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RECEIVING TUBE
MANUAL

This Manual like its preceding editions, has been
prepared to assist those who work or experiment with
' radio tubes and circuits. It will be found valuable by -
- radio servicemen, radio technicians, experimenters,
~  radio amateurs, and all others technically interested

in radio tubes. -
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described in this book
RCA Manvuracruring Company, Inc.
} offers a complete line of
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Structure of a Metal Radio Tube

| — METAL ENVELOPE 10 — PLATE

2 — SPACER SHIELD - 11 — BATALUM GETTER

3 — INSULATING SPACER 12 — CONICAL STEM SHIELD

4 — MOUNT SUPPORT 13 — HEADER

5 ~— CONTROL GRID 14 — GLASS SEAL

6 — COATED CATHODE 15 — HEADER INSERT )

7 — SCREEN 16,— GLASS-BUTTON STEM SEAL
8 -—— HEATER 17 — CYLINDRICAL BASE SHIELD
9 — SUPPRESSOR 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 Elechjodes

The radio tube is 2 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 negative 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
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 verfz low temperature of about
700-750°C (a dull red) to produce a copious supply of electrons. Coated filaments
operate very efficiently and require relatively little filament power. However,

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

e Directly heated filament cathodes require comparatively
little heating power. They are used in almost all of the tube ty
designed for battery operation because it is, of course, desirable
to impose as small a drain as possible on the batteries. Examples
of battery-operated filament types are the 1A7-GT, 1F5-G, 1H4-G,

| 1H5-G, and 31. A-c operated types having directly heated fila-
Fig. 1 ment-cathodes are the 2A3 and 45.
CATHODE
An indirectly heated cathode, or heater-cathede, consists of
a thin metal sleeve coated with electron-emitting material. With- | 5, ate0
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 electrons and to prevent injury
to the emitting surface of the cathode. When the cathode is heated, electrons leave
the cathode surface and form an invisible cloud in the space around it. Any posi-
tive electric potential within the evacuated envelope will offer a strong attraction
to the electrons (unlike electric charges attract; like charges repel).

—4—
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DIODES

The simplest form of radio tube contains two electrodes, a cathode and an
anode &plate) and is often called a “diode”, the family name for a two-electrode
tube. In a diode, the positive potential is sup- ELECTRON

lied by a suitable electrical source connected 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]

Satyration Point

v%

J 4

/
/

NUMBER OF ELECTRONS
REACHING PLATE —>
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. If space charge were not present to repel electrons comin% from the cathode,
it follows that the same plate current could be produced at a lower plate voltage.
One way to make the effect of space charge small is to make the distance between
plate and cathode small. This means is used in rectifier types, such as the 83-v and
the 25Z5, having heater-cathodes, In these types the radial distance between
cathode and plate is only about two hundredths of an inch. Another means for

reducing space-charge effect is utilized in the mercury-vapor rectifier tubes, such as—

the 83. This tube contains a small amount of mercury, which is partially vaporized
when the tube is operated. The mercury vapor consists of mercury atoms permeat-
ing the space inside the bulb. These atoms are bombarded by the electrons on their
way to the plate. If the electrons are moving at a sufficiently high speed ,the col-
lisions will tear off electrons from the mercury atoms. When this happens, the
mercury atom is said to be “ionized,” that is, it has lost one or more electrons and,
therefore, is charged positive. lonization, in the case of mercury vapor, is made
evident by a bluish-green glow between the cathode and plate. When ionization
due to bombardment of mercury atoms by electrons leaving the filament occurs,
the space-charge is neutralized by the positive mercury ions so that increased num-
bers of electrons are made available. A mercury-vapor rectifier has a small voltage
drop between cathode and plate (about 15 volts). This drop is practically inde-
pendent of current requirements up to the limit of emission of electrons from the
filament, but is dependent to some degree on bulb temperature.

An ionic-heated cathode rectifier tube is another 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 sufficient 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 fAow 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 RN
the plate depends on the combined effect
of the grid and plate polarities. When the
plate is positive, as is normal, and the %
A
HEATER
< 8
md Ul [l

PLATE
PLATE CURRENT

d-c grid voltage is made more and more wR2

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

-6~
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current varies with the signal. Because a small voltage applied to the grid can
control a comparatively large amount of plate current, the signal is amplified by
the tube, Typical three-electrode tube types are the 6C5, 76, and 2A3.

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

TETRODES

The capacitance between grid and plate can be made small by mounting an
additional electrode, called the screen, in the tube. With the addition of the screen,
the tube has four electrodes and is, accord-
ingly, called a tetrode. The screen is
mounted between the grid and the plate
and acts as an electrostatic shield between
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
)
PLATE PLATE
SUPPRESSOR screen  CURRENT
-

§OUTPUT

>

Fig. 8 .

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 possihle 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 12S5]7.

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. A
feature of a beam power tube is its low screen current. The screen and the grid are spiral
wires wound so that each turn of the screen is shaded from the cathode by a grid
turn. This alignment of the screen and grid causes the electrons to travel in sheets
between the turns of the screen so that very few of them flow to the screen. Because
of the effective suppressor action provided by space charge and because of the low
current drawn by the screen, the beam power tube has the advantages of high
power output, high power sensitivity, and high efficiency.

Fig. 9 shows the structure of a beam power tube employing space-charge sup-
pression and illustrates how the electrons are confined to beams. The beam condi-
tion illustrated is that for a plate potential less than the screen potential. The
high-density space-charge region is indicated by the heavily dashed lines in the
beam. Note that the edges of the beam-forming plates coincide with the dashed
portion of the beam and thus extend the space-charge potential region beyond the
beam boundaries to prevent stray secondary electrons from returning to the screen
outside of the beam. The 6L6 and 6L6-G are examples of beam power tubes utiliz-
ing this construction.

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

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

BEAM-FORMING
PLATE
CATHODE

GRID
SCREEN

Fig. 9

MULTI-ELECTRODE and MULTI-UNIT TUBES

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

Later and present trends of tube design are the development of “specialty”
types. These types are intended either to give optimum performance in a particular
application or to combine in one bulb functions which formerly required two or
more tubes. The first class of tubes includes such examples of specialty types as
the 6F6, 125]J7, 617, and 6K8. Types of this class generally require more than
three electrodes to obtain the desired sEecial characteristics and may be broadly
classed as multi-electrode types. The 6L7 is an especially interesting type in this
class. This tube has an unusually large number of electrodes, namely seven. exclusive-
of the heater. Plate current in the tube is varied at two different frequencies at
the same time. The tube is designed primarily for use as a mixer in superheterodyne
receivers. In this use, the tube mixes the signal frequency with the oscillator
frequency to give an intermediate-frequency output.

Tubes of the multi-electrode class often present interesting possibilities of
application besides the one for which they are primarily designed. The 6L7, for
instance, can also be used as a 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 6L6s.

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 6BS, 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.

- O
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Fig 10 Fig. 11

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

The amplification factor, or u, is the ratio of the change in plate voltage to a
change in control-electrode voltage in the opposite direction, under the condition
that the plate current remains unchanged, and that all other electrode voltages
are maintained constant. For example, if, when the plate voltage is made 1 volt
more positive, the grid voltage must be made 0.1 volt more negative to hold plate
current unchanged, the amplification factor is 1 divided by 0.1, or 10. In other
words, a small voltage variation in the grid circuit of a tube has the same effect on
the plate current as a large plate voltage change—the latter equal to the product
of the grid voltage change and amplification factor. The u of a tube is useful for
calculating stage gain, 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 actual inverse voltage, and not the calculated value, should be such as not
to exceed the rated maximum peak inverse voltage for the rectifier tube. A 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 voltage applied
to the tube. In single-phase, half-wave circuits with sine-wave input and with
condenser input to the filter, the peak inverse voltage may be as high as 2.8 times
the rms value of the applied plate voltage. In polyphase circuits, mathematical
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 pags 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
?liltpl‘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-c plate amperes

Plate efficiency (%) = X 100

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

power output watts
(input signal volts, RMS)?

Power sensitivity (mhos) =

Radio Tube Applications

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

AMPLIFICATION

The amplifying action of a radio tube was mentioned under TRIODES, page
7. This action can be utilized in radio circuits in a number of ways, depending
upon the results to be achieved. Four classes of 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 cycie 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-
tifonl.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 59, for triodes and the conventional 7 to 109, for tetrodes or pentodes.
Distortion can be reduced below these figures by means of special circuit arrange-
ments such as that discussed under inverse feedback. With class A amplifiers,
reduced distortion with improved power performance can be obtained by using a
push-pull stage for audio service. With class AB and class B amplifiers, a balanced
amplifier stage using two tubes is required for audio service.

As a class A voltage amplifier, 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
gignal 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 voltage is the voltage
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|

b

PLATE CURRENT

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

amplification factor X load resistance

Voltage amplification = load resistance + plate resistance

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

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

~
»

FOR THEORETICAL TRIODE HAVING:
PLATE RESISTANCE=10000 OHMS —
AMPLIFICATION FACTOR=IO
TRANSCONDUCTANCE 1000 MICROMHOS

VOLTAGE AMPLIFICATION
o [
frm—

© 100000 200000 300000 400000 500000
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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 A¢ or class AB, transformer-coupled audio
amplifier, the loading imposed by the grid on the input transformer is negligible.
The secondary impedance of a class A, or class AB, input transformer can, therefore,
be made very high since the choice is not limited by the input impedance of the
tube; however, transformer design considerations may limit the choice. At the
higher radio frequencies, the input impedance may become very low even when the
grid is negative, due to the finite time of passage of electrons 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

¢ Registored 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.
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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 undistorted power
output of a triode operated at 250
volts on the plate, given'its ampli-
fication factor of 3.5 and its plate
characteristics curves as shown in
Fig. 20.

Procedure: Draw the load line
XY through the operating point
(P) and the zero d-c grid bias
point (X)
- 94@8—3-?1’, or —48.5 volts

* &
X = 2 X 0.0335, or 0.067 ampere

33.5

PLATE MILLIAMPERES

P

8 25
PLATE VOLTS

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

= 1.8 watts

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

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
——j——— - 0.0335

0.067 - 0.006 X 100 = 4.9%

2nd harmonic distortion =

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)

40 I max. X Eo

Power output = 3

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
00150 200 250 350 method. to the case of two type 45’s operated
DR VO Ee) at Eo = 250 volts. .

E Eo—_—l

Fig. 21

n
Q.

0.096 X 250

3 = 4.8 watts

Power output =

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 == Trone. 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
Xill be li?iccompanied by rectification and will no longer be representative of a class
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

Ay zero plate-current axis. These
I, _Eci=1707v  lines should be on both sides
tc=2v  of the operating point P whose

PLATE  MILLIAMPERES

5 - A e position is determined by the
e PLATE vOLTS M desired operating plate volt-
*y 1S THE CONTROL-GRID BIAS VOLTAGE AT THE OPERATING POINT age, Eo, and one hal fthe max-
Fig. 22 imum-signal plate current.

Along any load line, say AA,,
measure the distance AQ;. On the same line, lay off any equal distance OA..
For optimum operation, the change in bias from A to O: should nearly equal the
change in bias from Oy 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—E:—:—:%%‘—;’_j'
The value of Rp may then be substituted in the following formula for calculat-
ing power output.

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

Power output =

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

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

s . I max. 4+ 1 min. -2 Io
%, 2nd harmonic distortion = T =T min. F 14T 0z =19 X 100

PN . 1 max. - I min. - 1.41 (Ix ~ Iy)
9, 3rd harmonic distortion = Trmar —T min. F L4l (ix = 1y) X 100.

% total (2nd and 3rd) harmonic distortion = , /(%7 2nd har. dist.)? + % Scd har. diet.)?
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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
ﬂxpplyl'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 variations in gain due to
changes in line voltage, possible differences between tubes of the same type. or
variations in the values of circuit constants included in the feedback circuit.

Inverse feedback is used in audio amplifiers to reduce distortion in the output
stage where the load impedance on the tube is a loudspeaker. Because the imped-
ance of a loudspeaker is not constant for ail 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
eyt Fig. 24. In this circuit, Ry, R,, and
siGNAL H are connected across the output of
the 6L6 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
£ +8 output voltage, approximately equal
Fig. 24 to the output voltage multiplied by

the fraction R,/(R: + Ra), is applied
to the grid. There results a decrease in distortion which can be explained by the
curves of Fig. 25.
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Consider first the amplifier without the use of inverse feedback. Suppose that
when a signal voltage e, is applied to the grid the a-f plate current i', has an irreg-
ularity in its positive half-cycle. This irregularity represents a departure from
the waveform of the input signal and is. therefore. distortion. For this plate-current
waveform, the a-f plate voltage has a waveform shown by e’,. The plate-voltage
waveform is inverted compared to the plate-current waveform because a plate-
current increase produces an increase in the drop across the plate load. The voltage
at the plate is the difference between the drop across the load and the supply volt-
age; thus, when plate current goes up, plate voltage goes down: when plate current
goes down, plate voltage goes up.

Fig. 26

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

istortion,

After the correction of distortion has been applied by inverse feedback, the
relations are as shown in the curve for i,. The dotted curve shown by i, is the
component of plate current due to the feedback voltage on the grid. The dotted
curve shown by i’, 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 ip. 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 brought back to its full value. Hence, the application of
inverse feedback to an amplifier requires that more-driving voltage be applied to
obtain full power output but this output is obtained with less distortion.

Inverse feedback may also be applied to resistance-coupled stages as shown
in Fig. 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 fregencies. 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- B85C+ 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-

ut transformer. The magnitude of this reflected impedance increases with increas-
ing frequency in the middle and upper audio range. The impedance of the filter,
however, decreases with increasing frequency. It follows that by use of the proper
values for the resistance and the capacitance in the filter, the effective load imped-
ance on the output tubes can be made practically constant for all frequencies in the
middle and upper audio range. The result is an improvement in the frequency
characteristic of the output stage.

The resistance to be used in the filter for a push-pull stage is 1.3 times the
recommended plate-to-plate load resistance; or, for a single-tube stage, is 1.3 times
the recommended plate load resistance. The capacitance in the filter should have
a value such that the voltage gain of the output stage at a frequency of 1000 cycles
or higher is equal to the voltage gain at 400 cycles. A method of determining the
proper value of capacitance for the filter is to make two measurements on the
output voltage across the pri-
cs mary of the output transformer:
T first, when a 400-cycle signal is
‘}"iﬁf‘“ applied to the input, and second,

when a 1000-cycle signal of the
same voltage as the 400-cycle sig-
250w nal is applied to the input. The
TYPE 6HS correct value of capacitance is
wov. the one which gives equal output
voltages for the two signal inputs.
ov. In practice, this value is usually
found to be on the order of 0.05

uf.
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 6L7 as an audio amplifier can be varied
by variation of the bias on the No. 3 grid. When the bias on the No. 3 grid is made
less negative, the gain of the 6L7 increases. In the circuit, the signal to be amplified
is applied to the No. 1 grid of the 6L7 and is amplified by the 6L7. The signal is
also applied to the grid of the 6C5, is amplified by the 6C5, and is rectified by the
6H6. The rectified voltage developed across RS, the load resistor of the 6H6, 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 6L7 is a variable-mu grid and therefore will produce
distortion if the input signal voltage is too large. For that reason, the signal input
to the 6L7 should not exceed a peak value of 1 volt. This value is of the same
order as the voltage obtainable from the usual magnetic phonograph pick-up.
The no-signal bias voltage on the No. 3 grid is controlled by adjustment of contact
P. This contact should be adjusted initially to give a no-signal plate current of
0.15 milliampere in the 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 blasting and compensates
for differences in voice level produced by movements of the speaker at the micro-
phone. In this circuit the 6H6 is connected as a voltage doubler. The d-c output
is applied across potentiometer Ry,. The arm and one side of Rag 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, is dependent on the average signal level.
When the level tends to increase, the voltage across Ras increases; when the level
decreases, the voltage decreases. The voltage taken from Rae is applied in series
with the control-bias of the master mixer tube. When the switch is set to “expand.”
the voltage becomes opposite in polarity to the bias of the tube. This lowers the
bias and increases the amplification factor of the tube. When the switch is set
to “compress,” the two voltages are additive. The negative bias is, therefore,
increased and the amplification factor is decreased.

A phase inverter is a circuit used to provide resistance 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 Ts. The output voltage of T, is applied to the grid of T,. A
portion of the output voltage of T, is also applied through the resistors R, and R,
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.
Thus, when the output voltage of T,
swings positive, the output voltage
of T, swings negative and is, there-
fore, 180° out of phase with the out-
put voltage of T,. In order to ob-
tain equa!l 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 R; should be the same as the voltage gain ratio of T, in order to apply the
correct value of signal voltage to T.. The va%ue of R; is, therefore, equal to R,
divided by the voltage gain of T,; R; is equal to R, minus Rj.

INPUT
SIGNAL
VOLTAGE

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 voitage 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

+V\ /\ /\ TRANSFORMER
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-J \/ \/ \/ VOLTAGE .
ANWANVA
o]
| \/ \_/ \/ascnrrcwou»c:
- PLATENS2
covamED
RECTIFIED
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[
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OF FILTER
D-C VOLTAGE
AVAIL ABLE FOR
RADIO RECEIVER

FULL-WAVE RECTIFICATION
Fig. 29

RECTIFIED VOLTAGE
PLATE N2t

o_+ ©_+ o4

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

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

HALF-WAVE RECTIFIER FULL-WAVE RECTIFIER

e

4
¥ ouTPUT *
vours 2 To e
| VOLTS
rIITTER FlLIER

Fig. 30

f

service but the total load-handling capability of the complete rectifier is approx-
imately doubled. When mercury-vapor rectifier tubes are connected in parallel,
a stabilizing resistor of 50 to 100 ohms should be connected in series with each plate
lead in order that each tube will carry an equal share of the load. The value of the
resistor ‘to be used will depend on the amount of plate current that passes through
the rectifier. Low plate current requires a high value; high plate current, a low
value. When the plates of mercury-vapor rectifier tubes are connected in parallel.
the corresponding filament leads should be similarly connected. Otherwise the
tube drops will be considerably unbalanced and larger stabilizing resistors will be
required Two or more high-vacuum rectifier tubes can also be connected in par-
alle] 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.

Fon T’E The action of a voltage doubler is briefly as

o2, follows. On the positive half-cycle of the a-c

L input, that is, when the upper side of the a-c

£ input line is positive with respect to the lower

L side, the upper diode passes current and feeds

)\ T2 = SEPARATE FILAMENT a posgitive 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 cydle.

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.

TYPE
‘L 2526 _]_ (L R
: ¢ TYPE

a-c ) = A-C
INPUT R = 0-C INPUT
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R = HEATERS OF OTHER TUBES IN SERIES
WITH VOLTAGE-DROPPING RESISTOR

R;=PROTECTIVE RESISTOR

C,CjHCa = 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 radio-frequency wave whose amplitude varies in accordance with the audio-
frequency signal being transmitted. The r-f wave is said to be modulated by the
a-f wave. The effect of modulation on the waveform of the r-f wave is shown in

Fig. 34.

UNMODUL ATED A-F MODULATING MODULATED
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 (c) through the diode
load resistor R. When the r-f voltage on the anode rises high enough to exceed
the potential at which the condenser holds the cathode, current flows again and

A-F
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 ¢ircuit 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 Rs. 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 Cy. 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< 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 different values of bias on the triode grid for different signal strengths
and the triode will produce distortion. Since there is no bias applied to the diode-
biased triode when no 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 volt4ge 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
QOF LAST
1-F STAGE

AVC

BIAS
voLTace Te } ST4S€  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 ave diode increases,
the voltage drop across R, increases, the negative bias voltage applied to the r-f
and i-f stages increases, and the gain of the r-f and i-f stages is decreased, Thus
the increase in signal strength at the antenna does not produce as much increase
in the output of the last i-f stage as it would produce without ave. When the
signal strength at the antenna decreases from a previous steady value, the ave
circuit acts, of course, in the reverse direction. applying less negative bias, permitting
the 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- pUT-
age were taken directly from R, without  oF ¥asr
filtering, the audio variations in avc voltage i-F s1ace
would vary the receiver’s gain so as to
smooth out the modulation of the carrier.
To avoid this effect, the avc voltage is

taken from the condenser C. Because of DAvE 1

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

denser C can charge and discharge at only 2T PN A
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 avc circuit to smooth out variations
in signal due to fading, but prevents the circuit from smoothing out audio modulation.

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

In the circuit shown in Fig. 41, a certain amount of avc negative bias is applied
to the preceding stages on a weak signal. Since it may be desirable to magntain
the receiver’s r-f and i-f gain at the maximum possible value for a weak signal, ave
circuits are designed in some cases to apply no ave 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, a d-c current flows through R; and
R, in series with Dy, The voltage drop caused by this current places the avc lead
at approximately -3 volts (less the ne ligible 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 Ds becomes more negative
than the cathode of D and current flow in diode D, ceases. The potential of the
avc lead is then controlled by the voltage developed across R;. Therefore, with
further increase in signal strength, the avc circuit applies an increasing avc bias
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, + Rs) times -3 volts. Hence, with the circuit constants as shown, the
detector plate is made negative with respect to its cathode by approximately one-
half volt. However, this voltage does not interfere with detection because it is not
large enough to prevent current flow in the tube. .

TUNING INDICATION WITH ELECTRON-RAY TUBES

Electron-ray tubes are designed to indicate visually by means of a fluorescent
target the effects of a change in controlling voltage. They are widely used as tuning
indicators in radio receivers. Types such as the 6U5/6G5 and the 6N5 contain

two main parts: (1) a triode which
CATHODE /FLUORESCENT operates as a d-¢c ampliﬁer and (2)
UIGHT =—m _——"COATING A-C all X
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
—~BLATE 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 whereit 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 approximately the same potential as the target.

.. In the application of the electron-ray tube, the potential of the control electrode
is determined by the voltage on the grid of the triode section, as can be seen in F ig.
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 6K7 6AF6-G

TRIODE
CONNECTED
ELECTRON- '

RAY TUBE

0.1

IMEG, fuf

- B+

- AANA 4
TO CONTROLLING R-TYPICAL VALUE 1S 0.5 MEGOHM
VOLTAGE

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
pattetns 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 ETLU;::RNOC; between electron-ray tubes depends on
a\ IMEC.  RAY TuBE the avc characteristic of the receiver.

AN, 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+ R3 216700 OHMS
Fi The sensitivity indication of electron-
ig- 46 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 an%le 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 > ®
a- A= B+ 8~ HEATER 8+
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,

two voltages of different frequency, the
SELLLA FREQUENCY | _OUTPUT AT r-f signal voltage and the voltage gen-
R-F SIGNAL MIXER
FREQUENCY
OSCILLATOR

INTERMEDIATE erated by the oscillator, are applied to

the input of the frequency mixer.

These voltages beat, or heterodyne,

within the mixer tube to produce a

FREQUENCY CONVERTER plate current having, in addition to

Fig. 49 the frequencies of the input voltages,

numerous sum and difference frequen-

cies. The output circuit of the mixer stage is provided with a tuned circuit which

is adjusted to select only one beat frequency, i.e., the frequency equal to the differ-

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

put frequency is known as the intermediate frequency, or 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 methode aiffer
in the tty};p:s 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 %nbeﬂther a triode, a tetrode, or
a pentode, in which oscillator voltage and signal voltage are applied to the same

d. In this method, coupling between the oscillator and mixer circuits is obtained

y means of inductance or capacitance.
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The second method employs a_tube having an oscillator and 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 undesirable effects produced by interaction
between oscillator and signal sections of the tube increase with frequency. To
minimize these effects, several of the pentagrid converter tubes are designed so
that no electrode functions alone as the oscillator anode. In these tubes, grid No. 1
functions as the oscillator grid, and grid No. 2 is connected within the tube to the
screen (grid No.4). The combined two grids No. 2 and 4 shield the signal grid
(grid No. 3) and act as the composite anode of the oscillator triode. Grid No. 5
acts as the suppressor. Converter tubes of this type are designed so that the space
charge around the cathode is unaffected by electrons from the signal grid. Further-
more, the electrostatic field of the signal 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 N2d (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
TRIODE {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 i1s 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 variations
USING (SUPPRESSOR) [ToF in plate current are due to the combina-
SERORETE — oureur tion of the oscillator and signal frequencies.
T PLATE | CIRCUIT The arrangement of electrodes in a penta-
(TO OSCILLATOR) GRIDS N22 8.4 grid-mixer tube is shown in Fig. 52. The
(SCREEN) tube contains a heater cathode, five grids,

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

Terlsy cut-off characteristic and is suited for con-

’ trol by avc bias voltage. The oscillator

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

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,

Radio Tube Installation

The installation of radio tubes requires care if high-quality performance is
to be obtained from the associated radio circuits. Installation suggestions and
precautions which are generally common to all types of tubes are covered in this
section. Careful observance of these suggestions will do much in helping the
experimenter and radio technician to obtain the full performance capabilities of
radio tubes and circuits. Additional and 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 voltaﬁe 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 across 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 registors 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 I8 obtained from batteries, devices for recti-
fying a.c., direct-current power lines, and small local generators. Auto radios have
caused the commercial development of a number of devices for obtaining a high-
voltage d-c supply either from the car storage-battery or from a generator driven
by the car engine.

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

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

GRID VOLTAGE SUPPLY

The recommended grid voltages for different operating conditions have been
carefully determined to give the most satisfactory performance. Grid voltage may
be obtained from a separate C-battery, a tap on the voltage divider of the high-
voltage d-c supply, or from the voltage drop across a resistor in the cathode circuit.
This last is called the “cathode-bias,” or “self-bias” method. In any case, the
object is to make the grid negative with respect to the cathode by the specified
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

M""

Be- —— 8+

= ) 2000
R= GRID-BIASING RESISTOR T=FILAMENT TRANSFORMER C=BY-PASS CONDENSER
Fig. 54

to the plate current in the case of a triode. or to the sum of the plate and screen
currents in the case of a tetrode, pentode, or beam power tube. Since the voltage
drop along the resistance is increasingly negative with respect to the cathode, the
required negative grid-bias voltage can be obtained by connecting the grid return
to the negative of the resistance.
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The size of the resistance for cathode-biasing a single tube can be determined
from the following formula: .

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

Resistance (ohms) =

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

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

Grid-bias variation for the r-f and i-f amplifier stages is a convenient and
frequently used method for controlling receiver volume. The variable voltage
supplied to the grid may be obtained: (I) 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 goesitive 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
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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 under any tube type indicates that the
maximum ratings for this type are to be interpreted in accordance with RMA
Standard M8-210. This standard establishes a new system of ratings in which the
meaning of maximum rating is changed from “absolute maximum” to ‘“‘design
maximum.” This change has been made to take into account the normal voltage
varjations 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
tectifier 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. ... .ccovrenverssnnsronsaonscseanns 100 Milli
DeC CATHODE CURRENT. . .0 o tvroovrsnonasasarcrssosssssnanns 25 :’n':: M;lli:xxggxl:::
TypricAL OPERATION WITH A-C SUPPLY:

Anode-Supply Volta\;e (RMS) © . ieeruvennerernronsoeaannans 105-130 Volts

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

R-F Starter-Anode Voltages (Peak) .......cooocvievetnaacens 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 0
erated in circuit shown below. In
this circuit, the starter-anode is main-
tained at a potential just below that re-
quired for breakdown by means of the
bleeder RiRs. When a carrier having the
frequency of the tuned circuit LC is im-
pressed on the power line, a resonant
voltage appears across L and C. The
effect of the voltage across the condenser
C is to increase the negative potential
peaks on the cathode and thus to in-
crease the potentials between cathode
and starter-anode. These peaks start a
discharge between cathode and starter-
anode. This diuhug;cgroduws free ions
which enable the discharge to transfer
to the anode if circuit values are such

[ ®

nsv,
A-C LINE

IR TN
LT 5 ol

s
. N

pynmay SR

TYPE
0A4-G

CONTROLLED

CIRCUIT
o

[
L}-HIGH-Q TUNED CIRCUIT FOR R-F SIGNAL

R1=15000 OHMS (', WATT)
R2=10000 OHMS (Y WATT )
$=RELAY—CHOSEN FOR DESIGN REQUIREMENTS

that sufficient starter-anode current
flows. Because a.c. is supplied to the
anode, the OA4-G ceases to discharge
when the carrier is removed.

If the 0A4-G is to be operated from a
d-¢ power line, it will be necessary to

©®=GAS TUBL TYPE

TYPICAL BREAKDOWN CHARACTERISTICS
FOR DIFFERENT ELECTRODE POLARITIES

provide means for reducing the anode TYPE OA4-G
voltage to a value under 60 volts (ex- | |

T
CATHODE TO
ANODE

2.

tinction voltage). This can be done i | e~
conveniently by opening the anode circuit. ’*?2’555%!‘3‘2‘/ ’

Moet of the voltage on the starter- T J zr
anode required to {cause breakdown is i /

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

o
[

positive or negative, respectively. The
tube is designed to be operated so that
the discharge takes place when the

A
1
1
|
i
1
I
I
|
i
[—1-60— -40— -0 —— 0 ——— 20 —— 40 —— &
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!
|
1
1
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~100

starter-anode and anode are both posi-
tive (first quadrant). Breakdown between

ANGDE VOLTS {D-C_OR INSTANTANEOUS A-C)

i
o
v
STARTER-ANODE
TO CATHODE

CATHODE TO
STARTER/: ANODE
>

cathode and starter-anode occurs when Y

the starter-anode voltage reaches 85 volts

[

approximately. This discharge initiates 200

a didcharge between cathode and anode,
provided the anode potential is ade-
quate. The required anode potential is N e

TNEN

/f/,//’l

~ANODE TO
STARTER-

ANODE

a function of the current flowing to the o0 L — _ac0
starter-anode circuit. In practice, it is :
desirable to have a current of at least

200 microamperes flowing to the starter-
anode.

— 46 —

STARTER = ANODE VOLTS (D-C OR INSTANTANEOUS A-CY

RC-4899



RCA RECEIVING TUBE MANUAIL

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

FraMeENT VOLTAGE (D.C.)..cvivivirininnnennnnn 14 Volts
FILAMENT CURRENT .. .0cvvvnnevonersoaocnannnns 0.05 Ampere
PLATE VOLTAGE .. ...0uivvivncenannnennns 85 90 max. Volts
ScreeN VoLtace (Grid No. 2) ............ 85 90 max. Volts
Grip VoLTAGE (Grid No. 1)............... ~4.5 -4.5 Volts
PLATE CURRENT. . ...ivviiiinninnernenns 35 4.0 Milliamperes
SCREEN CURRENT. . ..vvnrercnosssrenannns 0.7 0.8 Milliamperes
PLATE RESISTANCE (ADProX.) ....covvvenn. 0.3 0.3 Megohm
TRANSCONDUCTANCE .. .cvvueerunosensanns 800 850 Micromhos
LOAD RESISTANCE . ......ccvvivunennnnsen 25000 25000 Ohms
CATHODE RESISTOR ........coviiivnnennnn 1000 940 Ohms
Power Outrut (10%, total harmonic

distortion) ..........coiiiiiiiiiinaann 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 muilti-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 shield-can) ............ 0.25
Grid No. 4 to Grid No. 2 (With shield-can) ....... 0.2
Grid No. 4 to Grid No. 1 (With shield-can) ....... 0.1
Grid No. 1toGrid No. 2 .. .oiiiiniinnennns 0.8
Grid No. 4 to All Other Electrodes (R-F Input) ... 10.5
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 6-72
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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) ...t 1.4 Volts
FILAMENT CURRENT . .. 0vvivennenrnnrennnnasnnnen 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* uuf
Grid No.4toGridNo. 1 ............. 0.12* 0.12* uuf
Grid No. 1toGrid No. 2 ............. 0.90* 1.5 unf
Grid No. 4 to All Other Electrodes
(RFInput)....................c0 6.5* 75 uuf
Gnd No. 2 to All Other Electrodes
Except Grid No. 1 (Osc. Output) . ... 4.6* 4.0 upf
Grid No. 1 to All Other Electrodes i,
Except Grid No. 2 (Osc. Input) . .... 4.0* 3.2 uuf
Plate to All Other Electrodes
(Mixer Output). ........ovvevennnnn 11* 10 unf

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

Converter Service

PLATE VOLTAGE .. .....cuiiineieneinnenncnnnnnnns 90 max. Volts
ScreEN VoLTAaGE (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. .. .. vvvvvernnnnnanaenes 3 max. Milliamperes
TypicaL OPERATION:
Plate Voltage .. .......ciiiiiiiiiiaiiiniiennans 90 Volts
Screen Voltage . ...covviiieiieneinnenennnnarees 45** Volts
Anode-Grid Voltage. ............ciiviiniinn.. 90 Volts
Control-Grid Voltage (Grid No. 4)............... 0 Volts
Oscillator-Grid (Grid No. 1) Resistor............. 200000 Ohms
Plate Current .....covviirniinerieeenreannanens 0.55 Milliampere
Screen CUIrent . .....ovveieiiirncrrerereneares 0.6 Milliampere
Anode-Grid Current. .......coveiviiininnnn.. 1.2 Milliamperes
Oscillator-Grid Current. ............covveenien. 0.035 Milliampere
Total Cathode Current. . ........covvniiiinn., 2.4 Milliamperes
Plate Resistance. . .......cvvviiieneeneinnennns 0.6 Megohm
Conversion Transconductance. . ...........cco.... 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
OQUTLINES SECTION. Complete shielding of the 1A7-G and 1A7-GT is generally
necessary to prevent intercoupling between its circuit and those of other stages.

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

discussion of pentagrid types, see Fre-

quency Conversion in RADIO TUBE

APPLICATIONS section. The electrical characteristics of the 1C6 and its applica-
tions are identical with those of Type 1C7-G, except for capacitances which are
shown below. For installation, see Type 1A6. Physical characteristics of the

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

DirEcT INTERELECTRODE CAPACITANCES {(Approx.):
Grid No.4toPlate ..............covvireinnnnn. 0.3*
Grid No.4toGridNo. 2 ..................oout. 1 0.3*

Grid No.4toGridNo. 1 ....................... 0.15*
Grid No. 1toGridNo. 2 ....................... 15
Grid No. 4 to All Other Electrodes (R F Input) ... 10
Grid No. 2 to All Other Electrodes (Osc. 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.)......... ... ... it 2.0
FILAMENT CURRENT ... .. 0ivinernriaeinnoncnnnnnn 0.120
DirecCT INTERELECTRODE CAPACITANCES (Approx.):* .
Grid No.4toPlate ...............ccoiiiann.. 0.26
GridNo.4toGridNo. 2 ................... ... 0.32
Grid No. 4toGridNo. 1 ................. .. 011
GridNo 1toGridNo.2 ...............ooun... 1.2
Grid No. 4 to All Other Electrodes (R-F Input) ... 10
Grid No. 2 to All Other Electrodes Except Grid
No.1(Osc.Output).......oooviiiiininnnnn.. 5.5
Grid No. 1 to All Other Electrodes Except Grid
No:2(@Osc.Input). .....coiiivniiieneinnnn. 4.8
Plate to All Other Electrodes (Mixer Output) ..... 14

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

Converter Service

PLATE VOLTAGE . .....0uitiieernecnnrinneerannns 180 max.
ScrREEN VOLTAGE (Grids No. 3and 5).............. 67.5 max.
SCREEN VOLTAGE SUPPLY . . . ..0vevnerunrecnaneenns 180 max.
ANODE-GRID VOLTAGE (Grid No. 2)................ 135 max.
ANODE-GRID VOLTAGE SUPPLY*. . .................. 180 marx.
CoNTROL-GRID VOLTAGE (Grid No. 4) .. ............ 0 min.

Volts
Ampere

unf
upf

Voits
Volts
Volts
Volts
Volts
Volts

* Applied through 20000-ohm dropping resistor, by-passed by 0.1 uf condenser.
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PLATE DISSIPATION ..........c0oiiiiiinnn., 0.3 max. Watt
ScREEN DISSIPATION ... ..., 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 Vo‘:f: ................. -3 -3 Voits
Osclllator-Grid Resistor (Grid No. 1)... 50000 50000 Ohmas
PlateCurrent ....................... 1.3 1.5 Milliamperes
ScreenCurrent ...................... 25 2 Milliamperes
Anode-Grid Current.................. 3.1 4 Milliamperes
Oncillator-Grid Current . .............. 0.2 0.2 Milliamperes
Total Cathode Current. . ............. 7.1 7.7 Milliamperes
Plate Resistance (Approx.)............ 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 inijtially 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,
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The maximum conversion transconductance is obtained with an oscillator-grid
current of slightly less than 0.2 milliampere. The size, inductance, and coupling of
the oscillator-grid and 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-
iate-frequency amplifier in battery-op-
erated receivers, g

CHARACTERISTICS
FILAMENT VOLTAGE (D.C.)........ o ...t 2.0 Volts
FILAMENT CURRENT . ... .coiiiiiieeinneennnn. 0.060 Ampere
PLATE VOLTAGE . .....uvvvineiinnnnnnnn. 90 180 max. Volts
ScrEEN VoLTAGE (Grid No. 2) .......... .. 675 67.5 max. Volts
Grip VoLTAGE (Grid No. 1)............... -3 min. -3 min. Volts
PLATE CURRENT. . .oovtvnviiiiinnn e, 2.2 2.3 = Milliamperes
SCREEN CURRENT . ...vvvvtiniinninnn, 09 0.8 Milliampere
PLATE RESISTANCE (Approx.) ............. 0.6 1.0 Megohm
TRANSCONDUCTANCE . . .\ovvernnennannn. .. 720 750 Micromhos
TRrRANSCONDUCTANCE (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
u}r:lgea ’II)‘ype 1C7-G. Screen voltage may be obtained in the same way as for Type
1E5-GP,

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

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

Owing to the fact that the super-control feature of the 1D5-GP requires a
comparatively large grid-bias change, the screen and plate voltage may vary con-
siderably for various volume settings. depending on receiver design. 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
volts but should not exceed 100 volts. It should be recognized that under the
condition of screen voltage above 67.5 volts at low plate current, an increase in the
grid-bias voltage supply must be provided for adequate volume control.
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PENTAGRID CONVERTER

The IDIZ;% is :d multi-(f:lectrodtge
vacuum tu esigned to perform the
functions of both mixer and oscillator 'I D7 G
in superheterodyne circuits which use =
battery power supply. For general
discussion of pentagrid types, refer
to Frequency Conversion in RADIO
TUBE APPLICATIONS section.

CHARACTERISTICS
FILAMENT VOLTAGE (D.C.).....oiiviiiiiiiennennns 2.0 Volts
FILAMENT CURRENT . .. ooviivrinnnennnnecnaaneens 0.060 Ampere
DireCT 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 unf
Converter Service
PLATE VOLTAGE . .. .vueveverrunaoonnneeeeeneennns 180 max. Volts
ScrEEN VoLTAGE (Grids No. 3and5).............. 67.5 max. Volts
ANODE-GRID VoLTAGE (Grid No. 2)................ 135 max. Volts
ANODE-GRID VOLTAGE SUPPLY*.................... 180 max. Volts
CoNTROL-GRID VOLTAGE (Grid No. 4).............. -3 min. Volts
ToTAL CATHODE CURRENT. . . ....ovevnneeennn... 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 ............coovvenian... 1.2 13 Milliamperes
ScreenCurrent ................o0o .. 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. ..............c0vvenen 0.4 0.5 Megohm
Conversion Transconductance........... 275 300 Micromhos
Conversion Transconductance (At -22.5
voltsonGrid No. 4) ................. 4 4 Micromhos

The transconductance of the oscillator portion (not oscillating) of the 1D7-G ig 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-grid current is 2.3 milliamperes.

* Applied through 200&0-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 adjustment should the cathode current exceed
the recommended maximum value of 9 milliamperes.

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

int 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 plateload, 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

ID8-GT 1 1pscr is o mutinic tube r+(®

having a 1.4-volt filament for use in
compact battery-operated receivers KEY
designed for it, This tube combines G-8AJ
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).....vi i iiie et 1.4 Volts
FILAMENT CURRENT ... .0viiieiiiannnnocranenenns 0.1 Ampere
Pentode Unit as Class A, Amplifler
PLATE VOLTAGE ....,..covvenvnnn 45 67.5 90 max. Volts
ScreeN VoLTacE (Grid No. 2) ... 45 67.5 90 max. Volts
Grip VoLTAGE (Grid No. 1)....... -4.5 -6 -9 Volts
PLATE CURRENT. . ....vinvennnnn 1.6 3.8 5 Milliamperes
SCREEN CURRENT . ...vvvvennnnnnn 0.3 0.8 1.0 Milliamperes
PLATE RESISTANCE........ FRPUN 0.3 0.2 0.2 Megohm
TRANSCONDUCTANCE .. ..i,.00... . 650 875 925 Micromhos
LoAD RESISTANCE .. ...covvennne. 20000 16000 12000 Ohms
TotAL DISTORTION. ........vunnn. 10 10 10 Per cent
PowerR OUTPUT......cvvvvnnnnn.. 35 100 200 Milliwatts
" Triode Unit as Class A, Amplifier
PLATE VOLTAGE ........co000vnes 45 67.5 90 max. Volts
GRID VOLTAGE .......... eeennas 0 0 0 Volta
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0.3 0.6 1.1 Milliamperes
25 25 25
77000 55500 43500 Ohms
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 probability of triode plate-current cut-off and to the fact that
a varying bias would be applied to the pentode unit.

éid&sistance or transformer coupling may be employed between the triode and
pentode.

R-F AMPLIFIER PENTODE

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

CHARACTERISTICS
FrLAMENT VOLTAGE (D.C)..........ccovvuun. ... 2.0 Volts
FILAMENT CURRENT.........ccooiiinnveinnnnnnn. 0.060 Ampere
PLATEVOLTAGE ........cccivieiennnnn.. 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. . .......c0vviiinnnnns, 1.6 1.7 Milliamperes
SCREEN CURRENT. ...0ovvveerrennnnnnnnen 0.7 0.6 Milliampere
PLATE RESISTANCE. . ............covvuue.. 1 1.5 Megohms
TRANSCONDUCTANCE .. ...ocvvunnnnnnnnnns 600 650 Micromhos
GRIL VOLTAGE® (ApProx.) ................ -8 -8 Volts
Grip-PLATE CAPACITANCE (With shield-can) 0.007 max. - puf
INPUT CAPACITANCE. .....coovvinnnnnann.. 5 uuf
OUTPUT CAPACITANCE . . . ..oovvveninnnn .. 11 unf

* For plate current cut-off.

INSTALLATION and APPLICATION

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

The screen voltage may be obtained from a tap on the B-supply battery or
from a bleeder circuit across the battery. as a whole or in part. Due to the screen
current characteristics of the 1E5-GP, a resistor in series with the B-supply may
be employed. if desired, for obtaining the screen voltage, provided the maximum
voltage between screen and filament does not exceed 100 volts under conditions of
reduced plate current
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TWIN-PENTODE
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.)....viiiiiiiiiiiinnnn. 2.0 Volts
FILAMENT CURRENT ... ..cvvvevnnnennronnonnnnnnns 0.24 Ampere
AVERAGE CHARACTERISTICS OF SINGLE UNIT! -

Plate Voltage ............ P 135 Volts

Screen Voltage (Grid No. 2)...........coovvve... , 135 Volts

Grid Voltage (Grid No. 1) ............ccvvvnnnn. 4.5 Volts

Plate Current .....ocovviivrrciinninisineiennnns 75 Milliamperes

Screen CUrrent .......cceneveeicrorccnnnnnnaess 22 Milliamperes

Plate Resistance (APProx.)........coeeevunennnns 0.26 Megohm

Transconductance . ........oeeveeveeoreneenens 1425 Micromhos

As Push-Pull Class A, Amplifier

Yalves are for two units

PLATE VOLTAGE .. . . o ieitieeeinnianaannenoans 135 max. Volts
SCREEN VOLTAGE ... .cvivrvnenreansoinunseonnnns 135 max. Volts
GRID VOLTAGE® . . ..ot iiietiieanananrananenens 7.5 Volts
Piak A-F GRID-TO-GRID VOLTAGE . . . ......vvvunnn. . Volts

15
ZERO-SIGNAL PLATE CURRENT (ApPPIox.)............ 7
Max.-SIGNAL PLATE CURRENT (AppProx.) ........... 10.5 Milliamperes
ZERO-SIGNAL SCREEN CURRENT (Approx.) .......... 3% Milliamperes

Max.-SiGNAL SCREEN CURRENT (APpPIrox.) .......... . Milliamperes
Loap ResisTANCE (Plate-to-Plate)................. 24000 Ohms
ToTAL HARMONIC DISTORTION. . . F N 55 Per cent
TaIRD HARMONIC DISTORTION. ........... .. 4.5 Per cent
Max.-SioNaL Power Qurputt .. ... ...l 0.575 Watt

+ A power output of 1.0 watt with 107, 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.

; Gi
POWER AMPLIFIER PENTODE G
The 1F4 is a power-amplifier pen-
tode of the 2-volt filament type for use © oL
] F 4 in the output stage of battery-oper-
ated receivers. Its electrical charac-. A
teristics are the same as those of the (D) (5)
Type 1F5-G. The base of the 1F4 fits P G3
the standard five-contact socket which 5K =

should be installed to hold the tube o
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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) o} POWER AMPLIFIER PENTODE

" /4 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
r+(2) ALAD - receivers. This tube has low filament- -
0! 63 and plate-current requirements, high
NCTKEY power sensitivity, and is capable of
C NC . . .
delivering a considerable amount of

G-6x audio power with low distortion.
% CHARACTERISTICS
FrLaMENT VOLTAGE (D.C.). ......cooviee e, 2.0 Volts
FILAMENT CURRENT .. ......o0iiirtannnnnnnnnnnn, 0.12 Ampere
As Single-Tube Class A, Amplifier
PLATEVOLTAGE .........oviviiiiiiinannn s 180 max. Volts
SCREEN VOLTAGE .....ooviiiniiiniinaeeannnnn,s 180 max. Volts
PLATEDISSIPATION .......covviiniinnnnnnnnn. 1.75 max. Watts
SCREEN DISSIPATION .. ...vvvieinneennennnnnnnnn, 0.75 max. Watt
TyPICAL OPERATION:
Plate Voltage ...............c.cuvu... 90 135 . Volts
Screen Voltage (Grid No. 2)............. 920 135 Volts
Grid Voltaée c(lGn‘d No.l).............. -3 —4.5 Volts
Peak A-F Grid Voltage. ................ 3 45 Voits
PlateCurrent ......................... 4 8 Milliamperes
Screen Current ........................ 1.1 2.4 Milliamperes
Plate Resistance (Approx.).............. 0.24 0.20 Megohm
Transconductance ..................... 1400 1700 Micromhos
Load Resistance. . ... e, 20000 16000 Ohms
Cathode Resistor ...................... 588 432 Ohms
Total Harmonic Distortion.............. 6 5 Per cent
PowerOutput......................... 110 310 Milliwatts
As Push-Pull Class AB; Amplifier
Valves are for two tubes
PLATE VOLTAGE ...........ccoviniinna.., 180 max. Volts
SCREEN VOLTAGE .....ovivviiieeeesiaannnn, 180 max. Volts
PLATE DISSIPATION ..............0oveieinennnn.. 1.75 max. Watts
SCREEN DISSIPATION ..........cooirieinennnnnn... 0.75 max. Watt
TypricaL OPERATION:
Plate Voltage ................................. 180 Voits
Screen Voltage . ...................ccoviiin... 180 Volts
GridVoltage. . .................cooeuii . -7.5 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...................... 55 Milliamperes
Max.-Signal Screen Current. .................... 7 Milliamperes
Load Resistance (Plate-to-plate)................. 20000 Ohms
Total Harmonic Distortion...................... 4.5 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
either singly or in push-pull combination. More than one audio stage preceding
the 1F! is undesirable because of the possibility of microphonic disturbances
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. resulting from the high level of amplification. Transformer- or impedance-coupling
devices are preferable. If resistance coupling is employed, the d-c resistance in
the grid circuit should not exceed 1.0 megohm under cathode-bias conditions; with
fixed bias, the maximum value is 0.5 megohm.

DUPLEX-DIODE PENTODE

The 1F6 is a duplex-diode pentode

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.

G2p Poz

Pentode: GRID-PLATE CAPACITANCE* .. 0.007 max. uuf
INPUT CAPACITANCE. ............ . 4 uuf
QUTPUT CAPACITANCE . .....oovvvvnnennnnn 9 unf

* With shield-can.

DUPLEX-DIODE PENTODE

The 1F7-GV is a duplex-diode pen-

tode consisting of two diodes and a

] F7- GV pentode in a single bulb. It is recom-
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
FrLAMENT VOLTAGE (D.C.).........coiiiiiiiie.t. 2.0 Volts
FILAMENT CURRENT . . ..vtttiieennnnenenonocnnnnns 0.06 Ampere
Pentode: GRID-PLATE CAPACITANCE®............... 0.01 max. uuf
INPUT CAPACITANCE®. . .. ......cvveennn.. 3.8 unf
QuTPUT CAPACITANCE® . ...........c..... 95 puf

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

PLATE VOLTAGE .. ....0oivvinrecinnncennaenaanens 180 max. Voits
ScrEEN VoLTAGE (Grid No. 2) ............... ... 67.5 max. Volts
Grip VoLTAGE (Grid No. 1) . .............coivienn, -15 Voits
PLATECURRENT . . .. 0tvettneriinievnnnannineenns 2.2 Milliamperes
SCREEN CURRENT . .. ...ovtutrnnnnnnnineenonennnns 0.7 Milliampere
PLATE RESISTANCE (ADPIOX.) ... ...vveernnivnnnnn 1 Megohm
TRANSCONDUCTANCE . .. .o\t etnnnnrannenneene 650 Micromhos
TRANSCONDUCTANCE (At —12 volts bias)§........... 20 Micromhos
Pentode Unit—As Resistance-Coupled A-F Amplifier
PLATE-SUPPLY VOLTAGE ........... 135 135 Volts
SCREEN-SUPPLY VOLTAGE. .. ....... 135 135 Volts
D-C GrRip VOLTAGEL .. ... . ....... . -1.0 -2.0 Volts
Peaxk A-F GRID VOLTAGE . .... . .... 0.64 0.62 Volt
ZeRO-SIGNAL D-C PraTE CURRENT 0.42 0.42 Milliampere

§ For cathode current cut-off.
3 1f a grid-coupling resistor 1a used, ita maximum value should not exceed 1.0 megobm.
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Max.-SigNAL D-C Prate CURRENT . (.34 0.34 Milliampere
PLATE RESISTOR. .. ........00uun.. 0.25 0.2 Megohm
SCREEN RESISTOR. ................ 1 0. Megohm
LoAD RESISTANCE .. .............. - hid

Grp REstsTORY . .. .......... 1.0 0.5 1.0 0.5 Megohm
VOLTAGE AMPLIFICATION. .. ... 48 43 46 41 i

Torarl HarMONIC DISTORTION . 5 5 5 5 Per cent
Peax VoLtace QurpuT .. ..., 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.

1 For the following tube.

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

INSTALLATION 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.

DETECTOR AMPLIFIER

e
&) TRIODE 1G4-G

F+F- The 1G4-G is a medium-mu triode

8 of the 1.4-volt filament type for use
NCTTREY e as a detector or voltage amplifier.
G-55

% CHARACTERISTICS
FILAMENT VOLTAGE (D.C.)........coovie ... 14 Volts
FILAMENT CURRENT. . ...ttt ieeeenaannnnns, 0.05 Ampere
GRID-PLATE CAPACITANCE .............0ovuun... .. 2.8 unf
GrID-FILAMENT CAPACITANCE. ... ....... e 2.2 unf
PLATE-FIl:AMENT CAPACITANCE 34 unf

As Class A, Amplifier
PLATE VOLTAGE ........ . ... iiiiiiiiiinnnnnn. 90 max. Volts
GRID VOLTAGE . ....... e e e -6 Volts
PLATE CURRENT. . ...t 2.3 Milliamperes
PLATERESISTANCE. .. ....... ...ttt 10700 Ohms
AMPLIFICATION FACTOR. .......... ..o, 8.8
TRANSCONDUCTANCE .. ........oooiieiinnnnnnnn, 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-
rlnéegfiéd for class B service. The 1G4-G is especially useful as a driver for Type
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POWER AMPLIFIER D &

PENTODE "G
]G 5 G The 1G5-G is a power-amplifier
- pentode with a 2-volt filament for evo
use in battery-operated receivers

where economy of filament-current
drain is important.

-
Ga

NC KEY Tne

G-6X
% CHARACTERISTICS
FILAMENT VOLTAGE (D.C). .. ovo vt 2.0 Volts
FILAMENT CURRENT. . ...t itttieennneennanennnnns 0.12 Ampere
PLATE VOLTAGE ... tivittiiiinen e e, 135 max. Volts
SCREEN VOLTAGE ............ . 1. 135 max. Volts
PLATE DiSSIPATION 1.25 max. Watts
SCREEN DISSIPATION . ...\ttt eieeeenaeann s 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
Mazx.-Signal Plate Current. . . ... 8.7 10.7 9.7 Milliamperes
Zero-Signal Screen Current.. .. .. 2.5 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 Output... . .. 250 600* 550** Milliwatts

* A power output of 650 milliwatts with 13% total distortion (6% second, 11% third) can
be obtained with a peak a-f grid voltage of 11 volts.
**A power output of 750 milliwatts with 189, total distortion (9% second, 15% third) can

be obtained with a peak a-f grid voltage of 13.5 vofts.

INSTALLATION and APPLICATION

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

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

CLASS B
TWIN AMPLIFIER

] Gé"G The 1G6-G combines in one bulb

two high-mu triodes designed for

class B operation, It is intended for

use in the output stage of battery-

operated receivers and is capable of G-7AB
supplying considerable audio-frequency power. The two units' have separate
,external terminals for all electrodes except the filaments, so that circuit design is
similar to that of class B amplifiers using individual tubes:
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CHARACTERISTICS -
FiLaMENT VOLTAGE (D.C)..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 ........ v teereaereetaree s 180 max. Volts
PEAR PLATECURRENT .. .....coiivnennnenns ven 50 max. Milliamperes
ZErO-S1GNAL CURRENT (Per tube) 1.5 max. Milliamperes
TypricAL OPERATION:

Unless otherwise specified, values are for two tubes

Plate Voltage . . ..ooviiiiienienascenenennnnnans 157.5 Volts

Grid Voltage . . . o vvier it iiiiaciniiniinnnanes -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 a?proximately 18000 ohms; input
transformer ratio (primary to one-half secondary), 1.165; and total distortion of 6to 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 areshown 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 pf 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.

DIODE HIGH-MU TRIODES

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

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

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

characteristics.
* CHARACTERISTICS
FiLaMENT VOLTAGE (D.C)....ovviiiiiiiiet 1.4 Volts
FILAMENT CURRENT . .. .cvvvvirirnnnrnnnansonnssens 0.05 Ampere
Type 1H5-G Type 1H5-GT

Triode: GRID-PLATE CAPACITANCE® ..... 1.0 1.0 wuf

GRID-FILAMENT CAPACITANCE® .. 1.1 1.2 unf

PLATE-FILAMENT CAPACITANCE® . 5.8 5.0 puf

* Approximate.
Triode Unit—As Class A, Amplifier

PLATE VOLTAGE ............. 90 max. Volts
GRID VOLTAGE . ........cvntn 0 Volts
PLatE CURRENT. . ... .ovnvnns .. . 0.14 Milliampere
PLATE RESISTANCE. . ........u.. .. 240000 Ohms
AMPLIFICATION FACTOR .. 65 .
TRANSCONDUCTANCE . . .ccuvernsnnennnnostnsstnses 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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< 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. ot iittvieeaneeinennneannianenn 08 Milliampere

PLATE RESISTANCE. ... ..ccivttiiercaenieerinonnns 35000 Ohms

AMPLIFICATION FACTOR. . .....ovviiiniiinneernnnnes 20

TRANSCONDUCTANCE . . ....coneeroonesonnssnsnnses 575 Micromhos
Diode Units

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

CLASS B TWIN AMPLIFIER

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

FILAMENT VOLTAGE (D.C.). ...t iiiiiiiiieennnnn 2.0 Volts
FILAMENT CURRENT . .. ovvivrreoerruonstononcnoses 0.24 Ampere
As Class B Power Amplifier
PLATE VOLTAGE ....vuuuerererronancsssosonacnnnn 135 max. Volts
PeAK PLaTE CUrRRENT (Perplate) ................. 50 max. Milliamperes
TvpicAL OPERATION:
Plate Voltage . ................ 135 135 135 Volts
Grid Voltage. . ................ -6 -3 0 Volts
Zero-Signal Plate Current
(Per plate). .. .. P 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 Qutput (Approx.)........ 1.6 1.9 2.1 Watts

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

INSTALLATION and APPLICATION

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

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

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

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

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

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

% CHARACTERISTICS

FrieaMeNT VoLTAGE (D.C.). ...t 1.4 Volts
FiLAMENT CURRENT .
PLATE VOLTAGE , ,

ScREEN VOLTAGE . 90 max. Volts

GRID VOLTAGE . .. 0 Volts

PrLATE CURRENT. . 1.2 Milliamperes

ScREEN CURRENT 0.3 Milliampere

PLATE RESISTANCE (APDIOX.) . ...vvvvnrenennennnn. 1.5 Megohms

TRANSCONDUCTANCE , . 11 e\ v vnervanenennenneeeenens 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

OutpPut 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
Ef = 1.4 VOLTS o.C.
|- screen voLrs =90

CONTROL-GRID VOLTS EC|3+0-5

/‘

N~

o
E:

NS
\

PLATE MILLIAMPERES

2.5
] 20 40 &0 B 100 12 14 W

0
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.).....ivviiiiiiinniennnnes 14
FILAMENT CURRENT. . ..cvviiveernensnonsscnnsanes 0.1
As Class A, Amplifler
PLATE VOLTAGE ..ovvviinie e enreennannneneens 67.5 max.
SCREEN VOLTAGE .t vevrnvnnereonenreonannneesnas 67.5 max.
TotaL CATEHODE CURRENT* ............. eeaeeabes 11 max.
TotAL CATHODE CURRENT*® ... ............o0vennn 9 max.
TyricaL OPERATION:
Plate Voltage . ........oovveirnnnnnn.n 45 67.5
Screen Voltage . .........coovvvviinn. 45 67.5
Grid Voltage (Grid No. 1) .............. -45 -7
Peak A-F Grid Voltage. ................ 4.5 7
Zero-Signal Plate Current............... 38 7.2
Zero-Signal Screen Current.............. 0.8 . 15
Plate Resistance (Approx.).............. 0.1 0.1
Transconductance ................oooen 1250 1550
Load Resistance............cocvveeennn 8000 5000
Total Harmonic Distortion.............. 12 10
Max.-Signal Power Output.............. 0.065 0.180
*Under maximum-signal conditions. **Under no-signal conditions.

INSTALLATION and APPLICATION

Volts
Ampere

Volts
Volts
Milliamperes
Milliamperes

Volts

Volts

Volts

Volts
Milliamperes
Milliamperes
Megohm
Micromhos
Ohms

Per cent
Watt

The base of the 154 fits a button-base socket which may be ifstalled 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. Appli-

cation is similar to that for Type 1A5-G.

DIODE-PENTODE

The 1S5 is a miniature type of multi-

‘I S 5 electrode tube containing a diode and
an audio-frequency pentode in a single

bulb. The 1S5 is designed ially

for compact, light-weight, portable

equipment. It will provide hxﬁh gain

even when operated with a B-battery

of the 1R5.
+ CHARACTERISTICS
FraMENT VOLTAGE (D.C)........... e 14
FILAMENT CURRENT. . ..0ovevererrannsnennonenions 0.05
AvVERAGE CHARACTERISTICS OF PENTODE UNIT:
Plate Voltage . .............ccciiiiiiiiii.. 67.5
Screen Voltage .................. e 67.5
Grid Voltage. .. ..ot 0
Plate Resistance. .. ............. .. ... 0.4
Transconductance . ... ........ccovrnneernnenn 625
PlateCurrent ...ttt iiinerenenss 2.3
Screen Current ......c.viiiiie i 0.6
Pentode Unit— As Class A; Amplifier
PLATE VOLTAGE .. ...0vviviennennrecrosnsnosnoenes 90 max.
SCREEN VOLTAGE ... vvvvvvnnnerereroenonnnnnnanssn 90 max.
GRID VOLTAGE .. ..o.vivrivennncnacnnnsionnesanns 0 min.
ToTAL CATHODE CURRENT . . . ..ivivrvennnvnunnenns 3.7 max.
TypicAL OPERATION AS REsisTANCE-COUPLED AMPLIFIER:
Plate-Supply Voltage........... 45 67:5 90
Screen-Supply Voltage.......... 45 67.5 20
Grid Voltage. . ................ 0 0 0

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

Volts
Ampere

Volts

Volts

Volts
Megohm
Micromhos
Milliamperes
Milliampere

Volts
Volts
Volts
Milliamperes

Volts
Volts
Volts
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Plate Resistor. ................ 1 1 1 Megohm
Series Screen Resistor .......... 3 3 3 Megohms
Screen By-Pass Condenser ... ... 0.1 0.1 0.1 Ki

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

30btained 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

M PENTODE UNIT

TYPe 1S5

Eg = 1.4 VOLTS D.C.
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J_— SUPER-CONTOL R-F
™ AMPLIFIER PENTODE

o(@) FDr+ The 1T4 is a miniature type of super- ] TA'
control pentode designed for use as a

& 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 is essential if mini-
mum grid-plate capacitance is to be obtained. The general appearance and size
of the 1T4 is the same as that of the 1R5

INTERNAL
SHIELD

% CHARACTERISTICS
FiLAMENT VOLTAGE (D.C.)......ooveen e, 1.4 Volts
FILAMENT CURRENT . . ..ovvvieer e 0.05 Ampere
GRID-PLATE CAPACITANCE* ...............0....... 0.01 max. uuf
INPUT CAPACITANCE® ... ..o 35 upf
OUuTPUT CAPACITANCE® ..., 73 uuf

* With no external shield



MANUAL

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



RCA RECEIVING TUBE MANUAL
SCREEN CURRENT. . .covvvennncvoncnnsnne tereraeaes 14 Milliamperes
TRANSCONDUCTANCE . ..uvvuereornananosacessnsoes 1150 Micromhos
LOAD RESISTANCE .. ...cvvevreennaccsssonnonsnnns 14000 Ohms

ToTAaL HARMONIC DISTORTION. ... vvvrvecrancnass . 75 Per cent
POWER OUTPUT.....covvvrnnnrennas eeeecenes oo 0.17 Watt

INSTALLATION and APPLICATION

The base of the 1T5-GT fits the standard octal socket which may be mounted
to hold the tube in any position. Physical characteristics of the 1T5-GT are shown
in Fig. 2-8, OUTLINES SECTION. Filament operation is discussed under Type

1A7-G.
that given for Type 1Q5-GT.

P

@)
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© HALF-WAVE RECTIFIER

The 1-v is a half-wave, high-vacuum
rectifier tube employing a heater tylpe
of cathode. It is used principally for
renewal purposes in radio equipment of
either the a-c¢/d-c or the automobile
type designed for its characteristics.

OO

H

46

% CHARACTERISTICS

HeaTer VoLTAaGE (AC.or D.C) civvivninnnnnns .
HeATER CURRENT

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

As Half-Wave Rectifler

PeAK INVERSE VOLTAGE
PeEAK PLATE CURRENT
D-C Heater-CATHODE POTENTIAL
TypicaL OPERATION WITH CONDENSER-INPUT FILTER:
A-C Plate Voltage (RMS)...... 117 150
Total Effective Plate-Supply .
Impedance}................. 30 min.,
D-C Output Current 45 max.

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

325 max.

75. min
45 max.

0 min.
45 max.

Information on the value of resistance in the grid circuit is the same as

1-v

Volts
Ampere

. Volts
. Milliamperes
. Volts

Volts

. Ohms

Milliamperes

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

plate-supply impedance than the minimum value
ra value.

own to limit the peak plate current to the

OPERATION CHARACTERISTICS

INSTALLATION and APPLICATION

TYPE lov | €¢26.3 voLTS, |
The base of the 1-v fits the standard four- Faien | Torerrect]|
contact socket which may be mounted to hold the CURVES | cONDENSER | IMPEDANCE
tube in any position. Physical characteristics c —1—ut ol
of the 1-v are shown in Fig 2-19, OUTLINES N | it e B 705
SECTION. For heater operation, see Type 6A8. 200 € A 0
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RCA RECEIVING TUBE MANUAIL

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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RCA  RECEIVING TUBE MANUAL

adjusting independently the bias on each tube. This requirement is a result of the
very high transconductance of these tubes—5250 micromhos. This very high
value makes the 2A3 somewhat critical as to grid-bias voltage, since a very small
bias-voltage change produces a very large change in plate current. It is obvious,
therefore, that the difference in plate current between two tubes may be sufficient
to unbalance the system seriously. To avoid this poseibility, 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-caﬂ_xod; typedgf power;

[ K T nt 2 in the audio-outpu .
46 2y :tr:g; o? alf receieveg:. ft ix; capable of giv‘i)mg 2 A 5

large power output with a relatively smal

input-signal voltage. Except for its heater

Omu© 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 -windix;f s‘.}ppltyin the heater circuit should
be designed to operate the heater at this recommended value for full-load operating conditions at
average line voltage. The cathode should preferably -be connected directly to a mid-tap on the
heater winding or to a center-tapped resistor across the heater winding. If this practice i not
followed, the potential difference between heater and cathode should be kept as low as poesible.
This type is used principally for renewal purposes.

PD2 Ppy
9 or DUPLEX-DIODE
&
=V 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,
u 4 amplifier, and automatic-volume-control tube

{n radio receivers designed for its character-
6G istica. Except for its heater rating (2.5 voits,

— 75—



RCA RECEIVING TUBE‘ MANUAL

0.8 ampere), the 2A6 has electrical characterigtics identical with those of the 75. The base of
the 2A6 fits the standard six-contact socket which may be installed to hold the tube in an
ition. Physical characteristics of the 2A6 are shown in Fig. 2-16, OUTLINES SECTION.
his type is used principally for renewal purposes.

PENTAGRID CONVERTER

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

2A7 of an oscillator tube in superheterodyne cir-

cuits. Except for ita 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-

X stalled to hold the tube in any position.

Physical characteristics of the 2A7 are shown in Fig 2-16] OUTLINES 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 D)
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. Complete 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 Voutage (D.C))........ 2.8 14 Volts
FiLAMENT CURRENT.............. 0.05 0.1 Ampere
PLATE VOLTAGE ........ feeeeeaes 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. ...........0uun. 75 9.5 Milliamperes
ScrEEN CURRENT. ............. .. 1.0 1.6 Milliamperes
PLATE RESISTANCE (Approx.) ..... 0.11 0.1 Megohm
TRANSCONDUCTANCE . .....c0vuvnn 1800 2100 Micromhos
LoAD RESISTANCE .. ............. 8000 8000 Ohms
ToraL Harmonic DisTorTION. .. .. 7.5 7.5 Per cent
Max.-SigNaL Power Outeur ..... 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 7/4) 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 (+4) connected together. For further information on filament operation,
see Type 1A7-G.

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

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

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

(™ Te) a-c receivers having high current re-

s REYF quirements.

sT

% CHARACTERISTICS

FiLAMENT VOLTAGE (A.C) . . ..o 5.0 Voits
FiLAMENT CURRENT. ...... e 2.0 Amperes
As Full-Wave Rectifier
PEAK INVERSE VOLTAGE. . .. ...coiiiiiiiinennnnn, 1550 max. Volts
Peak PLaTeE CURRENT PER PLATE . ................ 675 max. Milliamperes
TypicaL OPERATION wiTH CONDENSER-INPUT FILTER:
A-C Plate Voltage per Plate (RMS) ............. 450 max. Volts
Total Effective Plate-Supply Impedance per Plate?. 150 min. Ohms
D-COutput Current. . . .....c.ivvivnieennannn 225 max. Milliamperes
TvyricaL OperaTioN WiTH CHOKE-INPUT FILTER:
A-C Plate Voltage per Plate (RMS) .. ............ 550 max. Volts
Input-Choke Inductance.................... .. 3 min. Henries
D-COutput Current. .. .....covnriineeaneeenn. 225 max. Milliamperes

{When 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
] «
5o | g
z eoo—ta% 1 % 60
C=ig -
2 vl\ S8 70 49, o e
L e 16 7o o> ~ s00l—1 55
g e T e 5 To—OTS RS PER eLate
£ 7 PR e 211
- dur ) ||
< 400 = 40 1 450
£ %0 v\ 18 To L] ” [ado Tt
F—+4=¥o, — 20 ur —
g S T e e
300 3 vy 30 ey
= N FLaTe~3ir : 1300 | T ———
g 5 s
22 E
3 5 20
bt v
© 109| & 100
> 50 100 150 200 250 55 7 150 200 250
D-C LOAD MILLIAMPERES D-C LOAD MILLIAMPERES
92C-473) 92C-4782

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 BUS-G  E¢ =5.0 VOLTS ALC. TYPE 5VA-G
---Cl-i?l:l’.;(h)cws'\::g '(I'a"i;ﬂ’.TEﬁl - §=5.0 VOLTS
R R e e
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FULL-WAVE HIGH-VACUUM
°l RECTIFIER
The 5V4-1% is 2 hfulﬁ-wave, tﬁigg- 5v 4 G
vacuum rectifier of the heater-cathode =
10, N type capable of supplying large d-c
()™ (e < currents. The close electrode spacing
NCTREY T in this tube permits excellent voitage
G-5L regulation,
% CHARACTERISTICS
HeatEr VOLTAGE (AC.) . .vvvviiinnnnnn. eenven 5.0 Volts
HEATER CURRENT .. ...vviverrennncvnsnocanannnns 2.0 Amperes
As Full-Wave Rectifier
PEAR INVERSE VOLTAGE. . ......oovvnnnnnnn, Teaenn 1400 mazx. Volts
PeEAR PLATE CURRENT PER PLATE .. .......co0ven.. 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 mén. Ohms
D-COutput Current. .. ......covviieverenennnns 175 max. Milliamperes
TypicaL OPErATION WITH CHOKE-INPUT FILTER: .
A-C Plate Voltage per Plate (RMS).............. 500 max. Volts,
Input-Choke Inductance.........cccoveveeee. .. 4 min, Henries
DCOutputCurrent. .. ........coievvevenennces 175 max. Milliamperes

t When a filter-input condenser larger than 40 uf is used, it may be necessary to use more
plat:‘-lu;;ply 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 Dx
5W4 The 5W4 is a full-wave, high-
METAL vacuum rectifying tube of the metal )

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

current requirements. OO
5 KEY F
ST
% CHARACTERISTICS
FILAMENT VOLTAGE (A.C).oovvvireiiennnnnnnnnn. 5.0 Volts
FILAMENT CURRENT. . .0ivvieennneenninnrnennennss 15 Amperes
As Full-Wave Rectifier
PEAK INVERSE VOLTAGE. . ....ovvveiiiinnnnnnnnn 1400 max. Volts
Peak PLATE CURRENT PER PLATE ........0cuu.... ’. 300 max. Milliamperes
TypicaL OPERATION WiTH CONDENSER-INPUT FILTER:
A-C Plate Voltage per Plate (RMS).............. 350 max. Volts
Total Effective Plate-Supply Impedance per Platet. 25 min. Ohms
D-COutputCurrent............coceennvennn.. 100 max. Milliamperes
TypicaL OpeErATION witH CHOKE-INPUT FILTER: .
A-C Plate Voltage per Plate (RMS).............. 500 max. Volts
Input-Choke Inductance........................ ‘ 6 min. Henries
DCOutput Current. ........cccvvvivinnnnn.n., 100 max. Milliamperes

$ When a flter-input condenser larger than 40 uf is used, it may be necessary to use more
pl:&e’-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 ALC.

INSTALLAT'ON ond APPUCAT'ON e CHOKE (L) INPUT TO FILTER:

The base of the 5W4 fits the standard octal e CONBNRCE(S) ey 10 LT
socket which should be installed to hold the tube

C=auf; TOT. EFFECT. PLATE-SUPALY]
IMPEDANCE PER PLATE =25 OHMS

o
<3
?

preferably in a vertical position with the base o i
down. Horizontal operation is permissible if pins . 3o
2 and 8 are in a vertical plane. Physical charac- g _Q‘OTS— 00 voLTs
teristics of the SW4 are shown in Fig 1-7. OUT- 2| liod [Tt oous PR PLATE
LINES SECTION. Refer to Type 5T4 for % | | T~_] —
filament operation. Filter circuits are discussed e i
in RADIO TUBE APPLICATIONS section. g 22 ] ~=1]
- 3 Qo =y
£ 200 (=1 ’#ak_:.__‘
5 b 250 —
v
[~

o

40
B-C LOAD MILLIAMPERES

92C-4584R2

: NC L)
FULL-WAVE HIGH-VACUUM ,,, &G o

RECTIFIER >

5X4-G The 5X4.G is a full-wave, high wcGN AAADS

vacuum rectifying tube of the filament 0310
type for use in a-c receivers having high NETREYF
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
glé&gr IOPIE}yaical characteristics of the 5X4-G are shown in Fig. 2-26, OUTLINES
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Foz FULL-WAVE HIGH-VACUUM

D- RECTIFIER
The 5Y3-G is a full-wave, high- 5Y3 G
vacuum rectifier of the filament type -
R -

for use in a-c receivers of moderate

() current requirements.
NC KEY F
G-5T
% CHARACTERISTICS
FILAMENT VOLTAGE (A.C.). ....ciiiiiiiinennnnnn, 50 Volts
FILAMENT CURRENT .. .vveeveeeinnnnnnnnnsanans vee 2.0 Amperes
As Full-Wave Rectifler.
PEAR INVERSE VOLTAGE . . . .ovirniiiiineenininannnns 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 Plate}. 10 min., Ohms
D-C Output Current............ [P 125 max. Milliamperes
TyricaL OPERATION WiTH CHOKE-INPUT FILTER:
A-C Plate Voltage per Plate (RMS).............. 500 max. Volts,
Input-Choke Inductance...............covvunes, 5 min. Henries
DCOutput Current. .....coovviiinnnnneneeenns 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
TYPE 5Y3-G TeESY3-G
| E;=5.0 VOLTS ‘A.C. -~ |-E¢=5.0 VOLTS A.C. .
& INPUT CHOKE=S5 HENRIES (MIN.) INPUT CONDENSER=4u¢
W 500ttt & 500/ TOT-EFFECT. PLATE-SUPPLY = ]
5 + | IMPEDANCE PER PLAYEx
c L 2 ) 30 ONMS
o mj\vo‘us > &
RMs [ $ I
© 400{—gg — T CER PLaTe " 4001 3o, — =5 .
> \?'\ r~ 5 £
P 4 [SEtay
2 —\ic\ S g N =<
[ —— -
' 300230 et S < :oo—:&\ -
o | ] o RN C
4 390 a— - . =
- T ] =
2 259 ! 9 NG T
. 200—3{ — w2 ~]
8 N B e 2 3
3 =T g
v 100 t‘: 100
& 8
40 30 120 160 L —T" ) 120 160
D-C LOAD MILLIAMPERES ©-C LOAD MILLIAMPERES
92C-8095 92C- 6004
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FULL-WAVE HIGH-VACUUM

NC POy
RECTIFIER PD2 O

NC
The 5Y4-G is a full-wave, rectifying © (©
5Y 4 G tube of the filament type for use in 4
- a-c receivers of moderate current re-  nc(2) (N O
quirements. Its maximum ratings Q)
and typical operating conditions are NS REY R
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 @-—3"
573 RECTIFIER
The 5Z3 i full- ectifi
the ﬁ‘leamentl:yge ;;te‘:?i:g t"'or sug;)lgf 0‘0

ing rectified power to radio equipment

having very large direct-current re- 4c

quirements. Its maximum ratings
and tyFical 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

HEeaTER VOLTAGE (A.C.) ... ... F N 5.0 Volts
HEATERCURRENT ... cvittnevrcniennaennnnnannns 2.0 Amperes

PEAK INVERSE VOLTAGE . . .. .vvvvninrinerennnrnnns 1400 max. Volts
PEAK PLATE CURRENT PER PLATE ........... ...t 375 max. Milliamperes
TypicAL OPERATION WIiTH CONDENSER-INPUT FILTER:
A-C Plate Voltage per Plate (RMS).............. 350 max. Volts
Total Effective Plate-Supply Impedance per Platet. 30 min. Ohms
DCOutput Current. .. ....cocoviiinnniennnen 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
D-COutput Current. ........coiviiiunnrnannnns 125 max. Milliamperes

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

plate-supply impedance than the minimum value shown to fimit 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.

DiIRECT INTERELECTRODE CAPACITANCES:

Grid No. 4 to Plate (With shield-can) ............ 0.3 wuf
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 ... ... iiiiiiinnnn. 10 uuf
Grid No. 4 to All Other Electrodes (R-F Input).... 85 uuf
Grid No. 2 to All Other Electrodes (Osc. Output). . 5.5 puf
Grid No. 1 to All Other Electrodes (Osc. Input) ... 7.0 upf
Plate to All Other Electrodes (Mixer OQutput) ..... 9.0 uuf

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 &

Gt
6 A8 The 6A8 and 6A8-G_are multi-elec- e. .
trode vacuum tubes. Each type is de- 2
METAL signed to perform simuitaneously the

functions of a mixer (first detector) G) .
6 A8 G tube and of an oscillator tube in super- *© \‘,/ t
= heterodyne circuits. Through the useof ..
either type, the independent control of NEEAB-c~kev «
each function is made possible within a 8A
single tube. For general discussion of
riv_elxg;fsrid types, refer to Frequency Conversion under RADIO TUBE APPLICA-
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% CHARACTERISTICS
Heater VoLTAGE (AC.orD.C) ..ovvvvvvivnnnnn, 6.3 Volts
HEBATER CURRENT . ...oiiiinennnnrrennnneennnnns 0.3 Ampere

Type 6A8 Type 6A8-G
DirecT INTERELECTRODE CAPACITANCES:® :

Grid No.4twPlate .................... 0.03 0.26 unl
Grid No.4toGrid No. 2 ............... 0.1 0.19 upl
Grid No. 4toGridNo. 1 ............... 0.09 0.16 puf
Grid No. 1t Grid No. 2 ............... 0.8 11 uuf
Grid No. 4 to All Other Electrodes .
R-FlInput)........o...ooiiiiinnn, 12.5 95 uuf
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 upf
Plate to All Other Electrodes (Mixer :
Output) . ...oiiiiiiiirreiinnnnns 12.5 12 uuf

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

As Frequency Converter

PLATE VOLTAGE ......... bttt ieiat e 300 max. Volts
ScreeN VoLTaGe (Grids No. 3and No.5).......... 100 max. Volits
SCREEN SUPPLY VOLTAGE. . ............. .. 300 max. Volts

ANopEe-Grip VouTace (Grid No. 2).. ... .. 200 max. Volits
ANODE-GRID SUPPLY VOLTAGE.......... .. 300 max. Volts
ConTroL-GRID VoLTAGE (Grid No. 4) . ............. 0 min. Volts
PLATE DissipatioN ........ 1.0 max. Watt
ScrEEN Dhassiration 0.3 max. Watt
ANODE-GRID DissiPATION 0.75 max. Watt
TotaL CaTHODE CURRENT 14 max. Milliamperes °
TyricaL OPERATION: .
Plate Voltage . ........................ 100 250 Volts
Screen Voltage . ...........coivveenin., 50 100 Volts
Anode-Grid Voltage......... e, 100 250** Volts
Control-Grid Voltage .................. ~-15 -3 Volts
Oscillator-Grid Resistor (Grid No. 1)..... 50000 50000 Ohms
PlateCurrent ...............coo.it. 1.1 3.5 . Milliamperes
Screen Current .........c.0iviiiininnnn. 1.3 2.7 Milliamperes
Anode-Grid Current. ................... 2 4 Milliamperes
_ Oscillator-Grid Current . ... ............. 0.25 0.4 Miliiampere
Total Cathode Current. . ............... 4.6 106 Milliamperes
Plate Resistance (Approx.).............. 0.6 0.36 Megohm
Conversion Transconductance. .......... 360 550 - Micromhos
Conversion Transconductance (Approx.). . 3t 61t Micromhog
t With control-grid bias of -20 volts +HWith 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 QUT-
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. 1f the use of a large resistor is
necessary between the heater and cathode in some circuit ‘designs, it should be
by-passed by a suitable filter network or objectionable hum may develop.

As a frequency converter in superbeterodyne 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 {requency. For this service,
design information is given under CHARACTERISTICS.

For the oscillator circuit, the coils may be construgted according to conven-
tional design, since neither tube type is particularly critical. The supplg voltage
applied to the anode-grid No. 2 should not exceed the maximum value of 00 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 either 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_80000-0HM 08 ILLATOR-GRSID Ezsm WITH 50000-OHM OSCILLATOR-GRID LEAK
TYRE oAB TYPE 6AB
| €4 = 8.3 vou: a1 =250 | Loz B
(o] shmec fomes s 1) woirs - oo Eosaocis HATE R0,
AN e Tarooeor oton- o — & | 'ANODE-ERD (CRID N2 2) VOLTS =100 @
DROPPING RESIBTOR CONTHOL-GRID (GRID N24) VOLTS =VALUE 8
CONTROL -GRIO(CRIO N¥ 4) voLTS = | § | v‘:gwo :av»ou--u\s RESISTOR oF | 37
:‘tsﬁgou CA'N%-BMS 2 OSCILLATOR=GRIO (OND NR I} LEAR & 8
- ey o I~ 30000 OHMS . [
os‘i’:k:‘:”;:&s‘%&?f e 3 OSCILLATOR-GRID CONCENSCR »30 U ji¢ o
OSCILL ATOR - GRID. —soo 1 " s
E \\p CONDENSER = 50 pu f 3 T
w 200 | noi— < 5
: 7 g ;
- (3
d Led <
3 / ioo2 5
a XS
w z " 1 §
g 8 £ / N 8
£ — 3 Z el 1 300 2
o | 40 g
S s i Armope JcufRei—] &
) o - = -
a1 18 3l 2002 34 o
§ 2 3 £4 4 3 !'§ g
—T2:% o —t2 3 9
1% 3 " gle s 2 n
z b4 \co a £12 0 2y - &
2__§ 53 2z gz—.—_élg" x1 -l-' y
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TYPICAL PENTAGRID CONVERTER CIRCUIT

Ly T C = GANGED TUNING CONDENSER
R-F (40 TO 350 puf)
INPUT c €,€2:C8:C6.C7 = 0.1 Pf
£ €3= 0.00025 Lf
! Cq= SEE TABLE BELOW
= Ry = 250000 OHMS, 0.) WATT
R3= 10000 ~50000 OHMS , 0.1 WATT
R3= OSCILLATOR-ANODE (GRID N22)
R VOLTAGE -DROPPING RESISTOR
R4= 150-300 OHMS, 0. WATT
_EI Re = SCREEN(GRIOS N2 38 5)FILTER RESISTOR
A L = 60-MILLIHENRY R-F CHOKE
= S ; & T = 465-KC I-F TRANSFORMER
GRID N24  GRID N22 GRIDS N€385 PLATE
BIAS SUPPLY  SUPPLY SUPPLY  SUPPLY
. COIL-DESIGN DETAILS
N
FREQUERCY 240 lo1s To 040 0.86 TO 1.5 15 T0 4.0 | 407010 | 10 TO 285

ASSEMBLY N2 ! | 2 t2 3 3
TURNS|WIRE % |TURNS]|WIRE # [TURNS| WIRE # |TURNS] WIRE ¥ |TURNS| WiRE %] TURNS] WIRE #
R-F coiL_ (L)) 422 |36 SSE| 16 |30SSE]| 146 [32ENAM | 36.2 (30ENAM| 10,1 [30ENAM[ 4.4 [20ENAM]
05¢C. GRID CO. (L2) [l 198 {36 SSE| 80 |30SSE| 92 [32ENAM| 30.9 |30ENAM| 9.7 |3OENAM) 4.3 [20ENAM
0SC. PLATE COIL (L3)[ 60 |36SSE[ 30 | 30SSE 20 [32ENAM| |12 120ENAM 12|36 ENAM| € [I6CNAM
0SC. TRACKING COND.(C4)j| HTPBUF 400 B F 1070 B 2900 DU F T3I00 ULF

N | NE 2 NE 3
MULTI-LAYER coau.s SINGLE~LAYER COILS SINGLE -LAYER COILS

6

¥ C

7/i5 “llu. ' "
2

i 3 CATHODE b L it |l
=t g GRION2V \g, S GRID NS2 CRIDNET GRID N2

CATHODE "B+

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 cgalslignatiscén

or the electron-ray tube . e

type 6N5 for further data. Physical

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

SECTION.
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TELEVISION AMPLIFIER

PENTODE
6AB7 l] 853 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 6AB?7 are similar
to those of the 6AC7/1852.

8N

CHARACTERISTICS
HEeaTeER VOLTAGE (AC.orD.C) ...oiiviiiiinnees . . 6.3 Volts
HEATER CURRENT ..\ uvvuvneecrnonnnnnrssvocnanns 0.45 Ampere
GRID-PLATE CAPACITANCE® . .......ciuiinvnnncnnnns 0.015 max. puf
INPUT CAPACITANCE® . ..iivtiieerinnecransennnnns 8 uuf
OUTPUT CAPACITANCE® ... \iveiernsecronnnonanan 5 wuf

® With shell connected to cathode.

As Class A; Amplifier

PLATE VOLTAGE .. ..ovvien e vverrennsnnnononssanes 300 max. Volts
SCREEN VOLTAGE ... vv'vvvevvannnccncoecseenonnns 200 max. Volts
SCREEN SUPPLY VOLTAGE . .. ... .cvvvinninnnvronns 300 max. Volts .
PLaTE AND ScrREEN DissipaTion (Total). ........... 4.4 max. Watts
SCREEN DISSIPATION ........cvvrenionnsonnnecnnes 0.65 max. Watt
TyricaL OPERATION:
Condition I'{ Condition 11 11
Plate Voltage ................cuve 300 300 Volts
Suppressor Voltage............... 0 0 Volts
Screen Supply Voltage............ 200 300* Volts
Screen Series Resistor ............ - 30000 Ohms
Grid Voltage. . ........... -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 ......... eeeeranes 125 125 Milliamperes
Screen Current ......ccvoeereanes 3.2 3.2 Milliamperes
iWith fixed screen supply. 11 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 6AB7 fits the standard octal socket which should be mounted
to hold the tube preferably in a vertical position. Horizontal operation is permis-
gible if the socket is positioned so that pins No. 2 and 7 are in a vertical plane.
Physical characteristics of the 6AB7 are shown in Fig. 1-3, OUTLINES SECTION.
For heater operation and cathode connection, refer to Type 6AG7.

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

In tubes such as the 6AB7 with a very high value of transconductance,
appreciable changes in input capacitance and input conductance occur with changes
in plate current, In order to minimize these changes when the 6AB7 is used as
an r-f or i-f amplifier, a portion of the cathode-bias resistor may be left unby-passed.
Reducing the changes of input capacitance and input conductance in this manner,
however, is. accomplished with some sacrifice in effective transconductance and
some increase in effective grid-plate capacitance. To prevent excessive effective
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grid-plate capacitance, precautions should be observed to keep external plate-
cathode capacitances at a minimum. It should be observed that with this method
of 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 II) provides a somewhat more extended cut-off characteristic than is
obtained with fixed screen voltage (Condition I).

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

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

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

|

INPUT B

Ry
AUTOMATIC GAIN
CONTROL VOLTAGE +300V.

(®) HIGH-MU

Q) POWER AMPLIFIER TRIODE
M e@o " The 6AC5-G is a high-mu triode de- 6AC5 - G

AN 74 signed for use in either single-ended or
m push-pull audio-frequency power am-
NC K plifiers. It is especially useful in

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

CHARACTERISTICS

Heater VoLTAGE (AC.orD.C) ....ccvnevvett 6.3 Volts
HEATER CURRENT ......oiieeeenniiennseeeaannnns 04 Ampere
AVERAGE CHARACTERISTICS:

Plate Voltage.........coovivvinnnnneeeeernnenes 250 Volts

Grid Voltage. ... . +13 Volts

Plate Resistance...... . 36700 Ohms

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

Transconductance .......cooveevveenreenncnanns 3400 Micromhos

Plate Current............ccvviiiiiiaiieenaen, 32 Milliamperes

Grid Current................ ceenes Crerererees 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
HeaTBR VOLTAGE (AC.orD.C) .....vvvvivnnnnnn 6.3 Volts
BEATER CURBENT . ....v.ivveneracsoracnsosonannn 0.45 Ampere
GRID-PLATE CAPACITANCE® .......vvnvnnenoncnsnes X . uuf
INPUT CAPACITANCE®. .......... . 11 puf
QUTPUT CAPACITANCE® . ... ..uivrerrennnannnnnnns uuf

° With shell connected to cathode.

As Class A Amplifier

PLATE VOLTAGE . ....civivivrnnnrcnnsssansronnnes 300 max. Volts
SCREEN VOLTAGE .. ....ovvvrevnnacsorsocsnnnnnnns 150 max. Volts
SCREEN SUPPLY VOLTAGE . . ... 0cvvvvrvnnsonnsvenns 300 max. Volts
PLaTte AND ScREEN DissteaTtioN (Total)............ 3.4 max. Watts
SCREEN DISSIPATION . ... c.vevunearnnsoscnnssasanes 0.38 max. Watt
Tyricar OPERATION:
Condition I* | Condition I11**
Plate Voltage . . ................. 300 300 Volts
Suppressor Voltage............... 0 0 Volts
Screen Supply Voltage............ 150 300t Volts
Screen Series Resistor ......... . - 60000 Ohms
Cathode-Bias Resistor............ 160 min. 160 min. Ohms
Plate Resistance (Approx.)........ 0.75 0.75 - Megohm
Transconductance ............... 9000 9000 Micromhos
PlateCurrent ...........couvunn. 10 10 Milliamperes
Screen Current .............. U 2.5 2.5 Milliamperes

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

t Screen supply voltages in excess of 150 volts require use of a series droppinq registor to
limit 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

I rvee 6ACT/ 1852
Ef = 6.3 VOLTS EC|=0
§__ SCREEN VOLTS =150 b
o /
a
3 /
«
3 -0.5
d
3
~as L~
: / —
g
s o -1.0
2
8
3
@ CONTROL-GRID VOLTS ECi=-1.58#
[ 4
o
~
K -2.0
Zi S pup—" uy—
o —
: T 2.5
< [y gy ] —
a ~2.0
RN QU S S T . -3.8
+—=-4.0
"
320 400 60 $60
PLATE VOLTS 92¢-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
possible relatively high voltage gain with the low load resistance needed to give
uniform output over the wide frequency range. A typical circuit showing suitable
constants for a video amplifier is shown below.

TYPICAL VIDEO VOLTAGE AMPLIFIER
HAVING BANDWIOTH OF 4 MEGACYCLES

KINESCOPE
GRID
TYPE 6AG? L)
L2
VIDEO INPUT O Ry
AND A L . RL
BIAS SUPPLY e s
° o
i‘ = *
+125V. +300V.
Ci = 9.5 uuf = Tube Capacitance + Socket Capacitance + Wiring Capacitance +
Coil Capacitance

C: = 19 uuf = Kinescope Capacitance + Socket Capacitance + Wiring Capacitance +
il Capacitance

L, = 250 uh Filter Indu Ri = 20000-Ohm, Non-Reactive Resistor
L: = 125 gh Filter Inductdf Rs = 3500-Ohm, 10-Watt, Non-Reactive Resistor
™ AVERAGE PLATE CHARACTERISTICS
L WITH €C) AS VARIABLE
TYPE 6AGT
Ef=6.3VOLTS
SCREEN VOLTS =150
T €C)=
By
——'—'—___
~
Iy —
= |
!
N ] W CONTROL -GRID voLTs Eci2-2 |

=3

-4

Ry
\
¥
\

A

==t ECi

n
<

=5

PLATE (1) OR SCREEN (1C2) MILLIAMPERES

N E(l,,=-a
Q}RECT-COUPLED
POWER AMPLIFIER
The 6B5 is a muilti-electrode tube 6B5

of the heater-cathode type consisting
of two triodes in one bulb and used
6AS chiefly for replacenjent in receivers
designed for its charagteristics. One
triode, the driver, is directly connected withiri, the tube to the second, or output,
triode. Electrical characteristics of the 6B5 areidentical 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. Phi:_sical characteristics of the 6B5 are shown
in Fig. 2-25. OUTLINES SECTION. For heater opetation, 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

weees7]| | | ]
[ TTcorve | LoD ggalssron |
Pentode Capacilances — A 250000 [1 ]
GRID-PLATE* . . ... ...... 0.007 max. uuf L2 e S
INPUT .ot 3.5 m
OUTPUT. ...t 9.5 upf ) ol 160 g
* With shield-can. p = &
[ 19 3
3 X 5 uzoé
c [ 1] 158 g
2 > 3
a
"
f l II 8o
ENA off &
& | 8
L {40 &
;’ . C
i ]
-40 -30 =-20 -0 o
D~C VOLTS DEVELOPED BY DIODE
92C-5278R1

DUPLEX-DIODE PENTODE

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

6M§A18

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

section.
* CHARACTERISTICS
Heater Vortace (A.C.or D.C) ... oiievts. 6.3 Volts
HEATER CURRENT ... ivvvevrvennsneereceensannons 0.3 Ampere
Pentode: GRID-PLATE CAPACITANCE®* .. ............. 0.005 max. upuf
INPUT CAPACITANCE®. . ....ooviiiiinnnnnn, 6 upf
OuTrPuT CAPACITANCE® .........covvvvenns 9 uuf
* With shell connected to cathode.
Pentode Unit — As Class A, Amplifier

PLATE VOLTAGE ... .0oonioorvrnnnaacornueaananans 300 max. Volts
ScrEEN VOLTAGE (Grid No. 2) . ............covu 125 max. Volts
SCREEN SUPPLY VOLTAGE . . ... vvieenenenruonaneans 300 max. Voits
GrID VoLTAGE (Grid No. 1)................... ..., 0 min. Volts
PLATE DISSIPATION +.vveveerernnnnananeranncnans 2.25 max. Watts
SCREEN DISSIPATION .. .oivviiervianeeerocnnreenns 0.3 max. Watt
TvypicAL QOPERATION:

Plate Voltage .. .....ccoiiiiiriiiniiiinnninns 250 Volts

Screen Voltage ............ccoiiiiiiiinninnnnns 125 Volts

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

Plate Current .........covviineinneecnnnecenans 10 Milliamperes

Screen Current ........cciiiiiiii e 2.3 Milliamperes

Plate Resistance (APProx.). .......ccovveevnerennn 0.6 Megohm

Transconductance .. .......coveiemennnneieann. 1325 Micromhos

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

+ For cathode current cut-off.
8 The d-¢ resistance in the grid circuit should not exceed 1.0 megohm.
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Diode Units

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

INSTALLATION and APPLICATION

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

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

For aatomatic volume control, a rectified voltage which is dependent on the
- or i-f carrier is usually emploved. This voltage may be utilized to regulate the
gain of the r-f and/or i-f amplifier stages 8o 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
nll)ade erﬁore 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

16
TYPE 6B8 . -
£f = 6.3VOLTS £c, =0
\a}_SCREEN vOLTS=125] e
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12 /‘ -2
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I ‘L—aul
o 180 740 336 00 ryT
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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
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A~ TRIPLE-GRID DETECTOR
o . AMPLIFIER 6C6
The 6C6 is a triple-grid tube of the
a4 heater-cathode type recommended for
O, ° service as a biased detector in radio

receivers designed for its character-

&F istics. 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

HeaTter VoLTaAGE (AC.orD.C) .....oevvine.tn.. 6.3 Volts
HEATER CURRENT .. ... .iviiiiiiiiieinnnnnn, ‘ 0.3 Ampere
PeNTOoDE CONNECTION:
Grid-Plate Capacitance* 0.007 max. puf
Input Capacitance................. 5 upf
Output Capacitance, ........ovvvvvinennneneenns 6.5 upf
Triove CoNNECTION
Grid-Plate Capacitance..............covverven.. 2 pnuf
Grid-Cathode Capacitance. .............ccuuu... 3 uuf
Plate-Cathode Capacitance ..........c..c....... 10.5 uuf

* With close-fitting shield connected to cathode.
1 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]7.

TWIN-TRIODE AMPLIFIER

The 6C8-G is a multi-electrode type
of vacuum tube consisting of two high- 6C 8 G
mu voltage-amgleiﬁer 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

HeATER VoLTaGE (A.C.orD.C) .ovvvvnvnnnnnnnnn. 6.3 Volts
HEATER CURRENT . ....0vtiiesinennnnennnnennensn 0.3 Ampere
Triode Unit 1  Triode Unit 2
GRID-PLATE CAPACITANCE® . .......... 2.5 2.4 uuf
GrID-CATHODE CAPACITANCE®. ........ 34 2.5 uuf
PraTE-CATHODE CAPACITANCE®. . ...... 35 3.9 unf
GriD-GRID CAPACITANCE® ............ 0.1 unf
PLATE-PLATE CAPACITANCE® .. ...... . 15 uuf
¢ Approximate.
Each Triode Unit — As Class A, Amplifier
PLATE VOLTAGE ........... virivvneennnn. SR 250 max, Volts
GRID VOLTAGE ............. Ceessoeratereanarnaan 0 min. Volts
PraTE DissipaTioN . .......... Ceeseseesesianeenan 1.0 max. Watt
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TyricarL OPERATION:

Plate Voltage .. .......cviviiiiiineiniennnnnes 250 Volts

Grid Voltage. .. ......coiiiiiiiviiiinnninnnnnn 4.5 Volts
PlateCurrent ......... ..., 3.2 Milliamperes
Plate Resistance........ ... 22500 Ohms
Amplification Factor ..............c.coiiiiiinnn 36

Transconductance . . .........c.ceveviennsrvanns 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 chms connected across the heater terminals.

AVERAGE PLATE CHARACTERISTICS
E IT

B— o TEiost o
Fre e vOLTS
5 A V1A
VA A
p // // / g f/ ,7 A
IR A ALY S A"
VAP S AP 4
| e e /r.v/ =T ’/m/ /zso//ao Si5-——
TRIPLE-GRID
SUPER-CONTROL AMPLIFIER .
6D6 The 6D6 is a triple-grid super-con-

trol amplifier tube recommended for

service in the radio-frequency and

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

GRID-PLATE CAPACITANCE .....iiniiiiiiinnnnnnn 0.007 max.* puf
INPUT CAPACITANCE. ...t vviiieine i iiiiinannnnes 4.7 puf
OUTPUT CAPACITANCE . . . .o tviieiinennnnnnennnenann 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 necessary 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 6 D8 G
functions of a mixer (first detector) =
and of an oscillator tube in superheter-
odyne circuits. The 6D8-G permits
economy in circuit design due to the
low heater current of 0.1 amﬁere. For

general discussion of pentagrid converters, see FREQUENCY CONVERSION
in the RADIO TUBE APPLICATIONS section.

G-8A

% CHARACTERISTICS

HeaTer VOLTAGE (A.C.orD.C) .....cvvvennn.. 6.3 Volts
HEATER CURRENT . ....oittinnrtaennrennnnnnns 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 puf
Grid No. 4 to All Other Electrodes (R-F Input) . .. .80 wuf
Grid No. 2 to All Other Electrodes except Grid No. 1
(Osc, Output) .. .oveiienieininnrinnanenanas 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 puf
® With close-fitting shield connected to cathode.
As Frequency Converter
PLATE VOLTAGE .......covviiiiii i 300 max. Voits
ScrEEN VOLTAGE (Grids No. 3and No. 5).......... 100 max. Volts
ScREEN SUPPLY VOLTAGE. .. ......coovevinnnnn..n. 300 max. Volts
ANODE-GRID VoLTAGE (Grid No. 2)................ 200 max. Volts
ANODE-GRID SUuPPLY VOLTAGEY ..........oo...... . 300 max. Volts
ConToL-GriD VoLTAGE (Grid No. 4)............... 0 mén. Volts
PLATE DISSIPATION ...\ttt iieteeeeennnnnas 1.0 max. Watt
SCREEN DISSIPATION ...ttt iennnennnnnn, 0.3 max. Watt
ANODE-GRID DISSIPATION . . ...\t iieeeeeannnnn. 0.75 max., Watt
ToTAL CATHODE CURRENT. . . .. ovrvinnnnnnenensnn. 13 max. Milliamperes
TypicAL OPERATION: .
Plate Voltage . ........................ 135 250 Volts
Screen Voltage . ................counn.. 67.5 100 Volts
Anode-Grid Supply Voltage............. 135 250t Voits
Control-Grid Vo tage...........c..oinen -3 -3 Volts
Oscillator-Grid Resistor (Grid No. 1).. ... 50000 50000 Ohms
PlateCurrent .............coooutvunn.. 15 35 Milliamperes
Screen Current ..........ovvvnnennn... 1.7 2.6 Milliamperes
Anode-Grid Current.................... 3 4.3 Milliamperes
Oscillator-Grid Current. ................ 0.2 0.4 Milliamperes
Total Cathode Current. ................ 6.4 10.8 Milliamperes

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

The transconductance of the oscillator portion (not escillating) 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.

1 With control-grid bias of ~25 volts. 11 With control-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 Jine voltage. For service in automobile receivers, the heater term-
inals of the 6D8-G should be connected directly across a 6ivolt 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 x7”
The 6E5 is a high-vacuum, heater-

cathode type of tube designed to 0 °
indicate visually, by means of a » 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 6ES 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 (AC.orDC) ..oovvvvviinnnen, 6.3 Volts

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

PLATE-SUPPLY VOLTAGE ....cvvreeveonrsnnnaasnnns 250 max. Volts

TARGET VOLTAGE. . .... e et { %% %’: xg}g

TyricAL OPERATION:
Piate- and Target-Supply Voltage 100 200 25({ Volts

Series Triode-Plate Resistor. . ... 05 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° ...... -33 -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.

— 105 —



RCA RECEIVING TUBE MANUAL

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. ..................00 2600 - Ohms
Amplification Factor ................. 6.8 -
Transconductance ................... 2600 - Micromhos
Load Resistance. .................... 4000 4000 Ohms
Total Harmonic Distortion 6.5 6.5 Per cent
Max.-Signal Power Output 0.85 0.8 Watt
As Push-Pull Class A; Amplifier — Pentode Connection
PLATE VOLTAGE .....covtiveernnneeaansnnnrenns 375 max. Volts
SCREEN VOLTAGE .............. e, 285 max. Volts
PLATE DISSIPATION . ... .c.iiiiniinnineennnnnns 11 max. Watts
SCREEN DISSIPATION . ........coiininninneunnnnn 3.75 max. Watts

TypricAL OPERATION: Values are for two tubes
Fixed Btas Cathode Bias

Plate Voltage . ...................... 315 315 Volts
Screen Voltage . ..................... 285 285 Voits
Grid Voltage. .. .....oovveiennnnnnnn, -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 Milliamperes
Zero-Signal Screen Current............ 12 12 Milliamperes
Max.-Signal Screen Current. .......... 19.5 18 Milliamperes
Effective Load Resistance (Plate-
to-plate) . ........ooiiiiiiiinn. 10000 10000 Ohms
Total Harmonic Distortion............ 4 3 Per cent
Max.-Signal Power Qutput............ 11. 10.5 Watts
As Push-Pull Class AB, Amplifler — Pentode Connection
PLATE VOLTAGE ......c0viivernrnrrnnnnennneeenns 375 max. Volts
SCREEN VOLTAGE ... ...iiitiieiiiininnannnnns 285 max. Volts
PLATE DISSIPATION ... .uviiin it iiiininnenneeanns 11 max. Watts
"SCREEN DISSIPATION .. ....0vvviieuinnnnannasennin 3.75 max. Watts

TyricaL 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) . ......coiiveiiiiianinn. 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 ... viivrrerrrmnnneranenennnnnsn 350 max. Volts
PLATE AND ScreeN DissipaTioN (Total)............ 10 max. Watts
TypicaL OPERATION: Values are for two tubes
Fixed Bias Cathode Bias

Plate Voltage . ........cccoev.tt. 350 350 Volts
Grid Voltage. .. ....cevvvneennnnn., -38 - Voits
Cathode Resistory . ................ - 730 Ohms
Peak A-F Grid-to-Grid Voltage. ..... 123 132 Volts

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

to-plate) . .....iiiiiieiieinieane 6000 10000 Ohms
Total Harmonic Distortion.......... .2 3 Per cent
Max.-Signal Power Output.......... 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-volt battery. In a series-heater
circuit” employing several 6.3-volt types and one or more 6F6’s or 6F6-G's, the
heaters of the 6F6’s or 6F6-G's should be placed on the positive side. Furthermore,
gince most 6.3-volt types have 0.3-ampere or 0.15-ampere heaters, a bleeder circuit
across these heaters is required to take care of the additional heater current of the
6F6's or 6F6-G’s. Each 6.3-volt tube of the 0.3-ampere type in the series circuit
should, therefore, be shunted by a bleeder resistance of 16 ohms. Similarly, each
?i3évo111t tube of the 0.15-ampere type should be shunted by a bleeder resistance of

.5 ohms.

For cathode connection, refer to Type 6A8.

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

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

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

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

AVERAGE PLATE 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 pentode of the remote cut-
off type. Since these two units are in-
dependent of each other except for the
common cathode, the 6F7 maybe adapt-
ed to circuit design in several ways.

CHARACTERISTICS
HeaTER VOLTAGE (A.C.or D.C) ..ovvvvivveninnnn. 6.3
HEATER CURRENT ... i viiiinniernanerrsennans 0.3
DirecT INTERELECTRODE CAPACITANCES: .
Triode Unit—GridtoPlate .................... 2.0
Grid to Cathode.................. 25
Plate to Cathode ................. 3.0
Pentode Unit—Grid to Plate (With shield-can) ....  0.008 max.
Input ...... e eerae e 32
Output. ....ooviiiiiiiiiiirnnnn.. 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 Vortace (Grid No. 1)... ~3min. -3min. -3 min.
PLATE CURRENT. . ...ovvnnnns 35 6.3 6.5
ScREEN CURRENT............ — 1.6 1.5
AMPLIFICATION FACTOR....... 8 — —_
Pt ATE RESISTANCE........... 0.016 0.29 0.85
TRANSCONDUCTANCE ......... 500 1050 1100
TRANSCONDUCTANCE .........
(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 Outpur 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
AVERAGE CHARACTERISTICS

in a full-wave circuit or in a half-wave circuit.
In the latter case, one plate only, or the two it qroplCAIpRpat ReeE
plates in parallel. may be employed. The use of OJ[— o oLts {100
the half-wave arrangement will provide approx- \
imately twice the rectified voltage as compared 2\ 600
with the full-wave arrangement. of Nal 8 )
For automatic-volume control, the 6H6 and e T\ oo b
6H6-G may be used in circuits similar to those 5 2 o
employed for any of the duplex-diode types of 2 “’z@ 3
tubes. The only difference is that the 6H6 and S —e 4002
6H6-G are more adaptable due to the fact that N o s
each diode has its own separate cathode. A L Ne ke L oo g
Since the diodes by themselves do not pro- $ J TN N
vide any amplification, it is usually necessary to hi ’ 200 3
provide gain by means of a supplementary tube. i 25| =
Types such as the 6C5, 6SF5, 6SJ7, and 65K7 T ]
are very suitable for this purpose. Their use in o050, [~ g
combination with the 6H6 or 6H6-G is similar [ 200005 T: :
to that of the amplifier sections of duplex-diode — T3 s o 0
triode or pentode types. D-C VOLTS DEVELOPED BY DIODE
92C~ 4446
DETECTOR AMPLIFIER

6J 5 TRIODES e
METAL

The 6J5, 6)5-G, and 6]J5-GT are

triodes of the heater-cathode type
6]5'6 designed for use as detectors, ampli- H
fiers, or oscillators. These tubes have sl
a high transconductance together with  N&i633°s

6J5'GT % cfgg*mﬁvely high amplification 6Q

+ CHARACTERISTICS

HeaTer VoLTAGE (A.C.orD.C) ..vvvviiiiiiiinnes 6.3 Volts
HEATER CURRENT . .0viviivnnnnnaannnansnnsnnnens 0.3 Ampere

Type Type  Type

6J5* 6J]5-G** 6J5-GT
Grip-PLATE CaPACITANCE(Approx.)... 3.4 4.0 —_ uuf
Grip-CaTHODE CAPACITANCE(Approx.). 3.4 4.2 —_ puuf
PLaTE-CATHODE CAPACITANCE(Approx.) 3.6 5.0 —_ wuf

* With shell connected to cathode. *s With close-fitting shield connected to cathede.

As Class A, Amplifier
Types 65, 6J5-G Type 6J5-GT

PLATE VOLTAGE ...vvvvvinennnnnn 300 max. 250 max. Volts
GRID VOLTAGE . .vvvvvevrenunnnns 0 min. 0 msn. Volts
PLATE DISSIPATION .. ............ 2.5 max. 2.5 max. Watts
TyeicaL OPERATION (6]5, 6]5-G, 6]J5-GT):
Plate Voltage. ...............n 90 250 Voits
-8 Volts

Grid Voltage*. . ......covvnnnen 0
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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
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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 .. ..... . c¢ciiiiieeinennanennanss 300 max. Volts
ScreeN VoLtace (Grid No. 2) e 125 max. Volts
ScREEN SUPPLY VOLTAGE . . . ... ... ... .. - 300 max. Volits
Grip VoLTAGE(Grid No. 1). .................. ... 0-min. Volts
PLATE DISSIPATION ........ ... ... .oiiiiinen.n. 0.75 max. Watt
SCREEN DISSIPATION ... .. .oii i 0.1 max. Watt
TypricAL OPERATION:
Plate Voltage ................ccoooo.. 100 250 Volts
Screen Voltage ...........ccovninnn.. 100 100 Volts
Grid Voltagef .........cccoiiivininin. -3 -3 Volts
SUDPIessOr. . ..vii it Connected to cathode at sacket
PlateCurrent ............ccovvvieinn... 2 2 Milliamperes
ScreenCurrent .........iiiiiiineaiann 0.5 0.5 Milliampere
Plate Resistance. ...................... 1.0 1 Megohm
Transconductance . .................... 1185 1225 Micromhos
Grid Voltage (Approx.)®® ............... -7, -7 Voits
% For cathode-current cut-off. t Greater than 1.0 megohm.

As Class A, Amplifier — Triode Connection
(Screen and suppressor tied fo plate)

PLATE VOLTAGE «. . vtiieeinieenencnersonasennnes 250 max. Volts
GRID VOLTAGE . ... ... ot iieieenenennnans 0 min. Volts
PLATE & ScrEEN DissipatioN (Total).............. 1.75 max. Watts
TyricaL OPERATION:
Plate Voltage ...........cccoeevnnn.n .. 180 250 Volts
Grid Voltaget .......... e -63 -8 Volts
PlateCurrent ...........c..coiiveeienn 53 6.5 Milliamperes
Plate Resistance....................... 11000 10500 Ohms
Amplification Factor ................... : 20 20
TransconduCtance . ............couee.ns 1800 1900 Micromhos

t 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. Physicdl characteristics of the 6J7
and the 6J7-G are shown in Figs 1-5 and 2-15, respectively, in the OUTLINES
SECTION. For heater operation and cathode connection, refer to Type 6A8.

The secreen 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 voitage, provided the cathode-resistor method of bias control s used. This
mtigmd, however, is not recommended if the high-voltage B-supply exceeds 300
volts.

As a biased detector, the 6]7 or 6]J7-G can deliver a large audio-frequency
output voltage of good quality with a fairly small radio-frequency signal input.

Typical recommended conditions for either of these types as a biased detector are
as Iollows:
Plate Supply* ........... 100 100 250 250 Volts
Screen Voltage .......... 12 30 50 100 Volts
Grid Voltage. ........... -1.16 -1.83 -2 -4.3 Volts
Cathode Resistor ........ 18000 10000 3000 16000 Ohms
Suppressor. . ............ Connected to cathode at socket
Cathode Cur. (Zero Signal). 0. 0.183 065 0.43 Milliampere
Plate Resistor........... 10 025 025 0.50 Megohm
Blocking Condenser. . . ... 0.01 001 0.03 0.03 ul
Grid Resistorf........... 10 05 025 0.25 Megohm
R-F Signal (RMS)** ..... 1.05 16 118 1.37 Velts

* Voltage at plate will be PLATE-SUPPLY voltage less voltage drop in plate resistor caused
by plate current,
§ For the following amplifier tube.
*¢ With these signal voltages modulated 209, the voltage output under each set of operati:ﬁ
conditions is 17 peak volts at the grid of the following amplifier, a value sufficient to ineure f;
audio output from a Type 6F6 at 250 volts on plate.
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Detector bias may be obtained from a bleeder circuit, from a resistor in the
cathode circuit, or from a partial cathode-biasing circuit. The cathode-resistor’
method permits of higher output at low percentage modulation, since the input
signal may be increased almost in inverse proportion to the modulation without
resulting in objectionable distortion.

As audio-frequency amplifier pentodes in resistance-coupled circuits, these
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
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= |
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e yal ..
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=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 .. ivvtiinerenrrencsosacsssans 0.75 max. Watt
SCREEN DISSIPATION ... . iuieenneernerronnroansss 0.1 max. Watt
Tyrical. OPERATION:

Values are same as those shown for Type 6]7.

As Class A, Amplifier — Triode Connection
(Screen and suppressor tied to plote)
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 6J7.
Physical characteristics of the 6J7-GT are shown in Fig. 2-6, OUTLINES SECTION.
Complete shielding of the 6J7-GT is generally necessary to prevent intercoupling
between its circuits and the circuits of other stages.

HI-MU TRIODE

6K5'G The 6K5-G is a high-mu triode of

the heater-cathode type designed for
use as a voltage amplifier in receiver
circuits designed for its characteristics.

’ CHARACTERISTICS
HEeaTER VoLTacE (A.C.orDC) ......iivviiinane. 6.3 Volts
HEATER CURRENT .. .veevnneeeenreannccnoncsanens 0.3 Ampere
PLATE VOLTAGE ......covvvnnnnn. P 100 250 Volts
GRID VOLTAGE . ..\ivviveiennnnncosennens -15 -3 Voits
PLATE CURRENT. . .covvvvrnenenerenennnns 0.35 11 Milliampere
PLATE RESISTANCE. . .00vietevrinnnnnnnenen 78000 50000 Ohms
AMPLIFICATION FACTOR. ................t 70 70
TRANSCONDUCTANCE .. t'vvvernrnnanenenas 900 . 1400 Micromhos
GRID-PLATE CAPACITANCE?® . ... ... ..ciivinnnrnnn, 2.0 sl
GRID-CATHODE CAPACITANCE®. .. ... 0ivivivnvnnenn. 2.4 puuf
PLATE-CATHODE CAPACITANCE®. . ... ..ivcvrvenenns 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 rel-
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 ..........0u0s -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
TotaL HARMONIC DISTORTION. 10 10 - 7 Per cent
PoweR OUTPUT.........oontn 15 34 32 Watts
TRIPLE-GRID

6K7 SUPER-CONTROL AMPLIFIER
METAL

The 6K7 and 6K7-G are triple-grid

. super-control amplifiers of the heater-

cathode type recommended for service

6 K7-G in the radio- or intermediate-frequency

stages of radio receivers. The ability

of these tubes to handle unusual signal

: voltages without cross-modulation and

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

% CHARACTERISTICS
HeATER VoLTAGE (A.C.orD.C) ... . ...ttt 6.3 Volts
HEATER CURRENT . ...ovvviviersennncrnnssnnanses 03 Ampere
Type 6K7° Type 6K7-G*°
GRID-PLATE CAPACITANCE ............ 0.005 max. 0.005 max. puf
INPUT CAPACITANCE. . .. cvvvvveeeennn. 7 5 upf
OuTPUT CAPACITANCE . . . ... covvvnnnnn 12 12 uuf

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

As Class A, Amplifier

PLATE VOLTAGE .. .oovvniverencesoaoonsnconnnnnns 300 max. Volts
SCREEN VOLTAGE . .vvivvvrernnreecaennennasennns 125 max. Volts
SCRBEN SUPPLY VOLTAGE . . . .. cccvevirennnananrnens 300 max. Volts
CONTROL-GRID VOLTAGE . ... .. evvrninerrnnsnnnnns 0 min. Volts
PLATE DISSIPATION .. ..uvureeennronnecasiosononnns 2.75 max. Watts
SCREEBN DISSIPATION ... .0 ovvirnenrnnneeecnnnnnoes 0.35 max. Watt
TyriCAL OPERATION:
Plate Voltage ............. 90 180 250 250 Volts
Screen Voltage . ........... 90 7% 100 125 Volts
Grid Voltage. .. ........... -3 -3 -3 -3 Volts
Suppressor. . .............. Connected to cathode at socket
Plate Current ............. 54 4.0 70 105 Milliamperes
Screen Current ............ 13 1.0 1.7 2.6 Milliamperes
Plate Reslstance (Approx.).. 0.3 1.0 0.8 0.6 Megohm
Transconductance . ........ 1275 1100 1450 1650 Micromhos

Grid Voltage (Approx.) for
transcond. of 2 micromhos. -385 -325 -425 -52.5 Volts

INSTALLATION and APPLICATION

The base of either the 6K7 or the 6K7-G fits the standard octal socket which
may be installed to hold the tube in any position. Physical characteristics of the
6K7 and 6K7-G are shown in Figs. 1-5 and 2-15. respectively in the OUTLINES
SECTION. For hester operation and cathode 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

ONTRAL-GRID [VOLTS Eci=0

|1 0
3
——
—z
& L~
1.1/
< g+ =3
-
i/
i 7]
p —4
ol ¥
=
; /r Ech= -5
—6
- =]
=8
=10
4 =i
=20
1
L1 160 240 320 260 480 560
PLATE VOLTS 92¢c-4742

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 Plate = Oscillator Input
Hexode Plate to All Other Electrodes = Mixer Qut-
/52 T
° With shell connected to cathode.

As Frequency Converter

HexODE PLATE VOLTAGE ..........0civivinvnnn..
Hexopr ScReEN VoLTAGE (Grids No. 2and 4). .....
Hexopg SCREEN SupPPLY VOLTAGE. . . .........c.....
Hexopg CoNTROL-GRID VOLTAGE (Grid No. 3)......
TRIODE PLATE VOLTAGE . . . ..ivvvvvrnininnvennnnn,
HeXODE PLATE DISSIPATION .. ............c.ovn...
HEeXODE SCREEN DISSIPATION ...t
TRrRIODE PLATE DISSIPATION. .. ....................
ToTAL CATHODE CURRENT . . . .vvvinininrnnnnnnnns
TypicaL OPERRATION:

Hexode Plate Voltage .................. 100
Hexode Screen Voltage ........ .. 100
Hexode Control-Grid Voltage . . -3
Triode Plate Voltage.......... .. 100
Trlode Grid Resistor ...................
Hexode Plate Resistance (Approx.) ...... 0.4
- Conversion Transconductance........... 325
Hexode Control-Grid Voltage (Approx.)
for conversion transconductance of 2
micromhos. . .......coiiiiiiiiiiean.. =30
Hexode Plate Current. . ................ 2.3
Hexode Screen Current. . ............... 6.2
Triode Plate Current. .................. 38
Triode Grid and Hexode Grid No. 1 Current 0.15
Total Cathode Current................. 125

Volts
Ampere

. upf

. upf
. ppf
unf
. upf
puf
puf
unf

wuf

. Volts
. Volts

Volts

in. Volts
. Volts

. Watt

. Watt

. Watt
. Milliamperes

Volts

Volts

Volts

Volts
Ohms
Megohm
Micromhos

Volts
Milliamperes
Milliamperes
Milliamperes
Milliampere
Milliamperes

The transconductance of the triode section, not oscillating, of the 6K8 is approximately 3000
wmicromhos when the triode plate voltage is 100 voltl, and the triode grid voltage is O volts.
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INSTALLATION and APPLICATION

The base of the 6K8 fits the standard octal socket which may be installed
to hold the tube in any position. Physical characteristics of the 6K8 are shown
in Fig. 1-6, OUTLINES SECTION. Heater operation and cathode connection
are the same as for Type 6A8.

As a frequency converter in superheterodyne circuits, the 6K8 supplies the
local oscillator frequency and mixes it with the radio-input frequency to provide
the intermediate frequency. Design information for this service is given under
CHARACTERISTICS.

The stability of operation of the 6K8 is due to the fact that the oscillator
frequency is not critical to changes in oscillator-plate voltage or signal-grid bias.
In some circuits, changes in these voltages are due to poor power-supply regulation
and the normal action of the avc circuit. Operation of the 6K8 with a hexode-
screen supply of 100 volts is recommended with a plate supply of either 100 or 250
voits. In series-fed oscillator circuits, the 100-volt hexode-screen supply may be
taken from the same point in the power-supply
system as are the screen supplies for the r-f and
i-f tubes. In shunt-fed circuits, a resistor or

’
OPERATION CHARACTERISTICS

choke must be used in the oscillator-plate cir- TR e | | ]
cuit. The common point in the supply circuit 4 | par v i o
must be adequately by-passed to ground. I [[RoOC FLATE VOLTS 100 100
The recommended oscillator-grid current of g £ [wSoxaiwecithr 0 | §
150 microamperes is obtained easily; a value be-  § Z*®fmooctuo aiSiion” 0 e g
low 100 microamperes is not recommended. The 1 ¢ ¥ = 2
oscillator coils used with pentagrid converter  Zi¢ Yasol—[Ar=oi G
types may not be suitable for the 6K8 due to 2 2 P O s u
the possibility of over-exciting the oscillator unit,. ¢ 3 H ?2‘{’ P~ H
Such coils may be used if the oscillator-plate 2'?z2 - .‘g
voltage Is reduced, or if the number of tumson £ 3 [ —refftrp u
the tickler coil or the mutual inductance be- 2,2, / 47l ot
tween tickler and secondary coils is reduced. g ; v 3
The bias voltage applied to the hexode 3 3. | (7 8
control-grid may be varied from -3 volts to ;“& ¥
cut-off to control the translation gain of the 5 § =

©

tube. The extended cut-off may be used in NI
combination with that of super-control amplifier TRIGOE GRID & HEXODE GRID Nat

tubes to adjust receiver sensitivity. 0zc-assens

DETECTOR AMPLIFIER TRIODE

letale ?]LS-G is 2;1 ggree-elect}rode tube

of the heater-cathode type for use as

an amplifier, detector, or oscillator in 6L5'G
circuits designed for its characteristics.

The low heater current is a considera-

tion in applications where economy of
power is important.

CHARACTERISTICS

HeATER VOLTAGE (A.C.orD.C) .vvvivnniinnnnnn. 6.3 Volts
HEeATER CURRENT 0.15 Ampere
PLATE VoLTaGE ....... 250 max. Volts
GRID VOLTAGE . ......0vvvvnnnennnnnennns 5 -9 Volts
PLATE CURRENT. .. 0vvvevrnnnnneernnnens 3.5 8 Milliamperes
PLATE RESISTANCE. .. .vvvvennenennenns ‘... 11300 9000 Ohms
AMPLIFICATION FACTOR. .........ciiinnnn 17 17
TRANSCONDUCTANCE . ...cvvvvvnvrennnnnns 1500 1900 Micromhos
GrID Bias VOLTAGE (Approx.)®............ ~-11 -20 Volts
GRID-PLATE CAPACITANCE (ADProx.)® .. ..vvvvnnnnn. 2.7 puf
GRrID-CATHODE CAPACITANCE (Approx.)*............ 3.0 upf
PLaTE-CATEODE CAPACITANCE (ApDrox.)*........... 5.0 upf

® For cathode current cut-off. ¢ With close-fitting shield connected to cathode.
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INSTALLATION and APPLICATION
The base of the 6L5-G fits the standard octal socket which may be mounted
to hold the tube in any position. Physical characteristics of the 6L.5-G are shown
in Fig. 2-17, OUTLINES SECTION. Heater operation and cathode connection
are discussed under Type 6A8.
As a class A, amplifier, the 6L5-G may be operated in resistance-coupled
circuits as shown in the RLSISTANCE-COUPLED AMPLIFIER CHART.

BEAM POWER AMPLIFIERS c2 <
6'_6 The 6L6 and 6L6-G are power-am-
plifier tubes for use in the output stage
METAL of radio receivers, especially those

designed to have ample reserve of

6L 6_G power-delivering ability. The 6L6 (o)
and 6L6-G provide high power output siste ~‘nev™~ B,
sensitivity and high efficiency. The 7a¢
power output at all levels has low third
and negligible higher-order harmonic distortion. For discussion of beam power
amplifier considerations, refer to section on ELECTRONS and ELECTRODES.

% CHARACTERISTICS

HeaTer VoLTAGE (A.C.orD.C) ...covivvvvnenn... 6.3 Voits
HEATER CURRENT . ... iviivirinrnnnnnnencerannns 0.9 Ampere
As Single-Tube Class A, Amplifier
PLATE VOLTAGE .......c0vuivivvirnnersnnnnnnnnns 360 max. Volts
SCREEN VOLTAGE ......... e eiretieit e 270 max. Volts
PLATE DISSIPATION .....iiiiiieriinninninrnnennns 19 max. Watts
SCREEN DISSIPATION ... .uivvtiiinnenrveerennnnenn 2.5 max. Watts
TyPICAL OPERATION:
Fixed Bias Cathode Bias
Plate Voltage ............. 250 350 250 300 Volts
Screen Voltage ............ 250 250 250 200 Voits
Grid Voltage. . ............ -14 -18 - - Volts
Cathode Resistor .......... - - 170 220 Ohms
Peak A-F Grid Voltage. . ... 14 18 14 125 Volts
Zero-Signal Plate Current. .. 72 b4 75 51 Milliamperes
Mazx.-Signal Plate Current .. 79 66 78 545 Milliamperes
Zero-Signal Screen Current. . 5 25 5.4 3 Milliamperes
Max.-Signal Screen Current. 7.3 7 7.2 4.6 Milliamperes
Plate Resistance. .......... 22500 33000 - - Ohms
Transconductance ......... 6000 5200 ~ - Micromhos
Load Resistance........... 2500 4200 2500 4500 Ohms
Total Harmonic Distortion. . 10 15 10 11 Per cent
Max.-Signal Power Qutput . . 6.5 108 6.5 6.5 Watts
As Single-Tube Class A, Amplifier — Triode Connection{
PLATE VOLTAGE ... . ... viiiiiiiiiiinnnnnrnenenes 250 max. Volts
PLATE AND ScrREEN DissipatioN (Total)............. 10 max. Watts
TypricAL OPERATION:
Fixed Bjas Cathode Bias
Plate Voltage ............. 250 250 Volts
Grid Voltage. ............. -20 - Volts
Cathode Resistor .......... - 490 Ohms
Peak A-F Grid Voltage. .... 20 20 Volts
Zero-Signal Plate Current. .. 40 40 Milliamperes
Max.-Signal Plate Current .. 44 42 Milliamperes
Plate Resistance........... 1700 - Ohms
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Amplification Factor ....... 8 -
Transconductance . ........ 4700 - Micromhos
Load Resistance........... 5000 6000 Ohms
Total Harmonic Distortion. . 5 : 6 Per cent
Max.-Signal Power Output. . 14- 1.3 Watts
As Push-Pull Class A, Amplifier
PLATEVOLTAGE ...............covvennn., PR 360 max. Volts
SCREEN VOLTAGE .. ...ovviiniinniinnenanreennnns 270 max. Volts
PLATE DISSIPATION ........ciiiiiirennnnnnnnnnn.. 19 max. Watts
 SCREEN DISSIPATION ... ..viviinnenninnnnnneennnns 2.5 max. Watts
TypicaL OPerATION: Values are for two tubes
Fixed Bias Cathode Bias
Plate Voltage .. ............... 250 270 270 Volts
Screen Voltage . ............... 250 270 270 Volts
Grid Voltage. .. ............... -16 -175 - Volts
Cathode Resistor .............. - R 125 Ohms
Peak A-F Grid-to-Grid Voltage. . 32 35 40 Volts
Zero-Signal Plate Current....... 120 134 134 Milliamperes
Mazx.-Signal Plate Current. . . ... 140 155 145 Milliamperes
Zero-Signal Screen Current. . .... 10 11 i1 Milliamperes
Max.-Signal Screen Current. . ... 16 17 17 Milliamperes
Plate Resistance............... 24500 23500 - Ohms
Transconductance ............. - 5500 5700 - Micromhos
Effective Load Resistance (Plate-
to-plate) . ............oiunnnn 5000 5000 Ohms
Total Harmonic Distortion...... 2 2 2 Per cent
Mazx.-Signal Power Qutput...... 14.5 175 18.5 Watts
As Push-Pull Class AB, Amplifler
PLATE VOLTAGE .. ... ... iiiiiiiiiiiiiiiinnennnn 360 max. Volts
SCREEN VOLTAGE ....... 270 max. Volits'
PLATE DiIsSIPATION ......... 19 max. Watts
SCREEN DIsSsIPATION 2.5 max. Watts
TypicAL OPERATION: Values are for two tubes :
Fixed Bias Cathode Bias
Plate Voltage .. ............... 360 360 360 Volts
Screen Voltage . ............... 270 270 270 Volts
Grid Voltage. .. ............... -225 -225 - Volts
Cathode Resistor .............. - - 250 Ohms
Peak A-F Grid-to-Grid Voltage. . 45 45 57 Volts
Zero-Signal Plate Current........ 88 88 88 Milliamperes
Max.-Signal Plate Current. .. ... 132 140 100 Milliamperes
Zero-Signal Screen Current....... 5 5 5 Milliamperes
Max.-Signal Screen Current. . ... 15 11 17 Milliamperes
Effective Load Resistance (Plate-
to-plate) . .........ooiiiinnn. 3800 9000 Ohms
Total Harmonic Distortion. ..... 2 2 4 Per cent
Max.-Signal Power Output...... 26.5 18 245 Watts
As Push-Pull Class AB, Amplifier
PLATE VOLTAGE .......iiiiiiiiiiiiiiieeirnnnnn. 360 max. Volts
SCREEN VOLTAGE .. .oviiiiviinnnnnnnannnnnenneens . 270 max. Volts
PLATE DISSIPATION ...... ..., 19 max. Watts
SCREEN DISSIPATION & .. iiernennrrenannn. 2.5 max. Watts
TvyricaL OPERATION: Values are for two tubes
- Fixed Bias
PlateVoltage . ........................ 360 360 Volts
Screen Voltage ........................ 225 270 Voits
Grid Voltage. . ...........covvvnnennn.. ~18 =225 Volts
Peak A-F Grld to-Grid Voltage. ......... 52 72 Voits
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Zero-Signal Plate Current............... 78 88 Milliamperes
Max.-Signal Plate Current. ............. 142 205 Milliamperes
Zero-Signal Screen Current.............. 3.5 5 Milliamperes
Max.-Signal Screen Current. ............ 11 16 Milliamperes
Effective Load Resistance (Plate-to-plate). 6000 3800 Ohms

Peak Grid-Input Power*................ 140 270 Milliwatts
Total Distortion®*®* ..........covvvvnnnn. 2 2 Per cent
Mazx.-Signal Power Output..... Ceeieves 31 47 Watts

* Driver stage should be capable of supplying the grids of the class AB: lta}le with the specified
peak values at low distortion. The effective resistance per grid circuit of the class AB, stage
should be kegt below 500 ohms and the effective impedance at the highest desired response fre-
quency should not exceed 700 ohma,

** With zero-impedance driver and perfect regulation, plate-circuit distortion does not exceed
2%. _In practice, plate-voltage regulation, screen-voltage regulation, and grid-bias regulatien
should be not greater than 5%, 5% and 3%, respectively.

INSTALLATION and APPLICATION

The base of either the 6L6 or the 6L6-G fits the standard octal socket which
may be installed to hold the tube in any position. Physical characteristics of the
6L6 and the 6L6-G are shown in Figs. 1-9 and 2-26, respectively, in the OUT-
LINES SECTION.

The heater i3 designed to operate at 6.3 volts, The transformer supplying
this voltage should be designed to operate the heater at this recommended value
for full-load operating conditions at average line voltage. Under the maximum
screen and plate dissipation conditions, the heater voltage should never fluctuate
g0 that it exceeds 7.0 volts. For cathode connection, refer to Type 6A8.

In all services, precautions should be taken to insure that the dissipation
rating is not exceeded with expected line-voltage variations, especiaily in the cases
of fixed-bias operation. When the {)ush—pull connection is used, fixed-bias values
up to 109, of each typical screen voltage can be used without increasing distortion.

As class A, power amplifiers, the 6L.6 and 61.6-G should be operated as shown
under CHARACTERISTICS. The values cover cathode- and fixed-bias operation
for both types where used as beam power tubes as well as where they are connected
as triodes, and have been determined on the basis that no grid current flows during
any part of the input signal swing. The second harmonics can easily be eliminated
by the use of push-pull circuits. In single-tube resistance-coupled circuits, the
second-harmonics can be minimized by generating out-of-phase second harmonics
in the pre-amplifier.

As push-pull class AB, power amplifiers, the 6L6 and 6L.6-G may be operated
as shown under CHARACTERISTICS. The values shown cover cathode- and
fixed-bias operation and have been determined on the basis that no grid current
flows during any part of the input signal swing.

AVERAGE PLATE CHARACTERISTICS
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The type of input coupling used in class A; and class AB, service should not
introduce too much resistance in the grid circuit. Transformer- or impedance-
coupling devices are recommended. When the grid circuit has a resistance not
higher than 0.1 megohm, fixed bias may be used; for higher values, cathode bias
is required. With cathode bias the grid circuit may have a resistance as high as,
but not greater than, 0.5 megohm provided the heater voltage is not allowed to
rise more than 109, above the rated value under any condition of operation.

As push-pull class AB, power amplifiers, the 6L6 and-the 6L.6-G may be oper-
ated as shown under CHARACTERISTICS. The values cover operation with
fixed bias and have been determined on the basis that some grid current flows
during the most positive swing of the input signal.

Refer to CIRCUIT SECTION for circuits employing the 6L6 or 6L6-G, and
to the RADIO TUBE APPLICATIONS section for discussion of inverse-feedback
arrangements.

AVERAGE PLATE CHARACTERISTICS
TRIODE CONNECTION
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PENTAGRID MIXER

AMPLIFIERS 6L7

METAL

o’l(‘lhe 6L7 and GISZ;G ege gmlti-elec- :

trode vacuum tubes. ach type is -
designed with two separate control 6'_7 G
grids shielded from each other, This

design permits each control grid to act .
independently on the electron stream, These tubes, therefore, are especially useful
as mixers in superheterodyne circuits having a separate oscillator stage, as well as
in other applications where dual control is desirable in a single stage. The design
of the tubes is such that coupling effects between oscillator and signal circuits are
made very small. This feature enables the 6L7 and 6L7-G to give high gain in high-
frequency circuits, For general discussion of pentagrid types, see Frequency Con-
version in the RADIO TUBE APPLICATIONS section.

% CHARACTERISTICS

Heater VoLTAGE (A.C.orD.C) ..ot . 6.3 Volts
HEATER CURRENT . ....vuevevenscrocsnnansnconnns 0.3 Ampere
Direct INTERELECTRODE CAPACITANCES:

: Type 6L7* Type 6L7-G°

Grid No. 1to Grid No. 3 ........... 0.2 max. 0.2 max. uuf
Grid No.1toPlate ................ 0.001 max. 0.005 max. puf
® With shell connected to cathode. ® With close-fitting shield connected to cathode.
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Grid No. 3 to Plate ........ e 0.1 0.24 uuf
Grid No. 1 to All Other Electrodes. .. 75 6 uuf
Grid No. 3 to All Other Electrodes. .. 10 12 uuf
Plate to All Other Electrodes. ....... 11 10 - upf
) As Mixer
PLATE VOLTAGE. .. ... 0. vutivieeeaaneasonnnnnn 300 max. Volts
ScrEEN VoLTAGE (Grids No. 2 and No. 4)......... 150 max. Volts
PLATE DISSIPATION .. ... iviiiinaneeriennnasaass 1.0 max. Watt
SCREEN DISSIPATION ... iiivin e innnnnnannns 1.5 max. Watts
TypricaL OPERATION:
Plate Voltage ............. P 250 250 Volts
Screen Voltage . .......veiiinvennenenn 100 150 Volts
Signal-Grid Voltage (Grid No. 1) ....... -3 min. -6 min.t Volts
Oscillator-Grid Voltage (Grid No. 3)** .. -10 -15 Volts
Peak Oscillator Voltage Applied to Grid »

3 [ T J 12 min. © 18 min. Volts
PlateCurrent .................ccv.... 2.4 33 - Milliamperes
ScreenCurrent .........coiiiiinninn 7.1 9.2 ° Milliamperes
Plate Resistance. . ...........c..coveee. Greater than 1 Megohm
Conversion Transconductance. ......... 37 350 Micromhos
Signal-Grid Voltage for Conversion Trans-

conductance of 5 Micromhos ......... -30 -45 Volts

#* The d-c resistance in oscillator-grid circuit should be limited to 50000 ohms.
1 Recommended values for all-wave receivers.

As Class A, Amplifier

PLATE VOLTAGE ........ccvvvvvnnnnnnns fede e 300 mazx. Volt

SCREEN VOLTAGE .. .iviviinnnnnreeneneonnnaeanans 100 max. Volts

PLATE DISSIPATION ... ....vviiineienareeencansns 1.5 max. Watts

SCREEN DISSIPATION ... vvvevraenronrasssnnisonaoes 1.0 max. Watt

TyricAL OPERATION:
Plate Voltage .. .......cc.cineeeiineeennonnenns 250 Volts
Screen Voltage (Grids No. 2and No. 4) .......... 100 Volts
Control-Grid Voltage (Grid No. 1)............... -3 Volts
Control-Grid Voltage (Grid No. 3).......... ... -3 Voits
PlateCurrent ........cc0ivinerriieriansrrnnnns 53 Milliamperes
Screen Current ........itiiiiiiiiie e 6.5 Milliamperes
Plate Resistance (Approx.)........cceveeevenaen. 0.6 Megohm
Transconductance (Grid No. 1to Plate).......... 1100 Micromhos
Transconductance with —15 volts bias on Grid No. 1 5 Micromhos
Transconductance with -15 volts bias on Grid No. 3 5 Micromhos

INSTALLATION and APPLICATION

The base of either the 6.7 or the 6L7-G fits the standard octal socket which
may be installed to hold the tube in any position. Physical characteristics of the
6L7 and the 6L7-G are shown in Figs. 1-5 and 2-15, respectively, in the OUTLINES
SECTION. For heater operation and cathode connection, refer to Type 6A8.

As mixers in superheterodtgne circuits, the 6L7 and 6L7-G can mix the input
from an external oscillator wi e radio-input frequency to provide the desired
intermediate frequency. For this service, design information is given under
CHARACTERISTICS.

As radio-frequency or intermediate-frequency amplifiers, the 6L7 and 6L7-G
should be operated as shown under CHARACTERISTICS. In general, properl
designed radio-frequency transformers are preferable to interstage coupling imped):
ances, especially in cases where a high-impedance B-supply may cause oscillation
below radio frequencies, The fact that the grid No. 1-plate capacitance of these
types eig extremely small is advantageous in circuits where high attenuation is
required.
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OPERATION CHARACTERISTICS
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G TA
‘9 2 ELECTRON-RAY TUBE
c® P Indicator Type
A The 6N5 is a high-vacuum heater- 6N5
° o cathode tube designed to indicate
h /, visually, by means of a fluorescent

6 target, the effects of a controlling
R voltage. The tube is a voltage indi-
cator and as such is a convenient means to_indicate accurate tuning of a radio
receiver. For a discussion of Electron-Ray Tube considerations, see the RADIO
TUBE APPLICATIONS section, This type has been superseded by 6AB5/6N5.

% CHARACTERISTICS
HeaTeER VoLTAGE (AC.orD.C) ....ovveiieeaaat 6.3 Volts
HEATER CURRENT ......... Ceereeieaceareeiienans 0.15 Ampere
PLATE-SUPPLY VOLTAGE .....ovivineenrnnnnnnannn 180 max. Volts

TARGET VOLTAGE . « v e evreeeeneneeneenennns {180 maz. Volts

100 misn. Volts
TypricAL OPERATION:
Plate-and-Target Supply......... e 135 135 Volts

Series Triode-Plate Resistor. 025 1.0 Megohm
‘Target Current {°.......... .. 2 19 Milliamperes
Triode-Plate Current®. . . ........covvvvn.n.. 0.5 0.13 Milliampere
Triode-Grid Voltage (Approx ):

For shadow angleof 0° ................... -10 155 Volts

For shadow angle of 90° .................. ’ 0 0 Volts

t Subject to wide variations. ® For zero triode-grid voltage.

INSTALLATION and APPLICATION

The base of the 6N5 fits the standard 6-contact socket which may be installed
to hold the tube in any position. Physical characteristics of the 6N5 are shown
in 18':15 2-19, OUTLINES SECTION. Heater operation is similar to that of the

for cathode connection, see Type 6A8.

Application and circuits are similar to those for Type 6ES. The low heater
current makes this tube useful in applications where economy of heater power is
important. The cut-off characteristic of the triode of the 6N5 is somewhat more
extended than that of the 6ES5.
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AVERAGE CONTROL CHARACTERISTICS
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DIRECT-COUPLED
POWER AMPLIFIER

The 6N6-G is a multi-electrode tube

6_ G of the heater-cathode type consisting
of two triodes in one bulb. One triode,

the driver, is directly connected with-

i, in the tube to the second, or output,
triode. The 6N6-G is used chiefly for

replacement in receivers designed for
its characteristics.

% CHARACTERISTICS

HeaTeRr VOLTAGE (AC.or D.C.) .oovvvnnnnnnnn.t, 6.3 Voits
HEATER CURRENT . ...covvevncssaccananssononsoss 0.8 Ampere

As Class A; Power Amplifier
OutpuT-TRIODE PLATE (PTy) VOLTAGE ............. 300 max. Volts
INPUT-TRIODE PLATE (P1,) VOLTAGE. .............. 300 max. Volts
INpUT-TR10DE GRID (GT)) VOLTAGE .. .....ovvvvnnnn 0 Volts
PeaR A-F GrID (GT)) VOLTAGE . ....ccvvnnininnnns 21 Volts
OutpPuT-TRIODE PLATE CURRENT ......0vvvnnnnnnnn 42 Milliamperes
INPUT-TRIODE PLATE CURRENT. . ...cvnveereeennnns 9 Milliamperes
PLATE RESISTANCE . .. .vovvvenrsccassnnnsononanss 24000 Ohms _
TRANSCONDUCTANCE (GTito PTa). . ...ovvvvvvns . 2400 Micromhos
AMPLIFICATION FACTOR. ........coiviiiiiiiiinnn, 58 .
LOAD RESISTANCE . .. ovvviatvrrnaeneronennnnnnnnn 7000 Ohms
ToTAL HARMONIC DISTORTION .. .....ccvvvieneennans 5 Per cent
POWER QUTPUT. 0 vvvvvrvennnnsoncacenesoeeocennn 4 Watts

INSTALLATION and APPLICATION

The base of the 6N6-G fits the standard octal socket which may be mounted
to hold the tube in any position. Physical characteristics of the 6N6-G are shown
in Fig. 2-21, OUTLINES SECTION. 'Heater operation is the same as for Type 6N7,

The 6N6-G may be operated as a class A, power amplifier under conditions
shown under CHARACTERISTICS. The tube operates without external bias,
but the input-triode grid does not draw current because a bias volt:lﬁe for this grid
is set up within the tube. If two 6N6-G’s are operated in push-pull, the plate-to-
plate load resistance should be 10000 ohms. .
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CLASS B TWIN TRIODES

The 6N7 and 6N7-G are multi-unit
types of tubes. Each type contains
in one envelope two high-mu triodes
designed for class B operation. The
triode units have separate terminals
for all electrodes except the cathodes and

6N7

METAL

6N7-G

88 heaters. The 6N7 and 6N7-G may also
be used as class A, amplifiers (triode units in parallel) to drive a single 6N7 or
6N7-G as a class B amplifier in the output stage.
- % CHARACTERISTICS
HEATER VoLTAGE AC.orDCY ... 6.3 Volts
Heater Current ... [ 0.8 Ampere
As Class B Power Amplifier «
Puate VoLrage ..................... . 300 max. Volts
PeAK PLATE CurrENT (PerPlate) ..... .. ... /""" 125 max. Milliamperes
AVERAGE PLATE DissipaTion (Per plate) ...... ... . 5.5 max. Watts
TyricaL OperaTION:
* Unless otherwise specified, volues are for the two units

Plate-Supgly Impedance.............. . 0 1000 - Ohms

Effective Grid-Circuit Impedance (Per unit) 0 516 Ohms

Plate Voltage .. ... .~ " "' 300 300 Volts

Grid Voltage . ...~ /il 0 0 Volts

Peak A-F Grid-to-Grid Voltage, . ... .. .. 58 82 Volts

Zero-Signal D-C Plate Current ... ... 35 35 Milliamperes

Max.-Signal D-C Plate Current . ... 70 70 illiamperes

Peak Grid Current (Per unit) . ... 20 22 Milliamperes

Effective Load Resistance (Plate-to-plate). 8000 8000 Ohms

Total Harmonic Distortion... ... ... ... . . 4 8 Per cent

Third Harmonic Distortion . 3.5 7.5 Per cent

Fifth Harmonic Distortion .. 15 35 Per cent

Max.-Signal Power Output. ..... ... .. 10 10 Watts

As Driver* — Class A, Amplifier

PLATE VoLtaget ...... ... ... . .. 250 294 Volts
GRID VOLTAGE ... . . . [ 1111t -5 -6 Volts
Prate Current. . 0711 6 7 Milliamperes
PLaTE Resistanc. .. 011 11300 11000 Ohms
AMPLIFICATION Factor. .. .../ /7" 35 35

RANSCONDUCTANCE ............ ... .. " 3100 3200 Micromhos

{ Maximum plate voltage = 300 volts,
* Both grids connected together at socket: likewise both plates.

INSTALLATION and APPLICATION

The base of either
may be installed to hold the tube in any position.
6N7 and 6N7-G are shown in Figs. 1-7 and 2-21,
SECTION,

The heater is designed to operate at 6.3 volts.
ploying several 6.3-volt types and one or more

the 6N7’s and 6N7-G’s should placed on the positive.sidg.

the 6N7 or the 6N7-G fits the standard octal socket which
i Physical characteristics of the
respectively, in the OUTLINES

In a series-heater circujt em-
6N7’s or 6N7-G’s, the heaters of
Furthermore, since

is required to take care of the additional Of5—ampere heater current of the 6N7's

and 6N7-G’s, Each 6.3-volt tube of the 0.3-ampere type in
therefore, be shunted by a bleeder resistance of 13 ohms,
the same as for the 6AS.

the series circuit should,
Cathode connection is

As class B power amplifiers, the 6N7 and 6N7-G are used in circuits similar

in design to those
— 129 —
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grid-bias, since the high-mu feature of the triode umits reduces the steady plate
current at zero bias to a relatively low value. Refer to RADIO TUBE APPLIC-
ATIONS section for general class B amplifier design considerations.

. Two 6N7’s or 6N7-G’s can be operated in a class B output stage with the two
triode units of each tube connected in parallel to give a power output of 20 watts,
approximate, under conditions of 300 volts on the plates and of a 5000-ohm plate-
to-plate load.

In the second set of conditions shown under Typical Operation, the plate-
supply impedance of 1000 ohms indicates a value that is obtainable in a practical
design. The effective grid-circuit impedance of 516 ohms is for a class B stage
in which the effective resistance per grid circuit is 500 ohms at 400 cycles and the
leakage reactance of the coupling transformer is 50 millihenrys. The driver stage
should be capable of supplying the grids of the class B stage with the specified
values of driving voltage and current at low distortion.

As class A; amplifier triodes, the 6N7 and 6N7-G may be employed in the
driver stage of class B amplifier circuits, and thus reduce the number of tube types
necessary in a receiver. When operated in this way with a plate supply of 300
volts and corresponding grid-bias, these tubes are capable of supplying a power
output upwards of 400-milliwatts. The load into which the driver works will
depend largely on the design factors of the class B amplifier. In general, however,
the load will be between 20000 and 40000 ohms. The d-c resistance in the grid
circuit of the 6N7 and 6N7-G when operated as a class A amplifier, may be as high
as 0.5 megohm with cathode bias. With fixed bias, however, the resistance should
not exceed 0.1 megohm. Typical operating values as resistance-coupled amplifiers
are given in the RESISTANCE-COUPLED AMPLIFIER CHART.

Among other and less conventional applications of the 6N7 and 6N7-G are
the use of either type as (1) biased detector and one-stage a-f amplifier, (2) two-
stage a-f amplifier, (3) amplifier and phase-inverter to supply resistance-coupled,
push-puil output tubes, (4) two-tube oscillator, and (5) oscxflator and amplifier,

AVERAGE PLATE CHARACTERISTICS
EACH TRIODE UNIT-CLASS B OPERATION
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The 6P5-G is a triode of the heater- HO
6P 5_ cathode type recommended for use as
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76 in electrical characteristics, has ()
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% CHARACTERISTICS
HeaTeEr VoLTaGE (A.C.or D.C)) .......... 6.3 Voits
HEATBR CURRENT ... .................... 0.3 Ampere
PLATE VOLTAGE .. . . T, 100 250 max. Voits
GRID VOLTAGE®* .. .. . -5 -135 Volts
PLATE CURRENT. . ... . ... . ... .......... 2.5 5 Milliamperes
PLATE RESISTANCE. ... . e 12000 9500 Ohms
AmpLIFICATION FAcTOR. . ... ... ... ... ... 13.8 13.8
TRANSCONDUCTANCE . . .... ......co..n... 1150 1450 Micromhos
GRID-PLATE CAPACITANCE® .. ... .... ... .. 2.2 wuf
GRID-CATHODE CAPACITANCE®. . .. ... . .. 34 i
PLATE-CATHODE CAPACITANCE®. ... ... ... 5.5 uaf

° With close-fitting shield connected to cathode. Values are approximate.
* The d-¢ resistance in the grid circuit should not exceed 1.0 megohm.

INSTALLATION and APPLICATION

The base of the 6P5-G fits the standard octal socket which may be mounted
to hold the tube in any position. Physical characteristics of the 6P5-G are shown
in Fig. 2-17, OUTLINES SECTION. Heater operation and cathode connection
are discussed under Type 6AS.

APPLICATION

As an amplifier, the 6P5-G is applicable either to radio-frequency or audio~
frequency circuits. Recommended operating conditions for service using trans-
former coupling are given under CHARACTERISTICS. For operation as a
Eels_&t%n’rce—coupled amplifier, refer to the RESISTANCE-COUPLED AMPLIFIER

As a detector, the 6P5-G may be of the grid-leak-and-condenser or grid-bias
type. The plate voltage for the grid-leak-and-condenser method should be about
45 volts. A grid leak of from 1 to 5 megohms with a grid condenser of 0.00025 uf
is satisfactory, For the grid-bias method of detection, a plate-supply voltage of
250 volts may be used together with a negative grid bias voltage of approximately
20 volts. The plate current should be adjusted to 0.2 milliampere, with no input
signal voltage. The grid-bias voltage may be supplied from the voltage drop in
a resistor between cathode and ground. The value of this cathode resistor is not
critical, 30000 to 150000 ohms being suitable. The higher value will permit the
application of a larger input signal.

AVERAGE PLATE CHARACTERISTICS
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6Q7 DUPLEX-DIODE
HIGH-MU TRIODES
METAL The 6Q7, 6Q7-G, and 6Q7-GT are
6@7-G multi-unit types of tubes, Each type
contains two diodes and a high-mu
triode in one envelope and is for use as
6Q7-GT combined detector, amplifier, and 2ig < A\
automatic-volume-control tube in radio  NCiedr-oT 4
receivers designed for its characteris-
tics. For diode-detector considerations, refer to RADIO TUBE APPLICA-

TIONS section.
% CHARACTERISTICS
HEeATER VOoLTAGE (A.C.orD.C.) ........cinnnn.. 6.3 Volts
HEATER CURRENT .. ..oiiiiinniiennnenennnn. 0. 3 Ampere
Type Type Typ
6Q7*  6Q7-G** 6Q7-GT
Triode: GRID-PLATE CAPACITANCE .... 15 1.7 _— wuf
GRID-CATHODE CAPACITANCE.. 5.5 2.2 —_ upf
PLATE-CATHODE CAPACITANCE . 5 3.2 —_ upf

* With shell connected to cathode. Values are approximate.
** With no shield. Values are approximate.

Triode Unit — As Class A, Amphﬁer

PLATEVOLTAGE ............0iviivinnnn. 100 250 max. Volts

GRID VOLTAGE .. ...ooiiii e -1.5 -3 Volts

PLATECURRENT. . ...ovviiine e 0.35 1.1 Milliamperes

PLATE RESISTANCE. . .......ovvienieennnn, 87500 58000 Ohms

AMPLIFICATION FACTOR. . ................. 70 70

TRANSCONDUCTANCE . ..........cvunnn.. 800 1200 Micromhos
Diode Units

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

INSTALLATION and APPLICATION

The base of either the 6Q7, the 6Q7-G, or the 6Q7-GT fits the standard octal
socket which may be installed to hold the tube in any position. Physical character-
istics of the 6Q7, 6Q7-G, and 6Q7-GT are shown in Figs. 1-5, 2-15, and 2-6, respect-
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ively, in the OUTLINES SECTION. Heater and cathode considerations are
the same as for Type 6A8.

These three types are in many respects similar to the 6SQ7 except that they
have a lower amplification factor which permits of handling somewhat larger input
driving voltage without overloadmg The triode unit is recommended for use
only in resistance-coupled circuits ypical recommended operating conditions
-are given in the RESISTANCECOUPLED AMPLIFIER CHART.

Grid bias for the triode unit of the 6Q7, 6Q7-G, and 6Q7-GT may be obtained
from a fixed source, such as a fixed-voltage tap on the d-c power supply or from
a cathode-bias resistor. It should not be obtained by the diode-biasing method
because of the probability of plate-current cut-off, even with relatively small signal
voltages applied to the diode circuit.

DUPLEX-DIODE TRIODES

The 6R7 and 6R7-G are muiti-unit 6R7
tubes: Each type contains two diodes
and a triode in a single envelope and METAL

is for use as combined detector, ampli-
fier, and automatic-volume-control tube

in radio receivers designed for its char- -
acteristics. For diode-detector consid- 6 R7 G
erations, refer to the RADIO TUBE

APPLICATIONS section.
% CHARACTERISTICS
HEATER VOLTAGE (AC.or D.C) .................. 6.3 Voits
HEATER CURRENT 41\ itiiinrenriennnnenernenss 0.3 Ampere
Type Type

Tf’0d¢ 6R 7* 6R7 'G“

GRID-PLATE CAPACITANCE (Approx.)..... 2.2 2.4 uuf

GRID-CATHODE CAPACITANCE (ApDrox.) . 5.0 2.6 unf

PLATE-CATHODE CAPACITANCE (Approx. ) 3.2 5.2 puf

* With shell connected to cathode. ** With shield.
Triode Unit — As Class A, Amplifier
PLATEVOLTAGE .........ciiiiiiiiiiiiiiiinnnen, 250 max. Volts
GRID VOLTAGE . . ..\iiiiiiiiiiiiiiineeenenns -9 Volts
PLATECURRENT. ........ciiiiiiiiiiie e 9.5 Milliamperes
PLATE RESISTANCE. ................cccoiuiinon... 8500 Ohms
AMPLIFICATION FACTOR. ...............ccovveen., 16
TRANSCONDUCTANCE . . ....cvvviiinnninnnnnnnnnnns 1900 Micromhos
LOADRESISTANCE .. ....ovvvirnniniiinnninnnnnnns 10000 Ohms
PowER OUTPUT ... ...iiiiiiiiiin it iiiianannannnn 300 Milliwatts
Diode Units

The two diode plates are placed around a cathode, the sleeve of which is com-
mon to the triode unit. Each diode plate has its own base pin. Operation curves
for the diode units are given under Type 6B7.

INSTALLATION and APPLICATION

The base of either the 6R7 or the 6R7-G fits the standard octal socket which
may be installed to hold the tube in any position. Physical characteristics of the
6R7 and 6R7-G are shown in Figs. 1-5 and 2-15, respectively, in the OUTLINES
(SSEETION Heater and cathode considerations are the same as those for Type

As transformer-coupled amplifiers, the triode units of the 6R7 and 6R7-G
may be employed in conventional circuit arrangements. Operating conditions
are shown under CHARACTERISTICS. As resistance-coupled amplifiers, the
triode units may be used under conditions given in the RESISTANCE-COUPLED
AMPLIFIER CHART.
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- Grid bias for the triode units of the 6R7 and 6R7-G may be obtained from

a fixed source, such as a fixed-voltage tap on the d-c power supply or from a cathode-
bias resistor, It should not be obtained by the diode-biasing method because of
the probability of plate-current cut-off, even with relatively small signal voltages
applied to the diode circuit.

20 AVERAGE PLATE CHARACTERISTICS
1 T
TYPE 6R7 /
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TRIPLE-GRID
6 57 SUPER-CONTROL
AMPLIFIERS

METAL
The 6S7 and 6S7-G are triple-grid
6 57 G super-control amplifier tubes of the
- heater-cathode type designed for use
in radio- or intermediate-frequency
amplifiers. The ability of these tubes
to handle unusual signal voltages without cross-modulation or modulation distor-

tion makes them adaptable to receivers employing automatic volume control.
These tubes may be used to advantage in applications where economy of heater

power is important.
% CHARACTERISTICS
" HEeATER VOLTAGE (A.C.orD.C) ..ot 6.3 Volts
HEATER CURRENT . .. .\'iiiin i iineeennnnnn 0.15 Ampere
Type 6S7° Type 6S7-G**
GRID-PLATE CAPACITANCE ............ 0.005 max. 0.008 max. puf
INPUT CAPACITANCE.................. 6.5 4 uuf
OUTPUT CAPACITANCE . . . ... 10.5 8 uuf
° With shell connected to cathode. ** With close-fitting shield connected to cathode.
As Class A; Amplifier

PLATEVOLTAGE ............................. 300 max, Volts
ScrREEN VOLTAGE (Grid No.2) .. .. ... ...... 100 max. Volts
SCREEN SuPPLY VOLTAGE. . .. ................ 300 max. Volts
Grp VoLTaGE (Grid No. 1). ... .. .. .......... 0 min. Volts
PLATE DISSIPATION ...................... ceen 2.25 max. Watts
SCREEN DISSIPATION .. ... ........... ......... 0.25 max. Watt
TyprcAL OPERATION:

Plate Voltage ...... .......... ... .. 135 250 Volts

Screen Voltage . ... . . ...... . . 67.5 100 Volts

Grid Voltage. . . . L -3 -3 Volts
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Suppressor. . .....oceceutn cees Connected to cathode at socket
Plate Current .......... .. 3.7 8.5 Milliamperes
Screen Current ............ 0.9 2 Milliamperes
Plate Resistance (Approx.). .. . 1.0 1.0 Megohm
Transconductance ................. 1250 1750 Micromhos
Grid Voltage for transconductance of

10 micromho8 ................... 25 -38.5 Volts

INSTALLATION and APPLICATION
The base of either the 6S7 or the 6S7-G fits the standard octal socket which
may be installed to hold the tube in any position. Physical characteristics of the
657 and 6S7-G are shown in Figs, 1-6 and 2-15, respectively, in the OUTLINES
SECTION. For heater operation and cathode connection, refer to Type 6D8-G.
Voltage supplies and applications are similar to those discussed under Type 6SK7.

AVERAGE PLATE CHARACTERISTICS

16 T T
TYPE 657
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PENTAGRID CONVERTER

The ng}}’ih isa mlulti-t:.ilggtrodte;11 vacu-
um tube of the single-en: metal type
designed to perform simultaneously 6 S A7
the functions of a mixer (first detector)
tube and of an oscillator tube in super- METAL
heterodyne circuits, especially those of
the all-wave type. Utilizing a special
. structure, the 6SA7 has excellent os-

cillator frequency stability, and offers mechanical advantage from a circuit stand-
point as discussed under Application.

% CHARACTERISTICS

HEATER VOLTAGE (A.C.orD.C)) ..........vvvtt, 6.3 Volts

HEATER CURRENT ... ..iiiniinniinnnenreenenenns 0.3 Ampere

DiIRECT INTERELECTRODE CAPACITANCES: . -
Grid No. 3 to All Other Electrodes = R-F Input® .. 9.5 uuf
Plate to All Other Electrodes = Mixer Output® . .. 12 puf
Grid No. 1 to All Other Electrodes®. ............. 7 unf
Grid No.3toPlate® ........................... 0.13 max. uuf
Grid No. 1toGridNo. 3° . ..................... 0.15 max. uuf
GridNo.l1toPlate® ................covvunnn... 0.06 max. puf
Grid No: 1 to All Other Electrodes Except Cathode. 4.4 wuf
Grid No. 1toCathode ...........cocnvveennnne. 2.6 uuf
Cathode to All Other Electrodes Except Grid No. 1 5 wuf

* With shell connected to cathode.
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As Frequency Converter

PLATEVOLTAGE .......ccvvvnnnenneenvnnnnnenansn 300 max. Volts

Grms No.2and No. 4 VOLTAGE . ............cn... 100 max. Volts

Grips No. 2 and No. 4 SuppLY VOLTAGE . . .. 300 max. Volts

GRIDNO. 3 VOLTAGE. .......coiiviiereiennnennnns 0 min. Volts

PLATE AND GriDS No. 2 and No. 4 DissieatioN (Total) 2.0 max. Watts

Grips No. 2 and No. 4 DiSSIPATION ............... 1.0 max. Watt

TOTAL CATHODE CURRENT ......cvvvvennnneennnnn 14 max. Milliamperes

TyricaL OPERATION with Self-Excitation:
Plate Voltage .................. e 100 250 Volts
Grids No. 2 and No. 4 Voltage .......... 100 100 Volts
Grid No. 3 (Control) Voltage............ 0 0 Volts
Grid No. 5 and Shell Voltage............ 0 0 Volts
Grid No. 1 Resistor. ........ e 20000 20000 Ohms
PlateCurrent ............c.ccoviii... 3.3 35 Milliamperes
Grids No. 2 and No, 4 Current. . . ....... 85 85 Milliamperes
Grid No. 1Current .................... 05° 0.5 Milliampere
Total Cathode Current................. 12.3 12.5 Milliamperes
Plate Resistance (Approx.).............. 0.5 1.0 Megohm
Conversion Transconductance........... 425 450 Micromhos
Conversion Transconductance (Approx.)t. 2 2 Micromhos

t With grid No. 3 bias of --35 volts.

‘The transconductance between grid No. 1 and grids No. 2 and No. 4 connected to plate (not
oscillating) is approximately 4500 micromhos when.&ids No. 1, No. 2, No. 3, and shell are at
0 volts, and grids No. 2 and No. 4 and plate are at 100 volts.

INSTALLATION and APPLICATION

The base of the 6SA7 fits the standard octal socket which may be installed
to hold the tube in any position. Physical characteristics of the 6SA7 are shown
in Fig. 1-3, OUTLINES SECTION. Heater operation and cathode connection
are the same as for T'ype 6AS8.

The 6SA7 offers several advantages from a circuit standpoint over other
converter types: (1) elimination of loose or broken grid wires encountered with
types having a top cap; (2) wiring can be completed below the set panel, (3) neater
appearance of the chassis, (4) use of simple oscillator-coil and switching arrange-
ments, (5) higher conversion gain, (6) small frequency shift at high frequencies,
and (7) simplification of tube renewal.

Because of the special structural arrangement of the 6SA7, a change in signal-
grid voltage produces little change in cathode current. Consequently, an r-f
voltage on the signal grid produces little modulation of the electron current flowing
in the cathode circujt. This feature is important because it is desirable that the
impedance in the cathode circuit should produce little degeneration or regeneration
of the signal-frequency input and intermediate-frequency output. Another impor-
tant feature is that, because signal-grid voltage has little effect on the space charge
near the cathode, changes in avc bias produce little change in oscillator trans-
conductance and in the input capacitance of the No. 1 grid. There is, therefore,
little detuning of the oscillator by avc bias.

A typical self-excited oscillater circuit for use with the 6SA7 is similar to that
shown for the 12SA7 in circuit 14-4 (CIRCUIT SECTION). For operation in
frequency bands lower than approximately 6 megacycles, the circuit should generally
be adjusted to provide, with recommended values of plate and screen voltage, a
value of Ek of approximately 2 volts peak, and an oscillator-grid current of 0.5
milliampere through a grid-leak resistance (Rg) of 20000 ohms. In the low-
and medium-frequency bands, the recommended oscillator conditions can be
readily met. However, in the band covering frequencies higher than approx-
imately 6 megacycles, the tank-circuit impedance is generally so low that it is not
eagy to obtain these oscillator conditions. For optimum performance in this band,
it is generally best to adjust the oscillator circuit for maximum conversion gain
at the low-frequency end of the band. Maximum conversion gain at this end of
the band is usually obtained by adjustment of the oscillator circuit te give a value
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of Ex of approximately 2 volts peak and an oscillator-grid current of 0.20 to 0 25
milliampere, with a grid leak of 20000 ohms.

As a set{)a.rately excited converter, the 65A7 may be operated as shown under

Characteristics except that Grid No. 3 should be supplied with a bias of -2 volts.
OPERATION CHARACTERISTI
OPERATION CHARACTERISTICS 1ON, SR mﬁ}m? cs
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TWIN TRIODE AMPLIFIER

The 6SC7 is a twin-triode amplifier 68 C7

of the single-ended metal type intend-

ed primarily for phase-inverter service. METAL
Each triode unit is designed with a high -

mu-factor to give high gain.

% CHARACTERISTICS

HEATER VOLTAGE (A.C.orD.C.) .................. 6.3 Volts
HEATER CURRENT . .......oiiiiiiiiiiiiinnannnnn, 0.3 Ampere

As Class A, Amplifier — Each Triode Unit
PLATEVOLTAGE ..........ccoiiiiiiiiinnnernnnnns 250 max. Volts
GRID VOLTAGE . ... iiiiiiininiiiaaiiiininnnn,s -2 Volts
PLATE CURRENT. . ..0vvtireeniriiiineennnannnnn, 2 Milliamperes
PLATE RESISTANCE (APDPIOX.) . .....vvvvinnnnnnnn.. 53000 Ohms
AMPLIFICATION FACTOR . . ......................... 70
TRANSCONDUCTANCE (APDPIOX.) .. ......ovnnvenennnn. 1325 Micromhos
GRID-PLATE CAPACITANCE® ... .................... 2.4 upf
GRID-CATHODE CAPACITANCE® . . .. ................. 3.0 wuf
PLATE-CATHODE CAPACITANCE®. ........ccovvvnnnn. 40 uuf

® With shell connected to cathode. Values are approximate.

INSTALLATION and APPLICATION

The base of the 6SC7 fits the standard octal socket which may be mounted
to hold the tube in any é)osmon Physical characteristics of the 6SC7 are shown
in Fig. 1-3, OUTLINES SECTION. For heater operation and cathode connection.
refer to Type 6A8. As a phase-inverter, the 6SC7 may be operated as shown in
the RESISTANCE-COUPLED AMPLIFIER CHART.
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AVERAGE PLATE CHARACTERISTICS

TYPE 6SC7
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HIGH-MU TRIODE 3
63 F5 The 6SF5 is a high-mu triode of the
METAL single-ended metal type for use in re- x(@) AADn
sistance-coupled amplifier circuits. OO
S™KEY™™H
6AB
% CHARACTERISTICS
HeaTter VOLTAGE (A.C.orD.CY .................. 6.3 Volts
HEATERCURRENT . ..........citiiiniinnnnn 0.3 Ampere
PLATE VOLTAGE ................ P 250 max. Volts
GRID VOLTAGE . ......iiiiiiniiiiiannneneens -2 Volts
PLATE CURRENT . . ...t iie i iieeiieaens 0.9 Milliampere
PLATE RESISTANCE. .. ......0.oiiiiienreenennans 66000 Ohms
AMPLIFICATION FACTOR . . . ........... ...t 100
SCONDUCTANCE . o v vveveeeeennnennneenunnns 1500 Micromhos
GRID-PLATE CAPACITANCE® . ..............c.cuvn.. 24 puf
GRID-CATHODE CAPACITANCE®. ... .............. . 4.0 puf
PLATE-CATHODE CAPACITANCE®*. . .. .........cco..... 3.6 uuf

* With shell connected to cathode. Values are approximate.

INSTALLATION and APPLICATION

The base of the 6SF5 fits the standard octal socket which may be mounted to
hold the tube in any position. Physical characteristics of the 6SF5 are shown in
Fig. 1-3, OUTLINES SECTION. For heater operation and cathode connection,
refer to Type 6A8.

As an amplifier in resistance-coupled a-f circuits, the 6SF5 may be operated
under conditions given in the ISTANCE-COUPLED A-F AMPLIFIER
CHART. In resistance-coupled circuits, the d-c resistance in the grid circuit of
the 6SF5 should not exceed 1.0 megohm.

When a 6SF5 is used to amplify the output of the 6H6 diode, it is recommended
that fixed grid bias be employed. Diode-biasing of the 65F5 is not suitable because
of the probability of plate-cutrent cut-off, even with relatively small signal voltages
applied to the diode circuit.
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AVERAGE PLATE CHARACTERISTICS
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TRIPLE-GRID
DETECTOR AMPLIFIER

The 6S]7 is an r-f amplifier pentode
of the metal type featuring single-
ended construction with interlead
slueldmg, described under Type 6SK7.

n comparison with capped types pre-
viously available, the GSJ7 offers the circuit advantages of more stable amplifier
operation, greater uniformity of gain in amplifiers, and higher gain. Because of
its sharp cut-off characteristic, this type is also suitable for service as a biased
detector. In such service the 6S]J7 is capable of delivering large audlo-frequency
output voltage with relatively small input voltage.

63J7

% CHARACTERISTICS
HeaTer VoLTaGE (A.C.or D.C) ............. ... .. 6.3 Volts
HEATER CURRENT . .............................. 0.3 Ampere
PENTODE CONNECTION:
Grid-Plate Capacitance*. . . .............. . ..... 0.005 max. uuf
Input Capacitance® ....................... ..... 6 puf
Output Capacitance®. . ......................... 7 puf
TriopeE CoNNECTION:
Grid-Plate Capacitance*. ....................... 2.8 unf
Grid-Cathode Capacitance* ..................... 3.4 unf
Plate-Cathode Capacitance*..................... 11 upf

* With shell connected to cathode. 1 With screen and suppressor connected to plate.

As Class A, Amplifier — Pentode Connection

PLATEVOLTAGE ...................ccooiiiiiin.. 300 max. Volts
ScrEEN VoLTAGE (Grid No.2) . ................... 125 max. Volts
SCREEN SUPPLY VOLTAGE . . . ... .. 300 max. Voits
Grib VoLTAGE (Grid No. 1)...................... 0 min. Volts
PLATE DISSIPATION ................... ..., 2.5 max. Watts
SCREEN DISSIPATION .. .. ..ot 0.3 max. Watt
TypPicAL OPERATION:
Plate Voltage ......................... 100 250 Volts
Screen Voltage 100 100 Volts
Grid Voltage. .. ...... -3 -3 Volts
Suppressor. .. ............. P, Connected to cathode at socket
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PlateCurrent ........cc0vivnnnnnnns 2.9 3.0 Milliamperes
ScreenCurrent ........cooviviininnenn. 0.9 0.8 Milliamperes
Plate Resistance........ e enieeean 0.7 1 Megohm
Transconductance .............ceeeennn 1575 1650 Micromhos
Grid Voltage t+. .. ......covvviinn.... -9 -9 Volts
$ Greater than 1.0 megohm. 1 For cathode-current cut-off.
As Class A, Amplifier — Triode Connection
(Screen and suppressor tied fo plate)
PLATE VOLTAGE ......c.ciiiiiiiiinienennnnnnnnns 250 max. Volts
GBID VOLTAGE . .....coovivinnnnnnnnneennnnnennns 0 min. Volts
PLATE DISSIPATION .......cciiiivviininenennnnens 2.5 max. Watts
TypicAL OPERATION:
Plate Voltage . ..........ccoviiiiennnnn 180 250 Volts
Grid Voltage. . .........coiiiviinnnnnn. -6 -85 Volts
PlateCurrent ...........ccvviiiinnnns 60 , 92 Milliamperes
Plate Resistance. ...................... 8250 7600 Ohms
Amplification Factor ................... 19 19
Transconductance ...............evuune 2300 2500 Micromhos

INSTALLATION and APPLICATION

The base of the 65]7 fits the standard octal socket which may be mounted to
hold the tube in any position. Physical characteristics of the 6SJ7 are shown in
Fif' 1-3, OUTLINES SECTION. For heater operation and cathode connection,
refer to Type 6A8.

As a class A, amplifier, the 6SJ7 may be operated either as a pentode or as a
triode, as shown under Characteristics. The screen voltage for the 6SJ7 operated
as a pentode may be obtained from a potentiometer or bleeder circuit across the
B-supply device. Due to the screen-current characteristics of the 6SJ7, a resistor
in series with the high-voltage supply may be employed for obtaining the screen
voltage, provided the cathode-resistor method of bias control is used. This method,
however, is not recommended if the high-voltage B-supply exceeds 300 volts,

As a radio-frequency amplifier pentode, the 6SJ7 may be used particularly in
applications where the r-f signal applied to the grid is relatively low, that is, of the
order of a few volts. In such cases either screen or control-grid voltage (or both)
may be varied to control the receiver volume., When larger signals are involved,
a super-control amplifier tube should be employed to prevent the occurrence of
excessive cross-modulation and modulation distortion.

As an audio-frequency amplifier pentode in resistance-coupled circuits, the
6SJ7 may be operated under conditions shown in the RESISTANCE-COUPLED
AMPLIFIER CHART.

AVERAGE PLATE CHARACTERISTICS
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TRIPLE-GRID SUPER-
. CONTROL AMPLIFIER

The 6SK7 is a triple-grid super-con-
trol amplifier of the metal type featur- 68 K7
ing single-ended construction with

interlead shielding. In comparison METAL

with capped types previously avail-

able, the 6SK7 offers the circuit advan-

tages of more stable amplifier operation,

greater uniformity of gain in amplifiers, and higher gain. Because of its remote
cut-off characteristic, this type is able to handle unusual signal voltages without
cross-modulation or modulation distortion. The 6SK7 is recommended for use
in thel r-f or i-f stages of receivers especially those employing automatic volume
control.

* CHARACTERISTIC§
HeaTeER VoLTAGE (A.C.orD.C) ........ovills 6.3 Volts
HEATER CURRENT . ..iivviinvrnnnenneennnnennnns 0.3 Ampere
GRID-PLATE CAPACITANCE® . .......00vivvrinnnnnn, 0.003 max. puf
INPUT CAPACITANCE® . ... ...t iivriinnnnrnienrennns 6 uf
OUTPUT CAPACITANCE® . ... iiiineneenreennnnannsn 7 puf
* With shell connected to cathode.
As Class A; Amplifier

PLATE VOLTAGE ... iiviitiiiiniinnninnnnnnenene. 300 max. Volts
SCREEN VOLTAGE . .ivivrunnnerenennnnnsnenennenns 125 max. Volts
SCREEN SUPPLY VOLTAGE. . ... ovvvnreinnnneannnn. 300 max. Volts
GRID VOLTAGE . . ivvvtinininenneernrnnonnevanens 0 min. Volts
PLATE DISSIPATION ... .0vitiiriinnnninrniennnnnnn 4 max, Watts
SCREEN DISSIPATION .. 0vviviiiieesieeeenananns 0.4 max. Watt
TyricAL OPERATION:

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

Screen Voltage . .................c...0.. 100 100 Volts

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

SUPDIeSSOr. . ..ot vr i Connected to cathode at socket

PlateCurrent .............ccoiiinnn... 8.9 9.2 Milliamperes

ScreenCurrent ........coiiivvreennn., 2.6 24 Milliamperes

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

Transconductance ..................... 1900 2000 Micromhos

Grid Bias for transconductance of 10

micromhos. . .........coiiiiiinnn... -35 -35 Volts
INSTALLATION

METAL
ENVELOPE

and APPLICATION

The base of the 6SK7 fits the
standard octal socket which may be
instalied to hold the tube in any
position, Physical characteristics of
the 6SK7 are shown in Fig, 1-3, “E"*DE”\
OUTLINES SECTION. For heater
operation and cathode connection
refer to Type 6A8.

The interlead shielding within
the base of the 6SK7 is accomplished
by means of a conical stem shield
and a cylindrical base shield. The wareR ot
metal cone is inserted through the BASE
. hole in the stem where the exhaust
tube connects. The cone extends
some distance into the exhaust tube
and is connected to the common EhsE eSS
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unding pin (pin No. 1). The cylindrical base shield is positioned inside the locating
ase plug, and is also connected to pin No. 1. The conical shield reduces the capac-
itance between leads in the glass of the stem: the cylindrical shield reduces the capac-
itance between those pins that are diametrically opposite each other. Since the grid
and the plate leads are diametrically opposite; the capacitance between them is kept
to a value comparable with that obtainable with top-cap construction.

The single-ended construction offers distinct advantages from a circuit stand-
point, as follows: (1) elimination of loose or broken grid leads, (2) wiring can be
completed below the set panel, (3) neater appearance of the chassis, (4) more stable
amplifier operation, (5) greater uniformity of gain in amplifiers, (6) higher gain
per stage, (7) lowered cost, and (8) simplification of tube renewal.

Control-grid bias variation will be found effective in changing the volume of
the receiver. In order to obtain adequate volume control, an available grid-bias
voltage of approximately 50 volts will be required. The exact value will depend
upon the circuit design and operating conditions. This voltage may be obtained,
depending on the receiver requirements, from a potentiometer across a fixed supply
voltage or by the use of a variable cathode-bias resistor. |,

The screen voltage may be obtained from a potentiometer or bleeder circuit
across the B-supply source. Due to the screen current characteristics of the 6SK7,
a resistor in series with the high-voltage supply may be employed for obtaining the
screen voltage provided the cathode-resistor method of bias control is used. This
method, however, is not recommended if the high-voltage B-supply exceeds 300
volts, Furthermore, it should be noted that the use of a resistor in the screen
circuit will have an effect on the change in plate resistance with variation in sup-
pressor voltage in case the suppressor is utilized for control purposes.

The suppressor may be connected directly to the cathode or it may be made
negative with respect to the cathode. For the latter condition, the suppressor
voltage may be obtained from a potentiometer or bleeder circuit for manual volume-
and selectivity-control, or from the drop in a resistor in the plate circuit of the
automatic volume-control tube.

As a radio-frequency amplifier, the 6SK7 is especially applicable to radio
receiver design because of its ability to reduce cross-modulation effects, its remote
“cut-off” feature, and its flexible adatptability to circuit combinations and to receiver
design. Recommended conditions for the 6SK7 as an amplifier are given under
CHARACTERISTICS.

To realize the maximum benefit of the long ‘“‘cut-off” feature of this tube, it is
necessalg to apply a variable grid bias and to maintain the screen at a constant
potential with respect to the cathode. Good results, however, may be obtained by
using a variable cathode resistance. Such a resistance, of course, reduces the screen
potential by the amount that the bias is increased and thus hastens the “cut-off.”

AVERAGE PLATE CHARACTERISTICS
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Therefore, the ability of the tube to handle large signals is somewhat impaired.
This effect may be nullified by means of a series resistor in the screen circuit.

The use of series resistors for obtaining satisfactory control of screen voltage
in the case of four-electrode tubes is usually impossible because of secondary emis-
sion phenomena. In the 6SK7, however. the supFr&ssor practically removes these
effects and it is therefore possible to obtain satisfactorily the screen voltage from
the plate supply or from some high intermediate voltage providing these sources
do not exceed 300 volts. With this method, the screen-to-cathode voltage will fall
off very little from minimum to maximum value of cathode-control resistor. In
some cases, it may actually rise. This rise of screen-to-cathode voltage above the
normal maximum value is allowable because the screen and the plate current are
reduced simultaneously by a sufficient amount to prevent damage to the tube. It
should be recognized in general that the series-resistor method of obtaining screen
voltage from a higher voltage supply necessitates the use of the variable cathode-
resistor method of controlling volume in order to prevent too high a voltage on the
screen. When screen and control-grid voltage are obtained in this manner, the
remote “cut-off”’ advantage of the 6SK7 may be fully realized.

DUPLEX-DIODE

HIGH-MU TRIODE 6SQ7

The 6SQ7 is a multi-unit tube of the
metal type containing two diodes and METAL
a high-mu triode in one envelope. The
8Q 6SQ7 is designed for use as a combined
detector, amplifier, and automatic-
volume-control tube. For diode-detector considerations. see RADIO TUBE
APPLICATIONS section.

% CHARACTERISTICS
HeATER VOLTAGE (A.C.or D.C) .................. 6.3 Volts
HEATER CURRENT ..... e e 0.3 Ampere
Triode: GRID-PLATE CAPACITANCE®................ 1.8 uuf
GRID-CATHODE CAPACITANCE®. ............ 3.6 upf
PLATE-CATHODE CAPACITANCE®. ........... 3.2 uuf
* With shell connected to cathode. Values are approximate.
Triode Unit — As Class A, Amplifier
PLATE VOLTAGE ............. 0. 250 max. Volts
GRID VOLTAGE . ...........00iviiiniiiannn... -2 Volts
PLATECURRENT. . ... .. 0.9 Milliampere
PLATERESISTANCE. ..........coiiiiiineeninnnn. 91000 Ohms
AMPLIFICATION FACTOR. . ......................... 100
TRANSCONDUCTANCE .. ......oivivinnnereannnennns 1100 Micromhos
Diode Units

The two diode plates are placed around a cathode, the sleeve of which is com-
mon to the triode unit. Each diode plate has its own base pin. Operation curves
for the diode units are given under Type 6B7.

INSTALLATION and APPLICATION

The base of the 6SQ7 fits the standard octal socket which may be mounted to
hold the tube in any position. Physical characteristics of the 6SQ7 are shown in
Fig. 1-3, OUTLINES SECTION. Heater operation and cathode connection are
the same as for Type 6AS.

The 6SQ7 in many respects is similar in application to the 6Q7. The out-
standing difference, however, is that the 65Q7 has a higher-mu triode. The tube
is recommended for use only in resistance-coupled circuits. Furthermore, diode-
biaging of the triode unit is not suitable because of the probability of triode plate-
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. c_urre_x:t cut-off, even with relatively small signal voltages applied to the diode
circuit.

As an amplifier in resistance-coupled a-f circuits, the 6SQ7 may be operated
t(x:nder ’It‘he conditions given in the RESISTANCE-COUPLED AMPLIFIER

AVERAGE PLATE CHARACTERISTICS
TRIODE UNIT
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DUPLEX-DIODE
HIGH-MU TRIODE

6T7 "G The 6T7-G is a heater-cathode type

of tube containing two diodes and a
high-mu tricde in one bulb. The
6T7-G is used as a detector, amplifier,
and automatic-volume-control tube.
The low heater current is a feature in applications where economy of power is
important. For diode-detector considerations, refer to RADIO TUBE APPLIC-

ATIONS section.
CHARACTERISTICS

HeaTer VortacE (A.C.or D.C) ...t 6.3 Volts
HEATER CURRENT . .. oiveiiiriiirinennenenns 0.15 Ampere
Triode: GRID-PLATE CAPACITANCE®................ 1.7 wuf

GRID-CATHODE CAPACITANCE® . ............ 1.8 upf

PLATE-CATHODE CAPACITANCE®. ........... 3.1 unf

® With close-fitting shield connected to cathode. Values are approximate.
Triode Unit — As Class A Amplifier

PLATE VOLTAGE ............ccvvvvin... 100 250 max. Volts
GRIDVOLTAGE . ............ccovvinnnn... -15 -3 Volts
PLATRECURRENT. . ..................o. ... 0.3 1.2 Milliamperes
PLATERESISTANCE . ..............coovvnnn. 95000 62000 Ohms
AMPLIFICATION FACTOR. . .................
TRANSCONDUCTANCE . .........ccovvvuunn. 680 1050 Micromhos

Diode Units

The two diode plates are placed around a cathode, the sleeve of which is com-
mon to the triode unit. Each diode plate has its own base pin. Operation curves
for the diode units are given under Type 6B7.
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INSTALLATION and APPLICATION
The base of the 6T7-G fits the standard octal socket which may be installed
to hold the tube in any position. Physical characteristics of the 6T7-G are shown in
Fig. 2-15, OUTLINES SECTION. Heater and cathode considerations are the
same as for Type 6D8-G. For application refer to Type 65Q7. Additional data
are given in the RESISTANCE-COUPLED AMPLIFIER CHART.

JA

G
B — ELECTRON-RAY TUBE
Indicator Type with Triode

e‘ oL
The 6U5/6G5 i high- )
R The SUsiGs i g, 6US5[6G5
[OXO to indicate visually, by means of a

[l fluorescent target, the effects of change
6R in controlling voltage. The tube,
therefore is essentially a voltage indicator and as such is particularly useful as a
convenient and non-mechanical means to indicate ‘accurate tuning of a radio
receiver. The 6U5/6G5 supersedes bath the 6U5 and the 6G5 and it may also be
used to replace the 6HS5 and the 6T5. For a discussion of Electron-Ray Tube
considerations, refer to the RADIO TUBE APPLICATIONS section.

% CHARACTERISTICS :
Heater VoLTaGE (A.C.,orD.C) ............ ... 6.3 Volts
HEATER CURRENT . .....oiviiiiniiieneninnnnn.. 0.3 Ampere
PLATE-SUPPLY VOLTAGE .. .......ovieiiiivnnenn. 250 max, Volts
TARGET VOLTAGE. . ...... .. i {%% ":l‘,a: ‘63}{2
TyricAL OPERATION:
Plate- and Tar%et-Supply Voltage. . . 100 200 250 Volts
Series Triode-Plate Resistor. . ...... 0.5 1 1 Megohm
Target Current*} ................. 1 3 4 Milliamperes
Triode-Plate Current * . ........... 019 019 024 Milliampere
Triode-Grid Voltage (Approx.):
For shadow angleof 0° .......... -8 -185 -22 Volts
For shadow angleof 90° ......... 0 0 0 Volts
¢ For zero triode-grid voltage. 1 Subject to wide variations.

INSTALLATION and APPLICATION
Installation and application of the 6U5/6G5 are the same as for T’{{e 6ES.
Physical characteristics of the 6U5/6G5 are shown in Fig. 2-18, OUTLINES
SECTION. The essential differences between the 6E5 and the 6U5/6G5 are that
the 6U5/6G5 is constructed in a tubular bulb and has a remote plate-current cut-
off characteristic.
AVERAGE CONTROL CHARACTERISTICS
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TRIPLE-GRID SUPER- ° 3
G
CONTROL AMPLIFIER 9/ Q
The 6U7-G is a triple-grid super-
6U7_ G control amplifier tube recommended ) ©
for service in the radio-frequency and " H
intermediate-frequency stages of radio OMO,
receivers designed for its character- ne MY TR
istics. The ability of this tube to handle G-7R

the usual signal voltages without cross-
modulation and modulation distortion makes it adaptable to the r-f and i-f stages
of receivers employing automatic volume control. The 6U7-G is constructed with
an internal shield connected to the cathode within the tube.

% CHARACTERISTICS
HEATER VOLTAGE (A.C.orD.C)) .................. 6.3 Volts
HEATER CURRENT . ... ... ..., 03 Ampere
GRID-PLATE CAPACITANCE® .. ... ... ................ 0.007 max. puf
INPUT CAPACITANCE® .. .. ... ... ... 5 uuf
OUTPUT CAPACITANCE® ... ... ...t 9 upf
* With close-fitting shield connected to cathode.
As Class A, Amplifier
PLATE VOLTAGE ........ ... ... i, 300 max. Volts
SCREEN VOLTAGE ... .coii it 100 max. Volts
ScREEN SUPPLY VOLTAGE . . . ... .................. 300 max. Volts
GRID VOLTAGE .« v vvoi et 0 min. Volts
PLATE DISSIPATION ...........c..oiiiiinennnn, 2.25 max. Watts
SCREEN DISSIPATION ........c.iiiiennnn, 0.25 max. Watt
TvyricAL OPERATION:
Plate Voltage ...................... ... 100 250 Volts
Screen Voltage ........................ 100 100 Volts
Grid Voltage. .. ..............coooon. .. -3 -3 Volts
SUppIessOr. . ..ot Connected to cathode at socket
PlateCurrent ......................... 8.0 8.2 Milliamperes
ScreenCurrent ........................ 2.2 2.0 Milliamperes
Plate Resistance (Approx.).............. 025 = 0.8 Megohm
Transconductance .. ................... 1500 1600 Micromhos
Transconductance (At -50 volts bias) . ... 2 2 Micromhos

INSTALLATION and APPLICATION

The base of the 6U7-G fits the standard octal socket which may be installed
to hold the tube in any position. The maximum overall length of the 6U7-G is
474 in. and the maximum diameter is 1% in.: the tube has a small shell octal base
and a miniature cap. For heater operation and cathode connection, refer to Type
6A8. For control-grid bias, screen voltage, suppressor connection, and application,
refer to Type 6SK7. Stage shielding enclosing the components of each stage is, in
general, necessary for multi-stage amplifier circuits.

6V6 BEAM POWER AMPLIFIERS
The 6V6 and 6V6-G are power am-
METAL plifiers of the beam type for use in the

output stage of radio receivers. They

6 6 G are particularly useful in automobile
- and other battery-operated receivérs

in which reduced plate-current drain

is desirable.
% CHARACTERISTICS
HeATER VoLTAGE (A.C.or D.C) ......... ... ... 6.3 Volts
HEATER CURRENT .. .....viiiiienn i 0.45 Ampere
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As Single-Tube Class A, Amplifier

PLATEVOLTAGE . ... ...t 315 nax. Volts
SCREEN VOLTAGE .. ...........oiiiiinian. 285 max. Volts
PLATE DISSIPATION . ....... ..o 12 max. Watts
SCREEN DISSIPATION ... ... ...ttt 2 max. Watts
TypricaL OPERATION:
Plate Voltage ................. 180 250 315 Volts
Screen Voltage . ............... 180 250 225 Volts
Grid Voltage. . . ............... -85 -125 -13 Volts
Peak A-F Grid Voltage. ........ 85 12,5 13 Volts
Zero-Signal Plate Current. ... ... 29 45 34 Milliamperes
Max.-Signal Plate Current. . .. .. 30 47 35 Milliamperes
Zero-Signal Screen Current. . . . . . . 3 4.5 22 Milliamperes
Max.-Signal Screen Current . . . .. 4 7 6 Milliamperes
Plate Resistance............... 58000 52000 77000 Ohms
Transconductance . . ........... 3700 4100 3750 Micromhos
Load Resistance............... 5500 5000, 8500 Ohms
Total Harmonic Distortion. ... .. 8 8 12 Per cent
Mazx.-Signal Power Output. .. ... 2 4.5 5.5 Watts
As Push-Pull Class AB, Amplifier
PLATE VOLTAGE . . ... ...coiii i, 315 max. Volts
ScREEN VOLTAGE ................ oo . 285 max. Volts
PLATE DissipaTION . ........... o 12 max. Watts
SCREEN DISSIPATION ... ........iviiniann . ol 2 max. Watts
TyricaL OperATION: Values are for two tubes )
Plate Voltage. ......................... 250 285 Volts
Screen Voltage .. ...................... 250 285 Volts

GridVoltage .......................... -15 -19 Volts
Peak A-F Grid-to-Grid Voltage. . ..... . 30 38 Volts

Zero-Signal Plate Current...... .. 70 70 Milliamperes
Max.-Signal Plate Current ..... . .. .. 79 92 Milliamperes
Zero-Signal Screen Current..... ........ 5 4 Milliamperes
Max.-Signal Screen Current . 13 13.5 Milliamperes
Effective Load Resistance (plate~to-plate) 10000 8000 Ohms

Total Harmonic Distortion.............. 5 3.5 Per cent
Mazx.-Signal Power Qutput. ... ... ... .. 10 14 Watts

INSTALLATION and APPLICATION

The base of either the 6V6 or 6V6-G fits the standard octal socket which may
be installed to hold the tube in any position. Physical characteristics. of the 6V6
and 6V6-G are shown in Figs. 1-7 and 2-21, respectlvely, in the OQUTLINES
SECTION.

The heater is designed to operate at 6.3 volts. ‘ Under the maximum screen
and plate dissipation conditions, the heater voltage should never fluctuate so that
it exceeds 7.0 volts. For cathode connection, refer to Type 6A8,

In all services precautions should be taken to insure that the dissipation rating
is not exceeded with expected line-voltage variations, especially in the cases of
fixed-bias operation. When the push-pull connection is used, fixed-bias values up
to 109% of each typical screen voltage can be used without increasing distortion

As class A; power amplifiers, the 6V6 and 6V6-G should be operated as shown
under CHARACTERISTICS. The values have been determined on the basis
that no grid current flows during any part of the input signal swing. The second
harmonics can easily be eliminated by the use of push-pull circuits. In single-tube,
resistance-coupled circuits, the second harmonics can be minimized by generating
out-of-phase second harmonics in the pre-amplifier.

As push-pull class AB, power amplifiers, the 6V6 and 6V6-G may be operated
as shown under CHARACTERISTICS. The values have been determined on
the basis that no grid current flows during any part of the input signal swing.

. The type of input coupling used in class A, and class AB; service should not
introduce too much resistance in the grid circuit. Transformer- or im
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coupling devices are recommended. When the grid circuit has a resistance not
higher than 0.05 megohm. fixed bias may be used; for higher values, cathode bias
is required. With cathode bias, the grid circuit may have a resistance as high as,
but not greater than, 0.5 megohm provided the heater voitage is not allowed to .
rise more than 109, above the rated value under any condition of operation.

AVERAGE PLATE CHARACTERISTICS
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BEAM POWER AMPLIFIER

6V 6 GT The 6V6-GT is a beam power ampli-
- fier designed for use in the output stage

of radio receivers, especially those

having limited space. Its electrical

characteristics are similar to those of

the 6V6 and 6V6-G.

CHARACTERISTICS
HeaTerR VoLTAGE (A.C.or D.C) .. oot 6.3 Volts
HeATER CURRENT . IR EERER PR 0.45 Ampere
. As Single-Tube Class A, Amplifier
PLATE VOLTAGE ...ttt ittt inieeemenrnenns 315 max, Volts
SCREEN VOLTAGE ... .. S 285 max. Volts
PLATE DISSIPATION . . ..ttt iee e iiae e 12 max. Watts
SCREEN DISSIPATION ... ttiiieienererereninaannns 2 max. Watts
Tyricar OPERATION:
Plate Voltage. ................ 180 250 315 Volts
Screen Voltage ................ 180 250 225 Volts
Grid Voltage .................. -85 -12.5 -13 Volts
Peak A-F Grid Voltage......... 85 12.5 13 Volts
Zero-Signal Plate Current. .. .. .. 29 45 34 Milliamperes
Max.-Signal Plate Current ... ... 30 47 35 Milliamperes
Zero-Signal Screen Current . . . .. 3 45 22 Milliamperes
Max.-Signal Screen Current. . . .. 4 7 6 Milliamperes
Plate Resistance............... 58000 52000 77000 Ohms
Transconductance.............. 3700 4100 3750 Micromhos
Load Resistance ............... 5500 5000 8500 Ohms
Total Harmonic Distortion. .. ... 8 8 12 Per cent
Max.-Signal Power Output. .. ... 2 45 55 Watts
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As Push-Pull Class AB, Amplifier

PLATE VOLTAGE . ... ...ttt iiee e anns 315 max.

SCREEN VOLTAGE .. viiiiiiienerneinannenrenans 285 max.

PLATE DISSIPATION . ... ... 0vvunneonnronnannnnnns 12 max.

SCREEN DISSIPATION .. ...cvviivivereneeeonnnanens 2 max.

TyrrcaL OrErATION:  Values are for two tubes
Plate Voltage..................ooovnunn 250 285
Screen Voltage ..........cvoiviennnnnn. 250 285
GridVoltage . ... ..cooveneneennnn... -15 -19
Peak A-F Grid-to-Grid Voltage. ......... 30 38
Zero-Signal Plate Current............... 70 70
Max.-Signal Plate Current .............. 79 92
Zero-Signal Screen Current.............. 5 4

. Max.-Signal Screen Cwrrent. . ........... 13 135
Effective Load Resistance (plate-to-plate) 10000 8000
Total Harmonic Distortion.............. 5 35
Max.-Signal Power Qutput.............. 10. 14

INSTALLATION and APPLICATION

Volts
Volts
Watts
Watts

Volts

Volts

Voits

Volts
Milliamperes
Milliamperes
Milliamperes
Milliamperes
Ohms

Per cent
Watts

The base of the 6V6-GT fits the standard octal socket which may be installed
to hold the tube in any position. Physical characteristics of the 6V6-GT are shown
in Fig. 2-8, OUTLINES SECTION. See Type 6V6 for additional information on

installation and applications. .

TRIPLE-GRID DETECTOR
AMPLIFIER

the heater-cathode type for use as an
amplifier and biased detector. In such
service, the 6W7-G is capable of deliv-
ering a large audio-frequency output

The 6W7-G is a triple-grid tube of 6W7' G

voltage with relatively small input. The low heater current is a feature in applica-

tions where economy of power is important.

% CHARACTERISTICS
HEATER VoLTAGE (A.C.orD.C) ....covivieneaa , Volts
HEATER CURRENT . .vvvvneeennennnnenneeenoannnns 0.15 Ampere
GRID-PLATE CAPACITANCE® . ... .......covvveenannn, 0.007 max. puf
INPUT CAPACITANCE® . ...\ttt iininaareennn 5 puf
OUTPUT CAPACITANCE® . ... .iiieriinnernnannnnans 8.5 unf
* With close-fitting shield connected to cathode.
As Class A; Amplifier
PLATE VOLTAGE .. ..t viiiiie it iiiinnenaneasans 300 max. Volts
SCREEN VOLTAGE . ..vvvvereeinianerannnneannonoss 100 max. Volts
SCREEN SuPPLY VOLTAGE ......................... 300 max. Volts
GRID VOLTAGE . .vvvitiiivieneeriiiinneerenannanns 0 min. Volts
PLATE DISSIPATION .. ......cviriinenannnaineenns 0.5 max. Watt
SCREEN DISSIPATION .. ... ....ivtiiiirnneennnernns 0.1 max. Watt
TyricAL OPERATION:
Plate Voltage ...........ccoiiiiieininnniannn. 250 Volts
Screen Voltage . ..............cciiieiineaianans 100 Volts
Grid Voltage. . . ...........oiiiiiiiiiinneennnn Volts
SUPDIE8SOT . . vt i ieeee i iinnennnssennoes Connected to cathode at socket
PlateCurrent ...........covveiiiiinirienennnn. 2. famperes
ScreenCurrent ............ii i 0.5 Milliampere
Plate Resistance (Approx.).........ccoveveeeeeann 1.5 Megohms
TranscondUCtanCe .. ...oovvevneenennneronennnss 1225 Micromhos
Grid Voltage (ApProx.)** . ... ..coiiveevienenenns -7 Volts

$ For cathode-current cut-off.
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INSTALLATION and APPLICATION

The base of the 6W7-G fits the standard octal socket which may be installed
to hold the tube in any position. Physical characteristics of the 6W7-G are shown
in Fig. 2-15, OUTLINES SECTION. For heater operation and cathode connec-
tion, refer to Type 6D8-G and 6A8, respectively. Application is similar to that
of the 6SJ7. Additional data are given in the RESISTANCE-COUPLED AM-
PLIFIER CHART. .

6X5 FULL-WAVE HIGH-VACUUM
RECTIFIERS

The 6X5, 6X5-G and 6X5-GT are
full-wave, high-vacuum rectifiers of the
6X5-G heater-cathode type. They are in-
tended for use in automobile-radio
receivers or in a-c operated receivers
6X 5- GT designed for their characteristics.

METAL

% CHARACTERISTICS
HeaTter VoLTagE (AC.or D.C)......ooinnin. 6.3 Volts
HEATER CURRENT . ... ..t itieinninnennnnannnn. 0.6 Ampere
As Full-Wave Rectifier
PEAK INVERSE VOLTAGE . . . ... .ot iviennaennn.. 1250 max. Volts
PeAg PLATE CURRENT PER PLATE. ... .. .......... 210 max. Milliamperes
D-C HEATER-CATHODE POTENTIAL . . ... 0vvveeenn... 450 max. Volts
Typicar OpERATION WitH CONDENSER-INPUT FILTER:
A-C Plate Voltage per Plate RMS).............. 325 max. Volts
Total Effective Plate-Supply Impedance per Plate}. 150 min. Ohms
DCOutputCurrent.............ccoiviivenn... 70 max. Milliamperes
TypicaL OperaTiON WiTH CHORE-INPUT FILTER: )
A-C Plate Voltage per Plate (RMS).............. 450 max. Volts
Input-Choke Inductance........................ 8 min. Henries
D-COutputCurrent . .........coiiiinerennennn 70 max. Milliamperes

3 When a filter-input condenser larger than 40 uf is used, it may be necessary to use more
platﬁ-av\;;l)ply impedance than the minimum value shown to limit the peak plate current to the
rate ue.

INSTALLATION and APPLICATION OPERATION CHARACTERISTICS

The base of either the 6X5, 6X5-G, or L ooy ot o LTS
6X5-GT fits the standard octal socket. The & | —— CONDENSERCCTINAIT B0 FiLTER:
socket for the 6X5 should be installed to hold w 300 R T OANCE PER Poaes
the tube preferably in a wvertical position. g 3?5!\@“ o i
Horizontal operation is permissible if pins 3 and ° 0§ M ol }
5 are in a horizontal plane. The 6X5-G and s i~ e g
6X5-GT may be operated in any position, g —-L.ﬂi’-o_:_____
Physical characteristics of the 6X5, 6X5-G, and = 255~
6X5-GT are shown in Figs, 1-7, 2-17, and 2-8, e R iy
respectively, in the OUTLINES SECTION.  § [T=<%.
Pin 1 of the 6X5-GT has no connection, ¢ |-l eI |

 200—{$0

The heater should be operated at 6.3 volts. g _‘\5‘23%_-- bt
Under no condition should the heater voltage 3 ~ted o LT
ever fluctuate so that it exceeds 7.5 volts. For © 100 e —
discussion of rectifiers and filter circuits, refer to e
RADIO TUBE APPLICATIONS SECTION.

° 20 rL) [T) 80
0~C LOAD MILLIAMPERES

92C~4576R)
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BEAM POWER AMPLIFIER

The 6Y6-G is a power amplifier of
the beam type for use in the %gt;}ut 6Y6"G

stage of radio receivers design or
its characteristics. ’

% CHARACTERISTICS
Hearer VoLTage (A.C.orD.C) ...ovvvvinnn..... 6.3 Volts
HEATER CURRENT . ... ittiininrininneinnnnenns 1.25 Amperes
As Class A; Amplifier
PLATE VOLTAGE ................................. 200 max. Volts
ScreEN VoLTaGE (Grid No.2) ............... e 135 max. Volts
PLATE DISSIPATION .................0coiinenn... 12.5 max. Watts
SCREEN DISSIPATION .........coiiiiiinneannans 1.75 max. Watts
TyricAL OPERATION:
: Plate Voltage . ........................ 135 200 Volts
Screen Voltage ........................ 135 135 Volts
Grid Voltaée éGrid No.l) .............. -13.5 -14 Volts
Peak A-F Grid Voltage. .. .......... S 135 14 Volts
Zero-Signal Plate Current....... S 58 61 Milliamperes
Max.-Signal Plate Current. . ............ 60 66 Milliamperes
Zero-Signal Screen Current.............. 3.5 22 Milliamperes
Max.-Signal Screen Current . . ... .. I, . 11.5 9 Milliamperes
Plate Resistance (Approx.).............. 9300 18300 Ohms
Transconductance ..................... 7000 7100 Micromhos .
Load Resistance. ...................... 2000 2600 Ohms
Total Harmonic Distortion.............. 10 10 Per cent
Max.-Signal Power Qutput.............. 3.6 6 Watts

INSTALLATION and APPLICATION

The base of the 6Y6-G fits the standard octal socket which may be installed
to hold the tube in any position. Physical characteristics of the 6Y6-G are shown
in Fig. 2-21, OUTLINES SECTION,

The heater is designed to operate at 6.3 volts for full-load operating conditions
at average line voltage. Under the maximum screen and plate dissipation condi-
tions, the heater voltage should never fluctuate so that it exceeds 7.0 volts. For
cathode connection, refer to Type 6A8.

As a class A, power amplifier, the 6Y6-G should be operated as shown under
CHARACTERISTICS. The values have been determined on the basis that no
grid current flows during any part of the input signal swin%. The second harmonics
can easily be eliminated by the use of push-pull circuits. In single-tube, resistance-
coupled circuits, the second-harmonics can be minimized by generating out-of-
phase second harmonics in the pre-amplifier.

The type of input coupling used should not introduce too much resistance in
the grid circuit. Transformer- or impedance-coupling devices are recommended.
When the grid circuit has a resistance not higher than 0.1 megohm, fixed bias may
be used; for higher values, cathode bias is required. With cathode bias, the grid
circuit may have a resistance as high as, but not greater than, 0.5 megohm provided
the heater voltage is not allowed to rise more than 10% above the rated value
under any condition of operation.
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CLASS B TWIN TRIODE
The 6Z7-G is a power amplifier con-
taining two triodes in one envelope.
6Z7_ G The ‘two triodes, designed for class B
operation, have separate terminals for
| electrodes except the cathodes and

heaters.
CHARACTERISTICS
HeaTER VOLTAGE (A.C.or D.C) ...... ... ... ..., 6.3 Volts
HEATER CURRENT . . ..ot ttieeieieeaaennnnns 0.3 Ampere
As Class B Power Amplifier
PLATE VOLTAGE . ..o tiineeennnnneaenrnenns 180 max. Volts
PeAK PLATE CUrreNT (Perplate) ................. “ 60 max. Milliamperes
AVERAGE PLATE DISSIPATION .. ............cnvnnn 8 max. Watts
TyricAL OPERATION:
Plate Voltage ............. 135 180 Volts
Grid Voltage. .. ........... 0 -0 Volts
Zero-Signal Plate Current
(Perplate).............. 3 4.2 Milliamperes
Effective Load Resistance
(Plate-to-plate).......... 15000 9000 20000 12000 Ohms
Max.-Signal Power Output
(APProx.). covevvvvnennn. 1.5* 25} 2.2* 4.2f Watts

* With average input of 80 milliwatts applied between grids.
t With average input of 320 milliwatts applied between grids.

INSTALLATION and APPLICATION

The base of the 6Z7-G fits the standard octal socket which may be installed
to hold the tube in any position. Physical characteristics of the 627-G are shown
in Fig. 2-17, OUTLINES SECTION. For heater operation and cathode connection,
see Type 6A8.

As a class B power amplifier, the 627-G is used in circuits similar in design to
those utilizing individual tubes in the output stage. It requires no grid bias, since
the high-mu feature of the triode units reduces the steady plate current at zero bias
to a relatively low value. For general class B amplifier design considerations,
refer to RADIO TUBE APPLICATIONS section.

As a class A, amplifier, the 6Z7-G may be operated in resistance-coupled circuits
as shown in the RESISTANCE-COUPLED AMPLIFIER CHART. Other applica-
tions of the 6Z7-G are similar to those discussed for Type 6N7.

POy
FULL-WAVE HIGH-VACUUM o0 (s)
6ZY5 G RECTIFIER
- The 6ZY5-G is a full-wave, high
vacuum rectifier of the heater-cathode 6\‘__},/ D
type. It is intended for use in applica- OMO,
tions where economy of power is im- NeTREY TR
portant, G-65
% CHARACTERISTICS
HeATER VOLTAGE (A.C.orD.C) ..ot 6.3 Volts
HEATER CURRENT . ...\ itttiieennnsnnrnonnnonsnns 0.3 Ampere
As Full-Wave Rectifier
PEAR INVERSE VOLTAGE . . ....ovviiiinnnnnnercenns 1250 max. Volts
PeAR PLATE CURRENT PERPLATE. .. ..... ... 0 120 max. Milliamperes
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. D-C HEATER-CATHODE POTENTIAL. ... .. S 450 max, Volts
TyricaL OpERATION WiTH CONDENSER-INPUT FILTER:
A-C Plate Voltage per Plate (RMS).............. 325 max. Volts
Total Effective Plate-Supply Impedance per Plate}. 225 min. Ohms
DCOutputCurrent.....................c..... 40 max. Milliamperes
TyricaL OPERATION WITH CHOKE-INPUT FILTER:
A-C Plate Voltage per Plate (RMS).............. 450 mazx. Voits
Input-Choke Inductance........................ 13.5 min. Henries
D-COutput Current..........oovvveervnnnnnn.. 40 max. Milliamperes

$ When a filter-input condenser larger than 40 uf is used, it may be necessary to use more
plate-mﬁ)ply impedance than the minimg:m value shown to limit the peak plate current to the
ue.

rated i
INSTALLATION and APPLICATION

The base of the 6ZY5-G fits the standard octal socket which may be installed
to hold the tube in any position. Physical characteristics of the 6ZY5-G are shown
in Fig. 2-17, OUTLINES SECTION. The heater should be operated at 6.3 volts.
Under no condition should the heater voltage ever fluctuate so that it exceeds 7.5
volts. For discussion of rectifiers and filter circuits, refer to RADIO TUBE
APPLICATIONS section.

TWIN DIODE

The 7A6 is a heater-cathode type
of tube containing two diodes in one
bulb. Except for the common heater, 7 A6
the two units are independent of each
other. The 7A6 is employed in re-
ceivers for detection, for low-voltage,
low-current rectification, or for auto-
matic volume control.

% CHARACTERISTICS
HEeaTER VoLTAGE (A.C.orD.C) ..., 6.39 Volts
HEATER CURRENT . ....ouviniiein .. 0.159Y Ampere
% Nominal value is 7 volts. 99 Nominal value is 0.16 ampere.
As Rectifler
A-C PLATE VOLTAGE PER PLATE (RMS)............ 150 max. Volts
D-C Outpur CURRENT PER PLATE................. 8 max. Milliamperes

INSTALLATION and APPLICATION

The base of the 7A6 fits the lock-type socket which may be mounted to hold
the tube in any position. Physical characteristics of the 7A6 are shown in Fig.
2-4, OUTLINES SECTION. ~For heater operation, see Type 6D8-G; and for
cathode connection, Type 6A8. Application is the same as that for Type 6H6-G.

TRIPLE-GRID
SUPER-CONTROL AMPLIFIER

The 7A7-LM is a triple-grid super- M
control amplifier of the single-ended 7A7"'L
metal type for use in the radio-fre- METAL
quency and intermediate-frequency

stages of radio receivers, The 7A7-LM

is interchangeable with the 7A7.

% CHARACTERISTICS

HeaTER VoLTAGE (AC.orD.C) .........ooao... 6.39 Volts
HEATBRCURRENT ............ .. ... e, 0.3997 Ampere
GRID-PLATE CAPACITANCE® .. ............0covvuu.. 0.005 puf
INPUT CAPACITANCE®. ............ ... 0 iin. 6 uuf
OUuTPUT CAPACITANCE® .:.........o'ooriennnnnn. 7 uuf

® With shell connected to cathode.

¥ Nominal value ig 7 volts. 999 Nominal value is 0.32 ampere.
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As Class A, Amplifier

PLATE VOLTAGE ..vvvvvrneeerreeeennnnennsasns 250 max. Volts
SCREEN VOLTAGE ... ittt iiieiiencaaananas 100 max. Volts
GRID VOLTAGE . o oivee it iae e -3 min. Volts
TyricAL OPERATION:
Plate Voltage ........ ... ... . . ciiiiiiinnaenns 250 Volts
Screen Voltage ..........ccovviiiiiiniiinennns 100 Volts
Grid Voltage . . . ........cviiiiieiiiniannees -3 . Volts
SUppressor. . ............. ... Connected to cathode at socket
PlateCurrent ...........cooviiiiiiiiiiinnnes 8.6 Milliamperes
Screen Current ............ooiiiiiii s 2 Milliamperes
Plate Resistance. ................coiiiiiiiienen 0.8 Megohm
Transconductance . .............c.coeieiunrenns 2000 Micromhos
Transconductance (At -35 volts biag) ............ 10 " Micromhos

INSTALLATION and APPLICATION

The base of the 7A7-LM fits the lock-type socket which may be installed to
hold the tube in any position. Physical characteristics of the 7A7-LM are shown
in Fig. 1-4, OUTLINES SECTION. For heater operation and cathode connection,
refer to Type 6A8. Application is similar to that for Type 6SK7.

OCTODE CONVERTER

7 A8 The 7A8 is a multi-electrode tube
of the heater-cathode type designed
to perform simultaneously the func-
tions of a mixer and of an oscillator
tube in superheterodyne circuits.

% CHARACTERISTICS
HEeATER VOLTAGE (A.C.orD.C.) ..o 6.39 Volts
HEATER CURRENT . 0o vereeenennnneecnnenneenns 0.1599 Ampere
DiIRECT INTERELECTRODE CAPACITANCES:
GridNo.4toPlate .........ccoovviiiin 0.15 puf
GridNo.4toGrid No. 2 .................. .. 0.12 unf ‘
Grid No. 4toGridNo. 1 .................... ... 0.12 uuf
GridNo. 1toGrid No. 2 ...........o.iiiiin 0.60 uuf
Grid No. 4 to All Other Electrodes (R-F Input) ... 7.5 uuf
Grid No. 2 to All Other Electrodes
Except Grid No. 1 (Osc. Output) .............. 34 uuf
Grid No. 1 to All Other Electrodes
Except Grid No. 2 (Osc. Input) ............... 38 pm
Plate to All Other Electrodes (Mixer Qutput) ..... 9 upuf
9 Nominal value is 7 volts. 49 Nominal value is 0.16 ampere.
As Frequency Converter
PLATE VOLTAGE ..t vireenecaraocsseonananaennns 250 max. Volts
ScREEN VOLTAGE (Grids No. 3and No. 5) .......... 100 max. Volts
ANope-GriDp SuppLY VoLTAGE (Grid No. 2). ...... .. 250 max. Volts
CoNTrROL-GRID VOLTAGE (Grid No. 4).............. -3 min. Volts
TypicAL OPERATION:
Plate Voltage . ........ccoovvviv i . 250 Volts
Screen Voltage . .............ovnn. o 100 Volts
Anode-Grid Supﬁ:ly Voltage.......... . .. 250* Volts
Control-Grid Voltage.................. . -3 Volts

50000 Ohms

Oscillator-Grid Resistor (Grid No. 1). ... 1 )
3 Milliamperes

PlateCurrent .............coovnntn

ScreenCurrent ......coiieii s o 2.8 Milliamperes
Anode-Grid Current...........coovviiiiiiiien 4.5 Milliamperes

¢ Applied through 20000-ohm voltage-dropping resistor by-passed by 0.1 uf condenser
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Oscillator-Grid Current. ..................v..n.. 0.4 Milliamperes
Plate Resistance. . ..............cccovvnuennn... 0.7 Megohm
Conversion Transconductance. .................. 600 Micromhos
Conversion Transconductance with

Control-Grid Biasof -30 Volts . ............... 2 Micromhos

INSTALLATION and APPLICATION

The base of the 7A8 fits the lock-type socket which may be installed to hold
the tube in any position. Physical characteristics of the 7A8 are shown in Fig.
2-4, OUTLINES SECTION. ~ For heater operation, refer to Type 6D8-G: for
cathode connection and application. to Type 6AS8.

TRIPLE-GRID
SUPER-CONTROL AMPLIFIER

The 7B7 is a triple-grid super-control - 7 B7
amplifier for use in the radio-frequency
and intermediate-frequency stages of
radio receivers.

% CHARACTERISTICS
HeAaTER VOLTAGE (A.C.Oor D.C.) .................. 6.3§ Volts
HEATER CURRENT .. ..., 0.1599 Ampere
GRID-PLATE CAPACITANCE ................. . ...... 0.005 max. puf
INPUT CAPACITANCE. ... ...................... ... 5 upuf
OutPUT CAPACITANCE . . . .. ...........ccuuuiunn... 7 puf
9 Nominal value is 7 volts, 99 Nominal value is 0.16 ampere.
As Class A; Amplifier
PLATE VOLTAGE ............................ A 250 max. Volts
SCREEN VOLTAGE ................................ 100 max. Volts
GRID VOLTAGE . ..... ... ... ... ... ............. .. -3 min. Volts
TypicaL OPERATION:
Plate Voltage .. . ... . ... ... ... ......... .. 250 Volits
Screen Voltage 100 Volts
Grid Voltage. . . ........ . ... ... ... ... ........ -3 Volts
Suppressor. . . .. . Connected to cathode at socket
PlateCurrent ...... .. ... .................... 8.5 Milliamperes
ScreenCurrent ............... .. .. . ... . ... ... 2 Milliamperes
Plate Resistance. . ...................... ... .. .. 0.7 Megohm
Transconductance ............................. 1700 Micromhos
Transconductance (At 40 volts bias) . ........... 10 Micromhos

INSTALLATION and APPLICATION

The base of the 7B7 fits the lock-type socket which may be installed to hold
the tube in any position, Physical characteristics of the 7B7 are shown in Fig.
2-4, OUTLINES SECTION. For heater operation, refer to Type 6D8-G: and for
cathode connection, to Type 6A8. Application is similar to that for Type 6SK7.

DUPLEX-DIODE
HI-MU TRIODE

The 7C6 is a multi-unit tube con- 7C6

taining two diodes and a high-mu
triode in one bulb. It is intended for
use as a combined detector, amplifier,
and automatic-volume-control tube
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% CHARACTERISTICS
HeaTtEr VOoLTAGE (AC.or D.C) .................. 6.39 Volts
HEATER CURRENT . ...oivinivneernnennnnaneennn. 0.159Y Ampere
Triode: GRID-PLATE CAPACITANCE (Approx.) ....... 1.4 upf
GRID-CATHODE CAPACITANCE (Approx.)..... 2.4 uuf
PLATE-CATHODE CAPACITANCE (Approx.).... 3 puf
AVERAGE CHARACTERISTICS — TRIoDE UNIT:
Plate Voltage . ............c.ooiiiiiiiiiinennn 250 Volts
Grid Voltage. . ...ttt -1 Volt
PlateCurrent ..........ccoitiiiiinreinnn.. 13 Milliamperes
Plate Resistance. . ......c.coviviininnenvnennn.. 0.1 Megohm
Amplification Factor .....................coo... 100
Transconductance . ......c.oovveeveneecnnnnoneass 1000 Micromhos
9 Nominal value is 7 volts. 99 Nominal value is 0.16 ampere.
Triode Unit — As Class A, Amplifier
PLATE VOLTAGE ...t iiiia i + 250 max. Volts
TyPICAL OPERATION:
Plate Supply Voltage........................... 250 Volts
Load Resistance. . .........cooviievinennannennn 0.25 Megohm
Grid Resistor. .. ..oviiiiiii i iiiiiineeeens 10 Megohms
Diode Units

The two diode units are placed around a cathode, the sleeve of which is
common to the triode unit. Each diode has its own base pin.

INSTALLATION and APPLICATION
The base of the 7C6 fits the lock-type socket which may be-installed to hold
the tube in any position. Physical characteristics of the 7C6 are shown in Fig.
2-4, OUTLINES SECTION. For heater operation, refer to Type 6D8-G; and for
cathode connection, to Type 6A8. Application is similar to that for Type 6SQ7.

INTERNAL

FULL-WAVE fomESTIcH
HIGH-VACUUM RECTIFIER P°2
7Y4 The 7Y4 is a full-wave, "high- () ‘ o)

vacuum rectifier of the heater-cathode
type. It is for use in automobile radio
receivers and in compact a-c operated
receivers,

5AB
% CHARACTERISTICS
HEeATER VoLTAGE (AC.orDC.) ...ttt 6.3% Volts
HEATER CURRENT ... .0vvvninnnnnnnneenonnnnnnnes 059Y Ampere
9 Nominal value is 7 volts. 99 Nominal value is 0.53 ampere.
As Full-Wave Rectifler
PEAK INVERSE VOLTAGE. . ......oooviniinnnnnn 1250 max. Volts
PeAK PLATE CURRENT PERPLATE. ... ............ 180 max. Milliamperes
D-C HEATER-CATHODE POTENTIAL. . ............... 450 max. Volts
Wite CoNDENSER-INPUT FILTER:
A-C Plate Voltage per Plate (RMS).............. 325 max. Volts
Total Effective Plate-Supply Impedance per Plate* 150 min. Ohms
D-COutputCurrent...........ccovievrvnenn... 60 max. Milliamperes
Witr CHOKE-INPUT FILTER:
A-C Plate Voltage per Plate (RMS).............. 450 mgx. Volts
Input Choke Impedance. . ...................... 10 min. Ohms
D-COutput Current. . ....covevirrenneanrrennes 60 max. Milliamperes

* When a filter input condenser larger than 40 uf is used, it may be necessary to use more
plate-supply impedance than the value shown to limit the peak plate current to the rated value.
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INSTALLATION and APPLICATION

The base of the 7Y4 fits the lock-type socket which may be installed to hold
the tube in any position. Physical characteristics of the 7Y4 are shown in Fig.
2-4, OUTLINES SECTION. For heater operation, see Type 6X5.

P G
% R POWER AMPLIFIER TRIODE

The 10 is a_three-electrode, high-vacuum 'IO
tube suitable for use as an audio-frequency

o*o amplifier in equipment designed for its

£ ¢ characteristics.

4D

CHARACTERISTICS

FiLaMENT VorTacEs (A.C. or D.C.) 7.5 Volts
FILAMENT CURRENT . ..cvovvane 1.25 Amperes
PLATE VOLTAGE...... 425 max. Voits
GRID VOLTAGE® .... .. 3. - Volts
CATHODE RESISTOR. . .cvvvvvrnenninnnn.. 2350 2000 2220 Ohms
PLATE CURRENT. ..vvvvreniinnnnrinenenn 10 16 18 Milliamperes
PLATE RESISTANCE . .......coiviviivenns 6000 5150 5000 Ohms
AMPLIFICATION FACTOR .. ..ovvvninnnnnn., 8 8 8 X
TRANSCONDUCTANCE .0.vvcvernneinnnnnas 1330 1550 1600 Micromhos
LoOAD RESISTANCE ......ccvviinnnnvenn. 13000 11000 10200 Ohms
UNDISTORTED POWER OUTPUT. ........... 0.4 0.9 1.6 Watts

* Grid voltages are given with respect to the mid-point of filament operated on a.c. If d.c.
is used, each stated value of grid voltage should be decreased by 5.0 volts and should be referred
to the negative end of the filament.

INSTALLATION and APPLICATION
The base of the 10 fits the standard four-contact socket which should be installed to hold
the tube in a vertical ition with the base down. Physical characteristics of the 10 are shown
in Fig. 2-28, OUTLINES SECTION.

DETECTOR AMPLIFIER TRIODES

F F The 11 and 12 are three-electrode tubes
used as detectors and amplifiers in dry-cell-
4D operated receivers designed for their charac- ]]
teristics. The electrical characteristics of
Type 12 each type are identical, and are as follows:
Filament volts, 1.1; amperes, 0.25; maximum
P F- plate volts, 135; grid volts, -10.5; amplifica-
e 0 tion factor, 6.6; plate resistance (ohms), ]2
15000; transconductance (micromhos), 440;
and plate milliamperes, 3. Physical charac-
teristics of the 11 and 12 are shown in Figs.
2-14 and 2-23, respectively, in the OUTLINES
SECTION. The 11 and 12 are discontinued
types; they are retained for reference only.

RECTIFIER-PENTODE

The 12A7 is a heater-cathode type
of multi-unit tube which combines in

one bulb a half-wave rectifier and a
power-amplifier pentode. The heater ] 2 A7
rating is 12.6 volts, 0.3 ampere.
RECTIFIER UNIT: Mazx. a-c plate
volts, 125; max. d-c output ma., 30.

PENTODE UNIT: Mazx. plate and
screen volts, 135; grid-bias volts, -13.5;
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load resistance, 13500 ohms: plate resistance. 102000 ohms: transconductance, 975
micromhos; plate ma., 9; screen ma., 2.5; and power output, 0.55 watt. The base
fits the standard 7-contact socket (0 75 inch pin-circle diameter) which may be
mounted to hold the tube in any position. Physical characteristics of the 12A7
are shown in Fig. 2-16. OUTLINES SECTION. For heater operation and cathode
connection. refer to Types 12Z3 and 6A8, respectively.

PENTAGRID CONVERTER
The 12A8-GT is a pentagrid con-

]2 A8_GT verter of the heater-cathode type.
Except for its heater which operates
at 12.6 volts and 0.15 ampere, the
electrical and physical characteristics
of the 12A8-GT are the same as those
of the Type 6A8-GT. G-8a

The heater of the 12A8-GT is designed to operate on either a.c. or d.c. When
the heater is operated on a.c, with a transformer, the winding which supplies the
heater_circuit should operate the heater at its recommended value for full-load
operating conditions at a line voltage of 117 volts. In receivers that employ a series-
heater connection, the heater of the 12A8-GT may be operated in series with the
heaters of the other types having 0.15-ampere rating, or in series with the heaters
of other types requiring more than 0.15 ampere if the 12A8-GT heater is shunted
by a suitable resistor to pass the current in excess of 0.15 ampere. The current in
the heater circuit of the 12A8-GT should be adjusted to 0.15 ampere for the normal
supply-line voltage, For cathode connection, refer to Type 6AS8.

DUPLEX-DIODE PENTODE Poa

The 12C8 is a metal type of tube
having two diodes and a pentode in

the same envelope. Except for its

] 2C8 heater rating of 12.6 volts and 0.15
ampere, the electrical and physical

METAL characteristics of the 12C8 are the same

as those of the Type 6B8. For heater
operation and cathode connection, refer
poelTypes 12A8-GT and 6AS8, respect-
ively.

HIGH-MU TRIODE

The 12F5-GT is a high-mu amplifier
triode of the heater-cathode type. It
] 2 F 5 GT is particularly useful in resistance-
- coupled amplifier circuits. Except
for its heater rating of 12.6 volts and
0.15 ampere, and the capacitances, the

electrical and physical characteristics G-5M

are the same as those of the 6F5-GT.

The grid-plate capacitance is 2.8 guf; grid-cathode, 2.2 uuf; plate-cathode, 3.2 uuf.
For heater operation and cathode connection, refer to Types 12A8-GT and 6A8;

respectively.
DETECTOR AMPLIFIER TRIODE

The 12J5-GT is a triode of the heat- e
er-cathode type designed for use as
] 2 J 5 GT detector, amplifier, or oscillator. It 0, )
= has a oomparatwely high amplifica- H \‘,/ "
tion - factor together with a h ¥ (e)
transconductance. Except for its heater ne FEY Tk
rating of 12.6 volts and 0.15 ampere, G-6Q
the electrical and physical characteris~
tics of the 12]J5-GT are the same as those of the 6J5-GT. For heater operation
and cathode connection, refer to Type 12A8-GT and 6A8. respectively
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TRIPLE-GRID DETECTOR
AMPLIFIER

'i‘-he 12J7-GT is a triple-grid detector ] 2.] 7 = GT

amplifier’ of the heater-cathode type.
Exlcept g)roiltg heater rathing lot’ 12.(;
_ _ volts and 0.15 ampere, the electrical
GT-7R(12J7-GT) and physical characteristics of the
12J7-GT are the same as those of the 6]J7-GT. For heater operation and cathode
connection, refer to Types 12A8-GT and 6AS8, respectively.

TRIPLE-GRID
SUPER-CONTROL AMPLIFIER

The 12K7-GT is a triple-grid super- ] 2 K7— GT

control amplifier of the heater-cathode
tlsépg ll~3xcept1 fgr1 éts heater reknltingl of
T-7RU2K7-GT .6 volts and 0.15 ampere, the elec-
N ¢ ) trical and physical characteristics of
the 12K7-GT are the same as those of the 6K7-GT. For heater operation and
cathode connection, refer to Types 12A8-GT and 6A8, respectively.

TRIODE-HEXODE

CONVERTER -I 2 K 8

The 12K8 is a multi-electrode tube METAL
of metal construction consisting of a
triode oscillator and a hexode mixer
in a single envelope. Except for its
heater rating of 12.6 volts and 0.15
ampere, the electrical and physical characteristics of the 12K8 are the same as
those of the 6K8. For heater operation and cathode connection, refer to Types
12A8-GT and 6A8, respectively. )

Poz PDy

DUPLEX-DIODE
HIGH-MU TRIODE

The 12Q7-GT is a heater-cathode
type of tube containing two diodes and
a high-mu triode in one bulb. Except
for its heater rating of 12.6 volts and
0.15 ampere, the electrical and physical
characteristics of the 12Q7-GT are the same as those of the 6Q7-GT. For heater
operation and cathode connection, refer to Types 12A8-GT and 6A8, respectively.

12Q7-GT

PENTAGRID CONVERTER-

The 12SA7 is a multi-electrode vacu-

um tube of the single-ended metal type ] 2 S A7
designed to perform simultaneously METAL

the functions of oscillator and mixer
in superheterodyne receivers. Except
for its heater rating of 12.6 volts and
0.15 ampere, the electrical and }Jhysical
characteristics of the 12SA7 are the same a those of the 65A7. For heater oper-
ation and cathode connection, refer to Types 12A8-GT and 6A8, respectively
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TWIN TRIODE AMPLIFIER

The 12SC7 is a twin-triode amplifier
of the single-ended metal type for use
] 25C7 as a class A amplifier. Except for its
 META heater rating of 12.6 volts and 0.15
t ampere, the electrical and physical
characteristics of the 12SC7 are the
same as those of the 6SC7. For heater
operation and cathode connection, re-
fer to Types 12A8-GT and 6A8, respectively.

HIGH-MU TRIODE o}

The 12SF5 is a high-mu triode ot ©

'I 2SF 5 the s_inél:-ended lgetal tly for utse
in resistance-coupled amplifier circuits.
Except for its heater rating of 12.6 <@ Vo

METAL volts and 0.15 ampere the electrical O,
and physical characteristics of the
12SF5 are the same as those of the 6AB

6SF5. For heater operation and cathode
connection, refer to Types 12A8-GT and 6AS8, respectively.

TRIPLE-GRID
-l 25J7 DETECTOR AMPLIFIER
The 12S]7 i ingl ded
METAL tube eof thJe t?ip?e-ség%ie?;pe Wir:x;ta;

sharp cut-off characteristic. Except

for its heater rating of 12.6 volts and

0.15 ampere, the electrical and physical
characteristics of the 125J7 are the same as those of the 65J7. For heater operation
and cathode connection, refer to Types 12A8-GT and 6AS, respectively.

Gy K
TRIPLE-GRID 4
) Ga G2
]25K7 SUPER-CONTROL AMPLIFIER )@
The 12SK7 is a single-ended metal  #(®)

METAL tube of the triple-grid type with a 0 o/ "

remote cut-off characteristic. Except S\key =P

for its heater rating of 12.6 volts and aN

0.15 ampere, the electrical and physical )
characteristics of the 12SK7 are the same as those of the 6SK7. For heater opera-
tion and cathode connection, refer to Types 12A8-GT and 6A8, respectively.

Poy foy
DUPLEX-DIODE HIGH-MU . ONO o
125Q7 oot X(=)
The 12SQ7 is a single-ended metal O, 7 Dn
METAL type of multi-unit tube containing two OO,
diodes and a high-mu triode. Except S KEY—'H
for its heater rating of 12.6 volts and 8Q

0.15 ampere, the electrical and physical
characteristics of the 12SQ7 are the same as those of the 6SQ7. For heater opera-
tion and cathode connection, refer to Types 12A8-GT and 6A8, respectively.
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G HALF-WAVE
HIGH-VACUUM RECTIFIER

oA The 12Z3 is a half-wave, high- ]223

vacuum rectifier of the heater-cathode
" H type for use in suitable circuits de-
46 signed to supply d-c power from an a-c
power line. It is intended for use in
“transformerless” receivers of the “‘universal” (a.c.-d.c.) type. The adaptability
of the 12Z3 to such receivers is facilitated by the heater design which permits of
convenient series operation with other tube types.

* CHARACTERISTICS
Heater VoLTAGE (AC.or D.C) ......viiivnn.. .. 12.6 Volts
HEATER CURRENT ... ..i0tiitninennannnanarennaan 0.3 Ampere
As Half-Wave Rectifier
PEAK INVERSE VOLTAGE . . .. ..vviieeniennenerennns 700 max. Volts
PEAR PLATECURRENT .. ...ovivnivnnnnnnnnnnnnnnn 330 max. Milliamperes
D-C HEATER-CATHODE POTENTIAL . . ... ..0vuurvnnns 350 max. Volts
TypicaL OpERATION WiTH CoNDENSER-INPUT FILTER:
A-C Plate Voltage (RMS)......... 117 150 235 max. Volts
Total Effective Plate-Supply
Impedancef................... O min. 30 min. 75 min. Ohms
D-C Output Current............. 55 max. 55 max. 55 max. Milliamperes

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

INSTALLATION and APPLICATION

The base of the 12Z3 fits the standard four-contact socket which may be
installed to hold the tube in any position, Physical characteristics of the 12Z3 are
shown in Fig. 2-19, OUTLINES SECTION. Sufficient ventilation should be
provided to circulate air freely around the tube

to prevent overheating. OPERATION CHARACTERISTICS

The 12.6-volt heater of the 12Z3 is designed TYPE 1223 EF=12.6 VOLTS
to operate under the normal conditions of line- | FILTER INPUT CONDENSER =C , |
voltage variation without materially affecting 200 Cumve ; OIS RMS
the performance or serviceability of this tube. s = = |
Eg: operafxtitt)lr]x‘e of the l11?123 ll(l) 3series with the = o 1 m\

ters of other types having 0.3 ampere rating, N

the current in the heater circuit should be ad- £ %%slew
justed t0-0.3 ampere for the normal supply g = ST
voltage. 5 240 TSl

A filter of the condenser-input type is rec- @ ~L T
ommended for use with this tube in order to 2 4
obtain a d-c output voltage as high as possible. K 18 T
A large input capacitance in the order of 16 uf 3 B e
is desirable. Typical output curves for several 8 AN R i
values of input condensers are shown in the ac- g e VoLTs=i17 4
companying diagram. As a supplement to the
curves with an a-c input voltage, a curve is in-
cluded to show the output when the receiver is 20 %0 55
operated from a d-c power line. D-C LOAD MILLIAMPERES it
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15

R-F AMPLIFIER PENTODE

The 15 is a heater-cathode type of pentode
of the 2.0-volt type for use in battery-operated
receivers that require a separate cathode con-
nection. The heater is rated at 2.0 volts
(d.c.) and 0.22 ampere. Characteristics at
maximum 7plate volts of 135, maximum screen
voits of 67.5, and grid-bias volts of ~1.5 are:
plate current, 1.85 milliamperes; screen cur-
rent, 0.3 milliampere; plate resistance, 0.63
megohm; transconductance, 750 micromhos.

The base of the 15 fits the standard five-pin socket which may be mounted to hold the tube
in any position. Physical characteristics of the 15 are shown in Fig- 2-16, OUTLINES SECTION
The heater-cathode potential should be kept as low as possible, but should never be greater than
22.5 volts. Application of the 15 is similar to that of Type 1E5-GP.

19

CLASS B TWIN AMPLIFIER

The 19 combines in one bulb two

T2 [&1]

3)

/12 =N\

high-mu triodes designed for class B "2() Olgl

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

<
OO,
Ft F-
6C

terminals for all electrodes except the filaments, so that circuit design is similar to
that of class B amplifiers utilizing individual tubes in the output stage. Except for
the filament current (.26 ampere, the electrical characteristics of the 19 are the same
as those of the 1J6-G. For filament operation, refer to Type 1C7-G. The base of
the 19 fits the standard six-pin socket which should be mounted to hold the tube
preferably in a vertical position with base down. Horizontal operation is permis-
sible-if pins 1 and 6 are in a horizontal plane. Physical characteristics of the 19
are shown in Fig. 2-19, OUTLINES SECTION.

20

22

POWER AMPLIFIER TRIODE

The 20 is a power-amplifier triode for dry-
battery-operated receivers employing 3.3-volt
filament tubea. The filament rating is 0.132
ampere at 3.3 volta (d.c.). Characteristics at
maximum plate volts of 135, and grid-bias
volts of -22.5 are: plate current, 6.6 milli-
amperes, plate resistance, 6300 ohms; ampli-
fication factor, 3.3; transconductance, 5
micromhos; load resistance, 6500 ohms;
undistorted power output, 110 milliwatts.
Physical characteristics of the 20 are shown
in Fig. 2-14, OUTLINES SECTION. The 20
is a discontinued type; it i8 retained for ref-
erence only.

SCREEN-GRID RADIO-FREQUENCY
AMPLIFIER

The 22 is a screen-grid, radio-frequency
amplifier tube for use in dry-battery-operated
receivers employing 3.3-volt filament tubes.
The filament rating is 0.132 ampere at 3.3
volts (d.c.) Characteristics at- maximum
plate volts of 135, maximum screen volts of
67.5, and grid-bias volts of -1.5 are: plate
current, 3.7 milliamperes; screen current, 1.3
milliamperes; plate_resistance, 325000 ohms;
transconductance, 500 micromhos. Physical
characteristics of the 22 are shown in Fig. 2-22,
OQUTLINES SECTION. The 22 is a discon-
tinued type; it is retained for reference only.
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SCREEN-GRID RADIO-FREQUENCY
AMPLIFIER

The 24-A is & screen-grid amplifier tube of
the heater-cathode type for use primarily as 4
a radio-frequency amplifier in a-c operated 4
receivers.
The heater is rated at 2.5 valts (a.c. or d.c.)
H and 1.76 ampere. The maximum plate and
H screen volts are 275 and 90, respectively.
5 Characteristics_at plate volts of 250, screen
volts of 90, and grid-bias volts of -3 are: .
plate current, 4 milliamperes; screen current (max.), 1.7 milliamperes, plate resistance, 0.6 megohm;
tranaconductance, 1050 micromhos. Capacitances (with shield-can) are: grid-plate 0.007 max.
puf; input B.3 puf; output, 10.5 uuf.

The base of the 24-A fits the standard five-contact socket which may be installed ta hold
the tybe in any position. Physical characteristics of the 24-A are shown in Fig. 2-22, OUTLINES
SECTION or heater operation and cathode connection, refer to Type 2A5. The screen volta;
for the 24-A may be obtained from a fixed or variable tap on 3 voltage divider across the high-
voltage supply, or across a portion of the suggly. Complete shielding in all stages of the circuit
is necessary if maximum gain per stage is to obtained. :

POWER AMPLIFIER

PENTODES 25A6

The 25A6 and 25A6-G are power- METAL
n amplifier pentodes of the heater-
cathode type having 25-volt heaters 2 5 A 6 G
for operation on either a-c or d-c -
supply. They are especially useful in
“d-c power line” or “universal” type
receivers. In such application, these tubes are capable of handling relatively large

audio power.
% CHARACTERISTICS
HEeATER VoLTAGE (AC.OorD.C) .....oviiiinnne, 25 Volts
HEATER CURRENT . ... ... iiirereirininmneannenn. 0.3 Ampere
As Class A; Amplifier
PLATE VOLTAGE ................... R 160 max. Volts
SCREEN VOLTAGE .. .vvvvtiiniiiinnaieeee e, 135 max. Volts
PLATE DISSIPATION ................ e 5.3 max. Watts
SCREEN SISSIPATION ... ..o, o 1.9 max. Watts
TyprICAL OPERATION:
Plate Voltage ................. 95 135 160 Volts
Screen Voltage . ............... 95 135 120 Volts
Grid Voltage. . ................ -15 -20 -18 Volts
Peak A-F Grid Voltage......... 15 20 18 Volts
Zero-Signal Plate Current. . .. . .. 20 37 33 Milliamperes
Max.-Signal Plate Current. . . ... 22 39 36 Milliamperes
Zero-Signal Screen Current. . . . . . 4 8 6.5 Milliamperes
Max.-Signal Screen Current . . .. . 8 14 12 Milliamperes
Plate Resistance (Approx.)..... 45000 35000 42000 Ohms
Transconductance . ....... R 2000 2450 2375 Micromhos
Load Resistance............... 4500 4000 5000 Ohms
Total Harmonic Distortion. ... .. 11 9 10 Per cent
Max.-Signal Power Output...... 0.9 2 2.2 Watts

INSTALLATION and APPLICATION

The base of either the 25A6 or 25A6-G fits the standard octal socket which
may be installed to hold the tube in any position, Physical characteristics of the
g%‘.ACGTEI%CIl\I 25A6-G are shown in Figs. 1-7 and 2-2], respectively, in the OUTLINES

The 25-volt heater is designed to operate under the normal conditions of line-

voltage variation without materially affecting the performance or serviceability
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of these tubes. When the heater is operated in series with the heaters of other
types having 0.3-ampere rating, the current in the heater circuit should be adjusted
to 0.3 ampere for the normal supply voltage.

In a series-heater circuit of the “d-c power line” type employing several 0.3-
ampere (6.3-volt) tﬂfﬁ and one or two 25A6’s or 25A6-G’s, the heater(s) of the
25-voit type(s) should be placed on the positive side of the line. Under these
conditions, heater-cathode voltage of these tubes must not exceed the value given
under cathode. In a series-heater circuit of the “universal” type employing a
rectifier tube with 25-volt heater, one or two 25A6’s or 25A6-G’s and several 0.3-
ampere (6.3-volt) types, it is recommended that the heater(s) of the 25A6(’s) or
25A6-G(’s) be placed in the circuit so that the higher values of heater-cathode bias
will be impressed on the 25A6('s) or 25A6-G(’s) rather than on the 6.3-volt types.
This is accomplished by arranging the 25A6(’s) or 25A6-G(’s) on the side of the
supply line which is connected to the cathode of the rectifier, i.e., the positive
terminal of the rectified voltage supply. Between this side of the line and the
25A6§'s) or 25A6-G(’s), any necessary auxiliary resistance and the heater of the
25-volt heater type rectifier are connected in series. ‘

The cathede circuit in “d-c power line” or “universal” receivers is tied in either
directly or through biasing resistors to the negative side of the d-c plate supply
which is furnished either by the d-¢ power line or by the a-c line by means of a
rectifier. The potential difference thus introduced between heater and cathode of
the 25A6 or 25A6-G should not exceed 90 volts d.c., as measured between the
negative heater terminal and the cathode,

The cathode resistor should be shunted by a suitable filter network to avoid
degenerative effects at low audio frequencies. The use of two 25A6’s or 25A6-G-'s
in push-pull eliminates the necessity for shunting the resistor. The cathode resistor
for two tubes in the same stage is approximately one-half the value given for single-
tube operation.

The total d-c resistance in the grid circuit should not exceed 0.5 megohm with
cathode bias, or 0.5 megohm for the 95-volt condition and 50000 ohms for the 135-
volt and 160-volt conditions with fixed bias.

AVERAGE PLATE CHARACTERISTICS

T T T
TYPE 25A6
E4:25 VOLTS
SCREEN VOLTS =135
80 /1° L
[~
g L~
" A —10
L e
g /\; fol 4T
& ‘Q 7
3 74, Eci=-15
2 /// 1IN T, | foty
] [ 3o,
3 L1 Jo, 200 -
:-.. /// e [NRees 22
u
% // I ~ _
N = st NI 23
///—__-——-"“ com'h\— RiD VOLTS Ec)=-30
20}
-38
1 N
Pou < ~ - 40
= S
=
L4 $0 100 150 200 250 300 350 400
PLATE VOLTS 92C-4589

RECTIFIER-PENTODE

The 25A7-G is a heater-cathode
2 5 A7_ type of tube containing a half-wave,
high-vacuum rectifier and a power-
.ampliﬁ.ecru]pentode in one envelope. It
is particularly useful in small receivers
of the “universal” type.
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CHARACTERISTICS

HEeATER VoLTAGE (AC.0r DC.) ........evovaa 25 Volts
HEATER CURRENT . ... .coiiitiiiiiiieiinnnnnnns 0.3 Ampere

Pentode Unit — As Class A; Amplifier
PLATE VOLTAGE ......c0viivverevnennnnneenennnns 100 max. Voits
ScrEEN VoLTaGE (Grid No. 2) ........ccovneen.... 100 max. Voits
Grm> VoLTaGE (Grid No. 1)....................... -15 Volts
PLATE CURRENT . . ....oiviiiiiiiiiiiiinneeeenns 20.5 Milliamperes
SCREEN CURRENT. ...ooiiiiivnniiinnnnennnannnns 4 Milliamperes
PLATE RESISTANCE..........oiiivivnininnnnennnnn. 50000 Ohms
TRANSCONDUCTANCE .. ...ovvrnerrnnnnansnnnnnnns 1800 Micromhoe
LOAD RESISTANCE . .......coiivivniinnnnannnennns 4500 Ohms
L0155 3 2 1 0.77 Watt

ACPLATE VOLTAGE (RMS) .........coivenvnnnn. 125 max. Volts
D-COUTPUT CURRENT ....cvivvvneneernnnnnneanss 75 max. Milliamperes

INSTALLATION and APPLICATION

The base of the 25A7-G fits the standard octal socket which may be installed
to hold the tube in any position. Ph characteristics of the 25A7-G are shown
in Fig. 2-21, OUTLIN SECTIO For heater operation and cathode connec-
tion of the pentode unit, refer to Type 25A6.

HIGH-MU POWER AMPLIFIER

Q) TRIODE

@) © The 25AC5-GT is a power amplifier 25AC5 GT
HRNAL triode of the heater-cathode type for
e use in the output stage of a-c/d-c radio

NC L receivers.
G-6Q
CHARACTERISTICS

HRATER VOLTAGE AC.orDC).....vvvvivieenn 25 Volts
HEATER CURRENT . ....ciiviniiniiiinnnnnnnnnnn 0.3 Ampere
AVERAGE CHARACTERISTICS!

Plate Voltage . .................¢c...... PR 110 Volts

GridVoltage. . ................ ... i, +15 Volts

Amplification Factor .................cevvenen.. 58

Plate Resistance .................cccvvve.... 15200 Ohms

Transconductance . ..................ccvnn.... 3800 Micromhos

PlateCurrent ..........cciiiiiviviiininnnnnn. 45 Milliamperes

GridCurrent. . ...ttt ittt 7 Milliamperes

As Class B Power Amplifier

PLATE VOLTAGE .......ciievniencnnnnnnernennns 180 max. Volts
AVERAGE PLATE DISSIPATION .. ....covvvvrnnnnnnns 10 max. Watts

TyricaL OPERATION:

Plate Voltage .........ccoiiiriiiniiiinnnnnnnn. 180 Volts

Grid Voltage. . . .....cceiiiiiniininennrnennnn, 0 Volts

Peak A-F Grid-to-Grid Voltage. ................. 60 Volts
Zero-Signal D-C Plate Current .................. 4 Milliamperes
Effective Load Resistance (Plate-to-plate) ........ 4800 Ohms

Power Qutput®. .....coivviiiinnrernonnnnnncnns 6 Watts

® With peak input of 810 milliwatts applied between grids.
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INSTALLATION and APPLICATION

The base of the 25AC5-GT fits the standard octal socket which may be
installed to hold the tube in any position. For heater operation and cathode
connection, refer to Type 25A6. Physical characteristics of the 25AC5-GT are
shown in Fig. 2-8, OUTLINES SECTION.

In push-pull class B service, the 25AC5-GT should be operated as shown under
CHARACTERISTICS.

In direct-coupled power-amplifier service, a single 25AC5-GT is ed by
a driver tube in a dynamic-coupled. amplifier circuit similar to that shown under
Type 6AC5-G. The only difference is that the 25000-ohm resistor is not required..
Bias voltage for both the 25AC5-GT and the driver is developed by the dynamic-
cox.galled connection shown in the circuit arrangement. The total d-c resistance
in the grid circuit of the driver should not exceed 1.0 megohm. Maximum ratings
for the 25AC5-GT in this service are: plate volts, 180; and average plate dissipa-
tion, 10 watts. Typical operating values with Type 6AE5-GT as driver are: plate-
supply volts, 110; av. plate ma., 45; av. plate ma. of driver, 7; input signal volts
(rms) to driver, 22; load resistance, 2000 ohms; and power output, 2 watts with
10% distortion, Typical operating values with Type 6P5-G as driver are: plate-
supply volts, 180; av. plate ma., 27; av. plate ma. of driver, 4; input signal volts
(rms) to driver, 12; load resistance, 8000 ohms; and power output, 2 watts with
109, distortion. In these typical operating conditions, current does not flow in
the driver grid circuit during any part of the input cycle.

G2 (]
POWER AMPLIFIER Yoo
PENTODE o
25B6-G T 068 i 2 poverampiie
- pentode of the heater-cathode type
for use in radio receivers of the *‘uni- 4e B‘xo/ o
geég;l 11_efiype where large power output Nerer s,
G-75
% CHARACTERISTICS
Heater VoLTAGE (A.C.or D.C) ...oovvvveniine... Volts
HEATER CURRENT . ......coiiviiiinnnnnnnneeannns 0.3 Ampere
As Class A; Amplifier
PLATE VOLTAGE .........0.0iiviiiiiiiinnnnnn... 200 max. Volts
ScrEEN VOLTAGE (GridNo. 2) .................... 135 max. Volts
PLATE DISSIPATION ...........0oiiianennn .. 12.5 max. Watts
ScREEN DISSIPATION ............................. 2 max. Watts
TypricAL OPERATION:
Plate Voltage ................. 105 135 200 Volts
Screen Voltage ................ 105 135 135 Volts
Grid Volta éGrid No.1)...... -16 -22 -23 Volts
Peak A-F Grid Voltage......... 16 22 23 Volts
Zero-Signal Plate Current.. ... .. 48 61 62 Mililamperes
Max.-Signal Plate Current. . . ... 55 69 71 Milliamperes
Zero-Signal Screen Current. . . ... 2 25 1.8 Milliamperes
Mazx.-Signal Screen Current. . . .. 10 145 13 Milliamperes
Plate Resistance............... 15500 15000 18000 Ohms
Transconductance . . ........... 4800 5000 5000 Micromhos
Load Resistance ............... 1700 1700 2500 Ohms
Total Harmonic Distortion. . . . .. 12.5 14 15 Per cent
Second Harmonic Distortion . . . . 7 8 85 Per cent
Third Harmonic Distortion . . . .. 10 11 11 Per cent
Max.-Signal Power Qutput. .. ... 2.4 4.3 7.1 Watts

INSTALLATION and APPLICATION
The base of the 256B6-G fits the standard octal socket which may be installed
to bold the tube in any position. Physical characteristics of the 25B6-G are shown
in Fig. 2-21, OUTLINES SECTION. For filament operation and cathode connec-
tion, refer to Type 25A6.
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BEAM POWER AMPLIFIERS 2 5L 6

The 25L6, 25L6-G, and 25L6-GT META
ﬁre tbeam tmertamplcilﬁeg t‘é?jesf of the L
eater-cathode type designhed for use
in the output stage of “‘transformer- -
less” (a.c.-d.c.) receivers. These tubes 25L6 G
$:2506 K p'ro‘:l'ide1 high power o(tiltput at t.h? rela-
13506~ tively low plate and screen voltages
Heeee 7AC available for transformerless receivers. 25 Lb- GT
. _The high power output is obtained
with high power sensitivity and high efficiency. These distinctive features have

been made possible by the application of directed-electron-beam principles in the
design of these types. The design is similar to that of the RCA-6L6.

% CHARACTERISTICS ,
Heater VoLtAaGE (A.C.or D.C) ........ AU 25.0 Volts
HEATER CURRENT . .........00vveriiiiininnnnnnss 0.3 Ampere
As Class A; Amplifier
PLATE VOLTAGE .. ...vvvveieiiniiiiiinnneeinns 117 max. Volts
ScrREEN VOLTAGE (Grid No. 2) .................... 117 max. Volts
PLATE DISSIPATION . .....0oviiiininn e, 4 max. Watts
ScrREEN DISSIPATION .................coviiinnnnn. 1.25 max. Watts
TypricAL OPERATION:
Plate Voltage . ........................ 110 110 Volts
Screen Voltage ............ N - 110 110 Volts
Grid Voltaée'(Grid No.l).............. ~7.5 -7.5 Volts
Peak A-F Grid Voltage............... . 75 75 Volits
Zero-Signal Plate Current............... 49 49 Milliamperes
Max.-Signal Plate Current:.............. 54 - 50 Milliamperes
Zero-Signal Screen Current.............. 4 4 Milliamperes
Max.-S; Screen Current. . ........... 11 Milliamperes
Plate Resistance (Approx.).............. 10000 10000
Transconductance . .................... 8200 8200 Micromhos
load Resistance. . ..................... 1500 2000 S
Total Harmonic Distortion.............. 11 10 Per cent
Second Harmonic Distortion . ........... 10 35 Per cent
Third Harmonic Distortion . ............ 4 8.5 Per cent
Max.-Signal Power Qutput.............. 2.1 22 Watts

INSTALLATION and APPLICATION

The base of either the 25L6, 251.6-G, or 25L6-GT fits the standard octal socket
which may be installed to hold the tube in any position. Physical characteristics
of the 2516, 25L6-G, and 25L6-GT are shown in Figs. 1-7, 2-21, and 2-8, respec-
tively. in the OUTLINES SECTION. For heater operation and cathode connection,
refer to Type 25A6.

The 25L6, 26L6-G, and 25L6-GT should be operated as shown under CHAR-
ACTERISTICS.  The values have been determined on the basis that grid current
does not flow during any part of the input cycle. The type of input coupling used
should not introduce too much resistance in the grid circuit. Transformer: or
impedance-coupling devices are recommended. When the grid circuit has a d-c
resistance not higher than 0.1 megohm, fixed bias may be used; for higher values,
cathode bias is required. With cathode bias, the grid circuit may have a d-c
resistance as high as, but not greater than 0.5 megohm, provided the heater voltage
;t’sfnot allowed to rise more than 10% above the rated value under any condition

operation.
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AVERAGE PLATE CHARACTERISTICS

TYPE 2516 |
Eg=25 VOLTS
[~ SCREEN VOLTS 2110
Ec1=0
I
3 //
M 7
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PLATE VOLTS 92C—-4684R1

suitable circuits designed to suf_ply
2 5Z 5 d-c power from an a-c power line.
These tubes are well suited for “‘trans-
formerless” receivers of either the

RECTIFIER-DOUBLERS '“’
The 2525, 2526, 2526-G, and 25Z6- (7= =N
GT are full-wave, high-vacuum rectifiers fo2(G) O]

of the heater-cathode type for use in ArA
. < =

OO

H H
8E

2 526 “unjversal (a.c.-d.c.)” type or the “a-c
operated” type. In “universal” re-
METAL ceivers, these tubes may be used as

half-wave rectifiers, while in the “a-c
2 526-G operated” type, they may be used as
voltage doublers to provide about twice
the d-¢ output voltage obtainable from
2576-GT  the hali-wave arrangement. This two-
fold application is made possible bg

; the use of a separate base pin for eac . (&)
of the two cathodes in the respective més%i%g-c KEY ~p,

Q

types. F O%Xo]})tf T{)Ilg)é:erA%,g%‘IjérX_ C:5578-CT
tions, see -
TIONS section. R
% CHARACTERISTICS
HEATER VOLTAGE (A.C.or D.C.) v.vvvinnnnnnnsn. 25 Volts
HEATER CURRENT .. .....iiviiiinnnnronennnennnns 03 Ampere

PEAK INVERSE VOLTAGE. . .....oivvvnenracenennnen 700 max. Volts
PeAK PLATE CURRENT PER PLATE. ................ 450 max. Milliamperes
D-C HEATER-CATHODE POTENTIAL . .. .......0oo0enn 350 max. Volts

TypicAL OPERATION AS HALF-WAVE RECTIFIER:*
A-C Plate Voltage per Plate (RMS) 117 150 235 max. Volts
Total Effective Plate-Supply
Impedance per Plate} . ....... 0 min. 40 min. 100 min. Ohms
D-C Output Current per Plate ... 75 max, 75 max, 75 max. Milliamperes
® The two units may be used separately or in parallel.
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TvypicaL OPERATION As VOLTAGE-DOUBLER:
Half-Wave Full-Wave

A-C Plate Voltage per Plate (RMS)...... 117 max. 117 max. Voits
Total Eff, Plate-Supply Imped. per Plate} 30 min. 0 min. Ohms
D-COutput Current. .................. 75 max. 75 max. Milliamperes

$ When a filter-input condenser larger than 40 uf is used, it may be necessary to-use more
pl:;e’-lu y impedance than the minimum value shown to limit the peak plate current to the
ral

ue.
INSTALLATION and APPLICATION

The base of the 25Z5 fits the standard six-contact socket whereas the base of
the 25Z6, 25Z6-G, and 25Z6-GT fits the standard octal socket. The sockets for
any of these types may be installed to hold the tubes in any position., Physical
characteristics of the 25Z5, 25Z6, 25Z6-G, and 25Z6-GT are shown in Figs. 2-19,
1-7, 2-17, and 2-8, respectively, in the OUTLINES SECTION. Sufficient ventilation
should be provided to circulate air freely around these tubes to prevent overheating.

The heater in these types ia designed to operate under the normal conditions
of line voltage variation without materially affecting the performance or service-
ability of the tubes. The current in the heater circuit should be adjusted to 0.3
ampere for the normal supply voltage.

A filter of the condenser-input type is recommended for use with any of these
tubes in order to obtain a d-¢ output voltage as lu;ﬁl as possible. A large input
capacitance in the order of 16 uf is desirable for half-wave rectifier service, while
a gizher value is advantageous for voltage-doubler circuits.

Typical output curves for several values of input condensers are shown in the
accompanying diagrams. Although these curves are set up for the 25Z6, they
apply equally as well to the 25275, 25Z6-G, and 25Z6-GT. The voitage-doubler
curves are for a full-wave doubler circuit and the rectifier curves are for the two
diode units connected in parallel in a conventional half-wave circuit.
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AMPLIFIER TRIODE

The 26 is an amplifier tube containing a
filament designed for operation on alternatin
Smpiiber i squiment detizacd for ité ahar
amplifier in equipmen or i ar-
acteristics. %‘L 26 is not ordinarily suitable 26
for use as a detector of power amplifier. The .
base of the 26 fits the standard four-contact
eocket which should be installed to hoid the
tube in a vertical position. Physical charac-
teristicsa of the 26 are shown in Fig. 2-25,

OUTLINES SECTION. The coated fila-

ment of the 26 should be operated at the rated voltage of 1.5 voits from the a- line through s
step-down transformer.

40
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CHARACTERISTICS
FrLAMENT VoLTAGE (A.C. or D.C.) 1.5 Volts
FILAMENT CURRENT . .. .vurnunaannnnnnnnnn i e e 1.05 Amperes
PLATE VOLTAGE. .. ...cveenn ... 180 max. Volts
GRID VOLTAGE® ...........covvinnnnnnn... -14.5 Voits
PLATE CURRENT. ... ... . . 6.2 Milliamperes
PLATE RESISTANCE ....................... 7300 Ohms
AMPLIFICATION FactOR ... ..., ... ...... . . 8. 8.3
TRANSCONDUCTANCE .. .vvvuvivnrnennnnnn. 1150 Micromhos

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

27 DETECTOR, AMPLIFIER

The 27 is a three-electrode general purpose
tube of the heater-cathode type for use as an
ap amplifier and detector in a-c receivers.

CHARACTERISTICS
HEATER VOLTAGE (A.C.or D.C). . ...oooi i i, 25 Yolts
HEATER CURRENT . ¢ .o tiietctenn it inenne s neeeennnsens 1.7 Amperes
PLATE VOLTAGE®. . ............. 920 135 180 250 Volts
GRID VOLTAGER} ................ -6 -9 ~13.56 -21 Volts
PLATE CURRENT................ 2.7 4.5 5.0 + 5.2 Milliamperes
PLATE RESISTANCE ............. 11000 9000 9000 9250 Ohms
AMPLIFICATION FACTOR .. ....... 9 9 9 9
TRANSCONDUCTANCE ............ 820 1000 1000 975 Micromhos
GRID-PLATE CAPACITANCE (APDIOX.) . o vvvuvernrenecscnnnsenns 3.3 uuf
GRID-CATHODE CAPACITANCE (APPTOX.) «teuvunnrrrennnnnennen 31 wpf
PLATE-CATHODE CAPACITANCE (APPIOX.). . . vvvvneernnnnnnnnns. 2.3 uuf

* Maximum plate voltage = 275 volts.
t Maximum value of d-c resistance in grid circuit should not exceed 1.0 megohm.

INSTALLATION and APPLICATION

The base of the 27 fits the standard five-contact socket which may be installed to hold the
tube in any bgoaition. Physical characteristics of the 27 are shown in Fig. 2-19, OUTLINES
SECTION. For heater operation and cathode connection, refer to Type 2A5.

As an amplifier, the 27 is applicable to the audio- or the radio-frequency stages of a receiver.
Recommended plate and grid voltages are shown under CHARACTER STICES.

As a detector, the 27 may be operated either with grid leak and ¢ondenser or with grid bias.
The plate voltage for grid-leak-and-condenser detection is 45 volts. A grid leak of from 1 to 5
megohms used with a grid condenser of 0.00025 uf is suitable. For grid-bias detection, a plate
voltage of 275 volts or less may be used. The corresponding grid bias should be adjusted so that
the piate current, when no signal is being received, is approximately 0.2 milliampere. For the
c:%l igon of 250 volta on plate and transformer coupling, the grid bias will be approximately
-30 volts.

DETECTOR AMPLIFIER TRIODE & o)

The 30 is a detector and amplifier tube of
the three-electrode type for battery-operated
30 aeee.wt;u' where efong:my of fﬁlament»g:un-ent
rain i8 important. xcept for capacitances, *
which are shown below, tge electrical charac- ° o
teristice of the 30 are the same as those of
the 1H4-G. The base of the 30 fits the
standard four-contact socket which should be 4D
mounted to hold the tube preferably in a X : .
vertical position. Horizontal gge.ration is permissible if 8ins 1 and 4 are in a vertical plane.
Physical characteristics of the are shown in Fig. 2-19, OUTLINES SECTION. For filament
er to

F

operation, refer to Type 1C7-G; for application, re Type 1H4-G.

GRID-PLATE CAPACITANCE (APDFOX.) . ovvvvrvnnrnnnrenenneennas 6.0 wal
GRID-FILAMENT CAPACITANCE (APDLOX.) ... vevevenrennnnnnss . 3.0 uut
PLATR-FILAMENT CAPACITANCE (ADDIOX.) .. .vuvuevnnn.oovnnn. 2.1 "y
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7 G POWER AMPLIFIER TRIODE

The 31 is a power-amplifier tube of the
three-electrode type for battery-operated
receivers where economy of filament-current 3"

. drain is important.
o ° The filament voltage and current are 2.0
F volts (d.c.) and 0.13 ampere, respectively.
Characteristics at maximum plate volts of
4D 180 and grid-bias volts of -30 are: plate
current, 12.3 milliamperes; plate resistance,
3600 ohms; amplification factor, 3.8; transconductance, 1050 micromhos; load resistance, 5700
ohms; undistorted power output, 0.375 watt. The base of the 31 fits the standard four-contact
socket which should be mounted to hold the tube preferably in a vertical position. Horizontal
operation is permissible if pine 1 and 4 are in a vertical plane. Physical characteristics of the 31
are shown in Fig. 2-19, OUTLINES SECTION. For filament operation refer to Type 1C7-G.
As a power amplifier, the 31 should be operated as shown under CHARACTERISTICS.
Grid voltage may be obtained from a C-battery, or by means of a cathode-bias resistor connected
in the negative plate-return lead. The latter method is required where a grid resistor (maximum
value 1 megohm) is used. If more output is desired than can be obtained from a single 31, two
31's may be operated either in parallel or push-pull connection.

o SCREEN-GRID R-F AMPLIFIER

P [ G2
@) \9 The 32 is a screen-grid tube primarily for
use as a radio-frequency amplifier in battery-
operated receivers where economy of filament-
current drain is important. For base and socket
mounting, see Type 30; for filament operation, 3
o*o see T, 1C7-G. Physica! characteristics of
the are shown in Fig. 2 22, OUTLINES
Fe F- SECTION. For screen-voltage supply, shield-
ing, and application, see Type 1E5-GP. The
4K d-c resistance in the grid circuit of the 32
should not exceed 2 megohms.
CHARACTERISTICS
FrLaAMENT VOLTAGE (D.C.) . ...ttt cie e nas 2.0 Volts
FILAMENT CURRENT . ... otvvtntttnnasannnsnesannoneeioennses 0.060 Ampere
PLATE VOLTAGE. . . i\ iviesaeiviniiieroenssnsns 135 180 max. Volts
ScCREEN VOLTAGE (Grid No. 2). .............covivunn. 67.5 max. 67.5 max. Volts
GRID VOLTAGE (Grid No. 1) ........eoviiinnininnn., -3 -3 Volts
PLATE CURRENT. .0 oot cinercinnrecnnineusvsenanens 1.7 1.7 Milliamperes
SCREEN CURRENT (Maximum) .............ccoovnvenn 0.4 0.4 Milliampere
PLATE RESISTANCE . ......ovniivenniinininniniennn. 0.95 1.2 Megohmas
TRANSCONDUCTANCE . ....... s e s s et et 640 650 Micromhos
GRID-PLATE CAPACITANCE (With shield-can). . ................. 0.015 max. puf
INPUT CAPACITANGE . .. oiiti ittt iiiiiiiieiennnanesn 5.3 unf
OUTPUT CAPACITANCE . . . . oottt etiiee i iier e einseennnaenas 10.5 unf

POWER AMPLIFIER PENTODE

The 33 is a power-amplifier pentode for use
in the output stage :of battery-operated
receivers where economy of battery con-
sumption is important. The base of the 33 fits 3 3
the standard five-contact socket which should
be installed to hold the tube in a vertical po-
sition. In some cases, cushioning of the
socket may be found desirable. Physical char-
acteristics of the 33 are shown in Fig. 2-25,
OUTLINES SECTION. For fitament opera-
tion, refer to Type 1C7-G.

CHARACTERISTICS
FILAMENT VOLTAGE (D.C.) . ...t iiien e 2.0 Volts
FILAMENT CURRENT ............ e e 0.260 Ampere
PLATE VOLTAGE. . ... e e e e e 135 180 max. Volts
SCREEN VOLTAGE (Grid No. 2). ... ................... 135 180 max. Volts
GRID VOLTAGEY (Grid No. 1).................counnn. -13.5 -18 Volts
PLATE CURBENT. ..o tttiitiineiaaraentarannannens 14.5 22 Milliamperes
SCREEN CURRENT . . . 00vurerrnnanneieronnananenennns 3 5 Milliamperes
PLATE RESISTANCE (ApDProX.). . .. ...coveeeinnnnn. . 50000 55000 Ohms
TRANSCONDUCTANCE & .vvnnnonenaeeiieeennnnnnneeenn. 1450 1700 Micromhos
LOAD RESISTANCE .. vveveinnt ivennnnnnannannnnns 7000 6000 Ohms
CATRODE-BIAS RESISTOR .. ..vvvvnoaniinnnnnonnnnn 770 670 Ohms
Power QutpruT (7% total harmonic distortion) . ....... 0.7 1.4 Watts

.. *D-c resistance in the grid circuit should not exceed 1.0 megohm under cathode-bias con-
ditions; without cathode bias, the maximum value is 0.5 megohm.
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SUPER-CONTROL R-F
AMPLIFIER PENTODE

The 34 is a super-control pentode for use

nril as a radio-frequency amplifier and

3 4 iate-frequency amplifier in batmy-
opented receivers where economy of

current drain is important. The lupet-control

feature is explained under Super-Control

Amplifier in RADIO TUBE APPLICA-

TI NS lectlon For base and socket mount-

Physical characteristics of
the 34 are shown in Fig. 2—§2 OU%INES CTION. For ﬂlament operation, refer to Type
1C7-G; and for application, to Type 1D5-GP.

CHARACTERISTICS
FILAMENT VoLTAGE (D.C)........ Ceeevassennanns 3.0 Voita
FILAMENT CURBENT .. .cvvvtriinanencossrsascnosansosssasosss 0.060 Ampere
PLATE VOLTAGE. . . ...co.0nvnnnn . .. 67.56 136 180 max. Volts
ScREEN VOLTAGE (Grid No. 2)* . . 67.5 maz. 67.5 maz. 67.5 max. Volts
GRID VOLTAGE, Variable (Grid No. 1) .. -3 min. ~3 ‘min. -3 min. Volts
PLATE CURRENT.......cvvvunnnnnn . 2.7 : 28 Milliamperes
SCREEN CURRENT . .....c0nuvee .. 1.1 1.0 1.0 Milliamperes
PLATE RESISTANCE ............ ceniaenenes 0.4 0.6 1.0 Megohm
TRANSCONDUCTANCE ... .oivocvasansonsense 560 600 620 Micromhos
TRANSCONDUCTANCE (At -22.5 voits bias) . 15 15 15 Micromhos
GRID-PLATE CAPACITANCE (With shield-can). . ........c..oveen.. 0.016 max.
INPUT CAPACITANCE . .evvuvensnacsoancsnsnsosansosecense e 6.0 papl
OuTPUT CAPACITANCE. ........ P 11.5 wpt

* Under conditions of maximum plate current.

SUPER-CONTROL R-F AMPLIFIER

The 35 is super-control screen-grid
amplifier tube ol the heater-cathode type
recommended as an r-f amplifier and an »f
amplifier in a-c receivers. The 35 s effective

3 5 in reducing cross-modulation and modulation-
dxltonxon over the entire range of received
nznal‘:| o}u design is such o!tl'. to permltl easy
contr a large ra signal voltages
without the use of b;f-etiiltanoe switches or
antenna potentiometers. The 3B is inter-

changeable with Type 51.

CHARACT! ERIS'HCS
HeaTeR VOLTAGE (A.C.or D.C.).......cvvennnnns - . 25 Voits
HEATER CURRENT. . . ..ovviieirenncrnoononsaaes rheeeinnennas 1.76 A
PLATE VOLTAGE®. ... ... PR e 180 250 Voits
SCREEN VOLTAGE (Grid N 2 ..................... 90 max 90 max. Volts
Grp Vo:.nc:, Variable (G No.D..ooovviiiin,. -3 min -3 min. Volts
PLATE CURRENT ... cooovannnrenns pereaearaeeeen, 6.3 6.5 Milliamperes
SCREEN CURRENT (Maximum) . ......oovrrmnnnnnnn, 2.5 25 Milllamperes
PLATE RESISTANCE ........ . 0.3 0.4 goh
TRANSCONDUCTANCE .. .-0vvvvnencnsses . 1020 1050 Micromhos
TRANSCONDUCTANCE (At 240 volts bias . .15 15 Micromhos
GRID-PLATE CAPACITANCE (With shiel -can) ........... 0.007 max. uput
INPUT CAPACITANCE . o0 ivvieaeeeeaeeersnnenunnnonaaeanesens 5.3 aud
OUTPUT CAPACITANCE . . et ivvioetacscerensacannonoaanaonoss 10.5 s

® Maximum plate voltage = 275 volts.

INSTALLATION and APPLICATION

The bnndmwﬁummdudﬂmmmkatwhmhmybemnod hold the
be in an: goa Phy!ialcharactcnmuo(the%mlbownmﬁzz-zz.OUTuNES

SECTION heater operation and cathode connection, refer to Type 2A5. The screen
voltage for the 35 may be obtained from a fixed or variable tap on a voltage divider acroes the
supply voltage or from a portion of the supply. Complete ll:!elcllnai for all stages of the circuit
x:‘lneceuaryx maximum gain and the volume-control-range capabilities of this tube are to be
realized

As a radio-frequency and intermediate-frequency amplifier, the 35 lhollld be ted g
shown under CHARACTERISTICS. Volume contrel of receivers designed for the may be
accomplished by variation of the negative gnd bias of this tube. In order to utilize the full
volume-control range of the 35, an available grid-bias volt.aqe of ap;ﬁ:xxmately 50 volts will be
required, depending on the circuit design and operating conditions. 8 voltaze may be obtained
from a potentiometer, a bleeder circuit, or from an adjustable cathode resistor
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o BEAM POWER AMPLIFIER

The 35A5-LT is a beam power
. amplifier of the heater-cathode t -
gﬂr for use in the output stage of a-c/d-c 35A5 LT
receivers, The 35A5-LT is inter-

changeable with the 35A5,
% CHARACTERISTICS
Heater VoLTAGE (A.C.or D.C) . oovvvvnnnnnn... 32 Volts
HEATER CURRENT ... ..oiiiiiiiniinnnnnnnn, . 0.15 Ampere
As Class A; Amplifler
PLATE VOLTAGE ........iiiiiiiniiiiinannenenens 110 max. Volts
SCREEN VOLTAGE ........oiviineiiieninnnnnnnnns v 110 max. Volts
Tyricar OPERATION:
PlateVoltage ................ccoiviiiiiiinnn.. 110 Volts
Screen Voltage ................................ 110 Volts
Grid Voltage. ...... SN -75 Volts
Peak A-F Grid Voltage......................... 7.5 Volts
Zero-Signal Plate Current. . ..................... 40 Milliamperes
Max.-Signal Plate Current. . . ................... - 41 Milliamperes
Zero-Signal Screen Current. .. .. .. e 3 Milliamperes
Max.-Signal Screen Current. . ................... 7 Milliamperes
Plate Resistance....................ccvvunen. .. 14000 Ohms
Transconductance ...........ccovvevinniivnennn. 5800 Micromhos
Load Resistance, .............. 2500 Ohms
Total Harmonic Distortion 6.5 Per cent
Max.-Signal Power Qutput 15 Watts

INSTALLATION and APPLICATION

The base of the 35A5-LT fits the lock-type socket which may be installed to
hold the tube in any position. Physical characteristics of the 35A5-LT are shown
in Fig. 2-9, OUTLINES SECTION. Heater operation and cathode connection
are the same as for Type 35L6-GT. Application is also the same as for the 35L6-GT
except as follows: with cathode bias, the grid current may have a d-c resistance
not to exceed 0.5 megohm, provided the heater voltage is not allowed to rise more
than 109, above the rated value under any condition of operation.

G2 Gy

BEAM POWER AMPLIFIER
The 35L6-GT is a power amplifier
of the directed-electron-beam type for 3 5L6 GT
use in the output stage of “‘transform- -
erless” receivers where high power
sensitivity is desired with low power

consumption,
% CHARACTERISTICS
HeATER VOLTAGE (A.C.or D.C) ....cvvvvvvne 35 Volts
HEATER CURRENT . ....cvvvvviiiinnnnnnnnnnnnnnns 0.15 Ampere
As Class A; Amplifier
PLATE VOLTAGE .. ..voiiiiiiiiniinineeerennennns 200 max. Volts
ScrEEN VOLTAGE (Grid No.2) .. .................. 110 max. Volts
PLATE DISSIPATION . ..iiiiieiiiiiieieeneennn, 8.5 max. Watts
SCREEN DISSIPATION .. .oovtiiiini e 1 max. Watt
TyricaL OPERATION: .
Plate Voltage.......................... 110 200 Volts
Screen Voltage ..............coovennn. 110 110 Volts
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Grid Volta(g,e (GridNo. 1) .............. -75 -8 Voits

Peak A-F Grid Voltage. . ............... 75 8 Volts
Zero-Signal Plate Current. ... . ........ .. 40 41 Milliamperes
Max.-Signal Plate Current .... ... ... .. 41 44 Milliamperes
Zero-Signal Screen Current. ... . ........ 3 2 Milliamperes
Max.-Signal Screen Current. .. ... ...... 7 7 Milliamperes
Plate Resistance (Approx.)....... ...... 14000 40000 Ohms
Transconductance...................... 5800 5900 Micromhos
Load Resistance .............. .. T 2500 4500 Ohms

Total Harmonic Distortion. ... .. . ... .. .. 10 10 Per cent
Mazx.-Signal Power Qutput. ......... . ... 15 3.3 Watts

INSTALLATION and APPLICATION

The base of the 35L6-GT fits the standard octal socket which may be mounted
to hold the tube in any position. Physical characteristics of the 35L6-GT are shown
in Fig. 2-8, OUTLINES SECTION. v

The 35-volt heater is designed to operate under the normal conditions of line-
voltage variation without materially affecting the performance or serviceability
of the 35L6-GT. For operation of the 35L.6-GT in series with other types having
0.15-ampere rating, the current in the heater circuit should be adjusted to 0.15
ampere for the normal supply voltage.

In a series-heater circuit of the ‘“d-c power line” type employing several 0.15-
ampere efiyp&e and one or two 35L6-GT’s, the heater(s) of the 35L6-GT(’s) should
be placed on the positive side of the line. Under these conditions, heater-cathode
voltage of the 35L6-GT must not exceed the value given under cathode. In a
series-heater circuit of the “universal” type employing rectifier tube 35Z4-GT, one
or two 35L6-GT’s, and several 0.15-ampere types, it is recommended that the
heater(s) of the 35L6-GT(’s) be placed in the circuit so that the higher values of
heater-cathode bias will be impressed on the 35L.6-GT(’s) rather than on the other
0.15-ampere types. This is accomplished by arranging the 35L6-GT(’s) on the
side of the supply line which is connected to the cathode of the rectifier, i.e., the
positive terminal of the rectified voltage supply. Between this side of the line and
the 35L6-GT(’s), any necessary auxiliary resistance and the heater of the 35Z4-GT
are connected in series.

The cathode circuit in “d-c power line” or “universal” receivers is tied in either
directly or through biasing resistors to the negative side of the d-c plate supply
which is furnished either by the d-c power line or by the a-c line by means of a
rectifier. The potential difference thus introduced between heater and cathode of

_ the 35L6-GT should not exceed 90 volts d.c., as measured between the negative
heater terminal and the cathode.

As a power amplifier (class A,), the 35L6-GT is recommended for use either
singly or in push-pull combination in the power-output stage of “d-c power line”
and “universal” receivers. The operating values shown under CHARACTER-
ISTICS have been determined on the basis that grid current does not flow during
any part of the input cycle. The type of input coupling used should not introduce
too much resistance in the grid circuit. Transformer or impedance coupling devices
are recommended. When the grid circuit has a d-c resistance not higher than 0.1
megohm, fixed bias may be used; for higher values, cathode bias is required. With
cathode bias, the grid circuit may have a d-c resistance as high as, but not greater
than 0.75 megohm.

NC NC

HALF-WAVE HIGH-VACUUM

RECTIFIER
The 35Z3-LT is a half-wave, high-
3 523 = LT vacuum rectifier of the heater-cathode 1O Q2
type for use in a-c/d-c receivers. The
35Z3-LT is interchangeable with the Ne
35Z3. The base of the 35Z3-LT fits az

the lock-type socket which may be in-
stalled to hold the tube in any position. Physical characteristics of the 35Z3-LT
a3u-5e L(s;_hgylv‘n in Fig. 2-7, OUTLINES SECTION. For heater operation, see Type
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% CHARACTERISTICS

HeatEr VoLTacE (AC.orD.C) ..covvvivnvennnns 32 Volts

HEATER CURRENT . ...iivvtivrinnninnnennensnenns 0.15 Ampere

PEAK INVERSE VOLTAGE. . .........covvievvnnnnnn,
PEAK PLATE CURRENT

700 max. Volts
600 max. Milliamperes

D-C HEATER-CATHODE POTENTIAL. . ... ............. 350 max. Volts
Typical OPERATION wiTH CONDENSER-INPUT FILTER:
A-C Plate Voltage (RMS) ..... 117 150 235 max. Volts
Total Effective Plate-Supply :
Im () (R 0 min. 40 min. 100 min. Ohms

D-C Output Current. .........

100 max. 100 max. 100 max. Milliamperes

$ When 2 filter-input condenser larger than 40 uf is used, it may be necessary to use more
%te-mpply impedance than the minimum value shown to limit the peak plate current to the rated
ue.

P

()

NC
oa

Ncn:v“

G-SAA

HALF-WAVE HIGH-VACUUM
RECTIFIER

The 35Z4-GT is a half-wave, high-
vacuum rectifier of the heater-cathode 3524-GT
type for use in suitable circuits de-
signed to supply d-c power from an
a-c power line. The base of the 35Z4-GT
fits the standard octal socket which may

be installed to hold the tube in any position. Physical characteristics of the 3524-GT
are shown in Fig. 2-8, OUTLINES SECTION. For heater operation, refer to Type

35L6-GT.
CHARACTERISTICS

Heater VoLtage (AC.orD.C) ...oooviiivnen, 35 Volts
HEATER CURRENT . ..o, 0.15 Ampere

As Half-Wave Rectifier
PEAK INVERSE VOLTAGE. . . ... ...oviviiiiinnenn., 700 max. Volts
PEAK PLATE CURRENT .. .............ccouviio .. 600 max. Milliamperes
D-C HEATER-CATHODE POTENTIAL. . ... ............ 350 max. Volts

WitH CoNDENSER-INPUT FILTER:

A-C Plate Voltage (RMS) ....... e
Total Effective

117 max. 235 max. Volts

f late-Supply Impedance* 15 min. 100 min. Ohms
D-C Output Current.................

* When a filter-input condenser larger than 40 uf is used, it may be necessary

100 max. 100 max. Milliamperes

to use more

‘x:;:ilte-aupply impedance than the minimum value shown to limit the peak plate current to the rated
ue.

HALF-WAVE HIGH-VACUUM
RECTIFIER

The 35Z5-GT is a half-wave, high-

vacuum rectifier of the heater-cathode

type for use in a-c/d-c radio receivers.
The heater is provided with a tap for

35Z5-GT

G-6AD operation of a panel lamp.
% CHARACTERISTICS
Heater Vorrace (A.C. or D.C.)
Entire Heater (Pins No.2and No. 7) .......... . 35 Volts
Panel-Lamp Section (Pins No. 2 and No. 3) with
0.15 ampere flowing between pins No. 2 and No. 7 7.5- Volts
HEATER CURRENT . ..cvuvvirvantsnnnccncacenannns 0.15 Ampere
As Half-Wave Rectifier ,
A-CPLATE VOoLTAGE (RMS) ..ot 235 max. Volts
PEAK INVERSE VOLTAGE. . ... ............cc... .. 700 max. Volts

PEAR PLATECURRENT .. . ... ... ..o,
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- D-C Ourpur CURRENT:

s ! No Shunting Resistor. . ... 60 max. Milliamperes
Wfth Panel Lamp and{ Shunting Resistor. . . ..... 90 mazx. Milliamperes
Without Panel Lamp..... e erereee e 100 max. Milliamperes

SHUNTING RESISTOR: .

For D-C Ouput Current of 70ma. ........ ceeens 800 max. Ohms
80ma. ......coo0nnnn 400 max. Ohms
90ma ..ooovvennnnns 250 max. Ohms

D-C HEATER-CATHODE POTENTIAL. . .....000nvuen.. 350 max. Volts
PaneL-Lamp SEctioN VoLT. (RMS) when panel
lampfails.............. e e eaeaes 15 max. Volts

TyPicAL OPERATION:
Witk No. 40 or No. €7 Panel Lamp in Circuit Below with Condenser-Input Filter

Heater Cur. between Pins 3 & 7.......... 0.15 0.15 0.15 0.15 0.15 Milliamperes
Heater Volt. between Pins 2 & 7......... 32 32 32 32 32 Volts
Section Volt. between Pins 2 & 3%....... . 55 55 55 55 55 Volts

A-C Plate Vol (RMS).,...... S, 117 117 117 117 235 Volte
Effective Plate-Supply Impedancet .. 15 15 15 15 100 Ohms

D-C Output Current........ PR .. 60 70 80 90 60 Milliamperes
Shunting Resistor ............cccccv0nnn. — 300 150 100 — Ohms
Withosut Panel Lamp—Conventional Half-Wave Circuit with Condenser-Input Filter

Heater Cur. between Pins3 & 7................... P 0.15 0.15 Milliamperes
Heater Volt. between Pins 2& 7 .. ...........oovuinnin, 35 35 Volts
Section VoIt. between Pins 2 & 3% ..................0000en 7.5 7.5 Volts

A-C Plate Voltage (RMS). ... ..oooiiiirreieiaiinnanneinn 117 235 Volts
Effective Plate-Supply Impedance ....................... 15 100 Ohms
D-COutput Current. .. cocovveveoueirinnecrnsonnaeinans 100 100 Milliamperes

* Maximum.

¢ Minimum values. When a filter-input condenser larger than 40 uf is used, it may be neces
sary to use more plate-supply impedance than the minimum value shown to limit the peak plate
current to the rated value.

INSTALLATION and APPLICATION

The base of the 35Z5-GT fits the standard octal socket which may be installed
to hold the tube in any position. Physical characteristics of the 35Z5-GT are shown
in Fig. 2-8, OUTLINES SECTION. For
heater operation, refer to Type 35L6-GT.

With the panel lamp connected as
shown in the circuit diagram, the panel-
lam{a voltage does not substantially ex- LAMP

its operating value when the receiver "7V

is turned on and off. The plate current “[E

TYPE
3525-GT
S

0-C
TP

OTHER outeut

HEATERS

of the 35Z5-GT passes through the panel
lamp and the panel-lamp section of the

heater. Asaresult, a higher level of illum- gnopL ACROSS R AND ALLAHEATERS WITH
ination i i is i ANEL LAMP AT
ination is obtained when the receiver is in PANEL LAMP) SHOULD EQUAL 117 VOLTS
operation.

SCREEN-GRID R-F AMPLIFIER

36 The 36 is a heater-cathode type of screen-
grid tube intended for use as a radio-frequency
amplifier, intermediate-frequency amplifier,

and detector.
CHARACTERISTICS

gunx go:.ucn T NoRE" 35 o X o T 8% Xom}u

Toeennnes eenerentessssenetrans seseearenes , pere
P::rr: I\(on}"rﬁibf ......... veones 100 135 180 250 max. Volts
ScREEN VoLTAGE (Grid No. 2) ... 55 67.5 90 max. 90 max. Volta
GRIp VoLTAGE (Grid No. 1) ..... -15 ~-15 - - Volts
PLatE Cgmm. veeen cee 1.8 2.8 3.1 :i’;g Mg}gnmperu
ScREEN CURRENT . . ees —_ — — .7 max. iamperes
Pum':'l: RESISTANCE . 0.55 0.475 0.5 0.55 Megohm
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TRANSCONDUCTANCE ....ovorsoen 850 1000 1050 1080 Micromhos
GRI-PLATE CAPACITANCE (With shield-can). . .........covviaen 0.007 max. uuf
INPUT CAPACITANCE . t4ivevnnnenennernonesonoeennnensnannnns 3.7 unf
OUTPUT CAPACITANCE. .. .......... ettt i i 9.2 upf

INSTALLATION and APPLICATION

The base of the 36 fits the standard five-contact socket which may be installed to hold the
tube in _any ition. Physical characteristics of the 36 are shown in Fig. 2-16, OUTLINES
SECTION. For heater operation and cathode connection, refer to Type 6A8. For screen voltage
and shiclding, refer to Type 35.

As a radio-frequency amplifier, the 36 should be operated as shown under CHARACTER-
ISTICS. As a detector, the 36 may be operated either with grid leak and condenser or with grid
bias. For grid-bias detection, suitable operating conditions are: Plate-supply voltage, 180 volts
applied through a plate-coupling resistor of 0.25 megohm or an equivalent impedance; screen
voltage, 67.5 volts; and negative grid bias, 6 valts (approx.) so adjusted that a plate current of
0.1 milliampere is obtained with no input signal.

G
©),

DETECTOR, AMPLIFIER '

The 37 is a three-electrode general-purpose
tube of the heater-cathode type for use as 37
amplifier and detector.

H H

5A

CHARACTERISTICS

HEATER VOLTAGE (A.C.or D.C.). . iviiiiiinininincnionnnnanss 6.3 Volts
HEATER CURRENT. . . . ttvitteieeroacrosaronsasasnssoncosesss 0.3 Ampere
PLATE VOLTAGE. . . ....conovvunnn 90 135 180 250 max. Volts
GrID VOLTAGE® . ............... -6 -9 -13.5 ~18 Volts
PLATE CURRENT....ocivvvunen.n 2.5 4.1 4.3 75 Milliamperes
PLATE RESISTANCE . ............ 11500 10000 10200 8400 Ohms ;
AMPLIFICATION FACTOR . ........ 9.2 9.2 9.2 9.2
TRANSCONDUCTANCE ..t vvvunnnn. 800 925 900 1100 Micromhos
GRID-PLATE CAPACITANCE (Approx.)..... eesiaas eereresanans 2.0 uul
GRID-CATHODE CAPACITANCE (APDPIOX.) ..vvvvvenrernncrncnnses 3.5 puf
PLATE-CATHODE CAPACITANCE (APPIOX.) ... vrviurnecenennaan 29 nuf

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

INSTALLATION and APPLICATION

The base of the 37 fits the standard five-contact socket which may be installed to hold the
tube in any ition. Physical characteristics of the 37 are shown in Fig. 2-19, OUTLINES
SECTION. For heater operation and cathode connection, refer to Type 6A8.

As an amplifier, the 37 is apl:)licable to the audio- or the radio-frequency stages of a receiver.
Recommended plate and grid voitages are shown under CHARACTERISTICS. As a detector,
the 37 may be operated with either grid leak and condenser or with grid bias. The plate voltage
for the grid-leak-and-condenser method is 45 volts. A grid leak of from 1 to § megohms used with
a grid condenser of 0.00025 uf is suitable. For grid-bias detection a plate voltage of 250 volts,
together with a negative grid bias of approximately 28 volts, may be used. The plate current
should be adjusted to 0.2 milliampere with no input signal.

G2

POWER AMPLIFIER PENTODE

The 38 is a power-amplifier pentode of the
heater-cathode type. The relatively low 3 8
heater current of this type makes it suitable
for automobile receivers and for power-line-
ggrated sets, particularly those with a series-

ter arrangement.
CHARACTERISTICS

HEATER VOLTAGE (A.C.or D.C.).....vvvvnnnn veeanae ressrnaen 6.3 Volte
HEATER CURRENT, ¢ o e vetuunstcssoransssasetansssanssanansss 0.3 Ampere
PLATE VOLTAGE. . . . 100 135 180 250 max. Volta
SCRERN VOLTAGE (Grid No. 2) ... 100 135 180 250 max. Volts
GriD VOLTAGE (Grid No. 1) ..... -9 -13.5 -18 -25 Volts
PLATE CURRENT..coveeeecns s 7 9 14 22 Milliamperes
SCREEN CURRENT ......... i 1.2 1.5 2.4 3.8 Milliamperes
PLATE RESISTANCE . ............ 0.14 0.13 0.115 0.10 Megohm
TRANSCONDUCTANCE ............ 875 925 1050 1200 Micromhoe
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LOAD RESISTANCE ....civorvrnnn. 15000 13500 11600 10000 Ohms
CATHODE-BIAS RESISTOR ........ 1100 1100 1100 970 Ohms
Power OUTPUT ....... veereneen 0.27* 0.55% 1.0* 2.5* Watts

* 897, total harmonic distortien.
t 10% total harmonic distortion.

INSTALLATION and APPLICATION

The base of the 38 fits the standard five-contact socket which may be installed to hold the
tube in any ition. Physical characteristics of the 38 are shown in Fig. 2-16, OUTLINES
SECTION. For heater operation and eathode connection, refer to Type 6A8.

For the power amplifier stage of radio receivers, the 38 is recommended either lingII?' or in
push-pull combination. Transformer- or impedance-coupling devices are preferable. If, how-
ever, resistance coupling is used, the d— resistance in the grid circuit should be limited to 1.0
megohm with plate voltages up to 250 volts, provided the heater voltage does not rise more than
10%, above the rated value under any condition of operation.

SUPER-CONTROL R-F AMPLIFIER
PENTODE

The 39/44 is a heater-cathode tube of the
remote cut-off type suitable for use primarily
as a radio-frequency amplifier and inter-

39 / 4 4 mediate-frequency amplifier in receivers de-
signed for its characteristics. ~The 39/44 is
effective " in reducing cross-modulation and
modulation-distortion over the usual range of
signal voltages without the use of antenna
potentiometers or auxiliary volume-control

switches.

' CHARACTERISTICS
HEATER VOLTAGE (A.C.or D.C.). . ....oiviiiiii et 6.3 Volts
HEATER CURRENT. . ot oeunnnnninnnneascsonesorcannnnrosns 0.3 Ampere
PLATE VOLTAGE . . . v ocrvacrarne oanccens 90 180 250 moex. Volts
SCREEN VOLTAGE (Grid No. 2)............. 90 90 90 max. Voits
GRID VOLTAGE (Grid No. 1) ............... -3 mién. -3 min. -3 mén. Volts
PLATE CUBRENT. . oot vvtvvrvenvanvnnnnnnn- 5.6 5.8 58 Milliamperes
SCREEN CURRENT . ......... . 1.6 1.4 1.4 Milliamperes
PLATE RESISTANCE ......... 0.375 0.75 1.0 Megohm
TRANSCONDUCTANCE ¢ ... .ovvnan 960 1000 1050 Micromhos
TRANSCONDUCTANCE (At —42.5 volts bias) . 2 2 Micromhos
GRID-PLATE CAPACITANCE (With shield-can). .. ................ 0.007 max. pp
INPUT CAPACITANCE . .. 3.5 puf
QutTPUT CAPACITANCE. .. ...... .. 10 i

INSTALLATION ond APPLICATIO!

. The base of the 39/44 fits the standard five-contact socket which may be installed to hold
the tube in any position. Physical characteristics of the 39/44 are shown in ¥‘ig. 2-16, OUTLINES
SECTION. For heater operation and eathode connection, refer to ’fgg‘e 6A8. Complete shield-
ing of all stages is necessary if maximum gain per stage is to be obtai

The screen voltage for the 39/44 may be obtained from a section of the B-battery, from a
fixed or variable tap on a voltage divider across the suppll};evoltage, or from-a portion of the sup%ly.
Care should be taken to keep the impedance between the screen and ca e as low as possible.
When the 39/44 is cathode-biased, a resistor in series with the high-voitage supply may be used
for obtaining the screen volza%_e. This is possible because of the stable screen-current character-
istic of the 39/44 pentode. he resistor method of obtaining the screen voltage is limited to
circuits where the screen-voltage supply does not exceed 180 volts as a maximum. The value of
this resistance should be such that under the conditions of minimum grid bias and maximum
plate current the screen voltage will not exceed 90 volts. A resistance of approximately
ohms will be suitable.

As a radio-frequency and intermediate-frequency amtpliﬁel_'. the 39/44 should be operated
as shown under CHARACTERISTICS. Velume control of receivers designed for the 39/44 may
be accomplished by variation of the negative grid bias of this tube. In order to obtain adequate
volume control, an available -bias voltage of approximately 45 volts will be required. The
exact value will depend upon circuit design and operating conditions. This voltage may be
obtained from a potentiometer, a bleeder circuit, a variable resistor in the cathode circuit, or from
a separate source.

P G
VOLTAGE AMPLIFIER TRIODE @ >

The 40 is a_high-mu triode of the storage-
battery type for use in resistance-coupled or
40 impedance-coupled amplifier or detector
circuits.  Characteristics with maximum *
effective plate volts of 180 and grid-bias volts 0 o
of -3 are: plate current, 0.2 milliampere; F F
late resistance, 150000 ohms; amplification
actor, 30; transconductance, 200 micromhos. 4D
Filament volts, 5; amperes, 0.25. The effec-
tive voltage at plate is plate-supply voltage minus vdmggrop in load of 0.25 megohm caused
by plate current. For physical characteristics of the 40, Fig. 2-25, OUTLINES SECTION.
The 40 is a discontin type; it is retained for reference only.
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FiLaMeNnT VoLTtaGE (A.C. or D.C))
FiLAMENT CURRENT......... e reeenecaeeeeenn cees

FrLAMENT VoLTAGE (AC). ...

PLATE VOLTAGE
GRrID VOLTAGE*

CaTHODE-B1as REsisTOoR . . ... ...,
PLATE CURRENT. . ..
PLATE RESISTANCE. .
AMPLIFICATION FACTOR. ... . ......
TRANSCONDUCTANCE
LoAD RESISTANCE . .
UnpistorTED Power QutPUT. . . ..

POWER AMPLIFIER PENTODE

The 41 is a power-amplifier pentode of the
heater-cathode type for use in the output
stage of radio receivers with 6.3-volt heater
supply. Electrical characteristics, installa-
tion (except that the base requires the use of
the standard six-contact socket), and applica-
tion are the same as for the 6K6-G. Physical
characteristics of the 41 are shown in Fig.
2-19, OUTLINES SECTION.

POWER AMPLIFIER PENTODE

The 42 is a power-amplifier pentode ot the
heater-cathode type for use in the output
stage of a-c operated receivers. Electrical
characteristics, installation (except that the
base requires the use of the standard six-
contact socket), and application are the same
as for the 6F6. Physical characteristics of
the 42 are shown in Fig. 2-25, OUTLINES
SECTION.

POWER AMPLIFIER PENTODE

The 43 is a power-amplifier pentode of the
heater-cathode type for use mm the output
stage of radio receivers of the ‘‘d-c power
line” type and the '‘universal” type. Elec-
trical characteristics, installation (except
that the base requires the use of the standard
six-contact socket), and application are the
same as for the 25A6. Physical character-
istics of the 43 are shown in Fig. 2-25, QUT-
LINES SECTION.

POWER AMPLIFIER TRIODE

The 45 is a power-amplifier triode
of the filament type capable of supply-
ing large undistorted power output
from a-c operated receivers.

4]

42

43

45

CHARACTERISTICS
................ 2.5 Volts
1.5 Amperes
As Single-Tube Class A, Amplifier
2.5 Volts
............. 180 250 275 max. Volts
............. -315 --50 -56 Volts
1020 1470 1550 Ohms
............. 31 34 36 Milliamperes
............. 1650 1610 1700 Ohms
"~ 35 3.5 3.5
............. 21256 2175 2050 Micromhos
............. 2700 . 3900 4600 Ohms
0.825 1.6 20 Watts

* Grid volts measured from mid-point of a-¢ operated filament. Cathode bias is advisable in
all cases; required if grid d-c resistance (max. value of 1.0 megohm) is used in grid circuit.

FILAMENT VoLTAGE (A.C))....... e
PLATE VOLTAGE (Maximum)............

As Push-Pull Class AB, Amplifier
Values are for two tubes

Fixed Bias Cathode Bias

2.5

25
275 an
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Volts
Volts



RCA RECEIVING TUBE MANUAL

GRID VOLTAGE . ...........ccovvivnn. .. -68 — Volts
CATHODE-BIAS RESISTOR . .............. — 775 Ohms
AVERAGE DrivinG Power (Grid-to-Grid) . 656 460 Milliwatts
ZERO-SIGNAL PLATE CURRENT........... 28 36 Milliamperes
Max.-S1GNAL PLATE CURRENT . ......... 138 920 Milliamperes
EFrFECTIVE LOAD RESISTANCE

(Plate-to-plate) . ..................... 3200 5060 Ohms
TotaL HARMONIC DISTORTION. .......... 5 5 Per cent
Max.-SiGNAL Power OUTPUT ........... 18 12 Watts

INSTALLATION and APPLICATION

The base of the 45 fits the standard four-contact socket which should be
installed to hold the tube J)referably in a vertical position. Horizontal operation
is permissible if pins 1 and 4 are in a vertical plane. Physical characteristics of
the 45 are shown in Fig. 2-25, OUTLINES SECTION.

In a push-pull Class AB; stage, the 45 is operated under conditions such that
a small amount of grid current flows during the most positive swing of the input
signal and the second harmonic distortion is cancelled by virtue of the push-pull
circuit. A driver stage, consisting of one 56 operated at 250 volts on the plate,
will drive two 45's in_push-pull (fixed bias or cathode bias) to the stated output
values. A step-down interstage transformer of suitable design is required.

HALF-WAVE HIGH-VACUUM
RECTIFIER L eg
4525-GT The 45Z5-GT is a half-wave rectiﬁgr " e\ A, | /Q
(&)

of the heater-cathode type for use in
a-c/d-c receivers. The heater is pro-

vided with a tap for operation of a N EY Tk
panel lamp. G-6AD
CHARACTERISTICS
HEeaTER VoLTAGE (A.C. or D.C.):
Entire Heater (Pins No.2& No. 7). ............. 45 Volts
Panel-Lamp Section (Pins No. 2 & No. 3) with 0.15
ampere flowing between pins No. 2 & No. 7. . ... 7.5 Voits
HEATER CURRENT . ... ineeennenannnns 0.15 Ampere

As Half-Wave Rectifier

A-C PLaTE VoLtAGE (RMS)

Without Series Resistor....................c.v... 125 max. Volts

With Series Resistor®. . ..... e 250 max. Volts
PEAX PLATE CURRENT:

Without Panel Lamp and No Plate-to-Heater Tap

Connection .........cooiiiiiiiiienrinnennnns 600 max. Milliamperes

D-C Output CURRENT:

Without Panel Lamp and No Plate-to-Heater Tap

Connection .........vivvviiiiinianiiinieann 100 max. Milliamperes
With Panel Lamp® and Plate-to-Heater Tap Con-
nectionf ........ ittt e e 60 max. Milliamperes

* An 2-c input voltagde greater than 125 volts requires the use of a 100-ohm (min.) resistor

in eeries with the plate lead. L.
° Type 40, for example. $ See circuit under Type 35Z5-GT.

INSTALLATION and APPLICATION

The base of the 45Z5-GT fits the standard octal socket which may be installed
to hold the tube in any position. Physical characteristics of the 45Z5-GT are shown
in Fig. 2-8, OUTLINES SECTION. Except for the difference in heater voltage,
the 45Z5-GT is similar in operation and application to the 35Z5-GT.
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DUAL-GRID POWER AMPLIFIER

The 46 is a double-grid ifiec
tube recommended especiall yp?or mmpl
class B amplifier circuits of suitable dulgn
he base of the 46 fits the standard five-
contact socket which may be installed to hold 46
the tube preferably in a vertical ition.
Horizontal operation is ‘miasible ne 1
and 5 are in a vertical plane. Ph: char-
acteristics of the 46 are shown in Fig. 2-27

OUTLINES SECTION.
CHARACTERISTICS
FrLameRT VorTaGE (A.C. or D.C) . 25 Voits
FILAMENT CURRENT . ......... tevssvesens teseennenreanen 1.76 Amperes

As Push-Pull Class B Amplifier
(Grids No. 1 and No. 2 connected together at socket)
PLATE VOLTAGE. . . .0oiivtiutureinanensarossancnassansssgosnse 400 mex. Volta
Prax PLATE CURRENT . 200 maex. Milliampaeres
AVERAGE PLATE DIsSIPATION 0 mas. Watts
TypPicAL OPERATION:

Valuss are for two tubes

Plate Voltage .. .. . 300 400 Volts
Grid Voltage....... .. 0 0 Volts
Peak A-F Grid-to-Grid Vol 113 116 Volts
Zero-Signal Plate Current .. .... 8 12 Milliamperes
Effective Load Resistance (Plate-to-plate) . 8200 5800 Ohms

Mazx.-Signal Power OQutput (Approx. FRORRRRRI 16* 201 Watts

* With average power input of 950 mxlhwatta applied between grids.
+ With average power input of 650 milliwatts applied between grids.

As Class A; Amplifier
(Grid No. 2 connected to plate at socket)
PLATE VOLTAGE. . . .o ioivvttriienuinnnerennnneessonisnsssennans 250 max. Volts

GRID VOLTAGE. ... . =33 Volts
PLATE CURRENT. ... 22 Milliamperes
PLATE RESISTANCE ... 2380 Ohms
AMPLIFICATION FACTOR 5.6

RANSCONDUCTANCE P . 2350 Micromhos
Loap ResisTANCE (For max. undi . 6400 Ohms
UNDISTORTED PowER OUTPUT 1.25 Watts

N ++ Approximately twice this value is recommended for load of this tube as driver for class B
stage.

POWER AMPLIFIER PENTODE

The 47 is a power-amplifier pentode for
use in the audio output stage of a-c receivers.
B e e ers of the same siats disepa:
er am o same
tion, the 47 is capable of greater out, tw‘l’t‘h 47
the additional {eatm of hn(htr amplification.
the standard five-

hold the tule preferably in a vertical ition.

Horizontal operation is iseible if pins 1

and 5 are in a vertical plane. Filament op-
as for Type 46. Physical characteristica of the 47 ar shown in Fig. 2-27
OUTLXNB SECTION

CHARACTERISTICS
F1LAMENT VOLTAGE (A.C.or D.C.) ....eviviiviiininieaannnaes .o 2.5 Volts
FILAMENT CURRENT . .. .ciiiiiiirinrorarraenotescnsonccansns . 1.76 Amperes
PLATE VOLTAGE. o« c0cvvvrivnnnronnsassncasssassoassnsssannsns 2

SCREEN VOLTAGE. . .00t vvvvnvvreeeercnsunnsnasasaessssssossnss
GRID VOLTAGE® ., ... iciiveieinneeensnrasnoronsanensnes v
CATHODE-Bias RESISTOR ................
PLATE CURRENT. .0vvuvn.
ScrREEN CURRENT . ...
PLATE RESISTANCE .
TRANSCONDUCTANCE
LOAD RESISTANCE . .vvvecsovnos
Power OuTPUT (6% total harmonic distortion) ‘ .
* If filament is operated on d.c., the grid bias should be ~15.3 volts. The d-c resistance
the grid circuit lhouﬁ not exceed 0.5 megohm with catbode bias, or 50000 okms with fixed biss.
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POWER AMPLIFIER TETRODE ° l

The 48 is a power amplifier tetrode which
has pentode characteristics when operated ’
at the recommended ecreen and plate volt- e )
ages. It is for use in the audio output stage
48 of receivers desi%ned to operate from d-c
power lines. The base of the 48 fits the stand. N\
ard six-contact socket which should be mount- )
ed to hold the tube preferably in a vertical
position with base down. Horizontal opera-
tion is permissible {f pins 2 and 5 are in a ver- 6A
tical plane. Physical characteristics of the 48
are shown in Fig. 2-27, OUTLINES SECTION. The heater is designed to operate on direct
current. In a series-heater circuit employing one or more 48's, the heater(s) of the 48(’s) should
be placed on the positive side of the line. The cathode circuit in d-c receivers is tied in either di-
rectly or through biasing resistors to the negative side of the heater circuit. The potential dif-
ference thus introduced between heater and cathode of the 48 should not exceed 90 volts, as
measured between the negative heater terminal and the cathode.

CHARACTERISTICS

HeATER VOLTAGE (D.C.)............
HEATER CURRENT. .

PLATE VOLTAGE. . ..
ScREEN VOLTAGE (Grid No. 2)

GRID VOLIAGE (Grid No. 1)t . . . .

CATHODE-BIAS RESISTOR ... .............cccvvuns on.. 310 310 Ohms

PLATE CURRENT. ..ttt vttt ettt iie e cannnns 52 56 Milliamperes
SCREEN CURRENT . .. ovitinerient e einn s 9 9.5 illiamperes
PLATE RESISTANCE ....... ... ... 0o viiiiiiinannn.... Subject to considerable variation
TRANSCONDUCTANCE & .. .vtttonieanianennnnnnnns 3800 3900 Micromhos
LOAD RESISTANCE ............... S 1500 1500 Ohms
POWER OUTPUT* .. ... .. iiiiineiiainneeenrineneennns 2 2.5 Watts

$ The d-c resistance in the grid circuit should not exceed 10000 ohmes.
* 9% total harmonic distortion.

DUAL-GRID POWER AMPLIFIER

The 49 is a double-grid power amplifier
designed for use in battery-operated receivers
employing 2-volt tubes. In such service, it

49 may be used either as a class B output tube
or, by a change of socket conditions, as a
class A driver tube. The base of the 49 fits
the standard five-contact socket which should
be installed to hold the tube in a vertical po-
sition. Physical characteristics of the 49 are
shown in Fig. 2-25, OUTLINES SECTION.
For filament operation, refer to Type 1C7-G.

Y CHARACTERISTICS
FrLAMENT VOLTAGE (D.C.) . ... .ioiiiiiiiinaraninneennnn. e 2.0 Volts
FILAMENT CURRENT . .. ittieeinneenneoanonansennsennsennannes 0.12 Ampere
As Class B Power Amplifier
Grids No. 1 and No. 2 connected togelher ct soclkcl

PLATE VOLTAGE . . o vvvinnneenrautinecannseeeoneinsnenvnnnnsen 80 max. Volts
PEAK PLATE CURRENT PER TUBE. ... .vivieriininnnannnnnnnnsn 50 max. - Milliamperes
TyPicAL OPERATION:
Values are for two tubes
Plate Voltage ............oiiiiiiiierennennneianenns 135 180 Volta
Grid Voltage....... P me e ra it caeaeaiieeanens 0 Volts
Peak A-F Grid-to-Grid Voltage ...................... 70 70 Volts
Zero-Signal Plate Current .. ...........c0ivvuininunn. 2.6 4 Milliamperes
Effective Load Resistance (Plate-to-plate)............. 8000 12000 Ohms
Power Output (APProxX.) ... ...uuuiiinnninnnnnnnnns 23 35 Watts -
As Driver — Class A; Amplifler
Grid No. 2 connected lo plate at socket
PLATE VOLTAGE . o« vttt iienneietsieeteanneosonnsnnernnnenessn 135 max. Volts
TYPICAL OPERATION:
Plate VOItAgE ... .0.iviirrett et niiiitinnneeenanneeeannnnenns 135 Volts
Grid Voltage. ... ....viiiii et ir it rannerannns -20 Voits .
Plate CUITent. . . coitvuiiit it ittt eenenes, 6.0 Milliamperes
Plate Resistance. cvveveteiinnternannrereninsnesennarennnans 4175 Ohms
Amplification Factor. .......vovviviiiiiirenns vrvririinnennns 4.7 .
Transconductance .. ......u.nnnninenanninrennnenecrnnnnns 1125 Micromhos
Load Resistance..... P T -« 11000* Ohms
Power Output (ADPIOX.) ¢ .o\vvtiier e eennneeraroasssanns 0.170 Watt

B ‘;Approximately twice this vawue is recommended for load of this tube as driver for class
stage.
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P G
) (3 POWER AMPLIFIER TRIODE
The 50 is a power-amplifier triode designed
for use primarily in the output stage of an
audio-frequency amplifier emplo¥ing trans- 50
* former coupling. It is capable of deliverin,
° ° large undistorted power. The base of the
F fits the standard four-contact socket which
should be installed to hold the tube in a ver-
4D tical position with the base down. Physical
characteristics of the 50 are shown in Fig.
2-29, OUTLINES SECTION. Any conventional type of input couplin5 may be used provided

F

the resistance added to the grid circuit by this device does not exceed 1 ohms.
CHARACTERISTICS
F1LAMENT VOLTAGE (A.C. or D.C.) 75 Volts
FILAMENT CURRENT . 2! Amperes
PLATE VOLTAGE. 450 max. Volts
GRID VOLTAGE® . - Volts
CATHODE RESISTOR 1530 Ohms
PLATE CURRENT..... .. 45 55 55 Milliamperes
PLATE RESISTANCE .......ooivvnnniinnana, 1900 1800 1800 Obms
AMPLIFICATION FACTOR . . ................. 3.8 3.8 3.8
TRANSCONDUCTANCE ... o.vvvvnnonnnnnrann. 2000 2100 2100 Micromhos
LOAD RESISTANCE . ......cvovvrvrnvnennnns 4100 3670 4350 Ohms
UNDISTORTED POWER OUTPUT. ............. 2.4 3.4 4.6 Watts

* Measured from mid-point of a-c operated filament.

’ BEAM POWER AMPLIFIER

Q/ The 50L6-GT is a power amplifier
of the heater-cathode type designed

for use in the output stage of a-c/d-c 5OL6-GT
" 9\.“/0 receivers. Except for its heater rating
OMO, of 50 volts and 0.15 ampere, the
KEY™~ Bge 50L6-GT has electrical and physical
G-7AC characteristics identical with those of
the 25L6-GT. For heater operation
and cathode connection, refer to Type 25A6, but take into. consideration the
difference in heater rating.

CLASS B TWIN AMPLIFIER

The 53 is a heater-cathode type of tube
combining in one bulb two high-mu triodes
designed for class B operation. It is intended 53
prima:eilg for use in the output stage of a-¢
opera receivers. Except for the heater
rating of 2.5 volts and 2.0 arggeres, the elec-
trical characteristica of the 53 are identical
with those of the 6N7. Additional data is

iven in the RESISTANCE-COUPLED .
AMPLIFIER CHART. The base of the 53 fits the seven-contact (0.855 inch pin-circle diameter)
socket which may be installed to hold the tube in ani_ position. Physical characteristics of the
53 are shown in Fig. 2-25, OUTLINES SECTION. For heater operation and cathode connec-
tion, refer to Type 2A5.

DUPLEX-DIODE TRIODE

The 55 is an a-c heater type of tube con-
sisting of two diodes and a triode in a single
bulb. It is recommended for service as a
combined detector, amplifier, and automatic- 5 5
volume-control tube. Except for its heater
rating of 2.5 voits and 1.0 ampere, the 55 has
electrical and physical characteristics identical
with those of Type 85. For heater operation
and cathode connection refer to Type 2AS.
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DETECTOR AMPLIFIER TRIODE

The 56 is a three-electrode tube of the
heater-cathode ozﬁ for use as a detector,
amplifier, or ator in co-operated re-

56 ceivers. [Except for its heater ratm&‘ and
capacitances which are given below, the 56
has electrical and physical characteristics
identical with those of the Type 76. Operat-
ing conditions for the 56 as a resistance-
coupled amplifier are given in the RESIST-
ANCE-COUPLED AMPLIFIER CHART.

Hearzr VoLTAGE (A.C.0or D.C))...... eteriaterir e sbaans 2.5 Volts
HuatEr CURRENT. ......... reen 1.0 Ampere.
GRID-PLATE CAPACITANCE (Appro 3.2 puf
GrID-CATHODE CAPACITANCE (Approx.) .. fereaeaen 3.2 unf
PLATE-CATHODE CAPACITANCE (ADPPIOX.)........0.0.. etrernnea.n 2.2 uuf

TRIPLE-GRID DETECTOR
AMPLIFIER ;

The 57 is a triple-grid tube recommended
ially for service as a biased detector in
57 a-C receivers. The 57 ia constructed with an
internal shield connected to the cathode
within the tube. Except for its heater ratin
and capacitances which are given below, the 5
has electrical characteristics identical with
those of Type 6J7. Physical characteristics
of the 57 are shown in Fig. 2-20, OUTLINES | X
SECTION. The base of the 57 fita the standard six-contact socket which may be installed to
hold the tube in any tro-ition. For heater operation and cathode connection, refer to Type 2AS.
For screen voltage and shielding requirements, see Type 6C6.

HEATER VOLTAGE (A.C.orD.C) .. ivuvenrnivnnnnnrnsnonnnenenss 25 Volts
Hearzr CURRENT. .. ... 1S 1.0 Ampere
PENTODE CONNECTION:
Grid-Plate Capacitance (With shield-can) ..................... 0.007 max. ppf
Input Capacitance........... ettt e 5 puf
Output Capacitance . ............vuiuirevinrninrennerannozans 6.5 . unf
TRIODE CONNECTION:
Grid-Plate Capacitance . . .. 2 nuf
Grid-Cathode Capacitance. . . 3 upf
Plate-Cathode Capacitance ...............cocviviinnnennannnns 10.5 upf

TRIPLE-GRID SUPER-CONTROL
AMPLIFIER

The 58 is a triple-grid super-control ampli-
fier tube recommen especially for service s
58 in the radio-frequency and intermediate-
frequency stages of a-c receivers. The 58 is
constructed with an internal shield connected
to the cathode within the tube. Except for
its heater rating and capacitances which are
given below, the 58 has electrical character- 6F
., - istics _identical with thoee of T 6U7-G.
Physical characteristics of the 58 are shown in Fig. 2-20, OUTLINES SECTION. The base of
the 58 fits the standard six-contact socket which may be installed to hold the tube in any position.
For heater operation and cathode connection, refer to Type 2A5. For control-grid bias variation,
screen voltage, and suppressor connection, refer to Type 6SK7. Shielding requirements are
similar to those for Type 6C6.

HEATER VOLTAGE (A.C.or D.C.) . ...ovvieiiiii it iiieeainnenn,
HEATER CURRENT. . . . itiiineinreneirainansonernenneenannnns
GRID-PLATE CAPACITANCK (With shieldcan).....................
INPUT CAPACITANCE . c0vvviiie ot cieienennnn e ieeieaes

TRIPLE-GRID POWER AMPLIFIER

The 59 is a triple-grid power-amplifier tube-

of the heater-cathode type for use in the out-

59 put_s of a-c operated receivers. The
triple-grid construction of this tube, with

external connections for each grid, makes

possible its gg?hcation a8 (1) a class A power

amplifier triode, (2) a class A power-output

g’eigg:de. and (3) a class B ‘power output
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CHARACTERISTICS
HEATER VOLTAGE (A.C.or D.C)....coivviiieiinnnennane, venaes 2.5 Volts
HEATER CURRENT. .. ootvvvinierennetocnosesosssncssnnnsscasses 20 Amperes
As Class A; Power Amplifier
Triode Pantods
Conneciion®  Connection™
PLATE VOLTAGE. .... fessevaes [P Cerrieesesaens 250 max. 250 max. Volts
ScrEEN VOLTAGE (Grid No. 2)................ ces — 250 max. Voits
GrID VOLTAGE (Grid No. 1) .........viivineaneenn -28 . =18 Volts
CATHODE RESISTOR. . . c.cvvvvvvnvroceconcosss vees 1080 410 Ohms
PLATE CURRENT.....oo0o0vnnne tetbeseecnsnanaa e 26 35 Milliamperes
SCREEN CURRENT ........c0n0n ireranes rereraene —_ 9 jamperes
AMPLIFICATION FACTOR ... ciivivinrarennnnnnnnnes 6 —
PLATE RESISTANCE .... 2300 40000 hme
TRANSCONDUCTANCE 2600 2500 Micromhos
LoAD RESISTANCE . 5000° 6000 Ohme
POWEBR OQUTPUT ... covvvvrrrnenncnsasiseses P 1.25 3t Watta
As Class B Power Amplifier — Triode Connection
Grids No. 1 and No. 2 tied together; grid No. 3 tied o plate
PLATE VOLTAGE . . . ccvurnnneernnrnencnsetocsascrososansssnsnss 400 mez. Volts
PEAR PLATE CURRENT .. .vvvuvvecunrvociosncnnrsesosassansons 200 max. Milliamperes
AVERAGE PLATE DISSIPATION . .. ...vviinn e ierasrerronnsnnssos 10 mex. Watts
AvERAGE GRID DissipaTION (Grids No. 1 and No. 2) ....... cevans 1.5 maxz, Watts
TYPICAL OPERATION:
Values are for two tubes

Plate Voitage ......... beerereane eneeenereeeseranen 300 400 Volts

Grid Voltage.... . 0 0 Volts

Zero-Si Plate Current . . . e v 20 26 Milliamperes

Effective Load Resistance (Plate-to-plate)............. 4600 6000 Ohms

Power Output (APPIoX.) . .covvrineernnocnnnnseraacss 15 20 Watts

° Grids No. 2 and No. 3 tied to plate; grid No. 1 is control grid.
*° Grid No. 3 tied to cathode; grid No. 1 is control grid; grid No. 2 is screen.
¢ Optimum for maximum undistorted power output of 1.25 watts. Approximately twice
this value is recommended for load of this type as driver for class B stage.
% 7% total harmonic distortion.

INSTALLATION and APPLICATION .

The base of the 59 fits the seven-contact (0.855-inch pin-circle diameter) socket which may
be installed to hold the tube in any position. Physical characteristics of the 59 are shown in Flg.
2-27, OUTLINES SECTION. For heater %peranon and cathode connection, refer to T 2AbL.
The d-c resistance in the grid circuit of the 59 operating as a class A amplifier (either with triode
or pentode connection) should not exceed 0.5 megohm if cathode bias is used. With fixed bias,
the resistance should not exceed 10000 ohms.

P G POWER AMPLIFIER TRIODE

The 71-A is & power-amplifier tube of low-
output im for use in the output stage
of audio-frequency amplifiers. The base of
the 71-A fits the standard four-contact socket -
O 4=0 which should be installed to hold the tube
F ¢ in a vertical position. Physical characteristics
of the 71-A are shown in Fig. 2-25, QUT-
LINES SECTION. The coated filament
4D of the 71-A may be operated from a storage
battery or from the a-¢ line through a step-down transformer.

CHARACTERISTICS
FiLAMENT VOLTAGE (A.C.or D.C)) ................ ereanaanes 5.0 Volts
FILAMENT CURRENT .. .ovvveeraneeennerennorosoasssnonsonsss 0.25 Ampere
PLATE VOLTAGE . .. covivvvviinninrnnnnnnns 90 135 180 max. Volta
GRID VOLTAGE® ...eooviiiitiivencnnnnnnns ~16.5 ~27 ~40.5 Voits
CATHODE RESISTOR. . ....ooviivnnanaiiannn . 1600 1700 2150 Ohms
PLATE CURRENT...ovvvvvcnnranns [ 10 17.3 20 Milliamperes
PLATE RESISTANCE .. ....oovvieiiennnnnnnn 2170 1820 1750 Ohms
AMPLIFICATION FACTOR .. . ....covinuuannnn 3 3 3
TRANSCONDUCTANCE ....vvvvnnns 1400 1650 1700 Micromhos
LoAD RESISTANCE .............. 3000 3000 4800 Ohms
UnpistrorTED PowER OUTPUT 0.125 0.4 0.79 Watt

® For operation on a-c filament supply, increase grid-bias voitage 2.5 volts. The d-c resist-
ance in the grid circuit should not ex 0.5 megohm.
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DUPLEX-DIODE HIGH-MU
TRIODE

The 75 is a heater-cathode type ot tube
consisting of two diodes and a high-mu triode
7 5 in a single bulb. It is for use as a combined
detector, ampliﬁer. and automatic-volume-
control tube. For diode-detector considera-
tions, refer to RADIO TUBE APPLICA-
TIONS section. Except for capacitances
which are given below, the electrical charac-
teristics of the 75 are the same as those

P2 Ppy
=T
)

o‘o

L3

of
ty"‘pe 6SQ7. Physical characteristics of the 75 are shown in Fig. 2-16, OUTLINES SECTION
The base of the 75 fits the standard six-contact socket which may be ‘inatailed to hold the tube
in any position. rating conditions for the triode unit as a remstance -coupled amplifier are

given in the RESlS ANCE-COUPLED AMPLIFIER CHAR
Triode: Gnm PLATE CAPACITANCE (Approx.) .

GRID-CATHODE CAPACITANCE ( Kprox)
PLATE-CATHODE CAPACITANCE (Approx.)

DETECTOR AMPLIFIER TRIODE

The 76 is a three-electrode tube of the
heater-cathode type for use as detector, am-
‘plifier, or osecillator. Except for capacitances

76 which are shown below, the electrical char-

acteristics of the 76 are the same as those of
Type 6P5-G. The base of the 76 fita the
standard five-contact socket which may be
installed to hold the tube in any position.
Physical characteristics of the 76 are shown
in Fig. 2-19, OUTLINES SECTION.

GRID-PLATE CAPACITANCE (Approx.).
GRID-CATHODE CAPACITANCE (A prox
PLATE-CATHODE CAPACITANCE (Approx.)

TRIPLE-GRID DETECTOR AMPLIFIER

The 77 is a triple-grid tube recommended

for service as a biased detector in radio re-

77 ceivers designed for its characteristics. In
such service, this tube is.capable of deliver-

a large audio-frequency output voltage

ing

with relatively small mlmt voltage. Other
ude its use as a low-

signal-input screen-grid amplifier tube and

applications of the 77 inci

as an automatic-volume-control tube.

The
base of the 77 fits the standard six-contact socket which may be installed to hold the tube in any
Eolmon Physical characteristics of the 77 are shown in Fig. 2-16, OUTLINES SECTION. For
eater operation and cathode connection, refer to Type 6A8. Shielding and screen voitage
requirements are similar to those for Type 6C6. For detector operation, see Type 6)7.

Y CHARACTERISTICS

HeaTER VOLTAGE (A.C. or D. C) 6.3 Volts
HRATER CURRENT ........ 0.3. Ampere
GRID-PLATE CAPAC!TANCE ( 007 max. puf
INPUT CAPACITANCE .. . 4.7 uuf
OUTPUT CAPACITANCE., 11 o
PLATE VOLTAGE. . ... et e e ey 300 max. Volts
ScCREEN VOLTAGE (Grid No. 2)...........coooviiiiiiii i, 100 max. Volts
SCREEN SUPPLY VOLTAGE . ..t tvuvenreeninnaneseanaranerannnns 300 max. Volts
GRID VOLTAGE (Grid No. 1) ..........coovvvivinnvninat, 0 min. Volts
PLATE DISSIPATION. . ot vivtiiietinnietiinainenoeninanreinnrsnns 0.75 max. Watt
SCREEN DISSIPATION. . i ottt inninarininaenerinieaseaeannas 0.1 max. Watt
TYPICAL OPERATION:
Plate Voltage .. .....coovvitiinininnancnenrcnnnen. 100 250 Volts
Screen Voltage. . 60 100 Volts
Grid Voltage: ~-1.5 -3 Volts
Suppressor . . Connected to cathode at socket
Plate Current . 1.7 2.3 Milliamperes
Screen 0.4 0.5 Milliamperes
Plate Resistance (Appro: 9.6 ¥ Megohm
Transconductance . 1100 1200 Micromhos
Grid Voltage (Approx.) for cathode-current cut-off. .. -5.5 -7.5 Voits
The d-c resistance in the grid circuit should not exceed 1.0 megohm.

Greater than 1.0 mzzohm
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AVERAGE PLATE CHARACTERISTICS

T
TYPE 77

E 563 VOLTS
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&3 TRIPLE-GRID SUPER-CONTROL
Q AMPLIFIER

G2
©.
, s The 78 ! d | i
e is a triple-grid super-control ampli-
46 (D« fier tube recommended for service in the
radio-frequency and intermediate-frequency 78
‘ amplifier stagee of radio receivers. The
° internal shield around the plate of the 78 is
connected to the cathode within the tube.
H Except for capacitances which are shown
6F below, the electrical characteristics of the 78
are the same as those for the 6K7. The base
of the 78 fits the standard six-contact socket which may be installed to hold the tube in an
osition. Physical characteristics of the 78 are shown in Fig. 2-16, OUTLINES SECTION.
eater operafion and cathode connection are the same as for the Type 6A8. Control-grid bias
variation, screen-voltage supply, and suppressor connection follow the methods given under
Type 6SK7. Shielding requirements are similar to those of Type 6C6.

GRID-PLATE CAPACITANCE® . . . . iiiiiieiecievernnssarsansonsns 0.007 max. upl
INPUT CAPACITANCE® . . .iciniiieneninrearonssnrconaassoonenes 4.5 uuf
OUTPUT CAPACITANCE® . . .ot vitiieerersrtnonsersneraonsonnnnns ) 11 uuf

* With close-fitting shield connected to cathode.

Gr2 X

CLASS B TWIN AMPLIFIER

The 79 is a heater-cathode type of tube
combining in one_bulb two high-mu triodes
designed for class B operation. It is intended 79
for use in the audio-output stage of radio
receivers with 6.3-volt heater supply. The
triode units have separate external terminals
for all electrodes except the cathode and
heater o that circuits employing the 79 are
. i similar to thoee of class B amplifiers utilizing .
individual tubes in the output stage. The base of the 79 fits the standard six-contact socket
which may be installed to operate the tube in any position. Physical characteristics of the 79
are shown in Fig. 2-16, OUTLINES SECTION. For heater operation and cathode connection,
refer to Type 6A8, but give consideration to the greater heater current of the 79.

CHARACTERISTICS
HEeATER VOLTAGE (A.C.or D.C.) .. ... . iiiiiiiiiiiinnneennnn, 6.3 Volts
HEATER CURRERT. . .. ovviitt it niinnennsnennasnaanarnancens 0.6 Ampere
As Class B Power Amplifier
PLATE VOLTAGE. .. .iitiiiiiinnienrinenionenerninieonnesnnns 250 max. Volts
PEAK PLATE CURRENT PER PLATE. .. ........ .. ... coiiiiienn, 90 max. Milliamperes
AVERAGE PLATE DISSIPATION ... .cvuiniiiunnnannnnraennenonens 11.5 max. Watts
TYPICAL OPERATION:
Values are for the two unsls
Plate Voltage ..........ciiiinnniinininiiinesrsnen 180 250 Volts
Grid Voltage. ...........ooiiininiiiiiiiinees P 0 [ Volts
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Zero-Signal Plate Current .. ......c.ovoieeinennns .. 7.6 10.6 Milliamperes
Effective Load Reeutanoe (Plate-to-plate). .. .. PR 7000 14000 Ohms
Powu‘ Output (ApProx.)® ........coeuiveurancenass 5.5 8 Watts

® With average power input ‘of 380 ‘milliwatts apphed between grids.

FULL-WAVE HIGH-VACUUM
RECTIFIER

80 The 80 is a full-wave rectifying tube
- of the filament type for use m d-c
g% wer-supply devices which operate
m the a-c supply line. Its maximum }

ratings and typical operating condi- ac
tions are the same as those for Type 5Y3-G. The base of the 80 fits the standard
four-pin socket which should be mstalled to hold the tube preferably in a vertical

position. Horizontal operation is permissible if pins 1 and 4 are in a horizontal

glane. Physical characteristics of the 80 are shown in Fig. 2-25, OUTLINES
ECTION. Filament operation and ventilation are the same as for Type 5T4.

HALF-WAVE HIGH-VACUUM ° ne
RECTIFIER o O

The 81 is a half-wave rectifier of the fila-
ment type for use in d-c power-supply devices
8] operating from the a-¢ supply line. Full-
wave rectification may be accomplished by 0*0
the use of two 81's. The base of the 81 fits F (3
the standard four-contact socket which
should be mounted to hold the tube prefer-
ably in a vertical poeition. Horizonta! opera-
R tion is permissible if pins 1 and 4 are in a
vertical plane. Physical characteristics of the 81 are shown in Fig. 2-29, OUTLINES SECTION.

48

CHARACTERISTICS
Fn.aMENT VoLTAGE (A.C.) 7.5 Volts
FILAMENT CURRENT . .......ccv0vuunnnnn 1.25 Amperes
As Half-Wave Rectifler
PRAK INVERSE VOLTAGE ......c0ovnnrinnnnnrnrnsoranrnrnsnnns 2000 max. Volts
PEAK PLATE CURRENT ... ivvvernnannsvoncosennnsnsossnnnaes 500 mex. Milliamperes
Tyrical, OPERATION WiTH CONDENSER-INPUT FILTER:
A-C Plate Voltage (RMS). ... ...ciiiiiienrinnnnnncrnriones 700 maz. Volts
D-COutput Current. .. .. .....co0nvnenereeceearoenconnns 85 max. Milliamperes
OPERATION CHARACTERISTICS OPERATION CHARACTERISTICS
CONDENSER INPUT TO FILTER Im:ulv mI FILTE!
e8| TvPE 8
-E¢=7.5 vOLTS A.C. 1€ ¢=7.5 VOLTS A.C.
b = FULL WAVE FULL WAVE
I 1000} = == HALF WAVE «
=] u
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FULL-WAVE MERCURY-VAPOR
RECTIFIERS

The 82 and 83 are full-wave mercury-vapor 82
rectifiers of the hot-cathode type for use in
suitable rectifying devices designed to supply
d-c_power of uniform voltage to receivers in
which the direct-current requirements are
subject to considerable variation. The ex- 83
cellent voltage-regulation characteristic of
these tubes is due to the low and practically .
4c constant tube voltage drop for any_ current
drain up to the full emission of the filament.

v+ CHARACTERISTICS
. Tyg' 82 Type83 - °
FrLAMENT VOLTAGE (A.C.) .....iiviiieniinanannns .5 5 Volts
FILAMENT CURRENT . .o 0viiiiiniiienanannncenarns 3 3 Amperes

4

As Full-Wave Recliflers

PEAK INVERSE VOLTAGE............ berraranreaeiaaas 1550 max. 1550 max. Volts

PEAE PLATE CURRENT PER PLATE. . . .. . 345 max. 675 maex. Milliamperes
CONDENSED-MERCURY TEMPERATURE RANGE 24 -60 20 -60 °Cc

TypicAL OPERATION Wit CONDENSER-INPUT FILTE

A-C Plate Voltalge per Plate (RMS) .........c..0u00 450 max. 450 max. Volts

Total Effective Plate-Supply Impedance per Platet. .. 50 min. 50 min. Ohms

D-COutput Current. ......oo0erenen.s. Ceeiiiaeas 115 max. 225 max. Milliamperes
TypricaL OPERATION WITH CHOKE-INPUT FILTER:

A-C Plate Voitage per Plate (RMS) ................ 550 max. 550 max. Volts

Input-Choke Inductance .......................... 6 min. 3 min. Henries

D-COutput Current. ................iiiivinnrnnn. 115 max. 225 max. Milliamperes
TuUBE VOLTAGE DROP (APProx.). .........ccvvveuunnnns 15 15 Volts

1 When a filter-input condenser larger than 40 uf is used, it may be necessary to use more
plx::g-au ply impedance than the minimum value shown to limit the peak plate current to the
ra ue.

INSTALLATION and APPLICATION

The base of either the 82 or 83 fits the standard four-contact socket which should be mounted
to hold the tube in a vertical ition with the base down. Only a socket making very
filament contact and capable of carrying 3 amperes continuously should be used. Poor contact
at the socket will cause overheating at the pins, lowered filament voltage, and high internal drgg
with consequent injury to the tube. Adequate natural ventilation should be provided for the
and 83, especially if shielding is used. Physical characteristics of the 82 and 83 are shown in
Figs. 2-26 and 2-27, respectively, in the QUTLINES SECTION.

The 82 and 83 have very low internal resistance. Therefore, current delivered by either type
depends on the resistance of the load and the regulation of the power transformer. Sufficient
protective resistance or reactance must always be used with these types to limit the current to
the recommended maximum values. If these values are exceeded, the tube voltage drop will
increase rapidly aud the filaments may be damaged permanently.

The coated filament is designed to operate from the a-c line through a step-down tranaformer.
The voltage at the filament terminals should be the rated value under operating conditions with
a line voltage of 117 volts. The high current taken by the filament and the poasibility of damage
caused by applying plate voltage before the filament is sufficiently heated make it imperative
that g{l connections in the filament circuit be of low resistance and of adequate current-carrying
capacity.

The plate supply is obtained from a center-tapped high-voltage winding. The resistance
of the transformer windings should, of course, be low if full advantage of the excellent regulation
capabilities of these mercury-vapor rectifiers is to be obtained. Since the drop through the 82
and 83 is practically constant, any reduction in rectified voltage when the load is increased is
due to the drop in the transformer and/or the filter windings. The return-lead from the plates,
Le., the positive bus of the filter and load circuit, should be connected to the center-tap of the
fllament winding.

Full plate load should not be applied to the 82 or 83 until their filaments have reached normal
ﬁmtmg temperature. Under normal operating conditions, the filaments heat quickly when
the set ll: “turned on” and are ready to supply full-load current before the tubes in the receiver
require it. A .

Shiefding of this tube, particularly in sensitive receivers, may be necessary to eliminate
objectionable noise. Refer to Filters in the RADIO TUBE APPL¥CATIONS section. A fase
having a rating approximately 509 in excess of normal load requirements should be inserted in
the primary of the power transformer to prevent damage in case of excessive current which may
flow under abnormal conditions. [t is recommended that the entire equipment be discomnected from
the a-c power supply wheneser the 82 and 83 are removed from or installed sn thesr sockels.

As half-wave rectifiers, the 82 and 83 may be operated with plates connected in parallel
Two 82's or 83's s0 connected in a full-wave circuit can supply twice the output current of a single
tube. Both plates within the same tube should be connected to the same terminal of the plate
transformer. To equalize the current distribution between plates, a resistor of not lese than 50
ohma should be connected in serice with each plate.
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Pp2 PD)

FULL-WAVE HIGH-VACUUM @)
RECTIFIER

- The 83-v is a full-wave rectifier tube s
83 \4 of the heater-cathode type intended o*a

for use in suitable rectifying devices H H

designed to supply d-c power to re-

ceivers having large direct-current_ 4AD
requirements. The excellent voltage-regulation characteristic of the 83-v is due
to the close spacing of the cathode and plate. Maximum ratings and typical oper-
ating conditions for the 83-v are the same as those for Type 5V4-G. The base of
the 83-v fits the standard four-contact socket which may be mounted to hold the
tube in any position. Physical characteristics of the 83-v are shown in Fig. 2-25,
?hUg%il\éES SECTION. Heater operation and ventilation are the same as for

e -G.

PDy

FULL-WAVE HIGH-VACUUM ©.
RECTIFIER
P ®
84 l 624 The 84/6Z4 is a full-wave rectifier - A AUA ©
of the heater-cathode type intended
for supplying rectified power to auto- OO
mobile-radio equipment designed for h H
its characteristics, 5D
* CHARACTERISTICS
HEeATER VOLTAGE (A.C.or D.C.) .................. 6.3 Volts
HEATER CURRENT .. ... ... iiiiiiiiniinnnnnnnn,. 0.5 Ampere
As Full-Wave Rectifier
PEAK INVERSE VOLTAGE..,........,. e raraaaeees 1250 max. Volts
PEAK PLATE CURRENT PER PLATE ................. 180 max. Milliamperes
D-C HEATER-CATHODE POTENTIAL . ... ....... e 450 max. Volta
TyricAL OPERATION wiITH CONDENSER-INPUT FILTRR:
A-C Plate Voltage per Plate (RMS)...,.......... 325 max, Volts
Total Effective Plate-Supply Impedance per Plate. 125 min. Ohms
DCOutputCurrent...............ccovuvvnnn... 60 max. Milliamperes
TypicAL OPERATION WITH CHOKE-INPUT FILTER:
A-C Plate Voltage per Plate (RMS)..,........... 450 max. Volts
Input-Choke Inductance........................ 10 min. Henries
D-C Output Current.. . . . ... e e, 60 max. Milliamperes

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

rated value. OPERATION CHARACTERISTICS
INSTALLATION and APPLICATION _TYPESA | Egres voLTs
The base of the 84/6Z4 fits the standard five- &, [——couenstaCintor To ruren:
contact socket which méy be mounted to hold the 5*° 3: 4”'13'25:5%::"&?5?53}:
tube in any position. Physical characteristics of &  vourgo— )
the 84/6Z4 are shown in Fig. 2-19, OUTLINES 2 | °°>_‘>“§-€5R argl |
SECTION. The heater is designed so that the 5 Ny e St
normal voltage variation of 6-volt automebile bat- z oy gk el 5
teries during charge and discharge will not materially - 300l | =% aao -
affect the performance or serviceability of this tube. Rl
Under no condition of operation should the normal 3 C P e S Y
operating heater vaitage fluctuate to exceed a [ ze0 Q:“P- EX e
maximum of 7.5 volts. Adequate ventilation should 2 B s e S
be provided for cooling the tube by the use of 3 R Y-S T
chassis enclosures designed to radiate heat efficiently. ¢ 100
Filters are discussed in the RADIO TUBE AP- o
PLICATIONS section.
@ 20 T 40 &0
D-C LOAD MILLIAMPERES
92C~3441R2
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P2 PDy :
DUPLEX-DIODE TRIODE

CL—® .
" ' it a he thod { tube
The 85 a heater-ca e type of tul
e (55 consisting of two diodes and a triode in a 8 5
single bulb for use as a combined detector,
(oau0

amplifier and automatic-volume-control tube.
For diode-detector considerations and for a
discussion of automatic volume conirol, refer
to RADIO TUBE APPLICATIONS section.

6G
CHARACTERISTICS

HEATER VOLTAGE (AC. or D.C). ... iivivininnininininnn. .. 6.3 Volts
HEATER CURRENT. .. .. 0viunerrnanrannnns . 03 Ampere
Triode: GRID-PLATE CAPACITANCE (Approx.) 1.5 wvuf

GRID-CATHODE CAPACITANCE (Approx.). . . 1.5 upf

PLATE-CATHODE CAPACITANCE (APDProx.).............. 4.3 unf

Triode Unit — As Class A; Amplifier
PLATE VOLTAGE. .. ........coinvvnvrannnnn 135 180 250 max. Volts
GRID VOLTAGE . . .. .....0vvvnrennnnnnn... -10.5 -13.5 -20 Volts
AMPLIPICATION FACTOR . .................. 8.3 8.3 8.3
PLATE RESISTANCE ....................... 11000 8500 7500 Ohms
TRANSCONDUCTANCE .. ..........0vvnven... 750 975 1100 Micromhos
PLATE CURRENT..............coooiii... 3.7 6.0 8.0 Milliamperes
LOAD RESISTANCE . .........covvuevnnn ... 25000 20000 20000 Ohms
POWEROUTPUT . ............ccoiuven.... 0.075 0.16 0.35 Watt
Diode Units

The two diode plates are placed around a cathode, the sleeve of which is common to the
triode 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 85 fits the standard six-contact socket which may be installed to hold the
tube in any ition. Physical characteristice of the 85 are shown in Fig. 2-16, OUTLINES
SECTION. For heater operation and cathode connection. refer to Type 6A8. Complete shield-
ing of detector circuits employing the 85 is generally necessary to prevent r-f or i-f coupling between
the diode circuits and the circuits of other stages. Diode biasing of the triode unit may be em-
ployed only when at least 20000 ohms resistance is used in the plate circuit. Conditions for the
use of the triode unit as a resistance-coupled amplifier are given in the RESISTANCE-COUPLED
AMPLIFIER CHART.

G2 63
G —@ o TRIPLE-GRID POWER AMPLIFIER
, P The 89 is a triple-grid power amplifier tube
10 oL of the heater-ca le type recommended for
use in receivers with 6.3-volt heater supply. 89
The triple- construction of this tube,
‘ with external connections for each grid, makes
o e poesible its application as (1) a class A power-
" H amplifier triode, (2) a class A power-output
pentode, and (3) a class B power-output
6F triode.
CHARACTERISTICS
HEATER VOLTAGE (A.C.orD.C).....covvvunnnn.. e et reenaen 6.3 Voits
HEATER CURRENT. . .. 0vvttininnnrnneerrnnnnaneecasnnnnneens 0.4 Ampere
Class A Power Amplifier — Triode Connection
PLATE VOLTAGE. .. ........... 250 max. Volts
Grm VoLracE (Grid No. 1) -31 Voits
CATHODE RESISTOR. ....... 970 Ohms
PLATECURRENT...............c0u.... o 32 Milliamperes
AMPLIFICATION FACTOR .. ................. . 4.7
PLATE RESISTANCE ....................... 3300 3000 2600 Ohms
TRANSCONDUCTANCE ... ................... 1800 Micromhos
LOAD RESISTANCE® ... .................... 7000 6500 5500 Ohms
UnpisToRTED POWER OUTPUT. .. ........... 0.3 04 0.9 Watt

. *Optimum for maximum undistorted power output. Apgroximately twice the value for any
given set of conditions is recommended for load of this tube when used as driver for class B stage.

Class A; Power Amplifler — Pentode Connection

Grid No. 3 tied 1o cathode
PLATE VOLTAGE. . ......cc0.u.n. 100 135 180 250 maz. Volts
ScrEEN VoLTAGE (Grid No. 2) ... 100 135 180 250 max. Volts
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Grip VoLTAGE (Grid No. 1) ..... -10 -13.8 -18 -25 Volts
CATHODE RESISTOR. . ....ovcnnn. 900 830 785 670 Ohms

PLATE CURRENT...oovvnnnnanen 9.5 14 20 32 Milliamperes
SCREEN CURRENT .............. 1.6 2.2 3.0 5.5 Milliamperes
PLATE RESISTANCE .......000u.e 104000 92500 80000 70000 Ohms
TRANSCONDUCTANCE .....onvnnn. 1200 1350 1550 1800 Micromhos
LOAD RESISTANCE .............. 10700 9200 8000 6750 Ohms
POwWER OUTPUT* .. ........vvnu. 0.33 0.75 15 3.4 Watts

*#99, total harmonic distortion.

Class B Power Amplifier — Triode Connection
Grids No. 1 and No. 2 tied together; grid No. 3 tied to plate

PLATE VOLTAGE. . . .t eocaviveaneraersssnsasssnssosnnscnnsans 250 max. Volts
PEAX PLATE CURRENT (Pertube) . ..........couvivviunnnnnnen 90 mox, Milliampere
AVERAGE GRID DIssIPATION (Grids No. 1and Ne. 2) ........... 0.35 max. Watt

TYPICAL OPERATION:
Values are for two tubes

Plate Voltage ..........coiiuriiieiieiiiinnianescnss vesen 180 Volts

Grid Voltage. ... ooiuueeterniineernsnssesnensocennsnnnns 0 Volts
Peak-A-F Grid-to-Grid Voltage ... .........cooiiuienniinne 68 Volts
Zero-Signal Plate Current ... .......cciiiieriieanenannacnns 6 Milliamperes
Effective Load Resistance (Plate-to-plate).........i.c.c0uuunn 9400 Ohms

‘Total Harmonic Distortion ..........cocvviiiiiiianieennnees 8 Per cent
Power Output (APPIoX.) . ...cveuiiroeereennsirerosesnnseans 35 Watts

INSTALLATION AND APPLICATION

The base of the 89 fits the standard six-contact socket which may be installed to hold the
tube in any ition. Physical characteristics of the 89 are shown in Fig. 2-16, OUTLINES
SECTION. Sufficient ventilation should be provided to circulate air freely around the tube to
prevent overheating. For heater operation and cathode connection, refer to Type 6K6-G.

. The d-c resistance in the grid circuit of the 89 operating as a class A amplifier (either with
triode or pentode connection) may be as high as 1.0 m%gohm provided the heater voltage does
not rise more than 109, above rated value under any condition of operation.

DETECTOR AMPLIFIER TRIODES A O

The V99 and X99 are general-purpose F F
triodes designed for dry-cell operation, and
V99 used chiefly for renewal in receivers designed 4D
for them. The two types have different bases.
Opemtingoconditions as amplifiers: max. plate Type X99
volts of 90, grid bias of ~4.5 volts; as grid-
leak detectors, plate volts of 45, grid leak of
1 to 5 megohms, grid condenser of 0.00025 uf, BP
and grid return to (+4) filament; as biased *
x99 detectors, max. plate volts of 90, bias of ~10.5 @)
volte. Filament volts, 3.0-3.3; amperes, 0.060-
L For dimensions of the V99 and X99
see Fii“ 2-10 and 2-12, respectively in the
OUTLINES SECTION. The V99 and X99
are discontinued types; they are retained for o
reference only. G

DETECTOR AMPLIFIER TRIODE

The 112-A is a general-purpose triode de-
signed for storage batteri/ operation and © ©
used principally for renewal purposes. Oper-
ating conditions as amplifier: max. plate
]]2 A volts of 18(}. 1“0%%0 bia}: of -13.5 volts, loac}
- resistance of ohms, power output o
0.285 watt; as biased detector, plate volts of 0*0
180, bias of -21 approx. volts. Filament F (3
volts, 5; amperes, 0.25. For dimensions, see
Fig. 2-25, OUTLINES SECTION. The 112-A 4D
is a discontinued type; it is retained for ref-
erence only.
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JUMPER

9{ © VOLTAGE REGULATOR

. The 874 is a_voltage-regulator tube de-
signed to maintain constant d-c output from
Q rectifier devices for varying values of d- 87 4
< load current. This t{_pe is used principally for
o o renewal purposes. The base of the 874 fits
K the standard four-contact socket. Pins
No. 2 and No. 4 are connected together within
as the base; the connection is used as a link in
the primary circuit of the power transformer
to prevent the application of voltage when the 874 is removed from its socket. Physical char-
acteristice of the 874 are shown in Fig. 2-28, OUTLINES SECTION. Sufficient resistance must
always be used in series with the 874 to limit the current to 50 milliamperes when no load current
is being drawn from the rectifier.

CHARACTERISTICS

STARTING SUPPLY VOLTAGE (D.C.)......oiivevniiiniiinniiienns 125 min. Volts
OPERATING VOLTAGE (D.C.) ... ....oiivnviinniniiinnnense. ves 90 Volts
OPERATING CUrReNT (D.C)). . 10 to 50 Milliamperes
ConNTINUOUS CURRENT (D.C)..vvniiiiiniiiiininiinnne, . 50 max. Millilamperes

CURRENT REGULATORS

The 876 and 886 are, within their ranges of operation, constant- 876
current regulating devices. These two types are used principally for
renewal purposes. The bases of these types fit -the standard mogul
screw socket which may be installed to hold the tubes in any position. 886
These tubes operate at a high bulb temperature and must be surrounded -
by a metal ventilating stack The 876 and 886 are discontinued types;
they are retained for reference only.

CHARACTERISTICS
Type 876 Type 886
40 to 60 40 to 60

VOLTAGE RANGE . . ... ..iiiiiiiervnnnennnnan, Volts
OPERATING CURRENT . .. eee 1.7 2.05 Amperes
AMBIENT TEMPERATURE. . .. 150 150 °F
MAXIMUM OVERALL LENGTH. . ...ounvunnnnns 8 8 ~ Inches
MAXIMUM DIAMETER ... ..ovvuirvrnnercnnseenn. 2- g 2- ‘Ec Inches
2 7 2 Mogul w  Mogul Screw
TELEVISION AMPLIFIER
PENTODE
The 1851 is a pentode of the heater- ] 85 ]

cathode type for use in television re-

ceivers. Except for capacitances which

are shown below, the electrical char-

acteristics of the 1851 are identical

with those of the 6AC7/1852. Physical characteristics of the 1851 are shown in
Fig. 1-8. OUTLINES SECTION.

GRID-PLATE CAPACITANCE® .. ........ccivnnrennn. 0.02 max. puf
INPUT CAPACITANCE®. ... ittt iiiinenreennans 115 puf
OutpPUT CAPACITANCE® ... ... . iiiirriirnennnnnnn - 52 uuf

° With shell connected to cathode.
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LAVA-MICA-TIN-SODIUM CARBONATE - MO N E L* SILVEROXIDE
SODIUM ALUMINUM FLUORIDE - RESIN (SYNTHETIC) - ETHY( ALCOHOL

MATERIALS USED IN RCA RADIO TUBES

LEAD ACETATE- MALACHITE GREEN+*GLYCERINE+ ZINC CHLORIDE - iRON

MARBLE DUST-WOOD FIBER- STRONTIUM NITRATE- LEAD OXIDE+ ZINC OXIDE

MISCH METAL - NIGROSINE - PORCELAIN-PETROLEUM JELLY + ZINC
BARIUM CARBONATE CALCIUM CARBONATE
ARSENIC TRIOXIDE AMMON!UM CHLORIDE
STRONTIUM CARBONATE ‘POTASSIUM CARBONATE
BAKELITE

ISOLANTITE
MOLYBDENUM PHOSPHORUS
ALUMINA SILICON
—_— GRIDS PLATE i
BORAX Diameters Diameter SHELLAC
e d b ———
BARIUM o001 meh $505 inch TUNGSTEN
COPPER TITANIUM
CARBON CATHO‘ZELELEEVE CATHODE COATING SILICA
—_— . Weight variation
CHROMIUM Approximately less than GLASS
CALCIUM 0.002 inch thick 0.00007 oz. MAGNESIA
CAESIUM _ | -\ 4 PLATINUM
COBALT AIR PRESSURE ] 1 GRID WIRE STRONTIUM
_— 1/100,000,000 that : Diameter does N e
SODIUM of atmospheric pres- d B not vary more than MAGNESIUM
sure at sea level ? i ] 0.00009 inch —_—
NITRATE : ROSIN
MERCURY BULB HEATER WIRE NICKEL
CALCIUM Inspected under Diameter does COBALT
OX!DE polarized light not vary more than OXIDE
———— for strains 0.00002 inch P —
BARIUM THORIUM
NITRATE NITRATE

Gases Used in Manufacture

NEON — HYDROGEN — CARBON DIOXIDE — ILLUMINATING GAS
HELIUM — ARGON — NATURAL GAS — NITROGEN — OXYGEN

Elements Entering into the AManufacture

ARGON — ALUMINUM — BORON — BARIUM — CAESIUM — CALCIUM — COPPER — CARBON — CHROMIUM — CHLORINE
COBALT — HYDROGEN — HELIUM — IRIDIUM — IRON — LEAD -— MAGNESIUM — MERCURY —— MOLYBDENUM
NICKEL — NEON — NITROGEN -— OXYGEN — POTASSIUM — PHOSPHORUS — PLATINUM — SODIUM — SILVER
SILICON — STRONTIUM — TUNGSTEN — THORIUM -~ TANTALUM —— TITANJUM — TIN —— ZINC — RARE EARTHS
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Radio Tube Testing

The radio tube user — service man, experimenter, and non-technical radio
listener — is interested in knowing the condition of his tubes, since they govern
the performance of the device in which they are used. In order to determine the
condition of a tube, some method of test is necessary. Because the o tin,
capabilities and design features of a tube are indicated and described by its ectri
characteristics, a tube is tested by measuring its characteristics and comparing them
with representative values established as standard for that type. Tubes which read
abnormally high with respect to the standard for the type are subject to criticism
just the same as tubes which are too low.

Certain practical limitations are placed on the accuracy with which a tube test
can be correlated with actual tube performance. These limitations make it unnec-
essary for the service man and dealer to employ complex and costly testing equip-
ment having laboratory accuracy. Because the accuracy of the tube-testing device
need be no ter than the accuracy of the correlation between test results and
receiver performance, and since certain fundamental ¢haracteristics are virtually
fixed by the manufacturing technique of leading tube manufacturers, it is possible
to employ a relatively simple test in order to determine the serviceability of a tube.

In view of these factors, dealers and service men will find it economically
expedient to obtain ade&uate accuracy and simplicity of operation by employing a
device which indicates the status of a single characteristic. Whether the tube is
satisfactory or unsatisfactory is judged from the test result of this single character-
jstic. Consequently, it is very desirable that the characteristic selected for the test
be one which is truly representative of the tube’s overall condition.

SHORT CIRCUIT TEST

The fundamental circuit of a short-circuit tester is shown in Fig. 64. While
this circuit is suitable for tetrodes and types having less than four electrodes, tubes
of more electrodes may be tested by adding more indicator lamps to the circuit.
Voltages are applied between the various electrodes with lamps in series with the
electrode leads. Any two shorted electrodes complete a circuit and light one or
more lamps. Since two electrodes may be just touching to give a higb-resistance
short, it is desirable that the indicating lamps operate on very low current. It is
also desirable to maintain the filament or heater of the tube at its operating tem-
perature during the short-circuit test, because short-circuits in a tube may sometimes
occur only when the electrodes are heated.

SELECTION OF A SUITABLE CHARACTERISTIC FOR TEST

Some characteristics of a tube are far more important in determining its
o%)era ing worth than are others. The cost of buﬂdmg a device to measure any one
of the more important characteristics may be considerably higher than that of a
device which measures a less representative characteristic. nsequently, three
methods of test will be discussed, ranging from relatively simple and inexpensive
equipment to more elaborate. more accurate, and more costly devices.

An emission test is perhaps the simplest method of indicating a tube’s condi-
tion. (Refer to DIODES, Page 5, for a discussion of electronic emission.) . Since
- emission falls off as the tube wears out, low emission is indicative of the end of tube
serviceability. However, the emission test is subject to limitations because it tests
the tube under static conditions and does not take into account the actual operation
of the tube. On the one hand, coated filaments, or cathodes, often develop active
spots from which the emission is so great that the relatively small grid area adjacent
to these spots cannot control the electron stream. Under these conditions, the total
emission may indicate the tube to be normal although the tube is unsatisfactory.
On the other hand, coated types of filaments are capable of such large emission that
the _tual;e v:lm often operate satisfactorily after the emission has fallen far below the
origin ues
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Fig. 656 shows the fundamental circuit diagram for an emission test. All of the
el es of the tube, except the cathode, are connected to the plate. The filament,
or heater, is operated at rated voltage; after the tube has reached constant tem-
perature, a low positive voltage is applied to the plate and the electronic emission is
read on the meter. Readings which are well below the average for a particular
tube type indicate that the total number of available electrons has been so reduced
that the tube is no longer able to function properly. :

[ Fl\
J)-—nmu.c.-—é (UL~

Fig. 64 Fig. 65

A transconductance test takes into account a fundamental operating principle
of the tube. (This will be seen from the definition of transconductance on page
11) It follows that transconductance tests when properly made, permit better
correlation between test results and actual performance than does a straight
emission test : .

There are two forms of transconductance test which can be utilized in a tube
tester In the first form (illustrated by Fig. 66 giving a fundamental circuit with
a tetrode under test), appropriate operating voltages are applied to the electrodes
of the tube. A plate current depending upon the electrode voltages, will then be
indicated by the meter. If the bias on the grid is then shifted by the application
of a different grid voltage, a new plate-current reading is obtained, The difference
between the two plate-current readings is indicative of the transconductance of the
tube. This method of transconductance testing is commonly called the *“grid-shift”
method, and depends on readings under static conditions. The fact that this form
of test is made under static conditions imposes limitations not encountered in the
second form of test made under dynamic conditions.

The dynamic transconductance test illustrated in Fig. 67 gives a fundamental
circuit with a tetrode under test. This method is superior to the static transcon.
ductance test in that a-c voltage is applied to the grid. Thus, the tube is tested

DIRECT=- A-C
MILLLAMI
D CURRENT OieTer
A %
lNF&" l

TYPE)

||.:_I |

nl
N

A~

under conditions which approximate actual operating conditions. The alternating
component of the plate current is read by means of an a-c ammeter of the dynamo-
meter type. The transconductance of the tube is equal to the a-c plate current
divided by the inputignal voltage. If a one-volt RMS signal is applied to the
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grid, the plate-current-meter reading in milliamperes multiplied by one thousand
18 the value of transconductance in micromhos.

The power output test probably gives the best correlation between test results
and actval operating performance of a tube. In the case of voltage amplifiers, the
power output is indicative of the amplification and output voltages obtainable from
the tube. In the case of power output tubes, the performance of the tube is closely
checked. Consequently, although more complicated to set up the power output
test will give closer correlation with actual performance than any other single test.

Fig. 68 shows the fundamental circuit of a power output test for class A opera-
tion of tubes. The diagram illustrates the method for a pentode. The a-c output
voltage developed across the plate-load impedance (L) is indicated by the current
meter. The current meter is isolated as far as the d-c plate current is concerned
by the condenser (C). The power output can be calculated from the current
reading and known load resistance. In this way, it is possible to determine the
operating condition of the tube quite accurately.

Fig. 69 shows the fundamental circuit of a power output test for class B opera-
tion of tubes. With a-c voltage applied to the grid of the tube, the current in the
plate circuit is read on a d-c milliammeter. The power output of the tube is approx-
imately equal to:

(d-c current in peres)? X load resistance in ohms

Power output (watts) =

0.405 :

L Biucren

vV vv—I v v
b S |.|.|.|-—r]‘

Fig. 68 . Fig. 69

ESSENTIAL TUBE TESTER REQUIREMENTS

1. It is desirable that the tester provide for a short-circuit test to be made
prior to measurement of the tube’s characteristics.

2. It is important that some means of controlling the voltages ap{)lied to the
electrodes of the tube be provided. If the tester s a.c operated, a line-voltage
control will permit of supplying proper electrode voitages. ' ;

3. It is essential that the rated voltage applied to the filament or heater be
maintained accurately.

4. It is suggested that the characteristics test follow one of the methods
described. The method selected and the quality of the parts used in the test will
depend upon the requirements of the user.

TUBE TESTER LIMITATIONS

A tube testing device can only indicate the difference between a given tube’s
characteristics and those which are standard for that particular type. Since the
operating conditions imposed upon a tube of a given type may vary within wide
limits, it is impossible for a tube testing device to evaluate tubes in terms of per-
formance capabilities for all applications. The tube tester, therefore, cannot be
looked upon as a final authority in determining whether or not a tube is always
satisfactory. Actual operating test in the equipment in which the tube is to be used
will give the best possible indication of a tube’s worth. Nevertheless, the tube
tester is a most helpful device for indicating the serviceability of a tube,
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RESISTANCE-COUPLED AMPLIFIER CHART

C = Blocking Condenser (uf) Rc = Cathode Resistor (Ohms)
Cc = Cathode By-Pass Condenser g.f) Rda = Screen Resistor (Megohms)
Ca = Screen By-Pass Condenser (u Rg = Grid Resistor (Megohms)
Ebb = Plate-Supply Voltage (Volts) RL = Plate Resistor (Megohms)
Eo = Voltage Output (Peak Volts) V.G. = Voltage Gain

2A6, 2B7: See 6SQ7 and 6B8, respectively.
6A6}, 6B6-G, 6B7: See 6N7, 6SQ7, and 6BS, respectively.
6B8, 6BS-G, 12C8, 6B7, 2B7:

Ebb? 90 180 ! 300

Ru 01 j025] 05 0.1 0.25 0.5 0.1 1035 | 05
Rg? {025 | 05 1 0.25 0.25 0.5 1 1 025 | 05 1
Rd 0.5 11 28 05 118 1.2 15 28 [ 055 | 12 29

Re 2200 | 3500 | 6000 | 1200 1900 2100 2200 3500 | 1100 | 1600 | 2500
Cd 0.07 | 0.04 | 0.04 | 0.08 0.05 0.06 0.05 004 | 009 | 0.06 | 005

Ce 3 21 155 | 4.4 2.7 32 3 2 5 3.5 23

C 0.01 |0.007 | 0.003 | 0.015 0.01 0.007 0003 |0.003 | 0.015 | 0.008 | 0.003
Eo? 28 33 29 52 39 55 53 55 89 100 | 120
VG4l 33 55 85 41 55 69 83 115 | 47 79 150

6Cs, 6C5-G, (6C6, 6J7, 6J7-G, 6J7-GT, 6W7-G, 12J7-GT, 57 as triodes):

Ebb? ] 180 300

Ru 0051 01 | 026 | 0.05 - 01 025 | 005 | 0.1 | 025
Rg? 01 | 0256} 05 0.1 0.1 0.25 05 0.5 01 | 025 | 05
Re 3400 | 6400 | 14500 | 2700 3900 5300 6200 12300 | 2600 | 5300 | 12300
Ce 162 | 084 | 04 21 1.7 1.25 1.2 055 | 23 1.3 | 0.59
C 0.026 | 0.01 |0.006 | 0.03 0035 0015 0.008 0.008 | 0.04 | 0.015 | 0.008
Eo? 17 22 23 45 41 54 55 52 70 84 85
VGil 9 11 12 11 12 12 13 13 11 13 14

6C6: As pentode, see 6]7; as triode, see 6C5.
6C8-G (one triode unit)}1:

Ebb* 90 180 300

RL 01 026 | 056 0.1 0.25 0.5 01 |025 ] 05
Rg? 025 | 05 1 025 | 025 0.5 1 1 025 | 05 1
Re 3700 | 7870 | 15000 | 3080 6170 6560 7550 12500 | 2840 | 6100 | 11500
Ce 148 | 08) | 043 | 1.84 1.25 0.95 0.85 05 | 201 | 096 | 0.48
C 0.0115} 0.0065/ 0.0035} 0.012 0.012 0.007 0.0035 [0.004 | 0.013 [0.0065| 0.004
Eo* 17 19 20 40 35 45 50 “ 73 80 83
VG4l 20 23 24 22 24 25 26 26 23 26 27

13 The cathodes of the two units have separate terminals
For other notes, see page 203
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6F5, 6F5-G, 6F5-GT: See 6SF5.
6F8-G (one triode unit)t}, 65, 6J5-G, 6J5-GT, 12J5-GT:

Ebb! 90 180 300
R | 005] 0.1 | 025005 | 0.1 025 | 005 | 01 | 025
Rg? | 01 {025| 05 | 0.1 01 025 05 05 | 01 [025| 05
Rc | 2070 | 3040 | 9760 | 1490 [ 2330 2830 3230 | 7000 | 1270 | 2440 | 5770
Cc |266]|120|055]286 | 219 135 115 (062 296 | 142 | 0.64
C |{0.029|0012 [0.007 [0.032| 0038 0012 0.006 |0.007 |0.034 |0.01250.0075
Eot | 14 | 17 | 18 | 30 26 34 38 3 | 61 | 86 | &7
vGt| 12 | 13 | 13 | 13 14 14 14 4 | 14l e | 14
6J5, 6J5-G, 6J5-GT : See 6F8-G.
6J7, 6J7-G, 6J7-GT, 6W7-G, 12J7-GT, 6C6, 57: As tnod&s. see 6C5:
Ebb! %0 180 300
R | 01 }025| 05 [ 01 0.25 05 | 01 | 026 | 05
Rg? [025] 05 | t |[025| 025 0S5 1 1 (025 05 | 1
Rd [044 | 118 | 26 | 05 11 118 14 29 [ 05 | 118 29
Rc [ 1100 | 2600 | 5500 [ 750 | 1200 1600 2000 | 3100 | 450 | 1200 | 2200
cd | 005|003 [005]|005]| 004 004 004 (0025|007 | 004|004
Cc |53 |32 2 |e7 5.2 4.3 3.8 25 | 83 | 54 | 41
c 0.01 | 0.005]/0.0025| 001 | 0008 0.005 0.0035 [0.0025 0.01 | 0.005 0.003
Eo® | 22 | 32 [ 29 | 52 41 60 60 56 | 81 | 104 | 97
vGgs| 65 | 85 | 120 | 69 93 118 140 166 | 82 | 140 | 350
6L5-G :
Ebb? 90 180 300
RL | 005 0.1 | 025 | 005 0.1 025 | 005 01 | 025
Rg? | 01 f025] 05 | o1 01 025 05 05 | 01 {025 05
Rc | 2500 | 4620 |10300 | 2240 | 3180 4200 4790 | 9290 | 2160 | 4140 { 9100
Cc |18 | 1081049 | 22 | 146 11 1 054 | 218 | 1.1 | 046
c 0.03 | 0.015{0.0085( 003 | 003 00145 0.009 |0.009| 0032 0.014|00075
Eo |.18 | 22 | 22 | 4 36 46 50 46 | 68 | 79 | 80
v.GAl 10e| 12¢] 12¢ | 11¢ 12¢  12¢  12¢ 12¢] 126} 130} 13¢
6N71, 6N7-G |, 6A6, 53:
Ebb! %0 _ 180 300
R | 01 025 05 | 01 0.25 05 | 01 | 025 05
Rg |025]| 05| 1 (025 025 05 1 1t o025 06 | 1
Rc* | 2250 | 4950 | 8500 | 1700 [ 2950 3800 4300 | 6600 | 1500 | 3400 | 6100
C 0.01 |0.006 | 0.003 |0.015| 0.015 0.007 0.0035 |0.0035] 0.015 |0.0055 0.003
Eo* | 19 | 20 | 23 | 46 40 50 57 5¢ | 83 | 87 | o4
VGt 19 | 22 | 23 | 21 23 24 2 25 | 22 1 24 |

31 The cathodes of the two units have separate terminals.
For other notes. see page 203.
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&P5-G, 76, 56:
Ebb? 90 ] 180 300
R |025] 01 | 0.25 | 0.05 0.1 025 | 0.05 | 01 | 0.25
Rg* | 01 [025] 05 | 01 0.1 025 05 05 | 01 025 05
Rc | 3200 | 6500 15100 3000 | 4500 6500 7600 {14700 | 3100 | 6400 | 15200
Cc 16 0.82 | 0.36 1.9 1.45 0.97 0.8 0.45 2.2 1.2 0.5
C 0.03 | 0.015| 0.007 | 0.035 0.035 0.015 0.008 0.007 | 0.045] 0.02 | 0.009
Eo* | 21 | 23 | 24 | 48 45 55 57 59 | 80 | 95 | 96
V.Gl 7.7 8.9 9.7 8.2 9.3 9.5 9.8 10 8.9 10 10
6Q7, 6Q7-G, 6Q7-GT, 12Q7-GT: .
Ebbt % 180 300
RL 01 Jo25| 05 | 01 0.25 05 | 01 | 025| 08
Rg* | 025 | 05 1 |oz2s 0.25 0.5 1 1 |o025]| o5 1
Rc | 4200 | 7600 |12300{ 1900 | 3400 4000 4500 | 7100 | 1500 | 3000 | 5500
Ce 1.7 12 0.6 25 1.6 1.3 1.05 0.76 3.6 1.66 0.9
C 0.01 | 0.006 | 0.003| 0.01 001 0006 0003 {0.003|0.015|0.007| 0.004
Eo? 8 11 13 26 25 31 37 36 52 52 60
vGcsl 28b| 32 | 33 | 33 36 38 40 4 | 39 | 45 | 46
6R7, 6R7-G:
Ebbt ) 180 300
Ru 0.05 0.1 0.25 | 0.05 0.1 025 | 0.05 0.1 0.28
Rg* | 01 |025] 05 | 01 01 0.25 0.5 05 | 01 | 025 | 05
Rc | 2600 | 4400 [ 9800 | 2100 | 3000 4100 4600 | 8800 | 2000 | 3800 | 8400
Ce 1.7 0.9 0.42 1.9 1.3 0.9 0.8 04 2 1.1 0.8
c 0.03 | 0.01 | 0.007| 0.03 003 001 0006 [0.006 | 0.03 | 0.015] 0.007
Eo? 18 | 19 | 18 | 40 35 43 46 40 | 62 | 68 | 62
V.G4 9 10 11 9 10 10 10 10 9 10 11
687, 687-G:
Ebb¥ 90 180 300
RL 0.1 0.25 0.5 0.1 0.256 . 0.5 0.1 025 0.5
Rg? 0.25 0.5 1 0.25 0.25 0.5 1 1 0.25 0.5 1
Rd 0.65 1.6 35 0.68 1.6 1.8 1.9 36 0.67 | 1.95 | 3.9
Re¢ 900 | 1520 | 2800 | 540 850 890 950 1520 | 440 650 | 1080
Cd 0.061 ] 0.044| 0.03 | 0.07 0.05 0.044 0.046 0.037} 0.071 ] 0.057 { 0.041
Ce 5 323 | 1.95 6.9 46 4.7 4.4 3 8 5.8 3.9
. C 0.01 | 0.0055]0.0026] 0.01 0.0071 .0.006 0.0037 | 0.003| 0.01 | 0.005 0.0029
Eo? 21 18 15 43 33 40 44 38 75 66 66
V.G41 47¢ 66¢ 84°¢ 66¢ 79¢ 104¢ 118¢ 134¢ 78¢ | 122¢| 162¢

For notes, see page 203,
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RCA TUBE MANUAL
6SC7%, 128C7¢t:
Ebb* 90 180 300
[
R 01 j025| 05 | 01 0.25 05 | 01 | 025 | 05
Rg? |025] 05 1 | o2 0.25 0.5 1 1 {025( 05 1
Re* | 1960} 3750 | 6300 | 1070 | 1850 2150 2400 | 3420 | 930 | 1680 | 2980
. C 0.012] 0.006| 0.003| 0.012| 0011 0006 0003 |0.003]0.014]0.006{ 0.003
Eo* | 59 | 86 | 10 | 24 21 28 32 32 | 50 | 55 | 62
v.G4| 23b) 30 | 33 | 29 35 39 41 43 | 3¢ | 42 | 48
6SFs5, 12SF5, 6F5, 6F5-G, 6F5-GT, 12F5-GT':
Ebb! 90 180 300
Ru 01 j025] 05 | 0.1 0.25 05 | 01 {025 ]| 05
Rg? | 025 | 05 1 |02 0.25 05 1 1 |o25] o5 1
Rc | 4800 | 8800 [13500]| 2000 | 3500 4100 4500 | 6900 | 1600 | 3200 | 5400
Ce 21 | 118 | 067 | 33 23 18 1.7 09 | 37 | 21 | 12
c 0.01 | 0.005| 0.003|0.015] 001 0006 0.004 | 0.003| 0.01 |0.007| 0.004
Eo* 3 7 10 | 23 21 26 32 33 | 43 | 54 | 62
V.GA] 34b| 43¢ | 46 44 48 53 57 63 | 49 63 70
6817. 1817 :
Ebb! 90 180 300
RL 01 [ 025 05 | 01 0.25 05 | 01 | 025 | 05
Rg* | 025 | 05 1 | o2 0.25 05 1 1 [o25] o5 1
Rd [o0290}{o092] 1.7 | 031 083 094 094 22 | 037 ] 110] 22
Re 880 | 1700 | 3800 | 800 1050 1060 1100 | 2180 | 530 | 860 | 1410
Ccd |0.085] 0.045] 0.03 | 0.09 006 006  0.07 004 | 009 | 006 | 0.05
Ce 74 | 45 | 24 8 6.8 6.6 6.1 38 [109] 74 | 58
Cc 0.016} 0.005| 0.002| 0.015] 000t 0.004 0.003 |0.002]|0.016 0.004} 0.002
Eo? 23 | 18| 22 | 60 38 47 54 44 | 96 | 88 | 79
v.Ge| 68 | 93 | 119 | 82 109 131 161 192 | 98 | 167 | 238
68Q7, 128Q7, 2A6, 6B6-G, 75:
Ebb? 90 180 300
-
RL 0.1 |o.25 I 05 | 0.1 | 0.25 05 | 01 |o.zs | 0.5
Rg* | 025] 05 1 | o025 0.25 0.5 1 1 | o025 | o5 1
Rc | 6600 {11000]16600 | 2000 | 4300 4800 5300 | 8000 | 2200 | 3900 | 6100
. . Ce 1.7 | 107 | 07 | 29 21 1.8 15 11 | 35 2 1.3
C 0.01. | 0.006| 0.003{ 0.015| 0015 0.007 0.004 | 0.004{ 0.015{ 0.007 | 0.004
Eo* 5 7 10 | 22 21 28 33 33 | 41 | 61| 62
vGs! 200 400l 44 36 43 50 53 57 39 53 A0

For notes, see page 203.
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6T7-G:
Ebb! 90 180 300
RL 0.1 [025] 05 | 0.1 0.25 05 | 01 j025| 05
Rg? | 025 ] 05 1 {os2s 0.25 0.5 1 1 |025] 05 1
Re 4750 | 8300 | 14200 | 2830 | 4410 5220 6920 | 9440 | 2400 | 4580 | 8200
Ce 15 1 06 | 225 15 125 111 0.74 | 255 | 1.35 | 0.82
C 0.012 | 0.0075{ 0.0045/0.0135] 0.012 0.008 0.005 |0.0045|0.0135] 0.0075 0.0055
Eo* | 7.8 | 10 12 | 29 27 34 39 39 | 58 | 69 | 77
v.GS| 24b{ 30°| 33¢ | 28¢ 34¢ 36¢ 38¢ 41¢ | 32¢) 40¢| 43¢
6W7-G: See 6J7 and 6C5.
6Z27-G1:
Ebb? 90 180 300
RL 01 | 025} 05 | 01 0.25 05 | 01 | 025 | 05
Rg? | 025 ] o5 1 | o025 0.25 0.5 1 1 |o2s | 05 1
Re* | 1760 | 3390 | 6050 | 1100 1820 2110 2400 | 3890 | 950 | 1680 | 3110
Ce 202 | 1.1 | o061 | 26 1.71 1.38 1.1 0.703| 2.63 | 1.46 | 0.72
C 0.0115/ 0.006 | 0.003|0.0115| 0012 0.007 0.0035 |0.0035( 0.012 | 0.006 |0.0035
Eo? 1 15 18 | 28 28 34 4 38 | 52 | 59 | 70
VG4| 25 | 30 | 33 | ;1 a5 38 39 40 34 | 40 | 44
12C8, 12F5-GT, 12J5-GT: See 6B8, 6SF5, and 6F8-G, respectively.
-12J7-GT, 12Q7-GT: See 6]7 and 6C5, and 6Q7, respectively.
128C7, 128F5, 12837, 128Q7: See 6SC7, 6SF5, 65)7, and 6SQ7, respectively.
53, 55, 56: See 6N7, 85, and 6P5-G, respectively.
57, 75, 76: See 6J7 and 6C5, 65Q7, and 6P5-G, respectively.
791:
Ebb? 20 180 300
RL 01 |o025 ]| 05 | 0.1 0.25 I 05 | 0.1 | 025 | 05
Re? {025 | 05 1 | o025 0.25 05 1 1 {025] 05 1
Re* | 2200 | 4250 | 6850 | 1250 | 2050 2450 2750 | 4100 | 1000 | 2050 | 3600
c 0.015 | 0.006 | 0.004 | 0.02 002 001 0005 {0.0035 0.01 [0.0055| 0.003
Eo* | 84 | 97 | 12 | 27 26 34 40 39 | 57 | 66 76
VGAl 29¢| 33 | 38 | 31 37 41 42. 44 34 42 | 46
85, 55
Ebb! 90 180 300
R. | 005| 01 | 0.25 | 0.05 01 025 | 005) 01 | 025
Rg* { 01 {025]| 05 | 01 0.1 0.25 0.5 05 | 01 | 025 05
Rc | 4600 | 9000 |20500 | 4100 | 6200 8700 10000 |20000 | 4100 | 8300 | 19400
Cc 11 | oss {025 ] 16 0.9 0.7 0.57 020] 1.5 | 054 | 0.22
c 0.03 { 0015/ 0.007] 0045{ 004 0015 0.008 [ 0.008]| 0.045| 0.015 | 0.006
1 Eo* 19 | 22 | 23 | 44 37 47 50 48 | 74 | 82 | 84
vGtl 49 | 54 | 65 | 5.2 5.3 5.5 5.5 57 | 56 | 67 | 5.7

For notes, %0¢ page 203.




RCA RECEIVING TUBE MANUAL

Voltage at plate equals Plate-Supply Voltage minus voltage drop in RL and Rc. For other
supply voltages differing by as much as 50% from those listed, the values of resistors, condensers.
and gain are apgroximate y correct. The value of voltage output, however, for any of these
other supply voltages equals the listed voltage output multiplied by the new plate-supply
voltage divided by the plate-supply voltage corresponding to the listed voltage output.

For following stage (see Circuit Diagrams). 3 Voltage across Rg at grid-current point.
Voltage Gain at § volta (RMS) output unless index letter indicates otherwise.
b At 3 volts (RMS) output. ¢ At 4 volta (RMS) output.

Values are for phase-inverter service: See NOTES under RESISTANCE-COUPLED PHASE-

.
INVERTER diagram.
~~
, T‘ Eo
\{

In the gi:chun;ionhs_ v}:hfich follow, f; is th';:e fre-
que; at which the high-frequency response begins
to il:i? off. fi is the frequency at wm%'iz the low-
fregpency response drops below a satisfactory value,
as discussed below. Decoupling filters are not neces-
sary for two stages or less. The highest permissible
value of should always be used. A variation of
10% in values of resistors and condensers has only
alight effect on performance.

VOLTAGE OUTPUT (Eg)

t The cathodes of the two units have a common terminal
420~ fa

FREQUENCY ~——t-

RESISTANCE-COUPLED TRIODE AMPLIFIER

- Condensers C and Cc have been chosen to give output

voltages equal to 0.8 Eo for f; of 100 cycles. For any other

c value of f;, muitiply values of C and by 100/f;. "In the

case of condenser Cc, the values shown in the table are for an

A amplifier with d-c heater excitation; when a.c. is used, depend-

ing on the character of the associated circuit, the gain, and

RL SRg the value of fi, it may be necessary to increase the value of

Cc to minimize hum disturbances. It may also be desirable

Cc Re to have a d-¢c potential difference of approximately 10 volts

between heater and cathode.

The voltage output at fi of n like stages equals (0.8 Eo)n.

i For an amplifier of typical construction, the value of fs is
Epp ¥ well above the audio-frequency range for any value of Ry,

m
o

RESISTANCE-COUPLED PENTODE AMPLIFIER

Condensers C, Cc¢, and Cd have been chosen to give
output voltages equal to 0.7 Eo for fi_of 100 cycles.

I

:: For acx:iy other value of fi multiply values of C, Ce,

Q and by 100/fi. In the case of condenser Cc, the
'd
Re

values shown in the table are for an amplifier with d-¢
Eo heater excitation; when a.c. is used, depending on the
character of the associated circuits, the gain, and the

Rg value of fi, it may be necessary to increase the value of
R4 SR Cc to minimize hum disturbances. It may also be
ccT c desirable to have a d-c potential difference of approx-
d imately 10 volts between heater and cathode. The voit-

_L i age output at fi for n like stages equals (0.7 Eo)n.

e —— —de For an amfpliﬁer of typical construction, approximate

= = Ebb = values of fi for different values of RL are: 0.1 meg.,

20000 cps; 0.25 meg., 10000 cps; 0.5 meg., 5000 cps.

RESISTANCE-COUPLED PHASE INVERTER

Information given for triode amplifiers, in general,
agpliea also to this case. Condensers C have been
chosen to give output voltages equal to 0.9 Eo for
f; of 100 cycles. For other values, multiply values of
C by 100/f;.

The signal input is supplied to grid of triode unit A.
Grid of triode unit B obtains its signal from a t:f P)
on the grid resistor (Rg) in the output circuit of unit
A. The tap is chosen so as to make the voltage output
of the unit B equal to that of unit A. Its location is
determined by the voltage gain values given in the
chart. For example, if V.G. is 20 (from the chart),
P is chosen 0 ae to ltg:ply 1/20 of the voltage acroes
Rg to the grid of unit
4 For phase-inverter service, ltlhe cathode reu‘i:tt% u::y
left unby-passed unless a by-pass condenser is necessary to minimize hum; omission e by-
eondegagr‘ assists in balancing the output voltages. The value of Rc is ified on the bn!n
t both units are operating simultaneously at the same values of plate load snd plate voltage.
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Circuit Section

The circuit diagrams given on the following pages have been carefully chosen.
not necessarily to illustrate commercial practice, but rather to show many different
uses of radio tubes. All of the circuits are conservatively designed to give reliable
and satisfactory performance. Although relatively few circuits are given. it is
often practical to use a portion of one circuit in combination with portions of other
circuits to obtain a design meeting the desired requirements. Tuned-circuit con
stants are omitted from the receiver diagrams because inductance and condenser
values are usually subject to the individual requirements of the set builder. In
addition, suitable, well-made tuned-circuit parts can generally be purchased at
very reasonable cost. Information on the characteristics and the application
features of each tube, given under each tube type, will prove of assistance in under-
standing and utilizing the circuits.

i

(14-1)
SUPERHETERODYNE AUTOMOBILE RECEIVER
V ConvERTER ' I-F AMPLIFIER DICbio AMPORIEN® ASLTFER
i TYPE 608G TYPE 657-G TYPE 6T7-G TYPE 6F6
EEH =m—a “ 1T icae
C20
1 Ry T3
Ria

+1C2

LUre)
»
] o
- Y
R AA A
iL_J
o e
& -3
=
®
VAN
§
X
]

Ci1 Ci1 Cis Ce=0.05 uf paper Cu =25 uf electrolytic, 25 v. Ri1 =1000 ohms, 0.5 watt

C: C -Gatéged tuning con- C12=0.005 uf paper, 600 v. Ris =1 megohm, 0.5 watt
densers, 3 uf F »Ignition-interference filter Ry Rir Ry =250000 ohms

CiCi G Cu d:a Cun Cu=0.1 Ri3 Rs = 100000 ohms, 0.5 watt 0.5 watt

uf gper R1=350 ohms, 0.5 watt R1s =2500 ohms, 0.5 watt
Cu=50 uuf . Rs R1s=50000 ohms, 0.5 watt  Ric=1 megohm volume con-
Cs Cyy =0.01 uf paper R4 R7 =5000 ohms, 0.5 watt trol
Cs =Oscillator padding con-  Rea =15000 ohms, 0.5 watt R1s =30000 ohms, 0.5 watt
denser R;s =30000 ohms, 1 watt R =400 ohms, 1 watt
Cre =100 puf R¢ =50000 ohms, 0.5 watt T1 T =I-f transformer
Cra=10 uf electrolytic, 25 v. Re =400 ohms, 0.5 watt Ta=Output transformer; pri-
Cu =0.25 uf paper, 400 v. R = 75000 ohms, 0.5 watt mary impedance, 7000 chms
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(14-2)

SUPERHETERODYNE RECEIVER FOR A-C OPERATION
With Single-Tube Inverse-Feedback Power Amplifier

A~F AMPLIFIER
TYPE €45

1-F AMPLIFIER
Tvoe ssk7 ke

AN
Py
) Ca2 M

e LT
s

2ecaa

R-F AMPLIFIER DIODE DETECTOR, AVC

TYPE 65K7
<t

PENTAGRID MIXER
TYPE 6L

L
<2

L)

D
FAAAAAT
f=
Ol
o=

+

Tcoa

OSCILLATOR
TYPE 6J5

TUNING
INDICATOR
TYPE 6US/ 0G5

POWER
AMPLIF IER
TYPE 6L6

R2%
* M W
£153 V.

Q+250V

L+264V.

I
<+

C: -50 to 200
Cy Ci Cur -éanged tuning
condensers, 365

C: Ct Cis Cas Cu éu =0.05 uf

Co C- Cu =0.25 uf gaper
CuCu C-- 1 uf paper

Cu Cn =100

Cn -Oncxllator paddmg con-

Cu Cu =0.01 nf
Cu Cu =50 lg
Cll( tCu Cs2 Caa =8 uf electro-
ytic
Ca -10 £ eleclr:ogtlc. 25 v.
Cu -l g per,
Cu =0. paper, 400 v.
Con =25 u electrolytic. 25v.

Ri R Ri¢ =100000 ohms, 0.5

watt
Rs Rj; =2000 ohms, 0.5 watt
R4 =260 ohms, 0.5 watt
R =3300 ohms, 0.5 watt
Rs¢ Rr R1¢=50000 ohms, 0.5
watt
s Ry =20000 ohms, 0.5 watt
Ru =2 megohms, 0.5 watt
Ris R Riy =1 megohm, 0.5
watt
Ris =200000 ohms, 0.5 watt
Ris =27000 ohms, 0.5 watt
Ru=1 megohm volume con-
trol with tap at 250000 ohme
for tone compensation
Ry =900 ohms, 0.5 watt

R21 =2000 ohms, 0.5 watt

Ra1 = 90000 obms, 0.5 watt
Ras =10000 ohms, 0.5 watt
R =170 ohms, 2 watts

Ras = ohms, 5 watts

R =25 ohms, 0.5 watt
Li1=20 henries, 100 ohms,

120 ma.
Ls=500 ohm speaker field,
8 watts
T Ty =I-f transformer
Ty =Input transformer
Ts=Output transformer; pri
mary impedance, 2500 ohms
T = Power tradnsformer,
300-0-300 volts RMS,
120 ma. d.c.
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(14-3)

TUNED R-F RECEIVER WITH AVC AND INVERSE FEEDBACK
POWER AMPLIFIER

9
Class AB, 6L6s
R-F AMPLIFIER R-F AMPLIFIER R-F AMPLIFIER DIODE_DETECTOR, AVC,
TYPE 6L7 TYPE 6L7 TYPE 6L7 Aumo AMPLI&F’IER * TYPE 8.8
] TYPE 6R 1
c R2g9
30 -
é c2! = ‘
5 28 A
&
>
2 ?'Q[_? %, L}
< Ri3 T:'
Rif R 3 czof -
2, iw
K .
$ 3 $ 4 3 ==‘ecﬂ' 2 l TYPE L6
>
T Rap2 $Tew oty s y
v ]
R23 /
VANV =\
TYPE 8ES 1]
o= 2 faasy
V) b
Casly ‘;-'%IQ'IV.
- >
a;,;: V.
2
C =50 to 200 Rs Ry Ru-275 ohms, 0.5 watt  Rw R =50000 ohms, 1 watt

GG d(e:“ [o% -Ganzed tuning Ra % xﬁ - 100001 Zw%hml:' 1 waté 113" -2(1,2ms. }%0 watg
condensers, - ohms, 0. - ohms,
O 508 s pa G O R'waiz” 11. hm, 0.5 watt L. 20(1)500 hm speak ﬂeld,
=0, per =1 megohm, wa - ohm speaker
Cc é’l Ce Cx‘o‘ u Cys Cuy Cnr R::-E:(')OOO Ohglg, 0.5 watt ’7

Cis Cu Cs1=0.1 uf paper Ris =200000 ohms, 0.5 watt T -Input transformer

Ca1 Cys =100 f Ry =640 ohms, 0.5 watt class AB: 6L6°s with Bp!it
Cua =10 uf electrolytic, 25 v. Rw=1 megohm volume-con- secon for inverse feed-
Cu =Tone-compensation con- trol potentiometer with tap back. tio pri. to M

denser, 0.01 uf at 250000 ohms for tone sec. =1:1
Cas=1 uf, 400 v. compensation T3 =Output mmformer,
Css =See ne R =Tone-compensation re- gzate-to-plam load,
C. -25 pf electrol 25 v sistor; 27000 ohms, 0.5 watt hms

Ciu Coy Cyym f electro- Ry ohms, 1 watt Ts =Power transformer,

l c. 475 v R Ry =2 megohms, 0.5 watt 425-0-425 v. RMS,
Ri1 R‘ Ru Ris =100000 R Ry =5000 ohms, 0.5 watt 200 ma. d.c.

ohma, 0 5 watt R =200 ohms, 5 watts

Note: Condense; be required to suppress parasitica. f.imum value ranges from
0.00001 to 0.005 uf |nd lhould L detmgmmed by t’:nt Op e
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(14-4)

"AC/DC SUPERHETERODYNE RECEIVER

PENTAGRID DIODE DETECTOR,AVC, POWER
CONVERTER I-F AMPLIFIER AUDIO_AMPLIFIER AMPLIFIER
Y TYPE 12SA7 TYPE 125K7 TYPE 125Q7 g TYPE 35L6-GT
it
& L Ci3 J.
< A l‘cls
T
- ! Cio Ciq
=
ch - Ta
J. v 7 3 ] Rs Riy
R32 LC
I g I &)
:
Lcs R PM
‘L SPEAKER
v CHASSIS
RECTIFIER
TYPE 3524-GT
TYPE TYPE . TYPE X Ly
12SK? 35L6-GT  3524-GT 4+ FUSE 0
13 N7 V. th b
wee  tvee N2 AC.OR Tee “Ter -Tcw
128A7  125Q7 0C i
Y TSy
C1=500 . Cis =0.025 uf . Ri: =150 ohms, 1 watt
Cs Cr= tuning con- Cu Cu=40 puf electrolytic, ~ Ris=Lamp-cord resistor;

4 =V,

B
Cs Cs C14 Cre =0.1 uf paper
uf paper

50 v.
Ri1 Ry =250000 ohms, 0.5 watt
Ri =20000 ohms, 0.5 watt

73 ohms, 3 watts
T Ty w455 ke. i-f transformer
Ts=Output transformer; pri-

Cs =50 yﬁf Ry =260 ohms, 0.5 watt mary impedance, 2! ohms

Com ator padding con- R(=2 megohms, 0.5 watt L1 =200 ohm filter choke; in-
denser Rs Ry= ohms, 0.5 watt ductance as large as prac-

Cy=0.05 %aper Re¢=250000 ohm potenti- tical i

Cu Cu1 =250 puf ometer S =S.P.S.T. line switch, mount-

Chs =0.005 Ry =10 megohms, 0.5 watt ed on shaft of Ry

Ci1s =0.01 uf paper Ry =0.5 megohm, 0.5 watt Fusg =125 volts, 0.3 ampere

(14-5)

NON-MOTORBOATING RESISTANCE-COUPLED AMPLIFIER

TYPE 647

Voltage Gain, 9000

TYPE 6SJ7

C1 Ci=8 &fi electrolytic, 25 v
Cs Cs =0.06 uf, voltage rating
as high as voltage supply
C» Cs =0.006 uf, voltage rating
as high as voltage supply
Ry =Volume-control potenti-

ometer
Ris Ry =600 ochms, 0.5 watt
Rs Ry Ro= ohms, 0.5
watt
R¢ Ry =100000 ohms, 0.5 watt
R;s =500000 ohm volume-con-
trol g)tentiomemr. ganged
with Ry

O +150 TO 450 V.

F =Decoupling filter

NOTE: Values of resistance and capacitance shown in this circuit are taken from the chart
n the Resistance-Coupled Amplifier Section. The values in this chart are chosen to give a sharp
low-frequency cut-off and, thus, to minimize tendency of multiple sta to motorboat. Three
or more stages, including power stage, operated from a common B supply may require a decoup-
ling filter in the plate-supply leads of one or more of the voltage ampr er stages. The constante
of pling filters depend on the design requirements of the amplifier.
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RCA RECEIVING TUBE MANUAL

(14-6)

MINIATURE-TUBE PORTABLE SUPERHETERODYNE RECEIVER
Using 45-Volt “B” Supply

FENTAGRID
CONVERTER
TYPE IRS

EXTERNAL
ANTENNA

=

‘GROUND'

LOOP ANTENNA

B R1
CHASSIS M '_J -
Sy | i) €9 2py
Ca ‘_S__
E { A7 BATTERY DRAINZ 250 MA.
2 _2 % % 2 B°BATTERY DRAIN=8.9 MA. (APPROX.)
L5V, 45V.
C1 Ci=0.00041 uf ganged tun-  Ciy Cya =100 upuf Ry = 50000 ohms}
in : condensers & C:: -(‘)'.0025 uf R: =1 megohm potentiometer
Camb yuf* Cis =0.0005 uf Ry =3 megohml?o
Ca =50 puf C1e =0.002 uf Ry =1 megohm: .
Cs =420 puf padder Ri1 Ry = 100000 ohmsg S =Ganged D.P.S.T. switch
Cs Cv C14=0.1 uf paper Ra =500 ohma} Ts=Qutput transformer; pri-
Cy Cu=0.05 uf)lpaper R« =10 megohms} mary impedance, 8400 ohms
Co =8 uf electrolytic, 50 v. Rs Ruy=2 megohms3

* C, is necessary only at frequencies higher than 5 Mc.
$ All resistors can be of the 0.5 watt ty%e.

(14-7)

CLASS B AMPLIFIER FOR PORTABLE USE
Power Output 10 Watts*

CLASS B
ORIVER AMPLIFIER
TYPE 8N7 TYPE 6N?7
T TYPE 65F5
M
oo

¥ Lefier

C1=5 uf electrolytic, 25 v. Ry «50000 ohms, 0.5 watt

Cim4q giselectrolyuc, 25 v. Re =»100000 ohms, 0.5 watt

Ci=0 uf . R7 =900 ochms, 0.5 watt

Cy =25 uf electrolytic, 25 v. M = Double-button micropt

R =500 ohm wire-wound potentiometer S =Microphone and heater switch
R: =500000 chm potentiometer Ty =Microphone input transformer
Ra=1300 ohms, 0.5 watt . T3 =Class B input transformer

R¢ =100000 ohms, 0.5 watt

Ty =Class B output transformer
® Peak sigoel input voltage to 6SFS grid is 0,15 volt, for full power outpas,



RCA RECEIVING TUBE MANUAL

(14-8)

BATTERY-OPERATED SUPERHETERODYNE RECEIVER
With AVC and Class B Audio Amplifier

DIQDE DETECTOR, AVC, AUDIO POWER
leO AMPLI?IER * AMPLIFIER AMPLIFIER
TYPE IG6-G

PENTAGRIO
R-F AMPLIFIER ONVERTER
TYPE INSG ¢

TYPE AT-G ) TYPE 164G
& = 22
c20 A &3)
Ta
s hrY
g » I
Ri3 B
=1 130
C st
W I 2 350 MA,
- col#2T o ATERY AAin = A
= " Cul m
sy, Tonmons | IR
C1=0.0001 to 0.01 uf Cy =0.01 uf Ru=10 hms}
Cs CiCn -Ganzed tuning con- C:: =8 uf electrolytxc. 100 v. Ru -250&80
densers, 365 uul 1 Ry =5000 oh Ris =1 megol
Cs Cv Cu Cy -0 05 uf paper R: -10000 chms} T1Ta -l-f trl lormer,
Ci C3 Cs Cy C1e=0.1 uf paper Ry Rq =100000 ohms} 456 k
Cu -Olcﬂlntor padding con- R =200000 ohms} Ts -Clun B input transformer
dense Rs = 70000 ohms} Te=Class B output trans-
Cia =50 unf Rs Ru1 Ris =2 megohmat former; plate-to-plate im-
Cu Cu =100 Ry =50000 ohms3} pedance, 12000 ohms
Ci: Cus -6"005 uf Ri1s=250000 ohm potenti- S =Ganged D.P.S.T. switch
Cu =250 puf ometer

3 Resistors are 0.5 watt size.

(14-9)

TWO-CHANNEL AUDIO MIXER
Voltage Gain From Each Grid of 6SC7 to Output is Approximately 15

TYPE 65C7
OUTPUT TO
INPUT N2t €2 NEXT STAGE
Rg Rs
° > Re
R2 R3
INPUT N22 hg R
Ci' T -
+2%0 V.
Ci1=8 uf electrolytic, 25 v. Ry =2000 ohms, 0.5 watt R+ Rs Re =1 megohm, 0.5 watt
Cy =0.005 uf paper, 400 v. Ri Ry =250000 ohms, 0.5 watt



RCA RECEIVING TUBE MANUAL

(14-10)

BATTERY-OPERATED SHORT-WAVE RECEIVER

. 1.4-Volt Types
R-F AMPLIFIER DETECTOR POWER AMPLIFIER
TYPE INS-G TYPE INS-G TYPE 1C5-G
g .
ANTENNA
SYSTEM o
R
vv‘;, % o
R7
Sy S2
{ ) {
At A= B- +90V.
Ci1Cs -100 upf midget Ri1 =100000 ohms, 0.5 watt R4 =600 ohms, 0.5 watt
Sa Cr= uf mid| et Ry=2t0 5 me%:)hms. 0.5 watt  Rq =30000 ohms, 0.5 watt
2 Ce Cs d‘| -00 Ra =0.25 megohm, 0.5 watt LiLs =8 mh, r-f choke
Cs Cp =0.00025 Ry =0.5 megohm potenti- Ln =300 to 500 henry a-f choke
G =1 ometer Th -Output transformer; pri-
Cis =0.002 uf R; R; =50000 ohm potenti- dance, 9000 ohms
Cra=8 uf electrolytnc. 100 v. ometer S -Gan D.P.S.T. switch

(14-11)

A-C OPERATED REGENERATIVE SHORT-WAVE RECEHVER

TYPE 65K7 TYPE 6SK7

ANTENNA,
SYSTEM

R=F AMPLIFIER DETECTOR ‘A-F AMPLIFIER POWER AMPLIFIER
TYPE 6C5 TYPE 6F6

é T2
SPEAKER

!
'
b
=
.__\/\;9 |3t
O+250V. Ru 8-
Cji Cs =36 puf mi R3 =100000 ohms, 1 watt Ri1a =670 ohms, 1 watt
Ca Cy =100 ppuf mi ¢et R4 =60000 ohms, 1 watt Sy =S.P.S.T. switch
G CiCr= 6' D e ma 0.5 watt I =8 mh. r.f choke
Cs=0.0 R¢ =250000 ohms, 1 watt Ls =300 to 500 henry a-f choke
CeCn -0 06025 uf mica R7 =1 megohm, 0.5 watt T =Interstage a-f trans-
Cuml pu R3 =1000 ohms, 1 watt former
Ciy=8 f' elect.rolytxc, 25 v. Ry =15000 ohms, 5 watts Ts -Out_put transformer; pri-
Cis -16‘l uf electrolytic, 25 v. Ris =50000 ohm potentiome- mary im,; nee, 4000 ohme
R3 =250 ohms, 0.5 watt ter, regeneration control X-X =]Insert double-circuit
Ry =10000 ohm wire-wound R =5000 ohms, 1 watt *phone jack here
potentiometer Rus —50003]0 ohm volume
contr
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(14-12)

CLASS A, AUDIO AMPLIFIER FOR USE ON 115-VOLT D-C LINE
Power Output, 4 Watts*

Ci1 Cy=0.006 uf
PHASE INVERTER seau PoweR 8: :25 uf d““dytk- 25 v,
PE 1257 TYPE 50L6-GT Cl -2 “‘

150 v
a m2 uf electrolytic. 150 v.

I:;JT Cr =4 uf electrolytic, 150 v.
_L‘ SPEAKER Rc;:fggl)oo ohm volume
o——f C4 Rs =4000 ohms, 0.5 watt
Ry Ry =250000 ohms, 0.5 watt
Rg R4 = 475000 ohms, 0.5 watt
T Rs=16000 ohms, 0.5 watt
] R = 500000 ohms, 0.5 watt
ivs Ra =70 ohms, 1 watt
. Re =4000 ohms, 2 watts
R3 Ry T BEAM POWER R1s =33 ohms, 1.0 watt
—’— TAMPLIEIER Lll-zglxl:i:r cggteﬂ 10 henries at
i Lnd- Speaker field, 115 volts
$IRE - 50L6-GT  S0Le-GT  125C7 T -Output transformer, plate-
L ~ to-plate load 3000 ohms
-TC T
o— ° i *Signal voltage input for full
[ power output=0.25 volt
bcrassis peak.
(14-13)
HIGH-POWER AUDIO-FREQUENCY AMPLIFIER
Class AB, 6L6's, Output 45 Watts
HIGH-POWER AUDIO-FREQUENCY AMPLIFIER
CLASS AB2 6L6'S, OUTPUT 55 WATTS
s
]J
e, ig
I
‘s
oa
FUSE —3%
r;-“-‘-; '
i e
§ L3
= Ccs
L I “1Ca |
oL
v e
Ci1Com=25 p( electrolytxc, 25v. R¢=50000 ohms, 5§ watts T1=Input tranaiormer for
Ce=0.035 pf, Ry =3500 ohms, 30 watte class AB: 6L6’
C -14 uf electrol 450 v. Ry =200 ohms, 5 watts Ts -Output tranliormer.
C4 Cys =8 uf electrol lyt 450 v. L. =5 henries at 220 ma., plate to-plate Joad 3800
Rj=0.5 megohm, 0.5 watt 50 ohms or less ohm
Ry =650 ohms, 0.5 watt Ls =20 henries at 150 ma., Ty Ty -Power transformer?®
Rs =5000 ohms, 20 watts 100 ochms or less
Ty =440-0-440 volts RMS, 175 ma. d.c. T =315.0-315 volts RMS, 150 ma. d.c.

NOTE: Peak signal voltage (e) for maximum power output is 18 volts.
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(14-14)

A-F YOLTAGE AMPLIFIER WITH SIGNAL MIXER, MASTER MIXER
AND COMPRESSOR-EXPANDER

OUTPUT OF OTHER
INPUT MIXER INPUT MIXERS ~ MASTER MIXER
TYPE 6L7 OR 1612 TYPE 6L7 OR 1612 T

Cail

A-F
INPUT

TO
PHONO
PICKUP

TYPE 6L7 OR 1612

COMPRESSOR-
EXPANDER

83 v,
Jr R2s .Lc,_-, so-eov.| R2s | | N l
T .i AWV LO.QM Iczz Cis
r [ 1
BYS'A
-8 +300V. AC.
Ci Ci Coe Cio Cit Cu1s Cis Cis Re R1e =250000 ohm potenti- Rygm1 hm potent i
Ci17 Cis Cw Cy1 =0.05 uf ometer Ri7 = Bleeder resistor. Tapped
C1 Cs=0.25 uf Ry Ry =1000 ohms, 0.5 watt at 50 to 60 volts to provide
CiCiCy Cra=8 pf Rs Rr Ris Ri7 =30000 ohms, heater-circuit bias
Cy=0.0015 uf 0.5 watt R = 100000 ohms, 0.5 watt
Ciy=0.5 uf Rs Rj;3 =150000 ohms, 1 watt R =5000 ohms, 0.5 watt
Cig =4 uf Rs Ry R2=300000 ohms, 0.5 S; =Music-speech switch,
Cap=0.1 of watt S.P.S.T.
Ri=50000 ohms, 0.5 watt Rio R =50000 ohms, 0.5 watt S: -Exf)and-compreu switch,
R: Ris=1.2 megohms, 0.5 Ri1 - Ry =100000 ohms, 0.5 D.P.D.T.
watt watt Ss = Phonograph switch; close
Rs Ris=820000 ohms, 0.5 Ry = 150000 ohms, 0.5 watt when phono is not in use
watt Ry =500 ohms, 0.5 watt Ti1=Microphone input trans-
Ri1s = 40000 ohms, 0.5 watt former

Notg: Potentiometer Rq controls the bias on grid No. 1 of the input mixer stage and thus
controls the gain of this stage. When the contact is at the cathode end of R4, gain is at maximum.
Because the leads to Rs do not carry a-f voltage, R« can be connected to the circuit through a
long cable for remote control. Potentiometer R controls the no-signal gain of the master mixer
stage. When the circuit is to be used as a volume expander, the contact should be set at the
ground end of Ri«; when it is to be used as a compressor, the contact should be set at the cathode
end of Ru. The degree of expansion or compression can be controlled by Rss. Maximum expan-
sion or compression is obtained with the contact at the positive end. 1 and Rae can also be
cennected to the circuit through cables for remote control.
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(14-15)

MICROPHONE AND PHONOGRAPH AMPLIFIER
With Phase Inverter and Vacuum-Tube Mixer*

Power Output, 10 Watts

!

TYPE 2A3

con

f2

C7  Type sT4
2 400V.
S _RMS
> 400V.
S RMS

+472 V.

C1 =10 uf electrolytic, 25 v.
Ca=0.1 pape.r.y4t00 V.

Cy =0. uf paper, 600 v.
C44(5:6| =8 uf electrolytic,

v.
Cs Cy =0.01 uf paper, 600 v.
Cy =50 uf electrolytic, 100 v.
Cs Cy =8 uf electrolytic, 250 v.
Cu =8 uf electrolytic, 475 v.
Cis =25 uf electrolytic, 25 v.
Ri=1 megohm potentiometer
Ri1=0.5 megohm, 0.5 watt
Ry =20000 ohm potentiometer

R4 =800 ochms, 0.5 watt

R =1.2 megohma, 0.5 watt

Ry =0.25 megohm, 0.5 watt

Ry =50000 ohms, 0.5 watt

Re=0.5 megohm potenti-
ometer

Rym ohms, 0.5 watt

Ris Ru1=0.1 megohm

Ri2 Rjp = 0.27 megohm

Ru=l ohms, 0.5 watt

Rus =780 ohms, 10 watts

Rie =20000 oh: 15 watts

Ty =Power transformer;
400-0-400 v. RMS, 100 ma.

TYPE 2A3
+Cs ‘l-
“=Cio +Cn R
-Leg + [
+
Ly L2
[ Py L, +360 V.
=12 Vb 100 V. o

T2 =Output transformer; 5000
ohms plate-to-plate impe-

dance

Li=Filter choke; 12 henries,
120 obhms, 100 ma,

Ls BSpuker field; 1000 ohmes,

10 watts

Ji=Jack for high-impedance

tal microphone input,

0.023 peak volt

Je=Jack for high-impedance
crystal phono pickup input,
0.6 peak volt

X =Shielded lead

* Voltage gain of microphone channel up to 2A3 grids is better than 2700.
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(14-16)

SLIDE-BACK VACUUM-TUBE VOLTMETER

Ranges 0-25 V. and 0-250 V.
TYPE 954 i nrv.
20MA7|+390 V. } 80~ %
FUSE
120V. Tl T2 ’
U ————] ==
10V, 0
6.3V. 83V
ov. | TYPE 80 3] Fa
Ry
Rg
V. 250V
= ==, Tt
Cg 6 220V. cs “c-,
Ci=4 uf paper, 400 v. R(=6000 ohms, 5 watts S -G&?&ed D.P.D.T. switch
(low-leakase) R =500 ohm wire-wound lin- V =1000-chme-per-volt _volt-

Cs C3 Cy=0.01 uf mica ear potentiometer, 2 watts meter, 0-25 v. and 0-250 v.
Cu=0.25 uf paper, 200 v. Ry= ohms, 1 watt scales
Cs =8 uf electrolytic, 350 v. Ry =3000 ohm wire-wound lin- T =Midget power trans-
Cy =30 uf electrolytic, 450 v. ear potentiometer, 2 watts ormer
Ri =2 megohms, 0.5 watt R =22000 ohms, § watts T =Midget filament trans-
Rim= ohms, 0.5 watt Ry =25000 ohm wire-wound former
Ra =500000 ohms, 0.5 watt linear potentiometer, -

4 watts

Nore: If the 954 is mounted at the end of a shielded *‘goose-neck’” probe, C: can be monnteg
on the main chassis Ri, Cs, and Cs should be mounted close to the 954 socket. For “zero’
adjustment of the 6E5, short the 954 input terminals, set Ry or Ry 8o that “V* reads zero volts,
and adjust Ry until the 6E5 “eye is just closed. The d- or a-c voltage to be measured will cause
the eye to reopen. Then adjust R; or Ry until the eye is just closed again. “V’ will then read
the d-c or pesk a-c value of the input voltage. The V-T voltmeter requires calibration only for
very low values of a-c input voltage.
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Outlines—Glass Tubes (Continved)
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SUPDPIeBIOT .. .ovivveivrriionnecannsen

Tables and Charts
(see Charts and Tables)
Testing Radio Tubes .................
Tetrode Considerations ...............
Transconductance:
CONVErsion ..........ooevnvuuinennnns
grid-plate ...........co it
Triode Considerations .......... cesane
Tube:
materials chart
ratmg- m

Voltage:
amplification, class A...............
doubler rectifier.......c.c00iverennn
peak inverse.........vi00nenninanns
SUPPIY. .. oviiiieninvannn
Voltage Conversion Factor......... vee
Volume Compressor..........on0evunn
Volume Control:
AULOMAtIC, . vovvreinseniernernnanen
by grid-voltage variation. .e
by screen-voltage variation . .
Volume-Expander. ...................
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Recently Added Types

@& POWER AMPUFIER PENTODE
0. The 1A5-GT/1AS5-G is a power amplifier

prighe s Lot B om e JAS-GT/

ut sta
receivers. gGT A5-G mpeneden
r(2) % (De- Dot the 145G snd the TABGT.
G3 electrical characteristics identical to thme of

the 1AS5-G. Physical characteristics
NCT KEY TNe uhown in Fig. 2-8, OUTLINES SECTION
G-6X The tube may be mounted in any N

PENTAGRID CONVERTER

The 1B7-GT is a multi-electrode tube of
the 1.4-volt filament type designed for use as
a combined first detector and oscillator in
superheterod: reeewen. Physical charac-
teristics are n in Fig. 2-5, OUTLINES
SECTION. The tube may be mounted in
any position.

CHARACTERISTICS

FiLaMENT VoLTAGE (D.C.) . e e e 1.4
FILAMENT NT . 0.1
DiRECT INTERELECTRODE Cumcrrmcns =
Grid No. 4 to Plate 0.34
Grid No. 4 to Grid No. 2.’ 0.26
Grid No. 4 to Grid No. 1.. 0.12
Grid No. 1 to Grid No. 2. .. 0.9
Grid No. ltoAIIOt.herElectrodee-RFI ?
Gr(i;igio 2 to All Other Electrodes Except Grid No. 1 (Osciltator 42
u .
Gndlg"l 1 to ‘Ali'Other Electrodes Except Grid No 2 (Oucillawr 4
PlateToAllOtherElectrodes (MlxerOutput) 75
TYPICAL OPERATION:
Plate Voltage 920
Screen Voltage . ...... 45
Anode-Grid Voltage. ............. 90
Control-Grid Voltage (Grid No. 1). 0
Ogcillator-Grid (Gnd No. l) Resistor . 0.2
Plate Current. e aa 1.5
Current . . 1.3
Anode-Grid Current 1.6
Oncillator-Grid Current .. 0.035
Plate Resistance. .................. 0.35
Conversion Transconductance. . 350
Control-Grid Bma for conversion tramconductance of 2 mlcromhos
(approx.). . 145

* With clooe—ﬁtting lhield connected to negative ﬁlament terminal

@& POWER AMPLIFIER PENTODE
"G The ICS.GT/ICE-G is 2 power amplifier

1A5-G

1B7-GT

e e el st G s 1C5-GT/

receivers. e 1C! GTIIC&G 8] es
1C5-G. ectrical

r+;-- both the 1C5-GT and

G3 cha:actenstwa are the same as for the 1C5-G.
! o Dimensions are shown in Fig. 2-8, OUT-
NC T KEY Tne LINES SECTION. The tube may be

G-6x mounted in any position.
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1DS-GT

SUPER-CONTROL R-F AMPLIFIER
TETRODE

The 1D5-GT is a super-control r-f amplifier

tetrode of the 2.0-volt tgpe for use in battery-
operated receivers. Physical characteristics
are shown in Fig. 2-15, OUTLINES SEC-
TION. Vertical mounting is recommended;
horizontal operation is permissible if pins 2

and 7 are in a vertical plane

CHARACT ERISTICS

FILAMENT VoLTAGE (D.C) .. .. .. .. i e s

F1rLAMENT CURRENT . ...

DIRECT INTERELECTRODE CAPACITANCES: 770

Grid-Plate (with shield can) ... .. ..
Imput ........oovvven o

Output.’. .. .0 000000

As Class A; Amplifier

PLATE VOLTAGE. ... ...... ..t vnvnvn s . 1

SCREEN VOLTAGE. ..t oottt aeis s e ee e beu e ts ne e e '67.5
GRID VOLTAGE .. .. vv vt veennve oo s e nenennnnan ~3
PLATE CURRENT. . .. ii vttt it vtes vt e vt vn n s s e osae 2.2
SCREEN CURRENT. .. .. oi ot ivvhoe e en e e ot ie e i e s 0.7
PLATE RESISTANCE (ADPrOX.) .o ot e eronne e onneanonnn 0.35
TRANSCONDUCTANCE .. .vuvonvsnncnoses e arees 625
TRANSCONDUCTANCE (At -15 volts bias) . .. .............. 15

115-G

1LA4

1LA6

POWER AMPLIFIER PENTODE

The 1J5-G is a power amplifier pentode of
the 2.0-volt filament type for use in battery-
operated receivers. The filament current is
0.12 ampere. With 135 volts on both the
plate and screen and -16.5 volts bias, the
characteristics are: plate current, 7 ma,;
screen current, 2 ma.; transconductance, 950
micromhose. With a load resistance of 13500
ohms, the power output is 0.45 watt. Dimen-
sions are shown in Fig. 2-21, OUTLINES
SECTION. The tube should be mounted
vertically; horizontal operation is permissible
if the plane of the filament is vertical.

POWER AMPLIFIER PENTODE

The 1LA4 is a power amplifier pentode of
the 1.4-volt filament type for use in the out-
put staﬁe of battery-operated receivers. It
18 of the locking-base type and can be mounted
in any position. It is identical to the 1A5-G
except for physical characteristics. Dimen-
sions are shown in Fig. 2.4, OUTLINES
SECTION.

PENTAGRID CONVERTER

The 1LA6 is a multi-electrode tube of the
1.4-volt filament type. It is intended for use
as a combined mixer and oscillator in battery-
operated receivers. It is of the locking-base
t and can be mounted in any position.

jmengions are shown in Fig. 2-4, OUT-
LINES SECTION. Installation and a
plication are the same as for the 1A7-GT.
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2.0 Volts
0.06 Ampere
0.01 wuuf
4.4 nuf
10.8 nuf
180 Volts
67.5 Volta
-3 Volts
2.2 Milliamperes
0.7 Milliamperes
0.6 Megohm
650 Micromhos
15 Micromhos
G2 Gi
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*CHARACTERISTICS
FiLAMENT VoLTAGE (D.C.) .
FLAMENT CURRENT .
DIRECT INTERELECTRODE CAPACITANCES o

Gid No. 4 to Plate, ,
Grid No. 4 to dNo,Z
Grid No. 4 to Grid No. 1. ..

Grid No. 1 to Grid No. 2.
Grid No. 4 to All Other Electrodes (R-F Inp
Grid No. 2 to All Other Electrodes Except Grid No 1 é Output)
Grid No. 1 to All Other Electrodes Except Grid No. (Osc Input)
Plate to All Other Electrodes (Mixer Output) .. ..

* With close-fitting shield connected to negatwe ﬁlament
Converter Service

[
or
5

)
PWNOLO0
cLwNBGwW™

Maximum ratings and typ:cal operation for the 1LA6 are the same as for the 1A7-GT except
that the plate resistance is 0.75 megohm, conversion transconductance for control-grid bias of

-3 volts is- 10 mictomhos, and the series screen-voltage resistor is 45000 to 75000

INTERNAL
NECTION | NC

POWER AMPLIFIER PENTODE

put stage of battery-operated receivers.
teristics are shown in Fig. 2-4, OUTLI

the 1D8-GT.

DIODE HIGH-MU TRIODE

operated receivers. "It contains a single di

combined detector and amplifier. It is

istics are the same as for the 1H5-GT

R-F AMPLIFIER PENTODE

Y CHARACTERISTICS
FraMenT VoLtacE (D.C)) . e e e e ee te e e e e e e
FILAMENT CURRENT .
GRID PLATE CAPAanncni
INPUT CAPACITANCES .
UT CAPACITANCE . .

St The 1LB4 is a power amplifier pentode of
the 1.4-volt filament type for use in the out-

It

18 of the locking-base type and it can be
N¢ mounted in any position. Physical char%:cs-

SECTION. For' electrical characteristics,
refer to the data for the pentode section of

The 1LH4 is a multielectrode tube of the
14-volt filament type for use in battery-

and a high-mu triode, and is for use as a

of

the locking-base t and can be mounted
in any position. imensions are shown in
Fig. 24, OUTLINES SECTION. Except
for capacitances, the electrical character-

The 1LNS is an r-f amplifier pentode of
the 1.4-volt filament type for use in battery- .
operated receivers. It is of the locking-base
t and may be mounted in any position.

hysical characteristics are shown in Fig.
24, OUTLINES SECTION. Installation
x;nd aglpluntxon are ﬂmxlar to that of the

$ With close-fitting shleld eonnecbed to negauve ﬁlament termmal

As Class A, Amplifier

PLATE VOLTAGE. ... o0t ittt it e ie it e it ae s ee et i v v as
SCREEN VOLTAGE . . . .. ittt vt ve vt as e e reneonanan seanvean s
TYPICAL Orsu-rxon

Plate Voitage .

Screen Voltage e e ee re e e e e enar e e e e e e

Grid Voltage** e e e et e ee b eete e e e et e e e e

ateCurtent

Screen Curren

Plate Resmtance (Approx)

Transconductance

Transconductance with —4.5 volt bias_ (Approx.

* Circuit returns to negative filament terminal.
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1

1

ohms.

LB4

LH4

LN5S

Volts
Ampere

. pal

unf
unf

. Volts

Volts

Volts

Volts
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iamperes
hhgxlhal:npue
ms

Mfgr%mhos
Micromhos
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DIODE-POWER AMPLIFIER
PENTODE

The 1N6-G is a multi-electrode tube of the
- 1.4-volt filament type containing a diode and
a power amplifier pentode in one envelg})e.
Dimensions are shown in Fig. 2-13, OUT:
LINES SECTION. The tube may be
mounted in any position.

Y CHARACTERISTICS
FILAMENT VOLTAGE (D.C.) .. .ot ittt it i it i ve e s
FILAMENT CURRENT .. ...............

Pentode Unit—As Class A; Amplifler
PLATE VOLTAGE. . .. .. .0t it ciit it e et ee e ans
SCREEN VOLTAGE. . . c0 vttt vt tg et vt s s s et iiin o e ae e s
ToTAL CATHODE CURRENT FOR ZERO SIGNAL, . .. e0v vt cnvnennu s on
TyricaL OPERATION. and CHARACTERISTICS:

Peak A-F Grid Voltag
Zero-Signal Plate Current
Max.-Signal Plate Current.

Zero-Signal Screen Current .. .. .. ... iiiiiiiii i
Max.-Signal Screen Current. .. ...........ciciiiiiiiii i
Plate Resistance (APDProX.) . ... .. .o cv v vnvevecoonconecnseasan
Transconductance .. .. .. ... ot e vevncensvnrersnsrenecnsecsse
Total Harmonic Distortion .. .. ..........co oo en i i i e
Max.-Signal Power Qutput. .. .. .. .. ..ot inirciveoncnveensnss

Diode Unit

e@ >
@) G
g
NG~ KEY Tne
G-7AM
14 Volts
0.05 Ampere
110 max. Volts
110 max. Volts
6 Milliamperes
20 Volts
90 Volts
-4.5 Volts
4.9 Volts
34 Milliamperes
3.4 Milliamperes
0.7 Milliamperes
1.2 Milliamperes
0.3 Megohm
800 Micromhos
25000 Ohms
7 Per cent
0.1 Watt

The diode unit is independent of the pentode unit except for the common filament. The

diode is located at the negative end of the filament.

R-F AMPLIFIER PENTODE

The 1PS5-GT is a pentode of the 1l.4-volt

filament typefor use in ttery-o?eratedreceiv-

]PS-GT ersas anr-for i-famplifier. Installation and ap-
ication are the same as for the 1N5-GT.

'hysical characteristics of the 1P5-GT are

shown in Fig. 2-6, OUTLINES SECTION.
The 1P5-GT may be mounted in any position.

Y CHARACTERISTICS

FiLaMent YoLTAGE (D.C.)
FiLAMENT CURRENT . ............
GRID-PLATE CAPACITANCE* .
INPUT CAPACITANCE® . ... .tiviiiiiiiennrennnnranaronaanonones

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

As Class A; Amplifier

e‘

G

r+ r_
G3

SLTKEY ™NC

GT-5Y
14 Volts
0.05 Ampere
0.007 max. uuf
2.2 upf
10 uuf
110 max. Volts
110 max. Volts
90 Volts
90 Volts
0 Volts
2.3 Milliamperes
0.7 Milliampere
0.8 Megohm
750 icromhos
10 Micromhos
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G2 G|
. /o O BEAM POWER AMPLIFIER
e The 1Q5-GT/1Q5-G is a power am Ellaiﬁer of ]Q5‘GT /
%’fe %%—émi()hsfg nz.ua rs:ag’lt bothmetliae
P CRGASAV G 105GT and the 10500 T has electrical 1Q5-G
o ° and physi jstics identical with
KEY those of the 1Q5-GT.
NC NC
G-6AF
NC 9
") &) GAS-TRIODE
The 2A4-G is a grid-controlled, gaseous-
discharge tube of fil: t t It
r— intend t’o:'l uleo in relay?c%;ltl:ol yelt)leulpmenl: 2A4'G

designed for its characteristice. Physical
characteristics of the 2A4-G are shown in
Fig. 2-17, OUTLINES SECTION. The

NCKEY Ne 2A4-G may be mounted in any position.

G~559
CHARACTERISTICS*

FrLAMENT VOLTAGE (A.C.or D.C.) .......civvivinnnnnnnnnn. PN 2.5 Volts
FILAMENT CURRENT . . . 0uiiieenueeaneoennnsonnsenseenunannns 2.5 Amperes
PEAK INVERSE ANODE VOLTAGE. . .. .cvvvvnerrarseinrosnsnonsnen 200 max. Volts
PBAK FORWARD ANODE VOLTAGE. . .. cvuuvvevrineacasansssasenes 200 max. Volts
PEAK Vox.ucn BETWEEN ANY TWO ELECTRODES. . .....ccvvaveusn 250 max. Volts
PEAE ANODE CURRENT . ¢t vveveurereioensseaerassensnsnassnnsse 1.25 max. Amperes
AVERAGE ANODE CURRENT (Averazed over any period of 45 seconds) 0.10 max. Ampere
ANODE DROP...ivvuuriierteravosnseessosencsnssssosbosaasonas 15 Volts

* Filament voltage should be applied for 2 seconds before current is drawn from the anode.

A ELECTRON-RAY TUBE

(Indicator Type)

G
()

‘ The 2E5 is a_heater-cathode type of tube
ol designed to indicate visually, by means of

a fluorescent target, the effects of a control- 2 E 5
ling voltage. As such, it is useful as a con-
‘ venient means of lndlcatmg accurate tuning
o o of a radio receiver. Except for the heater
u rating of 2.5 volts and 0.8 ampere, the 2E5
H bas the same characteristics as the 6ES.
6R Dimensions are shown in F1g 2-19, OUT-

LINES SECTION.

DIODE-TRIODE-
R-F AMPLIFIER PENTODE

The 3A8-GT is a filament t of tube
containing a diode, a voltage amplifier triode, 3A8-GT
and an r-f amplifier pentode. ch unit is
independent of the others except for the
common filament. The filament is designed

ePerated from either a single cell

(parall arrangement) or two in
series (series arrangement).
W CHARACTERISTICS
FrLaMENT VOLTAGE (D.C.) . ......ciiiiiiennnennnnns 1.4 (parallel) 2.8 éuﬂw Volts
FILAMENT CURRENT . .. .\ vveeeeeeencnaanonnoananns 0.1 (parallel) 0.05 (series) Ampere
DIRECT INTERELECTRODE CAPACITANCES:®
Triode Umt—Gnd to Plate (approx.) .......covvenee resessanes 2.0 upf
rid to Filament (approx.) ..........c.... vesenen 26 puf
Plate to Filament (approx.)........ eeiisiaeeeans 4.2 puf
Pentode Unit—Grid toPlate .........ovevvueivreanannsaancnss 0.012 max. upf
IPUL. . o iiiit ittt er e teareeenas 3.0 nuf
Output..... taeersnsersbescanraeseseansssesene 10 unf

® With cloee-fitting shield connected to negative ﬁlament termmal
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MAXIMUM OVERALL LENGTH. . .. covviiiinvacnnorcneans PN 35"
MAXIMUM SEATED HEIGHT......... teserisuaacecaransas . 28"
MaxiMUM DIAMETER .. .....c0000ene . : 14"
BULB. .. .iiiitiiinet e iiittataranorosertroaas e, T-

AP ........................................................ kirted Miniature
BASE.......0000ivieennenn sesesserareiardeteannnne [P Intermediate Shell Octal 8-Pin
Mouu'rmc POSITION. . ....... tereeeesesesterenentarranetnrana Any

Triode Unit as Class Ay Amplifier

PLATE VOLTAGE. . .. o. ottt ittt vt vt et ie it isseoean e onannnan 110 max. Volts
TypricaL OPERATION: .

Plate Voltage .. 90 Volts
Grid Voltage*, . 0 Volts
Amplification Factor 65
Plate Resistance (Approx) . . 0.2 Megohm
Transconductance ., 325 Micromhos
Plate Current. ... o. oo vttt vr i oo e necnuevecrvosennosonnnes 0.2 Milliampere
Pentode Unit as Class A; Amplifier .
PLATE VOLTAGE . .. . ottt et vste vt ve aevs oo e nesunnonannenenens 110 max. Volta
SCREEN VOLTAGE. 110 max. Volts
TYPICAL Ornunon -
Plate Voltage . .. 90 Volts
Screen Voltage 90 Volts
Grid Voltage*. . . 0 Volts
Plate Resistance (Approx ) 0.8 Megohm
Transconductance 750 Micromhos
Plate Current. 1.5 Milliamperes
Screen Current. .. . 0.5 Milliampere

Diode Unit

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

* Grid voltage for the parallel-filament arrangement is referred for both triode and pentode
to pins 2 and 7 connected together; for the series-filament arrangement, grid voltage for the triode
is referred to pin 7 and for the pentode to pin 1.

POWER AMPLIFIER PENTODE

The 3Q4 is a miniature type of po
tghﬁer pentode which is suitable for uu
90 volts on both the plate and u:recn.

and thus provides relatively high
output. The 3Q4 has a center-tap ﬁla-
ment so that the tube may be used with a
1.4-volt battery supply or in series with other
miniature tubes -having 0.05-ampere fila-

ments. Physical characteristics are shown
in Fig. 2-2, OUTLINES SECTION. The 78A
tube may be mounted in any position.
Y CHARACTERISTICS
Series F |Iam¢m Parallel Ftlamnl
7 g rrang
FILAMENT VOLTAGE (D C) 2.8 1.4 Volts
FI1LAMENT CURRENT . 0.05 0.1 Ampere
As Class A, Amplifler
PLATE VOLTAGE. . 90 max. 90 max. Volts
SCREEN VOLTAGE, . 90 max. 90 max. Volts
ToTAL CATHODE CURRENT 6 max. 12 max.  Milliamperes
TYPICAL OPERATION and CHARACTERISTIC
Plate Voltage 90 85 90 Volts
Sa-eenVoltage Cer e 85 90 Volts
Grid Volta -4.5 -5 -4.5 Volts
Peak A-F nd Voltage e es e e 4.5 5 4.5 Volts
Zero-Signal Plate Current . e e ee s 7.7 6.9 9.5 Milliamperes
Zero-Signal Screen Current .. ..o 1.7 1.5 2.1 Milliamperes
Plate Resistance (Approx.) ..........c.ovv.. 0.12 0.12 0.1 Megohm
TranscondUCLANCE . .. ..vvr v v ve vrseoeanos 2000 1975 2150 Micromhos
Load Resistance. Ceeriesressasee.. 10000 1 10000 Ohms
Total Harmonic Distortion . . .. ............ 10 7 Per cent
Max.-Signal Power OQutput .. .............. 0.24 0.26 0.27 Watt
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POWER AMPLIFIER PENTODE

The 354 is a miniature type of power
amplifier pentode designed for use in the out-
put_stage of compact, _lighg-wgizh%aponable
e%tgpment. Construction is like that of the
1R5. The 354 has characteristics similar to 384
those of the 154, but it has a filament which
permits tion with either series connec-
tion on 2.8 volts or parallel connection on
1.4 volts. Dimensions are shown in Fig. 2-2,
OUTLINES SECTION. The 354 may be
mounted in any position.

CHARACTERISTICS
Series F ilament Parallel
Fn.mmeoL‘me(D.C.).........;................“ "2, 14 Volts
FILAMENT CURRENT o4 o s s seor et asoansssnssessessens 0.05 0.1 | Ampere

As Class A; Amplifier

i,
PLATE VOLTAGE. . .« 0 ve s tuvsoeonossn . 67.5 max. 67.5 max. Volts
SCREEN VOLTAGE . . o+« o vo os o ss sy oo ss s sosss N 67.5 max. 67.5 max. Volts
ToTAL CATHODE CURRENT FOR MAXIMUM SIGNAL 9.5 max 11 max. Milliamperes
ToTAL CATHODE CURRENT POR ZERO SIGNAL. . . .. ...... 7.5 max. 9 maex. Milliamperes
TypicaL OPERATION and CHARACTERISTICS—Class Ay Amplifier:
Plate Voltage 67.5 67.5 Volts
Screen Vol . 67.5 67.5 Volts
Grid Voltage*. . -7 -7 Volts
Peak A-F Grid Voltage. . .. .. oo oo vviviinanaenee 7 7 Volts-
Zero-Signal Plate Current ... ... oo et ie et 6 7.2 Milliamperes
Zero-Signal Screen Current .. ... es 1.2 1.5 Milliamperes
Plate Resistance (APPrOX.) « ..o ov oo oo ns s o 0.1 0.1 Megohm
TranscONAUCLANCE | «o o oeevee co s oo aeaoansetnssvsns 1400 1550 Microm!
Load ReSIBtANCE . . .. vt cvvnseerorsennesercoonnnes 5000 5000 Ohms
Total Harmonic Distortion .. .. cocevncavvivoneens 1 10 Per cent
Max.-Signal Power Output .. .. .covvveeneacseense 0.16 0.18 Watt

* For series filament arrangement, filament voltage is applied between pins 1 and '7; grid
voll is referred to pin .1, For parallel filament arrangement, filament voltage is applied between
pins 5 and pins 1 and 7 connect together; grid voltage is referred to pin 5.

FULL-WAVE HIGH-VACUUM
RECTIFIER

o. The 5W4-G and 5W4GT are fulwave  SWA4-G

Ppo

high-vacuum rectifiers for use in a-c receivers
having low current requirements. Electrical
ratings are the same as those for the 5W4.
Dimensions of the 5W4-G are shown in Fig.
g-v%li ‘é)_ll_JTLlNES 'SECTIONr;al lﬁim ztg’f gl;g
are: maximum ove en

in.,, maximum seated height, 24} in., max- W -
imum - diameter, 1+ i:.l,g bulb,“ T-9, base, 5 4 GT
65T It mediate e o o pormlssibie if pios

operation of ypes is permissible ns
2and 7areina horimtal gfane s

POWER AMPLIFIER TRIODE

@ © The 6A3 is a three-electrode type of power
amplifier tube designed for use in the power- )
output stage of radio receivers designed - for
its characteristics. The filament is rated at 6 A3
6.3 volts and 1.0 ampere. In single-tube
o* ° class A service, the characteristics and
F F operating conditions are the same as for the
2A3 except that the power output is 3.2
watts. In push-pull class AB: service, the
4D 6A3 may be operated with either fixed or
cathode bias with a maximum plate voltage
- of 325 volts. With cathode resistor of 850 ohms: plate-to-plate load resistance, 5000 ohms; zero-
signal plate current 80 milliamperes; power output, 10 watts. With fixed bias of -68 volts; plate-
i%-pla{,:t load resistance, 3000 ohms; zero-signal plate current, 80 milliamperes; power output,
wal
Physical characteriatics ate the same as for the 2A3. If it is necessary to mount the 6A3 in
a horizontal position, the plane of the filament should be vertical.
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PENTAGRID CONVERTER

The 6A7-S is a pentagrid converter for use
6 A7 S as a replacement in_equipment designed for
- its characteristics. In general, the electrical
characteristics of the 6A7-S are similar to
those of the 6A7; however, the two types are

not usually interchangeable.

DIRECT-COUPLED POWER
AMPLIFIER
The 6AB6-G is a multi-electrode tube of

the heater-cathode ty?e consisting of two
triodes in one bulb. It is used principally

for replacement in receivers designed for its
- characteristics. One triode, the driver, is
directly con d he d, or output,

to t
triode. Physical characteristics are: maxi-
mum overall length, 44 in.; maximum
seated height, 3§} in.; maximum diameter,
1% in.; bulb, ST-12; base, small shell octal
7-pin. The tube may be mounted in any

position.

CHARACTERISTICS
HEATER VOLTAGE (A.C.or D.C.). .. oh it i e e v e s 6.3 Volts
HEATER CURRENT .. .. .ivviriieninuevnnensnn 0.5 Ampere

As Class A; Amplifier
QuTtPUT-TRIODE PLATE (PTs) VOLTAGE 250 max. Volts
INPUT-TRIODE PLATE (PT1) VOLTAGE 250 max. Volts
INPUT-TRIODE GRID VOLTAGE. ... 0 olts
PEAX A-F GuID VOLTAGE .. .. 25 Volts
OuTpPUT-TRIODE PLATE CURRENT 34 Milliamperes
INPUT-TRIODE PLATE CURRENT . . 5 Milliamperes
PLATERES!STANC!(AE}XOX.) ettt e s cinereaeae i araesaana. 40000 Ohms
TRANSCONDUCTANCE (GTitO PTs) .. oot vvi vt ci vt vn e s acn e 1800 Micromhos
LOAD RESISTANCE .. .. .. ivtiinsneieirnecatnononneononononcens 8000 Ohms
HARMONIC DISTORTION . . 1\ ettt vt vt vt vt veeeaene e cnaaonvsonse s 10 Per cent
POWER OUTPUT .. .. oot it it e ittt e ts ittt e e ia e ievs e as 3.5 Watts

HIGH-MU

POWER AMPLIFIER TRIODE

The 6AC5-GT/6ACS5-G is a high-mu triode
6AC5-GT designed for use either in single-ended or
ush—pal.} audio-frequency amplifiers. The

6AC5-G HRETTeiCCummaabintitaacs G AL/

acteristics identical to those of the 6ACS-G. o o
Dimengions are shown in Fég 2-8, OUT- KEY
LINES SECTION. The 6AC5-GT/6ACS5-G NC
may be mounted in any position. G-6Q
RC TA
ELECTRON-RAY TUBE ” ()
The 6AD6-G is a heater-cathode type of e 5
tube designed to respond visually, by means RCyp
6 AD 6 G olfm;wo .adowl's on a fglxpel;leuzeontthtarget,utclo
- c es in voltages appli e contro
elecngodes. This tube ll?a intended for use as @) \ ‘ / )
a voltage indicator to indicate accurate H H
tuning of a geceiver to the desired station. OO
The application of the 6AD6-G is similar to NCTKEY K

that diecussed under the 6AF6-G.
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CHARACTERISTICS .

HeaTER VOLTAGE (A.C. O D (02 T N PN 6.3 Volts
HEATER CURRENT .. cvveeeocncecssccanssesscasesnnooasnonssns 0.15 Ampere
MaxiMuM OVERALL LENGTH. . . .. etabeeieesesiesataroressasans 2K’

MAXIMUM SEATED HEIGHT......covviiiiennennnn easanass N 2%”"

;hxmuu DIAMETER . . .ovvvtunmtiiioiiniotessosssnsenrncnnaes 1 ﬁ’

ULB .. covuevvenonsanannanns e eeaseseassesietrastsenrerennes
...... . Small WaferOctal 7-Pin, Sleev

TARGET VOLTAGE. ¢ 0vvvveeruiennesorosessnnassssossssssnsasns 150 max. Volts
TvPICAL Onnﬂon
Target Voltage. . 150 Volts
Target Current® . Milliamperes
Target Current** . . .e .. . 2 Milliamperes
Target Curren Maad . 1.2 Milliamperes
Ray-Control Electrode Voltage Approx ............. 45 75 Volts
Ray-Control Electrode Voltage (Approx.)**............ 0 8 Volts
Ray-Control Electrode Voltage (Approx.)***. .. ........ -23 =50 Volts

*  For shadow angle of 0° produced b either ray-control electrode.
% For shadow angle of 90J produced by either ray-control electrode.
=+ For shadow angle of 135° produced by either ray-control electrode.

TRIODE-POWER AMPLIFIER
PENTODE

The 6AD7—G containg a voltage amphﬁer
tnode, Fs.acpower amplifier pentode similar

to e STEC, it o o e hg‘fm:ﬁ“’?: 6AD7-G

combination with a aeparate 6F6- na push
pull amplifier; in this service, the triode unit
serves as the base inverter. Curves shown

under the to the tode uni
of the 6AD7-G. Pl?';‘y Freriati

511 characteristica
shown in Fig. 2—21. UTLINES SECTION
The tube may be mounted in any position.

Y CHARACTERISTICS
HeaTER VOLTAGE (AC.0or D.C) ...... eensaes eereeetetnnaonn 6.3 Volts
HEATER CURRENT .. ...oovvunnnonnrrenennnane Ceterseticasanas 0.85 Ampere
Triode Unit

285 max. Voits

1.0 max. Watts

250 Volts

—2g Voits

19000 Ohms
325 Micromhos
4 Milliamperes

PLATE VOLTAGE. ...... veerieeneraiane . 375 max. Volts
SCREEN VOLTAGE. . . cvvevnnannansses

PLATE DISSIPATION. .
SCREEN DISSIPATION. . . .....



RCA RECEIVING TUBE

MANUAL

As Pysh-Pull Amplifier

Pentode Unit of 6 AD7-G and Separat- 6 F6-G

PLATE VOLTAGE. . .
SCREEN VOLTAGE. .
PLATE DISSIPATION
SCREEN DISSIPATION
TyrPICAL OPERATION WITH CATHODE Bias—Class AB, Amplifier:

Values are for pentode unst of 6 AD7-G arédngG-G logether

375 max. Volts
285 max. Volts
8.5 max. Watts
2.7 max. Watts

Plate Voltage ........coviivivnnrenrnnennsn 375 Volts

Screen Voltage .............coovvveviinnenne, 250 250 Voits
Catbode Resistor. . ...........coecviinunnnns 560 470 470 Ohms

Peak A-F Grid-to—Gnd Voltage............... 59 64 55 Volts
Zero-Signal Plate Current .. ................. 36 47.5 41 Milliamperes
Max.-Signal Plate Current................... 41 54.5 50 Milliamperes
Zero-Signa n urrent .................. 6.7 8.2 6.7 Milliamperes
Max.-Signal Screen Current.............00... 11.7 13.5 9.2 Milliamperes
Effective Load Resmtance (plat.e—t.o-plate) 14000 12000 16000 Ohms

Total Harmonic Distortion 4 2 Per cent
Max.-Signal Power Output 6 8.5 9 Watts

TWIN-PLATE CONTROL TUBE

The 6AE6-G is intended for use as a con-
trol tube for twin-type electron-ray tubes;
it provides in effect two triodes with different

6 AE 6 G . cut-off characteristics. With ave voltage
- applied to the common control grid in suitable

circuits, one triode section operates on weak

signals while the other operates on strong

signals. Physical characteristics are shown
in Fig. 2-17, OUTLINES SECTION. The

tube may be mounted in any position.

CHARACTERISTICS

HEATER VOLTAGE (A.C.or D.C.). . .. cviiiiiiiiiiniiinanennnann
HEATER CURRENT .. .tvtvvennennnsvonsennnossnassssnsssnnenens

PLATB VOLTAGE . . . ..t tieveiiienrenasssuonnsosscasannansonnans

CHARACTERISTICS:
Plate Voltage .......ccvvveviinnnnnn 250 250 250
Grid Voltage .. ............c.ce0nvnns -35 -15 -6
Amphﬁcatlon Factor ... ...coivvvnrerruonssurenerannseannnns
Plate Resgistance (ADPPrOX.) .. .....cciuiiunetnnisoensosennoroens
Transconductance . ............v000enes e asesasacesneaaras
PlateCurrent. .. ...........c.o0uveen 0.01 08 2.8

PLATE VOLTAGE. s s cvusuroruroscassostonanssanonssnssossasans
CHARACTERISTICS:
Plate Voltage . ..........cooiiiiiiiiiiiiiiiiine, 250

Amplification Factor............v.. e rteeseatbena e
Plate Resistance (APProx.) ....oeeeenvrresns PP
Transconductance ........... Ceasaessieaser e,
Plate Current. . ... ...ooviiiiineeneraoreranenennonas 0.01

TWIN-INPUT TRIODE AMPLIFIER

The 6AE7-GT is intended for use as a

voltaze amplifier triode or as a driver for two

T tubes in dynamic-coupled

6A E7- Xull amplifiers. In the latter service,
6 E7-GT takes the place of the two tubes

narily required as drivers. Physical char-

temtla are shown in Fig. 2-8, OUTLINES

SEC ION. The 6AE7-GT may be mounted

in any position.

Y CHARACTERISTICS

HeaTER VOLTAGE (A.C. or D.C)..
HEATER CURRENT ..........

6.3 Volts
0.15 Ampere

250 max. Volts

250 Volts
-1.5 Volts
25
25000 Ohms
1000 Micromhos
6.5 Milliamperes
250 max. Voits
250 Volts
-1.5 Volts
33
35000 Ohms
950 Micromhos
4.5 Milliamperes
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RCA RECEIVING TUBE MANUAL

As Class A; Amplifier
Both grids connected together al socket; iskewise both cathodes

PLATE VOLTAGE. . ... oooieeieerinntoronnntnorvonccanensnnanans 300 max.
T8 DISSIPATION. .. ...... S v eeeseneenetrerans ot oeasannraen 5 max.
TyricaL Onn'nou and CHARACTERISTICS
Plate Voltage ....... 250
Grid Voltage ~-13.5
Plate Current., . 10
Plate Resistance..... e 4650
Amplification Factor. . ............... .o 14
Traneconductance ......ooveveveneenan e aeans
As Driver for Two Type 6ACS-GT Tubes in Dynamic-Coupled
Push-Pull Amplifier
PLATE VOLTAGE. . . ...vcvvvnnnnnnnnnnanns PN 300 max.
PLATE DISSIPATION. . .. 0iivnueieriannneseenns Ceeeiaiiaa e 5 max.
TYPICAL OPERATION:
Phte-Snlpply Voltaget. ....ooiviiiiiiindiiiiiiiienenanonnans 250
rid Voltage. . ... ..ociveeieiinncronnnneecnensas [P
Grid-to-Grid Input Signal to Drivers. .. .. .. .. tetereseasnnns 41 rms
Zero-Signal Driver Plate Current... ........... terrerieerenas . 10
Max.-Signal Driver Plate Current .......cc0c00neines vereaenes 19
Zero-Signal Plate Current of GACS-GT’ ........... Ceeenene 64
Mazx.-Signal Plate Current of 6AC5-G . 76
Load Resistance (plate-to-plate) (6AC5GT’a) 10000
Harmonic Distortion (6AC5-GT’s). . 10
Power Output (6AC5-GT's)......... . 9.5

Volts
Watts

Volts
Volts
Milliamperes
Ohms

Micromhos

1 Bias voltage for both the driver and the push-pull atage is developed by the dynamic-coupled

connection.

* Current does not flow in the driver grid circuit during any part of the input cycle.

POWER AMPLIFIER TRIODE

NC The 6B4-G is a low-mu triode designed for
the out ut stage of radio receivers. The

elec characteristi the sa th
A of the BA3, bt the 6BA.G ia provided with 6B4-G
F+

F~  an octal base. Physical characteristics are
shown in Fig. 2-26, OUTLINES SECTION.
Ne “' NC uobehorizod be 3?“ . ibl
n; n n is misgible
ﬂai the plane of the ﬁlam is vertimlw

DUPLEX-DIODE PENTODE
The 6B7-S is a multi-electrode tube con-

one envelope. This type is intended for use
as'a replacement m receivers designed for its
characteristics. 'he characteristics of the
6B7-S are nmxlat to those of the 6B7; how-
ever, the two types are not usually mter-
changeable.

s DETECTOR AMPLIFIER TRIODE

The 6C5-GT is a triode of the heater-

e cathode type deuqned for use as a detector,
(3) amplifier, or oecillator. Except for the
capacitances, the electrical characteristics are

sisting of two diodes and an r-f pentode in 6B7- s

the same as those for the 6C5. Capacitances
are: grid-plate, 2.2 uuf; gﬂd-cathode, 4.4 puf; 6C5'GT

H "/ D plate-cathode, 12 wuf. Physical character-

istics are: maximum over-aﬂ length, 3§ in.;

Su maximum eeated hexg t, 28 in.; maximum

INTERNALTKEY Tk diameter, 1{. . : small

6T-6Q wafer octal 6-pin vm.h metal sleeve; mounting
poutm any.
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6C7

6D7

6E6

rent, 18 ma.; plate resistance, 3500 ohms; transconductance, 1 i
With plate-to-plate load resistance of 14000 ohms, the power output for two, tu

6E7

6H6-GT

DUPLEX-DIODE TRIODE

The 6C7 is a multielectrode tube consisting
of two diodes and a medium-mu triode in one
envelope. This type is intended for renewal
in receivers designed for its characteristics.
Characteristics are similar to those of the 85,
but the 6C7 is not interchangeable with it.

TRIPLE-GRID DETECTOR AMPLIFIER

The 6D7 is a triple-grid tube designed for
use as a detector or amplifier. This ty,
intended for replacement in receivers designed
for its characteristics. With plate volts of
250, screen volts of 100, and grid volts of -3,
the plate current is 2 ma., screen current is
0.5 ma., transconductance is 1225 micromhos.

TWIN-TRIODE POWER AMPLIFIER

The 6E6 is a heater-cathode type of tube
consisting of two low-mu triodes tn one bulb.
The 6E6 is designed for use as a class A am-
Bliﬁer in either paraliel or push-pull circuits.

imensions are shown in Fig. 2-25, OUT-
LINES SECTION. The tube may be
mounted in any position. The heater voltage
is 6.3 volts; current, 0.6 ampere. With plate
volts of 250, and grid volts of -27.5, the
characteristics for each unit are: plate cur-

TRIPLE-GRID SUPER-CONTROL
AMPLIFIER

The 6E7 is a triple-grid amﬁpliﬁer designed |
a er.

for use as an r-f or i-f ampli This ty]
is intended for replacement in receivers de-
signed for its characteristics. With plate
volts of 250, screen volts of 100, and grid
volts of -3, the plate current is 8.2 ma., the
screen current is 2 ma., transconductance is
1600 micromhos.

TWIN DIODE

The 6H6-GT is a tube of the heater-
cathode ty] containing two diodes in a
single envelope. Excegt for physical char-
acteristics, the 6H6-GT is identical to the
6H6. Physical characteristics are: maximum
overall length, 2$}”; maximum seated hﬂ%ht,
214%; maximum diameter, 14”; bulb, T-9;
base, small wafer octal 7-pin, with sleeve;
mounting position, any.
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micromhos; amplification factor, 6.

is 1.6 watts.
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SHIELD
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TRIODE-HEPTODE CONVERTER

The 6J8-G is n muld-umt tube consisting
of a triode unit ptodeumtmone
envelope. The ttiode unit designed to
mtﬁe as the oscillator and the heptode unit
in superh dyne receivers.
Application is similar to that for citcuits 6J 8_G
employing separate osdllat.or and detector,
The contml d of the triode is connected
within the tube to grid No. 3 of the heptode
umt for eﬂicxent t_elev:tmn 8-Gpling Phyuic_nl

6J own _in
Flg-cz-ls, OUTLINES SECTION The
may be mounted in any position.

CHARACTERISTICS
HEATER VOLTAGE (A.C.orD.C.) . ... . ciiiiiiiiiiieennennnnean. 8.3 Volts
HEATERCURRENT . .ivevcreneenanas e seesesie e, 0.3 Ampere
DIRECT INTERELECTRODE CAPACITANG
pt Grid to Heptode Plate* . 0.01 max. uuf
eptode Grid to Triode Plate*. . 0.015 max. “Ilf
Heptode Grid to Triode Grid*. 0.13 wuf
Triode Grid to Triode Plate...........c.c...... 22 nnf
Heptode Grid to All Othet Electrodes =R-F Input.............. 4.4 puuf
Triode Plate to All Other Electrodes =Osc. Output ........ RN 55 waf
Triode Grid to All =Q0sc. Input ............... 11.7 uuf
Heptode Plate to All Other Electrodes -Muer Output .......... 8.8 wuf
* With shield-can
As Frequency Converter
HEPTODE PLATE VOLTAGE ... ....i.eeceeusoacrouncrocnnnsonness 250 max. Volts
HEPTODE SCREEN VOLTAGE (Grids No.2and 4).................. 100 max. Voits
TRIODE PLATE SUPPLY VOLTAGET. . ... i viennnncrennennnnann 250 max. Volts
TYPICAL OPRRATION:
Heptode Plate Voltxge .............................. 100 250 Volts
Heptode Screen Voltage. . . . .........cooivveeirnnenn, 100 100 Volts
Heptode Control-Gnd Voltage (Grid No. 1)............ - -3 Voits
Triode Plate Voltage. . ............cciivvreennnnnnann 100 250t Volts
Triode Grid Resistor. .. .......ccveveirverencncancees 50000 50000 hms
Heptode Plate Resistance (Approx.) .................. 0.9 4 Megohms
Conversion Transconductance. . .........cocvevrueavnes 250 290 Micromhos
Heptode Control-Grid Voltage for conversion transcon-
uctance of 2 micromhos — -20 Volts
Heptode Plate Current . 1.4 1.3 Milliamperes
Heptode Screen Current . 3 29 Milliamperes
Triode Plate Current. . . 3 5 Milliamperes
Triode Grid and Heptode Grid No. 3 Current.......... 0.3 04 Milliamperes

Characteristics of Triode Unit Only

The transconductance of the triode section, not oscillating, is appronmately 1600 micromhos
when the plate voltage is 150 volts, and the gnd voltage is -3 volts.

1 Applied through 20000-ohm voltage-dropping resistor.

&nx &l TRIODE-HEXODE CONVERTER

(3)os,x . The 6K8-G and 6K8-GT are multi-elec-
trode tubes consisting of a triode oecillator
(6)P1 and a hexode mixer in a single envelope. Both -
of these types are identical electrically to
%0 bel ‘}KB Beter e "the 61k Tor Toseallasion
ow efer to the or Ing n
H H
and plication. Physical characteristics of -
Kp G are nhown¥|: Flglz-ls and of the 6K8 GT

SN ke CKe Ot i Fig. 2.6, OUTLINES SECTION.
Both types may be mounted in any position.

G-8K
*CHARACTERISTICS

HEATER VoLTAGE (A.C.or D.C)). . 6.3
HEeATER CURRENT .. ... 0.3 Ampere

DIRECT [m-nm.zc‘rnonn CAPACITANCES
Hexode Grid No. 3 to Hexode Plate . .. e 0.08 max. uuf
ex exod e Grid No. 3 to Triode Plate . 0.05 wuf
Hexode Grid No. 3 to Triode Grid No. 1 and Hexode Gnd No 1 0.2 uif
Triode Grid and Hexode Grid No. 1 to Triode Pla 1.8 uuf
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Triode Grid and Hexode Grid No. 1 to Hexode Plate . e 0.1 pul
Hexode Gnd No. 3 to All Other Electrodes =R-F Inpu 4.6 wuf
te to All Other Electrodes Except Tnode Grid ‘and -
Gnd No 1 =QOsc, Output. . .. .4 uuf
Triode Grid and Hexode Gnd No.'1 to All Other Elect.rodu Except
Triode Plate =Osc. Input . 6.5 wnf
Hexode Plate to All Other Electrodes =Mixer Output. . . 4.8 nuf
DETECTOR AMPLIFIER TRIODE S
‘The 6P5-GT/6P5-G is a triode of the heater-
cathode type for use as detector, amplifier, P
6P5-GT or oscillator. It is also used as a driver for
the 6AC$-GTIGAC5-G Except for capac-
the electrical characteristics of the
6P5-G SPo.CT/6P5-G are the same as for the GPEG. 1 O, Y OP
he ca itances grid-plate, 2. 8 nal;
ode, 3.5 m plate—eat.hode 25 f ®
Jm characteristica are shown N KEY ™4
OUTLINES SECTION. Tbe 6P5-GTI
may be mounted in any position. , G~6Q

TRIODE PENTODE

The 6P7-G is a heatercathode type of
tube combining in one bulb a triode and an
r-f pentode of the remote cut-off type.
Electrical characteristics, (except for eapac-
itances), installation and application for the

- 6P7-G are the same as for the 6F7 but the
6P7-G is equipped with a standard octal base.
Capacxtance- -of the triode unit are: d-
pllte, 2 u id-cathode, 1.4 mtf
cathode, ; and for the 8en tode unit'
gnd-plate (wnth tube shield), s in-
output, 11.6 mat. Dlmenuo

are shown in Fig. 2-15, O&It.iNES’gECTI N. The tube may be mounted in any position.

DUPLEX-DIODE TRIODE

6R7 GT The 6R7-GT is a2 muiti-unit tube like
- Tgpe 6R electrical characteristics.
Physical chancwutwl of the 6R7-GT are

shown in Fig. 2.6, OUTLINES SECTION.

The 6R7-GT may be mounted in any position.

PENTAGRID CONVERTER
The 6SA7-GT is a multi-clectrade tube of

the single-ended designed to perform
6SA7-GT simultaneously th:yg:nctiom of mixer (first
detector) and of an oscillator: tube in luper-
heterodyne circuits. Installation and a
?uon %t's the 6SA7-GT are nrmlar to thoee
or

Y CHARACTERISTICS

HEATER VOLTAGE (AC.or D.C)......cvvvnrt PO
HEATER CURRENT .. ovovrctenevesrsaarssnvancasnssascsssoonans
DIRECT INTERELECTRODE CAPACITANCES:
Grid No. 3 to All Other Electrodes =R-F Input* .
Plate to All Other Electrodes = Mixer Output® .
Grid No. 1 to All Other Electrodes*...........

¢ With base shell connected to cathode.
—_ 232 —
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Grid No. 0.2 max. puf
Grid No. 0.2 max. puf
Grid No. 0.2 max. upf
~ Grid No. 5 nupf
Grid No. 1 to Cathode 3 puf
MAXIMUM OVERALL LENGTH. . .. .0...... tesesseestearentaraans 3"
MAXIMUM SEATED HEIGET.........00vvus eteersareatactenannen 28"
MAXIMUM DIAMETER . . .covurerencnnsnsrvssnscnassrconanonsans 14&*
BULB .......... feeemereiariitaeee e Chaesesesererersiannns T-9
BASE. .. coovteesrrseannaaens e e e ea e it tateens et Small Wafer Octal 8-Pin, Sleeve
MOUNTING POSITION . .« vnvnerinsereennns eereaieiaianiiienn Any

As Frequency Converter

TyYPICAL OPERATION WITH SELF-EXCITATION:
operation of the 6SA7-GT is the same as for the 6SA7.

P

G

G) HIGH-MU TRIODE
The 6SF5-GT is a high-mu triode of the

{! ded t ta
A, S ymlrwenimine 6SF5-GT
H acteristics, except capacutanees are the same

as for the 6SFS5, cteristics are

() (o) h(¥| chara
NC™~KEY"H shown in Fig. 2-5, OUTLINES SECTION.
G-6AB

DIODE SUPER-CONTROL
AMPLIFIER PENTODE

The SSF‘lf is :ii oléngle-e‘;\ded metal mbei
connmnz of a e and a super-control
mplifier pentode in the same envelo
'l‘he pentode unit_is di ly or 6SF7
use as an i-f amplifier al htmayalso
be used as an a-f amplifier, mensions
shown in Fig. 1.3, UTLINES SECTION
The GSF‘I may be mounted in any position.

*CH_ARACTER!STICS

HzateEr VoLTAGE (A.C.0r D.C.))............. 6.3 Volts
HeatER 0.3 Ampere
Direcr Imnm.muonx CuAanchs—Pentode “Unit*

Gridto Plate. .. ............ fe e e ae et e ae s an b e 0.004 maxz. upuf

T 5.5

Grid to Diede Plate, .0 101111 0.002 maz. puf

Plateto Diode Plate. ... .. oo oo venvennceveneeevnoeonnennonns 0.8 wuf

* With shell connected to uthode.
Pentode Unit—As Class A; Amplifler

Prare VOLTAGE, . 300 max. Volts
SCREEN VOLTAGE, . 100 max. Voits
ScumSuvaox.nG:...................................... 300 max. Volts
GRID VOLTAGE . 0 mén. Volts
PLATE DISSIPATION . . 3.5 max. Watts
SCREEN DISSIPATION. . 0.5 max. Watt
TYPICAL OPERATION and CnnAcnzxsﬂcs—Clau Ay Ampuﬁu
Plate Voltage . 100 250 Volts
100 100 Volts
-1 ~1 Voits
‘Tranaco! 1975 2(?5(7) Mfgohm
) Gnd Voltue (Approx) for mnmnducunce of 10 mi-
.. . -35 -35 Volts
PllteCnrrent 12 124 Milliamperes
Sereen CULTent. .. ... e vv e vr i ve i e e e e e e s 34 33 Milliamperes
Diode Unit
The diode plate is placed around the cathode, the sleeve of which is to the p d

unit,
233 —
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TRIPLE-GRID SUPER-CONTROL
AMPLIFIER
The 6SG7 i -f amplifier h
6SG7 et e i R Suahdles
' e Serabia o ?leurabl:
cteristics for the design of receivers in
hlgh-frequency and wide-band applications.

characteristics are shown in Fig. 1-3,
0 TLINES SECTION. The 6SG7 may be

mounted in any position.
Y CHARACTERISTICS

HEeATER VOLTAGE (A.C. or D.C)).. 6.3 Volts
HEATER CURRENT . 0.3 Ampere
DirecT Iunmscmonn C.umcxnncns

GndtoPlate P « X+ s T Y2 P 4

Output. ., e e e et et et ee e ae dy 7.0 uuf

As Class A; Amplifier

PLATE VOLTAGE. 300 max. Volts
SCREEN VOLTAGE (Grid No. 2) 150 max. Volts
SCREEN SUPPLY VOLTAGE. 300 mazx. Volts
GmDVor.ncz(GndNo l) 0 mén. Volts
PLATE DISSIPATION. 3 max. Watts
SCREEN DISSIPATION. 0.6 max., Watt
TYPICAL OPERATION and CuARAcmms-ucs—Class Ay Am&l)lﬁer

Plate Voltage . 250 Voits

Screen Voltage 100 125 150 Volts

Grid Voltage. . . -1 -1 -2.5 Volta

Suppressor . e, Connected to cathade at socket

Plate Resistance (Approx) e 0.25 0.9 003 Megohm

Transconductance 4100 4700 4 Micromhos

Grid Voltage (Approx) for Transconductance =

40 micromhos. .. -11.5 -4 -175 Volts
Plate Current. . 8.2 11.8 9.2 Milliamperes
Screen Current .. 3.2 4.4 34 Milliamperes

1 Greater than 1 mezohm

TRIPLE-GRID DETECTOR AMPLIFIER

The 6SJ7-GT is a single-ended glass tube

of the tnple-grld type with a sharp cut-off

6SJ7 GT characteristic. Physical characteristics are:

- maximum_ overall length 3 in.; maximum

ted ht, 2 in maximum diameter,

14 in.; bulb, T- base, small wafer octal

8-pin with metal sleeve. The tube may be
mounted in any position.

+BEE
A
&

CHARACTERISTICS
HEATER VoLTAGE (A.C. or D.C)). . 6.3 Volts
HEATER CURRENT .. e e e - 0.30 Ampere
DiIrECT INTERELECTRODE CAPAC!‘I‘ANCES
GndPlate . 0.005 max. upf
Input . 6.3 puf
Output 10 puf
As Class Ay Amplifier
PLATE VOLTAGE. . .. .. vttt it ieneee et cuvuvnanvnnn 100 250 max. Volts
SCREEN VOLTAGE. . . .. ov vttt vt neer sioronvnnevnceoncnns 100 100max Volts
GRID VOLTAGE .. .. ........... Volts
SUPPRESSOR . . .Connected to cathode at socket
PLATE RESISTANCE (Appro 0.7 1.5 Megohms
TRANSCONDUCTANCE 1576 1650 Micromhos
PLATE CURRENT, .. 29 3 Milliamperes
ScrEEN CURRENT. . 0.9 0.8 Milliamperes
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TRIPLE-GRID SUPER-
CONTROL AMPLIFIER

The 6SK7-GT is a triple-grid super-control
amplifier having single-en construction.
Installation and application of the 6SK7-GT
are the same as for the 6SK7.

6SK7-GT

Y CHARACTERISTICS
HxatER VOLTAGE (A.C.0r D.C)..... eeesesteerenseasenaceionn 6.3 Voits
HEATER RENT o 0vnvoacroncoccnasonsonasss serisssuesasaccas 0.3 Ampere
GRID-PLATE CAPACITANCE® .. ... ....ccnvevvcnnonne . 0.005 max. puf
INPUT CAPACITANCE® ... ..coovvvnnrensne . 6.3 nuf
OuTtpur CAPACITANCE®. . ., . 10 puf
MAXIMUM OVERALL LENGT .

MaxiMuM SEATED HEIGHET
MAXIMUM DIAMETER

BASE. ....0ou0n
MOUNTING POSITION
hd Wi_th basee sleeve connected to cathode.

...... Small Wafer Ot-:tal 8-Pin, Sleeve
Any

As Class A; Amplifier
Maximum ratings and characteristics for the 6SK7-GT are the same as for the 6SK7.

TWIN-TRIODE AMPLIFIER

The 6SN7-GT is a single-ended twin-triode
amplifier having separate cathode terminals
for each unit. It is designed for use as a resist-
ance-coupled amplifier and phase inverter.
Physical characteristics are shown in Fig. 2-8,
OUTLINES SECTION. The tube may be
mounted in any position.

6SN7-GT

Y CHARACTERISTICS
HEATER VOLTAGE (A.C. 0 D.C.) .. coviinrrnrrennnanancvnnnnnan 6.3 Volta
HEATER RENT &0 ouniirusaneaonrssosssoseasesnoaenannsanes 0.6 Ampere
DIRECT INTERELECTRODE CAPACITANCES (Approx.):§
Triode Unit T Triode Unit Ty
Gridto Plate . ... .. 4 4 upf
Grid to Cathode. 3.2 3.8 pul
Plate to Cathode 3.4 2.6 upf
Plate to Plate veee 0.5 suf
Gridto Grid.......... 0.034 upf
Grid TatoPlate T1 . .. .. 0.12 iy

§ With close-fitting shield connected to cathode.

Mazximum ratings and characteristics for each unit are the same as those for the 6J5.

As Class A; Amplifier—Each Unit
Refer

also to the 6F8-G in the RESISTANCE-COUPLED AMPLIFIER CHART.

PDZ D| §

o2y

Gy v°
OMO

SL—KEY™H
GT-8Q

DUPLEX-DIODE :
HIGH-MU TRIODE

The 65Q7-GT 18 a single-ended glass tube
containing two diodes and a high-mu triode.
Installation and application are the same as
for the 65Q7.

65Q7-GT
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. Y CHARACTERISTICS

HeaTER VOLTAGE (A.C.or D.C)............ benasseisienasanens 6.3 Volts

HEATER CURRENT .. 4.vvvevncnrcoconns eenes 0.3 Ampere

Triode: GRID-PLATE CAPACITANCE (Approx.)* . 1.8 uuf
GRID-CATHODE CAPACITANCE (Approx.)*, 4.2 wuf
PLATE-CATHODE CAPACITANCE (Approx.) 3.4 npf

MAXIMUM OVERALL LENGTH. . .......... [, 34"

Maximum SEATED HEIGHT. .. 24

MaxmmuMm DIAMETER . ...... 14*

BULB .. .vvvivvieiininnnrersones terecanaaennaans . .. T-9

BASE. ....oivvieiiianns sesebeseseenesareanatteesersotarenan Small Wafer Octal 8-Pin, Sleeve

MOUNTING POSITION. ..... Cheessenresirsrtnerasasoretannraaann Any

* With base sleeve connected to cathode.

Triode Unit—As Class A; Amplifier
Maximum rating and typical operation for the 6SQ7-GT are the same as for T'ype 65Q7.

DUPLEX-DIODE TRIODE

The 6SR7 is a metal tube of the single-
ended type containing two diodes and a
triode in a single envelope. It is designed
for use as a combined detector, amplifier, and

65 R7 automatic-volume-control tube. The plate
family for the 6SR7 ig the same as that for
METAL the 6R7. Refer to T in RESIST-

6R7 in
ANCE-COUPLED AMPLIFIER CHART
for operating conditions as a resistance-
coupled a'mg_liﬁer. Physical characteristics
are shown in Fig. 1-3, OUTLINES SECTION.
The 6SR7 may be mounted in any position.

) Y CHARACTERISTICS
HEATER VOLTAGE (A.C.or D.C.).....00vvvnnnnnnnns eetesnanaons 6.3 Volts
HEATER CURRENT .........00.n. cevesassas [ veresenens vee 0.3 Ampere
Triode—Grid-Plate Capacitance (ApProx.)®. .. ...ooevevseecennnes 24 ™y
Grid-Cathode Capacitance (Approx.)* ...........c.cv.u.. 30 puf
Plate-Cathode Capacitance (Approx.)* ..... eesasiieieas 28 wpf
* With shell connected to cathode.
Triode Unit as Class A; Amplifier
250 max. Volts
2.5 max. Watts
250 Volts
-9 Volts
16
8500 Ohme
19é)(s) %g.ﬁiomhu
. amperes
10000 Ohms
300 Milliwatts

Diode Unit
The diodes are independent of each other and of the triode unit except for the common cathode.

- TRIPLE-GRID SUPER-CONTROL
AMPLIFIER

The 6SS7 is a triple-grid super-control am-
plifier of the single-ended metal type. [Its
6557 6.3-volt, 0.15-ampere heater facilitates the
. design of equiggent employing a series of
0.15-ampere tu such that the total heater
voltage will not exceed 117 volts. Ph&uical
characteristics are shown in Fig. 1-3, OUT-
LINES SECTION. The tube may be mount-
ed in any position.
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*CHARACT ERISTICS
HeaTER VOLTAGE (A.C.0r D.C.).. 6.3 Volts
HEATER CURRENT .. .. 0.15 Ampere
Direct Im‘nm.zcmonx CAPAC!TANCES o
GndtoPlate 0.004 max puf
Input . 5.5 uuf
O\Itpllt e e st et ae e 7 uaf

* With shell connected to cathode

As Class A; Amplifier

PLATE VOLTAGE. 300 max. Volts
SCREEN VOLTAGE, 100 max, Voits
ScnuNSuranonAcn 300 max. Volts
GRID VOLTAGE . PN 0 min. Volts
PLATE DISSIPATION . 2.25 mex., Watts
SCREEN DISSIPATION . . - v oo v e ve on e e oe s e oo e 0.35 max. Watt
TYPICAL OPERATION:
Plate Voltage .. .. ... o ittt inveancn i eecnauanvn s 100 250 Volts
Screen Voltage . 100 100 Volts
GndVoltage................................... -3 Volts
Suppressor. C.onnectedtocathodeatsockel
Plate Current. . e 122 9 Milliamperes
Screen Cu;rent 3.1 2 Milliamperes
Plate Resistance. . 0.12 1 Megohm
Transconductance 1930 1850 Micromhos
Grid Bias}. . -35 =35 Volts

t For tramconductance of 10 mxcromhos (apptox IN

DUPLEX-DIODE TRIODE

The 6V7-G is a heater-cathode type of tube
oonsllsu‘;l bof Ewo dlo<fies a}:;)d a ltrn'l,\‘de in a 6v7 G
single xcept for physical ¢ aractero -
istics, the 6V7-G is identical to the 85.
mensions are shown in Fig. 2-15, OUTLINES
SECTION. The 6V7-G may be mounted in
any poeition.

Poz FULL-WAVE HIGH-YACUUM

RECTIFIER
EXTERNAL 5o 'lt‘l}f 6\';5 isa f\lﬂl-wave.t high-vacuum
AL 1 rectifier for replacement in receivers »
designed for its characferistics. The
‘ heater voltage is 6,3 volt‘:. current, 0.8 6Y5
ampere, The maximum a-c plate volt-

tlE ger plate is 350 volts (RMS), and
e d-¢ output current is 50 ma. Ph
ical characteristics are shown in g
2-19, OUTLINES SECTION

CLASS B TWIN AMPLIFIER

The 6Y7-G is a heater-cathode type of tube
combining in one bulb two high-mu triodes
designed for class B operation. Installation
and application are the same as for the 79, 6Y7-G
except that the 6Y7-G requires an octal
socket. ysical characteristics are shown
in Fig. 2- 17 OUTLINES SECTION.  The
6Y7-G can be mounted in any position.
Refer to Type 79 for electrical characteristics.
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FULL-WAVE HIGH-VACUUM
RECTIFIER "°

The 6Z5 is a full-wave, high wvacuum
rectifier for replacement in receivers designed
for its characteristics. The heater is designed |, @ (5)Po,
625 with a tap so that it may be operated with !
the two sections in series on 12.6 volts and .

0.4 ampere, or in parallel on 6.3 volts and

0.8 ampere. The maximum a-c plate volt:‘x’ge 0 o
is 230 volta (RMS), and the maximum d-c H 4
output current is 60 ma. Physical charac. M

teristics are shown in Fig, 2-19, OUTLINES 6K
SECTION.

DETECTOR AMPLIFIER TRIODE

The 7A4 is a three-electrode general-
tube of the heater-cathode type for
use as amplifier and detector. The base fits
7A4 the lock-type socket which may be installed
to hold the tube in any position. Physical
characteristica of the 7A4 are shown in Fig.
2-4, OUTLINES SECTION. For heater
ghpersagg‘n and cathode connection, refer to
e

Y CHARACTERISTICS
HEATER VOLTAGE (A.C.or D.C) .. ....ciiiiiiiiiiiiiiiiinnnn., 6.3§ Volts
HEATER CURRENT ....ovucnsacncnes . 0.31% Ampere
GRID-PLATE CAPACITANCE (Approx.)*. .. 4 uuf
GRID-CATHODE CAPACITANCE (Approx.)* . 34 upl
PLATB-CATHODE CAPACITANCE (Approx.)* 3 upf

* With close-fitting shield connected to cathode.
$ Nominal value is 7 volta. 1t Nominal! value is 0.32 ampere.

As Class A; Amplifier
Maximum ratings and typical operation for the 7A4 are the same as for the 6J5.

BEAM POWER AMPLIFIER

7A5 The 7A5 is a beam power amplifier of the
locking-base t%?e. It is for use in the power-
tics.

?tu‘tput stage radio receivers designed for
Y CHARACTERISTICS

HEATER VOLTAGE (A.C.0r D.C.)..
HEATER CURRENT .........
Maxmun OveERrALL LENGTH.
MaxIiMuM SEATED HRIGAT
MAXIMUM DIAMETER ......

ASE . cvuvoronvsensecnconcseresssssonserssccsssorsontannsae vee

MOUNTING POSITION. . . ccovererccannconanass Ceeiresasernssans .
$ Nominal value is 7 volts. 1t Nominal value is 0.76 ampere.
As Class A; Amplifier
PLATE VOLTAGR . . . ccovosee seseasnnonens seceserensans weereeiee 125 max. Volts
ScrEEN VOLTAGE (Grid No. 2) ......... ees . 125 max. Volts
PLATE DISSIPATION. . . ccosseocovecsosvossvans 5.5 max. Watts
SCREEN DISSIPATION. .. .ccvvnenns. et resseeentasanneinriinnans 1.2 mazx. Watts
Tv;ﬁ:x.&nurm: 110 125 Volts
Soreen Volthgs .1 11ainimnns 10 125 Volts
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Grid Voltaée l_éGrid No. -9 Volts

A-F Grid Voltage 9 Volts

Plate C 44 Milliamperes

Mazx.-Si Plate C 45 Milliam
Zero-Signal Screen Current (Approx.) 3.3 Milliamperes
Mazx.-Signal Screen Current (Approx.) 9.5 Milliamperes
Plate (Ap] ) 17000 Ohms
Transconductance ............ Ceseesiarsreeanennenan 6000 Miero!
Load ResiStanCe. .....ocvvvvecrrenersnrssossonansans 2500 2700 Ohms
Total Harmonic Distortion ........... 10 10 Per cent
Max.-Signal Power Qutput . .. ...civivniieneenreensses 1.5 2.2 Watts

* The d-c resistance in the grid circuit should not exceed 0.1 megohm with fixed bias, or 0.5
megohm with cathode bias. .

INTERNAL

HIGH-MU TRIODE

The 7B4 is a high-mu triode of the locking-
base type for use in resistance-coupled am-
plifier circuits. Physical characteristics are 7B4
shown in Fig. 2-4, OUTLINES SECTION.
The tube may be mounted in any, tion.
Except as shown below, the electrical char-
acteristics are the same as those for the 6SF5.

CHARACTERISTICS

HEATER VOLTAGE (A.C.or D.C.). .. ... i it T e i ii i e e 6.3* Volts
HEATER CURRENT .. o0 vt aeenon e an ot ot et o e runevannossssnns 0.3%* Ampere
DmEecT INTERELECTRODE CAPACITANCES—Triode Unit:

GridtoPlate ........ 1.6 puf

Grid to Cathode. . 36 pnf

Plate to Cathode . . 3.4 puf

* Nominal value is 7 volts. ** Nominal value is 0,32 ampere.
Triode Unit

PLATE VOLTAGE. ... . 250 max. Volts

TYPICAL OPERATION and CHARACTERISTICS:
Values are the same as for 6SF5.

POWER AMPUFIER PENTODE

The 7B5-LT is a power amplifier pentode
otfa the l?ckidn}g—baae_ type éot_u.se mi thguoutput 7 B 5 LT
stage of radio receivers designed for ita char- -
acteristics. The 7B5-LT is interchangeable
with the 7B5. Physical characteristics are
shown in Fig. 2-7, OUTLINES SECTION.
‘The tube may be mounted in any position.

Y CHARACTERISTICS
HEATER VOLTAGE (A.C. 0ot D.C.). . .. iiiiiiicierineiannneranens 6.3 Volte
HEATER CURRENT et tttttttiitenineansareenannnensonnansansss 0.41% Ampere
1 Nominal value is 7 volts. 1t Nominal value is 0.43 ampere.

As Class A; Amplifier
GKG__lgaximum ratings and typical operating conditions for the 7B5-LT are the same as for the

DUPLEX-DIODE
HIGH-MU TRIODE .
L oc{he 786~LtM is a m_ul.ti-mtxit tgibe of th;
-base containing two diodes an
a bién.h;mu tﬁtmeh one ennvgelo . The 7B6- 7B6-LM
IMis for use as a combined detector,
amplifier, and automatic-volume-control tube. METAL

The triode unit-is recommended for use in

d K itions as given
for the 6SQ7 in_ the RESISTANCE-
X COUPLED AMPLIFIER CHART. The i X
7B6-LM is interchangeable with the 7B6. Physical characteristics are shown in PFig. 1-4,
OUTLINES SECTION. The tube may be mounted in any position.
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Y CHARACTERISTICS
HEATER VOLTAGE (A.C.or D.C.). ....oivivviieiinnnnns ressiennn 6.3 Volts
HBATER CURRENT .. .cvuvenancarceincnsonnans 0.3 Ampere
1 Nominal value is 7.0 volts. 13 Nominal value is 0.32 ampere.
Triode Unit
PLATE VOLTAGE . . .. 00 tivevannvousssessssssannoasnaarsosnonns 250 max. Volts
TvricAL OPERATION and CHARACTERISTICS: |
Values are the same as those for the 6SQ7.
Diode Unit
thol;.lhe dlode units are independent of each other and of the triode unit pt for the
ca e

PENTAGRID CONVERTER

The 7B8-LM is a multi-electrode tube of
the locking-base t: designed to perform

7B8_LM simultaneously the functions of a mixer {first
detector) and of an oscillator in superheter-
METAL ad circuits. The 7B8-LM is mterchange-

e with the 738 The physical char

of the 7B8-LM are shown in Flg 1-4,
OUTLINES SECTION The 7B8-LM may
be mounted in any position.

*CHARACTERISTICS
HEATER VOLTAGE (A.C.or D.C))........cvuun. ereenaseraaennn 6.3§
HEATER CURRENT ..0ovveinnctnaonsoossnnnes Ceseee b reaaan, 0.31%
DIRECT INTERELECTRODE CAPACITANCES:®
Grid No.dtoPlate................. teserreanananes 0.3 max
Grid No.4toGrid No. 2.............. . 0.2
Grid No. 4 to Grid No.1.....00000000 0.15
Grid No.1toGrid No. 2. .. ..coovvsnsennnans : 0.8
Grid No. 4 to All Other Electrodes =R-F Input . ............. : 10
Grid No. 2 to All Other Electrodes Except Grid No. 1 =Oec. Out 3
Grid No. 1 to All Other Electrodes Except Grid No. 2 =Osc. Input 4.8
Plate to All Other Electrodes =Mixer Output ........ 12
® With shell connected to cathode.
$ Nominal value is 7 volts. 11 Nominal value is 0.32 ampere.
As Froquoncy Converter
PLATE VOLTAGE. . . csvcevesctvonsssnoscns seecrsaceseretenenans 250 max.
SCREEN VOLTAGE (Grids No. 3 and No. g0 100 max.
ANODE-GRID VOLTAGE (Grid N0. 2).....cvveuunn. hessereneseanns 200 maz.
ANODE-GRID SUPPLY VOLTAGEY ... .occveevreonorasnceserannanns 250 max.
TOTAL CATHODE CURRENT. . c.veuovoersescessasassnsssasases 14 maox.
TYPICAL OPERATION:
Plate Voltage ...... . 100 250
Screen Volmse ..... 50 100
Anode-Grid Voltage... 1 2509
Control-Grid Voltage .. ~1.5 -3
Oucillator-Grid Resistance (Grid No. 1) 50000 - 50000
af (ADProx.) ...... 0.6 0.36
Conversion Tranaconductance 360 550
Conversion Transconductance. ..... veee 3t 6%
Plate Current. ...... 1.1 3.5
Screen Current. .. .. 1.3 2.7
rid Current . .. 2 4
Oscillator-Grid Current. . 0.25 0.4
Toul Cathode Current 4.6 10.6

Volts
. Volts
Voits
Volts
Milliamperes

Milliamperes
Milliampere
Milliamperes

Anode-grid supply voltazea in exmu of 200 volts require the use of a 20000-ohm voltage-

dro] resistor b: -pauedbyaOl f condenser.
pfi% £h grid biss of 20 velts. § With grid bias of ~35 velts.

BEAM POWER AMPLIFIER

The 7C5-LT is a beam power amplifier of
the locrng-bue type for use in the output

dio receivers. The characteristics
7C5-LT e 7C5-LT are similar to of the 6V6.
%he 7CC5§LTT13 mterchan(en e with t.he
the 7C5LT &o’wn in Fig, 2.9, otrr-
LINES SECTI N. The tube may
mounted in any position.
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Y CHARACTERISTICS
HeaTER VoLTAGE (A.C.or D.C)..... Cerensesesaneraeies 6.3 Voits
HEATER CURRENT .. 0ccveasoroossassnssossosoassnssssssacsoncns 0.4533 Ampere
$ Nominal value is 7 volts. $: Nominal value is 0.45 ampere.
As Amplifier

The maximum ratings and typical operating conditions for 7C5-LT are the same as the

6V6

TRIPLE-GRID
DETECTOR AMPLIFIER
olrtm %gk:;ga-b:rzleg:f geect:::tgqnadx: lit;:; 7C7

service as a biased detector. Physical char-
acteristics of the 7C7 are shown in Fig. 2-4,
OUTLINES SECTION. The 7C7 mey be
mounted in any position.

- Y CHARACTERISTICS
HEATER VOLTAGE (A.C.or D.C) .. oiivviiiiiiiiiiecniciineeen, 6.3: Voits
HeATER CURRBNT ........ . esrserianes 0.1 Ampere
GRID-PLATE CAPACITANCE® . ... ... .covoernraonroontsanccnne ves 0.007 max. puf
INPUT CAPACITANCE® . ..ot viecncnccransanen eeraernerenasennns 5.5 ud
OUTPUT CAPACITANCE®. . . covnunnnss teseeseneraencene 6.5 waf
$ Nominal value is 7 volts. 41 Nominal value is 0.16 ampere

* With close-fitting shield connected to cathode.

As Class Ay Amplifier

PLATE VOLTAGE . ..0vvecesocccsonossoncnss teeebesnnteareaens 300 max. Volts
SCREEN VOLTAGE, . ..... ceun heeessieerane 100 mazx. Volts
SCREEN-SUPPLY VOLTAGE vene erebereeseneanns mex. Voits
GRID VOLTAGE +.ccvvsevoarcssoscsoscscnsnsasns PPN v 0 min. Volts
PLATE DISSIPATION. .. .. cevesaasesseanses ereraanns P 1.0 max. Watt
SCREEN DISSIPATION., .. tetsssacarsaosnn PR 0.1 max. Watt

TYPICAL OPERATION and CHARACTERISTICS:

Plate VOItRBE . cocvvverrrsosentsseann . .. 100 250 Volts

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

Grid Voltage -3 -3 Volts
Suppressor . .... Connected to cathode at socket
Internal Shield ........ .. Connected to cathode at socket

Plate Resistance (Approx.) cereesen . 2 Megohms
Transconductance ............. fesrenasas . 1225 1300 Micromhos
Plate Current. ...ooceee . 1.8 2 Milliamperes
Screen Current. . ... tevesersasessserennes cernarennes 0.4 05 Milliampere

DUPLEX-DIODE TRIODE

The 7E6 ia 2 multi-unit tube which con-
aiqs tvao thimldo?k .andbaa medimmu tnodt;.
is o ing-base t ma;
mounted in any position. yg'ehe 7E6 icyd& 7E6
signed for use as a combined detector,
amplifier, and automatic-volume-control tube
in radio receivers. Physical characteristics of
the 7E6 are shown in Fig. 2-4, OUTLINES
SECTION.

JrCHARACTERISTICS
HEATER VOLTAGE (A.C.or D.C.). .. v vevnetionrsscnssssvevenanss 6.3 Volts
HEATER CURRENT o .0 ccooncrocossoonssvsncssoerascsasssssansss 0.3 Ampere
4 Nominal value is 7 volts. 11 Nominal value is 0.32 ampere,

Triode Unit—As Class A; Amplifier
Maximum ratings and typical operation for the 7E6 are the same as for the 6R7,
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DUPLEX-DIODE PENTODE

The 7E7 is a multi-electrode tube contain-

ing two diodes and a pentode in one bulb.

It is of the locking-base tyqsf, and can be

mounted in any position. e 7E7 is in-

. tended for use as_ a combined detector,

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

guem.:y), and automatic-volume-control tube.

I h;gwnl characteristics of the 7E7 are shown

in Fig. 2-4, OUTLINES SECTION.

Y CHARACTERISTICS
HEATER VOLTAGE (A.C.or D.C.). .. ..iiiiiiiieniennciarennannsss 6.3% Volts
HEATER CURRENT +.cvvienenncnnnnnnns F N 0.33¢ Ampere
GRID-PLATE CAPACITANCE® . vvvivviiinirinnnnencoronas eeeaes 0.005 max. puf
INPUT CAPACITANCE® .. ....00ivenns N Ceerereieeresinnns vees 4.6 uuf
OUTPUT CAPACITANCE®. . . .\vvvnerernrnnaaenrnes e eeraraeeneas 4.6 suf
* With close-fitting shield connected to cathode.
$ Nominal value is 7 volts. 11 Nominal value is 0.32 ampere.
Pentode Unit—As Class A, Amplifier
PLATE VOLTAGE. . . ..ovivnesnan e ettt 250 max. Volts
ScrREEN VOLTAGE (Grid No. 2) ..........iiiirecnnninnnnnns 100 max. Voits
TypicaL OPERATION:
Plate Voltage .........ooiinuiniiiiiiiiiiiiinnersneesrnns 250 Volts
Screen VOtAZe ..o iireiiiniinerieriiiiesreiesionensenes 100 Volts
Grid Voltage (Grid No. 1). . .. ..ovvivivinnieiirannnacsnnes -3 Volts
Plate Current. .. ... o0 iivniiinetiivnriiensieeennsansanens 7.5 Milliamperes
%?:t:n Current. (Ao . (1)(; M l:npemo
Resistance OX. . A egohm
Transconductance ppr ...................... vee 1300 Mig'omhoa
Grid Bias for transconductance of 2 micromhos. eee -42.5 Volts
GT2 STy
TWIN-TRIODE AMPLIFIER OMO
1oThe TF7 is @ multlelectrode tube of the PT2 Ol
ing-base emplo; WO -mu .
7F7 triodgl‘ in one %pu?b lgl ::l!ﬁ)e found lzmeful
as an amplifier or a phase inverter. The two e o
units are independent except for the common Krz KTy
heater. Physical characterstics of the 7F7
are shown in Fig. 24, OUTLINES SEC- 0)-(10
TIONS. The 7F7 can be mounted in any H gs H
position. 8AC
Y CHARACTERISTICS
HEATER VOLTAGE (A.C.ot D.C)......ooovvviiiiiinnnnens, e 6.3 Volts
HeATER CURRENT ........ feeaieseteeeetresieennaranes eeene 0.31$ ©  Ampere
$ Nominal value is 7 volts. 1t Nominal value is 0.32 ampere.
Each Triode Unit—As Class A, Amplifier
PLATE VOLTAGE . . o . covtsieransssesenrsennnionsasnsscesossanss
GRID VOLTAGE «0 v ivviseestosusessnnvansisoeaniontorssssnsssnss
PLATE DISSIPATION. .. ivvenneununaennosesaoessoncnnonssnnass
Tvrtc:u.v%’nuﬂom

Plate Voltage

Grid Voltage. ..
Plate Current. . .
Plate Resistance .
Amplification Factor .
Tranasconductance ...........ccouennnenes bevatassieneertanana

TELEVISION AMPLIFIER
PENTODE

7G7 / The 7G7/1232 is a triple-grid tube of the
locking-base type. It is intended for use in
video amplifiers of television receivers and in

]232 other applications where a tube havinF high'
transconductance is required. Physical char-
acteristics of the 7G7/1232 are shown in Fig.
2-4, OUTLINES SECTION. The 7G7/1
can be mounted in any position.
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v CHARACTERISTICS
Hzeater VoLTAGE (A.C. or D C. ) ............................... 6.3: Volts
BATER CURRENT .. .0vovvvernvancsannsnsroons . 0.453% Ampere
GRID-PLATE CAPACITANCE® . rvnnvnnrrrnranns veveees 0007 max. unf
INPUT CAPACITANCE® . .. .iiuviiennnnarnnoes 9 suf
OUTPUT CAPACITANCEY . . . tvvenirviiononasnoonoossassssnssn aes 7 unf
* With close-fitting shield connected to cathode.
$ Nominal value is 7 volts hed Nominal value is 0. 48 ampere.
As Class A; Ampllﬂer
PLATE VOLTAGE ) . 250 max. Volts
SceEEN.VoLTAGE (Grid No. 2). 100 max. Volts
SCREEN SUPPLY VOLTAGE 250 max. Volts
PLATE DISSIPATION. . .. 1.5 max. Watts
SCREEN DISSIPATION. . 0.2 max. Watt
T\gllact:x. OPERATION: 250 Vo
Screen setesaasatatetattnsatasserntanaeneasresns 100 Volts
Grid Voltaxe (Gnd No. 1) ................................... -2 Volts
Suppressor..... ebaeseasatrbeane sttt asnrnnstesatroneann Connected to cathode at socket
e ves 6 Milliampeses
2 Milliamperes
0.8 Megohm
Transconduc 4500 Micromhos
Grid Voltage® -6 Volts
® For cathode current cut-off.
TRIPLE-GRID SUPER-CONTROL
AMPLIFIER
The 7H7 is a triple-grid amplifier of the 7H7
locking-base type. Physical characteristics
are shownin Fig. 24, OUTLINES SECTION.
The tube may be mounted. in any position.
*CHARACT ERISTICS
HeATER VOLTAGE (A.C.or D.C).. 6.3 Volts
HeaTsR CURRENT . 0.31t Ampere
DIRECT Immmnonn CnAcn'ANcus
GridtoPn fereree e aienaea 0.007 max. ppuf
Input . 8.0 ppf
Output . iebe e e be e es e s 7.0 upf
* With close-ﬂttxnx shxeld oonnected to eathod
$ Nominal value is 7 volts. ItNommal value is 0.32 ampere.
A! Class A; Amplifier
PLATE VOLTAGE. . 300 max. Volts
ScrexN VoLTAcE (Grid No. 2) 150 max. Volts
SCEEN SUPPLY VOLTAGE .. 300 max. Volts
GmVouAct(GndNo 1) 0 min. Volts
PLATE DISSIPATION. . 2.5 max. Watts
ScRREN DISSIPATION . . e 0.5 max. Watt
Tvrxcu. Onn-non as Chu A; Amphﬁ
Plate Voltage . 100 250 Volta
n Volt.nu 150 Volts
Cenes Connected to cathode at socket
Internal Shield, ..Connected to cathode at t
Grid Voltage. . -2.5 Volts
ate nt......... 8. 9.5 Miiliamperes
Screen Curren 3.3 3.5 Milliamperes
teRedstance(Approx) e e e ce b 0.25 0.8 Megohm
Transconducta . 3800 iccomhos
Grid Voltage for Tumconductnnee ‘w35 micromhos. . . . . -12 ~19 Volu
TRIODE-HEPTODE CONVERTER
The 7]7is n multi-electxode tube connimng
of a _triode tor and a heptode mixer in 7 J7

N { 1t.heloc£ -
bulb': mo'\:n:. oinan; m%‘l::n pﬂ‘”

are shown "in
Fiz 2-4, OUTLINES SECTIO!
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*CHARACTERISTICS
HeaTER VoLTAGE (A.C.0or D.C). . 6.3% Volts
HEATER CURRENT .. ... 0.31t. Ampere
DIRECT INTERELECTRODE CAPACITANCRS:**
Heptode Grid No.-1 to Heptode Plate. e e et enee ey 0.01 max. uuf
Heptode Grid No. 1 to Triode Plate . 0.1 max. ppf
Heptode Grid No. 1 to Triode Grid and Heptode Gnd No 3 0.2 mex. uuf
Tnode Grid to Triode Plate., . 1.0 upl
Heptode Grid No. 1 to All Other Electrodea =R-F Inp 55 nuf
Triode Plate to All Other Electrodes Except Tnode Gnd N
and Heptode Grid No. 3 =Osc. Out; 2 pnf
Triode Grid and Heptode Gnd No. 3 to All ‘Other Electrodec Except
Triode Plate =Osc, | K . 8.5 nuf
Heptode Plate to All Other Electrodes = Mixer Output 7.5 suuf
** With close-fitting shield connected to cathode.
{ Nominal vlaue is 7 volts. 1t Nominal value is 0.32 ampere.

As Frequency Converter

HerroDE PLATE VOLTAGE . 300 max. Voits

HEPTODE SCREEN VOLTAGE (Gnds No. 2, 4and 5) 100 max. Volts
HEPTODE SCREEN SUPPLY VOLTAGE 300 max. Volts
HEeP1O0DE CONTROL-GRID VOLTAGE (Gnd No 1) 0 min. Volts
TRIODE PLATE VOLTAGE. ceee .. 150 max. Volts
TRIODE PLATE SUPPLY VOLTAGE®. . . .. .. ... 0o oee 1200 300 max. Volts
HEPTODE PLATE DISSIPATION .. .. ..oivv it it it vnee o onnenennns 0.5 max. Watt
HEPTODE SCREEN DISSIPATION . .. ot 0 vttt it it ce it et is e ai au s 0.3 max., Watt
TRIODE PLATE DISSIPATION. . o0ttt it ve cnes et e e ee ceanae s 1.25 max. Watts
TOTAL CATHODE CURRENT . . .. et vn ce tuee e e e an s vene e vnanas 14 max. Milliamperes
TyPIicAL OPERATION:
’HeptodePlateVoltage.............................. 100 250 Volts
Heptode Screen Voltage e r e enees 100 100 Volts
Heptode Control- Gnd Voltage -3 -3 Volts
Triode Plate Voltage. . . 100 250* Yolts
Triode Grid Resistor. . .. .. 50000 Ohms
Heptode Plate Resistance . . . 0.3 1.5 Megohms
Conversion Transconductance 260 300 Micromhos
Heptode Controi-Grid Voliage for ‘conversion transcon-
uctance of 2 micromhos e . ~20 -20 Volts
Heptode Plate Current. 1.1 1.3 Milliamperes
Heptode Screen Current . 3.1 2.9 Milliamperes
Triode Plate Current . 3.7 5.4 Milliamperes
Triode Grid and Heptode Grid No.'8 Current. 0.3 0.4 Milliampere
Total Cathode Current. 82 10 Milliamperes

* Applied through 20000—ohm voltage-dropping resutor

Characteristics of Triode Unit Only

The transconductance of the triode unit, not oecnllatmg. is appfoxlmately 1350 micromhos
when the plate voltage is 150 volts and the grid voltage is ~3 vol

PENTAGRID CONVERTER

The 7Q7 is a multi-electrode vacuum tube
of the locking-base ‘type designed to -
form simultaneously " the fun'tnom of a
7Q7 mixer (first detector) tube and of an oecillator
tube in superheterodyne circuits. Dimen-
sions of the 7Q7 are shown in Fig. 2-4, OUT-
LINES SECTION. The tube may

mounted in any ition. Installation (ex-
cept for the socket) and application are
similar to that for the 6SA7.
*CHARACTERISTICS
HeaTEr VoLTAGE (A.C. 0or D.C). . [T 6.3*% Volts
HEATER CURRENT . e esen e e ety s 0.3%+ Ampere
DIRECT INTERELECTRODE CAPACITANCES:]
Grid No. 3 to All Other Electrodes and Bage Shell =R-F Input. . 9 uuf
Plate to All Other Electrodes and Base Shell -Mlxer Output 9 wuf
Grid No. 1 to All Other ElectroduandBaseSh e s 7 wuuf
Grid No. 3 to Plate. 0.2 max. puf
Grid No. 1 to Gnd No. 3. . 0.2 max, pul
 Grid No. 1 to Pla; 0.15 max. puf
Gréwo 1 to All Other Electrodec (Except Cathode) and Baae 5 st
Grid No. 1 to’ Cathode . 2.2 puf
Cathode to All Other Electrodes’ (Except ‘Grid No. 1) and Base 6 "

b4 W:th clooe-ﬁttmg lhxeld oonnected to cathode
* Nominal value is 7 voits. ** Nominal value is 0.32 ampere.
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As Froquency Converter

PLATE VOLTAGE. . 300 max. Volts

GrIp No. 2 aND No. 4 VOLTAGE. . 100 max. Volts

Grips No. 2 aND No. 4Surn.vVox.nGn 300 mazx. Volts

Grip No. 3 VOLTAGE . Ceeenes 0 min, Volts

PLATE AND Grips No. 2 anp No. 4’ stsmnou (Total) veen s 2 max. Watts

Grips No. 2 anp No. 4 DisstpaTION. 1 max. Watt

ToTaL CATHODE CURRENT. . 14 max. Milliamperes

TypicAL OPERATION with Self-Excitation: .
Plate Voltage . 100 250 Volts
Grids No. 2 and No. 4’ Voitage.. 100 100 Volts
Grid No. 3 (Control) Voltage 0 0 Voits
Grid No. 5 Volta 0 0 Volts
Grid No. 1 Reustor .. e .. 20000 Ohms
Plate Current. 3.3 3.5 Milliamperes
Gnano.ZandNo 4Current 8.5 8.5 Milliamperes
Grid No. 1 Current. ..... 0.5 0.5 Mlllumpu‘
Total Cathode Current . . 12.3 125 Milliamperes
PlnteRetistance(Approx) e eeeeesesae e e e e 0.5 1 Megohm
Conversion Transconductance. . Cerenan . 525 5§50 Micromhos
Conversion Transconductance (Approx )n e 2 2 Micromhos

1t With grid No. 3 bias of -35 volts. ‘

POWER AMPLIFIER PENTODE

The 12A5 is a power amplifier pentode

designed for use in a-c/d-c receivers or in
automobile receivers. The heater is center-
tapped to provide for either series or parallel
operation. Physical characteristics are shown
in Fig. 2-19, OUTLINES SECTION. The
tube may be mounted in any position.

7€
Y CHARACTERISTICS,
HzaTEr VoLTAGE (A C. or D C.) e erer e eaae 6.3(parallel) 12 G(unes) Volt.s
Heater CURRENT . [P 0.6 Ampere

As Class A; Amplifier

PLATE VOLTAGE . . .« .. ic v e sn s vanssnsronsncessonseas 180 max. Volta
SCREEN VOLTAGE. . 180 max.  Volts
PLATE DISSIPATION. . 8.25 max.  Watts

ScREEN DISSIPATION. . . Ceree i aaeae 2.5 max. Watts
’l‘nxcu. OPERATION and Cnnm‘rnxsncs
tage . 100 180 Volts
ScreenVoltage............. 100 180 Volts
Grid Vi -15 -25 Volts
Peak A-Fa&;d Voltage. . 15 . 25 Volts
Zero-Signal Plate Current . 17 45 Milliamperes
Max.-Signal Plate Current. 19 48 Milliamperes
Zero-Si Screen Current 3 8 Milliamperes
Max.-Signal Screen Current. 6.5 14 Milliamperes
Plate Resistance (Approx ) cerevean.. 50000 35000 Ohms
Transconductance . 1700 2400 Micromhos
Load Resistance 4500 3300 Ohms
Total Harmonic Distortion . e e ea s 12 11 . Per cent
Max.-Signal Power Output . . 0.8 34 Watts
TRIODE-PENTODE

g;he 12?8-61‘ ilha gleatut-l%ilode dtype og
tube combining a lg ~Inu and an r- R
pentode in one The triode may be [
used as & demector and the pentode as an r-f lzBB‘GT
or i-f amplifier. Heater operation is similar .
to that of the 12A8-GT except for the differ-
ence in current rating. For cathode con.
nection, refer to the 6A8.
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CHARACTERISTICS
HEATER VOLTAGE (A.C.or D.C)).....eonvnnnnnns 12.6 Volts
HEATER CURRENT . .cvvevcnvsrennans 03 Ampere
DIRECT INTERELRCTRODB CAPACITANCE!
Triode Grid to Triode Plate........ 23 upf
Triode Grid to Triode Cathode. 5 suf
Triode Plate to Triode Cathode 6.3 wuf
Pentode Grid to Pentode Plate. . ....cvevvvecrvnnnsonsssonnons 0.015 paf
Pentode INPut ... .0ovveirveiraniierrnioervesansnnns Ceeenreese 5.2 unf
Pentode Qutput......... e e eeeieaaneeiiteae b atreaaeens 9.6 puf
Pentode Grid to Triode Grid. . .......ccvvviniines vevereresss. 0002 upl
Pentode Plate to Triode Grid . .........c00uennns Cesreessaraes 0.078 upf
Pentode Grid to Triode Plate ......... eeeeerseissaaens aeeas 0.003 unf.
Maxmsusm OVERALL LENGTH. ... .. eereeasreanee Ceesenaesearans 3 é';'
MaxpausM SEATED HEIGHT. . ..o vvernvevaccorvons sessersecrneene
MAXIMUM DIAMETER ..... ereseeanaasaas .o eee 14&*
BULB .....covvvnnnen . . T8
CaP....covvnnnnn . Skirted Miniature
ASE..... teareven Intermediate Shell Octal 8-Pin
MOUNTING POSITION. . ........covviiuunnns . Any .
As Class A; Amplifier
Triode Unit  Pentode Unit
PLATE VOLTAGE . . . . csccvoocarocrvvnoaanansassssns 90 20 Voits
ScrBEN VoLTAGE (Grid No. 2) .. - 90 Volts
Grid VoLTAGE (Grid No. 1) .. 0 -3 Volts
PrATE CURRENT. ... 2.8 7 Milliamperes
ScrEEN CURRENT..... - 2 Milliamperes
AMPLIFICATION FacToR 90 -
PLATE RESISTANCE ... 37000 200000 Ohms
TRANSCONDUCTANCE . . . 2400 1800 Micromhos
TRANBCONDUCTANCE with ~42.5 volts bias ........... - 2 Micromhos
Kp2 PDy
TWIN DIODE ) OO
b2

The 12H6 is a metal tube of the heater-
cathode type containing two diodes in one
envelope. Except for the heater rating of
12.6 volts and 0.15 ampere, the electrical
characteristics are the same as those of the
6H6. Ph&sical characteristics are shown in
Fig. 1-1, OUTLINES SECTION. The tube
may be mounted in any position.

12H6

PENTAGRID CONVERTER

The 12SA7-GT is a pentagrid converter of
the heater-cathode type. Except for its
12SA7-GT  teater which operates at 12.6 volts and 0.15
ampere, and the interelectrode capacitances
the electrical and physical characteristics of
. the 12SA7-GT are the same as those of the
6SA7-GT. For heater operation, refer to
the 12A8-GT.

HIGH-MU TRIODE

The 12SF5-GT is a high-mu triode of the
heater-cathode type. Refer to the 65F5 for
electrical characteristics except capacitances
and heater rating. The heater is designed
for operation at 12.6 volts and 0.15 ampere;
refer to the 12A8-GT for discussion of heater
operation. Dimensions are shown in Fig.
2-5, OUTLINES SECTION. The 12SF5-G
may be mounted in any position.

12SF5-GT
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RCA RECEIVING TUBE MANUAL

DIODE SUPER-CONTROL
AMPLIFIER PENTODE

d'!‘:: t128,1"7 is mq metal ’qﬂ:eI og %l‘lie single-

en ype containing a single diode and a

super-control amplifier pentode,  Except for

the heater rating of 126 wvolts and 0.15 ]2SF7
ampere, the electrical and physical charac- .
teristics of the 12SF7 are the same as those

of the 6SF7. For heater operation, refer to

the 12A8-GT. The 12SF7 may be mounted

in any position.

TRIPLE-GRID SUPER-CONTROL

AMPLIFIER
The 125G7 is a metal tube of the single-
ended type. Except for the heater ratinz‘ of ]23G7

12.6 volts and 0.15 ampere, the electrical and
physical characteristics of the 12SG7, are the
same as those of the 6SG7. For: heater
operation, refer to the 12A8-GT. The
12SG7 may be mounted in any position.

TRIPLE-GRID DETECTOR AMPLIFIER

The 12SJ7-GT is a single-ended glass tube
of the triple-grid type with a sharp cut-off
characteristic. Except for the heater rati J -
of 12.6 volts and 0.15 ampere, the electrica
and physical characteristics of the 12SJ7-GT

are the same as those of the 65J7-GT. For
heater operation, refer to the 12A8-GT.

TRIPLE-GRID SUPER-
CONTROL AMPLIFIER

The 12SK7-GT is a triple-grid super-control
amplifier having single-ended construction. -
Exgg‘; for its heater rating of 12.6 volts and ] 25K7 GT
0.15 ampere, the electrical and physical char-

acteristics of the 12SK7-GT are the same as

thoee of the 6SK7-GT. For heater operation,

refer to the 12A8-GT.

TWIN-TRIODE AMPLIFIER

The 12SN7-GT is a single ended twin-
triode amplifier having separate terminals for
e?c¥2%ath0fle. l::ixc(:]e t.for the {lﬁate{ ratin ]2 SN7 GT
[ .6 volts an ,3 ampere, the electrica -
and physical characteristics of the 12SN7-GT
are the same as those of the 6SN7-GT. For
heater operation and cathode connection,
refer to the 12A8-GT and 6AS, respectively,
but give consideration to the greater heater
current of the 12SN7-GT.

DUPLEX-DIODE
HIGH-MU TRIODE

The 12SQ7-GT is a single-ended glass tube
containing two diodes and a high-mu triode
in a sin| fe envelope. Except for its heater ]2SQ7'GT
rating of 12:6 volts and 0.15 ampere, the
electrical and physical characteristica of the
12SQ7-GT are the same as those of the
6SQ7-GT. For heater operation, refer to
the 12A8-GT.
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DUPLEX-DIODE TRIODE
The 12SR7 is a metal tube of the liragle-

ended type containing two diodes and a

‘I triode in a 'inﬁ’: envelope. Physical char-

acteristics are the same as those of the 6SR7.

Except for the heater rating of 12.6 volits

METAL and 0.15 ampere, and the capacitances, the

electrical characteristics of the 12SR7 are the

same as those of the 6SR7. The capacitances

of the 12SR7 are: grid-plate, 2.4 uuf; grid-
cathode, 3.6 uuf; plate-cathode, 2.8 uuf.

TRIPLE-GRID SUPER-CONTROL
AMPLIFIER

’ The 14A7/12B7 is a super-control amplifier
gentode of the locking-base type. Except for
eater rating and capacitances, the electrical
characteristics are the same as thoee of
6SK7. Grid-plate Cagaciumee is 0.005 puf;
input, 6 uuf; output, . The heater is
designed to be opera at 12.6 volts and
0.15 ampere (nominal values are 14 volts,
0.16 ampere). Dimensions are shown in
Fiﬁ. 2-4, OUTLINES SECTION. _The 8v
14A7/12B7 may be mounted in any position.

POWER AMPLIFIER PENTODE

(0%
The 25A6-GT is a power amplifier pentode

designed for use in ‘“d-c power line” or
25A6-GT “universal” type receivers. The electrical

characteristics of the 25A6-GT are the same
as those of the 25A6, Dimensions are shown 40 \‘/ Du
in Fig. 2-8, OUTLINES SECTION. The OMOM
tube may be mounted in any position. NCREY G4
G=-78
RECTIFIER-PENTODE

The 25A7-GT is a heater-cathode type of

tube containing a half-wave rectifier and a

- nger amplifier pentode in one envelope.
ectrical characteristics are the same as

those of the 25A7-G. Dimensions are shown

in Fi% 2-8, OUTLINES SECTION. The
25A7-GT may be mounted in any position.

DIRECT-COUPLED POWER
AMPLIFIER

The 25B5 is a multi-electrode tube of the
2 5 B 5 heater-cathode type consisting of two triodes
in one bulb. It is used chiefly for replacement
. in receivers designed for its characteristics.
One_triode, the driver, is directly connected
to the second, or output, triode.. The tube
may be mounted in any position.

Y CHARACTERISTICS
HEATER VOLTAGE (A.C.or D.C.) .t vvvivivivn et vncnmennanonin 25.0 Volts
HEATER CURRENT .. .. o0 te vt vseaeae ot sovasssessasiassssssanos 03 Ampere
MaxiMuM OVERALL LENGTH........... seranenaiones treereeeans 44
MaxIMUM SEATED HEIGHT............. Ceeseneaneranees 3’
MAXIMUM DIAMETER....... vee 147
BULB....osvsoauarnnse .. - ST-12
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As Class A, Power Amplifier

OUTPUT-TRIODE PLATE (PT2) VOLTAGE .. .. .. v cievvveansonanses 180 max. Volts

INPUT-TRIODE PLATE (PT1) VOLTAGE. . ot v vu v veoonevs o nsonenss 180 max. Volts

OUTPUT TRIODE PLATE DISSIPATION .. ..o vt viiianronetonessvens 8.5 max. Watts

INPUT TRIODE PLATE DISSIPATION. . .. it vvvevrvs e ncacencn o nnos 1.1 max. Watts

TYPICAL OPERATION & nd CHARACTERISTICS:
Output-Triode Plate Voltage. .. .........ccoeeen o e 110 180 Volts
Input-Triode Plate Voltage .. ........cooovieiiniiinen 110 180 Volts
Input-Triode Grid Voltage. ............ccvinvionenee 0 Volts
Peak A-F Grid (Gm1) Voltage .. ..........coiine 29.5 29.5 Volts
OQutput-Triode Plate Current. .. .. ......cccovienee e 45 46 Mailliamperes
Input-Triode Plate Current. ... .. .o.cooo vt eivasececnan 7 5.8 Milliamperes
Plate Resistance (Approx.) ....... 11500 15000 Ohms
Transconductance (GT: to P1a) ... 2200 2300 Micromhos
Load Resistance. . .. .......... 2000 4000 Ohms
Total Harmonic Distortion 9 9 Per cent
Power OULPUL. ... oo v veorvv e cres it vavsonoe 2 38 Watts

TRIODE-PENTODE "

The 25B8-GT is a heater-cathode type of
tube containing a high-mu triode and an r-f
pentode in one envelope. The triode unit
may be used as a detector or amplifier and the
pentode unit may be used as an r-f or i-f
amplifier. Heater operation is similar to that
of the 25A6 except for the difference in current
rating. Refer to the 25A6 for information
on -cathode connection. Physical character-
istics of the 25B8-GT are shown in Fig. 2-5,
OUTLINES SECTION. The 25B8-GT can
be mounted in any position.

25B8-GT

CHARACTERISTICS

HEATER VoLTAGE (A.C.0or D.C)..... eseettasesrornas ererenes 25 Voits
HEATER CURRENT ..covovceinnnnnarsssssncsassnse .. 0.156 Ampere
DIRECT INTERELECTRODE CAPACITANCES:

Triode Grid to Triode Plate (Approx.) ... 22 upf

Triode Grid to Triode Cathode (Approx. 5 uuf

Triode Plate to Triode Cathode (Approx.) . 4.6 mi

Pentode Grid to Pentode Plate. .. .. P 0.02 waf

Pentode Input .. ....oeiviiinecrcssccnccansnes reeveeenecans 55 wnf

Pentode Og‘tjmt. seeeseseasansn cerrerananns cesenane cereeenes 10 wuf

Pentode Grid to Triode Grid. . .......coovviiiiiiiiiaianianen, 0.02 unf

Pentode Plate to Triode Plate. .... ceenns Ceseesesisiieireaies 0.075 wpf

Pentode Grid to Triode Plate . .........ccooviviiiniinieinnne, 0.009 uuf

As Class A; Amplifier
Triode Unit  Pentode Unit
PLATE VOLTAGE. . . . ccccvvosns . . 100 100 Volts
ScREEN VOLTAGE (Grid No. 2) - 100 Volts
Grip VoLtaGE (Grid No. 1) -1.0 -3 Volts
PLATE CURRENT. .. 0.6 7.6 Milliamperes
ScREEN CURRENT... - 2 Milliamperesa
AMPLIFICATION FacTO . 112 -
PLATE RESISTANCE .. .coovviioentncanariesonnnananns 75000 185000 Ohms
TRANSCONDUCTANCE . ...ocooovscees seeeenenias Ceeeens 1500 2000 Micromhos
TRANSCONDUCTANCE with —41 volts bias. .. ............ - 2 Micromhos
G2 Gi
() BEAM POWER AMPLIFIER

P
0’5 The 26C6-G is a_beam power amplifier

of the heater-cathode type, similar to the
6Y6-G except for its heater rating of 26
© () volts and 0.3 ampere. Physical character-
‘/ H istics are shown in Fig. 2-21, OUTLINES
o o SECTIQ& Th}g tuge mpylbehmoutnt.etzi in
K any position. For electrical characteristics,

NCTREY ™ Pgr refer to the 6Y6-G.

6-7AC
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25N6-G

25Y5

32L7-GT

DIRECT-COUPLED POWER
AMPLIFIER

The 25N6-G is a multi-electrode type of
tube like the 25B5 consisti n%of two triodes
in one bulb. Refer to the 25B5 for electrical
characteristics. Physical characteristics are:
maximum overall length, 44} in.; maximum
seated height, 3§} in.; maximum diameter,
1 % in.; bulb, ST-12; base, small shell octal
7-pin. The tube may be mounted in any
position.

RECTIFIER-DOUBLER

The 25Y5 is a high-vacuum rectifier which
is designed for half-wave rectifier service on
a 220-volt supply. The heater voltage is 25
volts, heater current, 0.3 ampere; maximum
heater-cathode potential, 3! volts; max-
imum peak inverse voltage, 700 volts; the
maximum d-¢c output current is 75 ma., and
the maximum a-c plate voltage (RMS) is
235 volts. Physical characteristics are shown
in Fig. 2-19, OUTLINES SECTION. The
tube may be mounted in any position.

RECTIFIER-BEAM POWER
AMPLIFIER

The 32L7-GT is a heater-cathode type of
tube containing a half-wave rectifier and a
beam power amplifier in one envelope, The
heater is designed for series operation in
a-c/dc receivers. Heater operation and
cathode connection are the same as for
the 35L6-GT except for the difference in

heater voltage and current. The base of the -

32L7-GT fits the standard octal socket which
may be installed to hold the tube in any
tion. Pl;guical _ characteristics of the
L7-GT are shown in Fig. 2-8, OUTLINES
SECTION.

CHARACTERISTICS

Hearer VorTacE (A.C. or D.C))

HeaTER CURRENT . ...

PLATE VOLTAGE

SCREEN VOLTAGE (Grid No. 2)
Grip VoLTAGE (Grid No. 1)
PLATE CURRENT. .....

PLATE RESISTANCE (Approx.)
T RANSCONDUCTANCE .
LoOAD RESISTANCE . ...

TOTAL HARMONIC DISTORTION . . ...iviininrnnnnnnnnenn

THIRD HARMONIC DISTORTION. ... ivvveveerntreannnnnnen

5.3
SECOND HARMONIC DISTORTION . .. .0vovurrerrennnnnnassn %g
0.8

POwEgR OUTPUT ...... s

HALF-WAVE HIGH-VACUUM
RECTIFER

The 45Z3 is a miniature half-wave rectifier
of the heater-cathode type. It is designed
for use in a-c/d-c/battery-operated portable
receivers where small gize and low heat dis-
sipation are important. Physical character:
istics are shown in Fig. 2.2, OUTLINES
SECTION. The tube may be mounted in
any poeition. -
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325 Volts
0.3 Ampere
90 Volts
90 Volts
- Volts
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iamperes
17000 Ohms
4800 Micromhos
2600 Ohms
9 Per cent
6.5 Per cent
55 Per cent
1.0 Watt
125 max. Volts

60 max. Milliamperes
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RCA RECEIVING TUBE M ANUAL
Y CHARACTERISTICS
HEeATER VOLTAGE (A.C. orDC) 45 Volts
Hn‘rnCunnm...... e eeee ne eaeeaseesana e st onan 0.075 Ampere
As Half-Wave Rectifier
PEAK INVERSE VOLTAGE. . ........ 350 max. Volts
PEAX PLATE CURRENT ...... 390 max. Volts
D~C HEATER-CATHODE POTENTIAL .. 175 max. Volts
1T CONDENSER-INPUT FILTER:
A-C Plate Voltage (RMS) ., 117 max. Volts
Total Effective ﬁlate Supply Impedance 15 mén. Ohms
D-C Output Current. . 65 max. Milliamperes
Koy oy
OO RECTIFIER-DOUBLER
0 Vs The 50Y6-GT is a full-wave, high-vacuum
2 (3) rectifier of the heater-cathode type. This
tube may be used in “transformerless” re-

ceivers of the “umveraal (a-c/d-¢)”" type.

" O, /o w Refer to the 25A6 for heater tion and

cathode connection, but note the difference
0 o in heater rating. Physical charact.enstlcs of
KEYKp the 50Y6-GT are shown in Fig. 2-8, OUT-
NC ! LINES SECTION. The 50Y6-GT can be
G-7Q mounted in any position.
Y CHARACTERISTICS

HEATER VOLTAGE (A.C.or D.C.). . . ...oiiiviiiiiiiiinnennnvennn
HEATER CURRENT .. .00 tvvtrunnnnnnnnnninecrronasoconsanaesns

As Rectifier or Doubler

PEAK INVERSE VOLTAGE. ........oivnuenn e aeeraaenny
PEAE PLATE CURRENT PER PLATE . . ..oovvviiniiniiirnnecncennnn
D-C HEATER-CATHODE POTENTIAL. .0 vvvvuvinvoerronersnosasnnes
AS HALF-WAVE RECTIFIER:*

A-C Plate Voltage per Plate SRMS) ....... 117 150
Total Eﬂ‘ectwe ate-Supply Impedance

........................... 15 min. 40 min.
D-C Output Current per Plate . ......... 75 max. 75 max.

As VoLTAGE DOUBLER:
Half-Wave
A-C Plate Vol per Plate (RMS) .............. 117 max.
Total Effective Plate-Supply Impedance per Platet . 30 min.
DCOutput Current. .............cvvrniinnnnnn 76 max.
* The two units may be used separately or in parallel.
RECTIFIER-DOUBLER

The 5027-G is a full-wave, high-vacuum
rectifier of the heater-cathode t. for use
in “transformerless’’ receivers of the “uni-
versal (a-c/d-c)”’ type. The heater is provnded
with a tap for the operation of a Eanel lam:
Dimensions are shown in Fig. 2-17, O
LINES SECTION. The tube may be
mounted in any position.

% CHARACTERISTICS

HEATER VOLTAGE (A.C. or J
Entire Heater (Pins No 2 and No. 6)..
Panel-Lamp Section (Pins No. 6 and No. 7) with 0 15 ampere

flowing between pins No 2 and No 6 .
HeATER CURRENT .. ...

As Rectifier or Doubler

PEAK INVERSE VOLTAGE.
PBAE PLATE CURRENT PER PLATE .
D-C Hrarr-CaTHODE POTENTIAL ..

— 251 —
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As HaLr-WavE RecTIFIE
- A-C Plate Voluge per Plate (RMS) . v e 117 235 mez. Volts
‘{)?Cw Effective |me-Supg‘la Im nce per Platet e 15 min. 15 min. Ohms

Output Current per 65 max. 65 max. Milliamperes
As VoLTAGE DousLEr:
A-C Plate Voltalghper Plate (RMSJa e e 117 max. Volts
Total Effective be~SupplyImpe ncepe:Plate 15 min. Ohms
D-C Output Current. . e e ee e 65 maz, Milliamperes

* The two units may be used separately or in parallel.

RECTIFIER-BEAM POWER
AMPLIFIER

The 70L7-GT is a heatercathode type of
tube which combines in one bulb a haif-
- wave rectifier and a beam power amplifier.
It is designed for use in circuits employing
heaten connected in_series.

Ph
are shown in F . 2-8, SgTLINES
SECTION The 70L7-GT may be mounted

in any position. 8AA
$=0CAM UNIT
*CHARACTERISTICS
HzeaTER VoLTAGE (A.C. orDC) 70 Volts
HEATER CURRENT .. ... 0.15 Ampere

Beam Power Amplifier Unit

PLATIVOL’I‘AGE....................................... 117 max. Volts
SCREEN VOLTAGE. . 117 max. Volts
PLATE DISSIPATION. . « o+ vv e e e on e orree e oo 6 max. Watts
SCREEN DISSIPATION . . . . . 1 mazx. Watt
TYPICAL Onu'non and Cmncmmsncs——Clau A; Ampllﬁer
Plate Voltage . . v arases 110 Volts
Screen Vol e er et eae, 110 Volts
Grid Voltage®.......... -7.5 Volts
PukA-F rid Voltage 7.5 Volts
Zero-Signal Plate Current 40 Milliamperes
Max. -ngnal Plate Current, Milliamperes
Mz Sfonal Scrce %“'"“‘J(P'“ ) §  Millamers
ax.- een Curren pprox ..... e e e e e . mperes
Plate Resistance. T K1 1 4] Ohms
Tnmeonductance 7500 Micromhos
TotulHarmoni Distortion’ 10 Per cent
Max-SignalPowerOutput 1.8 Watts

Prax INVERSE VOLTAGE.
PrAX PLATE CURRENT .
D-C HEATER-CATHODE PonNﬂAL 175 max. Volts

A-C Plate Voltage (RMS) . 117 mazx.” Volts
Total Effective ate-SupplyImpedance 15 min. Ohms
D-C Output Current.. ...... 70 max. Milliamperes
* When the grid circuit has a resmtance not hizher than 0 l megohm, fixed bias may be used;
with cathode biag, the grid circuit may have a resistance not higher than 0.5 megohm.

RECTIFIER-BEAM POWER
AMPLIFIER

]]7'—7'GTI The 117L7—GT/117M7 GT is a heater-

hode of tube which combines in one
‘I‘l M7 GT bulb a hzi?eave rectifier and a beam power
- amplifier. The heater is designed for opera-

tion directly acroes a 117-voltline. Except for

the base connections, the electrical and physi-

cal characteristics of the 117L7-GT/117 7-GT
are the same as for the 117P7-G'

BSHEAM UNIT

— 952 —
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RECTIFIER-BEAM POWER
AMPLIFIER

The 117N7-GT is a heatercathode ty x ]]7N7-GT

of tube which combines in one bulb a haif-
wave rectifier and a beam power amplifier.
The heater is designed for use directly across
the 117-volt supply line.

8AV
BIZBEAM UNIT
Y CHARACTERISTICS
HeaTER VoLTAGE (A.C. or D.C)). 117 Volts
HEATER CURRENT ,...... 0.09 Ampere
MaxmuM OVERALL LENG 3 ﬁ"
MaxiMus SEaTED HEIGHT. . 24"
MAXIMUM DIAMBTER .. . «covevetnnnerasssnooennnocsaassananses 14”
BULB .. ovvveeettristssasossrarsossesrsresssnasnassssstsineans, T-9
BASE . e sevvvneseensaneacarsnsassasssssessnssosnnstasasssnonns Intermediate Shell Octal 8-Pin
MOUNTING POSITION. . . i ctevvernnonrorssenrcoorsanosarsnassss Any
Beam Power Amplifier Unit

PLATE VOLTAGE . . . . vvuiaenivroeaaroansnssaosrssoasasroasasens 117 max. Volts
SCREEN VOLTAGE. . . «.vnveereansrnrosanss .. 117 max. Volts
PLATE DISSIPATION. .. . ..ivienancnennnnns 5.5 max. Watts
SCREEN DISSIPATION. . . .. .viivineeenrvnrasconnns 1.0 max. Watt
TyPiCAL OPERATION and CHARACTERISTiCS—Class Ay

Plate Voltage feerenesiaens .. 100 Volts

Screen Voltage 100 Volts

Grid Voltaée* -6 Volts

Peak A-F Grid Voltage., .. ...cooviiiiiiiiiiiineriinneennans 6 Volts

Zero Signal Plate Current . . ......ovvvvineiiiriiieininrennes- 51 Milliamperes

Zero-Signal Screen Current . ....oeihiiiiiiii i 5 Milliamperes

Plate Resistance (APDIOX.) . . .. ccvevirvnronanccnroananronenes 16000 hms

TransconNdUCLANCE ... ...vueneneeertersereoeanencsrsssasises 7000 Micromhos

Load Resistance. . ... ...coveieetrtonrietneineeiiieennaiions 3000 Ohma

Total Harmonic Distortion 6 Per cent

Mazx.-Signal Power Output 1.2 Watts

* With fixed bias the d-¢ resistance of the grid circuit should not exceed 0.25 megohm; with
cathode bias, 1.0 megohm.

Rectifier Unit -

PEAK INVERSE VOLTAGE...... Ciesieieieaen Cebereite e 350 max. Voits
PEAK PLATE CURRENT . ..00vittvvinnenonseracresocnunnsvonanes 450 max. Milliamperes
D-C HEATER-CATHODE POTENTIAL . oo tceveniinnnasecoesrnnnnnns 175 max. Volts
Wit CONDENSER-INPUT FILTER:
A-C Plate Voltage (RMS) .......coiviniiiniinreciiosennen vae 117 mazx. Volts
Total Effective Plate-Supply Impedance. ...... Beteereiiene veen 15 min. Ohms
D-COutput Current. ...covevieenrerersrtesrssoscaessssannns 75 max. Milliamperes

RECTIFIER-BEAM POWER AMPLIFIER

The 117P7-GT is a_heater-cathode type of
tube‘:‘*which combines in one bulb a half-wave ] ]7P7-GT
rectifier and a beam power amplifier. he
heater is designed for use directly across a

117-volt supply line.

FCHARACTERISTICS
HEATER VOLTAGE (A.C.0r D.C.). .. it iv et ev et vnvannancnenvnen 117 Volts
HeaTER CURRENT .. ..

Maxmaum OVERALL LENGTH 3
MaxiMUM SEATED HEIGHT 2K
MAXIMUM DIAMETER . . . 14
BuLp .. ............ T:

BASE. .. .o .0 i vheenn
MOUNTING POSITION. ¢4 o0 o ve oo ansonncenns
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Beam Power Amplifier Unit

PLATE VOLTAGE . . ¢ ottt et vt veveosss on sivevnvossvncnvanessnens 117 max. Volts
SCREEN VOLTAGE . . . o0 0 ve vt ot et cosnae on e vs o nsonneveannene s 117 max. Volts
PLATE DISSIPATION . . . .t ot vt vn e cree e ts taneonononssossesnnsns 6 max. Watts
SCREBN DISSIPATION. . .« ot v vu vt vn o v ie invras e e st s annenens 1 max. Watt
TYPICAL OPERATION:
Plate Voltage . .. Volts
Screen Voltage . . Volts
Grid Vol . Volts
Peak A-F Grid Voltage Volts
late Current Milliamperes
Max.-Signal Plate Current Milliamperes
Zero-Signal Screen Current Milliamperes
Mazx.-Signal Screen Cun'ent . Milliamperes
Plate Resistance (Approx) Ohms
Transconductance . Micromhos
d Resistance. . . Ohms
Total Harmonic Distortion . . Per cent
Max.-Signal Power Output .. ....... Watt
Ractifier Unit
PEAK INVERSE VOLTAGE. 350 max. Volts
PEAK PLATE CURRENT .. 450 max. Milliamoperes
D-C HEATER-CATHODE POTENTIAL .. 175 max. Volts
Wite Commnsn-lnrm' Fn.‘rnn'
A—CPl:msVoltaﬁ1 117 max. Volts
otal Effectiv ate-SupplyImpedam:e 15 min. Ohms
D-C Qutput Current. . . e 76 max. Milliamperes

ITy'pe of input eoupli ahould not mtroduce too much registance in the grid circuit. With
fixed bias, the resistance should not exceed 0.25 megohm; with cathode bias, 0.5 megohm.

RECTIFIER-DOUBLER

The 117Z26-GT is a full-wave high-vacuum
rectifier of the heateruthode type for use P02 o/
in suitable cn'culu to l“%eay d-¢ power from

]]726-GT ?;nr" m:;edm% opetatmn olgect?ley lggtzo&

a 117-volt supply line. voltage-doubler H e ‘/ 0 H

eondd tions, see RA. DIO TUBE APPLIC-
ATIONS SECTIO . Ph character (8)
e shown i OUTLINES NG KEYkp,
SECTION Thell ST may be mounted
in any position. G-7Q
Y CHARACTERISTICS
HEATER VOLTAGE (A.C.or D.C.). ... cvetesvtoncrncnscencscasss 117 Volts
HEATER CURRENT ...... 0.075 Ampere

As Rectifier or Doubler ¢

PEAK INVERSE VOLTAGE. .. cveuiacrnesanncsnses R 700 max. Volts
PEAK PLATE CURRENT PER PLATE . «vvvvvviiererrersnnnannnnns . 360 max. Milliamperes
D-C HEATER-CATHODE Ponm'ul.. feeereteieesstasastnennssaans 350 max. Volts
A P Veltage per te (RMS) 117 150 235 Valts
...... max.
Total _Effective lﬁ:’ y Impedance .
per Plate 16 min. 40 min. 100 min. Ohms
‘D-C Output Curtent Plate ........... 60 max. 60 max. 60 max. Milliamperes
As VOLTAGE DoOUBLER:
Half-Wave Full-Wave
A-C Plate Voltaﬁeapu Plate (RMS .. 117 max. 117 max. Volts
Total Eﬂecun te-Supply m; s per "Piate .. 30 min. 15 min. Ohms
cacecesssssstetssecasners oo 60 max. 60 max. Milliamperes
‘In hlf-numia.tbetwounlu may be used separately or in parallel.
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POWER AMPLIFIER TRIODE

The 183/483 is a low-mu power amplifier
triode for replacement in receivers designed
for its characteristics. Dimensions are shown
in FF 2-25, OUTLINES SECTION. Elec-
tnm characteristics are: ﬁlament voltage.

0 volts; current, 1.25 amger plate
volta of 250 and grid volts o 60, the plate
current i 30 ma.; plate resistance, 1750
ohms; transconductance, 1700 micromhos;
amphﬁeatwn factor, 3. With a load resist
ance of 5000 ohms, the power output is 1.8

183/
483

watts. The tube should be mounted in 2 vertical position, but horizontal operation is permisgsible
if the plane of the filament is vertical.

-6
()

DETECTOR AMPLIFIER TRIODE

The 485 is a heater-cathode type of tube
intended for replacement in recexvers de-
signed for its characteristics. Dime;
are shown in Fig. 2-19, OUTLINES SEC—
TION. The filament volta is 3 volts,
current, 1.25 ampere. late volts of 180
and grid volts of -9, the te current is 5.8
ma.; plate resistance, 8 ohms; transcon-
ductance, 1400 micromhos; amphﬁcatlon
factor, 12.5. * The tube may be mounted in
any position.

485



