............ e rreeiaeteeeeeaeaa, 135 Volts
Screen Voltage (Grid No. 2)..................... , 135 Volts
Grid Voltage (Grid No. 1) ...................... " -4.5 Volts
PlateCurrent ..........ccovvviiiiininnnenenn.. 75 Milliamperes
Screen Current .......iiiiiiii ittt 2.2 Milliamperes
Plate Resistance (APProx.).........cceevvuvenven.. 0.26 Megohm
Transconductance . .........covvivieeeeennnnnns 1425 Micromhos

As Push-Pull Class A, Amplifier

Yalves are for two units

PLATE VOLTAGE ... .. ...t iiiieinaenenns 135 max. Volts
SCREEN VOLTAGE . . .oovtitteiiiniinnnananenenns 135 max. Volts
GRID VOLTAGE® . . ...ttt rnnnenns -75 Volts

PEaK A-F GRID-TO-GRID VOLTAGE. . ....ovvnn.n.. 15 Volts
ZERO-SIGNAL PLATE CURRENT (APprox.)............ 7 Milliamperes
Max.-S1GNAL PLATE CURRENT (Approx.) ........... 10.5 Milliamperes
ZERO-SIGNAL SCREEN CURRENT (Approx.) .......... 2 Milliamperes
Max.-S16NAL ScREEN CURRENT (Approx.) .......... 3.5 Milliamperes
Loap ResisTance (Plate-to-Plate)............ . 24000 Ohms
TotAL HarMONIC DISTORTION. . .. . .. 55 Per cent
TrirRD HARMONIC DISTORTION. ............... .. 45 Per cent
Max.-S1GNAL Power Qurputt ..........ooo.. ... 0.575 Watt

+ A power output of 1.0 watt with 109, total distortion can be obtained in class As operation
with a peak a-f grid-to-grid voltage of 21 volts.

* 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 SECTION. 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.

Gl

POWER AMPLIFIER PENTODE G

The 1F4 is a power-amplifier pen-
tode of the 2-volt filament type for use *(d) oL
] F 4 in the output stage of battery-oper-
ated receivers. Its electrical charac-. A
teristics are the same as those of the (D) O
Type 1F5-G. The base of the 1F4 fits P 63
the standard five-contact socket which sk
should be installed to hold the tube L
preferably in a vertical position with the base down. Horizontal operation is per-
missible if pins 1and5 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-G.
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POWER AMPLIFIER PENTODE

The 1F5-G is a power-amplifier pen-
tode of the 2-volt filament type for use :
in the output stage of battery-operated ‘I F 5 G
receivers. This tube has low filament- -
and plate-current requirements, high
power sensitivity, and is capable of
delivering a considerable amount of
audio power with low distortion.

% CHARACTERISTICS

FiLaMENT VOLTAGE (D.C.)........coiiiiieinvennt. 2.0 Volts
FILAMENT CURRENT .. ....coiniiiiieninnnanannnn 0.12 Ampere
As Single-Tube Class A, Amplifier
PLATE VOLTAGE .. ..vvviinreernnnrreannnnnennant 180 max. Volts
SCREEN VOLTAGE ... vviviiennnneennnnnnnaennnnns 180 max. Volts
PLATE DISSIPATION .. ..vivvtininiennnnannsanennns 1.75 max. Watts
SCREEN DISSIPATION ... ..covvuerivnennnnenennnnns 0.75 max. Watt
TvypicAL OPERATION:
PlateVoltage . ............ccciveevnnn. 90 135 . Volts
Screen Voltage (Grid No.2)............. 920 135 Volts
Grid Voltage (Grid No. 1) .............. -3 —4.5 Volts
Peak A-F ri Voltage. . ............... 3 45 Voits
PlateCurrent ...............ooiiveen. 4 8 Milliamperes
Screen Current ........................ 1.1 2.4 Milliamperes
Plate Resistance (Approx.).............. 0.24 0.20 Megohm
Transconductance .. ............c.c0uunn 1400 1700 Micromhos
Load Resistance. . ... N 20000 16000 Ohms
Cathode Resistor ...................... 588 432 Ohms
Total Harmonic Distortion.............. 6 5 Per cent
PowerOutput............cc.vvevivnnn 110 310 Milliwatts
As Push-Pull Class AB; Amplifier
Volues are for two tubes
PLATE VOLTAGE .........ivieiiniiiiineennnn, 180 max. Volts
SCREEN VOLTAGE . ..voviitviniiniininnneeennnnnn 180 max. Volts
PLATE DISSIPATION .......coviiiieiiinennnanannns 1.75 max. Watts
SCREEN DISSIPATION . ..........0iivvieinnnnennnn 0.75 max. Watt
TypricAL OPERATION:
Plate Voltage .. ............ccoeeiviiien .. 180 Volts
ScreenVoltage ..........c.coviiiinneniaannn. 180 Volts
GridVoltage. . ...............ovivi i, -75 Volts
Peak A-F Grid-to-Grid Voltage. ................. 15 Volts
Zero-Signal Plate Current . ...................... 19 Milliamperes
Max.-Signal Plate Current. .. ................... 21 Milliamperes
Zero-Signal Screen Current...................... 5.5 Milliamperes
Max.-Signal Screen Current. . ................... 7 Milliamperes
Load Resistance (Plate-to-plate)................. 20000 Ohms
Total Harmonic Distortion...................... 45 Per cent
Max.-Signal Power Qutput...................... 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, 2-21, OUTLINES SECTION. Filament
operation is discussed under Type 1C7-G.

For the power amplifier stage of radio receivers, the 1F5-G is recommended
ather 5.(Ely or in push-pull combination. More than one audio stage preceding

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

of the 2-volt filament type, Its elec-

] F6 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*
InpuT CAPACITANCE. ..........
OUTPUT CAPACITANCE .....coovvivnrnnnnn
* With shield-can.

G2p PO
©

DUPLEX-DIODE PENTODE

P G,
The 1F7-GV is a duplex-diode pen- &) ‘be g
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-
ate-, or audio-frequency), and auto-
matic-volume-control tube in battery-

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

G-7AD

% CHARACTERISTICS
FiLAMENT VOLTAGE (D.C.)...............ovii... 2.0 Volts
FILAMENT CURRENT ... \.oiviuunnnnannnnenneenns 0.06 Ampere
Pentode: GRID-PLATE CAPACITANCE®............... 0.01 max. uuf
INPUT CAPACITANCE®. ... ............... 38 unf
OuTpuT CAPACITANCE* .................. 9.5 uuf

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

PLATE VOLTAGE .........0'iiriinneiannnennennnn. 180 max. Voits
ScrEEN VoLTAGE (Grid No. 2) .................... 67.5 max. Volts
GriD VoLTaGE (Grid No. 1)....................... -15 Voits
PLATECURRENT . . ...ttt it 2.2 Milliamperes
SCREEN CURRENT . .. .evivvnenneainnnenneenn. 0.7 Milliampere
PLATE RESISTANCE (ADPIox.) ... ....ccooiiviennnen 1 Megohm
TRANSCONDUCTANCE . .. ... v etnnninnannanns 650 Micromhos
TRANSCONDUCTANCE (At —12 volts bias)§........... 20 Micromhos
Pentode Unit—As Resistance-Coupled A-F Amplifier
PLATE-SUuPPLY VOLTAGE . .......... 135 135 Volts
SCREEN-SUPPLY VOLTAGE . ... ... ... 135 135 Volts
D-C Grip VOLTAGEL..... . ....... . -1.0 -2.0 Volts
PeEak A-F GRID VOLTAGE . ......... 0.64 0.62 Volt
ZERO-SIGNAL D-C PLATE CURRENT 0.42 0.42 Milliampere

§ For cathode current cut-off.
3 If a grid-coupling resistor 18 used, its maximum value should not exceed 1.0 megohm.
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Max.-SigNAL D-C PraTe Current . 0.34 0.34 Milliampere
PLATE RESISTOR. .. ......cvvvun... 0.25 0.25 Megohm
SCREEN RESISTOR. ................ 1 0.8 Megohm
LoAD RESISTANCE ................ - hid

GrID REsISTORF. .. .......... 1.0 0.5 1.0 0.5 Megohm
VOLTAGE AMPLIFICATION. ..... 48 43 46 41 '

Totar 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.

s

INSTALLATION and 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 F}’alg
2-15, OUTLINES SECTION. The 1F7-GV is similar in application to Type 6B8.

oL DETECTOR AMPLIFIER

P
)

TRODE 1G4-G

“‘F' The 1G4-G is a medium-mu triode
(™= of the l.4-volt filament type for use
NCTREY NG as a detector or voltage amplifier.
G-5S
% CHARACTERISTICS
FiLaMeENT VoLTAGE (D.C) . ... ..ot 14 Volts
FILAMENT CURRENT . . ..o itveeieeenneerannennnn. 0.05 Ampere
GRID-PLATE CAPACITANCE ........cviiiiinnnnnnnn. 2.8 unf
GRID-FILAMENT CAPACITANCE . .. ... ..cvuiiinnnn..n. 2.2 unf
PLATE-FIl:AMENT CAPACITANCE . . . .. ....iveenannn.. 34 unf
As Class A, Amplifier

PLATE VOLTAGE .. ... ... i 'iirriieiinnnaennnnannn 90 max. Volts
GRID VOLTAGE . ....... et -6 Volts
PLATE CURRENT . . ..ottt ittt ieieeeiiaeeennns 2.3 Milliamperes
PLATE RESISTANCE . .. .00ttt eiiieieineinennannnn 10700 Ohms
AMPLIFICATION FACTOR . .. .........ccoiiiiiiennn.. 8.8
TRANSCONDUCTANCE . . ...vietrinnnnennnnennnns 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-
méegfiéd for class B service. The 1G4-G is especially useful as a driver for Type
1 .
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POWER AMPLIFIER °2 '
PENTODE "o
]G 5 G The 1G5-G is a power-amplifier
- pentode with a 2-volt filament for r+,-_
use in battery-operated receivers 0 G3
where economy of filament-current N KEY e

drain is important.

G-6X
% CHARACTERISTICS
F1iLAMENT VOLTAGE (D.C)....c .t 2.0 Volts
FILAMENT CURRENT. . ... ... ciiiiiin e, 0.12 Ampere
PLATE VOLTAGE .......oiiie i 135 max. Volts
SCREEN VOLTAGE . ... . 135 max. Volts
PLATE DISSIPATION ... .............. ... oo un.. 1.25 max. Watts
SCREEN DISSIPATION . ..., 0.6 max. Watt
TypricAL 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 Ohms
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 Qutput... . .. 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. R
**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 voits.

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

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
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)..oov i 1.4 Volts
FILAMENT CURRENT. ......... P 0.1 Ampere
As Class B Amplifier
PLATE VOLTAGE 41vvviinnnnreentonennnanenannn 110 max. Volts
Peax PLATE CURReENT (Per plate) ................ 20 max. Milliamperes
TyricaL. OPERATION:
Unless otherwise specified, values are for both unils
Plate-Supply 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 which 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 specnﬁed 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.

”° ° DETECTOR AMPLIFIER
"G TRIODE
@) © The 1H4-G is a three-electrode tube ] HA. - G
PRI/ for use as detector or amplifier in bat-
OO, 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 . .........¢c00vvn.. -4.5 -9 -135 Volts
PLATE CURRENT. ........c0uu.... 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 ........ et ar et ettt ann 180 max. Volts
PEAR PLATE CURRENT ............. 50 max. Milliamperes
ZERrO-S1GNAL CURRENT (Per tube) 1.5 max. Milliamperes
TypicAL OPERATION:

Unless otherwise specified, values are for two tubes

Plate Voltage .. .......cciiiiiveinenennnnnnnnns 157.5 Volts

Grid Voltage. . . ........ ottt nenes -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 Output (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 ofperated 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
so 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.

NC

DIODE HIGH-MU TRIODES

TH5-G The 185 and 1H5GT are muti- * * )

electrode tubes of the 1.4-volt filament

type. Each type contains a single
d‘ilgc?e and a high-mu triode, and is for 20 D~
] H 5 GT use as a combined detector and ampli-
= fier in radio receivers designed for its KEY
characteristics. . 6-52
* CHARACTERISTICS
FILAMENT VoLTAGE (D.C). ...ttt 1.4 Volts
FILAMENT CURRENT . ... .ovvnnrrrenrnnannnnennans 0.05 Ampere
Type 1H5-G Type 1H5-GT
Triode: Grip-PLaTE CAPACITANCE® ..... 10 1.0 upnf
GRID-FILAMENT CAPACITANCE® .. 1.1 1.2 unf
PLATE-FILAMENT CAPACITANCE" . 5.8 5.0 puf
* Approximate.
Triode Unit—As Class A; Amplifier
PLATE VOLTAGE . ...iiivirieeevnneennannrannes 90 max. Volts
GRID VOLTAGE . ...oiitiiiiiiiiiiiiii e, 0 Volts
PLATE CURRENT........ e 0.14 Milliampere

PLATE RESISTANCE. ..... ... 240000 Ohms
AMPLIFICATION FACTOR . . .. .oii it ieiiiiieanes 65 .
Tmscounucnucs.............._..... .......... 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

e 1H5-GT
E§=1.4 VOLTS D.C.
Lo
2 d ]
"
Wl
- /’/ /"’/
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&9 / v / 7/ y
< AL s
— L /'/// [ Sy
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PLATE YOLTS 92C~-8103
2] Po,

OO, . DUPLEX-DIODE TRIODE

Pr o ‘ G
’ 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 Fig. 2-17, OUTLINES
SECTION. Filament operation is discussed under Type 1C7-G.

NCTKEY ne

% CHARACTERISTICS

FrLaMeNT VOLTAGE (D.C.)........ccvvviiennns 2.0 Volts
FILAMENT CURRENT. . ...0vvevrivennnnarinnnnnnnn 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
GRID VOLTAGB . ..ooiiiiiiiiiiii i veieannnn -3 Volts
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PLATE CURRENT. . ovotiiteeee e eeaneeanenn 0.8 Milliampere

PLATE RESISTANCE. ......ovviiiiiiiiinitinenenn 35000 Ohms

AMPLIFICATION FACTOR. . ..........coviiinnnnnnn, 2

TRANSCONDUCTANCE . . .....cvvvnnencrnnoenronanns 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 arra.nﬁment,
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

The 1J6-G combines in one bulb

] Jé G 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 supplying

approximately 2 watts of audio power.

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

FrLaMENT VOLTAGE (D.C.). .. .iiviiiiiiiennneen 2.0 Volts
FILAMENT CURRENT . ..0viinveinerrennnnnnnacnnnes 0.24 Ampere
As Class B Power Amplifier
PLATE VOLTAGE ....ouuiverennnenncennnecenenanns 135 max. Volts
PeAK PLATE CurreNT (Perplate) ................. 50 max. Milliamperes
TyricAL OPERATION:
Plate Voltage ................. 135 135 135 Volts
Grid Voltage. .. ............... -6 -3 0 Voits
Zero-Signal Plate Current
(Per plate). .... o eeeaeeeeas 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. 1t 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
Freament VoLTAGE (D.C)...........coivvvinne.n. 14 Volts
FILAMENT CURRENT.........covvnninnnn.. e 0.05 Ampere
PLATE VOLTAGE , ., - 90 max. Volts
ScREEN VOLTAGE . 90 max. Volts
GRID VOLTAGE . .. 0 Volts
PLATE CURRENT. . .. . 1.2 Milliamperes
SCREEN CURRENT. . .......vvvniieerinnnnnnnnnnns 0.3 Milliampere
PLATE RESISTANCE (ADPDPIOX.) . ......ocvvevinnnnn. 15 Megohms
TRANSCONDUCTANCE ., .\ v evvvervrararenenencacnens, 750 Micromhos
TRANSCONDUCTANCE (At -4 volts bias) ............. 5 Micromhos

Type IN5-G Type IN5-GT

GRID-PLATE CAPACITANCE®*........ 0.007 max. 0.007 max. uuf
INPUT CAPACITANCE.............. 3.2 3.2 upf
OutPuTr 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 2position. 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
Egf =1.4 VOLTS O.C.
|- SCREEN voLTS =90
CONTROL-GRID VOLTS EC T +0.5
18|
I
L]
=

/ o

N~

o
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NS
\

PLATE MILLIAMPERES

2.5
] 20 40 60 100 12 14 W

80
PLATE VOLTS 92C - 6093
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BEAM POWER AMPLIFIER

The 1Q5-GT is a power amplifier of

] Q 5 - GT the beam type having a 1.4-volt fila-
ment. It is dngeg for use in the

output stage of battery-operated re-

ceivers,

% CHARACTERISTICS
FILAMENT VOLTAGE (D.C)...........cviiiinn 14 Volts
FILAMENT CURRENT. .......oiiiiiiin e 0.1 Ampere
PLATE VOLTAGE .............. e 90 Volts
SCREEN VOLTAGE .. .iviineirinennunnenenenennnns 90 Volts
GRID VOLTAGE .......... —4.5 Volts
PEAK A-F GRID VOLTAGE. . 4.5 Volts
PLATE CURRENT. ...... . 9.5 Milliamperes
ScrEEN CURRENT. ... . 1.6 Milliamperes
TRANSCONDUCTANCE . .. . 2100 Micromhos
LoAD RESISTANCE .......... . 8000 Ohms
TotaL HarmoNic DisTorTION 75 Per cent
POWER QUTPUT...ovive it iiiiiiiiiererennnnnns 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 any position, Physical characteristics of the 1Q5-GT are shown
ilnA!l? 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, ltlll:le 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
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 1RS5 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-

1RS

TAT

CATIONS section.
% CHARACTERISTICS
FiLAMENT VOLTAGE (D.C.)...iviviiiiiiniinnnnnns 1.4 Volts
FiLAMENT CURRENT. . .......0vunnnnn. e eneeseseeas 0.05 Ampere
DirecT. INTERELECTRODE CAPACITANCES: }
Grid No. 3 to All Other Electrodes (R-F Input) ... 7.0 wuuf
Plate to All Other Electrodes (Mixer Output) ..... 7.0 uuf
Grid No. 1 to All Other Electrodes............... 3.8 uuf
Grid No.3toPlate ................ e 0.4 max. uuf
Grid No. 1toGrid No. 3 .....................t 0.2 max, puf
Grid No.1toPlate ............... i 0.1 max. puf

$ With no external shield.
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Converter Service

PLATE VOLTAGE ......v.ciiiviiinnnnnnrnnnnnnnnns 90 max. Volts
ScreEN VoLTAGE (Grids No. 2 and No. 4) .......... 67.5 max. Volts
SCREEN SUPPLY VOLTAGE. . . . ...cvvevevneeneeannn. 90 max. Volts
ConTROL-GrID VoLTAGE (Grid No. 3) 0 min. Voits
TOTAL CATHODE CURRENT. .. ..ccvvveennennrrannns 5.5 max. Milliamperes
TyPicAL OPERATION:
Plate Voltage .. ..................... 45 90 90 Volts
Grids No. 2 and No. 4 Voltage ........ 45 45 675 Volts
Grid No.3Voltage .................. 0 0 0 Volts
Grid No. 1 Resistor. . ................ 01 01 01 Megohm
PlateCurrent ....................... 0.7 08 17 Milliampere
Grids No. 2 and No. 4 Current. ....... 19 18 3 Milliamperes
Grid No. 1Current .................. 0.15 0.15 025 Milliampere
Total Cathode Current............... 2.75 2.75 5 Milliamperes
Plate Resistance (Approx.)............ 06 075 05 Megohm
Conversion Transconductance. ........ 235 250 300 Micromhos
Conversion Transconductance (Approx.) 5% 5* i Micromhos

The transconductance between grid No. 1 and grids No. 2 and No. 4 tied to plate (not oscil-
llting) is a&proxxmalel 1200 micromhos when grids No. 1 and No. 3 are at zero volts, and grids
No. 2 and No. 4 andé) ate are at 45 volts,

* With grid No. 3 bias of -9 volts, ** With grid No. 3 bias of <15 voits.

INSTALLATION and APPLICATION

The base of the 1R5 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.

PERATION CHARACTER OPERATION 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,
7aV It has the same structural features as

the 1RS5. 6
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% CHARACTERISTICS
FrLaMENT VOLTAGE (D.C.)....oivviiiiiiiiinivanes 14 Volts
FILAMENT CURRENT. . ...iiiiiiinnenenecinnnennnns 0.1 Ampere
As Class A, Amplifler
PLATE VOLTAGE . ..ot iiiiiin i iiiiiiineneenn 67.5 max. Volts
SCREEN VOLTAGE ... vvvvvvnnennnnnnrnneennnennnns 67.5 max. Volts
TortaL CATHODE CURRENT* ............. e 11 max. Milliamperes
ToTAL CATHODE CURRENT*® ...................... 9 max. Milliamperes
TypicAL OPERATION:
Plate Voltage ......................... 45 67.5 Volts
........................ 45 67.5 Volts
Gnd Vol (Gnd No.l).............. -45 -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 . 1.5 Milliamperes
Plate Resistance (Approx.).............. 01 01 Megohm
Transconductance ..................... 1250 1550 Micromhos
Load Resistance....................... 8000 5000 Ohms
Total Harmonic Distortion.............. 12 10 Per cent
Max.-Signal Power Output.............. 0. 0.180 Watt
*Under maximum-signal conditions. *Under 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 Fig.
2-2, OUTLINES SECTION. For filament operation, see Type 1A7-G. Apph-
cation is similar to that for Type 1A5-G.

PP

DIODE-PENTODE

P S1p
The 1S5 is a miniature type of multi- 9( (©)
‘I S 5 electrode tube containing a diode and
an audio-frequency pentode in a single ¢ r~v
bulb. The 1S5 is designed ly 05
for compact, light-weight, rtable " Gap
equipment, It will provide hl% 6AU
even when operated with a B-battery
voltage of only 45 volts. The structural features of the 1S5 are the same as those

of the 1R5,
* CHARACTERISTICS
FrLaMeENT VOLTAGE (D.C.).......... cciiiiiiinn, 14 Volts
FILAMENT CURRENT. . ...0iovtteirnnininennenenines 0.05 Ampere
AVERAGE CHARACTERISTICS OF PENTODE UNIT:
Plate Voltage . ............... ... ... 67.5 Volts
Screen Voltage .................. e 67.5 Volts
GridVoltage. .............. ... i 0 Volts
Plate Resistance............ e 0.4 Megohm
Transconductance . ... ............ccciirnnnnn. 625 Micromhos
PlateCurrent .......... ...t iviiiiiiininnnns 2.3 Milliamperes
ScreenCurrent ...t e 0.6 Milliampere
Pentode Unit— As Class A; Amplifier
PLATE VOLTAGE ... ..0viivieeninnrresonenanenss 90 max. Volts
SCREEN VOLTAGE . ....vvvvinreinrennonnnnnacess 90 max. Volts
GRID VOLTAGE .. .vvniivvieeennnnnnneneionnnnnnes 0 min. Volts
ToTAL CATHODE CURRENT. . .....ovuvennnrinnnnnns 3.7 max. Milliamperes
TypricAL OPERATION As RESISTANCE-COUPLED AMPLIFIER:
Plate-Supply Voltage........... 45 675 90 Volts
Screen-Supply Voltage.......... 45 67.5 20 Volts
GridVoltage. . . ............... 0 0 0 Volts
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Plate Resistor. . ....covvevna.en 1 1 1 Megohm
Series Screen Resistor .......... 3 3 3 Megohms
Screen By-Pass Condenser ... ... 0.1 0.1 0.1 Ki

Grid Resistor. ....... ereenaeeas 10 10 10 egohms
Voltage Gain (Approx.)*........ 30 40

*Obtained 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

1 PENTODE UNIT
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N S SUPER-CONTOL R-F
Gy .
%z AMPLIFIER PENTODE
o(@) Ft The 1T4 is a miniature type of super- ] TA'
nTERNAL = control pentode designed for use as a
"SHiEL &y radio-frequency or intermediate-fre-

R quency amplifier in compact. light-

A _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 1s 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

% CHARACTERISTICS
FiLAMENT VOLTAGE (D.C)....ooviieeeee 1.4 Volts
FILAMENT CURRENT . .o ovvveeaiiee e enas 0.05 Ampere
GRID-PLATE CAPACITANCE* ....................... 0.01 max. uuf
INPUT CAPACITANCE® .. ..ot 35 upf
OuTPUT CAPACITANCEB® ........ ... s 7.3 unf

* With no external shield
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RCA RECEIVING TUBE
As Class A, Amplifier
PLATE VOLTAGE ................ e iereeeneaay 90 max. Volts
ScreEN VoLTAGE (Grid No.2) .................... 67.5 max. Volts
SCREEN SUPPLY VOLTAGE . . . ...ivvvneeenneennnen. 90 max. Volts
GRID VOLTAGE (Grid No. 1)................ovvent, Q min. Volts
TOTAL CATHODE CURRENT . . . .....ivivineennnnnnnns 5.5 max. Milliamperes
TyricAL OPERATION:
Plate Voltage . ................ 45 20 90 Volts
Screen Voltage . ............... 45 45 67.5 Volts
Grid Voltage. .. ............... 0 0 0 Volts
PlateCurrent ................. 1.9 2 3.7 Milliamperes
ScreenCurrent ................ 0.7 0.65 1.25 Milliamperes
Plate Resistance............... 0.35 0.8 0.5 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 position. 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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BEAM POWER AMPLIFIER OO}
The 1T5-GT is a power-output am-  "(3)%
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+ /N~ /N7~
tions where a moderate power output (e)
is desired and very low filament-current NCT KEY The
drain is necessary. G-6X
% CHARACTERISTICS
FiLAMENT VOLTAGE (D.C.)....oviiiiiiiiinnenenns 14 Volts
FILAMENT CURRENT . .....0onvevevescnnonnnncnnass ' 0.05 Ampere
PLATE VOLTAGE .......0vivennnneneinnesnncnnnsnn 90 max. Volts
SCREEN VOLTAGE v .0eveneeneereeenccssnnsssannns 90 max. Volts
GRID VOLTAGE . ..o0vvvunenreennroannenseenennnns ‘ -6 Volts
PEARK A-F GRID VOLTAGE. .....oviivniinennnnnnan. 6 Volts
PLATE CURRENT. . ....oviiviiiniinirnsninonccnnsnas , 6.5 Milliamperes
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SCREEN CURRENT. ... .0vevennennnancass PN 14 Milliamperes
TRANSCONDUCTANCE . ...uuuivrernnnnncnaoncensoos 1150 Micromhos
LOAD RESISTANCE . . .0vvviievenrennnnncnencnnonns 14000 Ohms
TotaL HARMONIC DISTORTION. . ...ivvvvverennnnnns . 75 Per cent
PowerR OUTPUT.......coovvvvnnnnnn Ceeresenen cees 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 ]
Q* 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 VoLTaGE (AC.orDC) ..eeeeiiienes. .. 6.3 Volts
HEATER CURRENT . ......vveenneerrrncsnnnnnacnns 03 Ampere
. As Half-Wave Rectifler
PeAK INVERSE VOLTAGE. . ..ovveveneenntn 1000 max. Volts
PEAR PLATE CURRENT . ....ovvvvnvennnn, 270 max. Milliamperes
D-C Heater-CATHODE POTENTIAL 500 max. Volts
TyricaL OpERATION WITH CONDENSER-INPUT FILTER:
A-C Plate Voltage (RMS) ...... 117 150 325 max. Volts
Total Effective Plate-Supply
Impedance}................. 0 min. 30 min., 75. min.Ohms
D-C Output Current........... 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
pl::‘ei-nu;:ply impedance than the minimum value shown to limit the peak plate current to the
rated value.

OPERATION CHARACTERISTICS

INSTALLATION and APPLICATION et v Eedeavorts |
The base of the 1-v fits the standard four- FuTeR | Tonecrect |
contact socket which may be mounted to hold the CURVES [ oNOENSER | (MPEDANCE.
tube in any position. Physical characteristics c N — Qs
of the 1-v are shown in Fig 2-19, OUTLINES & [*“%-y nh
SECTION. For heater operation, see Type 6A8. 2s00l{ & L —5 0
2 [ .i325 | I
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POWER-AMPLIFIER TRIODE

The 2A3 is a three-electrode, high- @ ()

vacuum type of power amplifier tube

2 A 3 for use in et;jhe power-outp'lll‘i1 stage of
a-c operated receivers, e excep-
tionally large power-handling - ability 0*0
of the 2A3 is the result of its design F F
features. Among these are its extremely
high transconductance and its large 4D
effective cathode area.

CHARACTERISTICS

Fr:aMENT VoLTAGE (A.C.or D.C)) ................ 2.5 Volts
FILAMENT CURRENT. ... .0viivriiininnnnnneneennns 25 Amperes
GRID-PLATE CAPACITANCE (APDIoX.). . .%.vvuuunon.. . 165 upf
GRID-F1LAMENT CAPACITANCE (APProx.)............ 75 uuf
PLATE-FILAMENT CAPACITANCE (ApDProx.)........... 5.5 unf

As Single-Tube Class A, Amplifier

FILAMENT VOLTAGE (A.C)).........coviiev i, 25 Volts

PLATE VOLTAGE . ... ..iiiiiie i 250 max. Volts

GRID VOLTAGE* ......... .. R -45 Volts
CATHODE RESISTOR .. .. 750 Ohms

PLATE CURRENT. ...... 60 Milliamperes
PLATE RESISTANCE 800 Ohms
AMPLIFICATION FACTOR 42
TRANSCONDUCTANCE .. .........ciiiiinninn... 5250 Micromhos
LOAD RESISTANCE .. ...viviviivnriininnninnannnns 2500 Ohms
UNDISTORTED POWER QUTPUT. .. .. ..., 35 Watts

As Push-Pull Class AB, Amplifier (Two Tubes)
Fixed Bias Cathode Bias

FILAMENT VOLTAGE (A.C)................. 25 2.5 Volts

PrLaTE VoLTacE (Maximum)............... 300 300 Volts

GRID VOLTAGE® .. .....0vvveeiivnnnnnnnnns -62 — Volts
CATHODE RESISTOR .........00cvvuivinnnn. — 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......cviiiiiiiiinnennnnnns 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
in Fig. 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
’ — T4~
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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 zystem 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
’ T?]\pﬁZAS is we?ter-catbod; typedgf power-

[ K amplifiet pent or use in the audio-output ,
40 oy ltas'zae1 of a?: receievers. ) 'Iet ixsl capable lof giin)n 2A5
large power output with a relatively smal

input-signal voltage. Except for ite heater

Onu© rating (2.5 volts, 1.75 amoere), the 2A5 has

" " electrical characteristics identical with those

. of the 6F6. Applications, also, are the same
68 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. Tf this practice i# hot
followed, the potential difference between heater and cathode should be kept as low as possible.
This type is used principally for renewal purposes.

PD2 Ppy
@
. o HIGH-MU TRIODE
The 2A6 is.a heater type of tube consisting 2A6
of two diodes and a high-mu triode in a single
° e bulb. It is 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 voits.

— 75 —

H
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0.8 ampere), the 2A6 has electrical characteristics 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 aw

ition. Physical characteristics of the 2A6 are shown in Fig. 2-16, OUTLINES SECTION.
his type ia used principally for renewal purposes.

PENTAGRID CONVERTER

The 2A7 is a 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 fits 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 between 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 PD)
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) .
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. gomplete shielding of detector circuits
emflo‘)"ing.lhe 2B7 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.

* CHARACTERISTICS
Series-Filameni Parallel-Filament
Arrangement Arrangement
FiLaMent VoutaGge (D.C.)........ 2.8 14 Volts
FiLAMENT CURRENT........0u.n.. 0.05 0.1 Ampere
PLATE VoLTAGE ........ eeeeeaes 90 max. 90 max. Volts
ScreeN VoLrace (Grid No. 2) .... 90 max. 90 max. Volts
Grip VoLtaGe (Grid No. 1)....... -4.5 -4.5 Volts
PLATE CURRENT. .........c00uune 75 9.5 Milliamperes
ScrEEN CURRENT. ............. .. 1.0 1.6 Milliamperes
PLATE RESISTANCE (Approx.) ..... 0.11 0.1 Megohm
TRANSCONDUCTANCE ............. 1800 2100 Micromhos
LoAD RESISTANCE ............... 8000 8000 Ohms
ToraL Harmonic DisTorTION. .. .. 7.5 7.5 Per cent
Max.-SicNaL Power Qurpur ..... 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, OUTLINES 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 parallel 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 should not introduce too
much resistance in the grid circuit. Transformer- or impedance-coupling devices
are recommended.

Ppp
o FULL-WAVE HIGH-VACUUM -
© _ RECTIFIER 5T4

@) The 5T4 is a full-wave. high vacuum
£ ‘ rectifier of the metal type for use in METAL

(") a-c receivers having high current re-

s KEYE quirements.

ST

% CHARACTERISTICS

FiLAMENT VOLTAGE (A.C.). ...ooviii i 5.0 Voits
FiLAMENT CURRENT. ...... e 2.0 Amperes
As Full-Wave Rectifier
PEAK INVERSE VOLTAGE . . .. ..vvevenniinmnenannns 1550 max. Volts
Peak PLATE CURRENT PER PLATE . ................ 675 max. Milliamperes
TypicaL OPERATION wiTH CONDENSER-INPUT FILTER:
A-C Plate Voltage per Plate (RMS) ............. 450 max. Volts
Total Elfective Plate-Supply Impedance per Plate?. 150 min. Ohms
D-COutput Current..........c.oiiinininnnn, 225 max. Milliamperes
TvricaL OperaTioN wiTd CHOKE-INPUT FILTER:
A-C Plate Voltage per Plate (RMS) .. ............ 550 max. Volts
Input-Choke Inductance.................... .. 3 min. Henries
D-COutput Current. . ......cvviiinrnnnanenn. 225 max. Milliamperes

tWhen a_ filter-input condenser larger than 40 uf is used, it may be necessary to use more
plal:lu]iply 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 CHARACTERISTICS. - ’ OPERATION CHARACTERISTICS
CONDENSER _INPUT TO FILTER CHOKE INPUT TO FILTER
TYFE 5T4 T TYPE 5T4
200t—1 Ef=5.0 VOLTS A.C. 7 Ef=5.0 VOLTS AC.
C=CONDENSER INPUT TO FILTER ™| CHOKE=I0 HENRIES
] «
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Pp.
FULL-WAVE HIGH-VACUUM

Py
5 U 4 G RECTIFIER
= The 5U4-G is a full-wave, high
vacuum rectifier of the filament type e‘
for use in a-c receivers having high O
current requirements. NC T KEYSE
G-ST
% CHARACTERISTICS
FILAMENT VOLTAGE (A.C.) . . iiiiveneervnrnninnnnns 5.0 Volts
FILAMENT CURRENT......ciivriinnrrnneerrennnss 3.0 Amperes
As FullsWave Rectifier
PrEAK INVERSE VOLTAGE. . .....ovvvvriiinnnnnnn.. 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 mazx. Volts
Total Effective Plate-Supply Impedance per Plate}. 75 min. Ohms
D-COutputCurrent.................ccouun... 225 max. Milliamperes
TyricaL OPERATION WITH CHOKRE-INPUT FILTER:
A-C Plate Voltage per Plate (RMS).............. 550 max. Volts
Input-Choke Inductance........................ 3 min. Henries
D-COutputCurrent................ccovvvnnnn. 225 max. Milliamperes

$ 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 (?referably 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. OUTLINES SECTION. Filament operation and ventila-
tion are discussed under Type 5T4. Information on filter circuits is given in the
RADIO TUBE APPLICATIONS section.
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OPERATION  CHARACTERISTICS OPERATION CHARACTERISTICS
TYPE BUA-G  E¢ =5.0 VOLTS A.C. TYPE 5V4-G
---CHOKE(L)'NPUY TO FILTER: - ¥=5.0 VOLTS
—-TCOIV;DéNg’E::(RC;: %_%T Yo FLTER: B PR R
£ cool ey Mt P e e 2 L
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s —% r ! 5 % I | 65 OHMS
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FULL-WAVE HIGH-VACUUM
°l RECTIFIER
The 5V4-1% is K hfulﬁ-wave, xﬁigg- 5v 4 G
vacuum rectifier of the heater-cathode -
N0, N type capable of supplying large d-c
() K currents. The close electrode spacing
NCTTREY Ty in this tube permits excellent voltage
G-5L regulatxon
% CHARACTERISTICS
HeATEr VOLTAGE (AC.) .. .ovvvvivinnnnn, cesenan 50 Volts
HEATER CURRENT ... .0iiiiiiinnninnreaneanees 2.0 Amperes
As Full-Wave Rectifier
PEAR INVERSE VOLTAGE. . ......cevvvrennnn. R 1400 mazx. Volts
PEARK PLATE CURRENT PER PLATE . ................ 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 Platet. 65 min. Ohms
D-COutput Current. .. ......covvineernnnnnnnn 175 max. Milliamperes
TypicaL OrerATION WiITH CHOKE-INPUT FILTER:
A-C Plate Voltage per Plate (RMS) 500 max. Volts,
Input-Choke Inductance............. 4 min. Henries
DCOutputCurrent..........coveinnnnnnnns 175 max. Milliamperes

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

type for use in a-c receivers having low ~ F o'\ )

current requirements. =)
s KEY F
ST
% CHARACTERISTICS
FiLAMENT VOLTAGE (AC) . iiiivviiiiiirnniennnn 5.0 Volts
FILAMENT CURRENT. ..cvvverenertanneronnnnnnnnns 1.5 Amperes
As Full-Wave Rectifier
PEAK INVERSE VOLTAGE. . ....civvvinnnirennnnnnnn 1400 max. Volts
PeEAK PLATE CCRRENT PER PLATE ................. ’. 300 max. Milliamperes
TyricaL OpErRaTION WiTH CONDENSER-INPUT FILTER:
A-C Plate Voltage per Plate (RMS).............. 350 max. Volts
Total Effective Plate-Supply Impedance per Plate}. 25 min. Ohms
D-COutput Current. . .........coveeriniiinnnnn 100 max. Milliamperes
TyricaL OperATION wiTH CHOKE-INPUT FILTER: .
A-C Plate Voltage per Plate (RMS).............. 500 max. Volts
Input-Choke Inductance..............c.vvvnnn.. 6 mtn. Henries
D-COutput Current. .. ........oocviiiinnennnn. ' 100 max. Milliamperes

$ When a filter-input condenser larger than 40 uf is used, it may be necessary to use more
plate-nu.;')ply impedance than the minimum value shown to limit the peak plate current to the
rated value.
OPERATION CHARACTERISTICS

TYPE SW4 Ef =5.0VOLTS A.C.

INSTALLATION and APPLICATION =~ CHOKE (L) INPUT TO FILTER: '}

L = 6 HENRIES (MiN.,

The base of the 5W4 fits the standard octal -‘cgﬁﬁgﬁ‘f‘ié?’:‘r“r?é)'r PALY
socket which should be installed to hold the tube IMPEDANCE PER PLATE =25 OHMB
preferably in a vertical position with the base
down. Horizontal operation is permissible if pins
2 and 8 are in a vertical plane. Physical charac-
teristics of the 5W4 are shown in Fig 1-7. OUT-
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filament operation. Filter circuits are discussed S T
in RADIO TUBE APPLICATIONS section, 300%™ ]

—~ &1’:"1— =

250 =
T —ii?_L:"r—

n
o
S

U

D-C OQUTPUT VOLTS AT INPUT TO FILTER
»
T
_‘ lo

o

04_26* 30
B-C LOAD MILLIAMPERES
92C-4584R2
. NC ()
FULL-WAVE HIGH-VACUUM ,,, &~ o
RECTIFIER >
5X4 = G The 5X4-G is a full-wave, high nc(2) (T Or
vacuum rectifying tube of the filament 0 o)
type for use in a-c receivers having high NETKEY S
current requirements. Its maximum 6-5Q

ratings and typical operating conditions
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
glane. Physical characteristics of the 5X4-G are shown in Fig. 2-26, OUTLINES

ECTION.
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Foz FULL-WAVE HIGH-VACUUM
D- RECTIFIER
The 5Y3-G is a full-wave, high- 5Y3 G
G) vacuum rectifier of the filament type -
A for use in a-c receivers of moderate
OMO current requirements.
NC KEY F
G-5T
% CHARACTERISTICS
FILAMENT VOLTAGE (A.C.) . ..ottt ieeninnnns 50 Volts
FILAMENT CURRENT .« vvveeverervnnnnnnseansans vee 2.0 Amperes
As Full-Wave Rectifler.
PEAR INVERSE VOLTAGE. . . 0oovtruninvenreeenennnnnns 1400 max. Volts
PEAK PLATE CURRENT PER PLATE ................. 375 max. Milliamperes
TyricalL OPERATION WITH CONDENSER-INPUT FILTER:
A-C Plate Voltage per Plate (RMS).............. 350 max. Volts
Total Effective Plate-Supply Impedance per Platet. 10 msn. Ohms
D-C Qutput Current............ PN 125 max. Milliamperes
TypricaL OpPERATION WITH CHOKE-INPUT FILTER:
A-C Plate Voltage per Plate (RMS) 500 max. Volts,
Input-Choke Inductance........... 5 min. Henries
D-COutput Current......coovvviinnnnnneeenns 125 max. Milllamperes

1 When a filter-input_condenser larger than 40 uf is used, it may be necessary to use more
pllt:‘ei-nx‘]‘:ply impedance than the minimum value shown to limit the peak plate current te the
rated value.

INSTALLATION and APPLICATION

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 horizontal 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 CHARACTERISTICS OPERATION CHARACTERISTICS
CHOKE INPUT TO FILTER CONDENSER INPUT 1O FILTLI
T M T v v M T T T T T T ¥
TYPE 5Y3-G TYPE 5Y3-G
|-E£%5.0 VOLTS ‘A.C. -~ |-E¢55.0 VOLTS A.C. .
o INPUT CHOKE=S5 HENRIES (MIN.) INPUT CONDENSER=4uf
W ggot————t & s00|- TOT-EFFECT. PLATE-SURPLY = |
5 + )| - IMPEDANCE PER PLATEx
: ] ] 30 ONMS
500 1y, b o
e “OLTS Rus pen e s o |
400f—g2 PLatg "~ a00t—Jg ¥
£ \?\ ~ATE - oo
] 2 Pra
$ <o feet g A B X
s 1\\\ < \‘;'& N
< 300330 = 300}— —
b e o S <2~ ;
2 320 E— o R
B g =
]
- 200—% — P -2 N ‘\.
8 e R B e 2 -
3 =T 8
100! 10/
9! g
a -]
40 80 120 180 o 40 80 120 160
0-C LOAD MILLIAMPERES D-C LOAD MILLIAMPERES
92C-8095 92C- 6004
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FULL-WAVE HIGH-VACUUM

NC ]
RECTIFIER Po2 O

NC
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- ncCGN (MAADF
quirements. Its maximum ratings 0
and typical operating conditions are N REY 7
the same as those for Type 5Y3-G. The G-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—G"
573 RECTIFIER
The 5Z3 i full- ectifi
the ﬁ‘leamentl:yge ;;te‘:?i:g t"'or sug;)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 horizonta! 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
52 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.) .. .... e i gg Volts

HEATERCURRENT .. ....oivtiiieneerennnnnnnnn Amperes
As Full-Wave Rectifier
PEAK INVERSE VOLTAGE . . .. ....iiinvineeennnennn. 1400 max. Volts
PEAK PLATE CURRENT PER PLATE ................. 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 Platef. 30 min. Ohms
D-COutput Current. .. ......ccviiiivinenernnen 125 max. Milliamperes
TypicAL OPERATION WITH CHOKE-INPUT FILTER:
A-C Plate Voltage per Plate (RMS).............. 500 max. Volts
Input-Choke Inductance........................ 5 min. Henries
DCOutput Current. . .......ccvveiiiiinnanennn 125 max. Milliamperes

1 When a filter-input condenser larger than 40 uf is used, it may be necessary to use more
plaetg-cu ply impedance than the minimum value shown to limit the peak plate current to the
rated value. '
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INSTALLATION ond APPLICATION -

The base of the 524 fits the standard octal socket which may be installed to
hold the tube in any gosmon 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
CHOKE INPUT T0 FILTE

¥
TYPE 524 I
——E, =5.0 VOLTS A.C. ]
|

OPERATION CHARACTCRISTICS
CONDENSER INPUT TO FILTER

e T
TYPESZ4  E¢=5.0 VOLTS A.C.
FFILTER INPUT CONDENSER=C

| TOTAL EFFECTIVE PLATE-SUPPLY

« |
500} mpur CHOKE =5 HENRIES (MIN.) __| 5500_350 IMPEDANCE PER PLATE= _|
H 5 \y{LTS Rl | ‘ 3? OHMS
Lo} 500 vo s ™S pe
LTS RM 1 o X R PLAT
P I LIV e R,
x 400 4 ] " 400 ~ i
2 400 =1 el S St f
N == E ettt
- 350 B = R .| \"4
< 300 ' 300 ]
2 | %o | ] 2 N —
-y -4 T 1
R IES E
~ 200 200
2 2
& [
5 5
o °
v 100 o 100
a A

160

40 80 120
D-C LOAD MILLIAMPERES
92C~4435R)

40 80 120 160

D-C LOAD MILLIAMPERES
- 92C-4434R2

POWER AMPLIFIER PENTODE

The 6A4 is a power-amplifier pen-
tode of the 6.3-volt filament type for
use in receivers employing a six-volt
storage-battery filament supply. The
6A4 is interchangeable with Type LA.

CHARACTERISTICS

6A4

FiLAMENT VoLTAGE (A.C.or D.C.) ............... 6.3 Volts
FILAMENT CURRENT .. ..ottt itneiineneeennnnnns 0.3 Ampere
PLATE VOLTAGE ............. 100 135 165 180 max. Volts
ScreEN VoLTace (Grid No. 2). 100 135 165 180 max. Volts

Grip VoLTace* (Grid No. 1).. 6.5 -9 -11 -12 Voits

PLATE CURRENT. ............ 9 14 20 22 Milliamperes
ScREEN CURRENT............ 1.6 25 35 3.9 Milliamperes
PLATE RESISTANCE (Approx) 83250 52600 48000 45500 Ohms
TRANSCONDUCTANCE . . 1900 2100 2200 Micromhos
LoAD RESISTANCE . ...... 9500 8000 8000 Ohms
CATHODE-B1AS RESISTOR 545 470 465 Ohms
Power Ovutruttf............ 0.7 1.2 14 Watts

* Grid volts measured from ne
operated, the tabulated values of gri
the mid-point of filament.

9 per cent total harmonic distortion.

ative end of d-c operated filament.
g bias should each be increased by 4.0 volts and be referred to
The d-c resistance in the grid circuit should not exceed 0.5 megohm

If the filament js a-c

INSTALLATION and APPLICATION
The base of the 6A4 fits the standard five-contact socket which should be

mounted to hold the tube

is permissible if pins 1 antf 5 are in a vertical

referably in a vertical position, Horizontal operation

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-

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

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 shelding 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 8 61
6 A8 The 6A8 and 6A8-G_are multi-elec- . o2 .
trode vacuum tubes. Each type is de- "Q 2
METAL signed to perform simultaneously the

functions of a mixer (first detector)

6 A8 - G tube and of an oscillator tube in super- * 9\‘/ -

heterodyne circuits. Throughtheuseof ...,
either type, the independent control of N8RS~ xev «
each function is made possible within a 8A
single tube. For general discussion of
%;féid types, refer to Frequency Conversion under RADIO TUBE APPLICA-
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% CHARACTERISTICS

HeaTter VoLTAaGE (AC.or D.C) ..vvvvvvnnnninnne, 6.3 Volts
HEATER CURRENT . ..vvvvvernnnnnnronncnnronnenes 0.3 Ampere

Type 648 Type 6A8-G
Direct INTERELECTRODE CAPACITANCES;®

Grid No.4twoPlate .................... 0.03 0.26 unl
Grid No.4toGrid No. 2 ............... 0.1 0.19 unl
Grid No. 4toGridNo. 1 ............... 0.09 0.16 uuf
Grid No. 1toGrid No. 2 ............... 0.8 1.1 uuf
Grid No. 4 to All Other Electrodes .

(R-FInput).......oc..ooiieline, 125 95 wuf
Grid No. 2 to All Other Electrodes Except

Grid No. 1 (Osc. Qutput). ............ 5.0 4.6 wuf
Grid No. 1 to All Other Electrodes Except

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

(07714141 I 12.5 12 uuf

‘hvov(;th shell of 6A8 connected to cathode, and with close-fitting shield on 6A8-G connected
to cat!

As Frequency Converter

PLATE VOLTAGE ... ..uvvveniiiinneereannnnnnnenens 300 max. Volts
ScreEEN VoLTaGE (Grids No. 3'and No. ) P 100 max. Voits
ScREEN SUPPLY VOLTAGE. .. ............ .. 300 max. Volts
Anobe-Grip Voutace (Grid No. 2)... ... .. 200 max. Volts
ANODE-GRID SUPPLY VOLTAGE.......... .. 300 max. Volts
CoNTROL-GRID VOLTAGE (Grid No. 4) . ............. 0 min. Volts
PLATE DISSIPATION ... oottt iiie it innns 1.0 max. Watt
SCREEN DASSIPATION ..ot iiiiiineen e, 0.3 max. Watt
ANODE-GRID DISSIPATION . ... ...iiiiie i 0.75 max. Watt
ToTAL CATHODE CURRENT. . ... oviveeennnnnnnnnnnn 14 max. Milliamperes
TyricAL OPERATION: .
Plate Voltage . ............ccovinnns 100 250 Volts
ScreenVoltage . ..............ccovvnnn. 50 100 Volts
Anode-Grid Voltage. ........ e verereaa 100 250** Volts
Control-Grid Voltage .................. -15 -3 Volts
Oscillator-Grid Resistor (Grid No. 1)..... 50000 50000 Ohms
PlateCurrent ............coovvivenennn 1.1 3.5 . Milliamperes
Screen Current ...........cciiivnnnn.. 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........... 3 550 - Micromhos
Conversion Transconductance (Approx.). . 3t 6t Micromhog
t With control-grid bias of -20 volts +tWith control-grid bias of -35 volta.

** Anode-grid supply voltage applied through a properly by-passed 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 battety. 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. If 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 construgcted 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 volts.
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 eithet 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 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 not be less than 50 uuf.

OPERATION CHARACTERIST! OPERATION CHARACTERISTICS
WITH 80 -OHM 08 II.LACTOR'GRSID ‘?ES&K WITH 50000-0MM OSCILLATOR-GRID LEAK
TYPL 6A8 TYPE 6A8
€5 8.3 VOLTS PLATE VOLTS =250 beos 4
i enessealiid ursTise SEACE (2R whb s RS es0
A0 (R e o & | anooe-cho omo Ne2)vorTseoo )
DROPPING. AESETON o4 CONTHOL-GRID [GRID N2 4) VOLTS sVALUE 8
ooy wors=—| & |~ crow cammone-mins rssion or | 2
TR o ouonr Bras e OSCILLATOR=GAIO [ORD NR i} LEAK & 2
- R | [v3 I~ 30000 OHMS . [ 4
\O“L'fk:?;oggl%s?s’n o 3 OSCILLATOR-GRID CONDENSCR »50 U ¢ o
OSCILLATOR - GRID. —1600 1 3
é‘ { .. CONDENSER =50 ppu ¥ g I
w 200 | 1 2 8
2 7 g 3
3 / < g <
5 H 400
a EYS
w z " .y ]
g g Sl LA T T g
E ” z a ¢ T 3°°o£
o -l fo 9.
= =~ = g ATFobE |cuRBENLI ] &
S i | sl 200 2 34 ] 200
g 38 g T £
2 3 b = o
1] B 3 w T35 3 "
z_-2|§ 32 Szl 3139 o £
= 2z 2 4 ug X1 g2 ¥
3 2 S 381 37 H
T : inl : :
v L] & Y]
3 W0 8 100 200 _300__ 400 -
OSCH.LATOR-GRID MICROAMPERES(1C )} OSCILLATOR-GRID MICROAMPEREStIc))
92C-432>



[

RCA RECEIVING TUBE MANUAL

TYPICAL PENTAGRID CONVERTER CIRCUIT

Ly C = GANGED TUNING CONDENSER
R-F (40 TO 350 puf)
INPUT €1,€2/C:Cq:C7 = 0.1 PUF
C3=0.00025 P f
C4= SEE TABLE BELOW
= 250000 OHMS, 0.] WATT
RZ= 10000 ~50000 OHMS , O.] WATT
R3 = OSCILLATOR-ANODE (GRID N22)
VOLTAGE -DROPPING RESISTOR
R4= 150-300 OHMS, O.| WATT
Rs = SCREEN(GRIOS N2 38 5)FILTER RESISTOR
L = 60-MILLIHENRY R-F CHOKE
N e - 'S T = 465-KC I-F TRANSFORMER
GRID N¢4  GRID N22 GRIDS N€345 PLATE
BIAS SUPPLY suppu SUPPLY  SUPPLY
. COIL-DESIGN DETAILS
FR;%‘&EELBE;ND 0.15 TO 0.40 0.85 TO 1.5 15 TO 4.0 | 40 TOIC | 10 TO 25

ASSEMBLY Ne ! | 2 S2 3 3

TURNS|[WIRE % [TURNS]WIRE # |TURNS| WIRE ¥ [TURNS] WIRE ¥ |TURNS| WIRE #]TURNS| WIRE #
R-F cOW_(t1) |[[422 |365SE| 116 130SSE| 146 |32ENAM| 36.2 30ENAM] 10.1 [30ENAM| 4.4 [20ENAM]
0sCc. GRID CO. (L2} Il 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 [30ENAMI 12 1AGENAM] 6 [36CNAM

OSC.TRACKING COND.(Cq)|  H7 P Uf 400 Upf 1070 i f 290C DUF | 7300UUS
N2 | NE 2 NE 3
MULTI-LAYER cou.s SINGLE ~LAYER COILS SINGLE -LAYER_COILS
—
P [ l
. ® “liu.
005 R
[apPROX. "2
M w [ MR
CATHODE o
TS GRID N22 GRIDN°| CATHODE 8+ GRID Ne2

PENTAGRID CONVERTER

g‘hed 6A8-(3T is afmulti—elecltrode
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

¢ 6AES_/6|N5 is the negr cgasignatiscén

or the electron-ray tube . e

type 6N5 for further data. Physical

charactenstlcs of the 6AB5/6N5 ari 6AB5I6N5
shown in Fig. 2-18, OUTLINES

SECTION.
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TELEVISION AMPLIFIER

’ PENTODE
6A B7 l] 8 53 The 6AB7 is a pentode of the single-
ended metal type for use in television
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 ¢ 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) ..ivivveiiinnnns . . 6.3 Volts
HEATER CURRENT . .\.oiiiiiiiiiinnieneneeevenns 0.45 Ampere
GRID-PLATE CAPACITANCE® . ........cvivvvininennn 0.015 max. puf
INPUT CAPACITANCE® . ..., iiiiiiiireinennenns 8 wuf
OUTPUT CAPACITANCE® ... . iiiiirrrernnrrennanns 5 wuf

® With shell connected to cathode.
As Class A; Amplifier

PLATE VOLTAGE ......viiiviiiinrinnnnreennnanns 300 max. Volts
SCREEN VOLTAGE .........0oviivveniineennnennnns 200 max. Volts
SCRBEN SUPPLY VOLTAGE. .. ......eevvvennnnnnnnns 300 max. Volts .
PLaTE AND ScrREEN DissipaTtioN (Total)............ 4.4 max. Watts
SCREEN DISSIPATION .........ooiiiiiireenireennns 0.65 max. Watt
TyricaL OPERATION:
Condition I+ Condition I 1}
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 .07 Megohm
Transconductance ............... 5000 5000 Micromhos
Grid Bias for Transcon- .
ductance =50 micromhos -15 -22.5 Voits
Plate Current ......... Cetearanes 125 125 Milliamperes
Screen Current .......covvvveennn 3.2 3.2 Milliamperes
iWith fixed screen supply. 31 With series screen resistor. i
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
milliamperes,

INSTALLATION and APPLICATION

The base of the 6AB?7 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 curreat 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 minimization, 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 %rid 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 sereen 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 1).

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 .

1 = LOAD
INPUT = ‘ ?
R3
i f nsw.
{ Ry CoL « h T

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

WINAY signed for use in either single-ended or

OO 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 VOoLTAGE (AC.orD.C) ....ccevvevvventt, 6.3 Volts
HEATER CUBRENT .......ciiiiiininennnnnnccnnnn, 04 Ampere
AVERAGE CHARACTERISTICS:

Plate Voltage. . ......coooiiiviiinnnnnerneenns 250 Volts

Grid Voltage. ... . +13 Volts

Plate Resistance.... .. 36700 Ohms

Amplification Factor..........ccvovevvininnnnn. 125

Transconductance .........ccevvveevernnnannnn. 3400 Micromhos

Plate Current.............cooiiiiiiiiannen. 32 Milliamperes

Grid Current................ cevees Creeseeienas 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 .. .....eivviinnnnnnn. 10 max. Watts

TyricAL OPERATION:

Plate Voltage ..........cciiiiiiveinrennnnnnnn. 250 Volts
Grid Voltage. . . ...oivieiiniiiiiiininnnnnenenns 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 shodld not exceed one
megohm. The main purpose of the

: >—0
25000-ohm resistor is to prevent a TYEE

current surge occurring while the tube ouUTPUT
is warming up. In this service, the A

maximum plate voltage is 250 volts. o o
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 T
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 169, distortion may be obtained

PLATE
SUPPLY

>

TELEVISION AMPLIFIER

- PENTODE
6AC7I 1 8 52 The 6AC7 is a pentode of the single-
METAL ended metal type for use in television

receivers. It is 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 oscii. “tor 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
HeATER VOLTAGE (AC.orD.C) ....evvvvvnennnn. 6.3 Volts
HEATER CURRENT . ......cvvvreiivnnoennennnnanns . Ampere
GRID-PLATE CAPACITANCE® .. .......ccvvvvennnnnn. X . uuf
INPUT CAPACITANCE®. ... ....vvvnnnn. 11 puf
OuTPUT CAPACITANCE® .........0vvvnnnn. upf
° With shell connected to cathode. )
, As Class A Amplifier
PLATE VOLTAGE ......ciivvvnnnrnencnreneenanens . 300 max. Volts
SCREEN VOLTAGE . ......c0vvuvnnnnnernrannnnnnens 150 mazx. Volts
SCREEN SUPPLY VOLTAGE . . ... vtcvvvveneennnnnnons 300 max. Volts
PLate AND SCREEN DissteaTion (Total)............ 3.4 max. Watts
SCREEN DISSIPATION ., .. ..cvuiiveenrereeennnnnanss 0.38 max. Watt
TyricaL OPERATION:
Condition I* = Condition II**
Plate Voltage . . ................. 300 300 Volts
Suppressor Voltage............... 0 0 Voits
Screen Supply Voltage............ 150 3001 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 ................... 10 10 Milliamperes
Screen Current .............. P 2.5 2.5 Milliamperes

* With fixed screen supply. *# With series screen resistor.

$ Screen supply voltages in excess of 150 volts require use of a series dropping resistor to
hlllilllt 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 uf).

AVERAGE PLATE CHARACTERISTICS

% rree 6ACT/ 1852

Ef = 6.3 VOLTS
SCREEN VOLTS =150 1)

P

£C|=0

=-0.5

[°]
]

o)

CONTROL-GRID vOLTS ECi=-1.59

]
T

c

R W

Tip! -2.5

PLATE (1) OR SCREEN (1c2) MILLIAMPERES

ki

ot m e Y CTT Sy—— T—— —— -3.8

- - 49
160 240 320 400 480 560
PLATE VOLTS 92C-492+

)
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As an amplifier, the 6AC?7 is especially suited for use in the r-f and i-f 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- *R)
tended for use in a-¢/d-c receivers. The
OGAES-GT  baseof the BAE5GT fits the standard
octal socket which may be mounted to W@ \_‘_/ oM
hold the tube in any position. Physical
characteristics of the 6AE5-GT NG HREY S
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 VoLTAGE (A.C.orD.C) ...ttt 6.3 Volts
HEATER CURRENT ..ottt 03 Ampere
PLATEVOLTAGE ........0coiiiiiiiniiiiannnn 95 Volts
GRID VOLTAGE* .. ............ e -15 Volts
PLATECURRENT. . ...t 7 Milliamperes
AMPLIFICATION FACTOR. . .........c.ooiiiii e 4.2
PLATE RESISTANCE. . ... viiiviiie it iiiinennnnns 3500 Ohms
TRANSCONDUCTANCE . . ovvvvrinnnnnennnreeeerannns 1200 Micromhos

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

Twin Indicator Type RCuz

6AF6-G . carsc w highvacoum, ALY

heater-cathode type of tube designed () Q

to respond .visually, by means of two NCKEY

shadows on a fluorescent target, to

changes in the voltages applied to the
control electrod& 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

HEATER VoLTAGE (A.C.orD.C) vvvvvvvininnnnnnnn 6.3 Volts
HEATER CURRENT . ... ...iiitiietinneinnnennnnns 0.15 Ampere

As Tuning Indicator

TARGET VOLTAGE. . ......... e {13(5) i ggﬂ‘:
RaY-ConTrOL ELECTRODE SUPPLY VOLTAGE. ........ 135 max. Volts
TypicaL OPERATION:
Target Voltage ............ccvvevvnnnns 100 135 Volts
Target Current®. .. ........coiveinennes 0.9 15 Milliamperes
Ray-Control Electrode Voltage (Approx.)} 60 81 Volts
Ray-Control Electrode Voltage (Approx.)} 0 0 Voits

© With 0 volts on ray-control electrode.
1 For shadow angle of 0‘?,roc:luced 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- YoLLS
ance of tuning indicators, refer to Type 6ES. -——-1 100
RAY-CONTROL JARGET™]
1 ELECTRODES -1
E W = =3
Sa N\ E .
o \
) LY v I + "
TYPE u N | T 1 o
b =P ) TARGET &
Rit AN 2% du XX CuRRENT| 3%
CONNECTED R ; SHADOY Av\‘ — 3
° T SN T
AVC z =[N -
VOLTAGE 6 ofld=n < \\ -
N\, \ 5
* B+ N N -
20 40 60 [1]
R-TYP{CAL VALUE 15 0.% MEGOHWM RAY~CONTROL ELECTRODE VOLTS
92C~ 4909

AMPLIFIER PENTODE

RCA-6AGY is a heater-cathode tyee QA G/

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 design 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) ............. ..., 6.3 Volts
HEATER CURRENT ...ovvvivrnnnninnniniinnnnnnn. 0.65 Ampere
DiIrecT INTERELECTRODE CAPACITANCES:
GridtoPlate..................ccv i, 0.06 max. puf
Input . .coviii e e 12.5 puf
OQULDUL . . .o 75 uuf
Grid to Screen (Approx.) . ... ... ..ol 5.8 pnf
Grid to Cathode (Approx.)..............coovuunn. 52 upf
Heater to Cathode (Approx.).................... 10.7 puf
AVERAGE CHARACTERISTICS:
Plate Voltage ............... .. ... ... ool 300 Volts
ScreenVoltage ................c.oiiininnn, 300 Volts
GridVoltage. . ................. oo, -10.5 Volts
Interlead Shield.......................... Connected to cathode at ground
Plate Resistance............................. .. 0.1 Megohm
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Transconductance ...........ccovvnnvnrennen . 7700 Micromhos
PlateCurrent ..................ccciiiiir.n.. 25 Milliamperes
ScreenCurrent ..., 6.5 Milliamperes
As Video Voltage Amplifier — Class A,
PLATE VOLTAGE ... ...ttt iiiiiiiiieieennnen 300 max. Volts
SCREEN VOLTAGE . ........ivtittiiirannnnnnnnnns 300 max. Volts
PLATE DISSIPATION . ...........cvvvnnn. e, 8.7 max. Watts
SCREEN INPUT......iiiiiiiii i iinennnnnnnns 2 max. Watts

TypicaL OPERATION IN 4-Mc BANDWIDTH AMPLIFIER;
Grid-Lesk ~ Cathode

Biast Btas

Plate-Supply Voltage............... 300 300 Volts
Screen Voltage ................... . 125° 125°° Volta
Grid Voltage. ..................... 0* -2 Volts
Grid Resistor...................... 0.25-0.5 Megohm
Cathode Resistortf ................ cees 57 Ohms
Interlead Shield.................... Connected to ground
Grid Signal Swing (Peak to peak). ... 4 4 Voits
Plate Current ....... et 52+ 28 Milliamperes

n Current .................... 16* 7 Milliamperes
Load Resistance. . ................. 3500 3500 Ohms
Voltage Output (Peak to peak)...... 140 140 Volts

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

°Obtained from supply having good regulation.

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

%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 10%, from the normal value of 6.3 volts. .

The cathode when the 6AG7 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 screen voltage for the 6AG7 operated with fixed bias or cathode-resistor
bias, should preferably 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 6AG?7 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

AN < possible relatively high voltage gain with the low load resistance needed to give

f ‘ 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

- KINESCOPE
- RI

GRID
TYPE 8AG? Ly
% N
A

VIDEO INPUT O

AND
BIAS SUPPLY e, s
° o

-=|r = hd
+i25v. +300v.

Ci = 9.5 uuf - Tube Capacitance - Socket Capacitance + Wiring Capacitance +
Coil Capacitance

Cs = 19 yuf = K%gco Capacitance + Socket Capacitance 4 Wiring Capacitance +
il Capacitance

Li = 250 uh Filter Indu R1 = 20000-Ohm, Non-Reactive Resistor
L1 = 125 gh Filter Inductdr R: = 3500-Ohm, 10-Watt, Non-Reactive Resistor

™ AVERAGE PLATE CHARACTERISTICS
N WITH £C) AS VARIABLE

Ry
RL

TYPE 6AGT
Ef=6.3VOLTS
SCREEN VOLTS =150 _

€c)=

\

] LCONTROL -GRID VOLTS ECi=-2 |

. =3

PLATE(1y) OR SCREEN (1C2) MILL!AMPERES

1h E(l,,=-a
QIRECT-COUPLED
POWER AMPLIFIER
The 6B5 is a multi-electrode tube 6B5

of the heater-cathode type consisting
of two triodes in one buib and used
6AS chiefly for replacenjent in receivers
designed for its characteristics, One

n triode, the driver, is directly connected withir: 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. Physical characteristics of the 6B5 are shown

in Fig. 2-25. OUTLINES SECTION. Yor heater opet:ation. 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) ...t 6.3 Voits
HEATER CURRENT . . ...0vinnnnrrcnnennnnnennenns 03 Ampere
Triode: GRID-PLATE CAPACITANCE®................. 1.3 unf
GRID-CATHODE CAPACITANCE®.............. 2.7 nif

- PLATE-CATHODE CAPACITANCE®............. 4.5 upf
* With close-fitting shield connected to cathode. Values are approximats.

Triode Unit — As Class A, Amplifier

PLATE VOLTAGE .. ...cviiiiiiiiiieeeiiannnnns - 250 max. Volts

GRID VOLTAGE ............... -2 Voits
PLATE CURRENT............ 0.9 Milliampere
PLATE RESISTANCE. ......... 91000 Ohms
AmpLIFICATION FACTOR 100

TRANSCONDUCTANCE . . ........ 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 owr. 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 sc.cket 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

POz

DUPLEX-DIODE PENTODE

The 6B7 is 2 heater-cathode type of

6B7 tube consisting of two diodes and a

pentode in a single envelope. It is

used as a combined dettector, amplifier

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

quency), and autoraatic-volume-control

tube in a-c receilvers having a 6.3-volt L

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 XADIO TUBE APPLICATIONS section. Instal-

lation is discussed under Typs: 6A8 and application under Type 6B8. Physical
characteristics of the 6B7 are.shown in Fig. 2-16, OUTLINES SECTION.
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AVERAGE CHARACTERISTICS
HALF-WAVE RECTIFICATION-SINGLE DIODE UNIT

TYPE §B7] | T |
—“" CURVE | LOAD ggalssron |
Pentode Capacitances — A 250000 [T ]
GRrID-PLATE* .. ... . ..... 0.007 max. puf L1l 2 REreer N
INPUT ...l 35 fm
OUTPUT.......coeneen. 9.5 upf 8 ol el
* With shield-can. p = &
[ 19 3
Q X re) 120
o N[ :
z l I o) U PP/
NN RN
3 8 ot B
& I 8
9 a0
Fr
-4 <30 =-20 -1o °

D~C VOLTS DEVELOPED BY DIODE

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 audio-frequency), and
automatic-volume-control tube in a-c
receivers having a 6.3- volt heater sup-

92C-5278R1

6M§A18

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

section. )
% CHARACTERISTICS
Heater VoLtace (A.C.or D.C) .......ooieeae. 6.3 Volts
HEATER CURRENT ... 0vvtiivennsneereeeennnnnann 0.3 Ampere
Pentode: GRID-PLATE CAPACITANCE®* .. ............. 0.005 max. puf
INPUT CAPACITANCE®. . .......covivvennn, 6 upf
OuTPUT CAPACITANCE® ................... 9 uuf
* With shell connected to cathode.
Pentode Unit — As Class A, Amplifier

PLATE VOLTAGE ......ccovuierrennnnnnneancassans 300 max. Volts
ScrREEN VOLTAGE (Grid No. 2) .............c...ts, 125 max. Volts
SCREEN SUPPLY VOLTAGE . . . .....civrirrnnnnnnnn. 300 max. Voits
GrID VoLTAGE (Grid No. 1)..........covvennnet, 0 min. Volts
PLATE DISSIPATION ....c.oooiiieiiiniinnnanennens 2.25 max. Watts
SCREEN DISSIPATION .. .oitviierrennnnnreennrennns 0.3 max. Watt
TyricaL OPERATION:

PlateVoltage . ...ttt 250 Volts

Screen Voltage ...........ccoivivieiiirenennnan 125 Volts

Grid Voltage®® .. ... ... .. ... ...ciiiiiinnnn, -3 Volts

PlateCurrent ...........ciitiiiiiinanneeennens 10 Milliamperes

ScreenCurrent ......... ..ot 2.3 Milliamperes

Plate Resistance (Approx.). .......ceevveeineenenns 0.6 Megohm

Transconductance .. .............ccoevveveeenn. 1325 Micromhos

Grid Bias Voitage (Approx.)t ..............o.... -21 Volts

t For cathode current cut-off.
¢ The d-c 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
paralled 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 automatic 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 so 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 or i-f amplification, the pentode unit of the 6B8 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
nit)adp ergore 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 high 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

TYPE 6B8 .
Ef = 6.3VOLTS €cy =0 e
1a}—SCREEN VOLTs=128)
-1
2 = -2
g /// ey
-GRID YOLTS ECi=-
€ el CONTROL- G
g N
2 ﬂ 2
3 ot -
J 8 v 5
H
/ .
S Pl 7
g o
a [T -8
o -9
-10
2|4 -1z
ECi= -14
—— I J
o 6 180 240 326 300 380 560
PLATE VOLTS 92C- 4857
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oMo) DUPLEX-DIODE PENTODE

czs _ The 6B8-G is a heater-cathode type
of tube consisting of two diodes and a

pentode in the same bulb. It is rec-
ommended for -use as a combined 6B8_G
»  detector, amplifier (radio-, intermed-

iate-, or audio-frequency), and auto-

NCTHEY ™~ G3p matic-volume-control tube. For diode-
G-8EF detector considerations, refer to RADIO
TUBE APPLICATIONS section.
% CHARACTERISTICS
Heater VoLtagE (AC.orDC) ..ocvvvvviiine.... 6.3 Volts
HEATER CURRENT .............0.ven 0.3 Ampere
Pentode: Grip-PLATE CAPACITANCEY. .. e 0.01 max. uuf

INPUT CAPACITANCE}. . ........ e 3.6
Outpur CAPACITANCEY . ......... .o 9.5 nuf
$ With close-fitting shield connected to cathode.

Pentode Unit — As Class A, Amplifier

PLATE VOLTAGE . ......0civunneeoneeceanaeanans o 300 max. Volts
ScreEN Vortace (Grid No. 2) .................... 125 max. Volts
SCREEN SUPPLY VOLTAGE . . . oovvvinernennnnnennn.. 300 max. Volts
GrID VOLTAGE (Grid No. 1). ...vvvvnvinniniinnan, 0 min. Volts
PLATE DISSIPATION . ... ivviiiivnnnnnneneenacennnn 2,25 max, Watts
SCREEN DISSIPATION . .....0cvvvnnnnnn e iianrees 0.3 max. Watt
TypicaL OPERATION:
Plate Voltage . ................ 100 250 250 Volts
Screen Voltage ................ 100 100 125 Volts
Grid Voltage*® ................ -3 -3 -3 Volts
Plate Current ................. 5.8 6 9 Milliamperes
ScreenCurrent ................ 1.7 1.5 2.3 Milliamperes
Plate Resistance (Approx.)...... 0.3 0.8 0.6 Megohm
Transconductance . . .... eeeeen 950 1000 1125 Micromhos
Grid-Bias Volt. (Approx.)t...... -17 -17 -21 Volts

+ For cathode current cut-off.
* The value of the resiatance in the grid circuit should not d 1.0 megoh
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-G fits the standard octal socket which may be installed
to hold the tube in any position. Physical 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 employing the 6B8-G is generally
necessary to prevent r-f or i-f coughng 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
TRIODES ' 6C5

METAL
The 6C5 and 6C5-G are three-elec-

trode tubes of the heater-cathode t
recommended for use as detectoyxps? 6C5 - G

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.

I

INTERNAL .
sHiELD -6CS G
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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 .........ccvunnn 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 ... it 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 . ........coovvviieinnieiinns 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 ope atiné 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 grid 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
1 TYPE 6CS5

E‘--&B VOLTS
' +
’

4
[~

~=
L

/ ,
RN VIAsE)
TV 11T
s TV 17711 T
117717707707
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G2 G3
,9 @ ., TRIPLE-GRID DETECTOR
O
‘G o AMPLIFIER 6C6
The 6C6 is a triple-grid tube of the
o‘ heater-cathode type recommended for
° 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

HeaTeEr VoLTAGE (A.C.orDC) ......ovvvenen.... 6.3 Volts
HEATER CURRENT . ...couiierrervnennnncoroncnnans ‘ 0.3 Ampere
PeNToDE CONNECTION:
Grid-Plate Capacitance* 0.007 max. uuf
Input Capacitance. . .......coociirirnenennnenss 5 upf
Output Capacitance........covvevvverennecennnn 6.5 unf
TriopE CONNECTION®
Grid-Plate Capacitance............cccvvneennnen. 2 puf
Grid-Cathode Capacitance...........ccoveeennn. 3 uuf
Plate-Cathode Capacitance ..........c.ceeevun.. 10.5 uuf

* With close fitting shield connected to cathode.
t+ 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 position. Physical characteristics of the 6C6 are shown in
Fig. 2-20 OUTLINES SECTION. For heater operation and cathode connection,
refer to Type 6A8. Application of this type is similar to that of Type 6]J7.

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 (A.C.or D.C) .ovivieiiivennnnn, 6.3 Volts
HEATER CURRENT . .....covurerrrenennnonnnceanns 0.3 Ampere
Triode Unit 2
GRID-PLATE CAPACITANCE® ........... 2.4 uuf
GRrID~-CATHODE CAPACITANCE* 2.5 upf
PLaTe-CATHODE CAPACITANCE* 3.9 unf
GriD-GRID CAPACITANCE® ....... 1 unf
PLATE-PLATE CAPACITANCE® 5 uuf

¢ Approximate.

Each Triode Unit — As Class A; Amplifler

PLATE VOLTAGE .....c.ivvhr tvrvnnerencenosnnnnes 250 max. Volts
GRID VOLTAGE . ............ e bieeratereateanaen 0 min. Volts
PLATE DISSIPATION ........... Ceeseseesesianennas 1.0 max. Watt
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TyricaL OPERATION:
Plate Voltage . ........coiviiiiiinieiennnnnenas 250 Volts
Grid Voltage. .. .. e et 4.5 Volts
Plate Current ...... e 3.2 Milliamperes
Plate Resistance. . .. ... 22500 Ohms
Amplification Factor ................... ... ..., 36
Transconductance .. ............cccvviinnrinnnn 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 CHARACTERIST!CS. 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

4.
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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
L . receivers designed for its character-
istics, The ability of the tube to handle the usual signal voltages without croes-
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 66 are identical with
those of the 6U7-G.

GRID-PLATE CAPACITANCE .. ..oviin e 0.007 max.* puf
INPUT CAPACITANCE. . ......ooiiiie e 4.7 puf
OUTPUT CAPACITANCE . . . .oviviniinennneninnnanens 6.5 wuf

¢ With close-fitting shield 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 operation and cathode connec-
tion, refer to Type 6A8. For control-grid bias, screen voltage, and suppressor
connection, refer to T 6SK7. Shielding of all stages is n if maximum
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
mn the RADIO TUBE APPLICATIONS section.

% CHARACTERISTICS

HEATER VoLTAGE (A.C.orD.C.) ......ovviinnnn. 6.3 Volts
HEATER CURRENT . ..oiviitvininnerannnnenannnnns 0.15 Ampere
DirecT INTERELECTRODE CAPACITANCES (Approx.):*
GridNo 4toPlate ................ 0.2 puf
Grid No. 4 to Grid No. 2 0.2 wuf
Grid No. 4 to Grid No. 1 0.16 uuf
Grid No. 1 to Grid No. 2 1.1 frmi
Grid No. 4 to All Other Electrodes (R-F Input) ... -8.0 puf
Grid No. 2 to All Other Electrodes except Grid No. 1
(Osc, Output) ...vveriiinieiiininiiaensssnes 46 uuf
Grid No. 1 to All Other Electrodes except Grid No. 2
(Osc. Iﬂ)ut) ................................ 55 upf
Plate to All Other Electrodes (Mixer Output) ..... 11.0 P
® With close-fitting shield connected to cathode.
As Frequency Converter
PLATE VOLTAGE . ....coiiuinieerienennnnnns 300 max. Volts
ScrEEN VoLTAGE (Grids No. 3 and No. 5).......... 100 max, Volts
SCREEN SUPPLY VOLTAGE . . ... ovviveennreneennnnns 300 max. Volts
ANoDE-GRID VoLTAGE (Grid No. 2)................ 200 max. Volts
ANODE-GRID SuPPLY VOLTAGE} ..........c..0u... . 300 max. Volts
ConTtoL-GrID VoLTAGE (Grid No. 4)............... 0 min. Volts
PLATE DISSIPATION .. .ovvtinenn i iniinennnennss 1.0 max. Watt
SCREEN DISSIPATION .. oviviiiettiireninnnnnns 0.3 max. Watt
ANODE-GRID DISSIPATION. ... ... iiveeinneeennns 0.75 max, Watt
ToTAL CATHODE CURRENT. . .. .vuviiernreeenennnes 13 max. Milliamperes
TypicAL OPERATION: .
Plate Voltage . ................coiuet. 135 250 Volts
Screen Voltage . .........cccoiviveenn.. 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 .........cc.ooviinunnnnn. 15 35 Milliamperes
ScreenCurrent ......oovviiiiiiinann., 1.7 2.6 Milliamperes
Anode-Grid Current.................... 3 4.3 Milliamperes
Oscillator-Grid Current. ................ 0.2 04 Milliamperes
Tota! Cathode Cwrrent. . ............... 6.4 108 Milliamperes

dropping resistor by-

Anode grid supply v%ltagela ifn excese of 200 volts require the use of 20000-ohm voltage-
d by 0.1 u d
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Plate Resistance (ApProx.)........c..... 0.6 0.4 Megohm
Conversion Transconductance........... 325 550 Micromhos
Conversion Transconductance (Approx.). . 5% 611 Micromhos

The transconductance of the oscillator portion (not oscillating) 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. 11 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 su;l> 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 shouid 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

[ TA
ELECTRON-RAY TUBE B
(indicator Type)
6ES E7”
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 6R

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.or D.C) ..venvvveinnnnnen. 6.3 Volts

HEATER CURRENT . ....oiviiinnnrnnnnnnnnconannes 0.3 Ampere
As Tuning Indicator

PLATE-SUPPLY VOLTAGR .. ..cvvvinninnrrennannnans 250 max. Volts

TARGET VOLTAGE. . .... s { %% %’: . xg}g

TypricaL OPERATION:
Piate- 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 8.0 Volts

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

® For zero 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 6E5 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
carrier. [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-indieator circuits employing the
6ES. If the strongest carrier received produces sufficient ave 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 Ry should be connected, as shown, between the
triode-unit grid and cathode in order to reduce the control voltage. The value of

DIODE SECTION OF DIODE SECTION OF

I-F TRANS. SECOND DETECTOR I-F TRANS. SECOND DETECTOR
¥t Fir
T b <
Tl
avec., Ra Re!'! Ry
T ~
L.
Ca
; e+
TO CATHODE-BIAS TO CATHODE-BIAS
RESISTOR (RC) RESISTOR (R¢)
OR GROUND OR GROUND
{ 1.0 Megohm for B+ = 250 Volts Ri = Ry
R = {05 Megohm for B+ = 100 Volts Re + R1 = 02 Mefohm
Ri = 0.05 Megohm (R-F Filter) Ci = 100 to 200 uul
R: = 0 2 Megohm C: = AVC Filter Condenser
Rs = Determined by test. See text. Cy = 0.05to 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 so 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.

P
. HIGH-MU TRIODES 6F5
METAL
The 6F5, 6F5-G, and 6F5-GT are
G) high-mu triodes designed for use in 6F 5 G
XA izesistancfe-coupled amplifier cirbcetlxit.s. =
S:6F5 xcept for capacitances given ow,
NCieraigr KEY the electrical characteristics of these 6F 5 GT
5M (tssé%ess are identical with those of Type =

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 puf
PLATE-CATHODE CAPACITANCE. 4.0 2.8 3.2 upf

® With shell connected to cathode. Values are approximate.
** With no shields. Values are approximate.
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INSTALLATION and 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 6F5,
6F5-G, and 6F5-GT are shown in Figs. 1-5, 2-15, and 2-5, respectively, in the
%UTIQ'SIAE;ES SECTION. For heater operation and cathode connection, refer to

ype .
. Application of these tubes is similar to that of the 65F5. The maximum d-
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) ... vvviiivea.t. 6.3 Volts
HEATER CURRENT . ...ivtiinriiinerennnncnnnnnes 0.7 Ampere
As Single-Tube Class A; Amplifier — Pentode Connection
PLATE VOLTAGE ......ouietineernrneenennanennnns 375 max. Volts
ScrEEN VOLTAGE (Grid No. 2) .................... 285 max. Volts
PLATE DISSIPATION . .......0iitiiiiieennnes 11 max, Watts
SCREEN DISSIPATION . ... .. ..iiiiiiiiinnrrennnnns 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.. 10.5 13 9.7 12 Milliamperes
Plate Resistance (Approx.).. 80000 78000 - - hms
Transconductance .. ....... 2500 2550 - - Micromhos
Load Resistance. .......... 7000 7000 7 7000 Ohms
Total Harmonic Distortion. . 8 9 8.5 9 Per cent
Max -Signal Power Output. . 3.2 4.8 31 4.5 Watts
As Single-Tube Class A, Amplifier — Triode Connectiont
PLATE VOLTAGE .. iiiiriinnnecaanuasnsnnnsnnnas 350 max. Volts
PLATE AND ScrEEN DissipatioN (Total)............ 10 max. Watts
TypicaL OPERATION:
Fixed Bias Calhode Bias
Plate Voltage .. ............0cccvvunn 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............. . 3k 31 Milliamperes
Max.-Signal Plate Current. . . ......... 34 32 Milliamperes

Screen connected to plate.
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Plate Resistance. .................... 2600 - Ohms
Amplification Factor ................. 6.8 -
Transconductance .......c..ovvvn... 2600 - Micromhos
Load Resistance. . ................... 4000 4000 Ohms
Total Harmonic Distortion............ 6.5 6.5 Per cent
Max.-Signal Power Qutput............ 0.85 0.8 Watt
As Push-Pull Class A; Amplifier — Pentode Connection
PLATE VOLTAGE ......iiiiinenrennnnnnnnnanns 375 max. Volts
SCREEN VOLTAGE .............. e, 285 max. Volts
PLATE DISSIPATION .. ... ... .ciienriieennnnnn. 11 max. Watts
ScREEN DISSIPATION © . ........cviiiniinnnnnnnnn 3.75 max. Watts

TypicaL OPeRATION: Vatues are for two tubes
Fixed Bias Cathode Bias

PlateVoltage ....................... 315 315 Voits
Screen Voltage . ..................... 285 285 Voits
GridVoltage. .. .........cccoeviuin.. -24 . - Volts
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 Milliampetes
Zeto-Signal Screen Current............ 12 12 Milliamperes
Max .-Signal Screen Current. .......... 19.5 18 Milliamperes
Effective Load Resistance (Plate-
to-plate).........coiiiiiiiiia, 10000 10000 Ohms
Total Harmonic Distortion............ 4 3 Per cent
Max.-Signal Power Qutput............ 11. 10.5 Watts
As Push-Pull Class AB, Amplifiler — Pentode Connection
PLATE VOLTAGE ........iiiveivnniinnnnennnenens, 375 max. Volts
SCREEN VOLTAGE .. .ooviivriiinineneenennnnnnn.. 285 max. Volts
PLATE DISSIPATION .......coiiiiiiiiiiiineinn., 11 max. Watts
"SCREEN DISSIPATION .. ....vvvverevinnnnnnrerennsn 3.75 max. Watts

TryricAL OpERATION: Values are for two tubes .
- Fixed Bias Cathode Bias

Plate Voltage ..................... 375 375 Volts
Screen Voltage .................... 250 250 Volts
Grid Voltage. ..................... -26 - Volts
Cathode Resistor* ................. - 340 Ohms
Peak A-F Grid-to-Grid Voltage. ..... 82 94 Volts
Zero-Signal Plate Current........... 34 54 Milliamperes
Max.-Signal Plate Current. .. ....... 82 - 77 Milliamperes
Zero-Signal Screen Current.......... 5 8 Milliamperes
Max.-Signal Screen Current. ........ 19.5 18 Milliamperes
Effective Load Resistance (Plate-

to-plate) . ............cvu..t, 10000 10000 Ohms
Total Harmenic Distortion.......... 35 5 Per cent
Max.-Signal Power Output.......... 185 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 . ......0ivviiiteninaninnnnnnnnnns 350 max. Volts
PLATE AND ScreEEN DissipatioN (Total). ........... 10 max. Watts
TyeicaL OPERATION: Values are for two tubes
Fixed Bias Cathode Bigs

Plate Voltage . .........c.ccun.... 350 350 Volts
Grid Voltage. .. ........ovveienntn ~-38 - Volts
Cathode Resistor} . ................ - 730 Ohms
Peak A-F Grid-to-Grid Voltage. ..... 123 132 Volts

t Screen connected to plate.
¢ The value given for the cathode resistor is determined for a grid bias of -36.5 volits.
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Zero-Signal Plate Current........... 48 50 Milliamperes
Max.-Signal Plate Current. .. ....... 92 61 Milliamperes
Effective Load Resmtance (Plate-

to-plate). ...l 6000 10000 Ohms
Total Harmonic Dlstortlon .......... .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 2 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,
since 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 in gut coupling used should not introduce too much
resistance in the grid circuit. ransformer- or impedance-coupling devices are

AVERAGE F’LATE CHARACTERISTICS
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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 109, above

rated value under any condition of operation.

AVERAGE PLATE CHARACTERISTICS
TRIODE CONNECTION
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TRIODE-PENTODE

The 6F7 is a heater-cathode type of
tube combining in one bulb a triode
and an r-f tode 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.

— 600

CHARACTERISTICS
HEeATER VoLTAGE (A.C.or D.C) .ovvvvvivenennnn. 6.3
HEATER CURRENT .. .tttirinneeercennnnnnnsansens 0.3
DiIrecCT INTERELECTRODE CAPACITANCES:
Triode Unit—GridtoPlate .................... 2.0
Grid to Cathode.................. 2.5
Plate to Cathode ................. 3.0
Pentode Unit—Grid to Plate (With shield-can) ....  0.008 max.
Input ...... e eerae e 32
Output. .......coiiiiiiiinnnenns 125
As Class A, Amplifier
Triode Unit  Penlode Unit
PLATE VOLTAGE ............. 100 max. 100 250 max.
ScreeN VoLtacr (Grid No. 2) . — 100 100 max.
Grip VoLTtaGe (Grid No. 1)... -3min. -3min. -3 min.
PLATE CURRENT .. .covnvnnnnn 5 6.3 6.5
SCREEN CURRENT. ....ovveinen - 1.6 15
AmpLIFICATION FACTOR. ...... 8 — —_
PiATE RESISTANCE . .......... 0.016 0.29 0.85
TRANSCONDUCTANCE ......... 500 1050 1100
TRANSCONDUCTANCE ...0o.n..
(At -35 volts bias)....... - 9 10

92C-4440

6F7

Volts

Volts
iamperes

Milliamperes

Megohm
Migr‘t))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 .
consisting of two medium-mu voltage "T2(3) Ol

6 F 8 - G amplifier triodes in one bulb. It may be
used as a voltage amplifier or as a phase

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

KTZ Gt

The heater rating and capacitances are KEY KTy
iven below; other characteristics for G-86G
each triode unit are identical with those of the 6]5.
% CHARACTERISTICS
HeATER VOLTAGE (AC.ot DC) ...ooviivina, 6.3 Volts
HEATER CURRENT . ...ooiiiriiiiiiieinnnnnnnnn. 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
Plate to Cathode . ...:......... 3.2 3.8 uuf
GridtoGrid .................. 0.2 uuf
PlatetoPlate ................. 0.4 uuf
Grid of Unit 2 to Plate of Unit 1 0.1 puf

® With cloee-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 ° '
The 6G6-G is a power-amplifier PN
tode of the heater-cathode ty G)
6 G 6_G or use in the output stage of ra

receivers. In applications where a mod- G) ©

erate power output is desired, the 6G6-G RS\

is economical because of jts low plate- OMON

power requirements and low heater NCTTKEY gy

current. G-7$

* CHARACTERISTICS
HeaTer VoLtacE (A.C.or DCH ................. 6.3 Volts
HEATER CURBENT .. .....civeinrnnennnanennennnns 0.15 Ampere
As Class A, Amplifier — Pentode Connection

PLATEVOLTAGE ......ciiiiiieereinninennenennnns 180 max. Volts
SCREEN VOLTAGE . ...vvvniinenennennnanreennnenns 180 mazx. Volts
PLATE DISSIPATION .........covviviinnnn.. [P 2.75 max. Watts
SCREEN DISSIPATION . ....0vurrrvnnnnnnnnenennens 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 .. ..............ocvvnn.. 135 180 Volts

Screen Voltage (Grid No. 2)............. 135 . 180 Volts

Grid Volta (ge (Grid No. 1)* ............. -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.............. 7.5 10 Per cent
Max.-Signal Power Output.............. 0.6 1.1 Watts

* The d-c resistance in the grid circuit may be as high as 0 5 megohm with cathode hias or
0.1 megéhm with fixed bias, provided the heater voltage is not allawed to rise more than 10%
above the rated value under any condition of operation.

As Class A, Amplifier — Triode Connection
(Screen tied to plate)’

PLATEVOLTAGE ..... ... ... i iiiiiiiiaannnnn. 180 max. Volts
PLATE DISSIPATION . ... ..o ittt 2.5 max. Watts
TyricAl. OPERATION:
Plate Voltage . ............... . i 180 Volts
Grid Voltage. . . ... ... -12 Volts
Peak A-F Grid Voltage. . ....................... . 12 Volts
Zero-Signal Plate Current. . ..................... 11 Milliamperes
Plate Resistance. . .. .....coiiiiiiiinnneenenn 4750 Ohms
Amplification Factor ........................ ... 9.5
Transconductance . ............oerivirnneennann 2000 Micromhos
Load Resistance. ... ........c.ccoiiiiiinnneenn, 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 cathode connection, refer to Type 6A8. Appllcatlon of the 6G6-G is
similar to that of the 6K6-G..

TWIN DIODE 6H 6
The 6H6 and 6H6-G are tubes of
the heater-cathode type containing MET,
two diodes in one envelope. Except for .
) the common heater, the two units are 6H 6 G
,.\EY A independent of each other. This- ar- -

"‘J.‘.’EL‘G‘ 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.

% CHARACTERISTICS
HeAaTER VoLTAGE (A.C.or D.C) ..cvvvvininannn, 6.3 Volts
HEATER CURRENT . ......ivvivinininnennnnnannnnn 0.3 Ampere
 DireCT INTERELECTRODE CAPACITANCES:
Type 6H6* Type 6H6-G**

Plate No. 1 to Cathode No. 1 ....... 3.0 31 wnf

Plate No. 2 to Cathode No. 2 ....... 34 4,0 wuf

Plate No. 1 to Plate No. 2.......... 0.1 max. 0.1 max. uaf

With shell connectad to cathode. *¢ With close-fitting shield connected to cathode.
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As Rectifier

A-C PLATE VOLTAGE PER PLATE (RMS) ............ 117 max, Volts
D-C OutpPutr CURRENT PER PLATE ................. 4 max, Milliamperes

INSTALLATION and APPLICATION

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 OUTLINES
SECTION. For heater operation and cathode connection, refer to Type 6A8.

For detection, the diodes may be utilized

in a full-wave circuit or in a half-wave circuit. AVERAGE CHARACTERISTICS
I? the latter case, omi)e plate onlﬂyj 0{‘ the two T Rm'm%:'::;mvmo“
plates in parallel. may be employ he use of ~+— € =6.3 VOLTS ~700
the half-wave arrangement will provide approx- % ’
imately twice the rectified voltage as compared 2\ 600
with the full-wave arrangement. of Nol § )
For automatic-volume control, the 6H6 and g 1\ 2
6H6-G may be used in circuits similar to those 5 K i
employed for any of the duplex-diode types of $ ‘*233) 3
tubes. The only difference is that the 6H6 and ” —e 002
6H6-G are more adaptable due to the fact that IR o s
each diode has its own separate cathode. : ’°ooo \’%, 211300 &
Since the diodes by themselves do not pro- g [N 1
vide any amplification, it is usually necessary to il [\ 2003
provide gain by means of a supplementary tube. lés : =
ypes such as the 6C5, 6SF5, 6SJ7, and 65K7 20| ]
are very suitable for this purpose. Their use in Soocbo T NN ™
combination with the 6H6 or 6H6-G is similar TF 1200065 - i
to that of the amplifier sections of duplex-diode T3 a5 o o
triode or pentode types. D-C VOLTS DEVELOPED BY DIODE
92C~4446

DETECTOR AMPLIFIER

0J5 TRIODES

The 6J5, 6J5-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  s:ess

a high transconductance together with ~ciéiz-ér

6J5-GT ‘?acfgflmuvely high amplification 6Q

% CHARACTERISTICS
HeaTER VOLTAGE (A.C.or D.C.) vvveiviinieneianes 6.3 Volts
HEATER CURRENT . ....iiiiiiiinnccccnannsans 0.3 Ampere
Tybe Type Type
6J5* 6]5-G** 6J5-GT
Grip-PLaTE CApPACITANCE(Approx.)... 3.4 4.0 —_ unf
GrID-CATHODE CAPACITANCE(Approx.). 34 4.2 —_ puuf
Prare-CaTHODE CAPACITANCE(Approx.) 3.6 5.0 —_ wuf
* With shell connected to cathode. ** With close-fitting shield connected to cathode.
As Class A, Amplifier
Types 65, 6 J5-G Type 6 J5-GT
PLATE VOLTAGE .........cocvnnnn 300 max. 250 max. Volts
GRID VOLTAGE . ...ovvvvrnnnnnnn, 0 min. 0 min, Volts
PLATE DISSIPATION .............. 2.5 max. 2.5 max. Watts
TyreicaL OpeErATION (6]5, 6]5-G, 6J5-GT):
Plate Voltage. ................. 90 250 Volts
Grid Voltage* . . ............... 0 -8 Volts
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PlateCurrent ................. 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

T T
TYPE 6J5
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TRIPLE-GRID '
DETECTOR AMPLIFIERS 6M£M7

The 6J7 and 6)J7-G are triple-grid

tubeg of the heater-cathode type rec- 6J7_G
I KEY ommended for service as biased detec-
SHIELD < 697G 7R 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) ..vvvvvvenenn.... 6.3 Volts
HEATER CURRENT .. .ovintvirarnnnanneacacsoennnes 0.3 Ampere
PENTODE CONNECTION: Type 6]J7* Type 6]7-G

Grid-Plate Capacitance............. 0.005 max. 0.007 max.** puf

Input Capacitance................. 7 4.6** wuf

Output Capacitance................ 12 124+ uuf
Triope CONNECTION:

Grid-Plate Capacitance. ............ 2. 1.8° wuf

Grid-Cathode Capacitance. ......... 5 2.6° puuf

Plate-Cathode Capacitance ......... 14 1.7° pauf

* 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

PLATE VOLTAGE ....... . ...ovviiiiiiiinanniin, 300 max. Volts
ScreeN VoLTtace (Grid No. 2)........ .. 125 max. Volts
SCREEN SUPPLY VOLTAGE . . . ................. .. 300 max. Volts
Grip VoLTAGE(Grid No. 1)...... ... .............. 0-min. Volts
PLATE DISSIPATION .............. ... .......... 0.75 max, Watt
SCREEN DISSIPATION ... ....... oo, 0.1 max. Watt
TypicaL OPERATION:
Plate Voltage ......................... 100 250 Volts
Screen Voltage . ....................... 100 100 Volts
Grid Voltagef ......................... -3 -3 Volts
SUPPIessSOr. . ..oiiiiie it Connected to cathode at socket
PlateCurrent ...................co.... 2 2 Milliamperes
ScreenCurrent ..........c.ccvviinen.. 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 to plate)

PLATE VOLTAGE «..oiietit ittt iiieiieaaennnn 250 max. Volts
GRID VOLTAGE ... ...t et iiiiiiininnaen 0 min. Volts
PLATE & SCReEN DissipatioN (Total).............. 1.75 max. Watts
TyricaL OPERATION:
Plate Voltage ....................... .. 180 250 Volts
Grid Voltaget .......... e eaeieas -5.3 -8 Volts
PlateCurrent ..................c.c.c.... 5.3 6.5 Milliamperes
Plate Resistance. . ..................... 11000 10500 Ohms
Amplification Factor ................... : 20 20
Transconductance . .................... 1800 1900 Micromhos

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

INSTALLATION and APPLICATION

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 1-5 and 2-15, respectlve]y, 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
mtlethod however, is not recommended if the high-voltage B-supply exceeds 300
volts.

As a biased detector, the 6]J7 or 6]J7-G can deliver a large audio-frequency
output voltage of good quality with a fairly small radio-frequency signal input.

uial recommended conditions for either of these types as a biased detector are
as tollows:

Plate Supply* ........... 100 100 250 250 Volts
Screen Voltage . .. .. 12 30 50 100 Volts

Grid Voltage. . ... .. -116 -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 0.43 Milliampere

Plate Resistor. .......... 1.0 025 025 0.50 Megohm
Blocking Condenser. . .... 0.01 001 0.03 0.03 uf

Grid Resistorf........... 10 05 025 0.25 Megohm
R-F Signal (RMS)** ..... 1.05 16 118 1.37 Voelts

* Voltage at plate will be PLATE-SUPPLY voltage less voltage drop in piate resistor caused
by plate current.
§ For the following amplifier tube.
** With these signal voltages modulated 20%, the voltage output under each ‘et of operat uﬁ
conditions is 17 peak volts at the grid of the following amplifier, a value sufficient
audio output from a Type 6F6 at 250 volte on plate.

~ 114 —



RC A RECEIVING TUBE MANUAL

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
gxgzer%ay be operated as shown in the RESISTANCE-COUPLED AMPLIFIER

As a radio-frequency amplifier pentode, the 6]7 or 6J7-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 =
- T TYPE 6J7
? — SUPPRESSOR VOLTS=0 ros
/ SCREEN VOLTS =100 5
N
= |
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3 =2.0
o
H IR
e yal ..
< ]
* -3.0
iU
T -4.0
=5.0
8 160 240 320 400 480
PLATE  VOLTS 9zc—av4l

DETECTOR AMPLIFIER

The 6J7-GT is a triple-grid detector 6J7_GT
amplifier of the heater type recom-
mended for service as a biased detector.

In such service it is capable of deliver-

ing a large audio-frequency output

GT-7R (6J7-GT) voltage with relatively small input.
% CHARACTERISTICS

Heater VorLtage (AC.orDC) ...t 6.3 Volts
HEATER CURRENT . ....covvvieenrnnes e 0.3 Ampere
GERID PLATE CAPACITANCE® ... ..0iivriiernnnnnenns 0.005 max, puf
INPUT CAPACITANCE® . ... ... .oiriiiiiieiinnerinnns 5.2 puf
OUTPUT CAPACITANCE® . ... .. . it rennnncunnns 12 uuf

* With close-fitting shield connected to cathode. Values are approximate.

. As Class A, Amplifier — Pentode Connection

PLATE VOLTAGE « .o 'eeevnneserrnnnnesennnnnnns 250 max. Volts
SCREEN VOLTAGE . ..ottt iinerneneenneennns 125 max. Volts
SCREEN SUPPLY VOLTAGE. . ... ..iiieiieinnennnns 250 max. Volts
GRID VOLTAGE . civevenrcnncnennacnncnnsoaennens . 0 min. Voits
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PLATE DISSIPATION .. .itiiiieiiirrennneennenonns 0.75 max. Watt
SCREEN DISSIPATION ...t . .ieiriieeinniiinnnnnnnas 0.1 max. Watt
Tvricar. OPERATION:

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 Type 6J]7.
Phuysical characteristics of the 6J7-G T 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
HEeaTeR VoLTageE (AC.orDC) ...ooiivvennin... 6.3 Volts
HEATER CURRENT .+ . ovtvvvnnenenreeeronnnnnoasess 0.3 Ampere
PLATE VOLTAGE .........ovuennn e 100 250 Volts
GRID VOLTAGE . . v'iiiiiiiennnennennnnns -15 - Voits
PLATE CURRENT . . . c.vviiiineneniannnnn. 0.35 11 Milliampere
PLATE RESISTANCE. . ..v.vvivtiinnnnnnnnn. 78000 50000 Ohms
AMPLIFICATION FACTOR. . .........covet. ., 70 0
TRANSCONDUCTANCE .. ...vvivinnenennnnn 900 . 1400 Micromhos
GRID-PLATE CAPACITANCE® ... ...cciiiieinnnnnnnnn. 2.0 sl
GRID-CATHODE CAPACITANCE®. . ... .cvivvvnrnnnnn. 2.4 puuf
PLATE-CATHODE CAPACITANCE®. ... .ivviierrnnnnnns 3.6 wuf

* 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 ref-
atively small input voltage.
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% CHARACTERISTICS
HeaTeEr Vortace (AC.orD.C) oiviinnnennn.en. 6.3 Volts
HEATER CURRENT . ... iivitiiiiitivinnnennnnnnen 0.4 Ampere
PLATE VOLTAGE ....0vvvvivenneernnnnnennnnnnnnns 315 max. Volts
SCREEN VOLTAGE ............ .. 285 max. Volts

PLATE DisstraTioN 8.5 max. Watts

ScreEN DissiPATION 2.8 max.” Watts
TyricaL OPERATION: ’
Plate Voltage ................. 100 250 315 Volts
Screen Voltage ................ 100 250 250 Volts
Grid Voltage. .. ........cuuu... -7 -18 =21 Volts
Peak A-F Grid Voltage. ........ 7 18 21 Voits
Zero-Signal Plate Current....... 9 32 25.5 Milliamperes
Marx.-Signal Plate Current. ..... 95 33 28 Milliamperes
Zero-Signal Screen Current. ..... 1.6 55’ 4 Milliamperes
Max.-Signal Screen Current. . ... 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 Output...... 0.35 34 4.5 Watts

INSTALLATION and 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.

2 & POWER AMPLIFIER PENTODE
OO The 6K6-GT is a power-amplifier
e/ tode of the heater-cathode type.
t is similar to the 6K6-G but is con- ,
structed in a smaller bulb, Physical bKé- GT
e\‘/o characteristics of the 6K6-GT are

OO shown in Fig. 2-8, OUTLINES SEC-
G3

NCKEY TION. Installation and application
6-75 of the 6K6-GT are the same as for the
Type 6K6-G.
CHARACTERISTICS
HEATER VOLTAGE (A.C.) cv.ivviiiniiiiinnnnnne. 6.3 Volts
HEATER CURRENT . ..0vvvvnnunnennrossnonnncass 0.4 Ampere
PLATE VOLTAGE ............. 180 250 max. 250 max. Volts
SCREEN VOLTAGE ....... veene 180 250 max. 250 max. Volts
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GRID VOLTAGE .............. -135 -18 -16.5 Volts
PLATE CURRENT............. 185 32 34 Milliamperes
SCREEN CURRENT............ 3.0 55 5.7 Milliamperes
PLATE REsISTANCE (Approx.) . 81000 68000 65000 Ohms
TRANSCONDUCTANCE . ........ 1850 2200 2300 Micromhos
LOAD RESISTANCE . .......... 9000 7600 7000 Ohms
ToraL HArRMONIC DISTORTION . 10 10 - 7 Per cent
Power OuTPUT.............. 15 34 3.2 Watts
TRIPLE-GRID

6K7 SUPER-CONTROL AMPLIFIER

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

modulatlon-dlstortlon makes them adaptable to the r-f and i-f stages of receivers
employing automatic volume control.

% CHARACTERISTICS
Hearer VortagE (AC.orDC) ..........vee 6.3 Volts
HEATER CURRENT . . .iviveivennnnnnnnenersoneaens 03 Ampere
Type 6K7° Type 6K7-G*°
GRID-PLATE CAPACITANCE ............ 0.005 max. 0.005 max. puf
INPUT CAPACITANCE. .........oovvnn.. 7
OuTPUT CAPACITANCE . . .. ............ 12 12 wuf

° With shell connected to cathode.
% With close-fitting shield connected to cathode. The shield in the dome is connected
internally to the cathode.

As Class A, Amplifier

PLATE VOLTAGE ......coiitinieiinnennnnnnennnnns 300 max. Volts
SCREEN VOLTAGE . .voivtvnniiinenternnnnnnnseneans 125 max. Volts
SCRBEN SUPPLY VOLTAGE . . . ... ....vvvriniannnnnnn. 300 max. Volts
CONTROL-GRID VOLTAGE . ... .. eevviinnernnennnnss 0 msn. Volts
PLATE DISSIPATION ......covvvviiiiinnnnenrernenn. 2.75 max, Watts
SCREEBN DISSIPATION ... .....covviiriinnninenennnnnn 0.35 max. Watt
TypicAL. OPERATION:
Plate Voltage ............. 90 180 250 250 Volts
Screen Voltage . ........... ] 75 100 125 Volts
Grid Voltage. .. ........... -3 -3 -3 -3 Volts
Suppressor................ Oonnected to cathode at socket
Plate Current ............. 54 4.0 70 105 Milliamperes
Screen Current ............ 1.3 1.0 l 7 26 Milliamperes
Plate Reslstance (Approx.).. 0.3 1.0 0.8 0.6 Megohm
Transconductance . ........ 1275 1100 1450 1650 Micromhos
Grid Voltage (Approx.) for
transoond. of 2 micromhos. -385 -325 -425 -525 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 6A8,
Voltage supplies and applications are the same as for Type 6SK7.
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AVERAGE PLATE CHARACTERISTICS

TYPE 6K7
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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. Physu‘al characteristics are
shown in Fig. 2-6, OUTLINES SECTION.

% CHARACTERISTICS
HEATER VoLTAGE (A.C.orD.C) .................. 6.3 Voits
HEATERCURRENT .. ....ooivn ... - 0.3 Ampere
GRID-PLATE CAPACITANCE* ....................... 0.005 max. puf
INPUT CAPACITANCE® . . .ooiiivt i 4.6 uuf
OuTPUT CAPACITANCE® ... ... .. iiiiiiiiinnnanns 12 unf
* With close-fitting shield connected to cathode. Values are Approximate.
As Class A, Amplifier

PLATE VOLTAGE ....0.iivtveiiiiiiianaaeaneennns 250 max. Volts
SCREEN VOLTAGE ......oooiviiiiiiiinan s, 125 max. Voits
SCREEN SUPPLY VOLTAGE. . . ... .vvvvrnnnnnnnnnn 250 max. Volts
CONTROL-GRID VOLTAGE . ... ........con... e 0 min. Volts
PLATE DISSIPATION ....................... SN 2.75 max. Watts
SCREEN DISSIPATION ..............oiiiiiniinnnn, 0.35 max. Watt
TypricAL OPERATION:

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

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

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

SUPPIeSIOr. . .voi e Connected to cathode at socket

PlateCurrent ......................... 6.5 7.0 Milliamperes

ScreenCurrent ............cc0oveiivun.s 1.6 1.7 Milliamperes

Plate Resistance (Approx.).............. 0.25 0.8 Megohm

Transconductance . .........coovven.n.. 1325 1450 Micromhos

Gnd Voltage (Approx.) for transcond. of

2micromhos ................0ieunn., -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 pérmits optimum per-

formance at the high as well as the low radio frequencies.

% CHARACTERISTICS

HeateEr VoLTAGE (AC.orD.C) .....cooivvininet,
HEATER CURRENT . .. ovttiietrienenneercnaennans
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. L. ... ... i,

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

Inp
Trlode Plate to All Other Electrodes except Triode |

Grid and Hexode Grid No. 1 = Oscillator Output
Triode Grid and Hexode Grid No. 1 to All Other
Electrodes except Triode Pl