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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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In addition to the tube types
described in this book
RCA Manvracruring Company, Inc.
3 offers a complete line of

] TUBES
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Broadcast Transmilters
B Radio Communicating Systems
B Cathode-Ray Oscillographs
Y Television Equipment
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T For sales information regarding any RCA product, write to
! Sales Department, RCA Manuracrurine Company, Inc.,
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- For technical information on RCA Tubes, write to Commer-
al cial Engineering Section, RCA ManuracrurinGg CoMpany, INc.,
Harrison, N. J.
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Structure of a Metal Radio Tube

1 — METAL ENVELOPE

2 — SPACER SHIELD

3 — INSULATING SPACER
4 — MOUNT SUPPORT

5 ~ CONTROL GRID

6 — COATED CATHODE
7 — SCREEN

8 -—— HEATER

9 — SUPPRESSOR

10 — PLATE
- 11 — BATALUM GETTER
12 — CONICAL STEM SHIELD
13 — HEADER
14 — GLASS SEAL
15 — HEADER INSERT
16,— GLASS-BUTTON STEM SEAL
17 — CYLINDRICAL BASE SHIELD
18 — HEADER SKIRT

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

22 — EXHAUST TUBE
23 —BASEPIN
24 — EXHAUST TIP

25 — AUGNING KEY
26 — SOLDER

27 — ALGNING PLUG
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Electrons and Elect;odes

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

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

ELECTRONS

All matter exists in the solid, liquid, or gaseous state. These three forms con-
sist entirely of minute divisions known as molecules. Molecules are assumed to be
composed of atoms. According to a present accepted theory, atoms have a nucleus
which is a positive charge of electricity. Around this nucleus revolve tiny charges
of 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 isone
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.

~ 38—
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A filament, or directly heated cathode, may be further classified by identifying
the filament or electron-emitting material. The materials in regular use are tung-
sten, thoriated-tungsten, and metals which have been coated with alkaline-earth
oxides. Tungsten filaments are made from the pure metal. Since they must
operate at high temperatures (a ‘dazzling white) to emit sufficient electrons, a
relatively large amount of filament power is required. Thoriated-tungsten fila-
ments are made from tungsten impregnated with thoria. Due to the presence of~—..
thorium, these filaments liberate electrons at a more moderate temperature of
about 1700°C (a bright yellow) and are, therefore, much more economical of fila-
ment power than are pure tungsten filaments. Alkaline earths are usually :gplicd
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 verf/ 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.

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

| 1H5-G, and 31. A-c operated types having directly heated fila-
Fig. 1 ment-cathodes are the 2A3 and 45.
CATHODE
An indirectly heated cathode, or heater-cathode, consists of
a thin metal sleeve coated with electron-emitting material. With- | gy ate0
in the sleeve is a heater which is insulated from the sleeve. The Heatcr
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 F'i'?“’

tween the plate terminal and a cathode e
terminal. Under the influence of the positive P-ATE cORRENT
plate potential, electrons flow from the cathode
to the plate and return through the external carw-
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. Pl‘late current ﬂow;I only %urmg the
ourpurtime when the plate is rositive. Hence the current
-1 m =2 through the tuge g Y

«f | to be rectified. See Fig. 4. Diode rectifiers are
Ke : used in a-c receivers to convert a.c. to d.c. for sup-

i

flows in one direction and is said

plying “B,” “C,” and screen voltages to the other
tubes in the receiver. Rectifier tubes may have

| L 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

! alternating-current cycle. When two plates and

<>l v?,ﬂig?‘,ﬂg& one or more cathodes are used in the same tube,

| | current may be obtained on both halves of the a-c

Fig. 4 cycle. The 5T4, 5Y3-G and 5Z3 are examples of
this type and are called full-wave rectifiers.

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

Beyond a certain plate voltage, however, additional plate voltage has little
effect in increasing the plate current. The reason is that all of the electrons emitted
by the cathode are already being drawn to the plate. This maximum current is
called saturation current (see Fig 5) and because it is an indication of the total
number of electrons emitted, it is also known as the emission current, or, simply,
emission, Tubes are sometimes tested by measurement
of their emission current. However, in this test it is
generally not feasible to measure the full value of
emission because this value would be sufficiently large
to cause chanf;:3 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
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/
/

NUMBER OF ELECTRONS
REACHING PLATE —
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. If space charge were not present to repel electrons oomin% 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 type which depends for
its operation on gas ionization. The 0Z4 and 0Z4-G are tubes in this classification.
They are of the full-wave design and contain two anodes and a coated cathode
sealed in a bulb under a reduced pressure of inert gas. The cathode in each of these
types becomes hot during tube operation but the heating effect is caused by bom-
bardment of the cathode by the ions from within the tube rather than by heater
or filament current from an external source. The internal structure of the tube is
designed so that when sufficient voltage is applied to the tube, ionization of the gas
occurs between the anode which is instantaneously positive and the cathode. . Under
normal operating voltages, ionization does not take place between the anode that
is negative and the cathode. This, of course, satisfies the principle of rectification.
The initial small flow of current through the tube is sufficient to raise the cathode
temperature quickly to incandescence whereupon the cathode emits electrons.
The voltage drop in such tubes is slightly higher than that of the usual hot-cathode
gas rectifiers because energy is taken from the ionization discharge to keep the
cathode at operating temperature. Proper operation of these rectifiers requires
that a minimum load current always flow in order to maintain the cathode at the

_temperature required to supply suflicient emission.

-
TRIODES

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

spaces between turns are comparatively large so that the passage of electrons from
cathode to plate is practically unobstructed by the turns of the grid. The purpose
of the grid is to control the fow 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 EERN
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 :
U (o [l

PLATE
PLATE CURRENT

d-c grid voltage is made more and more cRip

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 eignal, the plate

CATHODE OUTPUT

INPUT
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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 fnade 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 neater
cathode. By means of the screen and :
this by-pass condenser, the grid-plate c Kk 8 |
capacitance of a tetrode is made very Ahi === 11}
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 veri/ little
on the plate voltage. The fact that plate current in a screen-grid tube is largely
independent of plate voltage makes it possible to obtain much higher amplification
with a tetrode than with a-triode. The low grid-plate capacitance makes it possible
to obtain this high amplification without plate-to-grid feedback and resultant
instability. Representative screen-grid types are the 32 and 24-A.

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
eﬁ'er::)fj lowers the plate current and limits the permissible plate-voltage swing for
tetrodes.

-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 possible higher power output with lower grid-driving voltage; in
radio-frequency amplifier pentodes the suppressor permits of obtaining high
voltage amplification at moderate values of plate voltage. These desirable features
are due to the fact that the plate-voltage swing can be made very large as compared
with that of tetrodes. In fact. the plate voltage may be as low as, or lower than,
the screen voltage without serious loss in signal gain capability. Representative
power-amplifier pentodes are the 1A5-G, 6F6. and 25A6; representative r-f amplifier
pentodes are the 1N5-G, 6J7, 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 heam 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, 6L7, and 6K8. Types of this class generally require more than
three electrodes to obtain the desired special characteristics and may be broadly
classed as multi-electrode types. The 6£7 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.
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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 toa
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 voltag& constant, the transconductance {s
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 volta%e may be as high as 2.8 times
the rms value of the applied plate voltage. In polyphase circuits, mathematical
determination of peak inverse voltage requires the use of vectors.

Maximum peak plate current is the highest steady-state peak current that a
rectifier tube can safely stand in the direction in which it is designed to pass current.
The safe value of this peak current in hot-cathode types of rectifiers is a
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- function of the available emission and the duration of the pulsating current flow
from the rectifier tube during each half cycle. In a given circuit, the actual value
of peak plate current is largely determined by filter constants. If a large choke is
used in the filter circuit next to the rectifier tubes, the peak plate current is not
much greater than the load current, but if a large condenser is used in the filter
next to the rectifier tubes, the peak current is often many times the load current.
In order to determine accurately the peak current in any circuit, the best procedure
usually is to measure it with a peak-indicating meter or to use an oscillograph.

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

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

The plate efficiency of a power amplifier tube is the ratio of the a-c power
;nhtpl_xt t? 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 voitages are such that plate current in a specific tube flows
for appreciably more than half but less than the entire electrical cycle.

Class B Amplifier. A class B amplifier is an amplifier in which the grid bias
is approximately equal to the cut-off value so that the plate current is approximately
zero when no exciting grid voltage is applied, and so that plate current in a specific
tube ﬂl?evgs for approximately one-half of each cycle when an alternating grid voltage
is applied. )

Class C Amplifier. A class C amplifier is an amplifier in which the grid bias
is appreciably greater than the cut-off value so that the plate current in each tube
is zero when no alternating grid voltage is applied, and so that plate current flows
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in a specific tube for appreciably less than one-half of each cycle when an alternating
grid voltage is applied.

NOTE:—To denote that grid current does not flow during any part of the
nput cycle, the suffix 1 may be added to the letter or letters of the class identifica-
tifon}.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 &;)wer performance can be obtained by using a
push-pull stage for audio service. ith class AB ané class B amplifiers, a balanced
amplifier stage using two tubes is required for audio service.

As a class A voltage amplifier, a radio tube is used to reproduce grid voltage
variations across an impedance or a resistance in the plate circuit. These variations
are essentially of the same form as the input signal voltage impressed on the grid,
but of increased amplitude. This is accomplished by operating the tube at a suit-
able grid bias so that the applied grid-input voltage produces plate-current variations
proportional to the signal swings. Since the voltage variation obtained in the plate
circuit is much larger 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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[£3] 1 €

|

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
load resistance + plate resistance

Voltage amplification =

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

From the first formula, it can be seen that the gain actually 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

i
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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 produces a voltage drop which reduces the plate voltage applied to the tube.
If the plate resistor is too large, this drop will be too large the plate voltage on the
tube will be too small and the voltage output of the tube will be too small. Also,
the grid resistor of the following stage should not be toc large, the actual maximum
value being dependent on the particular tube type. A higher value of grid resistance
is permissible when cathode bias is used than when fixed bias is used. When cathode
bias is used, a loss in bias due to grid-emission effects is nearly completely offset
by an increase in bias due to the voltage drop across the cathode resistor. The
recommended values of plate resistor and grid resistor for the tube types used in
resistance-coupled circuits, and the values of gain obtainable, are shown in the
RESISTANCE-COUPLED AMPLIFIER SECTION.

The input impedance of a radio tube, that is, the impedance between grid and
cathode, consists of (1) the capacitance between grid and cathode, (2) a resistance
component resulting from the time of transit of electrons between cathode and
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 {)receding stage. Tu such as the Acorn*
types have been developed to have low input capacitances, low electron transit
time and low lead inductance so that their input impedance is high even at the
ultra-high radio frequencies.

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

¢ Registered Trademark.
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’ characteristic when the grid bias has been increased to reduce volume. The offend-

ing stage for cross-modulation is usually the first radio-frequency amplifier, while
for modulation-distortion, the cause is usually the last intermediate-frequency stage.

PLATE MILLIAMPERES

SUPPRESSCR 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 6L6 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.

s
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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 ?l;ids run positive is inadvisable except
u.ndell_;ﬁ conditions such as are discussed later in this section for class AB and class B
amplifiers.

Power output for triodes as single-tube class A amplifiers can be calculated
without serious error from the plate family of curves by assuming a resistance load.
The proper plate current, grid bias, and optimum load resistance, as well as the
per cent second-harmonic dlstortlon. can also be determined. The calculations
are made graphically and are illustrated by Fig. 20 for given conditions. The
procedure 1s 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) = 068 X Ev

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

(I max. ~ I min.) (E max. - E min.)
8

Power output =

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 d.lSt.Ol’thﬂ may be calculated by the followmg formula:

I max. + I min. 1
2 "
1 max. ~ I min.

% 2nd harmonic distortion = X 100

where Io is the zero-signal plate current in amperes.
— 16 —



[ja )

RCA RECEIVING TUBE MANUAL

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)

0.68 X 250
- 35
X = 2 X 0.0335, or 0.067 ampere

33.5

PLATE MILLIAMPERES

) 4 , or —48.5 volts

8 25
PLATE VOLTS

By substituting the curve values in ;
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 ohms

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

0.067 + 0.006
————— - 00335

2nd harmonic distortion = 0.067 —0.006 X 100 = 4.99,

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

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

20 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
T YR at Eo = 250 volts. .

n
Q.

E
£q =]
° Power output = M = 4.8 watts
Fig. 21 5

The method for determining the proper load resistance for triodes in push-pull
is as follows: Draw a load line through I max. and through the Eo point on the
zero-current axis. Four times the resistance represented by this load line is the
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plate-to-plate load for two triodes in a class A push-pull amplifier. From the curves 7
in Fig. 21, we have

Eo-0.6 Eo 100

Plate-to-plate load = Tome. X4 = 5006 ¥ 4 = 4160 ohms

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

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

Ay zero plate-current axis. These
Iy _£c;=1707v  lines should be on both sides
tci=2v  of the operating point P whose

PLATE MILLIAMPERES

- - N o position is determined by the
M PLATE VOLTS M. desired operating plate voit-
*v 1§ THL CONTROL-GRID BIAS VOLTAGE AT THE OPERATING POINT age, EO, and one ha! fthe max-
Fig. 22 imum-signal plate current.

Along any load line, say AA,,
measure the distance AO;. On the same line, lay off any equal distance 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) = Ii—:::—:—:%%‘—g_j'
The value of Rp may then be substituted in the following formula for calculat-
ing power output.

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

Power output =

For both of these formulas, if I is in amperes and E in voits, 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

- . I max. 4+ 1 min. - 2 Io
% 2nd harmonic distortion = T =T min. F LAl (ix ~ 19 » 100

PN . I max. - I min. - 1.41 (Ix ~ Iy)
% 3rd harmonic distortion = Tmar —T min. F 141 (Ix = 1y X 100.

% total (2nd and 3rd) harmonic distortion = , /(% "2nd har. dist.)? + (% Srd 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 i8 not included in the
published data on operating conditions. For instance, ‘suppose it is desired to .
operate two 6L.6’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,
Q4 08 o8 1o 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,

a / / Fr applies to load resistance and plate

\\

resistance,
3 f /! Fgm af?x}])lies to transconductance.
.

Thus, to find the power output for the new
conditions, determine the value of Fp for a
2 )4 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 i3

N 14.5 X 0.6 = 8.7 watts.

s 1) 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 7 : plate and screen voltages can usually be made
o 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
YV / a result of these higher voltages, more power

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

output can be obtained from class AB operation.

Class AB amplifiers are subdivided into
class AB, and class ABs. 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 zs therefore are not driven to a positive potential

VOLTAGE CONVERSION FACTOR (Fp) and do not draw grid current. In class AB,,
eec-samrz  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-puli
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
%pplyl'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 all audio frequencies, the load impedance
on the output tube varies with frequency. When the output tube is a pentode or
beam power tube having high plate resistance, this variation in plate load impedance
can, if not corrected, produce considerable frequency distortion. Such frequency
distortion can be reduced by means of inverse feedback. Inverse feedback circuits
are of the constant voltage type and the constant-current type.

The application of the constant
voltage type of inverse feedback to a
power output stage using a single
beam power tube is illustrated é
NeUT Fig. 24. In this circuit, R,, Ry, 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

o voltage divider. Condenser C blocks

: 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’y, 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’ 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 i,. Since i’, is the plate current that would
flow without inverse feedback, it can be seen that the application of inverse feed-
back -has reduced the irregularity in the output current. In this manner inverse
feedback acts to correct any component of plate current that does not correspond
to the input signal voltage, and thus reduces distortion

From the curve for iy, 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 freqencies. Inverse feedback cir-
cuits can also be applied to push-pull class A and class AB, amplifiers. When the
circult 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

eﬁects‘ c- 85C+ e+

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 hi%h 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-
mary of the output transformer:
first, when a 400-cycle signal is
applied to the input, and second,
when a 1000-cycle signal of the
same voltage as the 400-cycle sig-
nal is applied to the input. The
TYPE 646 correct value of capacitance is
the one which gives equal output
voltages for the two signal inputs.
In practice, this value is usually
found to be on the order of 0.05

uf.
A volume expander can be

DELAY VOLTAGE used in a phonograph a.mphﬁer
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 tlie 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 6L.7. 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 6HS6, is
applied as a positive bias voltage to the No.3 grid of the 6L7. Then, when the
amplitude of the signal input increases, the voltage across R8 increases, and the
bias on the No. 3 grid of the 6L7 is made less negative. Because this increases the
gain of the 6L7, the gain of the amplifier increases with increase in signal amplitude
and thus produces volume expansion of the signal.

The No. 1 grid of the 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 in%ut reaches a certain amplitude, the delay voltage can be inserted as a
negative bias on the 6H6 plates at the point marked X in the diagram.

Another circuit using volume expansion is shown in CIRCUIT SECTION.
This circuit can also be used to provide volume compression for microphone oper-
ation. Volume compression prevents overloading and blasting and compensates
for differences in voice level produced by movements of the speaker at the micro-
phone. In this circuit the 6H6 is connected as a voltage doubler. The d-c output
18 applied across potentiometer Rys. The arm and one side of Raq is connected to
the d.p.d.t. switch S; to permit reversing of the polarity of the voltage taken from
Ris. The amount of d-c voltage across R, 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 R, 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 “cc;rendpress," 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
—923 —
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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 T;. 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 Tyin 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 equal voltages at E, and E,,
the signal applied to the grid of T,
should be less than the voltage at E;,
in the ratio of the voltage gain of
T,. Under the conditions where
a twin-type tube or two tubes hav-
ing the same characteristics are
used at T, and T,, R, should be equal to the sum of R; 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 Ry 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;, Rs, R; plus R;, and R, may be taken from the chart in the
RESISTANCE-COUPLED AMPLIFIER SECTION. In the practical application
of this circuit, it is convenient to use a twin-triode tube combining T; and T,. A
phase-inverter circuit using a 6N7 is shown in the CIRCUIT SECTION.

RECTIFICATION

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

A half-wave rectifier and a full-wave rectifier

+V\ /\ /\ TRANSFORMER

[4 SECONDARY

RVAVAVAS

o]

| \/ \/ \/ascnncwomc:

- PLATE No2
RECTIFIED

VOLTAGE
PLATESNRI& 2

RECTIFIED VOLTAGE
PLATL N8I

o _+ o 4+ o _ +

l-———-—-——— D-C VOLTAGE
AVAILABLE FOR
RADIORECEIVER
FULL-WAVE RECTIFICATION
Fig. 29

SMOOTHED VOLT-
AGE AFTER
FIRST SECTION
OF FILTER.

circuit are shown in Fig. 30. In the half-wave
circuit, current flows throth 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

v
Y ouTPUT *
vours I To et o
! voLTS
"‘TT ER FILTER

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-
allel to give correspondingly higher output current and, as a result of paralleling
their internal resistances, give somewhat increased voltage output. With high-
vacuum types stabilizing resistors may or may not be necessary depending on the
tube type and the circuit.

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

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

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

Fon e The action of a voltage doubler is briefly as

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

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

L input line is positive with respect to the lower

S side, the upper diode passes current and feeds

1,7 = SEPARATE FILAMENT a pogitive charge into the upper condenser. As
TRANSFORMER WINDINGS positive charge accumulates on the upper plate

Fig. 31 of the condenser, a positive voltage builds up

across the condenser. On the next half-cycle of

the a-c input, when the upper side of the line is negative with respect to the lower
side, the lower diode passes current so that a negative voltage builds up across the lower
condenser. As long as no current is drawn at the output terminals from the conden-
sers, each condenser can charge up to a voltage of magnitude E, the peak value of
the a-c input. It can be seen from the diagram that with a voltage of +E on one
condenser and ~E on the other, the total voltage across the condensers is 2E. Thus
the voltage doubler supplies a no-load d-c output voltage twice as large as the
peak a-c input voltage. When current is drawn at the output terminals by the load,
the output voltage drops below 2E by an amount that depends on the magnitude of

- the load current and the capacitance of the condensers. The arrangement shown

in Fig. 31 is called a full-wave voltage doubler because each rectifier passes current
to the load on each half of the a-c input 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 Ry
. < TyPE

A-C ) = A-C
INPUT R = D-C (NPUT

. OUTPUT
IPA
| S—
AN/

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

R;=PROTECTIVE RESISTOR

€;€CppCp = 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-
glattl)cl)n 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
ouTPYT

Fig. 35 Fig. 36

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

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

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

A typical diode-detector circuit using a duplex-diode triode tube is shown in
Fig. 37. Both diodes are connected together. R, is the diode load resistor. A

t-r
TO CRID
INPUT o OF NEXT
| > AUDIO
i A-F I-F STAGE
n ouTPUT INPUT -
A

Fig. 37 Fig. 38

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

Another diode detector circuit, called a diode-biased circuit, is shown in
Fig. 38." In this circuit, the triode grid is connected directly to a tap on the diode
load resistor. When an r-f signal voltage is applied to the diode, the d-c voltage
at the tap supplies bias to the triode grid. When the r-f signal is modulated, the
a-f voltage at the tap is applied to the grid and is amplified by the triode. The
advantage of this circuit over the self-biased arrangement shown in Fig. 37 is that
the diode-biased circuit does not employ a condenser between the grid and the
diode load resistor, and consequently does not produce as much distortion of a
signal having a high percentage of modulation. )

_ However, there are restrictions on the use of the diode-biased circuit. Because
the bias voltage on the triode depends on the average amplitude of the r-f voltage
applied to the diode, the average amplitude of the voltage applied to the diode
should be constant for all values of signal strength at the antenna. Otherwise
there will be 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 voltdge applied to the diode can be held within very close limits for
all values of signal strength at the antenna. The tube used in a diode-biased circuit
should be one which operates at a fairly large value of bias voltage. The variations
in bias voltage are then a small percentage of the total bias and hence produce small
distortion. Tubes taking a fairly large bias voltage are types such as the 6R7 or
1H6-G having a medium-mu triode. Tube types having a high-mu triode or a
pentode should not be used in a diode-biased circuit.

A grid-bias detector circuit is shown in Fig. 39. In this circuit. the grid is
biased almost to cut-off, i.e., operated so that the plate current with zero signal is
practically zero. The bias voltage can be obtained from a cathode-bias resistor, a
C battery, or a bleeder tap. Because of the high negative bias, only the positive
half cycles of the r-f signal are amplified by the tube. The signa!l 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.

R-F GRID LEAK
CHOKE R-F CHORE
ATHOOE — GRID
N aal:\.g — CONDENSER
RESISTOR =
BY-PASS A-F 5‘!::_55:__.
INPUT Y CONDENSER | oirput DENSER A-F
» ouTPUT
© B™-PASS 2 )
CONDENSER )
O ‘RERAN
11N
-8B +
HEATER A= At e+
TRANSFORMER 8-
Fig. 39 . Fig.-40

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 circutit. The output voitage
thus reproduces the original a-f signal. .

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

AUTOMATIC YOLUME 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

OUTPUT
OF LAST
1-F STAGE

BIAS T' " at the antenna changes, the avc circuit reduces the
voLTAGe Te resultant change in the voltage output of the last
c2 i-f stage and consequently reduces the change in

Fig. 41 the speaker’s output volume.

The avc circuit reduces the r-f and i-f gain for a strong signal usually by
increasing the negative bias of the r-f, i-f, and frequency-mixer stages when the
signal increases, A simple avc circuit is shown in Fig. 41. On each positive
half-cycle of the signal voltage, when the diode plate is positive with respect to
the cathode, the diode passes current. Because of the flow of diode current through
Ry, there is a voltage drop across R, which makes the left end of R, negative with
respect to ground. This voltage drop across R; is applied, through the filter R,
and C, as negative bias on the grids of the preceding stages. Then, when the signal
strength at the antenna increases, the signal applied to the avc diode increases,
the voltage drop across R, increases, the negative bias voltage applied to the r-f
and i-f stages increases, and the gain of the r-f and i-f stages is decreased. Thus
the increase in signal strength at the antenna does not produce as much increase
in the output of the last i-f stage as it would produce without avc. When the
signal strength at the antenna decreases from a previous steady value, the avc
circuit acts, of course, in the reverse direction. applying less negative bias, permitting
the r-f and i-f gain to increase, and thus reducing the decrease in the signal output
of the last i-f stage. In this way, when the signal strength at the antenna changes,
the ave circuit acts to prevent change in the output of the last i-f stage, and thus
acts to prevent change in loudspeaker volume.

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

[—*—J

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

denser C can charge and discharge at only 2T AmoLiereR
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 ave 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 magntajn
the receiver’s r-f and i-f gain at the maximum possible value for a weak signal, avc
circuits are designed in some cases to apply no avc bias until the signal strength
exceeds a certain value. These avc circuits are known as delayed ave, or, dave
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 Dy, a d- 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‘ﬁligible drop through Dy). When the average
amplitude of the rectified signal developed across R, does not exceed 3 volts, the
avc lead remains at -3 volts. Hence, for signals not strong enough to develop
3 volts across R, the bias applied to the controlled tubes stays constant at a value
giving high sensitivity. However, when the average amplitude of rectified signal
voltage across R, exceeds 3 volts, the plate of diode D, becomes more negative
than the cathode of D, and current flow in diode D, ceases. The potential of the
ave lead is then controlled by the voltage developed across R;. Therefore, with
further increase in signal strength, the avc circuit applies an increasing avc bias
voltage to the controlled stages. In this way, the circuit regulates the receiver’s

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

It can be seen in Fig. 42 that a portion of the -3 volts delay voltage is applied
to the plate of the detector diode D,, this portion being approximately equal to
Ri/(R: + Ry) 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-réy 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 ampliﬁe.r and (2)
UIGHT —— _——"COATING >-C arl X

SHIELD = an electron-ray indicator which is

__RAY-coNTRoL located in the bulb as shown in

~ ELECTROOE Fig. 43. The target is operated at

TRIODE a positive voltage and “therefore

—~PBLATE attracts electrons from the cathode.

When the electrons strike the target

they produce a glow on the fluores-

cent coating of the target. Under

CATHODE these conditions, the target appears

as a ring of light.

A ray-control electrode is
Fig. 43 mounted between the cathode and

) target. When the potential of this

electrode is less positive than the target, electrons flowing to the target are repelled
by the electrostatic field of the electrode, and do not reach that portion of the tar-
get behind the electrode. Because the target does not glow where it is shielded from
electrons, the control electrode casts a shadow on the glowing target. The extent
of this shadow varies from approximately 100° of the target 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 BK7 6AF6-G

TRIODE
CONNECTED
ELECTRON- '

RAY TUBE

0.1

IMEG, [4f - B+
S AAAN y
TO CONTROLLING R-TYPICAL VALUE 1S 0.5 MEGOHM
VOLTAGE +8B
Fig. 44 Fig. 45

Another type of indicator tube is the 6AF6-G, This tube contains only an
indicator unit but employs two ray-control electrodes mounted on opposite sides
of the cathode and connected to individual base pins. It employs an external d-c
amplifier. See Fig. 45. Thus, two symmetrically opposite shadow angles may be
obtained by connecting the two ray-control electrodes together. or, two unlike
patterns may be obtained by individual connection of each ray-control electrode
to its respective amplifier.

In radio-receivers, avc voltage is applied to the grid of the d-c amplifier. Since

avc voltage is at maximum when the set is tuned to give maximum response to a
station, the shadow angle is at minimum whe}r]l tl}l]e rgceive(xi' is tuned t(’)I‘ l1;eson}§mce
with the desired station. e choice

CIRCUIT FOR WIDE ~ANGLE gi':::oc; between electron-ray tubes depends on
a\ IMEG.  RAY TUBE the avc characteristic of the receiver.

AR The 6ES5 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+ R 16700 OHMS
Fig. 46 The sensitivity indication of electron-
8 ray tubes can be increased by using a
separate d-c amplifier to control the action of the ray-control electrode in the tuning
indicator tube. This arrangement increases the maximum shadow angle from the
usual 100° to approximately 180°. A circuit for obtaining wide-angle tuning is
shown in Fig. 46,

CONTROLLING
VOLTAGE

OSCILLATION

As an oscillator, a radio tube can be employed to generate a continuously
alternating voltage. In present-day radio broadcast receivers, this application is
limited practicallv to superheterodyne receivers for supplying the heterodyning
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frequency. Several circuits (represented in Figs. 47 and 48) may be utilized, but
they all depend on feeding more energy from the plate circuit to the grid circuit
than is required to equal the power loss in the grid circuit. Feed-back may be

b > ®
8- A- B+ e~ HEATER B+
At TRANSFORMER

Fig. 47 Fig. 48

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

FREQUENCY CONVERSION

Frequency conversion is used in superheterodyne receivers to change the

frequency of the r-f signal to an intermediate frequency. To perform this change

in frequency, a_frequency-converting device' consisting of an oscillator and a

frequency mixer is employed. In such a device, shown diagrammatically in Fig. 49,

Pt AT tw;o yolt?ges]of diﬂerg,nt-th freqllxgcy, the

N FREQUENCY QUTPUT AT r-f signal voltage an e voltage gen-

FREGUENCY INTERMEDIATE erated by the oscillator, are applied to

the input of the frequency mixer.

These voltages beat, or heterodyne,

within the mixer tube to produce a

FREQUENCY CONVERTER plate current having, in addition to

Fig. 49 the frequencies of the input voltages,

numerous sum and difference frequen-

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

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

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

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

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

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

Three methods of frequency conversion for superheterodyne receivers are of
interest. These methods are alike in that they employ a frequency-mixer tube in
which plate current is varied at a combination of the signal frequency and the
oscillator frequency. These variations in plate current produce across the tuned
plate load a voltage of the desired intermediate frequency. The three methode difrer
in the t 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 18 obtained
y means of inductance or capacitance.
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The second method employs a tube having an oscillator and freﬁuency 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
(grid No. 1), hexode double-
screen (grids 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.)GR1D tube and act as a suppressor for

Ny 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 18 used with a separate oscillator tube. - R-F signal voltage is
iﬁﬂied to one of the control grids and os-

tor voltage is applied to the other.

osCIiLLATOR | TYPE 6L7 It follows, therefore, that the variations
Usia, (oo o7 in plate current are due to the combina-
SERoREE — oureuT tion of the oscillator and signal frequencies.
P PLATE | CIRCUIT The arrangement of electrodes in a penta-
(T0 OSCILLATOR) GRIDS N228 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-
Nel plied to grid No. 1. This grid has a remote

Ceidey 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. Carefu!l 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-cutrrent 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 voltagé 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-¢ and a-c power lines
have the heaters connected in series with a suitable resistor and are supplied directly
from the power line.
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D-c filament or heater operation should be considered on the basis of the
source of power. In the case of the battery supply for the new 1.4-volt filament
tubes, it is unnecessary to use a voltage-dropping resistor in series with the filament
and a single drv-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
8pe.rateld in .parallel can be determined easily by a simple formula derived from
hm’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 + 2 X 0.130 ampere), i.e., approximately 1.8 ohms.
Since this resistor should be variable to allow adjustment for battery depreciation,
it is advisable to obtain the next larger commercial size, although any value between
2 and 3 ohms will be quite satisfactory. Where much power is dissipated in the
resistor, the wattage rating should be sufficiently large to prevent overheating.
The power dissipation in watts is equal to the voltage drop in the resistor multiplied
by the total filament current in amperes. Thus, for the example above 1 X 0.56 =
0.56 watt. In this case, the value is so small that any commercial rheostat with
suitable resistance will be adequate.

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

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 supgly voltage) minus 68.9 volts (the sum of 3 X 6.3 volts + 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 (ohms), 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 is 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
Heater shunt resistance = E—0o3"'" 12.6 ochms.

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

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

shown in Fig. 53. }

FIRST R-F : VOLTAGE
AUDIO CON- POWER RECTI-
A-F b H aNo 1 | = | DROPPING
DETECTOR [| avmiirier| | VERTER STAGES AMPLIFIER FIER RESISTOR
;_- l, nr V. 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 carefuliy 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 suitable
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filter network or objectionable hum may develop. The hum I8 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 Is obtained from batterles, devices for recti-
fylng 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+

S e 2000
R= GRID-B|A$ING 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 negati\;;cfﬁd-bias voltage can be obtained by connecting the grid return
to the negative of the resistance.

— 37 —



RCA RECEIVING TUBE MANUAIL

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

Resiotance (chms) =

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/;1x8353 and 6AC7/1852 having a very
high value of transconductance, there are appreciable changes of input capacitance
and input conductance with plate current. In order to minimize such changes
when a tube of this type is used as an r-f or i-f amplifier, a portion of the cathode-
bias resistor may be left unby-passed. Additional information on this subject is
given in the DATA SECTION under the 6AB7.

Grid-bias variation for the r-f and i-f amplifier stages is a convenient and
frequently used method for controlling receiver volume. The variable voltage
supplied to the grid may be obtained: (1) from a variable cathode resistor as shown
in Figs. 55 and 56; (2) from a bleeder circuit by means of a potentiometer as shown
in Fig. 57 or (3) from a bleeder circuit in which the bleeder current is varied by a
tube used for automatic volume control. The latter circuit is shown in Fl%] 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= B~

A= A+ 8+
Fig. 55 Fig. 66 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 through
a series resistor. The positive screen voltage for tetrodes (screen-grid tubes) should
be obtained from a proper voltage tap or from a potentiometer connected across
the B supply. It should not be obtained from a high-voltage supply through a
series resistor because of the characteristic screen-current variations in tetrodes.
Fig. 59 shows a tetrode with its screen voltage obtained from a potentiometer.
It 18 important to note that the plate voltage for tetrodes or pentodes should be
agrlied before or with the screen voltage. Otherwise, with voltage on the screen
only, the screen current may rise high enough to cause excessive screen dissipation.

Fig. 58 - Fig. 59

Screen-voltage variation for the r-f amplifier stages has sometimes been used
for volume control in older type receivers. Reduced screen voltage lowers the
transconductance of the tube and results in decreased gain per stage. The voltage
variation is obtained by means of a potentiometer shunted across the screen voltage
supply. See Fig. 59. When the screen voltage is varied, it is essential that the
screen voltage never exceed the rating of the tube. This requirement can be met
by providing a fixed stop on the potentiometer.

SHIELDING

In high-frequency stages having high gain, the output circuit of each stage
must be shielded from the input circuit of that stage. Each high-frequency stage
also must be shielded from the other high-frequency stages. Unless shielding is
employed, undesired feedback may occur and may produce many harmful effects
on receiver performance. To prevent this feedback, it is a ﬁdd¥,followd practice
to shield separately each unit of the high-frequency stages. For instance, in a
superbeterodyne 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
Toom ™ Toommd T Trocmese]
TO CATHODE TO CATHOOE TO CATHOOL TO CATHCDE
R=RESISTOR C=BY-PASS CONDENSCR L=AT OR R-F 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 apf:lication of filters is to smooth the output of a rectifier
tube. See RECTIFICATION. A smoothing filter usually consists of condensers
and iron-core chokes. In any filter-design problem, the load impedance must be
considered as an integral part of the filter because the load is an important factor
in filter performance. Smoothing effect is obtained from the chokes because they
are in series with the load and offer a high impedance to the ripple voltage. Smooth-
ing effect is obtained from the condensers because they are in parallel with the load
and store energy on the voltage peaks: this energy is released on the voltage dips
and serves to maintain the voltage at the load substantially constant. Smoothing
filters are classified as choke-input or condenser-input according to whether a choke
or condenser is placed next to the rectifier tube. See Fig. 61.

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

CHOKE -INPUT TYPE FILTER CONDENSER-INPUT TYPE FILTER CONDENSER FILTER
—0 Oy GO0 g —_——
L L 8
From on From
= FROM_ = - = =
RECTIFIER ¢ T OuTPUT RECTIFIER “T¢ ¢ oureur RECTIFIER . OuTRUT
TUBE 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 50-cycle supply line, etc.). It is usuallgecausgd 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 ingert an r-f choke having an inductance of one millihenrv or more between
each plate and transformer winding and to connect high-voltage, r-f by-pass con-
densers between the outside ends of the transformer winding and the center tap.
See Fig. 62. The r-f chokes should be placed within the shielding of the tube. The
r-f by-pass condensers should have a voltage rating high enough to withstand the
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
——

T0
_l FILTER

N T

ELECTROSTATIC
SHIELD
C=R-F BY-PASS CONDENSER,MICA  L=R-F CHOKE

Fig. 62

OUTPUT-COUPUNG DEVICES

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

PLATE C= 2-6uf

PLATE 10-30H 10
To0 CHOKE | GUDSPEAKER
INPUT
LOUDSPEAKER )
” CATHODE | ¢
TRANSFORMER METHOD © CHOKE-COIL METHOD

Fig. 63

QOutput-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 piate current component of the signa! 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]O%J
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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 1223
35Z3.LT
35Z4-GT
3525-GT
45Z5-GT
half-wave, with beam 70L7-GT
power amplifier .
half-wave with 12A7

Rectifiers<  power pentode 25A7-G

(vacyum (5T4 (6X5, 6X5-G,
sU4.6, | 6X5.GT, 84),
5X4-G, 62Y5-G,

523), Y4
(5W4,
5Y3.G,
[ull-wave ¢ 5Z4
5Y4.G,
80),
(5V4-G,
83.v})
mercury 892 83

Lgas Cold-Cathode Types: 024, 0Z24-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 triode (185 55 ’ (65R7, 6R7, 125R7
1H6-6) 6R7-G, 85)
with high-mu triode . 2A6 (65Q7, (125Q7
Two J 6Q1,6Q7G, |1207-G1)
Diodes 6Q7-GT, 617-6,
6B6-G, 75)
1C6
with pentode 1F1-GV, | 287 (688, 688-G, 12C8
> 1F6) 6B7)
CONVERTERS & MIXERS
Pentagrid Converters (1A7-G,| (1C7-G, {2A7 (6SA7, (125A7
1A7-GT),| 1C6) 6A8, 6A8.G,_ [12A8.Gh
1R5 |(1D7-G, 6A8-GT, 6D8-G,
1A6) 6A7), 7B8-LM

Triode-Mexode Converters 6K8 12K8

Octade Converters TAS8

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

NOTE: This clossification does not include the following old typea: 00-A, 01-A, 10, 11, 12, 20, 22, 26, 40, 48,
50, 71-A, 81, 99, 112-A, 874, 876, and 886, Data on these types, however, are given In subsequent pages.
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Cathode Volts| 1.4 | 20 |25 s0 63 12610
VOLTAGE AMPLIFIERS
DETECTORS, OSCILLATORS
single unit 1G4-G | (1H4-G, | 27, (6Cs, 6C5-G), | 12)5-GT
30) 56 6]5, 6]5-G,
6J5-Gh, 6L5.G,
76, 317, 6P5.-G,
fmedium-mu 6AES-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.G), | 12F5.Gh
L high-mu 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
(temote cut-off 174 [(1D5.GP,| 58 (65K7, (125K7
1A4-P), 6K, 6K7-G, |12K7-Gf)
6K1-GY, 78),
(657, 651-G),
(6U1-G, 6D6),
6W1.G, 39/44,
TAT-LM, 71B7,
Pentodes < 6ABT@,6ACTS
remote cut-off, 6F7
with triode
harp cut-off (1N5.G, [(1€5-GP, | 57 (657, 6J1 (125]7
P € 1N5.GTH| 1B4.P), 6J1-G, 6§7-G1, | 12j7.Gh
15 6C6,77,7C7
Lsharp cut-off, with di- |3A8-GT*
ode, high-mu triode
POWER AMPLIFIERS
low-my, single unit 31 24A53,
Triodes single unit 49 46 6AC5-G 25ACS5-GTj
high-mu {
twin unit 1G6-G | (1)6-G, | 53 (6N7, 6N71-G,
19) 6A6), 621-G, 19
without rectifier 1Qs5-GT, |- {6L6, 6L6-G), (25L6,
175.GT, 6V, 6V6.G, | 95L6-G
Beam 3Q5-GT* 6V6-GT), 6Y6.G, |25L6-GT),
Power C5.LT 35A5-LT,
Tubes 35L6-G
50L6-GT
with rectifier 70L7-GT
single unit 1A5.G, | (1F5-G, |2AS5 (6F6, 6F6-G, 42), | (25A6
1C5.G, | 158y, | 47 (6K6-G, 6K6-GT, | 25A6-G,
154 ' [1Gs-G, | 59 41), 606-G, 38 43)
33, 6A4, 89, 785-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 hiode 6U5/6G5
Indi- [sirgle§ 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 amanged 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
varfations 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 recelving types of tubes accord-
ing to the following conditions:

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

PLATE and SCREEN — In the case of plate voltage and screen voltage, how-
ever, recommended maximum values are given. The interpretation of this maximum

value depends on the power source, as follows: .

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

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

“B” Batteries: Equipment operated from “B” batteries should be designed so
that under no condition of battery voltage will the plate voltage, the plate dissipa-
tion, the screen voltage, and the screen dissipation ever exceed the recommended
respective maximum values shown in the data for each type by more than 109,.

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

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

¢ Used by permission of the Engineering Department of the Radio Manufacturers Aesociation.
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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 =Interlead 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

Bottom views of sockets are shown throughout this book.

PE G 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

‘*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 a discontinued type; it is retained for ref-

erence only.

NO GAS TRIODE
K d Pl 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 Th‘t-ilse electrodes are sealed in adbulg filled

_ with an inert gas or va at reduced pres-

G-4V sure. In normal opera;% of the 0A4-G, a L
relatively amall 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
0 min. Volts

PEAK POSITIVE STARTER-ANODE-BREAKDOWN VOLTAGE 90 max. Volts
STARTER-ANODE CURrENT (For transition of discharge to ]
) S . . 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. ... .ccvvnverrroonanssnanossssoannss " 100 max.
DeC CATHODE CURRENT. . . cccnceeeranoraoessrorascsosssnones 25 max.
TyricAL OPERATION WITH A-C SUPPLY:
Anode-Supply Volta\;e (RMS) t.ivvriierennennnoranennennnes 105-130
A-C Starter-Anode Voltage (Peak).............coiviievnann, 70 max.
R-F Starter-Anode Voltages (Peak) .......co0ocviivetnaacnns 55 min.
Sum of A-C and R-F Starter-Anodes Voltages (Peak).......... 110 min.

INSTALLATION and APPLICATION

Milliamperes
Milliamperes

Volts
Volts
Volts
Volts

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

As a relay tube, the 0A4-G can be o

erated in the circuit shown below. In S r—r

this circuit, the starter-anode is main-
tained at a potential just below that re- l

quired for breakdown by means of the
bleeder RiRs. When a carrier having the
frequency of the tuned circuit LC is im-

Ry

s
. N

pressed on the power line, a resonant PR
voltage appears acroes L and C. The
effect of the voltage across the condenser

C is to increase the negative potent

peaks on the cathode and thus to in-

L

TYPE
0A4-G

CONTROLLED
o/ CIRCUIT

o

1 )
"2 .[
ER, ’—:L <
1 /{WFO‘T;]
crease the potentials between cathode T 0

and starter-anode. These peaks start a c}:mc.u—e TUNED CIRCUIT FOR R-F SIGNAL

discharge between cathode and starter- el ,

anode. This discharge produces free ions R|=15000 OHMS (lp WATT)

whx;«;.‘h enggle .ghe. ducg' a‘n;gf. to transt;;x; R2=10000 OHMS (I WATT )

to the anode if circuit values are su $=RELAY—

that sufficient etarter-anode current ©=cAs :'ua?:-s::: FOR DESIGN REQUIREMENTS

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 he necessary to

TYPICAL BREAKDOWN CHARACTERISTICS
FOR DIFFERENT ELECTRODE POLARITIES

provide means for reducing the anode TYPE 0A4-G CAiI—:%)DEE'I'O

voltage to a value under 60 volts (ex- | |

2.

tinction voltage). This can be done i | e~
conveniently by opening the anode circuit. T ANODE o & -

Moet of the voltage on the etarter- e |
anode required to {cause breakdown is i /

supplied by the bleeder circuit. As a result, K
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 conditione 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
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starter-anode and anode are both posi-
tive (first quadrant), Breakdown between

ANGDE VOLTS {D-C_OR INSTANTANEOUS A-C)

i
]
v
STARTER-ANODE
TO CATHODE

CATHODE TO
STARTER/: ANODE
>

cathode and starter-anode occurs when "0

the starter-anode voltage reaches 85 volts

[

~200

approximately. This discharge initiates
a didcharge between cathode and anode,
provided the anode potential is ade-

quate. The required anode potential is P e | STARTER-

ANODE TO

/f/,//’l

7290 Z=> “ANODE Tt

ANODE

a function of the current flowing to the CATHODE 1 — ~300
starter-anode circuit. In practice, it is ’ :
desirable to have a current of at least

200 microamperes flowing to the starter-
anode.
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FULL-WAVE
GAS RECTIFIERS

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

renewal in vibrator-type B-supply

units. The bases of these types fit the

installed to hold the tu 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

G-4R to eliminate objectionable noise.
Type 0Z4-G
MAXIMUM RATINGS
STARTING-SUPPLY VOLTAGE PER PLATE ..... . .. .. 300 min. Peak Volts
PEAK PLATE-TO-PLATE VOLTAGE. ................ 1000 max.  Volts
PEARK PLATECURRENT .. ..., Zg(s) max. Mg%}amperes
max. iamperes
D-COUTPUT CURRENT ... ....oovieeeennn.. { 30 min.  Milliamperes
D-COUTPUT VOLTAGE . . ...ovviviiniiinannn, 300 max. Volts
AVERAGE DyNamic TuBE VOLTAGE Drop. .. ...... 24 Volts
Gy
o atol 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
Fe f- operated receivers. Its rating, char-

M 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
1}%21:91‘ IOI;\(I” physical characteristics of the 1A4-P, refer to Fig. 2-16, OUTLINES

GRiD-PLATE CaPaAciTANCE (With shield-can) ...... 0.007 max.  uuf
INPUT CAPACITANCE. . .. ... iiiieeeiieeenns . 5 upf
OUTPUT CAPACITANCE . . . . ..ot e 11 unf
G2 S .
PR POWER AMPLIFIER
© ) PENTODE
r+(2) F- The 1A5-G is a power-amplifier pen- -
cv ®  tode of the 1.4-volt filament type for ] A5 G
NCTKEY R use in the output stage of battery-
" G-6x operated receivers. The filament is

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

FILAMENT VOLTAGE (D.C.). . vviviniveiinnerennns 14 Volts
FILAMENT CURRENT . ....c0ovvevrnnncnannnrannnss 0.05 Ampere
PLATE VOLTAGE ......vicvicrnnnecnannnns 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. . ...civviiiiininnernenns 35 4.0 Milliamperes
SCREEN CURRENT . ...vvvvnnennoesoncnnnnns 0.7 0.8 Milliamperes
PLATE RESISTANCE (APPIOX.) +.....vvnen. 0.3 0.3 Megohm
TRANSCONDUCTANCE . . vovvueernassncscnns 800 850 Micromhos
LOAD RESISTANCE . .....cccivnvnineccnnans 25000 25000 Ohms
CATHODE RESISTOR .......ovveeneernnnnes 1000 940 Ohms
Power Output (109, total harmonic

distortion) .....ccoeiieriinriinareaens 100 115 Milliwatts

INSTALLATION and APPLICATION

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

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

PENTAGRID CONVERTER

The 1A6 is a multi-electrode type

of vacuum tube designed to perform

'I A 6 simultaneously the function of a mixer

tube and of an oscillator tube in super-

heterodyne circuits. Its electrical

characteristics are identical with those

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

trode capacitances are as shown below.

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

pentagrid types, see Frequency Conversion in RADIO TUBE APPLICATION

section. A typical pentagrid converter circuit for the 1A6 is shown under Type

1A7-G. The base of the 1A6 fits the standard six-contact socket which ahouldyge

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 shjeld-can) ....... 0.2
Grid No. 4 to Grid No. 1 (With shield-can) ....... 0.1
Grid No. 1toGrid No. 2 . ... .ciieiniiinnennns 08
Grid No. 4 to All Other Electrodes (R-F Input) ... 105
Grid No. 2 to All Other Electrodes (Osc. Output). . 6
Grid No. 1 to All Other Electrodes (Osc. Input) ... 5
Plate to All Other Electrodes (Mixer Output) ..... 9

PENTAGRID CONVERTERS

] A7' G The 1A7-G and 1A7-GT are multi-

electrode tubes of the 1.4-volt filament
type. Each type is intended for use
as a combined mixer and oscillator in

] A7_ GT battery-operated receivers. ' Through
the use of either type, the independent
control of each of these functions is made 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) ........iiiviinent 1.4 Volts
FILAMENT CURRENT . .. cvvnivennennnnrennnnannnnnn 0.05 Ampere
DireCT INTERELECTRODE CAPACITANCES:
Type 1A7-G Type 1A7-GT
Grid No.4toPlate .................. 0.30* 0.4* uuf
Grid No. 4 to Grid No. 2 0.26* 0.25* uul
Grid No. 4 to Grid No. 1 0.12* 0.12* uuf
Grid No. 1 to Grid No. 2 0.90* 1.5 uuf
Grid No. 4 to All Other Electrodes
(REInput)...........covuennnan. 6.5* 7.5 upf
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)...........c.ccvvnnn 11* 10 upf
* With close-fitting shield connected to negative filament terminal.
Converter Service
PLATE VOLTAGE ..........ciiiiiiuirnanncnnnnnnns 90 max. Volts
ScrEEN VOLTAGE (Grids No. 3and No. 5) .......... 55 max. Volts
ScrREEN SupPLY VOLTAGE. .. .... e, 90 max. Volts
ANoDE-Grip VoLTAGE (Grid No. 2) 90 max. Volts
ToTAL CATHODE CURRENT. .. .. ovvvenrnnnneasaenes 3 max. Milliamperes
TypricAL OPERATION:
Plate Voltage .. .......coiviiiiiiiaininiiennns 90 Volts
Screen Voltage . ......ccivvviiereneeneannnnens 45%* Volts
Anode-Grid Voltage. .........c.ciiiiinienninnnn 90 Volts
Control-Grid Voltage (Grid No. 4)............... 0 Volts
Oscillator-Grid (Gnd No. 1) Resistor............. 200000 Ohms
PlateCurrent .....c.iiiiriiineniennenennnnnnss 0.55 Milliampere
Screen Current .......cviiiiiiiiet it e aarens 0.6 Milliampere
Anode-GridCurrent. ............cooiiiinan.. 1.2 Milliamperes
Oscillator-Grid Current.. .. ........coviivnnennn.. 0.035 Milliampere
Total Cathode Current . . . .........cvievvienn... 24 Milliamperes
Plate Resistance. . .......coviiieinienirannneennn 0.6 Megohm
Conversion Transconductance. .................. 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
QUTLINES SECTION. Complete shielding of the 1A7-G and 1A7-GT is generally
necessary to prevent intercoupling between its circuit and those of other stages.

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

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

Since the capacitance between grid No. 4 and plate is in a parallel path with
the capacitance and inductance of the plate load, it is important to use a load
capacitance of sufficient size to limit the magnitude of the r-f voltage built up across
the load. If this is not done, r-f voltage feed-back will occur between plate and grid
No. 4 to produce degenerative effects. For this reason, the size of the load condenser
in the plate circuit should be not less than 50 uuf. A typical converter circuit which
provides exceptionally uniform oscillator output over the entire grid-bias range
1s shown below. OPERATION CHARACTERISTICS

Ty —T———T
TYPE [A7-GT E¢=(.4 vOLTS D.C.
TYPICAL PENTAGRID CONVERTER CIRCUIT N [ ERS N A Nes TSCREEN) VOLTS =4s* |
FOR FILAMENT-TYPE TUBES 2 | GRID Nea (CONTROL GRID) VOLTS30 |
3 GRID N22 (ANODE GRID) VOLTS = 90
RoF INPUT o CRID Ne((OSCILLATOR GRID)
& 3001 RESISTOR- OHMS =200000
= *GBTAINED THROUGH 70000-OHM
=z [ DROPPING RESISTOR FROM
w . 90-VOLT SUPRLY
[V
i
: e
-
2 200
(=]
z
o
o
2 130
C = <
B y E
SIGNAL ANODE-GRD  FiL,SCREEN PLATE
IGROBIAS SUPPLY  SUPPLY SUPPLY SUPPLY z 100
C =0 uf 2
E‘;}GANGED VARIABLE CONDENSERS ¥ s0
C5="PADDING CONDENSER z
C4= GRID CONDENSER OF 200 uUf S
L= AR oI o
RP= MOTOAL NBUCTANCE OF L)y AND L2 ° 02 .04 .06 .08 O.
Ry = OSCILLATOR GRID LEAK OSCILLATOR-GRID MILLIAMPERES
92C-8091

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
] B5I25S The 1B5/25S is a filament type of Pr(@ (er
tube containing two diodes and a A
triode in a single bulb. It is used as ° e
a combined detector, amplifier, and Fe %-
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. Ph(gsical characteristics of the 1B5/25S are shown
in Fig. 2-19, OUTLINES SECTION. For characteristics, see Type 1H6-G.

°2 ' POWER AMPLIFIER
o, ) PENTODE
The 1C5-G i -amplifi -
r+g— ento?:le of the f4-3oltp?ivlvgngnr2ptype£ ] C5 G

3 for use in battery-operated receivers

NCTTKEY ¢ in which economy of filament current
G-6X is important. )
% CHARACTERISTICS
FriLAMENT VOLTAGE (D.C.).......oiviiiviiint, 14 Volts
FILAMENT CURRENT . ....vivnrntrnnnrrennennnnnn 0.1 Ampere
PLATE VOLTAGE . .......ccocivnvinnn. e 83 90 max. Volts
ScreEN VOLTAGE (Grid No. 2) .......... 83 90 max. Volts
Grip VoLtage (Grid No. 1)............. -7 -7.5 Volts
PLATECURRENT. . ...ovvevtiinrinnnnensn 7 7.5 Milliamperes
SCREEN CURRENT . .....covvvrnnnnnnrons 1.6 1.6 Milliamperes
PLATE RESISTANCE (Approx.) ........... 110000 115000 Ohms
TRANSCONDUCTANCE . . vevvrensvunnnnnn. 1500 1550 Micromhos
LOAD RESISTANCE .. ....ovvvvvnnnnnn.. 9000 8000 Ohms
CATHODE RESISTOR ....... e eiieieeea 920 825 Ohms
Power OUTPUT*.........ccivivnnnnnn 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 IC5-G I lE I -
Ef= 1.4 VOLTS D.C. 15 €€150 1t
L scrReEN voLTs =80 onTROL GRID O e
20, =]
A -3 -
0 I B—
ol ey
£, / L
$
<
3 / =-8
2 4 3 Yo
3 / |t
w 10
g // // -7.5
[4 /.
// -9
RN,
// ,/
/4 "
-1
‘-L e = = -
o 26 S0 75 125 180 ) 796

100 .
PLATE VOLTS 92C - 4997
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PENTAGRID CONVERTER

The 1C6 is a multi-electrode vacuum

tube of the 2-volt filament t de-

] C6 signed to perform simultaneousiy the
functions of mixer and oscillator in
superheterodyne circuits. For general

discussion of pentagrid types, see Fre-

quency Conversion in DIO 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 .................coivinnt. 0.3*
GridNo.4toGridNo. 2 .................cout. 1 0.3*

GridNo.4toGridNo. 1 ....................... 0.15*
GridNo.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 multi-electrode type

] C7 G of vacuum tube designed to perform
= the functions of both mixer and oscil-

lator in superheterodyne circuits. This

tube is designed for use in battery-

operated receivers. It is especially use-
ful in multi-range receivers which are

unf
unf
upf
unf
upf

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.). ..., 2.0
FILAMENT CURRENT . ... . .0verenniveinnoncnnnnnn 0.120
DirecT INTERELECTRODE CAPACITANCES (Approx.):* .
GridNo.4toPlate ..............coiiiiait 0.26
Grid No.4toGridNo. 2 ................... ... 0.32
Grid No.4toGridNo. 1 ................. .. 011
GridNo 1toGridNo. 2 ................oone.. 1.2
Grid No. 4 to All Other Electrodes }(iR-F Input) ... 10
Grid No. 2 to All Other Electrodes Except Grid
No.1(Osc.Output)..........viiviviiirnannnn 55
Grid No. 1 to All Other Electrodes Except Grid
No.:2(@Osc.Input).......ccovvviiinnnininn... 4.8
Plate to All Other Electrodes (Mixer Output) ..... 14

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

Converter Service

PLATE VOLTAGE . .....0uitiieererennrienneennnnns 180 max.
ScREEN VOLTAGE (Grids No.3and5).............. 67.5 max.
SCREEN VOLTAGE SUPPLY . . . . .vvevnenurrecnanernns 180 max.
ANODE-GRID VOLTAGE (Grid No. 2)................ 135 max.
ANODE-GRID VOLTAGE SUPPLY*. . .................. 180 max.
CoNTROL-GRID VOLTAGE (Grid No. 4) .. ............ 0 min.

Volts
Ampere

m
¢
upt
unf
auf

ppf

m
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 ..........c0iiiiiiinennn.. 0.3 max. Watt
ScrREEN DISSIPATION ... ........c. i, 0.2 max Watt
ANODE-GRID DISSIPATION . . ....................... 0.4 max. Watt
ToraL CATHODE CURRENT ... ..................... 9max. Milliamperes
TyricaL OPERATION:
Plate Voltage .. ................... . 135 180 Volts
Screen Voltage . ................... . 67.5 67.5 Volts
Anode-Grid Voltage Supply. .. ........ 135° 180° Volts
Control-Grid Volt;f‘e ................. -3 -3 Volte
Onscillator-Grid Reaistor (Grid No. 1)... 50000 50000 Ohms
PlateCurrent ....................... 1.3 1.5 Milliamperes
Screen Current ...................... 2.6 2 Milliamperes
Anode-Grid Current.................. 3.1 4 Milliamperes
Oscillator-Grid Current . .............. 0.2 0.2 Milliamperes
Total Cathode Current............... 7.1 7.7 Milliamperes
Plate Resistance (dpprox.)............ 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 ia 1000 micre-
mhos under the following conditions: Plate voltage, 135 to 180 volts; screen voltage, 67.5 voits;
anode-grid voltage (no voltage-dropping resistor), 135 volts: and zero oscillator grid volta  Under
these same conditions, the anode-grid current is 4.9 milliamperes.

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

INSTALLATION and APPLICATION

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

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

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

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

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

This tube, which is similar to the 1D7-G although not directly interchangeable
with it, requires twice the filament current of the latter, but offers the feature of
an extended operating range at the higher frequencies. This feature is of particular
value in the design of multi-range receivers, since the oscillator section of the 1C7-G
has sufficient transconductance to function at frequencies as high as 25 megacycles.
In order to cover this same range of operation, the 1D7-G requires the use of a
triode ocrlmnected 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.)........ ... .. 2.0 Volts
FILAMENT CURRENT.......coiiiiiieinnnnnnnn. 0.060 Ampere
PLATE VOLTAGE . .......cvviiiiinnnnnnn.n 90 180 max. Volts
ScrEEN VoLTAGE (Grid No. 2) .......... .. 675 67.5 max. Volts
GrID VOLTAGE (Grid No. 1)............... -3 min. -3 min. Volts
PLATE CURRENT. . .ooviviiiiinan e, 22 2.3~ Milliamperes
ScREEN CURRENT. ..., 0.9 0.8 Milliampere
PLATE RESISTANCE (Approx.) ............. 0.6 1.0 Megohm
TRANSCONDUCTANCE . . .v.vvuennannnnnn . 720 750 Micromhos
TRANSCONDUCTANCE (At 15 volts bias) . ... 15 15 Micromhos

INSTALLATION and APPLICATION

The base of the 1D5-GP fits the standard octal socket which should be installed
to hold the tube preferably in a vertical position. Horizontal operation is permiss-
ible if pins 2 and 7 are in a vertical plane. Physical characteristics of the 1D5-GP
are shown in Fig. 2-15, OUTLINES SECTION. Filament operation is discussed
ugde& Type 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 {rom 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 675 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.

B4 —
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PENTAGRID CONVERTER

The ng;(‘:i is Zd multi-tf:lectrodthe
vacuum tu esigned to perform the
functions of both mixer and oscillator ] D7 G
in superheterodyne circuits which use =
battery power supply. For general
discussion of pentagrid types, refer
to Frequency Conversion in RADIO
TUBE APPLICATIONS section.

CHARACTERISTICS
FrLAMENT VOLTAGE (D.C.)......ccviiiiiiiennennns 2.0 Volts
FILAMENT CURRENT .. ...0ovvenvunenionsnocnncnenns 0.060 Ampere
DirecT INTERELECTRODE CAPACITANCES (Approx.): )
Grid No. 4 to Plate (With shield-can) ............ 0.25 upf
Grid No. 4 to All Other Electrodes (R-F Input) . .. 13 wuuf
Plate to All Other Electrodes (Mixer Qutput) ..... 14 puf
Converter Service
PLATE VOLTAGE . ....c.ouvveuneroonnereaneenannins 180 max. Volts
ScrEEN VoLTAGE (Grids No. 3and5).............. 67.5 max. Volts
ANODE-GRID VoLTAGE (GridNo. 2)................ 135 max. Volts
ANODE-GRID VOLTAGE SUPPLY*.................... 180 max. Volts
CoNTROL-GRID VOLTAGE (Grid No. 4).............. -3 min. Volts
TOTAL CATHODE CURRENT. . ... ..ovvennnenennnnn.. 9 max. Milliamperes
- TyricAL OPERATION:
Plate Voltage . ...............cccovnn.. 135 180 Volts
Screen Voltage . ....................... 67.5 67.5 Volts
Anode-Grid Voltage. ................... 135 135 Volts
Anode-Grid Voltage Supply............. 135 180* Volts
Control-Grid Voltage................... -3 -3 Volts
Oscillator-Grid Resistor (Grid No. 1). .. .. 50000 50000 Ohms
PlateCurrent ...........c.covvevian... 1.2 13 Milliamperes
ScreenCurrent ..............ccoi... 2.5 24 Milliamperes
Anode-Grid Current.................... 2.3 23 Milliamperes
Oscillator-Grid Current . ................ 0.2 0.2 Milliampere
Total Cathode Current................. 6.2 6.2 Milliamperes
Plate Resistance. .............oo0evnen 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 is 425 micromhos
under the following conditions: Plate voltage, 135 to 180 volts; screen voltage, 67.5 volts; anode-
grid voltage (no voltage-dropping resistor), 135 volts; and zero oscillator grid volts. Under these
same conditions the anode-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
thtla anode-grid voltage and the plate voltage must each be higher than the screen
voltage.

For the oscillator circuit, the coils may be constructed according to conven-
tional design, since the tube is not particularly critical for frequencies up to 10
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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 by-pass condenser of 0.1 uf. The size of the resistor in
the grid circuit of the oscillator is not critical but requires design adjustment,
depending upon the values of the anode-grid voltage and of the screen voltage.
Adjustment of the circuit should be such that the cathode current ig 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-contrel tubes can be utilized
advantageously to adjust receiver sensitivity.

Since the capacitance between ﬁrid 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-
ally uniform oscillator output over the entire grid-bias range is shown under
Type 1A7-G.

DIODE-TRIODE

ID8-GT e 10807 is o muticuni tube 7+

having a 1.4-volt filament for use in

compact battery-operated receivers XEY

designed for it. This tube combines

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

% CHARACTERISTICS
FiLAMENT VOLTAGE (D.C). ...ttt 1.4 Volts
FILAMENT CURRENT .« 0ivirinnneeeoonnonnananenss 0.1 Ampere
Pentode Unit as Class A, Amplifler
PLATE VOLTAGE ....,..c00vcunnen 45 67.5 90 max. Volts
ScreeN VoLTacGe (Grid No. 2) .... 45 67.5 90 max. Volts
Grip VoLTaGE (Grid No. 1)....... —4.5 -6 -9 Volts
PLATE CURRENT. . ....ovinvennnn. 1.6 3.8 5 Milliamperes
SCREEN CURRENT . .....vvevnnnnn, 0.3 0.8 1.0 Milliamperes
PLATE RESISTANCE........ FRPUN 03 0.2 0.2 Megohm
TRANSCONDUCTANCE . ...:....... . 650 875 925 Micromhos
LOAD RESISTANCE .. .....c0vvnne. 20000 16000 12000 Ohms
TotaL DISTORTION. .............. 10 10 10 Per cent
PowerR OUTPUT........c0vvnnnn. 35 100 200 Milliwatts
" Triode Unit as Class A, Amplifier
PLATE VOLTAGE .......covveennes 45 67.5 90 max. Volts
GRID VOLTAGE .......... eeennas 0 0 0 Voits



n

RCA RECEIVING TUBE MANUAL

PLATE CURRENT................. 0.3 0.6 1.1 Milliamperes
AMPLIFICATION FacTOR 25 25 25

PLATE RESISTANCE...... .. 77000 55500 43500 Ohms
TRANSCONDUCTANCE . ............ 325 450 575 Micromhos

Diode Unit

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

INSTALLATION and APPLICATION

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

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

(I)Id&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)...........ccovuun. ... 2.0 Volts
FILAMENTCURRENT.........ccooiiivnveinnnnnn.. 0.060 Ampere
PLATEVOLTAGE ........coiiivienennnnnn. 90 180 mazx. Volts
ScrEEN VOLTAGE (Grid No. 2) ............ 67.5 max. 67.5 max. Volts
GrID VoLTAGE (Grid No. 1)............... -3 -3 Volts
PLATE CURRENT. . ......0vvvviiinnnnnns, 1.6 1.7 Milliamperes
SCREEN CURRENT. . ........cvvvvvnmnnnnn. 0.7 0.6 Milliampere
PLATE RESISTANCE. . .......covvinnnnn... 1 1.5 Megohms
TRANSCONDUCTANCE . ......oovvvvnnnnnnns 600 650 Micromhos
GRIL VOLTAGE® (ADProx.) ...........c.... -8 -8 Volts
Grip-PLATE CAPACITANCE (With shield-can) 0.007 mazx. - upf
INPUT CAPACITANCE.............00vvunn.. 5 puf
OUTPUT CAPACITANCE. . . ..oovvvenrnnnn .. 11 puf

* 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.)...oviiiiiiiiiiiiennnn. 2.0 Volts
FILAMENT CURRENT . .. .vvvvreeesrennnannnonnnncss 0.24 Ampere
AVERAGE CHARACTERISTICS OF SINGLE UNIT: -

Plate Voltage ............ R 135 Volts

Screen Voltage (Grid No. 2)........ccovvnuvvn... , 135 Voits

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

Plate Current ......covvivvrrcrnnnnisinaiennnns 75 Milliamperes

Screen CUITENt ... .viviinaienierorecennsnnness 2.2 Milliamperes

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

TransconQuctance . .. .......coeeeavervnnoeennnes 1425 Micromhos

As Push-Pull Class A, Amplifier

Yalves are for two units

PLATE VOLTAGE .. . . . . eetieveeinniaraannenoans 135 max. Voits
SCREEN VOLTAGE .. ..vvnivrvnenrenansornunseonnnns 135 max. Volts

GRID VOLTAGE® . . .. iitiieriiennnniniennienens 75 Volts
Piak A-F GRID-TO-GRID VOLTAGE. . ........covnnn. 15 Volts
ZERO-SIGNAL PLATE CURRENT (APpProx.)............ 7 Milliamperes
Max.-SIGNAL PLATE CURRENT (AppProx.) ........... 10.5 Milliamperes
ZERO-SIGNAL ScREEN CURRENT (Approx.) .......... 3% Milliamperes

Max.-S1GNAL ScREEN CURRENT (AppIox.) .......... . Milliamperes
Loap REsisTANCE (Plate-to-Plate). .. .............. 24000 Ohms
TotaL HAarMONIC DISTORTION. . . F N 55 Per cent
Tairp HARMONIC DISTORTION. ........... .. 4.5 Per cent
Max.-S1GNAL Power OQutPuTt .. .. .. il 0.575 Watt

+ A power output of 1.0 watt with 107, total distortion can be obtained in class Ay operation
with a peak a-f grid-to-grid voltage of 21 volts.

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

INSTALLATION and APPLICATION

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

; Gl
POWER AMPLIFIER PENTODE ©)
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) ()
Type 1F5-G. The base of the 1F4 fits Ph G3
the standard five-contact socket which K

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, QUTLINES SECTION. Filament operation is discussed
under Type 1C7-G. Application is the same as for Type 1F5-G.
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7D o} POWER AMPLIFIER PENTODE

" /4 The 1F5-G is a power-amplifier pen-
tode of the 2-vdlt filament type for use :
in the output stage of battery-operated ‘I F 5 G
r+(2) ALAD - receivers. This tube has low filament- -
&) 63 and plate-current requirements, high
NCTKEY e power sensitivity, and is capable of
delivering a considerable amount of

G-6x audio power with low distortion.
% CHARACTERISTICS
FILAMENT VOLTAGE (D.C.)..........oovvveinnn.. 2.0 Volts
FILAMENT CURRENT.........0oiiinennnnnnnnnnn, 0.12 Ampere
As Single-Tube Class A, Amplifier
PLATEVOLTAGE ..ot s 180 max. Volts
SCREEN VOLTAGE ... .ooviveeeenntenannnnnnnn, 180 max. Volts
PLATE DISSIPATION ........coovvniiiiinnnnnnn... 1.75 max. Watts
SCREEN DISSIPATION ......oovvinnienennnnnnnnn. 0.75 max. Watt
TypPICAL OPERATION:
PlateVoltage ..............covvurun.. 90 135 . Volts
Screen Voltage (Grid No. 2)............. 90 135 Volts
Grid Voltaée éGn‘d No.l) .............. -3 —4.5 Volts
Peak A-F Grid Voltage. . ............... 3 45 Volts
PlateCurrent .............ccovvuuu... 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 fubes
PLATE VOLTAGE ..........cooiviniinnan., 180 max. Volts
SCREEN VOLTAGE ......ocoviniiieeeneninannnn, 180 max. Volts
PLATE DISSIPATION .......cooiiienennnnnnnnn.. 1.75 max. Watts
SCREEN DISSIPATION ...........ooiveeinennnnnn... 0.75 max. Watt
TypicaL OPERATION:
Plate Voltage ................. ... ..., .. 180 Volts
Screen Voltage . .......................couu... 180 Volts
GridVoltage. . ..............ccoovieuni i, -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...................... 5.5 Milliamperes
Max.-Signal Screen Current..................... 7 Milliamperes
Load Resistance (Plate-to-plate)................. 20000 Ohms
Total Harmonic Distortion...................... 45 Per cent
Max.-Signal Power Output...................... 1.25 Watts

INSTALLATION and APPLICATION

The base of the 1F5-G fits the standard octal socket which should be installed
to hold the tube preferably in a vertical position with the base down. Horizontal
operation is permissible if pins 2 and 7 are in a vertical plane. Physical character-
istics of the 1F5-G are shown in Fig. 2-21, 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.

G2p, PD2

DUPLEX-DIODE PENTODE

The 1F6 is a duplex-diode pentode

of the 2-volt filament type. Its elec-

] F6 trical characteristics are the same as

those of the Type 1F7-GV, except for

capacitances which are given below.

The base of the 1F6 fits the standard

six-contact socket which should be in-

stalled to hold the tube preferably in a vertical position with the base down. Hori-

zontal operation is permissible if pins 1 and 6 are in a vertical plane. Physical

characteristics of the 1F6 are shown in Fig. 2-16, OUTLINES SECTION. Filament
operation of the 1F6 is discussed under Type 1C7-G.

Pentode: GRID-PLATE CAPACITANCE* .. 0.007 max. uuf
INPUT CAPACITANCE. ............ . 4 puf
OUTPUT CAPACITANCE . ....covvivnnnnnnnn 9 uuf

* 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
FILAMENT VOLTAGE (D.C.)...............c.cone.. 2.0 Volts
FILAMENT CURRENT . .. .vovvieeeerinannnneenonnnn 0.06 Ampere
Pentode: GRID-PLATE CAPACITANCE®............... 0.01 max. uuf
INPUT CAPACITANCE®. . .. .......ccovnnn.. 3.8 unf
OutpuT CAPACITANCE® . ................. 95 puf

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

PLATE VOLTAGE .. ...vuvivninnecinnncenneenaanens 180 max. Voits
ScrREEN VOLTAGE (Grid No. 2) .................... 67.5 max. Volta
GRID VOLTAGE (Grid No. 1) . ........ ... oo, -15 Volts
PLATE CURRENT. . .. ttiettineriinieennannineenns 2.2 Milliamperes
SCREEN CURRENT . .. ..oovtuernnannnnineenonennnns 0.7 Milliampere
PLATE RESISTANCE (APProx.) . .......c.ccovvnvinn.. 1 Megohm
TRANSCONDUCTANCE . .. ...t otiienennannaenenn. 650 Micromhos
TRANSCONDUCTANCE (At —12 volts bias)§........... 20 Micromhos
Pentode Unit—As Resistance-Coupled A-F Amplifier
PLATE-SUuPPLY VOLTAGE ........... 135 135 Volts
SCREEN-SUPPLY VOLTAGE. . .. ...... 135 135 Volts
D-C Grip VOLTAGEY. .. ... ....... . -1.0 -2.0 Volts
PeAK A-F GRrID VOLTAGE . .... . .... 0.64 0.62 Volt
ZeRO-SIGNAL D-C PLATE CURRENT 0.42 0.42 Milliampere

§ For cathode current cut-off.
2 I a grid-coupling resistor 1s 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. .. .........0uuu.. 0.25 0.25 Megohm
SCREEN RESISTOR. .. .............. 1 0.8 Megohm
LOAD RESISTANCE .. .............. b had

GRrID REsIsTORY . .. .......... 1.0 0.5 1.0 0.5 Megohm
VOLTAGE AMPLIFICATION. .. ... 48 43 46 41 )

ToraL HarmMoNIC DISTORTION . 5 5 5 5 Per cent
Peax VoLTaGe QuTPUT . . .... 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.

t For the following tube.

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

s

INSTALLATION and APPLICATION

The base of the 1F7-GV fits the standard octal socket which should be 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 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 Igg
2-15, OUTLINES SECTION. The 1F7-GV is similar in application to Type 6B8.

NC
DETECTOR AMPLIFIER

o
S TRIODE 1G4-G

”_r- The 1G4-G is a medium-mu triode

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

% CHARACTERISTICS
FILAMENT VOoLTAGE (D.C.)........ccovvnen ... 14 Volts
FILAMENT CURRENT. . ...0vvititttieeeenannnnnns, 0.05 Ampere
GRID-PLATE CAPACITANCE .........ccovvnrnnnnnnnn. 2.8 unf
GRID-FILAMENT CAPACITANCE. .. ........0.0uuu.... 2.2 unf
PLATE-FIl:AMENT CAPACITANCE. . . ..o .. 34 uuf

As Class A, Amplifier
PLATE VOLTAGE .........cciiiiiiiiiiiaannn., 90 max. Volts
GRID VOLTAGE . ....... e e e -6 Volts
PLATECURRENT. . ... ... .. i, 2.3 Milliamperes
PLATE RESISTANCE. ... ... ..o, 10700 Ohms
AMPLIFICATION FACTOR . .. ....... . ..o ... 8.8
TRANSCONDUCTANCE . . .....ovvieeeeeeennnannnn, 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-
mdegfiéd for class B service. The 1G4-G is especially useful as a driver for Type
1 .
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POWER AMPLIFIER oo
PENTODE @
] G 5 G The 1G5-G is a power-amplifier
- pentode with a 2-volt filament for r+(2) AL (De-
use in battery-operated receivers 3
where economy of filament-current NeT KEY e
drain is important. o-6x
% CHARACTERISTICS
FILAMENT VOLTAGE (D.C). .. ov it 2.0 Volts
FILAMENT CURRENT . . ... iitetieennnecnnnnennnnns 0.12 Ampere
PLATE VOLTAGE ... oivvriiiineneeeeaanannnen, 135 max. Volts
SCREEN VOLTAGE ............ 1. 135 max. Volts
PLATE DISSIPATION 1.25 max. Watts
SCREEN DISSIPATION . ...\ vvieiieeneneenaeann - 0.6 max. Watt
TypricAL OPERATION:
Plate Voltage . ................ 90 124 135 Volts
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
Maz.-Signal Plate Current. . . ... 8.7 10.7 9.7 Milliamperes
Zero-Signal Screen Current. ... .. 2.5 3 2.5 Milliamperes
Max.-Signal Screen Current. . . .. 3 4.3 3.6 Milliamperes
Plate Resistance (Approx.). ..... 133000 145000 160000 Ohms
Transconductance . ............ 1500 1500 1550 Micromhos
Load Resistance.. ... .......... 8500 8000 9000 hms
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 139 total distortion (6% second, 119, third) can

be obtained with a peak a-f grid voltage of 11 volts.

**A power output of 750 milliwatts with 18%, total distortion (9% second, 15% third) can

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

INSTALLATION and APPLICATION

The base of the 1G5-G fits the standard octal socket which should be installed

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

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

CLASS B
TWIN AMPLIFIER

The 1G6-G combines in one bulb
two high-mu triodes designed for
class B operation. It is intended for
use in the output stage of battery-
operated receivers and is capable of

1G6-G

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.). ... i i 1.4 Volts
FILAMENT CURRENT.......... e 0.1 Ampere
As Class B Amplifier
PLATE VOLTAGE ,..vitiie i inaneeennan e 110 max. Volts
PeEax PLATE CUrreNT (Per plate) ................ 20 max. Milliamperes
TyricaL OPERATION:
Unless otherwise specified, values are for both unils
Plate-Sup, gly Impedance................ 0 0 Ohms
Effective Grid-Circuit Impedance (Per unit) 0 2530 Ohms
Plate Voltage . ........................ 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 OQutput (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 requn'ed 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 spec1ﬁed values at low
distortion. Type 1G4-G 1s 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;
tra.nsconductance, 675 micromhos: plate current, 1 rmlhampere These values are
for each triode unit.

“C ° DETECTOR AMPLIFIER
G TRIODE
@) (Ds- The 1H4-G is a three-electrode tube ] HA. - G
PR/ for use as detector or amplifier in bat-
OO, tery-operated receivers where economy
NCTKEY T'ne - of filament-current drain is important.
G-58
CHARACTERISTICS
FILAMENT VOLTAGE (D.C.)........................ 2.0 Volts
FILAMENT CURRENT. .. ...... ...t 0.060 Ampere
As Class A, Amplifier
PLATE VOLTAGE ................. 90 135 180 max. Volts
GRID VOLTAGE . ..........c.0.vu... —4.5 -9 -135 Volts
PLATE CURRENT................. 25 3.0 3.1 Milliamperes
PLATE RESISTANCE. . ............. 11000 10300 10300 Ohms
AMPLIFICATION FACTOR. .......... 9.3 9.3 9.3
TRANSCONDUCTANCE .. ........... 850 900 900 Micromhos
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As Class B Amplifier
PLATE VOLTAGE ........ v teereaereetaree s 180 max. Volts
PEAR PLATE CURRENT .. ......coiivvennnennn ven 50 max. Milliamperes
Zero-S1GNAL CURRENT (Per tube) 1.5 max. Milliamperes
TypicaL OPERATION:

Unless otherwise specified, values are for two tubes

Plate VOItage .. ......cccvvvtrevonrenoneennaanns 157.5 Volts

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

INSTALLATION and APPLICATION

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

As a detector, the 1H4-G may be operated either with grid leak and condenser
or with grid bias. The plate voltage for grid-leak detection should not be more
than 45 volts. A grid leak of from 1 to 5 megohms used with a egrid 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)....oiviiiiiiiiiannnn., 1.4 Volts
FILAMENT CURRENT . ..o evvvvenerronnncannsennnans 0.05 Ampere
Type 1H5-G Type 1H5-GT

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

GRID-FILAMENT CAPACITANCE® .. 1.1 1.2 puf

PLATE-FILAMENT CAPACITANCE® . 5.8 5.0 ppf

* Approximate.
Triode Unit—As Class A; Amplifier

PLATE VOLTAGE ............. 90 max. Volts
GRID VOLTAGE . ....ccvnvennn 0 Volts
PLATE CURRENT. . ........... .. A 0.14 Milliampere
PLATE RESISTANCE ... .......... .. 240000 Ohms
AMPLIFICATION FACTOR .. 65 .
TRANSCONDUCTANCE ... cocvsvnnnnnosss eeresaane 275 Micromhos

— 64—



RCA RECEIVING TUBE MANUAL

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 IH5-GT
Ef=1.4 VOLTS D.C.
L0
2 d ]
"n
wl
- /’/ /"’/
< WS
: / 4°\'(“ N “
3 o
& / ("/Q‘\‘:l
2 / / i
/ < L
&9 / v / 7/ y
< AL s
— L /'/// [ Sy
0 25 50 75 760 25 50 75 200
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) (De- 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.

NCTTKEY N

% CHARACTERISTICS

FILaMeNT VOLTAGE (D.C.)........covvviienenns 2.0 Volts
FILAMENT CURRENT. ... 0vivvrnrenannnnennnnnnnnns 0.06 Ampere
Triode: GrID-PLATE CAPACITANCE®............... 4.8 upf

GRID-FILAMENT CAPACITANCE® ........... 4.0 upf

PLATE-FILAMENT CAPACITANCE® .......... 2.6 uuf

® Approximate.
Triode Unit—As Class A, Amplifier

PLATE VOLTAGE ..........0iiiiiiiieninennnennnns 135 mazx. Volts
GRID VOLTAGB .« .oiivtiiieiee e iiiiinnnaaaenen -3 Volts
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PLATE CURRENT. ot iitvvieaneeinennneannianenn 0.8 Milliampere

PLATE RESISTANCE. ... .. cciiiii it iner oo 35000 Ohms

AMPLIFICATION FACTOR . . ... . ..iiviiiiiennnnnnns 20

TRANSCONDUCTANCE . . ...ovvneeroonesonnssnsnnses 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
] J6 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. G-7AB
The triode units have separate external
terminals for all electrodes except the filaments, so that circuit design is similar
to that of class B amplifiers utilizing individual tubes in the output stage.

% CHARACTERISTICS

FiLAMENT VOLTAGE (D.C.). ...t iiiiiiiiieinnnnn 20 Volts
FILAMENT CURRENT . ...covvvreenrocsnnnannacnnnes 0.24 Ampere

PLATE VOLTAGE ....vuuuevererronancnnsosonacnnnn 135 max. Volts
PeAK PLATE CURRENT (Perplate) ................. 50 max. Milliamperes
TypricAL OPERATION:
Plate Voltage .. ............... 135 135 135 Volts
Grid Voltage. . ................ -6 -3 0 Volts
Zero-Signal Plate Current
(Per plate). .... eeeeeneeeans 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

* 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 clags B power amplifier in the output stage of battery-operated receivers,
the 1J6-G should be operated as shown under CHARACTERISTICS. In such
gervice, 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

FriLameNnT VoLTAGE (D.C))....ooovi i iienen e 1.4 Volts

FI1LAMENT CURRENT 0.05 Ampere

PLATE VOLTAGE , 90 max. Volts

SCREEN VOLTAGE . 90 max. Volta

GRID VOLTAGE ... 0 Volts

PLaTE CURRENT. . 1.2 Milliamperes
0.3 Milliampere
1.5 Megohms
750 Micromhos

5 Micromhos
Type IN5-G Type IN5-GT

GRID-PLATE CAPACITANCE®........ 0.007 max. 0.007 max. uuf

INPUT CAPACITANCE. .. ........... 32 3.2 uuf

OuTPUT CAPACITANCE. . .......... 11.0 10.0 uuf

* With shie.d-can.

INSTALLATION and APPLICATION

The base of either the IN5-G or the 1IN5-GT fits the standard octal socket
which may be mounted to hold the tube in any J:osmon Physical characteristics
of the IN5-G and IN5-GT are shown in_Figs. 1 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 ave circuits, these t 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.
|- scrReEN voLTS =90

CONTROL-GRID VOLTS EC 3 +0-5

/‘

N~

Qo
E:

NS
\

PLATE MILLIAMPERES

~ 2.5
] 20 40 &0 100 12 14 W

80
PLATE VOLTS 92C - 8093
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BEAM POWER AMPLIFIER

] Q 5. GT the lﬁfealxgsfycpl; B pom e e ol

ment. It is desj for use in the

output stage of battery-operated re-

ceivers,

% CHARACTERISTICS

FiLAMENT VOLTAGE (D.C)...........covviiiinn 14 Volts
FILAMENT CURRENT . ....oiiiitinriiinrnnnnennnss 0.1 Ampere
PLATE VOLTAGE .............. e 90 max. Volts
SCREEN VOLTAGE ... .0vvviiiereerrerranunnnnnsnns 90 max. Volts
GRID VOLTAGE .« ovvitttnrrinninnenenennninnnnen —4.5 Volts
PEAR A-F GRID VOLTAGE. ... ...civiiininennnnnn , 45 Volts
PLATE CURRENT. . o \oiiiiiiiiineiiiennnnannnnns 9.5 Milliamperes
SCREEN CURRENT . .. 0ivvetininnnnrneerennnnnennn 1.6 Milliamperes
TRANSCONDUCTANCE . . .vvtvtnnnnnnrarnrnnnnnanans 2100 Micromhos
LOAD RESISTANCE .. ... ..0vviiinniiinnererennnns 8000 Ohms
ToTaL HARMONIC DISTORTION. ............vvvvinnn 75 Per cent
POWER OUTPUT...coiniii i iiiiinnnnnnnnanns 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
llnA’l; . 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, ltlgf grid circuit may have a resistance as high ag but not greater than, 0.5
megohm.

PENTAGRID CONVERTER

The 1R5 is a miniature type of multi-

electrode vacuum tube designed to

] R5 perform. simultaneously the functions

of a mixer tube and of an oscillator

tube in superheterodyne circuits.

Through its use, the independent con-

trol of each function is made possible

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

CATIONS section.

v CHARACTERISTICS
FiLAMENT VOLTAGE (D.C.)....vvviviiiiiniiinennns 1.4 Volts
FILAMENT CURRENT........c0vnuunenn.. eereeseriees 0.05 Ampere
DiIRECT INTERELECTRODE CAPACITANCES: {

7AT

Grid No. 3 to All Other Electrodes (R-F Input) ... 7.0 puf
Plate to All Other Electrodes (Mixer Output) ..... 7.0 pul
Grid No. 1 to All Other Electrodes............... 3.8 P
Grid No.3toPlate ................ e 0.4 max. uuf
Grid No.1toGrid No. 3 ....................... 0.2 max, puf
Grid No.1toPlate ............... i 0.1 max. puf

$ With no external shiald.
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Converter Service

PLATE VOLTAGR ......0cciviviiinnnnnnrnnnnnennns 90 max. Volts
ScrEEN VoLTAGE (Grids No. 2and No. 4) .......... 67.5 max. Volts
SCREEN SUPPLY VOLTAGE . . . . ...cvveeevneeneeannn. 90 max. Volts
ConTROL-GRrID VoLTAGE (Grid No. 3) 0 min. Voits
ToTAL CATBODE CURRENT. . ...vvvevneennrsannn. 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. 3 Voltage .................. 0 0 0 Volts
Grid No. 1 Resistor. ................. 01 01 01 Megohm
PlateCurrent .............cocvvvunnn 0.7 08 17 Milliampere
Grids No. 2 and No. 4 Current........ 19 1.8 3 Milliamperes
Grid No. 1Current .................. 0.15 0.15 025 Milliampere
Total Cathode Current............... 2.7 2.75 5 Milliamperes
Plate Resistance (Approx.)............ 06 075 05 Megohm
Conversion Transconductance. . ....... 235 250 300 Micromhos
Conversion Transconductance (Approx.) 5* 5* b Micromhos

The transconductance between grid No. 1 and grids No. 2 and No. 4 tied to plate (not oscil-
llting) is a proxlmalel( 1200 micromhoe when grids No. 1 and No. 3 are at zero volts, and grids
No. 2 and No. 4 and:? 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 gosition. Physical characteristics of the 1R5 are shown in Fig.
2-2, OUTLINES SECTION. For filament operation, see Type 1A7-G.

As a frequeney 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 sensl-
tivity especially for compact, light- ]S 4
weight, portable equipment operating
with a B-supply battery of 45 volts,
787 It has the same structural features as

the 1R5. 6
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* CHARACTERISTICS
FrLaMeNT VOLTAGE (D.C.)......coiiiiiinininiennnnes 14
FrLAMENT CURRENT. ............ eereereiensesenas 0.1

As Class A, Amplifier
PLATE VOLTAGE . ..ovvviivie e enrecnnannnaneens 67.5 max.
SCREEN VOLTAGE .o vevrnvnnereonenreenannneesnas 67.5 mazx.
TotaL CATEODE CURRENT* ............. eeaeeabes 11 max.
ToraL CATBODE CURRENT*® ................c0vntn 9 max.

TyricarL OPERATION:

Plate Voltage . ........coocoivinnnnnntn 45 67.5
Screen Voltage .......oovvvevnniinn.. 45 67.5
Grid Voltage (Grid No. 1) .............. -4.5 -7
Peak A-F Grid Voltage. ................ 4.5 7
Zero-Signal Plate Current............... 38 7.2
Zero-Signal Screen Current.............. 08 . 15
Plate Resistance (Approx.).............. 0.1 0.1
Transconductance ..................... 1250 1550
Load Resistance. . .........covvevennnn. 8000 5000
Total Harmonic Distortion.............. 12 10
Mazx.-Signal Power Output.............. 0065 0.180
*Under maximum-signal conditions. **Inder 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 installed to hold
the tube in any position. Physical characteristics of the 1S4 are shown in Fig.
2-2, OUTLINES SECTION. For filament operation, see Type 1A7-G. Appli-

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

DIODE-PENTODE

The 1S5 is a miniature type of multi-

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

bulb. The 1S5 is designed ally

for compact, light-weight, portable

equipment. It will provide hxgh gain

even when operated with a B-battery

BAU

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

of the 1R5.
* CHARACTERISTICS
FraMeNT VoLTagE (D.C)........... e 1.4
FILAMENT CURRENT .. ...oivvvicirenvnnennonaainns 0.05
AvVERAGE CHARACTERISTICS OF PENTODE UNIT:
Plate Voltage . ..............ccoiiiiiiii.. 67.5
Screen Voltage .................. e 67.5
Grid Voltage. .. ...t 0
Plate Resistance. .. ........... ... .cciiienn.n. 0.4
Transconductance . ... ........cvovinneennnnenn 625
Plate Current ............cctttinerinenrcnsss 2.3
Screen Current . ...ttt 0.6
Pentode Unit— As Class A; Amplifler
PLATE VOLTAGE .. .ovetiveinnanneeerasonnnnnanen 90 max.
SCREEN VOLTAGE ... cvvvvuenernriinncionnnoncnnnns 90 max.
GRID VOLTAGE .. ....civrivenrncnecnnnsionnesonns 0 min.
TOTAL CATHODE CURRENT . . . .oivvorrecrrnnnnnnnns 3.7 max.
TypicAL OPERATION AS RESISTANCE-COUPLED AMPLIFIER:
Plate-Supply Voltage........... 45 67:5 90
Screen-Supply Voltage.......... 45 675 90
GridVoltage. . . ............... 0 0 0

Volts
Ampere

Volts

Volts

Volts
Megohm
Micromhos
Milliamperes
Milliampere

Volts
Volts
Volts
Milliamperes

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

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
PENTODE UNIT

TYPE IS5
Ef 1.4 VOLTS D.C.
| SCREEN VOLTSc4S
SUPPRESSDR VDLYTS =0
L2 // CONTROL=GRID voLTS ECie0
g /] -0s
2 // 1|
jo' // ~1.0
3 —
L // P el
E y 7 -1.8
|
° a / / -2.0.
/'/_"_‘d ECi=-2.5
-3.0
0 20 40 60 ?6 100
PLATE VOLTS 92C-6099R!1
-
ROl SUPER-CONTOL R-F
G .
it AMPLIFIER PENTODE
o) Pt The 1T4 is a miniature type of super- ] TA'
NTERNAL / control pentode designed for use as a
“shielo /3 radio-frequency or intermediate-fre-

AR quency amplifier in compact, light-

6 _weight, portable equipment. The
super-control feature is explained under Super-Control Amplifier in RADIO TUBE
APPLICATIONS section. The 1T4 features internal shielding which eliminates
the need for an external bulb shield, but a socket with shielding 13 essential if mini-
mum grid-plate capacitance is to be obtained. The general appearance and size
of the 1T4 is the same as that of the 1R5

% CHARACTERISTICS
F1LAMENT VOLTAGE (D.C).......covveee i, 1.4 Volts
FILAMENT CURRENT. .. oovtviiie e 0.05 Ampere
GRID-PLATE CAPACITANCE® . ... 0.01 max. puf
INPUT CAPACITANCE® . ... ..o iveee e . 35 upf
OUuTPUT CAPACITANCE® ..., 7.3 auf

* With no external shield
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RCA RECEIVING TUBE
As Class A, Amplifier
PLATE VOLTAGE ................ PR 90 max. Volts
ScreeN VoLTacE (Grid No. 2) 67.5 max. Volts
SCREEN SUPPLY VOLTAGE . . .....covnnvennnn. 90 max. Volts
Grip VoLTAGE (Grid No. 1)........ . .. 0 min. Volts
ToTAL CATHODE CURRENT. . . ....vviinieernnnnnss 5.5 max. Milliamperes
TypicAL OPERATION:
Plate Voltage ................. 45 90 90 Volts
Screen Voltage ................ 45 45 675 Volts
Grid Voltage.................. 0 0 0 Volts
PlateCurrent ................. 1.9 2 3.7 Milliamperes
ScreenCurrent ................ 0.7 0.65 125 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

2.8 T T T T
. TYPe 1 T4
_E g=1.4 VOLTS D.C.
SCRCEN VOLTS =45
SUPPRESSOR VOLTS =0 CONTROL ~GRID VOL1S ECI=°
2.0 —
" // —-0.5%
FIAP =
| M=
E ] / .
w L0
3 /‘ 2.0
Y ? 2.5
0.3 e il l-3.c
1 Eci=-4.0
6.0
: ~8.0
° 56 100 TS50 200
PLATE YOLTS 92¢- 610t
G G
BEAM POWER AMPLIFIER OO}
The 1T5-GT is a power-output am- O,
plifier of the directed-beam type for
] T 5 - GT use in battery-operated radio receiv- G) (7)
ers. The 1T5-GT is used in applica- F+~/\~ /N7~
tions where a moderate power output
is desired and very low filament-current NG KEY The
drain is necessary, G-6x
% CHARACTERISTICS
FILAMENT VOLTAGE (D.C.)....cvviiiniinrnnnnnenes 14 Volts
FILAMENT CURRENT . .....0vnvevesescnsonnnnsnnass ' 0.05 Ampere
PLATE VOLTAGE .....civviiennnnenenanesnennnosnn 90 max. Volts
SCREEN VOLTAGE . .0vuveneenenrerencassnnsssannns 90 max. Volts
GRID VOLTAGE . . ..vviviinnreaenneessanenesnnnnes ‘ -6 Volts
PEAR A-F GRID VOLTAGE. .......ovviiinennannnnn 6 Volts
PLATE CURRENT. . ....oviuinevnnnnnnns Creeeieneaas 6.5 Milliamperes

—_7—



RCA RECEIVING TUBE MANUAL
SCREEN CURRENT. . .evvvennncvnncnnsnne ereraeaes 14 Milliamperes
TRANSCONDUCTANCE . ..vveuereornananosacessnsoes 1150 Micromhos
LOAD RESISTANCE . . ..0vviieveernanennsscocsanens 14000 Ohms

ToraL HARMONIC DISTORTION . ... vvavrevrancnanee 75 Per cent
POWER OUTPUT.....covvvrnnnsennes 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. Information on the value of resistance in the grid circuit i
that given for Type 1Q5-GT.

P

@)

K

© HALF-WAVE RECTIFIER

The 1-v is a half-wave, high-vacuum
rectifier tube employing a heater tylpe
of cathode.. It is used principaily 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 VOLTAGE (A.C.orD.C) ..oiivviiinnnnnis
HEeATER CURRENT

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

As Half-Wave Rectifler

PeaAk INVERSE VOLTAGE
PEAR PLATE CURRENT
D-C Heater-CATHODE POTENTIAL
TyricaL OpERATION wWiITH CONDENSER-INPUT FILTER:

A-C Plate Voltage (RMS) ...... 117 150

Total Effective Plate-Supply

Impedance} 30 min.

D-C Output Current 45 max.
{When a filter-input condenser larger than 40
plate-supply impedance than the minimum value lg
rated value.

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

325 max.

75. min,
45 max.

0 min.
45 max.

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

OPERATION CH

s the same as

1-v

Voits
Ampere

. Volts
. Milliamperes
. Volts

Volts

Ohms
Milliamperes

f is used, it may be necessary to use more
own to limit the peak plate current to the

ARACTERISTICS

INSTALLATION and APPLICATION

TV‘PE 'I‘V ! 'E¢=I6.3' \IO;.'I’SI |
The base of the 1-v fits the standard four- FuTeR | Torerrect])
contact socket which may be mounted to hold the CURVES | ONDENSER | IMPEDANCE
tube in any position. Physical characteristics = f——=r—%" ol
of the 1-v are shown in Fig 2-19, OUTLINES & [{*®%u--| 4 4
SECTION. For heater operation, see Type 6A8. Z2sooH £ tems| 4 o
i I 11
e L3325 v T
P
S T O e e s
z s s
< 300
2 120 e
8 200 Tty |
s 1]
s S
3 10 =R3E
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o o 20 30 40 0
D-C LOAD MILLIAMPERES
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POWER-AMPLIFIER TRIODE

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

vacuum type of power amplifier tube

2 A 3 for use in etahe power-outprll{%l 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 - 40
effective cathode area.

CHARACTERISTICS

FroaMeNT VOLTAGE (A.C.or D.C)) ............... 2.5 Volts
FILAMENT CURRENT .. ..cviiervnnrnnnnnnaenennnns 25 Amperes
GRID-PLATE CAPACITANCE (ApPProx.)...%...ououven... . 165 unf
GRID-FILAMENT CAPACITANCE (ApDProx.)............ 75 uuf
PLATE-FILAMENT CAPACITANCE (AppProx.)........... 55 uuf

As Single-Tube Class A, Amplifier

FrLAMENT VOLTAGE (AC) . ... ..o 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 . .......................... 4.2
TRANSCONDUCTANCE .. .......oovvuiiinnnnnnennnn. 5250 Micromhos
LOAD RESISTANCE .. ...oiviiiiveriiinininnanenns 2500 Ohms
UNDISTORTED POWER QUTPUT. ... .....covnnnnnn. 35 Watts

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

F1LAMENT VoLTAGE (A.C)................. 2.5 2.5 Volts

PLATE VOLTAGE (Maximum)............... 300 300 Volts

GRID VOLTAGE® .. ......cvvvvniiniinnnnnns -62 — Volts
CATHODE RESISTOR .......00vvvvvvnnnnnnn. — 780 Ohms
ZERO-SI1GNAL PLATE CURRENT. ............. 80 Milliamperes
EFFECTIVE LoAD REsisTANCE (Plate-to-plate). 3000 5000 Ohms
TorAL HARMONIC DISTORTION. ......v.u.... 5 Per cent
POowER OUTPUT.......coiiiiiiiiinnennnnns 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 rovided to prevent overheating. Physical characteristics of the 2A3 are shown

ig. 2-27, OUTLINES SECTION.

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

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

When 2A3’s are operated in push-pull, it is desirable to provide means for
’ — 74—
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adjusting independently the bias on each tube. This requirement is a result of the
very high transconductance of these tubes—5250 miicromhos. 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

250

T
TYPE 2A3
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PLATE VOLTS 92C-5233 R4

Yoo} POWER AMPLIFIER PENTODE

’ The 2A5 is a heater-cathode type of power-
[ ) K amplifiet pentode for use in the audio-output .
G3 stage of a-c receivers. It is capable of givimi 2A5

large power output with a relatively smal

ihput-signal voltage. Extept for its heater

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

" H electrical characteristics identical with those

. of the 6F6. Applications, also, are the same
68 as for the 6F6.

The base of the 2A5 fits the standard six-contact socket which may be installed to hold the
tube in any position. Physical characteristics of the 2A5 are shown in Fig. 2-25, OUTLINES
SECTION. The bulb of the 2A5 will become very hot under certain conditions of operation.
Sufficient” ventilation should be provided to prevent overheating. The heater of this type is
designed to operate at 2.5 volts. The transformer windin sufppl?'in the heater circuit should
be designed to operate the heater at this recommended value for tull-load operating conditions at
average line voltage. The cathode should preferably -be connected directly to a mid-tap on the
heater winding or to a center-tapped resistor across the heater winding. If this practice is_tiot
followed, the potential difference between heater and cathode should be kept as low as poesible.
Thie type is used principally for renewal purposes.

I 200

406

GT DUPLEX-DIODE
e Sk HIGH-MU TRIODE
@ The 2A6 is.a heater type of tube consisting 2A6

of two diodes and a high-mu triode in a single
° ° bulb. It ie for use as a combined detector,
a amplifier, and automatic-volume-control tube
in radio receivers designed for its character-
6G istics. Except for its heater rating (2.5 voits,
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0.8 ampere), the 2A6 has electrical characteristics identical with those of the 75. The base of
the 2A6 fits the standard six-contact socket which may be installed to hold the tube in an
ition. Physical characteristics of the 2A6 are shown in Fig. 2-16, OUTLINES SECTION.
his type ia used principally for renewal purposes.

PENTAGRID CONVERTER

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

2A7 of an oscillator tube in superheterodyne cir-

cuits. Except for ita heater rating (2.5 volts,

0.8 ampere) end capacitances (same as for

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

tics identical with those of the 6A8. The base

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

pin-circle diameter) socket which may be in-

X stalled to hold the tube in any position.

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

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

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

DUPLEX-DIODE PENTODE 2 e
G2p PDy
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 687}, the 2B7 has
clectrical characteristics identical with those
of the 6B8-G. The base of the 2B7 fits the
seven-contact (0.75-inch pin-circle diameter) L,
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
emcrlo ing the 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

BQ 5 GT 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
FiLaMeENT VoLTaGge (D.C)........ 2.8 1.4 Volts
FILAMENT CURRENT.............. 0.05 0.1 Ampere
PLATE VOLTAGE ........ eereeans 90 max. 90 max. Volts
ScreeN VoLtaGe (Grid No. 2) .... 90 max. 90 max. Volts
GrIp VoLTaGE (Grid No. 1)....... -4.5 —4.5 Volts
PLATE CURRENT. .........000nnnn 75 9.5 Milliamperes
ScrEEN CURRENT. ............. .. 1.0 1.6 Milliamperes
PLATE RESISTANCE (Approx.) ..... 0.11 0.1 Megohm
TRANSCONDUCTANCE . .....c0vunnn 2100 Micromhos

:

1800

LoAD RESISTANCE ............... 8000 Ohms
ToraAL HarMoNIc DISTORTION... .. 7.5 7.5 Per cent
Max.-SiGNaL Power Outpur ..... 250 270 Milliwatts
—_76 —
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INSTALLATION and APPLICATION

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

. The coated filament is designed to be operated either with the two sections
in series across two dry cells in series or with the two sections in parallel across
one dry cell. With the series arrangement, the filament voltage is applied between
pins No. 2 /+) and No. 7 (-). Pin No. 8 is not used. With the parallel arrange-
ment, the filament voltage is applied between pin No. 8 (-) and Pins No. 2 and
No. 7 (+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
o FULL-WAVE HIGH-VACUUM -
0) _ RECTIFIER 5T4

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

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

s KEYE quirements.

ST

% CHARACTERISTICS

FiLAMENT VOLTAGE (A.C) . . ..vi i 5.0 Volts
FiLAMENT CURRENT. ...... e 2.0 Amperes
As Full-Wave Rectifier
PeEAK INVERSE VOLTAGE. . .. .....ooiiiiiininnnn, 1550 max. Volts
Peak PLATE CURRENT PER PLATE . ................ 675 max. Milliamperes
Typicat OpErRATION WiTH CONDENSER-INPUT FILTER:
A-C Plate Voltage per Plate (RMS) ............. 450 max. Volts
Total Eifective Plate-Supply Impedance per Platet. 150 min. Ohms
D-COutput Current. . . ..o v vienneennannn 225 max. Milliamperes
TveicaL OPeraTION WiTH CHOKE-INPUT FILTER:
A-C Plate Voltage per Plate (RMS).............. 550 max. Volts
Input-Choke Inductance.................... .. 3 min. Henries
D-COutput Current. . ......ccoiiviinniinnnan. 225 max. Milliamperes

tWhen a_ filter-input condenser larger than 40 uf is used, it may be necessary to use more
plalglu;;ply 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-
gible 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 {rom 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
200—| Ef=5.0 VOLTS A.C. 7 £F =50 VOLTS AC.
C=CONDENSER INPUT TO FILTRR ™| CHOKE=10 HENRIES
] «
5o | g
 600— 73 { = 60
C=ig -

P e :
5 5000 18 o I S . 8001 558 v,
g \§§j‘° a i ] ":4&&5_”“ PLATE
£ = F- £
(>4 Supr . —t——
< 400} 3 i | ;40 .&70_
@ 50 ——— |
2 =2 a6 TO 40 1 p——1 o 1400 ——
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300 3 Crvs 30
. ® PLaTer—ir O T e
z 5 S
22 E
3 5 20
b4 v
© 109| & 100

> 50 100 150 200 250 55 7 150 200 250
D-C LOAD MILLIAMPERES D~C LOAD MILLIAMPERES
92C-473) 92¢c-4782

Pp.
FULL-WAVE HIGH-VACUUM

Ppy
5 U4 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 KEYSE
G-ST
% CHARACTERISTICS
FILAMENT VOLTAGE (A.C.). . oiiiveneervnrnnnnnnnns 5.0 Volts
FILAMENT CURRENT......ccoviirinrnnnenrrennnss 3.0 Amperes
As FullsWave Rectifier
PEAK INVERSE VOLTAGE. . ......coivvenvennnnnnn.. 1550 max. Volts
PEAK PLATE CURRENT PER PLATE ................. 675 max. Milliamperes
TyricaL OPERATION WITH CONDENSER-INPUT FILTER:
A-C Plate Voltage per Plate (RMS).............. 450 max. Volts
Total Effective Plate-Supply Impedance per Plate}. 75 min. Ohms
D-COutputCurrent.................ccvvuun... 225 max. Milliamperes
TyricaL OPERATION WITH CHOKE-INPUT FILTER:
A-C Plate Voltage per Plate (RMS).............. 550 max, Volts
Input-Choke Inductance........................ 3 min. Henries
D-COutputCurrent.............c.cvvvvvnnnn. 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 ‘freferably in a vertical position. Horizontal operation is permis-
sible if pins 1 and 4 are in a vertical plane. Physical characteristics of the 5U4-G
are shown in Fig, 2-26. OUTLINES SECTION. Filament operation and ventila-
tion are discussed under Type 5T4. Information on filter circuits is given in the
RADIO TUBE APPLICATIONS section.

— 78—



RCA ‘RECEILVING TUBE MANUAL

OPERATION CHARACTERISTICS OPERATION CHARACTER{STICS
TIPEBUA-G  Eg =5.0 VOLTS ALC. TYPE 5VA-G
---CHOliE(h)iNP'UY TO FILTER: - ¥=5.0 VOLTS
—-TCOIV'ZéE;NSE::(RC;: |'::4_(Pm~'r’o FLTER: A A
£ a0l S - WrEOANCE Fin FATES e SN S
5 _<1047[~| _L [ o = - | iMPEDANCE PER peare= |
w % %t T ! ‘_')“.A % | | l |
g s ST F e e R L an
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"’° FULL-WAVE HIGH-VACUUM
°l RECTIFIER
The 5V4-g is 2 hfulﬁ-wave, r};‘igg- 5v 4 G
vacuum rectifier of the heater-cathode =
0, N type capable of supplying large d-c
OMOP currents. The close electrode spacing
NCTREY T in this tube permits excellent voitage
G-5L regulation.
% CHARACTERISTICS
HeaTtEr VOLTAGE (AC.) ...covvvivinnnnnn. cereren 5.0 Volts
HEATER CURRENT ....ovviverrennncoasnosanannnns 2.0 Amperes
As Full-Wave Rectifier
PEAR INVERSE VOLTAGE . . .....ovvvnvnennnns Teeenn 1400 max. Volts
PEAK PLATE CURRENT PER PLATE . ........c0vnunnn 525 max. Milliamperes
TypricaL OperatioN wiTH CoONDENSER-INPUT FILTER: )
A-C Plate Voltage per Plate (RMS).............. 375.max. Volts
Total Effective Plate-Supply Impedance per Platet. 65 min. Ohms
D-COutput Current. .. .....covviiereranenenns 175 max. Milliamperes
TyricaL OperATION WITH CHOKRE-INPUT FILTER: .
A-C Plate Voltage per Plate (RMS).............. 500 max. Volts
Input-Choke Inductance.........cccoveveeen... 4 min. Henries
D-COutput Cusrent. .. ....ccivievenneranenees 175 max. Milliamperes

$ When a filter-input condenser larger than 40 uf is used, it may be necessary to use more
plat;—lu;l»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

PDZ
RECTIFIER &) me
5W4 The 5W4 is a full-wave, "high- ﬁ
METAL vacuum rectifying tube of the metal 9‘
ST

type for use in a-c receivers having low
current requirements.

* CHARACTERISTICS

FILAMENT VOLTAGE (A.C).oevtviiiiienennnnnnnn, 5.0 Volts
FILAMENT CURRENT . .cvivttrinennnrnnennneennnnns 1.5 Amperes
As Full-Wave Rectifier
PEAK INVERSE VOLTAGE. . ....ovvveiiieinnnnnnnnn 1400 max. Volts
PeAK PLATE CURRENT PER PLATE ................. ’. 300 max. Milliamperes
TypicAL OPERATION WiTH CONDENSER-INPUT FILTER:
A-C Plate Voltage per Plate (RMS).............. 350 max. Volts
Total Effective Plate-Supply Impedance per Platet. 25 min. Ohms
D-COutput Current. . ..........covinrennnnnn. 100 max. Milliamperes
TypicaL OperATION WITH CHOKE-INPUT FILTER: .
A-C Plate Voltage per Plate (RMS).............. 500 max. Volts
Input-Choke Inductance........................ 6 mtn. Henries
D-COutput Current...........covvinvunennnn., ' 100 mazx. Milliamperes

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

OPERATION CHARACTERISTICS

TYPE SW4 Ef =3.0VOLTS A.C.

INSTAI.LATION Ol‘ld APP“CAT'ON = = o= CHOKE (L) INPUT TO FILTER:

The base of the 5W4 fits the standard octal e CONDENAER(O) MUY 1O Fur:
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 - 7%

2 and 8 are in a vertical plane. Physical charac- g _é‘;s_ 00 voLTs

teristics of the 5W4 are shown in Fig 1-7. OUT- 2 ool i30g | = 2 KR PLATE

LINES SECTION. Refer to Type 5T4 for < \1\5 T~

filament operation. Filter circuits are discussed e Mnn

in RADIO TUBE APPLICATIONS section. 8 T
- 7 S
£ 200 (=1 ’%ak_:._ ~
] ——F 17 _—
b

o

40
D-C LOAD MILLIAMPERES

82C-4584R2

: NC ()
FULL-WAVE HIGH-VACUUM ,, (X o

RECTIFIER >

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

vacuum rectifying tube of the filament 0310
type for use in a-c receivers having high NCTKEY S
current requirements. Its maximum 6-5Q

ratings and typical operating conditions
are the same as those for Type 5U4-G, The base of the 5X4-G fits the standard
octal socket which should be mounted to hold the tube preferably in a vertical
position. Horizontal operation is permissible if pins 2 and 7 are in a horizontal
lane. Physical characteristics of the 5X4-G are shown in Fig. 2-26, OUTLINES

ECTION
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Foz FULL-WAVE HIGH-VACUUM

°- RECTIFIER
The 5Y3-G i3 a full-wave, high- 5Y3 G
vacuum rectifier of the filament type -
AN i

for use in a-c receivers of moderate

() current requirements.
NC KEY F
G-5T
% CHARACTERISTICS
FILAMENT VOLTAGE (A.C.). ... .coiiieinennnnnnn 5.0 Volts
FILAMENT CURRENT . ..ovvvveetivernnnnnnnnnans vee 2.0 Amperes
As Full-Wave Rectifier.
PEAK INVERSE VOLTAGE . . . 0ovirniiiiiineenininannnns 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............ e eeeteaaeeeann 125 max. Milliamperes
TyricaL OPERATION WiTH CHOKE-INPUT FILTER:
A-C Plate Vo]tage per Plate (RMS).............. 500 max. Volts
Input-Choke Inductance..........ccovvvnnnnns 5 min., Henries
DCOutput Current. .. ...oovvviinnnnnneneeenns 125 max. Milllamperes

1 When a filter-input condenser larger than 40 uf is used, it may be necessary to use more
pl:::l--u ply impedance than the minimwm value shown to iimit the peak plate current to 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-
gible 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 CHARACTEZRISTICS
| CHOKE INPUT TO FILTER CONDENSER INPUT 1O FILTLI
TYPE 5Y3-G TyeESY3-G
l-E£x5.0 VOLTS ‘A.C. -~ |-€¢n5.0 VOLTS A.C. e
e INPUT CHOKE=S5 HENRIES (MIN.) INPUT CONDENSER=4uf
W g 0oLt} & 500/ TOT-EFFECT. PLATE-SUPPLY = ]
5 + | IMPEDANCE PLR PLAYEZ®
t L 2 ) 30 ONMS
o mj\"o‘us o 2
RMs <} $ I
2
A SRR T 4000~ ——¥g
> . ] _\]\ 8 b,
% | <co Ar
t-3 1\\ — z 9& \\ ‘E
' 300350 — iz 2 300 _:I{\ —
, —;1\.\\ - \’,K N b
[ 200 —— - D -
l‘ ] -
8 250 L 3 N~ T~
5 20028y =1 52 ~
g — — g -
3 =T 8
100! 100|
¢! bt
a -]
40 80 120 180 o 40 80 120 160
0-C LOAD MILLIAMPERES D-C LOAD MILLIAMPERES
92C-8095 9ac- 6094
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FULL-WAVE HIGH-VACUUM

RECTIFIER Pz QL2

NC
The 5Y4-G is a full-wave, rectifying © (©
5Y 4 G tube of the filament type for use in /
= a-c receivers of moderate current re- ncGN\ (M7 Or
quirements. Its maximum ratings 0
and typical operating conditions are NS REY R
the same as those for Type 5Y3-G. The 6-5Q
base of the 5Y4-G fits the standard octal . .
socket which should be mounted to hold the tube preferably in a vertical position.
Horizontal operation is permissible if pins 2 and 7 are in a horizontal plane, Phys-
ical characteristics of the 5Y4-G are shown in Fig. 2-21, OUTLINES SECTION,
Filament operation and ventilation are the same as for Type 5T4.

FULL-WAVE HIGH-VACUUM @—3"
573 RECTIFIER
The 573 i full- ectifi f
the ﬁ‘leamentl:y?)e ;‘ntezgzg ;‘or sure)l;.)lg- 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-
Jistics of the 5Z3 are shown in Fig. 2-27, OUTLINES SECTION. Filament opera-
tion and ventilation are discussed under Type 5T4.

FULL-WAVE HIGH-VACUUM

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

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

% CHARACTERISTICS

HEeaTER VoLTAGE (AC) .. .. .. e i 50 Volts
HEATER CURRENT ... .0nttiierennrnnonnnanens 2.0 Amperes
As Full-Wave Rectifler
PEAK INVERSE VOLTAGE . . .. .vvvtnivrinenennnrnnns 1400 max. Volts
PEAK PLATE CURRENT PER PLATE ................. 375 max. Milliamperes
TypicAL OPERATION wiTH CONDENSER-INPUT FILTER:
A-C Plate Voltage per Plate (RMS).............. 350 max. Volts
Total Effective Plate-Supply Impedance per Plate}. 30 min. Ohms
D-COutput Current. .. ...ccvvevierivnnnnnanas 125 max. Milliamperes
TypicaL OPERATION wiTH CHOKE-INPUT FILTER:
A-C Plate Voltage per Plate (RMS).............. 500 max. Volts
Input-Choke Inductance...................cnnn 5 min. Henries
D-COutput Current. . . .......cccoeeierirnnnnnnn 125 max. Milliamperes

$ When a filter-input condenser larger than 40 af is used, it may be necessary to use more
plaet.;-n:;;ply impedance than the minimum value shown to limit the peak plate current to the
rated value. ‘
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INSTALLATION and 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,

OPERATION CHARACTCRISTICS
CONDENSER INPUT TO FILTER

¥ T T T T T =T T
TvPc 524 I TYPESZ4  E¢=5.0 VOLTS A.C,
——E, =5.0 VOLTS A.C, FFILTER INPUT CONDENSER=C
« C ] ) « | TOTAL EFFECTIVE PLATE-SUPPLY
w INPUT CHOKE =5 HENRIES (MIN.) __| | .. IMPEDANCE PER PLATE= _|
; 500 :._;500 BSOVOLIT - | ‘ 30 OHMS
- 300 vor1g ! E \T\ S Ams PER p| ]
e =I5 BMS PER PLATE - o5 ATE
+ 4003 F 400 \ c= =
2 awo | T———F 5 I | e
2! —4—
z ] ] " z }—\Sc P
- 350 = R .| 4
< 300, 2300 1
w 3 T —_— -8
2| 3 | 2 T~ ||
¢ [ 20 i 3
~ 200 .. 200
2 2
a a
5
2 5
o °
v 100 v 100
Q K
° 40 80 120 160 ° A0 80 120 160
D-C LOAD MILLIAMPERES D-C LOAD MILLIAMPERES
92C-4435R|

- 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

FruaMenT VoLTAGE (AC.0or D.C)) ............... 6.3 Volts
FILAMENT CURRENT......oiviiintiieiieennnnn, 0.3 Ampere
PLATE VOLTAGE ............. 100 135 165 180 max. Volts
ScreeN Vortace (Grid No. 2). 100 135 165 180 max. Volts

Grip VoLTaGE* (Grid No. 1).. 65 -9 -11 -12 Volts

PLATE CURRENT. ............ 9 14 20 22 Milliamperes
ScREEN CURRENT. ........... 1.6 2.5 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 Ourtputtf............ 0.7 1.2 14 Watts

* Grid volts measured from negative 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

operated, the tabulated values of gri
the mid-point of filament.
9 per cent total harmonic distortion.

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 Jarseferably ina ver;llcal position,
are in a vertic

is permissible if pins 1 an

Horizontal operation

lane. Physical characteristics of

the 6A4 are shown in Fig: 2-25. OUTLINES SECTION The coated filament of
the 6A4 is primarilv intended for operation from a six-voit storage battery. Socket
terminal No. 1 should be connected to the positive battery terminal.
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CLASS B TWIN AMPLIFIER

The 6A6 is a heater-cathode type of
‘ tube combining in one bulb two high- .
6 Aé mu triodes designed for class B opera-

tion. The triode units have separate

terminals for all electrodes except

heater and cathode, so that circuit de-

sign is similar to that of class B am-

plifiers using two tubes. The 6A6 (with

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

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

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

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

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

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

PENTAGRID CONVERTER

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

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

of pentagrid types. see Frequency Con-

version under RADIO TUBE APPLI-

CATIONS. Except for capacitances,

which are given below, the electrical

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

DIRECT INTERELECTRODE CAPACITANCES:

Grid No. 4 to Plate (With shield-can) ............ 0.3 mi
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 .......... ... .coiiiannn 10 puf
Grid No. 4 to All Other Electrodes (R-F Input).... 8.5 i
Grid No. 2 to All Other Electrodes (Osc. Qutput). . 5.5 puf
Grid No. 1 to All Other Electrodes (Osc. Input) ... 7.0 puf
Plate to All Other Electrodes (Mixer Output) .. ... 9.0 upf

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

functions of a mixer (first detector)

6 A 8 - G tube and of an oscillator tube in super- " ) AL .

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
g_e.lnot#gid types, refer to Frequency Conversion under RADIO TUBE APPLICA-
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% CHARACTERISTICS

Heater VoLtaGE (AC.or D.C) ..vvvvvinnnnnnn., 6.3 Volts
HEATER CURRENT . ...oiiiiinennnrrennnneennnnns 0.3 Ampere

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

Grid No.4twoPlate .................... 0.03 0.26 uul
GridNo.4toGrid No. 2............... 0.1 0.19 unl
Grid No. 4toGrid No. 1 ............... 0.09 0.16 uuf
Grid No. 1t Grid No. 2 ............... 0.8 1.1 unf
Grid No. 4 to All Other Electrodes .
R-FlInput)........o.oooiiviinen, 12.5 95 uuf
Grid No. 2 to All Other Electrodes Except
Grid No. 1 (Osc. Qutput). ............ 5.0 4.6 uufl
Grid No. 1 to All Other Electrodes Except
Grid No. 2 (Osc. Input) .............. 65, 6 uuf
Plate to All Other Electrodes (Mixer :
Output) ...ttt 125 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 ......... bt ieiar e 300 max. Volts
ScreeN VoLTaGe (Grids No. 3and No.5).......... 100 max. Voits
SCREEN SuPPLY VOLTAGE. . . ............ .. 300 max. Voits

ANoDE-GrIp VouTacE (Grid No. 2). . ... .. 200 max. Volts
ANODE-GRID SUPPLY VOLTAGE . ......... .. -300 max. Volts
ConTroL-GRID VoLTAGE (Grid No. 4).............. 0 min. Volts
PLATE DissipaTioN 1.0 max. Watt

ScREEN DhisstipaTiON 0.3 max. Watt

ANODE-GRID DissIPATION 0.75 max. Watt
TotaL CaTHODE CURRENT 14 max. Milliamperes °
TyricaL OPERATION: .
Plate Voltage . ...............covuunnn, 100 250 Volts
Screen Voltage . ...........coivveeiin., 50 100 Volts
Anode-Grid Voltage......... v eeeneeeas 100 250** Volts
Control-Grid Voltage .................. -15 -3 Voits
Oscillator-Grid Resistor (Grid No. 1). .. .. 50000 50000 Ohms
PlateCurrent ...............coovu.... 11 3.5 . Milliamperes
Screen Current ..........coviviinnnnnn. 1.3 2.7 Milliamperes
Anode-GridCurrent. ................... 2 4 Milliamperes
_ Oscillator-Grid Current . ................ 0.25 04 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 H With control-grid bias of -35 volta.

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

INSTALLATION and APPLICATION

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

The heater of the 6A8 or the 6A8-G is designed to operate on either a.c. or
d.c. When either type is operated on a.c. with a transformer, the winding which
supplies the heater circuit should operate the heater at its recommended value
for fuli-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 for-
nished either by the d-c power line or the a-c line through a rectifier. In circuits
where the cathode is not directly connected to the heater, the potential difference
between them should be kept as low as possible. If the use of a large resistor is
necessary between the heater and cathode in some circuit ‘designs, 1t should be
by-passed by a suitable filter network or objectionable hum may develop.

As a frequency converter in superheterodyne circuits, the 6A8 or the 6A8-G
can supply the local oscillator frequency and at the same time mix it with radio-
input frequency to provide the desired intermediate {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 supply voltage
applied to the anode-grid No. 2 should not exceed the maximum value of §00 volts.
In fact, from a performance standpoint, @ 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 {eed-back will occur between plate
and grid No. 4 to produce degenerative effects. For this reason, the size of the
load condenser in the plate circuit should not be-less than 50 uuf.

OPERATION CHARACTERISTI OPERATION CHARACTERISTICS
WITH $0000-OHM 08 ILLATOR-GRSID E:SM WITH 50000-OMM OSCILLATOR-GRID LEAK
TYPL 6A8 TYPE BAB
e, se3vots  pLate vouTs=eso ) 54 A
16 sLaren (cRios we 34 Nes) VLTS = 100 e s ML
 ANGOE-CRID(CRID i BvoLTS =2s0valT 1 @ | ANODE -EMiD (CRID N2 2) VOLTS=100°
SUPPLY THAOUGH 20.000- OHM ° CONTHOL-GRID (GRID N24) VOLTS sVALUE 2
CONTROL -GRIO(CRIO N* 4) voLTs = | § | v‘:gwo :amou--u\s RESISTOR oF | T
TSRO oF 300 ke 2 GSCILLATOR-GAID (UMD MBI} LEAK & 2
Y - L 50000 omMms . 4 &
T e Gy S s tnesonue | 3
OSCILLATOR - GRID —i600 1 + b3
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u 200 | A E 8
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x /| z 3
4 3
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TYPICAL PENTAGRID CONVERTER CIRCUIT

Ly T C = GANGED TUNING GONDENSER
R-F (40 TO 350 puf)
INPUT [ €1,€2:C5:C6:C7 = 0.1 PF
P €3=0.00025 |1f
! Cq= SEE TABLE BELOW
= Ry = 250000 OHMS, 0.) WATT
Rp= 10000 ~50000 OHMS , 0.1 WATT
Ry = OSCILLATOR ~ANODE (GRID N2 2)
R VOLTAGE -DROPPING RESISTOR
R4= 150-300 OHMS, 0. WATT
_EI Rs = SCREEN (GRIDS N2 38 5)FILTER RESISTOR
A L = 60-MILLIHENRY R-F CHOKE
N o i o, T = 465-KG I-F TRANSFORMER
GRID N¢4  GRID N2 2 GRIDS N¢3&5 PLATE
BIAS SUPPLY  SUPPLY SUPPLY  SUPPLY
. COIL-DESIGN DETAILS
PR 2 ®  [lous 10 0.40 0.55 TO 1.5 15 T0 40 | 40T0OI0 | 10 TO 28

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 |30SSt 20 [32ENAM| |12 120ENAM 12|36 ENAM| 6 [I6CNAM

0SC. TRACKING COND.(Ca)] — 17 s 400 U f 1070 PUF | 2900 WUFf | 7300 UPF
NE | NE 2 NY 3
MULTI-LAYER COILS SINGLE-LAYER _COILS SINGLE -LAYER_COILS
6 o
o P L
2 /P “llu. ' l
005" b
[APPROXA “h— %2
=¥, -3 v K 7 T
% SN
A g oy CATHODE i -
=Yg GRID N2V Ngy T~ GRID N22 GRID NS I CAThADE B+ GRID N22

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

i GAES_/GINS is the negr déeIEIisgnatiSc;n

or the electron-ray tube . e

type 6N5 for further data. Physical

characteristics of the 6AB5/6N5 are 6A85I6N5
shown in Fig. 2-18, OUTLINES

SECTION.




RCA RECEIVING TUBE MANUAL

TELEVISION AMPLIFIER

PENTODE
6AB7 l] 853 The 6AB?7 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
HEeATER VOLTAGE (AC.orD.C)) ...vveiinenneen . .63 Volts
HEATER CURRENT ..\ cvvuvreecrnonnnnnrssvocnanns 0.45 Ampere
GRID-PLATE CAPACITANCE® . .......ciiiivninnnanns 0.015 max. puf
INPUT CAPACITANCE® . ..ottt iieeriinecransennnnns 8 puf
OUTPUT CAPACITANCE? .. ... cvciiirnensonnsenenan 5 puf

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

PLATE VOLTAGE .. .vivvien e vnerrnnnsnnnnnonssanes 300 max. Volts
SCREEN VOLTAGE .. .vvviieerecenocrnnnnnsnonnenes 200 max. Volts
SCREEN SUPPLY VOLTAGE . .. ...o.cviiinnnnrnonns 300 max. Volts .
PLATE AND ScrREEN DissipaTioN (Total). ........... 4.4 max. Watts
SCREEN DISSIPATION ... .....cvvreneonnsonnnecsnes 0.65 max. Watt
TyPicAL OPERATION:
Condition It Condition 11 11

Plate Volta%;e ................... 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 Volts
Plate Current ......... eeeeranes 12.5 12.5 Milliamperes
Screen Current ......ccooceveanns 3.2 32 Milliamperes
With fixed screen supply. 11 With series screen resistor.

_ % Screen supply voltages 1yn excess of 200 voits require the use of a series dropping resistor to
2:]1{:. the voltage at the screen to 200 volts when the plate current is at its normal value of 12.5
amperes.

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 30000-0hm 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 =

Ry
AUTOMATIC GAIN
CONTROL VOLTAGE +300V.

(®) HIGH-MU

Q POWER AMPLIFIER TRIODE
" 0@0 w . The BAC5-G is a high-mu triode de- 6AC5-G

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

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

CHARACTERISTICS

Heater VoLTAGE (AC.orD.C) ..vvvvvniiinnn... 6.3 Volts
HEATER CURRENT ....ovvvrinnnnnenranenncancnonss 0.4 Ampere
AVERAGE CHARACTERISTICS:

Plate Voltage.........coovivvinnnnneceecrrnanes 250 Volts

Grid Voltage. ... . +13 Volts

Plate Resistance...... . 36700 Ohms

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

Transconductance .......cooeveevveenreenncnanns 3400 Micromhos

Plate Current..........ccoevvvenevennnonnnnnss 32 Milliamperes

Grid Current................ Cevees Cereeeeaaas 5 Milliamperes
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As Class B Power Amplifier '

PLATE VOLTAGE .........0cc00vvnnns Ceeeeaens eees 250 max. Volts
PEAR PLATE CURRENT (Pertube)................. . 110 max. Milliamperes
AVERAGE PLATE DISSIPATION .. .....c0vvvvnnnnnnn. 10 max. Watts

TyPicAL OPERATION:

Plate Voltage ............coiiiiirinnnneerannn. 250 Volts
Grid Voltage. .. ...oveiiniiiiereiinnnnneaenn 0 Volts
Peak A-F Grid-to-Grid Voltage. ................. 70 Voits
Zero-Signal D-C Plate Current .................. 5 Milliamperes
Effective Load Resistance (Plate-to-plate) . 10000 Ohms

Power Output (Approx.)* .........ccc.n. L 8 Watts
* With peak input of 950 milliwatts applied between grids.

INSTALLATION and APPLICATION

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

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

In direct-coupled power amplifier service, a single 6AC5-G is preceded by a
Type 76 in the dynamic-coupled circuit shown below. Bias voltage for both tu
is developed by the elements of the circuit which are common to both tubes, The
total d-c resistance in the grid circuit
of the driver should not exceed one
megohm. The main purpose of the

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

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

maximum plate voltage is 250 volts. o Lo
the maximum average plate dissipa- +

tion is 10 watts. the average plate '*YT

PLATE
current is 32 milliamperes, and the SUPPLY
average plate current of driver is 5.5 T 7
milliamperes. With an input signal o

to the driver of 16.5 volts (rms) and ) . .

a load resistance of 7000 ohms, the power output is 3.7 watts with 109, distortion.
When the driver tube is operated up to the grid-current point, a power output of

4.3 watts with approximately 16%, distortion may be obtained

TELEVISION AMPLIFIER

- PENTODE
6AC7I 1852 The 6AC7 is a pentode of the single-

METAL ended metal type for use in television
receivers. It i1s recommended for use
in the r-f and i-f stages of the picture
amplifier of such receivers as well as in
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 uencies
because they provide decreased feedback and improved circuit stability.
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CHARACTERISTICS
HeaTER VOLTAGE (AC.orD.C) .....vvvvivannnns 6.3 Volts
BEATER CURRENT .. .vvvvrvrnnnneenssasnsossvanns 0.45 Ampere
GRID-PLATE CAPACITANCE® ... ....onvnncnnncnsnes 0.015 max. uuf
INPUT CAPACITANCE® . .. .vvvvnrnnonrevnannns e 11 uuf
OutpuT CAPACITANCE® 5 uuf
° With shell connected to cathode. -
, As Class A Amplifier
PLATE VOLTAGE ......civivivrrnnrcnnsssansronnne . 300 max. Volts
SCREEN VOLTAGE .....cvvvvreerracsasnsosnnocsnns 150 max. Volts
SCREEN SUPPLY VOLTAGE . . ... ... cvvivnnronnsvenns 300 max. Volts
PLaTE AND ScREEN DisstpaTioN (Total)............ 3.4 max. Watts
SCREEN DISSIPATION . ... v.cvirvearssecesnnnnnanss 0.38 max. Watt
Tyricar OPERATION:
Condition I* | Condition I1I**
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 ...........cc0venen 10 10 Milliamperes
Screen Current .............. P 2.5 2.5 Milliamperes
* With fixed screen supply. #* With seri¢s screen resistor.

t Screen supply voltages in excess of 150 volts require use of a series droppin resistor to

limit the voltage at the screen to 150 volts when the plate current is at its normaﬂ 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 £¢=0
£ 3of SCREEN voLTs =130 b
o /
a
$ /
«
3 5.5
F]
3
~as L~
] /
K]
2 Te -1.0
2
]
G
9 CONTROL-GRID VOLTS EC;=-1.58
@
o
~
5 -2.0
o g
= =
: T 2.5
< —r — ] —
& -3.0
1 L] -3.8
i
-4.0
% 1 L
320 200 366 sé0
PLATE VOLTS 92C-492i
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As an amplifier, the 6AC7 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

L
The 6AES5-GT is a low-mu amplifier ®
triode of the heater-cathode type in- PR
tended for use in a-c/d-c receivers. The
GAES-GT  base of the 6AES-GT fits the standard
octal socket which may be mountedto  » 9\_‘_/ O
hold the tube in any position. Physxml
characteristics of the 6AES5-GT NG KEY
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 (AC.or D.C) ......ovvviiae 6.3 Volts
HEATER CURRENT . ........coooiieimineinnannann. 03 Ampere
PLATEVOLTAGE ........0ccoiiiiiiiniiiiannnn 95 Volts
GRID VOLTAGE* .............. e -15 Volts
PLATE CURRENT. . ..o tiiiiie e iiiiiiianes 7 Milliamperes
AMPLIFICATION FACTOR . . .......oiiiiiiie e 4.2
PLATE RESISTANCE. ........covviriiiinne s 3500 Ohms
TRANSCONDUCTANCE . . ovvrvvinnnnnennnreeeerannns 1200 Micromhos

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

ELECTRON-RAY TUBE

Twin Indicator Type RCuz

6A Fé' G The 6AF6-G is a high-vacuum, CRAY

heater-cathode type of tube designed () 0

to respond .visually, by means of two NeKEY

shadows on a fluorescent target, to

changes in the voltages applied to the
control electroda 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) ..vvvvvininninnn. 6.3 Volts
HEATER CURRENT . .. ...tiiiiiineenennnnnnnnnenes 0.15 Ampere

As Tuning Indicator

TARGET VOLTAGE. . ......... g e rine e {13(5) i “;g{::
Ray-ConTROL ELECTRODE SUPPLY VOLTAGE......... 135 max. Volts
TyricaL OPERATION:
Target Voltage ...........co0veevnnnnns 100 135 Volts
Target Current®. .. ....coevevnenennnnns 0.9 15 Milliamperes
Ray-Control Electrode Voltage (Approx.)t 60 81 Volts
Ray-Control Electrode Voltage (Approx.)} 0 0 Volts

° With 0 volts on ray-control electrode.
t For shadow angle of 0* o&roduced by either ray-control electrode.
For shadow angle of 100° 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 cuave | TARGET
below. For further information on the perform- YoLls
ance of tuning indicators, refer to Type 6ES. -—--1 100
RAY-CONTROL JARGET™]
1 ELECTRODES -
E W = T
€a N\ z .
8 ) "
- —
TYPe ] Y [arecr |.8
R 28T geo 4 cumRenT 138
CONNECTED R < S‘HNA:LCEW[)\ N ]
T =
| £ 40 > 23
° 7y g T 3
AVC z TN =
VOLTAGE 20} —1-s” N\ '8
N \ 5
+ e SN
20 40 60 80
R~TYP{CAL VALUE 15 0.5 MEGOHM RAY-CONTROL ELECTRODE VOLTS

92C—-4909

VIDEO POWER
AMPLIFIER PENTODE

RCA-6AG7 is a heater-cathode type 6 A G7
of metal tube intended for use primar-
ily in the output stage of the video
amplifier of television receivers, It
may also be used advantageously in
television transmitters as a coupling
device between video-frequency stages and transmission lines.

The 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 (A.C.or D.C) .....coiviiiiit 6.3 Volts
HEATER CURRENT .....oiviinnennnaniannnnnnnn, 0.65 Ampere
DIRECT INTERELECTRODE CAPACITANCES:
GridtoPlate..............oi i, 0.06 max. upf
Input . ..vii i e 12.5 uuf
Output. . ... 75 puuf
Grid to Screen (Approx.) . ... ... ...l 5.8 uuf
Grid to Cathode (AppProx.)...............cvvuvun. 52 upf
Heater to Cathode (Approx.).................... 10.7 puf
AVERAGE CHARACTERISTICS:
Plate Voltage ............... .. ... ... .ol 300 Volts
Screen Voltage .....................cccoiiina., 300 Volts
GridVoltage. . ............... ..o, -10.5 Voits
Interlead Shield.......................... Connected to cathode at ground
Plate Resistance............................. .. 0.1 Megohm
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Transconductance . ...........ccoovvvvrinnsen . 7700 Micromhos
PlateCurrent .................cciiiniirnnn. 25 Milliamperes
ScreenCurrent ..., i 6.5 Milliamperes
As Video Voltage Amplifier — Class A,
PLATE VOLTAGE .......ciitiiiiiiiiiinieeennnen 300 max. Volts
SCREEN VOLTAGE . ......'iittittiiirannnnnnnnnns 300 max. Volts
PLATE DISSIPATION . ...........cvvvnn. e, 8.7 max. Watts
SCREEN INPUT....iiiiiiiiiiiiiiriinennnnnnnns 2 max. Watts

Grid-Lesk ~ Cathode

Biast Btas

Plate-Supply Voltage............... 300 300 Volts
Screen Voltage . .................. . 125° 125°° Volts
GridVoltage. . .................... 0* -2 Volts
GridResistor...................... 0.25-0.5 v Megohm
Cathode Resistorit ................ cees 57 Ohms
Interlead Shield.................... Connected to ground
Grid Signal Swing (Peak to peak).... 4 4 Volts
Plate Current ....... e 52* 28 Milliamperes

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

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

The ecathode 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, b;;otential difference between heater and cathode should be kept as low as
possible,

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

The sereen voltage for the 6AG7 operated with fixed bias or cathode-resistor
bias, should 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 6AG7 is obtained by the automatic background-control method., it is
recommended that the screen voltage be obtained from a source of good regulation.

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

(pin No. 2).
APPLICATION
As a video amplifier, the 6AG7 is especially designed for use in the final video
sta&e to_modulate the Kinescope in_a television receiver. In such service, the
6AG7 will provide adequate modulating voltage without frequency discrimination

— 94—
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over the wide bandwidth required for high-definition television reception. The
extremely high transconductance and the large plate current of this tube make
possible relatively high voltage gain with the low load resistance needed to give
uniform output over the wide frequency range, A typical circuit showing suitable
constants for a video amplifier is shown below,

TYPICAL VIDEO VOLTAGE AMPLIFIER
HAVING BANDWIDTH OF 4 MEGACYCLES

KINESCOPE
GRID
TYPE 8AG? Ly
Lz
VIDEQ INPUT O~ Ry
AND A L S Ry
BiIAS SUPPLY = -CI - -CZ
@ o
i‘ - *
+i25V. +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 gh Filter Indu Ri = 20000-Ohm, Non-Reactive Resistor
L: = 125 gh Filter Inductdf R: = 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 —
= |
!
) | conTRoL-GRID voLTs EC1=-2 |

=3

-4

Ry
\
¥
\

A

==t ECi

n
<

=5

PLATE(14) OR SCREEN (1C2) MILL!AMPERES

N E(l,,=-a
DIRECT-COUPLED
POWER AMPLIFIER
The 6BS is @ multi-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 withir:, the tube to the second, or output,
triode. Electrical characteristics of the 6B5 are-identical with those of the 6N6-G.
The base of the 6B5 fits the standard six-contact ocket which may be mounted
to hold the tube in any position, Physical 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.orD.C) .........covinnnt 6.3 Volts
HEATER CURRENT . . .....ivnvnnrrcnnennnnnennenns 0.3 Ampere
Triode: GRID-PLATE CAPACITANCE®................. 1.3 upf
GRID-CATHODE CAPACITANCE®.............. 2.7 nuf

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

Triode Unit — As Class A, Amplifler

PLATE VOLTAGE ... ..ot eiiiinnnns - 250 max. Volts

GRID VOLTAGE . .............. -2 Volts
PLATE CURRENT............ 0.9 Milliampere
PLATE RESISTANCE. ......... 91000 Ohms
AuMPLIFICATION 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 t7he same as for Type 6A8. Application of the 6B6-G is similar to that of Type

POz

DUPLEX-DIODE PENTODE = ¢

The 6B7 is a heater-cathode type of
6B7 tube consisting of two diodes and a ¢pG)
pentode in a single epvelope. It is
used as a combined dettector, amplifier
(radio-, intermediate., or audio-fre- M 4
quency), and autoraatic-volume-control 70
tube in a-c receivers 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 ’;ADIO 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

TV’F’E €éB7] | [ |
[ TTcorve | LoD g&a?ron |
Pentode Capacilances — A 250000 [1 ]
GRrID-PLATE* .. ... ...... 0.007 max. puf L1l 2 e S
INPUT ... 35 I
OutPUT................ 9.5 uuf ) el el
* With shield-can. p = &
[ 19 3
3 X 5 uzoé
: [ 1] 158 5
2 3
a
"
f l II 8o §
ISl off &
& | g
2 ={Ha0 &
é’ . C
-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—fra\ uency), and
automatic-volume-controt tube in a-c
receivers having a 6.3- volt heater sup-

688

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

section.
* CHARACTERISTICS
HeaTter VoLTace (AC.orDC.) . .oeneavens. 6.3 Volts
HEATER CURRENT ... .vvevnicrnorncnnecennecnnne 0.3 Ampere
Pentode: GRID-PLATE CAPACITANCE® ............... 0.005 max. uuf
INPUT CAPACITANCE®. . ....c.iiiinnnnnnn. 6 upf
QOuTPUT CAPACITANCE® ............c0.... 9 unf
* With shell connected to cathode.
Pentode Unit — As Class A, Amplifier

PLATE VOLTAGE ... .0vonirervrnnnaacennneaananans 300 max. Volts
ScrEEN VOLTAGE (Grid No. 2) . ............ccovt 125 max. Volts
SCREEN SUPPLY VOLTAGE. . . ...ocvvvnevnrnnnnnennn 300 max. Volts
Grip VoLTAGE (Grid No. 1)................... ..., 0 min. Volts
PLATE DISSIPATION +.vvereeverennnnananeeenncnans 2.25 max. Watts
SCREEN DISSIPATION .. .oivvieervnnnrnnrennnronnns 0.3 max. Watt
TypricAL OPERATION:

Plate Voltage ......ccoviiiiiiiiniiiinnnns 250 Volts

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

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

Plate Current .......oovvvviivenonnnaaeeeaenans 10 Milliamperes

Screen Current ........cccoverviimeennaciaanenns 2.3 Milliamperes

Plate Resistance (ApPpProx.). .......ccovvvevneneens 0.6 Megohm

Transconductance . ........ccoviiiiennninanns 1325 Micromhos

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

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

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

INSTALLATION and APPLICATION

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

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

For automatic volume control, a rectified voltage which is dependent on the
r-{ or i-f carrier is usually employed. This voltage may be utilized to regulate the
gain of the r-f and/or-i-f amplifier stages so as to maintain essentially constant-

carrier input to the audio detector. Refer to discussion of automatic-volume-
control methods in RADIO TUBE APPLICATIONS section.

For r-f or i-f amplification, the pentode unit of the 6B8 may be employed in
conventional circuit arrangements. It is designed so that its cut-off is somewhat
extended to permit of moderate gain control by grid-bias variation without intro-
ducing cross-modulation effects. The cut-off point and the ability to handle the
larger signals may be altered by choice of screen voltage to suit the requirements of
the circuit. For many types of circuits a convenient and practical method of
obtaining the desired benefit of the extended cut-off is to supply the screen voltage
from a téiaﬁlh-voltage tap through a series resistor. This arrangement provides
automatically an increase in the voltage applied to the screen as the grid-bias is
rrtx)ade enéore 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 i used in these circuits, its shell should be connected to ground.

AVERAGE PLATE CHARACTERISTICS

18
TYPE 6B8 . -
Ef = 6.3VOLTS €c; =0
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& o} DUPLEX-DIODE PENTODE

c2p 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-

NCTKEY " G3p matic-volume-control tube. For diode-
G-8F detector considerations, refer to RADIO
TUBE APPLICATIONS section.
% CHARACTERISTICS
Heater VoLTagE (AC.orD.C) .................. 6.3 Volts
HEATER CURRENT . ......covvvinnnnn.,s 0.3 Ampere
Pentode: GrID-PLATE CAPACITANCEY. .. . 0.01 max. puf
INPUT CAPACITANCEY. . ........ .. 3.6 uuf
Qutputr CAPACITANCEY . ......... s, 9.5 uuf
t With close-fitting shield connected to cathode.
Pentode Unit — As Class A, Amplifier

PLATE VOLTAGE .. ....0ciivunneconoeceanaeenans o 300 max. Valts
ScrEEN VoLTAGE (Grid No. 2) .................... 125 max. Volts
SCREEN SUPPLY VOLTAGE. . .. vvvvvenrevvnnnnnnnan. 300 max. Volts
GRID VOLTAGE (Grid No. 1). ..oveviviinneniiinann, 0 min. Volts
PLATE DISSIPATION ... iivveivinnnnennneeereeennns 2.25 max. Watts
SCREEN DISSIPATION .. ....0vvnunnnn. 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

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

Screen Current ................ 1.7 15 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

1 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 i3 common

to the pentode unit. Each diode plate has its own base pin. Operation curves
for the diode units are given under Type 6B7.

INSTALLATION and APPLICATION

The base of the 6B8-G fits the standard octal socket which may be installed
to hold the tube in any position. 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 cougling 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 type C
m ‘ recommended for use as detectors, 6 5 = G

RS 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
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% CHARACTERISTICS

HeatEr VOLTAGE (A.C.orD.C) ...ovvvvvvnnnnn... 6.3 Voits
HEATER CURRENT ... .ovvverrneenrnnnanonecasnnns 0.3 Ampere
6C5* 6C5-G**
GRID-PLATE CAPACITANCE ................ 2.0 2.2 uuf
GRID-CATHODE CAPACITANCE ............. 3.0 44 uuf
PLATE-CATHODE CAPACITANCE. ............ 11 12 i
* With shell connected to cathode. = With close-fitting shield connected to cathode.
As Class A; Amplifier
PLATEVOLTAGE .................. e, 300 max. Volts
GRIDVOLTAGE . . .iviiniiiin it inieerannennnns 0 min, Volts
PLATE DISSIPATION ... .itiviiiine i iiiininnnes 2.5 max. Watts
TypicAL OPERATION:
Plate Voltage . ..........c.cciiiiiiiniinnennnnn 250 Volts
Grid Voltage ®® .........c.ciiiiiiiiiiiinnenes : -8 Voits
PlateCurrent ..............ciiiiiiaiiiiinne 8 Milliamperes
Plate Resistance. . ...........ccoviiennvnrenennn 10000 Ohms
Amplification Factor ........................... 20
Transconductance .. .........coooviveiniinienns 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
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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

HEeATER VoLTAGE (A.C.orDC) .....ovvvve. ... 6.3 Volts
HEaTER CURRENT . .....0iviinnviiiiinnnnnnennnns ‘ 0.3 Ampere
PeNTODE CONNECTION:
Grid-Plate Capacitance* 0.007 max. uuf
Input Capacitance................. 5 uuf
Output Capacitance..........coovvvevvinreennnn. 6.5 upf
TriopE CONNECTION®
Grid-Plate Capacitance.............covvvernen.. 2 upf
Grid-Cathode Capacitance. .. .........o.vvee.... 3 uuf
Plate-Cathode Capacitance ..................... 105 puf

* 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,
reter to Type 6A8. Application of this type is similar to that of Type 6]7.

TWIN-TRIODE AMPLIFIER

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

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

% CHARACTERISTICS

HeATER VoLTAGE (A.C.orD.C.) ovvvvnveennnnnnn. 6.3 Volts
HEATER CURRBNT . ....0vtiirrinennenennenennenss 0.3 Ampere
Triode Unit 1  Triode Unit 2
GRID-PLATE CAPACITANCE® . .......... 25 2.4 uuf
GRrID-CATHODE CAPACITANCE®. ........ 34 2.5 upf
PLaTE-CaTHODE CAPACITANCE®........ 35 39 unf
GriD-GrID CAPACITANCE® ............ 0.1 upf
PLATE-PLATR CAPACITANCE® ........ .o 1.5 puf

¢ Approximate.

Each Triode Unit — As Class A, Amplifier

PLATE VOLTAGR ......oovvt tiiiininnennesvnnnns 250 max, Volts
GRID VOLTAGE ............. Ceesssasatereanarnnnn 0 min. Volts
PLATE DissiPaTION ........... Ceesetsernteancann. 1.0 max. Watt
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TypricAL OPERATION:

Plate Voltage .. ......cccviviiiiinninnennnnnes 250 Volts

Grid Voltage. . . .....ovvrivriinerieririnnennns 4.5 Volts

Plate Current . .....oooviviviiinnn e reennnns 3.2 Milliamperes
Plate Resistance........ ... 22500 Ohms
Amplification Factor .............ccviiiniiinnns 36

TransconduCtance . . .........voveeeenneenenaaans 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 CHARAC’I‘ERISTYCS. 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

5 A1

: S VI A VA

2 // // / g f/ ,7 A

VAL L

A A
J % /r.v/ =L ’/m/ /zso//ao s
TRIPLE-GRID
SUPER-CONTROL AMPLIFIER  ,
6D6 The 6D6 is a triple-grid super-con-

trol amplifier tube recommended for

service in the radio-frequency and

intermediate-frequency stages of radio
. receivers designed for its character-
istics. The ability of the tube to handle the usual signal voltages without cross-
modulation and modulation distortion makes it adaptable to the r-{ 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 .. ....oiiiiiininnannnn 0.007 max.* puf
INPUT CAPACITANCE. ... ovviit i e iie i iiaennnnen 4.7 uuf
OUTPUT CAPACITANCE . . . . 0tvieeeinennnnnnennanenn 6.5 puf

¢ 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

HEeATER VOLTAGE (A.C.or D.C) ...ovvvvveennn.. 6.3 Volts
HEATER CURRENT . ... ..ttt iennnnennnnnnns 0.15 Ampere
DireCT INTERELECTRODE CAPACITANCES (Approx.):*
GridNo 4toPlate ................ 0.2 puf
Grid No. 4 to Grid No. 2 0.2 puf
Grid No. 4 to Grid No. 1 0.16 wuf
Grid No. 1 to Grid No. 2 1.1 uuf
Grid No. 4 to All Other Electrodes (R-F Input) . .. .8.0 puf
Grid No, 2 to All Other Electrodes except Grid No. 1
(Osc, Output) ....oviniieiiiennnranaernanns 4.6 unf
Gnid No. 1 to All Other Electrodes except Grid No. 2
(Osc. IX[)ut) ................................ 5.5 uuf
Plate to All Other Electrodes (Mixer Output) ..... 11.0 wal
® With close-fitting shield connected to cathode.
As Frequency Converter
PLATE VOLTAGE ........vviiiiiiiiiieeiannns 300 max. Volts
ScreEeEN VoLTAGE (Grids No. 3anmd No. 5).......... 100 max. Volts
SCREEN SUPPLY VOLTAGE. .. ......ovveeeennnnennn. 300 max. Volts
ANODE-GRID VoLTAGE (Grid No. 2)................ 200 max. Volts
ANoDE-GRrID SuppLy VoLTAGE} .......0..i....... . 300 max. Volts
ConToL-GrID VoLTAGE (Grid No. 4)............... 0 min. Volts
PLATE DISSIPATION ...ttt iieieeeeennnnnns 1.0 max. Watt
SCREEN DISSIPATION .....ivuettinniennnennnnnn, 0.3 max. Watt
ANODE-GRID DISSIPATION . . ..o\ttt eeeeeeannnnn. 0.75 max., Watt
ToTAL CATHODE CURRENT. . . .. .vvvrnnnnnnenensnn. 13 max. Milliamperes
TypicaL OPERATION: .
Plate Voltage . ........................ 135 250 Volts
Screen Voltage . ....................... 67.5 100 Volts
Anode-Grid Supply Voltage............. 135 250t Voits
Control-Grid Voltage................... -3 -3 Volts
Oscillator-Grid Resistor (Grid No. 1).. ... 50000 50000 Ohms
Plate Current .............ccovvivnnn.. 15 35 Milliamperes
eenCurrent ...........cc0vviinnn.. 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 excess of 200 volts require the use of 20000-ohm voltage-
dropping resistor by-passed by 0.1 uf condenser.
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Plate Resistance (ApPprox.)........c..e. 0.6 0.4 Megohm
Conversion Transconductance........... 325 550 Micromhos
Conversion Transconductance (Approx.). . 51 61t Micromhos

The transconductance of the oscillator portion (not oscillating) of the 6D8-G ls 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 line voltage. For service in automobile receivers, the heater term-
inals of the 6D8-G should be connected directly across a 6:volt battery. In receivers
that employ a series-heater connection, the heater of the 6D8-G may be operated
in series with the heaters of other types having 0.15-ampere rating, or in series
with the heaters of other types requiring more than 0.15 ampere if the 6D8-G
heater is shunted by a suitable resistor to pass the current in excess of 0.15 ampere.
The current in the heater circuit of the 6D8-G should be adjusted to 0.15 ampere
for the normal supply-line voltage. The cathode connection is the sarme as for
Type 6A8. Complete shielding of the 6D8-G is generally necessary to prevent
intercoupling between its circuits and the circuits of the other stages.

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

[ AL
ELECTRON-RAY TUBE @
(indicator Type)
6E5 e >
The 6E5 is a high-vacuum, heater- S\
cathode type of tube designed to 0 °
indicate visually, by means of a " T
fluorescent target, the effects of a &R

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 6E5 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 (ALC.or D.C) .. vevvvvvvinnnnens 6.3 Volts

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

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

TARGET VOLTAGE. . .... e ar e { %& z:’: zg{g

TypricAL OPERATION:

Plate- and Target-Supply Voltage 100 200 250 Volts
Series Triode-Plate Resistor. . ... 0.5 1 1 Megohm
Target Current (Approx.)....... 1 3 4 Milliamperes
Triode-Plate Current®. ......... 0.19 0.19 0.24 Milliampere
Triode-Grid Voltage (Approx.):

For Shadow Angleof 0° ...... -3.3 -6.5 -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-indicator circuits employing the
6ES. If the strongest carrier received produces sufficient avc voltage to exceed the
cut-off bias value of -8 volts, the shadow area of the fluorescent target will overlap.
To overcome this effect. resistor 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

1-F TRANS. SECOND DETECTOR I-F TRANS. SECOND DETECTOR
o ¢ FoEr
BT 4
T
ve. avc. Ra Rg'' Ry
I T »
L.
Ca
; e+
TO CATHODE-BIAS TO CATHODE-BIAS
RESISTOR (RC) RESISTOR (R¢)
QR GROUND OR GROUND
{ 1.0 Megohm for B+ = 250 Volta Ri = Ry
R = {05 Megohm for B4 = 100 Volts Ri + Ry m 02 Megohm
Ri = 0.05 Mcgohm (R-F Filter) Ci = 100 to 200 uu
R: = 02 Megohm Ci1 = AVC Filter Condenser
Rs = Determined by test. See text. Cy = 0.05t0 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 6ES should be
obtained from a tap on the diode load resistor as shown in the diagram at the right.

O HIGH-MU TRIODES 6F5
MET.

Al
The 6F5, 6F5-G, and 6F5-GT are
G) high-mu triodes designed for use in 6F 5 G
XA izesistancl_e-coupled amplifier cirbcétlxit,s. -
S16FS xcept for capacitances given ow,
NCigraigy HEY the electrical characteristics of these 6F 5 GT
M (tissr%ess are identical with those of Type =

Type 6F5* Type 6F5-G** Type 6F5-GT**

GRID-PLATE CAPACITANCE . ... 2.3 2.6 . 2.8 upf
GRID-CATHODE CAPACITANCE. . 5.5 2.2 2.2 puf
PLATE-CATHODE CAPACITANCE. 4.0 2.8 3.2 waf

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

The base of each of these tubes fits the standard octal socket which may be
installed to hold the tube in any position. Physical characteristics of the 6F5,
6F5-G, and 6F5-GT are shown in Figs. 1.5, 2-15, and 2-5, respectively, in the
%UTIé%ES SECTION. For heater operation and cathode connection, refer to

ype

Application of these tubes is similar to that of the 6SF5. The maximum d-¢
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

6F6 = G pable ot giving large power output with

a relatively small input voltage. Be-
cause of the heater-cathode construction, uniformly low

type for use in the audio-output stage
of a-¢ receivers. These types are ca-
hum-level is attainable in power-amplifier design.

% CHARACTERISTICS
HeATER VoLTAGE (A.C.orD.C) .....ciiivvnna.. 6.3 Volts
HEATER CURRENT . ... i0vinininnennennennanrannns 0.7 Ampere
As Single-Tube Class A, Amplifier — Pentode Connection
PLATE VOLTAGE ... ...outetineernrneenennanennnns 375 max. Volts
ScrEEN VOLTAGE (GridNo. 2) .................... 285 max. Volts
PLATE DISSIPATION ........coiiiitiiiiniineaanns 11 max, Watts
ScREEN DISSIPATION . ... ... .0iiiriiinnrennnnn 3.75 max. Watts
TyricaL 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 - - Ohms
Transgonductance .. ....... 2500 2550 - - Micrombos
Load Resistance........... 7000 7000 7 7000 Ohms
Total Harmonic Distortion. . 8 9 8.5 9 Per cent
Max -Signal Power Output. . 32 4.8 3.1 4.5 Watts
As Single-Tube Class A; Amplifler — Triode Connectiont
PLATE VOLTAGE .. ...cuuevrennnecanoscnsssonnnnas 350 max. Volts
PLATE AND ScrEEN DissipaTioN (Total)............ 10 max. Watts
TyricaL OPERATION:
Fixed Bias Cathode Bias
Plate Voltage .. ............cc...oont 250 250 Volts
Grid Voltage (Grid No. 1) ............ -20 - Volts
Cathode Resistor ............... PR - 650 Ohms
Peak A-F Grid Voltage .-.............. 20 20 Volts
Zero-Signal Plate Current............. . 3L 31 Milliamperes
Mazx.-Signal Plate Current. . . ......... 34 32 Milliamperes

Screen connected to plate.
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Plate Resistance. ...........c.covieunn 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 ....ccvvtiveerninneeansnnnnenns 375 max. Volts

SCREEN VOLTAGE ... .oivtiinniinnrnnnnennnonns 285 max. Volts

PLATE DISSIPATION ... ...ciiiiinienninecnncnnns 11 max. Watts

SCREEN DISSIPATION

3.75 max, Watts

TyricAL OpPerATION: Vaiues are for two tubes

TyricaL OPERATION: Values are for two tubes

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

Fixed Bias Cathode Bias

Plate Voltage . ...................... 315 315 Volts
Screen Voltage . ..................... 285 285 Voits
Grid Voltage. .. .....ovvveiinnnnnnn, -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)........cviiiiiiiii 10000 10000 Ohms
Total Harmonic Distortion............ 4 3 Per cent
Max.-Signal Power Qutput............ 11 10.5 Watts
As Push-Pull Class AB, Amplifier — Pentode Connection
PLATE VOLTAGE ......cc0iiviinrenneernnanennnnnn 375 max. Volts
SCREEN VOLTAGE ... .oviivintiinninnannenaennnnn 285 magx. Volts
PLATE DISSIPATION ... .coiiitiinininnnneennnnss 11 max. Watts
"SCREBEN DISSIPATION . .....coivireiinrnnnnrennanin 3.75 max. Watts

* Fixed Bias Cathode Bias

Effective Load Resistance (Plate-

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

...... 375 375 Volts
...... 250 250 Volts

-26 - Volts

- 340 Ohms

...... 82 94 Volts
...... 34 54 Milliamperes
...... 82 77 Milliamperes
...... 5 8 Milliamperes
...... 19.5 18 Milliamperes
...... 10000 10000 Ohms
...... 3.5 5 Per cent
...... 18.5 19 Watts

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

As Push-Pull Class AB, Amplifier — Triode Connectiont

PLATE VOLTAGE

PLATE AND ScREEN DissipatioN (Total)
Values are for two tubes

TyricaL OPERATION:

Plate Voltage
Grid Voltage. .. .............
Cathode Resistor! ...........
Peak A-F Grid-to-Grid Voltage

t Screen connected to plate

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

350 max. Volts
10 max. Watts

Fixed Bias Cathode Bigs

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

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

to-plate) . .....iiiieiiiecnnenne 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
gg((i: %?g ISFG-G are shown in Figs. 1-7 and 2-21, respectively, in the OUTLINES

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
flii3évo}l]t 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
PENTODE CONNECTION
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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.orD.C) .ovvvvvivnannnn. 6.3
HEATER CURRENT ... .ttiviiieerneennnnnnnnansens 0.3
DiIRecCT INTERELECTRODE CAPACITANCES: .
Triode Unit—Gridto Plate .................... 2.0
Grid to Cathode.................. 2.5
Plate to Cathode ................. 3.0
Pentode Unit—Grid to Plate (With shield-can) ....  0.008 max.
Input ...... e retieeeereeaa, 3.2
Output. ....oovviiiiniernnnn.. 125
As Class A, Amplifier
Triode Unit  Penlode Unit
PLATE VOLTAGE ............. 100 max. 100 250 max,
ScreeN Vortacr (Grid No. 2). — 100 100 max.
Grip VortaGe (Grid No. 1)... ~3min. -3min. -3 min.
PLATE CURRENT.......vvunn. 35 6.3 6.5
ScREEN CURRENT............ — 1.6 1.5
AmrLiFicATION FaCTOR....... 8 — —_
PrATE RESISTANCE........... 0.016 0.29 0.85
TRANSCONDUCTANCE ......... 500 1050 1100
TRANSCONDUCTANCE .........
(At -35 volts bias)......... - 9 10

82C-4440

6F7

Volts
Volts
Volts
Milliamperes
Milliamperes

Megohm
Mié‘r%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 gosmon Physical characteristics of the 6F7 are ghown in Fig.
2-16, OUTLINES SECTION. For heater operation and cathode oconnection,
refer to Type 6A8.

TWIN-TRIODE AMPLIFIER

The 6F8-G is a multi-electrode tube
consisting of two medium-mu voltage T2
6 F 8 - G amplifier triodesin 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.
The heater rating and capacitances are

iven below; other characteristics for
each triode unit are identical with those of the 6]5. !

% CHARACTERISTICS
HEATER VOLTAGE (A.C.or D.C) .................. 6.3 Volts
HEATER CURRENT .. .oivtiiitnnrnnnnnnnnnennnnnns 0.6 Ampere
DireCT INTERELECTRODE CAPACITANCES:*
Triode Unit 1  Triode Unit 2
GridtoPlate.................. 4.0 3.6 puf
Grid to Cathode............... 32 3.0 puf
Plate to Cathiode . ...:......... 3.2 3.8 uuf
GridtoGrid .................. 0.2 uuf
PlatetoPlate ................. 0.4 uuf
Grid of Unit 2 to Plate of Unit 1 0.1 wuf

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

INSTALLATION and APPLICATION

The base of the 6F8-G fits the standard octal socket which may be mounted
to hold the tube in any position. Physical characteristics of the 6F8-G are shown
in Fig. 2-15, OUTLINES SECTION. For heater operation and cathode connec-
tion, refer to Type 6A8, hut give consideration to the greater heater current of
the 6F8-G. As a phase inverter, the 6F8-G may be operated as shown in the RE-
SISTANCE-COUPLED AMPLIFIER CHART.

POWER AMPLIFIER PENTODE 2y A

The 6G6-G is a power-amplifier N
?entode of the heater-cathode ty () )
or

666_6 use in the output stage of radio
receivers. In applications where a mod- @)
erate power output is desired, the 6G6-G H

is economical because of jts low plate- OMON
power requirements and low heater NCTTREY ™Gy
current. G-7S
+ CHARACTERISTICS
Heater Vortace (A.C.or D.CH ................. 6.3 Volts
HEATER CURRENT . ... ..oierrnneennncennanonnnns 0.15 Ampere
As Class A, Amplifier — Pentode Connection
PLATE VOLTAGE ..........ccvennnunnn Ceeeereeaaa. 180 max. Volts
SCREEN VOLTAGE ... .vvvniineninnennnanreennnenns 180 mazx. Volts
PLATE DISSIPATION ..........cc0viviinnnn.. [P 2.75 max. Watts
SCREEN DISSIPATION . ....vviiintivennnnerenenenns 0.75 max. Watt

t In no case should the heater voltage fluctuate so that it exceeds 7.0 valts.
— 110 —
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TypricaL OPERATION:

Plate Voltage .. ..........covvvennen.n. 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 plafe)’

PLATEVOLTAGE ..... ... .. i, 180 max. Volts
PLATE DISSIPATION . ... iiiineeeiieian 2.5 max. Watts
TypricAl. OPERATION:
Plate Voltage . ......... .. ...t 180 Volts
Grid Voltage. .. ......coviiiii i, ~-12 Volts
Peak A-F Grid Voltage. . ....................... . 12 Volts
Zero-Signal Plate Current....................... 11 Milliamperes
Plate Resistance. . .. .....coiviiiiiinnneenenn 4750 Ohms
Amplification Factor ........................... 9.5
Transconductance ...............c.coovvernnnn.an. 2000 Micromhos
Load ReSiStance. ... ... ...oinienitinuninnnnnnn 12000 Ohms
Total Harmonic Distortion...................... 5 Per cent
Max.-Signal Power Qutput...................... 0.25 Watt

INSTALLATION and APPLICATION

The base of the 6G6-G fits the standard octal socket which may be installed
to hold the tube in any position. Phuysical 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. Apphcatlon 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
independent of each other. This- ar- -
"‘J.‘.'E’L‘S“ 6H6-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
HEeATER VOLTAGE (A.C.orD.C.) ...covvvivivnenns, 6.3 Volts
HEATER CURRENT . .......ivivinirinienninnnnnnnn 03 Ampere
 DirecT INTERELECTRODE CAPACITANCES:
Type 6H6* Type 6H6-G**

Plate No. 1 to Cathode No. 1 ....... 3.0 3.1 wuaf

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

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

With shell connectad to cathode. * With close-fitting ehield connected to cathode.

— 11—
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As Rectifier

A-C PLATE VoLTAGE PErR 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

in a full-wave circuit or in a half-wave circuit, AVERAGE CHARACTERISTICS

In the latter case, one plate only, or the two  'foiof freyliChlpnopet Bove

plates in parallel. may be employed. The use of OJ[— P& oLrs {100

the half-wave arrangement will provide approx- \/

imately twice the rectified voltage as compared a1 \& 600

with the full-wave arrangement. ol Ne S )
For automatic-volume control, the 6H6 and EE AT 2

6H6-G may be used in circuits similar to those 5 2 s

employed for any of the duplex-diode types of i “’z@ 3

tubes. The only difference is that the 6H6 and m e 400 @

6H6-G are more adaptable due to the fact that N ot 5

each diode has its own separate cathode. : ’00% -f%, 2 11300 o
Since the diodes by themselves do not pro- g {HNIN :

vide any amplification. it is usually necessary to i Y 200 8

provide gain by means of a supplementary tube. i 251 =

Types such as the 6C5, 6SF5, 65]J7, and 65K7 T ]

are very suitable for this purpose. Their use in o050, [~ y'e°

combination with the 6H6 or 6H6-G is similar [ 200005 T: :

to that of the amplifier sections of duplex-diode T T R

triode or pentode types. D-C VOLTS DEVELOPED BY DIODE

92C~4446

DETECTOR AMPLIFIER

6/“5.! M5 TRIODES

The 6J5, 6J5-G. and 6J5-GT are

triodes of the heater-cathode type

6J5'G designed for use as detectors, ampli-
fiers, or oscillators. These tubes have

a high transconductance together with

6J5-GT §ihsmmbey smly

+ CHARACTERISTICS
HEeATER VoLTAGE (A.C.or D.C) ..vvivvininneinnes 6.3 Volts
HEATER CURRENT . .vvverveerreeonnnnanansannns 03 Ampere
Type Type  Type
6J5* 6J5-G** 6]J5-GT
Grip-PLATE CAPACITANCE(Approx.)... 3.4 4.0 _ uuf
Grip-CaTHODE CAPACITANCE(Approx.). 3.4 4.2 — puf
PLaTE-CATHODE CAPACITANCE(Approx.) 3.6 50 —_ upf
* With shell connected to cathode. *s With close-fitting shield connected to cathede.
As Class A, Amplifier
Types 6]5, 6]5-G Type 6]5-GT
PLATE VOLTAGE .....ovvovvvunnnn 300 max. 250 max. Volts
GRID VOLTAGE . ..vovvevrennnnnns 0 min, 0 min. Volts
PLATE DISSIPATION . ............. 2.5 max. 2.5 max. Watts
TypicaL OPERATION (6]5, 6]5-G, 6]J5-GT):
PlateVoltage.................. 20 250 Voits
-8 Volts

Grid Voltage* . . ...c.oovvenvntn 0
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Plate Current ................. 10 9
Plate Resistance............... 6700 7700
Amplification Factor ........... 20 20
Transconductance ............. 3000 2600

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

INSTALLATION and APPLICATION

Milliamperes
Ohms

Micromhos

The base of each type fits the standard octal socket which may be installed to
hold the tube in any position, Physical characteristics of the 6J5, 6J5-G, and
6J5-GT are shown in Figs. 1-3, 2-17, and 2-8, respectively, in the OUTLINES
SECTION. For heater operation and cathode connection, refer to T 6A8.
For application, see Type 6C5, and Type 6F8-G in RESISTANCE-COUPLED

AMPLIFIER CHART.

AVERAGE PLATE CHARACTERISTICS

T T
TYPE 6J5
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TRIPLE-GRID

DETECTOR AMPLIFIERS

The 6)J7 and 6J7-G are triple-grid
tubes of the heater-cathode type rec-
I v~ ommended for service as biased detec-
SHiELD ‘697G 7R tors. In such service these tubes are

capable of delivering a large audio-

o7
6J7-G

frequency output voltage with relatively small input. Other applications include

thelr use as high-gain amplifiers.

% CHARACTERISTICS

HeaTeEr VoLTAGE (AC.orD.C) . .ivvvvvvnnn..... 6.3 Volts
HEATER CURRENT .. .ovivtvirrnnianneacacsoennnes 03 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%* wuuf

Output Capacitance................ 12 12%+ P
Tr10DE CONNECTION:

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

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

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

* 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 .. ... .. ¢ciiteernnnennanennanss 300 max. Volts
ScreEEN VorTtace (Grid No. 2) e 125 max. Volts
SCREEN SUPPLY VOLTAGE. . . ............... - 300 max. Volts
Grip VoLTAGE (Grid No. 1).............. .. ... ... 0-min. Volts
PLATE DISSIPATION ........ ... . i, 0.75 max. Watt
SCREEN DISSIPATION .......... ... i viiieienin.nn 0.1 max. Watt
TypicAL OPERATION:
Plate Voltage ................ccoouon.. 100 250 Volts
Screen Voltage ...........ccovninnn.. 100 100 Volts
Grid Voltagef .........cccoiiivininin. -3 -3 Volts
SUDPIeBSOr. . ..viiv it Connected to cathode at socket
PlateCurrent .............cccvvveinn .. 2 2 Milliamperes
ScreenCurrent ........oiiiiiiiiieeenn 0.5 0.5 Milliampere
Plate Resistance. . ..................... 1.0 T Megohm
Transconductance ..................... 11 1225 Micromhos
Grid Voltage (Approx.)®® ............... -7, -7 Volts
* For cathode-current cut-off. t Greater than 1.0 megohm.

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

PLATE VOLTAGE «. . otiieeinieenencnersennsennnes 250 max. Volts
GRID VOLTAGE . ... ... it eieieenennesnnans 0 min. Volts
PLATE & ScrEEN DissipaTioN (Total).............. 1.75 max. Watts
TyricaL OPERATION:
Plate Voltage ............ccocovnn.n .. 180 250 Volts
Grid Voltaget .......... e -563 -8 Volts
PlateCurrent ...........c..ccivveeienn 5.3 6.5 Milliamperes
Plate Resistance. . .................... 11000 10500 Ohms
Amplification Factor ................... : 20 20
TransconduCtance . .........c...oceuvee.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 6J7-G fits the standard octal socket which may
be installed to hold the tube in any position. Physical characteristics of the 6]7
and the 6J7-G are shown in Figs 1-5 and 2-15, respectively, in the OUTLINES
SECTION. For heater operation and cathode connection, refer to Type 6A8.

The sereen voltage may be obtained from a potentiometer or bleeder circuit
across the B-supply source. Due to the screen-current characteristics of these tubes,
a resistor in series with the high-voltage supply may be employed for obtaining the
screen voltage, provided the cathode-resistor method of bias control is used. This
m?thod, 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.

Ty})ical recommended conditions for either of these types as a biased detector are
as follows:
Plate Supply* ........... 100 100 250 250 Volts
Screen Voltage .......... 12 30 50 100 Volts
Grid Voltage............ -1.16 -1.83 -2 -4.3 Volts
Cathode Resistor ........ 18000 10000 3000 10000 Ohms
Suppressor. . ............ Connected to cathode at socket
Cathode Cur. (Zero Signal) 0. 0.183 065 0.43 Milliampers
Plate Resistor........... 1.0 025 025 0.50 Megohm
Blocking Condenser. . .... 0.01 0.01 0.03 0.03 uf
Grid Resistorf........... 10 05 025 0.25 Megohm
R-F Signal (RMS)** ..... 1.05 16 1.18 1.37 Velts

* Voltage at plate will be PLATE-SUPPLY voltage iess voltage drop in plate resistor caused
by plate current.
§ For the following amplifier tube.
** With these signal voltages modulated 20%, the voltage output under each set of opemti:ﬂ
conditions is 17 peak volts at the grid of the following amplifier, & 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
gngRr%ay be operated as shown in the RESISTANCE-COUPLED AMPLIFIER

As a radio-frequency amplifier pentode, the 6]J7 or 6]7-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
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DETECTOR AMPLIFIER

The 6J7-GT is a triple-grid detector -
amplifier of the heater type recom- 6.]7 GT
mended for service as a biased detector.

In such service it is capable of deliver-

imi a large audio-frequency output
voltage with relatively small input.

GT-7R (6J7-GT)

 CHARACTERISTICS

Heater VorLtage (A.C.orDC) . .iieiiinnennt. 6.3 Volts
HEATER CURRENT . ....covvvieenrnnes e are e 0.3 Ampere
GBID PLATE CAPACITANCE® .. ..o iiiieiinnnnenns 0.005 max. puf
INPUT CAPACITANCE® . ... .iiiiriiiireerinnerinnns 5.2 puuf
OUTPUT CAPACITANCE® . ... ... teierenneennnoonans 12 uuf

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

. As Class A, Amplifier — Pentode Connection

PLATE VOLTAGE . vvunntaneeeeesensanenanes 250 max. Volts
SCREEN VOLTAGE ... ..iiiitin it iiennearaneennns 125 max. Volts
SCREEN SUPPLY VOLTAGE . . ... .vviiriieennennnns 250 max. Volts
GRID VOLTAGE . civerenrcnncnennacnnennsoaennens . 0 min. Volts
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PLATE DISSIPATION .. .ivettinerenrrcncsosacsssans Q.75 max. Watt
SCREEN DISSIPATION ... . 0uiernnneernerronnroansas 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 6]7-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 VoLTaGE (A.C.or D.C) ...ooiviiiiane, 6.3 Volts
HEATER CURRENT . .. vuveerneernneneneesonasanans 0.3 Ampere
PLATE VOLTAGE .....ovvvnnnnn.., P 100 250 Volts
GRID VOLTAGE . ....tiieriiennnnnennsaas -15 -3 Voits
PLATE CURRENT. . .covvvvrnnnenerecennnns 0.35 11 Milliampere
PLATE RESISTANCE . .. vvuerennrninnsccnnns 78000 50000 Ohms
AMPLIFICATION FACTOR. .................. 70 70
TRANSCONDUCTANCE . . vuvvvveernnancnnnns 900 . 1400 Micromhos
GRID-PLATE CAPACITANCE® ... .......coivinnnrnnns 20 pul
GRID-CATHODE CAPACITANCE® . .. .......ivirvnnnn. 2.4 puf
PLATE-CATHODE CAPACITANCE® . . ... iovvvvvenennnnn 3.6 sl

* 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 cathede 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.

G2 Gi
POWER AMPLIFIER oo,

PENTODE %
6K 6_G The 6K6-G is a power-amplifier pen-
tode of the heater-cathode type for 3 ©
use in circvits designed for its char- AN 7

acteristics. [t is capable of delivering OMOCH
a moderate power output with a rel- NCTTKEY ™ 6y
atively small input voltage. G-73
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Y CHARACTERISTICS
HeaTER VorTAGE (AC.or D.C) it 6.3 Volts
HEATER CURRENT . ... .iviiiiiiitiiiinnnnnen 0.4 Ampere
As Closs A, Amplifier
PLATE VOLTAGE .....vvvvivenneernnnnnennnnnnnnns 315 max. Volts
SCREEN VOLTAGE ....ivvvveinvneeeeennnnns .. 285 max. Volts
PLATE DISSIPATION ... ..vviniviininnnnns .. 8.5 max. Watts
SCREEN DISSIPATION ... .niiiiiviennnrennenenss 2.8 max.” Watts
TyricaL OPERATION: ’
Plate Voltage ................. 100 250 315 Volts
Screen Voltage . .......cccvvu.. 100 250 250 Volts
Grid Voltage. . . ............... -7 -18 =21 Volts
Peak A-F Grid Voltage......... 7 18 21 Voits
Zero-Signal Plate Current....... 9 32 25.5 Milliamperes
Max.-Signal Plate Current. ..... 9.5 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 45 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 gid 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 6 POWER AMPLUFIER PENTODE
OMO The 6K6-GT is a power-amplifier
0% tode i)f thethhe%tle{z_céﬂll)ode! type.
t is similar to the ut i{s con- )
structed in a smalier bub. Physical )X G = GT
6\‘_/0 characteristics of the 6K6-GT are

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

NE—KEY TION. Installation and application
G-75 of the 6K6-GT are the same as for the
Type 6K6-G.
CHARACTERISTICS
HEATER VOLTAGE (A.C.) c v ivvreiniiiiinnnnnne. 6.3 Volts
HEBATER CURRENT . .. vvvevnnunnennrossnonnncass 0.4 Ampere
PLATE VOLTAGE ............. 180 250 max. 250 max. Volts
SCREEN VOLTAGE ........... . 180 250 max. 250 max. Volts



RCA RECEIVING TUB:E MANUAL

GRID VOLTAGE - .. vnenennnn. 135 218 -165  Volts
PLATE CURRENT. . .....vuuuns 185 32 34 Milliamperes
ScREEN CURRENT. ........... 3.0 5.5 5.7 Milliamperes
PLATE RESIsTANCE (Approx.) . 81000 68000 65000 Ohms
TRANSCONDUCTANCE . ........ 1850 2200 2300 Micromhos
LOAD RESISTANCE . .......... 9000 7600 7000 Ohms
TortaL HARMONIC DISTORTION. 10 10 - 7 Per cent
PowBR QUTPUT.......ovvrnen ' 15 34 3.2 Watts
TRIPLE-GRID
6K7 SUPER-CONTROL AMPLIFIER
METAL The 6K7 and 6K7-G are triple-grid

. super-control amplifiers of the heater-

cathode type recommended for service

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

stages of radio receivers. The ability

of these tubes to handle unusual signal

: voltages without cross-modulation and

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

% CHARACTERISTICS
HeaTER VOoLTAGE (A.C.or D.C) .......ooiivneil, 6.3 Volts
HEATER CURRENT . .. .ovvviviersennncrnnssnnansos 03 Ampere
Type 6K7° Type 6K7-G*°
GRID-PLATE CAPACITANCE ............ 0.005 max. 0.005 max. puf
INPUT CAPACITANCE. . . ..ovovvnennnonn 7 5 uuf
OuTPUT CAPACITANCE . . . .....vvnnnnn 12 12 puf

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

As Class A, Amplifier

PLATE VOLTAGE .. .vvvniverencesoasonsnconnnnnns 300 max. Volts
SCREEN VOLTAGE . .vvivvvrernnreetoneneennasennns 125 max. Volts
SCRBEN SUPPLY VOLTAGE . . . .. .cvvvvineneenrnnnnnns 300 max. Volts
CONTROL-GRID VOLTAGE . . ... .ccvvruncrnesnnaaronns 0 msn. Volts
PLATE DISSIPATION .. .\uvireeennronnecnseosononnns 2.75 max.. Watts
SCREEBN DISSIPATION .. .vivveirnennnnneeecnnnnnoes 0.35 max. Watt
TyricAL OPERATION:
Plate Voltage . ............ 920 180 250 250 Volts
Screen Voltage . ........... 90 75 100 125 Volts
Grid Voltage. .. ........... -3 -3 -3 -3 Volts
Suppressor. . .............. Connected to cathode at socket
Plate Current ............. 5.4 4.0 70 105 Milliamperes
Screen Current ............ 1.3 1.0 1.7 2.6 Milliamperes
Plate 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. -38.5 -325 -425 -52.5 Voits

INSTALLATION and APPLICATION

The base of either the 6K7 or the 6K7-G fits the standard octal socket which
may be installed to hold the tube in any position. Physical characteristics of the
6K7 and 6K7-G are shown in Figs. 1-5 and 2-15. respectively in the OUTLINES
SECTION. For heater operation and  eathode connection. refer to Type 6A8.
Voltage supplies and applications are the same as for Type 6SK7. .
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AVERAGE - PLATE CHARACTERISTICS

TYPE 6K7
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TRIPLE-GRID
SUPER-CONTROL AMPLIFIER

The 6K7-GT is 2 triple-grid super- 6K7- GT

control amplifier. It is similar in char-
acteristics, installation, and application
St K to the 6K7-G, but is somewhat smaller
GT-7R (6K7-GT) in size. Physical characteristics are
shown in Fig. 2-6, OUTLINES SECTION.

* CHARACTERISTICS
HEATER VoLTAGE (A.C.orD.C.) .................. 6.3 Volts
HEATERCURRENT .. ..........o ... - 03 Ampere
GRID-PLATE CAPACITANCE® . ...................... 0.005 max. puf
INPUT CAPACITANCE® . ... ..o 4.6 wuf
OUuTPUT CAPACITANCE® . ........oiiiiieieinnnnnnn. 12 puf
* With close-fitting shield connected to cathode. Values are Approximate.
As Class A, Amplifier
PLATEVOLTAGE .........0oiiiiiieiiiiiiannn, 250 max. Volts
SCREEN VOLTAGE .........ooviiiiiiiinanannnnn, 125 max. Volts
SCREEN SUPPLY VOLTAGE. . . ... .ovvvvenninnnnnn 250 max. Volts
CoNTROL-GRID VOLTAGE . . .. ............... e 0 min. Volts
PLATE DISSIPATION ....................... SN 2.75 max. Watts
SCREREN DISSIPATION ............c0iiiiiiiaiinnn, 0.35 max. Watt
TypricaL OPERATION:
Plate Voltage ......................... 100 250 Volts
Screen Voltage ........................ 100 100 Volts
GridVoltage. . ........................ -3 -3 Volts
SUPPressor. . .......ciiiiiii i Connected to cathode at socket
PlateCurrent ......................... 6.5 7.0 Milliamperes
ScreenCurrent ........0iiiiie 1.6 1.7 Milliamperes
Plate Reaistance (Approx.).............. 0.25 0.8 Megohm
Transconductance .. ................... 1325 1450 Micromhos
Grid Voltage (Approx.) for transcond. of
2micromhoe ................000eentn -385 425 Valts



RCA RECEIVING

TUBE

MANUAIL

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

HEeATER VOLTAGE (A.C.orD.C) ... civiivininet,
HeATER CURRENT
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
Helxode Grid No. 3 to All Other Electrodes = R-F
0] .0 1

Triode 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 Out-
put
® With shell connected to cathode.

As Frequency Converter

Hexopg PLATE VOLTAGE
Hexope ScReeN VoLTAGE (Grids No. 2and 4). .....
Hexopg SCREEN SupPLY VOLTAGE. . . ..............
Hexopg CoNTROL-GRID VOLTAGE (Grid No. 3)......
TrRIODE PLATE VOLTAGE . . . ... oiiivviniienenn...
Hexobpe PLATE DissiraTioN
HexoDE SCREEN DissIPATION
TRrRIODE PLATE DISSIPATION. .. ................ ...
ToTAL CATHODE CURRENT. . . ovviinninrnnnnnnnns
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 Volitage (Approex.)
for conversion transconductance of 2
micromhos. . ......co0iiiiiiiineann -30
Hexode Plate Current. . ................ 2.3
Hexode Screen Current. ................ 6.2
Triode Plate Current. .................. 3.8
Triode Grid and Hexode Grid No. 1 Current 0.15
Total Cathode Current................. 125

Volts
Ampere

. upf

. upf
. und
uuf
. upf
puf
puf
puf

unf

. 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 oecillating, of the 6K8 is approximately 3000
micromhos 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 6AS8.

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 volitages 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 r?ame point inlthefpow;fr-st;pplg
system as are the screen supplies for the r-f an !

i-f tubes. In shunt-fed circuits, a resistor or OPERATION CHARACTERISTICS
choke must be used in the oscillator-plate cir- ke e | | ]
cuit. The common point in the supply circuit e pLate vouts 00 Te0
must be adequately by-passed to ground. TRooL AL yoLTS 100 00

The recommended oscillator-grid current of wiig et e 1%
150 microamperes is obtained easily; a value be- Tmooe ¢Rip AEsisTOR- 0
low 100 microamperes is not recommended. The ¥ =
oscillator coils used with pentagrid converter yAPLE
types may not be suitable for the 6K8 due to N
the possibility of over-exciting the oscillator unit. H ?2‘{’ =~
Such coils may be used if the oscillator-plate ~g =
voltage s reduced, or if the number of turns on
the tickler coil or the mutual inductance be-
tween tickler and secondary coils is reduced.

The bias voltage applied to the hexode
control-grid may be varied from -3 volts to
cut-off to control the translation gain of the
tube. The extended cut-off may be used in e 5T 5a
combination with that of super-control amplifier TAIGDE GRID & HEXODE ARID Nat
tubes to adjust receiver sensitivity. 92¢- 4866 R)
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DETECTOR AMPLIFIER TRIODE

The 6L5-G is a three-electrode tube
of the heater-cathode type for use as
an amplifier, detector, or oscillator in 6L5'G
circuits designed for its characteristics. -
The low heater current is a considera-

tion in applications where economy of
power is important.

CHARACTERISTICS

HeaTeER VOLTAGE (A.C.orD.C) .vvviinnivnnnen.. 6.3 Volts
HEATER CURRENT 0.15 Ampere
PLATE VoLTAGE ....... 250 max. Volts
GRID VOLTAGE . ......0vvvinnennnnnneenns 5 -9 Volts
PLATE CURRENT. ........c0vvveiivninnn.. 3.5 8 Milliamperes
PLATE RESISTANCE. .. .vvvveneenennenns ‘... 11300 9000 Ohms
AMPLIFICATION FACTOR. ...........ccuuunn 17 17
TRANSCONDUCTANCE . ....cvvvvnvrennnnnn. 1500 1900 Micromhos
GriIp Bias VoLTAGE (Approx.)°............ -11 -20 Volts
GrID-PLATE CAPACITANCE (ADProx.)® .. ...ccovunnn. 2.7 uuf
GriD-CATHODE CAPACITANCE (Approx.)*............ 3.0 uuf
PLATE-CATHBODE CAPACITANCE (Approx.)*........... 5.0 ppf

® For cathode current cut-off. ® With close-fitting shield connected to cathode.
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INSTALLATION and APPLICATION

The base of the 6L5-G fits the standard octal socket which may be mounted
to hold the tube in any position. Physical characteristics of the 6L5-G are shown
in Fig. 2-17, OUTLINES SECTION. Heater operation and cathode connection
are discussed under Type 6A8.

As a class A, amplifier, the 6L5-G may be operated in resistance-coupled
circuits as shown in the RP.SISTANCE-COUPLED AMPLIFIER CHART.

BEAM POWER AMPLIFIERS 2 G

6]_6 The 6L6 and 6L6-G are power-am-
plifier tubes for use in the output stage

of radio receivers, especially those

designed to have ample reserve of

6'_ 6_G power-delivering ability. The 6L6 ()
and 6L6-G provide high power output siste ~‘nev™~§,,
sensitivity and high efficiency. The 7ac
power output at all levels has low third

and negligible higher-order harmonic distortion. For discussion of beam po
amplifier considerations, refer to section on ELECTRONS and ELECTRODES

% CHARACTERISTICS
HEATER VOLTAGE (A.C.or D.C.) ...oovivivvnnnnn.. 6.3 Volts
HEATER CURRENT . .. iiviiverrnrnnnnnnencerannns 0.9 Ampere
As Single-Tube Class A, Amplifier
PLATE VOLTAGE .........oviiiiiiiiniinnneeeenns 360 max. Volts
SCREEN VOLTAGE ......... e eiretieit e 270 max. Volts
PLATE DISSIPATION ......c.iiieriinriininnnnennns 19 max. Watts
SCREEN DISSIPATION .. .vvvvrirvnnesrveerannnnnnn 2.5 max. Watts
TyYPICAL OPERATION:
Fixed Bias Cathode Bias
Plate Voltage ............. 250 350 250 300 Volts
Screen Voltage ............ 250 250 250 200 Volts
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 54 75 51 Milliamperes
Mazx.-Signal Plate Current .. 79 66 78 545 Milliamperes
Zero-Signal Screen Current. . 5 2.5 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 Output . . 65 10.8 6.5 6.5 Watts
As Single-Tube Class A, Amplifler — Triode Connectiont
PLATE VOLTAGE ... ... vivirinninrrinsnennnnnnnnes 250 max. Volts
PLATE AND SCrREEN Dissipation (Total)............. 10 max. Watts
TyricaL OPERATION:
Fixed Bjas Cathode Bias
Plate Voitage ............. 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
PLATE VOLTAGE ..............ccvvunnnnn. P 360 max. Volts
SCREEN VOLTAGE .. ...coviiriinniinnenanreennnns 270 max. Volts
PLATE DISSIPATION . ... ... ... ciiiiieriinnennnnn.. 19 max. Watts
CSCREEN DISSIPATION .. ..viiiineiiiiieeneennnn 2.5 max. Watts
TypicaL OPErRATION: 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 .............. - ' 125 Ohms
Peak A-F Grid-to-Grid Voltage. . 32 b 40 Volts
Zero-Signal Plate Current....... 120 134 134 Milliamperes
Mazx.-Signal Plate Current...... 140 155 145 Milliamperes
Zero-Signal Screen Current. .. ... 10 11 11 Milliamperes
Max.-Signal Screen Current. . ... 16 17 17 Milliamperes
Plate Resistance............... 24500 . 23500 - Ohms
Transconductance ............. - 5500 5700 - Micromhos
Effective Load Resistance (Plate-
to-plate) . ...........chiinnnn 5000 5000 Ohms
Total Harmonic Distortion...... 2 2 2 Per cent
Max.-Signal Power Qutput. . .... 14.5 175 18.5 Watts
As Push-Pull Class AB, Amplifler
PLATE VOLTAGE ....... 360 max. Volts
SCREEN VOLTAGE ...... 270 max. Volts
PLATE DissipATION ...... 19 max. Watts
SCREEN DISSIPATION 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). ................... 3800 9000 Ohms
Total Harmonic Distortion. ..... 2 2 4 Per cent
Max.-Signal Power Qutput...... 26.5 18 245 Watts
As Push-Pull Class AB, Amplifier
PLATE VOLTAGE ..........cciiviiiiiiiniinnnn.. 360 max. Volts
SCREEN VOLTAGE . ..o iiiiviininnnninnnnnnennnnss . 270 max. Volts
PLATE DISSIPATION ...... .ot iennn, 19 max. Watts
SCREEN DISSIPATION & ... iieneennreannn.. 2.5 max. Watts
TypicAL OPERATION: Values are for two lubes
- Fixed Bias
Plate Voltage . ........................ 360 360 Volts
Screen Voltage ........................ 225 270 Volts
Grid Voltage. . ..........oovvvvnnnnnnn. ~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®*® ..................... 2 2 Per cent
Max.-Signal Power Qutput..... e 31 47 Watts

* Driver stage should be capable of supplying the grids of the class AB: stage 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 olims,

** With zero-impedance driver and perfect regulation, plate-circuit distortion does not exceed
2%. In practice, plate-voltage regulation, screen-voltage regulatlon, and grid-bias regulatien
sbould be not greater than 5%, 6% and 3%, respectively.

INSTALLATION and APPLICATION

The base of either the 616 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 is designed to operate at 6.3 volts, The transformer supplying
this voltage should be designed to operate the heater at this recommended value
for full-load operating conditions at average line voltage. Under the maximum
screen and plate disstpation conditions, the heater voitage should never fluctuate
80 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 i3 not exceeded with expected line-voltage variations, especially 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 6.6 and 6L6-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 6L6-G may be operated
as shown under CHARACTERISTICS. The values shown cover cathode- and
fixed-bias operation and have been determined on the basis that no grid current
flows during any part of the input signal swing.

AVERAGE PLATE CHARACTERISTICS
WITH EC| AS VARIABLE

TYPE 6L6
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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 PLAYTE CHARACTERISTICS
TRIODE CONNECTION
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PENfAGRID MIXER

AMPLIFIERS 6L7

METAL

o’l(;he 6L7 and GIBZ;G aEe hmulti-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 superbeterodyne 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 VortaceE (A.C.orD.C) ..t . 6.3 Volts
HEATER CURRENT . ....vuvvevenscrocsnnansnconnns 0.3 Ampere
Direct INTERELECTRODE CAPACITANCES:

: Type 6L7* Type 6L7-G°

Grid No. 1to Grid No. 3 «.......... 0.2 max. 0.2 max. upf
Grid No.1toPlate ................ 0.001 max. 0.005 max. uuf
* With shell connectad to cathode. ® With close-fitting shield connected to cathode.
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Grid No. 3to Plate ....... eeeeeans 0.1 0.24 unf
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. ....... 1 10 . unf
} As Mixer
PLATE VOLTAGE............¢ccviiiuavanns e 300 max. Volts
ScrEEN VoLTAGE (Grids No. 2 and No. 4)....... e 150 max. Volts
PLATE DISSIPATION ... .. iieerineiiennnnronns 1.0 max. Watt
SCREEN DISSIPATION . ... oivveiinririvnrnneenns- 1.5 max. Watts
TyricaL OPERATION:
Plate Voltage ............. e 250 250 Volts
Screen Voltage .........c.ooveuneenn. 100 150 Volts
Signal-Grid Voltage (Grid No. 1) ....... -3 min. -6 min.t Volts
Oscillator-Grid Voltage (Grid No. 3)** .. -10 -15 Volts
Peak Oscillator Voltage Applied to Grid »

NO. 3 o e i iineeens 12 min. © 18 min. Volts
PlateCurrent ..............ccccovatt. 24 33 - Milliamperes
ScreenCurrent .........coiiiniininn 7.1 9.2 * Milliamperes
Plate Resistance. . ..........co0vvennn. 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.
t Recommended values for all-wave receivers.

As Class A, Amplifier

PLATE VOLTAGE .....c.c0cvivvvnnnnns fede e 300 max. Volt
SCREEN VOLTAGE ... ivvveivnncnnannecnnnonenasans 100 max. Volts
PLATE DISSIPATION . ........iiiiiiiiiiiiiiinannn, 1.5 max. Watts
SCREEN DISSIPATION ... .cviinniinnennrnesoneans 1.0 max. Watt
TypricAL OPERATION:
Plate Voltage .. .......co.iineeeinneeennonnenns 250 Volts
Screen Voltage (Grids No. 2 and No. 4) .......... 100 Volts
Control-Grid Voltage (Grid No. 1)............... -3 Volts
Control-Grid Voltage (Grid No. 3)............... -3 Voits
Plate Current .......v.ivviivenrneenncneeaonans 53 Milliamperes
Screen CUITENt ... .0 ovvernnieienrreennnsensanen 6.5 Milliamperes
Plate Resistance (ApPProx.)........cceveeevenaan. 0.6 Megohm
Transconductance (Grid No. 1 to Plate).......... 1100 Micromhos
Transconductance with —15 volts bias on Grid No. 1 5 Micromhos
Transconductance with -15 volts bias on Grid No. 3 5 Micromhos

INSTALLATION and APPLICATION

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

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

As radio-frequency or intermediate-frequency amplifiers, the 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 is extremely small is advantageous in circuits where high attenuation is
required.
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OPERATION CHARACTERISTICS
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‘9 2 ELECTRON-RAY TUBE
0 oN 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 (A.C.orD.C) .....evviieaaaa 6.3 Volts
HEeATER CURRENT ......... Ceereeieaceareeiienans 0.15 Ampere
PLATE-SUPPLY VOLTAGE .. ...ovveerivnecnancnnnnnn. 180 max. Volts

TARGET VOLTAGE . « v e vevreeeennneeneensnnens {180 mazx. Volts

100 min. Volts
TypricAL OPERATION:
Plate-and-Target Supply.................... 135 135 Volts
Series Triode-Plate Resistor. ’ . 025 1.0 Megohm

‘Target Current °.......... .. 2 19 Milliamperes
Triode-Plate Current®. . . .........covvvvnn.. 05 0.13 Milliampere
Triode-Grid Voltage (Approx.):

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

For shadow angleof 90° .................. ’ 0 0 Volts

t Subject to wide varlations. ® 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 gfé 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 6_ G of the heater-cathode type consisting
of two triodes in one bulb. One triode,
the driver, is directly connected with-
» in the tube to the second, or output,
triode. The 6N6-G is used ch_iega' for
replacement in receivers designed for
its characteristics.

% CHARACTERISTICS

HeATER VOLTAGE (A.C.or D.C.) ..ovvvnnnnnnnn.nn 6.3 Volts
HEATER CURRENT . ...covvevnssoacconanssosonssss 0.8 Ampere

As Class A; Power Amplifler
OutpPUT-TRIODE PLATE (PTy) VOLTAGE ............. 300 max. Volts
INPUT-TRIODE PLATE (PT1,) VOLTAGE. .............. 300 max. Volts
INPUT-TRIODE GRID (GT)) VOLTAGE .. .....ovvvennnn 0 Volts
PeAR A-F GRID (GT1) VOLTAGE .....covvinnernnnn 21 Volts
OutPUT-TRIODE PLATE CURRENT ......00vvniennnnn 42 Milliamperes
INPUT-TRIODE PLATE CURRENT. . ....covvvvvnennnn, 9 Milliamperes
PLATE RESISTANCE . ... .vovvvenaecaosnnnsononenss 24000 Ohms _
TRANSCONDUCTANCE (GTito PTy). . ..oivvvivnn . 2400 Micromhos
AMPLIFICATION FACTOR . ........covviiiiiinennnn, 58 )
LOAD RESISTANCE . ...covvetvrrnneneronennnnnnnnn 7000 Ohms
TorAL HARMONIC DISTORTION .. .....covvvvneennonn 5 Per cent
POWER OUTPUT. 0 vvvvervennnnsoncacenesoesocennn 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 voltlzllﬁe 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 ochms. .
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CLASS B TWIN TRIODES

The 6N7 and 6N7-G are multi-unit 6N 7
types of tubes. Each type contains METAL
gl g)need enfvelope twlg high-rr;u tno’lggs

esign or class operation. e
triode units have separate terminals 6N7'G
for all electrodes except the cathodes and

88 heaters, The 6N7 and 6N7-G may also

be used as class A, amplifiers (triode units in parallel) to drive a single 6N7 or
6N7-G as a class B amplifier in the output stage.

: % CHARACTERISTICS
HEATER VoLTAGE (A.C. or DCY..................

| 6.3 Volts
t Heater Current ... ) [ 0.8 Ampere
:
| As Class B Power Amplifier «
Puate VoLtage ............. ... .. 300 max. Volts
Peak PLATE CURRENT (Per Plate) ... ... ... " "'" - 125 max. Milliamperes
AVERAGE PLATE DissipaTioN (Per plate) ......... .. 5.5 max. Watts
TypicaL OpErATION:
* Unless otherwise specified, valves are for the two units
Plate-Supgly Impedance............... . 0 1000 Ohms
Effective Grid-Circuit Impedance (Per unit) 0 516 " Ohms
Plate Voltage .. ... 7 " "' 300 300 Volts
Grid Voltage, .. /[ 1T 0 0 Volts
Peak A-F Grid-to-Grid Voltage. ..... ... . 58 82 Volts
Zero-Signal D-C Plate Current .. ... . 35 35 Milliamperes
Max.-Signal D-C Plate Current .. ... 70 70 Milliamperes
Peak Gnd Current (Per unit) .......... . 20 22 Milliamperes
Effective Load Resistance (Plate-to-plate). 8000 8000 Ohms
Total Harmonic Distortion... .. ... ... . . 4 8 Per cent
Third Harmonic Distortion . 35 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 ... . [ [ 11Tt -5 -6 Volts
PLate Current. [ 7 I 6 7 Milliamperes
\ PLATE REsistanc. .. [/ 11300 11000 Ohms
AMPLIFICATION Factor. ... [/ /7" 35
TrANSCONDUCTANCE ... ... [l [T 3100 3200 Micromhos

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

INSTALLATION and APPLICATION

The base of either the 6N7 or the 6N7-G fits the standard octal socket which
may be installed to hold the tube in any position. Physical characteristics of the
6N7 and 6N7-G are shown in Figs. 1-7 and 2-21, respectively, in the OUTLINES
SECTION.,

The heater is designed to operate at 6.3 volts. In a series-heater circuit em-
ploying several 6.3-volt types and one or more 6N7's or 6N7-G’s, the heaters of
the 6N7’s and 6N7-G’s should be placed on the rositive side. Furthermore, since

) eeder circuit across these heaters

_ I8 required to take care of the additional 0.5-ampere heater current of the 6N7's
3 and 6N7-G's. Each 6.3-volt tube of the 0.3-ampere type in the series circuit should,
" therefore, be shunted by a bleeder resistance of 13 ohms, Cathode connection is

As class B power amplifiers, the 6N7 and 6N7-G are used in circuits similar
in design to those utilizing individual tubes in the output stage. They require no

— 129 —



RCA RECEIVING TUBE MANUAL

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

. Two 6N7’s or 6N7-G’s can be operated in a class B output stage with the two
triode units of each tube connected In parallel to give a power output of 20 watts,
ap;;lrgxinilatg, 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 staﬁe
in which the effective resistance per grid circuit is 500 ohms at 400 cycles and the
leakage reactance of the coupling transformer is 50 millihenrys. The driver stage
should be capable of supplying the grids of the class B stage with the specified
values of driving voltage and current at low distortion.

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

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

AVERAGE PLATE CHARACTERISTICS
EACH TRIODE UNIT-CLASS B OPERATION
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% CHARACTERISTICS

HeaTeEr VoLTAaGE (A.C.orD.C) .......... 6.3 Voits

HEATBR CURRENT ... .................... 0.3 Ampere

PLATE VOLTAGE .. . . . . . . ... .. ... 100 250 max. Volts

GRID VOLTAGE® .. .. o -5 -135 Volts

PLATE CURRENT. ... ... ... ... ........... 2.5 5 Milliamperes

PLATE RESISTANCE. ... .. .. ............ 12000 9500 Ohms

AMPLIFICATION FAcTOR. . .. ... ... ... . ... 13.8 13.8

TRANSCONDUCTANCE . ..... .............. 1150 1450 Micromhos

GRID-PLATE CAPACITANCE® .. ... .... ... .. 2.2 uuf

GRID-CATHODE CAPACITANCE®. . .. ... .. .. 34 wuf

PLATE-CATHODE CAPACITANCE®. ... . ....... 55 unf

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

INSTALLATION and APPLICATION

The base of the 6P5-G fits the standard octal socket which may be mounted
to hold the tube in any position. Physical characteristics of the 6P5-G are shown
in Fig. 2-17, OUTLINES SECTION. Heater operation and cathode connection
are discussed under Type 6AS8.

APPLICATION

As an amplifier, the 6P5-G is applicable either to radio-frequency or audio-
frequency circuits. Recommended operating conditions for service using trans-
former coupling are given under CHARACTERISTICS. For operation as a
Eﬁtﬁn’lc‘e—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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6@7 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
6@7-GT combined detector, amplifier, and 8
automatic-volume-control tube in radio Cear-er 7v
receivers designed for its characteris-

tics. For diode-detector considerations, refer to RADIO TUBE APPLICA-
TIONS section.

% CHARACTERISTICS
HeATER VOLTAGE (A.C.orD.C)) ...t 6.3 Volts
HEATER CURRENT . . 0ivvviinnerennnnnnnnennnss 0 3 Ampere
Type Type
6Q7* 6Q7-G** SQ7-GT
Triode: GRID-PLATE CAPACITANCE .... 15 1.7 _— unf
GRID-CATHODE CAPACITANCE.. 55 2.2 _— unf
PLATE-CATHODE CAPACITANCE. 5 3.2 —_— unf

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

Triode Unit — As Class A, Amphﬁer

PLATEVOLTAGE .............civvivinn, 250 max. Volts

GRID VOLTAGE . .........0iiiiiiinnnnnn. —1.5 -3 Volts

PLATECURRENT. .....ooivin e 0.35 1.1 Milliamperes

PLATE RESISTANCE. . .......covviiinennnn, 87500 58000 Ohms

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

TRANSCONDUCTANCE .. .........covnunnn.. 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 RESISTANCE-COUPLED AMPLIFIER CHART.

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

DUPLEX-DIODE TRIODES

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

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

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

APPLICATIONS section.
% CHARACTERISTICS
HEATER VoLTAGBE (AC. or DC) .................. 6.3 Volts
HEATER CURRENT 4t .vviiinnrenrnnnnnneneroenss 0.3 Ampere
Type Type

Tfiod¢: 6R7. 6R7'G..

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

GRID-CATHODE CAPACITANCE (Approx.) .. 5.0 2.6 upf

PLATE-CATHODE CAPACITANCE (Approx.) . 3.2 5.2 puf

* With shell connected to cathode. = With shield.
Triode Unit — As Class A, Amplifier
PLATEVOLTAGE .......0oiiiiiiiiniiiiiiinnnennn 250 max. Volts
GRID VOLTAGE . ... \iiiiiiiiiiiiiineeee s -9 Volts
PLATE CURRENT. . ..o ottt iiiie et iieiiiaeeaeens 9.5 Milliamperes
PLATE RESISTANCE. ..........oiiiiiiiin 8500 Ohms
AMPLIFICATION FACTOR. ..............coiiiieent, 16
TRANSCONDUCTANCE . . ..o\iivreiinnneenennnnnnnns 1900 Micromhos
LOAD RESISTANCE .. ......vvvveviiiiinnninnnnnnns 10000 Ohms
PowBROUTPUT . .....iiiiiiiiiit it iiiiinannannnn 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
i T
TYPE 6R7
€ ¢36.3 VOLTS
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TRIPLE-GRID
6 57 SUPER-CONTROL
AMPLIFIERS

METAL

The 657 and 6S7-G are triple-grid

6 S7 G super-control amplifier tubes of the

- heater-cathode type designed for use

in radio- or intermediate-frequency

amplifiers. The ability of these tubes

to handle unusual signal voltages without cross-modulation or modulation distor-

tion makes them adaptable to receivers employing automatic volume control.

These tubes may be used to advantage in applications where economy of heater
power is important.

% CHARACTERISTICS
" HEATER VOLTAGE (A.C.orD.C) .....coiiinnnt.. 6.3 Volts
HEATER CURRENT . .. i'itiietiiie e ineeennnnns 0.15 Ampere
Type 6S7° Type 6S7-G**
GRID-PLATE CAPACITANCE ............ 0.005 max. 0.008 max. uuf
INPUT CAPACITANCE.................. 6.5 4.4 uuf
OuTPUT CAPACITANCE . . . ............. 10.5 8 uuf
° With shell connected to cathode. = With close-fitting shield connected to cathode.
As Class A, Amplifier
PLATEVOLTAGE ............... . ..ccvuviunn.. 300 max. Volts
ScreEN VoLTAGE (Grid No. 2) ........ ...... 100 max. Volts
SCREEN SUPPLY VOLTAGE. ... .. .............. 300 max. Volts
Grip VoLTAGE (Grid No. 1). ... .. ... ........ 0 min. Volts
PLATE DISSIPATION .......... .. .. .. ...... ceen 2.25 max. Watts
SCREEN DISSIPATION ... .. ........... . ........ 0.25 max. Watt
TypricAL OPERATION:
Plate Voltage .. ... .......... ... .. 135 250 Volts
Screen Voltage . ..... ... ...... .. . 67.5 100 Volts
Grid Voltage. . . . L -3 -3 Volts
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Suppressor. . .....ocec0n0n cees Connected to cathode at socket
Plate Current .......... .. 3.7 85 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 micromhos ................... 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 6SK?7.

AVERAGE PLATE CHARACTERISTICS
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PENTAGRID CONVERTER

The ngz}’{h isa mlulti-t(ailggt.rodtea1 vacu-
um tube of the single-en metal type
designed to perform simultaneously 65 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.or D.C) .................. 6.3 Volts

HEATER CURRENT . ... .iiviinininnnnnnreenenenns 0.3 Ampere

DirECT 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 uuf
Grid No.3toPlate® ........................... 0.13 max. uuf
Grid No. 1toGridNo. 3° . ..................... 0.15 max. upf
Grid No.1toPlate® ................covvvvnn... 0.06 max. puf
Grid No: 1 to All Other Electrodes Except Cathode. 4.4 wpuf
GridNo. l1toCathode ...........cocniveenanne. 2.6 unf
Cathode to All Other Electrodes Except Grid No. 1 5 wuf

* With shell connected to cathode.
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As Frequency Converter

PLATE VOLTAGE .......ccvvvnnvenneenvnnnnnenansn 300 max. Volts

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

Grms No. 2 and No. 4 SuprLY VOLTAGE . . .. 300 max. Volts

GRIDNO. 3VOLTAGE . .......coiiiiieretenenannnns 0 msn. Volts

PraTE AND GriDS No. 2 and No. 4 DissipatioN (Total) 2.0max. Watts

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

ToTAL CATHODE CURRENT ........covveveveennnnn 14 max. Milllamperes

TyricAaL 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 ............cccoovnivn... 33 35 Milliamperes
Grids No. 2 and No, 4 Current. .. ....... 85 85 Milliamperes
GridNo. 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,gride 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 Type 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 circuit. This feature is important because it is desirable that the
impedance in the cathode circuit should produce little degeneration or regeneration
of the signal-frequency input and intermediate-frequency output. Another impor-
tant feature is that, because signal-grid voltage has little effect on the space charge
near the cathode, changes in avc bias produce little change in oscillator trans-
conductance and in the input capacitance of the No. 1 grid. There is, therefore,
little detuning of the oscillator by avc bias.

A typical self-excited oscillater circuit for use with the 6SA7 is similar to that
gshown for the 12SA7 in circuit 14-4 (CIRCUIT SECTION). For operation in
frequency bands lower than approximately 6 rr‘lrzfacycles, 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 to give a value
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of Ex of approximately 2 volts peak and an oscillator-grid current of 0.20 to 0 25
milliampere, with a grid leak of 20000 ohms.

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

Characteristics except that Grid No. 3 should be supplied with a bias of -2 volts.
OPERATION. CHARACTERIST|
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TWIN TRIODE AMPLIFIER

The 65C7 is a twin-triode amplifier ‘ 68 C7

of the single-ended metal type intend-

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

mu-factor to give high gain.

% CHARACTERISTICS

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

As Class A, Amplifier — Each Triode Unit
PLATEVOLTAGE ........0c.ciiiiiiniiiinnnnennnnnns 250 max. Volts
(€735 Y0 % X : S -2 Volts
PLATE CURRENT . . ..ovvtinreeniriiineennnannnnns 2 Milliamperes
PLATE RESISTANCE (APPIOX.) . .....ovvvinnnnnnn.. 53000 Ohms
AMPLIFICATION FACTOR . . ......................... 70
TRANSCONDUCTANCE (ADPIOX.) . . .........ocovnnn.. 1325 Micromhos
GRID-PLATE CAPACITANCE® .. ..................... 2.4 puf
GRID-CATHODE CAPACITANCE® . . .. ................. 3.0 puf
PLATE-CATHODE CAPACITANCE® . .........covvvnnn.. 4.0 wuf

® 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)osxtlon Physical characteristics of the 65C7 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.

— 137 —



RCA RECEIVING TUBE MANUAL

AVERAGE PLATE CHAR_ACTER|STI'CS
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HIGH-MU TRIODE ()
63 F5 The 6SF5 is a high-mu triode of the
METAL single-ended metal type for use in re- k(@) AADu
sistance-coupled amplifier circuits. (™)
S™KEY™™H
6AB
% CHARACTERISTICS
HeATER VOLTAGE (A.C.orD.C) .................. 6.3 Volts
HEATER CURRENT . ......0ovvvrieiiienanineenns 0.3 Ampere
PLATE VOLTAGE ................ P 250 max. Volts
GRID VOLTAGE . ..utiiinineenieiiiaaanneaeenenns -2 Volts
PLATR CURRENT . . ...ttt i iieaenns 0.9 Milliampere
PLATE RESISTANCE. .. ........oiiiiiinenreenennann 66000 Ohms
AMPLIFICATION FACTOR . . .. ...............ccun.. 100
SCONDUCTANCE . o\ ovetetoeennen e 1500 Micromhos
GRID-PLATE CAPACITANCE® . ................c..... 24 puf
GRID-CATHODE CAPACITANCE®. . ................ . 4.0 puf
PLATE-CATHODE CAPACITANCE®*. . .. ........cco..... 3.6 mi

* With shell conpected 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-¢ 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 recomrnended
that fixed grid bias be employed. Diode-biaging 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 65"7
of the metal type featuring single- METAL
ended construction with interlead
shielding, described under Type 6SK7.
. In comparison with capped types pre-
viously available, the 6S]7 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]7 is capable of delivering large audio-frequency
output voltage with relatively small input voltage. ‘

% CHARACTERISTICS

HeaTter VoLTAGE (A.C.or D.C) ... .......... ... . 6.3 Volts
HEATER CURRENT . ................on .. 03 Ampere
PENTODE CONNECTION:
Grid-Plate Capacitance®. . . ..................... 0.005 max. puf
Input Capacitance® ....................... . .... 6 uuf
Output Capacitance®*. . ......................... 7 uuf
Triope CoNNECTION:f
Grid-Plate Capacitance®. ....................... 2.8 unf
Grid-Cathode Capacitance® ..................... 3.4 upf
Plate-Cathode Capacitance®..................... 11 uuf

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

As Class A, Amplifier — Pentode Connection

PLATEVOLTAGE ....................ccoooii... 300 max. Volts
ScrEEN VOLTAGE (Grid No. 2) .................... 125 max. Volts
SCREEN SUPPLY VOLTAGE. . ............. .......... 300 max. Volts
GRiD VoLTAGE (Grid No. 1)................... ... 0 min. Volts
PLATE DISSIPATION .............................. 2.5 max. Watts
SCREEN DISSIPATION ... .......................... 0.3 max. Watt
TypicaL 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 .......ccovivvnnnnnnnnnns 2.9 3.0 Milliamperes
Current .....oiviiiii i 0.9 0.8 Milliamperes
Plate Resistance. ....... e enieeean 0.7 1 Megohm
Transconductance ............vveeeennn 1575 1650 Micromhos
Grid Voltage t.........covvvvnnn.... -9 -9 Volts
$ Greater than 1.0 megohm. 11 For cathode-current cut-off.
As Class A, Amplifier — Triode Connection
(Screen and suppressor tied fo plate)
PLATE VOLTAGE ......c.ciiiiiiiiinienennnnnnnnns 250 max. Volts
GRID VOLTAGE . ......oiviiiiiieiieerenrrecennns 0 min, Volts
PLATE DISSIPATION ......vviiiviiiiiiinnnenenens 2.5 max. Watts
TypicAL OPERATION:
Plate Voltage . ........cccvviiinnnennn 180 250 Volts
Grid Voltage. . .........covivviinnnnnn. -6 -85 Volts
PlateCurrent ..........cccvvveiiinnnnns 60 , 92 Milliamperes
Plate Resistance. ...................... 8250 7600 Ohms
Amplification Factor ................... 19 19
Transconductance ...........c.eveeenne 2300 2500 Micromhos

INSTALLATION and APPLICATION

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

As a class A, amplifier, the 6S]7 may be operated either as a pentode or as a
triode, as shown under Characteristics. The sereen voltage for the 65]7 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 6S]J7, 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 65J7 may be used particularly in
applications where the r-f signal applied to the grid is relatively low, that is, of the
order of a few volts. In such cases either screen or control-grid voltage (or both)
may be varied to control the receiver volume. When larger signals are involved,
a super-control amplifier tube should be employed to prevent the occurrence of
excessive cross-modulation and modulation distortion.

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

AVERAGE PLATE CHARACTERISTICS
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. hole in the stem where the exhaust
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TRIPLE-GRID SUPER-
. CONTROL AMPLIFIER

The 6SK7 is a triple-grid super-con-
trol amplifier of the metal type featur- 65 K7
ing single-ended construction with

interlead shielding. In comparison 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§
HeATER VOLTAGE (A.C.orD.C) ........ovi. s 6.3 Volts
HEATER CURRENT .. ...vtttienerinnnnnnennnenns 0.3 Ampere
GRID-PLATE CAPACITANCE® . .......covvvviinnnnnn, 0.003 max. puf
INPUT CAPACITANCE® . ..\t iiiereennnnninnnnsens 6 uuf
OUTPUT CAPACITANCE® . ... iiitiireeneneennennnns 7 puf
* With shell connected to cathode.
As Class A; Amplifier
PLATE VOLTAGE ......ciitiiiiiiiniiinnnnnennnn, 300 max. Volts
SCREEN VOLTAGE 4 uuvvternennnnearseessnnennenss 125 max. Volts
SCREEN SUPPLY VOLTAGE . .. ...vvvvneennennnnnnn.. 300 max. Volts
GRID VOLTAGE . .ivivtinininenneesnrnnonnnvanens 0 min. Volts
PLATE DISSIPATION ... .cviiiirrinnnnenrnrennnnnnn 4 max, Watts
SCREEN DISSIPATION . ...vivivvriiiienneenennnnnn. 0.4 max. Watt
TypricAL OPERATION:
Plate Voltage ...................oo.t. 100 250 Volts
Screen Voltage . ....................... 100 100 Volts
GridVoltage. . . .............oovvve... -3 -3 Volts
SUpPressor. . ... e Connected to cathode at socket
PlateCurrent ............ccviinnnn.. 8.9 9.2 Milliamperes
ScreenCurrent ..., 2.6 2.4 Milliamperes
Plate Resistance (Approx.).............. 0.25 0.8 Megohm
Transconductance ..................... 1900 2000 Micromhos
Grid Bias for transconductance of 10
micromhos. . .......... ..., -35 -35 Volts
INSTALLATION

METAL
ENVELOPE

and APPLICATION

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

The interlead shielding within
the base of the 6SK?7 is accomplished
by means of a conical stem shield
and a cylindrical base shield. The wareR G TAL
metal cone is inserted through the BASE

[

EXHAUST
TUBE

tube connects. The cone extends
some distance into the exhaust tube i
and is connected to the common GASESRECh
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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 leadsin 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 adaptability to circuit combinations and to receiver
design. Recommended conditions for the 6SK7 as an amplifier are given under
CHARACTERISTICS.

To realize the mazimum benefit of the long “‘cut-off”” feature of this tube, it is
necwsag' 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&sor 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

The 6SQ7 is a multi-unit tube of the 65 Q7

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
HEeATER VOLTAGE (A.C.or D.C) ..................

6.3
HeATER CURRENT .. ... e e 0.3 Ampere
Triode: GRID-PLATE CAPACITANCE®................ 1.8 uuf
GRID-CATHODE CAPACITANCE®. ............ 36 upf
PLATE-CATHODE CAPACITANCE®. ........... 3.2 uuf
* With shell connected to cathode. Values are approximate.
Triode Unit — As Class A, Amplifier
PLATE VOLTAGE ....... ... ... 250 max. Volts
GRID VOLTAGE . ...........0oiviiininiannenen... -2 Voits
PLATE CURRENT. . ... ... .ottt 0.9 Milliampere
PLATERESISTANCE. ......... ..., 91000 Ohms
AMPLIFICATION FACTOR . . .. ......... ... 100
TRANSCONDUCTANCE ..........0oiiiiinnnnnnnnnnn. 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 6A8.

The 6SQ7 in many respects is similar in application to the 6Q7. The out-
standing difference, however, is that the 6SQ7 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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. cun‘et:t cut-off, even with relatively small signal voltages applied to the diode
circui

As an amplifier in resistance-coupled a-f circuits, the 6SQ7 may be operated
tcxznder the conditions given in the RESISTANCE-COUPLED AMPLIFIER

AVERAGE PLATE CHARACTER(STICS
TRIODE UNIT
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DUPLEX-DIODE
HIGH-MU TRIODE

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

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

ATIONS section.
CHARACTERISTICS

HeaTer VoLTaGE (A.C.or D.C) ...l ... 6.3 Volts
HEATER CURRENT . .. ...viiniiiniinnnennnnnnn... 0.15 Ampere
Triode: GRID-PLATE CAPACITANCE®................ 1.7 puf

GRID-CATHODE CAPACITANCE® ............. 1.8 puf

PLATE-CATHODE CAPACITANCE®. ........... 3.1 upf

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

PLATEVOLTAGE .............covvvvinnnn. 100 250 max. Volts
GRIDVOLTAGE . ........c.vieiinnnnnnn -15 -3 Volts
PLATE CURRENT. . .................o..... 0.3 1.2 Milliamperes
PLATERESISTANCE. ...................... 95000 62000 Ohms
AMPLIFICATION FacToR . .................. 65 65
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 6SQ7. Additional data
are given in the RESISTANCE-COUPLED AMPLIFIER CHART.

G— ELECTRON-RAY TUBE
Indicator Type with Triode

/|
46 O The 6U5/6G5 is a high-vacuum, 6U5 / 6GS

SN\ heater-cathode type of tube designed
0 G to indicate visually, (¥ means of a
H H fluorescent target, the effects of change

6R in controlling voltage. The tube,
therefore. is essentially a voltage indicator and as such is particularly useful as a
convenient and non- -mechanical means ‘to indicate ‘accurate tuning of a radio
receiver. The 6U5/6G5 supersedes both the 6U5 and the 6G5 and it may also be
used to replace the 6H5 and the 6T5. For a discussion of Electron-Ray Tube
considerations, refer to the RADIO TUBE APPLICATIONS section.

% CHARACTERISTICS :
HeaTeR VoLtaGE (AC.or D.C) ......ooiviit 6.3 Volts
HEATER CURRENT ................ 0.3 Ampere
PLATE-SuPPLY VOLTAGE 250 max. Volts
TARGET VOLTAGE . . . . oeeeenees e, {%% T b’g{g
TyricAL OPERATION:
Plate- and Target-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 angle of 0° .......... -8 -185 -22 Volts
For shadow angleof 90° ....... .. 0 0 0 Volts
¢ For zero triode-grid voltage. 1 Subject to wide variatione.

INSTALLATION aond APPLICATION
Installation and application of the 6U5/6G5 are the sa.me as for T{_
Physical characteristics of the 6U5/6G5 are shown in 2-18, OU INES
SECTION. The essential differences between the 6ES 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 CHARACTER!STICS
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TRIPLE-GRID SUPER- ° 3
G
CONTROL AMPLIFIER =R
The 6U7-G is a triple-grid super-
6U7_ G control amplifier tube recommended G) ()
for service in the radio-frequency and " H
intermediate-frequency stages of radio OMO
receivers designed for its character- ne MY K
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 . .. ivvtiineiane i 03 Ampere
GRID-PLATE CAPACITANCE® .. ... .. ................ 0.007 max. puf
INPUT CAPACITANCE® ... ... .. ... i, 5 puf
OutpuT CAPACITANCE® .. ...............ccooivnnn. 9 upf
* With close-fitting shield connected to cathode.
As Class A, Amplifier
PLATE VOLTAGE ........ ... 0o it 300 max. Volts
SCREEN VOLTAGE .. .otiiiit e 100 max. Volts
SCREEN SUPPLY VOLTAGE. . . ... . ... ............... 300 max. Volts
GRID VOLTAGE . .vvvtne e eiiaeannn 0 min. Volts
PLATE DISSIPATION . .................coiivinennn, 2.25 max. Watts
SCREEN DISSIPATION . ... .....coo0viiniiaininen, 0.25 max. Watt
TypricAL OPERATION:
Plate Voltage .. ................... .... 100 250 Volts
Screen Voltage ........................ 100 100 Volts
Grid Voltage. .. ..............oonn .t -3 -3 Volts
SUPDIeSSOr. . .. .oi i Connectcd 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.

The 6V6 and 6V6-G are power am-
plifiers of the beam type for use in the
output stage of radio receivers. They

6v 6 G are particularly useful in automobile
- and other battery-operated receiveérs
in which reduced plate-current drain

BEAM POWER AMPLIFIERS
6V6
METAL

is desirable.
% CHARACTERISTICS
HeATER VOLTAGE (A.C.or D.C.) ........... ... .... 6.3 Volts
HBEATER CURRENT . .. ...ttt e 0.45 Ampere
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As Single-Tube Class A, Amplifier

PLATEVOLTAGE ........ ... 315 max, Volts
SCREEN VOLTAGE .. ...........oiiiiinenan 285 max. Volts
PLATE DISSIPATION ................. ... . ... ... 12 max. Watts
SCREEN DISSIPATION ... .........cciitiiennnnnnnn 2 max. Watts
TypicaL 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 2.2 Milliamperes
Max.-Signal Screen Current . . ... 4 7 6 Milliamperes
Plate Resistance. .............. 58000 52000 77000 Ohms
Transconductance . ............ 3700 4100 3750 Micromhos
Load Resistance............... 5500 5000, 8500 Ohms
Total Harmonic Distortion. ... .. 8 8 12 Per cent
Max.-Signal Power Output. .. ... 2 45 5.5 Watts
As Push-Pull Class AB, Amplifier
PLATE VOLTAGE ... ... ... . ., 315 max. Volts
ScREEN VOLTAGE .........................c....... 285 max. Volts
PLATE DISSIPATION . ........... o 12 max. Watts
SCREEN DISSIPATION . .......oovvieinnoionn . . 2 max. Watts
TvyricaL OpPERATION: Values are for two tubes )
Plate Voltage. ......................... 250 285 Volts
Screen Voltage .. ...................... 250 285 Volts
Grid Voltage .......................... -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
Max.-Signal Power Output. .. ........... 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 OUTLINES
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 smgle-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 voltage 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

6 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
HeaTeEr VoLTAGE (A.C.or D.C) ... ... ... ...... 6.3 Volts
HeATER CURRENT . R R EEETRRPPRRE 0.45 Ampere
As Single-Tube Class A, Amplifier
PLATE VOLTAGE . ... ittt iienn e, 315 max. Volts
SCREEN VOLTAGE ..... S 285 max. Volts
PLATE DISSIPATION. . ..o ii it eee e ene 12 max. Watts
SCREEN DISSIPATION ..\ ivtiinnniineeereanneenons 2 max. Watts
Tyrrcal. 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......... 85 125 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 2.2 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 . ..... ittt iiie e iiaennannn 315 max. Volts
SCREEN VOLTAGE ...\ viiiiietererneinannennenans 285 max. Volts
PLATE DISSIPATION ... ...t iietiennnernnrnennnnen 12 max. Watts
SCREEN DISSIPATION ......cvviiriiverenereonnnannns 2 max. Watts
TyricaL OrERATION: Values are for two tubes
Plate Voltage.................c.coovnntn 250 285 Volts
Screen Voltage ..........coovvevnnnnn. 250 285 Volts
GridVoltage .......coovveviiiiinnnnnn -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 35 Per cent
Max.-Signal Power Qutput.............. 10. 14 Watts

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

TRIPLE-GRID DETECTOR
AMPLIFIER

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

the heater-cathode type for use as an

amplifier and biased detector. In such

service, the 6W7-G is capable of deliv-

ering a large audio-frequency output

voltage with relatively small input. The low heater current is a feature in applica-
tions where economy of power is important.

Y CHARACTERISTICS
HEATER VoLTAGE (A.C.or D.C) ... ivennna 6.3 Volts
HEATER CURRENT . .ivtvnnerinnnernnneinaennnanen 0.15 Ampere
GRID-PLATE CAPACITANCE® . ........cccvnveennnnn 0.007 max. puf
INPUT CAPACITANCE® . . ...\ iiiiireeeennanrennns 5 puf
OUTPUT CAPACITANCE® . ... .vvvnnnienenrnnennanns 8.5 upf

* With close-fitting shield connected to cathode.
As Class A, Amplifler

PLATE VOLTAGE .. .t vviiiiie e irirtnnnnenaneasans 300 max. Volts
SCREEN VOLTAGE . .\voveereeininneranenneannonoss 100 max. Volts
SCREEN SUPFLY VOLTAGE ......................... 300 max. Volts
GRID VOLTAGE .. otiitinnntineiiinaeenanannanss 0 min, Volts
PLATE DISSIPATION . ... ..coiiiiiieenaninnineenns 0.5 max. Watt
SCREEN DISSIPATION .. .....oiiviiiiiennennnnennns 0.1 max. Watt
TypicAL OPERATION:
Plate Voltage ..........ccciiiieveernennneennns 250 Volts
Screen Voltage . .............ciiiiieinnearanaas 100 Volts
Grid Voltage. . . ..ottt -3 Volts
SUDDIE8SOT . . v iieeee e nnennnnssennons Connected to cathode at socket
PlateCurrent ...........covveeiiinnerienennnn. 2.0 Milllamperes
Screen Current .......oiiiiii i e 0.5 Milliampere
Plate Resistance (Approx.).........covvveneenn. 1.5 Megohms
Transconductance ........oovvvevivnienenennns. 1225 Micromhos
Grid Voltage (Approx.)** . ... ...c.ivieiiiinenrens -7 Volts

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

The base of the 6W7-G fits the standard octal socket which may be installed
to hold the tube in any position. Physical characteristics of the 6W7-G are shown
in Fig. 2-15, OUTLINES SECTION. For heater operation and cathode connec-
tion, refer to Type 6D8-G and 6A8, respectively. Application is similar to that
of the 65J7. Additional data are given in the RESISTANCE-COUPLED AM-
PLIFIER CHART. .

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
6X5-GT designed for their characteristics.

METAL

% CHARACTERISTICS
HeaTer VoLTagE (AC.or D.C).....oiiiivnanen. 6.3 Volts
HEATER CURRENT . ... .otiteeinncnnennnnannnn. 0.6 Ampere
As Full-Wave Rectifier
PEAK INVERSE VOLTAGE . . ......... cvieiinen.... 1250 max. Volts
Peag PLATE CURRENT PER PLATE. ... ............. 210 max. Milliamperes
D-C HEATER-CATHODE POTENTIAL . ........c...u... 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. 150 min. Ohms
D-COutputCurrent............ccoviviivennn.. 70 max. Milliamperes
TyrpicaL OPERATION Wi1TH CHORE-INPUT FILTER: )
A-C Plate Voltage per Plate (RMS).............. 450 max. Volts
Input-Choke Inductance. ....................... 8 min. Henries
D-COutputCurrent . ..............c.coviiivnn. 70 max. Milliamperes

3 When a filter-input condenser larger than 40 uf is used, it may be necessary to use mare
platg—:’\ﬁply 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 T ot mehs Yo v
6X5-GT fits the standard octal socket. The & | CONDENSER(CI NPT To FILTER:
socket for the 6X5 should be installed to hold w 500 R T OANCE PER Pomes
the tube preferably in a vertical position. g 3?5!\'% e
Horizontal operation is permissible if pins 3 and ° 0§ M ol }
5 are in a horizontal plane. The 6X5-G and L 200 0T
6X5-GT may be operated in any position, g —-L.ﬂi’-o_:_____
Physical characteristics of the 6X5, 6X5-G, and S
6X5-GT are shown in Figs. 1-7, 2-17, and 2-8, e T il
respectively, in the OUTLINES SECTION. R
Pin 1 of the 6X5-GT has no connection, 8 Lokl
The heater should be operated at 6.3 volts. 2 _‘\5‘23%_-- Ll
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 a6 €0 80
0~C LOAD MILLIAMPERES
92C~4576R)
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BEAM POWER AMPLIFIER

The 6Y6-G is a power amplifier of
the beam type for use in the c;gtpfut 6Y6"G

stage of radio receivers design or
its characteristics. ’

% CHARACTERISTICS

HeaTer VoLTAGE (A.C.or D.C) ....cevivvn..... 6.3 Volts
HEATER CURRENT . .......o0iiiiiiiiiennnennnnn, 1.25 Amperes

PLATE VOLTAGE ................................. 200 max. Volts
ScreEN VoLTaGe (Grid No. 2) ............... e 135 max. Volts
PLATE DISSIPATION ... ...ttt 12.5 max. Watts
SCREEN DISSIPATION ...oooii et ieeeancnans 1.75 max. Watts
TyPICAL OPERATION:
: Plate Voltage . ........................ 135 200 Volts
Screen Voltage . ....................... 135 135 Volts
Grid Voltaée éGrid No.1) .............. -13.5 -14 Volts
Peak A-F Grid Voltage. ............ S 135 14 Volts
Zero-Signal Plate Current....... e 58 61 Milliamperes
Max.-Signal Plate Current. . ............ 60 66 Milliamperes
Zero-Signal Screen Current.............. 35 2.2 Milliamperes
Max.-Signal Screen Current. . .. ... S . 115 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.............. 36 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 canditions
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
eathode 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 eoupling 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
o tion, have separate terminals for
| electrodes except the cathodes and

heaters.
CHARACTERISTICS
HEeATER VOLTAGE (AC.or D.C) .................. 6.3 Volts
HEATER CURRENT . .. .itieenneninnnneeennnnnns 0.3 Ampere
As Class B Power Amplifier
PLATE VOLTAGE . ..o itiiieeeeiineneaennnenns 180 max. Volts
PeAK PLATE CURRENT (Perplate) ................. “ 60 max. Milliamperes
AVERAGE PLATE DISSIPATION .. .............c.vnun 8 max. Watts
TypricAL 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
Mazx.-Signal Power Output
(ApPDIOX.) . . vevveevnnnnn 1.5* 25% 2.2* 4.2t Watts

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

INSTALLATION and APPLICATION

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

As a class B power amplifier, the 6Z7-G is used in circuits similar, in design to
those utilizing individual tubes in the output stage. It requires no grid bias, since
the high-mu feature of the triode units reduces the steady plate current at zero bias
to a relatively low value. For general class B amplifier design considerations,
refer to RADIO TUBE APPLICATIONS section.

As a class A, amplifier, the 627-G may be operated in resistance-coupled circuits
as shown in the RESISTANCE-COUPLED AMPLIFIER CHART. Other applica-
tions of the 6Z7-G are similar to those discussed for Type 6N7.

POy
FULL-WAVE HIGH-VACUUM o0 O,
6ZY5 G RECTIFIER
- The 6ZY5-G is a full-wave, high
vacuum rectifier of the heater-cathode 9\‘__},/ D
type. Itis intended for use in applica- OMO,
tions where economy of power is im- NeT REY TR
portant. G-65
% CHARACTERISTICS
HeATER VOLTAGE (A.C.orD.C) ...ttt 6.3 Volts
HEATER CURRENT . . oi i iieieensinnnnonnncnnnns 0.3 Ampere
As Full-Wave Rectifier
PEAR INVERSE VOLTAGE. . .....oviviinnnnnneecenns 1250 max. Volts
PeAK PLATE CURRENT PER PLATE. .. ..... ... ..., 120 max. Milliamperes
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. D-C HEATER-CATHODE POTENTIAL. . .. .. S 450 max, Volts
TyricaL OpERATION WITHE CONDENSER-INPUT FILTER:
A-C Plate Voltalge per Plate (RMS).............. 325 max. Volts
Total Effective Plate-Supply Impedance per Plate}. 225 min. Ohms
DCOutputCurrent........................... 40 max. Milliamperes
TyricaL OperaTION WITH CHOKE-INPUT FILTER:
A-C Plate Voltage per Plate (RMS).............. 450 max. Volts
Input-Choke Inductance........................ 13.5 min. Henries
DCOutputCurrent..............ccovvnvnnn.. 40 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.
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
Heater VoLTaGe (A.C.orD.C) .....o..oounn... 6.39 Volts
HEATER CURRENT ... ... v, 0.1599 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-
control amplifier of the single-ended 7A7' LM
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

HeateER VortaGE (AC.orD.C) ....evtevnnn..., 6.39 Volts
HEATER CURRENT . ...........00.c00oiuivannnnn 0.3997 Ampere
GRID-PLATE CAPACITANCE® .. ...........c0vuuun.. 0.005 puf
INPUT CAPACITANCE® . ............ .. oveen, 6 uuf
OUTPUT CAPACITANCE® ... ..., 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 ..ovvvvrniinerneeeennnnennsanns 250 max. Volts
SCREEN VOLTAGE ...vviitvtiiiiee e eiiiinnnnes 100 max. Volts
GRID VOLTAGE . o ovvee it it iae e -3 min. Volts
TypricaL OPERATION:
Plate Voltage ........ ... ... .. ciiiriiiinnnenss 250 Volts
Screen Voltage . .......ooviiiiiiiiiiniiiinannanns 100 Volts
GridVoltage. . . ........ccoivriiiiiaiiiiinrnns -3 . Volts
SUppressor. . ..............c.c..unn Connected to cathode at socket
PlateCurrent ............c.covrrniiiiiinenan 8.6 Milliamperes
ScreenCurrent ... 2 Milliamperes
Plate Resistance. ..............c.ccoiiiiiiiianen 0.8 Megohm
Transconductance . .............coeneieinnrenns 2000 Micromhos
Transconductance (At -35 volts bias) ............ 10 * Micromhos

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

OCTODE CONVERTER

7 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 (AC.orD.C.) ..o 6.39 Volts
HEATER CURRENT . .1 tvereeenannnneecnnenneenns 0.1599 Ampere
DirecT INTERELECTRODE CAPACITANCES:
Grid No.4toPlate .........ccocevin oot 0.15 puf
Grid No. 4toGridNo. 2 .................. .. 0.12 uuf ‘
Grid No. 4toGrid No. 1 ....................... 0.12 wuf
Grid No. 1toGrid No. 2 ......ovennn ... 0.60 uuf
Grid No. 4 to All Other Electrodes (R-F Input) ... 75 upf
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 unf
Plate to All Other Electrodes (Mixer Qutput) ..... 9 upf
9 Nominal value is 7 volts. 49 Nominal value is 0.16 ampere.
As Frequency Converter
PLATE VOLTAGE .0\ vvvvreenecaraocsseonananaennns 250 max. Volts
ScrREEN VOLTAGE (Grids No. 3and No.5) .......... 100 max. Volts
ANoDE-GRID SuppLY VoLTaGE (Grid No. 2) . ...... .. 250 max. Volts
CoNTrOL-GRID VoLTAGE (Grid No. 4).............. -3 min. Volts
TyrICAL OPERATION:
Plate Voltage . .........ccocvvviv it . 250 Volts
Screen Voltage . .............ovnnn... o 100 Volts
Anode-Grid Supﬁ:ly Voltage. . ........ . .. 250* Volts
Control-Grid Voltage.................. . -3 Volts
Oscillator-Grid Resistor (Grid No. 1). ... . 50000 Ohms |
Plate Current ...........cvvvenn.o. e 3 Milliamperes
Screen Current ....................... 2.8 Milliamperes
Anode-Grid Current. ........c.oovvnniiin i 4.5 Milliamperes

¢ Applied through 20000-ohm voltage-dropping resistor by-passed by 0.1 uf condenser
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Oscillator-Grid Current. ................c.v.nn. 0.4 Milliamperes
Plate Resistance. . ...............c..cvvvuunnn.. 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 - 7B7
amplifier for use in the radio-frequency
and intermediate-frequency stages of
radio receivers.

% CHARACTERISTICS
Heater VoLTaGE (AC.0or D.C) ... ... 6.37 Volts
HEATER CURRENT . ..............couveeen i . 0.1599 Ampere
GRID-PLATE CAPACITANCE ................. .. ... 0.005 max. puf
INPUT CAPACITANCE. ... . ............ ... ... . ... 5 upf
OUTPUT CAPACITANCE . .. ........oovuinnnnnnnn.. 7 uuf
9 Nominal value is 7 volta. 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 Volts
Screen Voltage 100 Volts
Grid Voltage. . . ............. ... .. ... .c....... -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
HEATER VoLTAGE (A.C.or D.C) ...t 6.39 Volts
HEATER CURRENT . ...civvinivnnernnennnvaneennn. 0.159Y Ampere
Triode: GRID-PLATE CAPACITANCE (Approx.) ....... 1.4 uuf
GRID-CATHODE CAPACITANCE (Approx.)..... 2.4 unf
PLATE-CATHODE CAPACITANCE (Approx.).... 3 upf
AVERAGE CHARACTERISTICS — TRiopE UNIT:
Plate Voltage ............ccoviiiiiiiiiiiinennn 250 Volts
GridVoltage. . . ........covviii i -1 Volt
PlateCurrent ..........cciiiiiinrieninnn.. 1.3 Milliamperes
Plate Resistance.............coiiviriinernnn.n 0.1 Megohm
Amplification Factor ........................... 100
Transconductance ........ccevvveeenererneneass 1000 Micromhoa
9 Nominal value is 7 volts. 99 Nominal value is 0.16 ampere.
Triode Unit — As Class A, Amplifier
PLATE VOLTAGE ..ottt iiina s + 250 max. Volts
TyricAL OPERATION:
Plate Supply Voltage .. 250 Volts
Load Resistance. . ............covvvvvennnn .. 0.25 Megohm
Grid Resistor. . ....coiiiiiii it ittt 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.

FULL-WAVE
HIGH-VACUUM RECTIFIER ™3
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 (A.C.orD.C) ........... ... 6.37 Volts
HEATER CURRENT . ....ovvvvnnnnnnnnneconnnnnnses 0599 Ampere
9 Nominal value is 7 volts. €9 Nominal value is 0.53 ampere.
As Full-Wave Rectifler
PEAE INVERSE VOLTAGE. . ......o.oviiniinnnnn.. 1250 max. Volts
PeEAK PLATE CURRENT PER PLATE. . .. ............ 180 max. Milliamperes
D-C HEATER-CATHODE POTENTIAL. ................ 450 max. Volts
Wite CoNDENSER-INPUT FILTER:
A-C Plate Voltage per Plate (RMS).............. 325 max. Volts
Total Effective Plate-Supply Impedance per Plate* 150 min. Ohms
DCOutputCurrent.............cooivveeee. .. 60 max. Milliamperes
Wit CrOKE-INPUT FILTER:
A-C Plate Voltage per Plate (RMS).............. 450 mazx. Volts
Input Choke Impedance. . ...................... 10 min. Ohme
D COutputCurrent.........cooeeviiinenennnns 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

3 e characteristics.

4D

CHARACTERISTICS

FIrLaMENT VorTaGE (A.C. or D.C.) 7.5 Volts
FILAMENT CURRENT . ..cv0vvene . 1.25 Amperes
PLATE VOLTAGE...... 350 425 max. Volts
GRID VOLTAGE® .... N 3. -32 -40 Volts
CATHODE RESISTOR. ..cvvvvvreennennnn.. 2350 2000 2220 Ohms
PLATE CURRENT. . ...0vvneivinannnnnseen 10 16 18 Milliamperes
PLATE RESISTANCE ... ...ovviiiivnvenns 6000 5150 5000 Ohms
AMPLIFICATION FACTOR .. .oovvvnnnnnnn., 8 8 8 R
TRANSCONDUCTANCE . 0vvcvernneennnnnas 1330 1550 1600 Micromhos
LOAD RESISTANCE ...t iniiinnnnnenn. 13000 11000 10200 Ohms
UKNDISTORTED POWER OUTPUT. ..........n 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 neganve end of the filament.

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

P G

@) ©

A DETECTOR AMPLIFIER TRIODES

[4 r 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; mazimum
P F- plate volts, 135; gnd volts, -10.5; amplifica-
e 0 tion factor, 66 plate resistance (ohms), ]2
15000; transconductance (micromhos), 440;
and plate milliamperes, 3. Physical ch'n'ac-
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 onty.

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: Max. plate and
screen volts, 135; grid-bias volts, -13.5:;
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load resistance, 13500 ohms: plate resistance, 102000 ohms: transconductance, 975
micromhos; plate ma., 9: screen ma., 2.5; and power output, 0.55 watt. The base
fits the standard 7-contact socket (0.75-inch pin-circle diameter) which may be
mounted to hold the tube in any position. Physical characteristics of the 12A7
are shown in Fig. 2-16. OUTLINES SECTION. For heater operation and cathode
connection. refer to Types 12Z3 and 6A8, respectively.

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

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

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 6A8.

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
.t.oelTypes 12A8-GT and 6A8, 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

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

The grid-plate capacitance is 2.8 uuf; grid-cathode, 2.2 uuf; plate-cathode, 3.2 uuf.

For heater operation and cathode connection, refer to Types 12A8-GT and 6A8;
respectively. 1

DETECTOR AMPLIFIER TRIODE 5

The 12]5-GT is a triode of the heat- &)
er-cathode type designed for use as

12)5-GT etector, ampiifr, or osdlator, It G\ ALAD-

tion - factor together  with a high )Y ¥(8)
transconductance. Except for its heater ne REY Tk
rating of 12.6 volts and 0.15 ampere, 6-6Q

the electrical and physical characteris-
tics of the 12J5-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 rating lof 12.(;
_ volts and 0.15 ampere, the electrica
GT-7R(12J7-GT) and physical characteristics of the
12J7-GT are the same as those of the 6J7-GT. For heater operation and cathode
connection, refer to Types 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
type. Except for its heater rating of
GT-7R(12K7-GT) 12.6 volts and 0.15 ampere, the elec-
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 6AS, 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 6AS8, 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 thsical
characteristics of the 12SA7 are the same a those of the 6SA7. For heater oper-
ation and cathode connection. refer to Types 12A8-GT and 6A8, respectively
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TWIN TRIODE AMPLIFIER

The 12SC?7 is a twin-triode amplifier
of the single-ended metal type for use
] 2SC7 as a class A amplifier. Except for its
; heater rating of 12.6 volts and 0.15
METAL ampere, the electrical and physical
characteristics of the 12SC7 are the
same as those of the 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 ©

] 2 SF 5 the s_inélg-ended l:;1detal ﬁy for use
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
DETECTOR AMPLIFIER
12SJ7

The 12SJ7 is a single-ended metal
METAL tube of the triple-grid type with a
sharp cut-off characteristic. Except
for its heater rating of 12.6 volts and aN
0.15 ampere, the electrical and physical
characteristics of the 12SJ7 are the same as those of the 6SJ7. For heater operation
and cathode connection, refer to Types 12A8-GT and 6AS8, respectively.

Gy K

TRIPLE-GRID 2) (o)
) Ga G2

]9GK7  SUPER-CONTROL AMPUFIER )0

The 12SK7 is a single-ended metal w(2) T

METAL tube of the triple-grid type with a OMO

remote cut-off characteristic. Except S\ey P

for its heater rating of 12.6 volts and eN

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.

Pos Ppy
DUPLEX-DIODE HIGH-MU . OO, .
125Q7 s (=)
The 125Q7 is a single-ended metal TGN AADw
METAL type of multi-unit tube containing two NOMO
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 125Q7 are the same as those of the 6SQ7. For heater opera-
tion and cathode connection, refer to Types 12A8-GT and 6AS8, 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 (A.C.or D.C) ....oivvenieein., 12.6 Volts
HEATER CURRENT ... ...0tiiininennannnanarennaan 0.3 Ampere
As Half-Wave Rectifier
PEAR INVERSE VOLTAGE . . ........covivinenninnnn. 700 max. Volts
PEAR PLATECURRENT . ......0ovvriinnnenennnenn. 330 max. Milliamperes
D-C HEATER-CATHODE POTENTIAL . . ... cvvurennns 350 max. Volts
TypicaL OpERATION WiITH CONDENSER-INPUT FILTER:
A-C Plate Voltage (RMS)......... 117 150 235 max. Volts
Total Effective Plate-Supply
Impedancef................... 0 min. 30 min. 75 min. Ohms
D-C Output Current............. 55 max. 55 max. 55 max. Milliamperes

1 When a filter-input condenser larger than 40 uf is used, it may be necessary to use more
pl:et;-sua?ply 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. OPERATICN CHARACTERISTICS
The 12.6-volt heater of the 1273 is designed TYPE 1223 £F<12.6 VOLTS
to operate under the normal conditions of line- | FILTER INPUT CONDENSER =C |
voltage variation without materially affecting . Curve , YOLTS M3
the performance or serviceability of this tube. geoe =1 o
I;:; opex";u:ic{lr]l‘e of the l11223 u()) 3senes' with the 2 o L i
ters of other types having 0.3 ampere rating, N
the current in the heater circuit should be ad- 5 9 %%slew
justed to-0.3 ampere for the normal supply g -QL T
= RN SR
voltage. % 240 ~SEsSanel
A filter of the condenser-input type is rec- o ~+ e
ommended for use with this tube in order to 2 4
obtain a d-c output voltage as high as possible. g 18 Ty
A large input capacitance in the order of 16 uf g B e
is desirable. Typical output curves for several 3 AN Seindd
values of input condensers are shown in the ac- g VoLTs=117 41—
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 26 0 o
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 plate voits 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
22.6 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 &)

©

/12 =N\

high-mu triodes designed for class B "72&) Okl

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

<
OauO,
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 0.26 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.
sible-if pins 1 and 6 are in a horizontal plane.

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 tubes. 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, 6.5 milli-
amperes, plate resistance, 6300 ohms; ampli-
fication factor, 3.3; transconductance, 5
micromhos; load resistance, 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 is 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,
QUTLINES SECTION. The 23 is a discon-
tinued type; it is retained for reference only.
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SCREEN-GRID RADIO-‘FREQUENCY
AMPLIFIER

The 24-A is a screen-grid amplifier tube of
the heater-cathade type for use primprily as 2 4 A
a radio-frequency amplifier in a-c operated 4
receivers.
The heater is rated at 2.5 valts (a.c. or d.c.)
and 1.76 ampere. The maximum plate and
screen volts are 275 and 90, respectively.
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;
transconductance, 1050 micromhos. Capacitances (with shield-can) are: grid-plate 0.007 max.
pul; input B.3 uul; output, 10.5 puf.

The base of the 24-A fits the standard five-contact socket which may be installed ta hold
the tube in any position. Physical characteristics of the 24-A are shown in Fig. 2-22, OUTLINES
SECTION. For heater operation and cathode connection, refer to Type 2A5, The screen voll;age
for the 24-A may be obtained from a fixed or variable tap on 3 yoltage divider across the high-
voltage supply, or across a portion of the suggly. Complete shielding in all etuges 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
w amplifier pentodes of the heater-
cathode type having 25-volt heaters 2 5 A 6 G
for operation on either a-t or d-c -
supply. They are especially useful in
“d-c power line’”” or “universal” type
receivers. In such application, these tubes are ¢apable of handling relatively large
audio power.

% CHARACTERISTICS

HEATER VoLTaGE (AC.orD.C) ..oovviiinnnn .. 25 Volts
HEATER CURRENT . .......c0oviiiriinmmnaannnnn. 0.3 Ampere
As Class A; Amplifier
PLATE VOLTAGE ................... R 160 max. Volts
SCREEN VOLTAGE .. .vovvviiniiiinnasaeaen .. 135 mgx. Volts
PLATE DISSIPATION ................ e 5.3 max. Watts
SCREEN SISSIPATION ... ......ocooveannno.. o 1.9 max. Watts
TypicAL 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
25A6 and 25A6-G are shown in Figs. 1-7 and 2-2], respectively, in the OUTLINES
SECTION.
The 25-volt heater is designed to operate under the normal conditions of line-
voltage variation without materially affecting the performance or serviceability
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of these tubes. When the heater is operated in series with the heaters of other
types having 0.3-ampere rating, the current in the heater circuit should be adjusted
to 0.3 ampere for the normal supply voltage.

In a series-heater circuit of the “d-c power line” type employing several 0.3-
ampere (6.3-volt) tﬁm and one or two 25A6’s or 25A6-G’s, the heater(s) of the
25-volt 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 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 blﬂy 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 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 suitahle 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‘llPE 2[5A6[
E 4525 VOLTS
SCREEN VOLTS =135
80 /1° L
[~
h"( /
" /\ /L —10
w O4q s
5 ] ‘\';{s/'
7. =15
% // /Q\ e, T
3 LS o
3 I/ // % ’%‘: ~-20
a1 - <]
3 / - el N N -25
(Y / g N
//______-._—- com’h\— RiD VOLTS Ecy=- 30
T N -35
-
,/ S~ ~ - 40
-
L4 $0 100 150 200 250 300 350 400
PLATE VOLTS 92c~4589

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

HEeATER VoLTAGE (AC.or DC.) ........cv...o 25 Volts
HEATER CURRENT . .......oiitiiiiiiieninnnnnnns 0.3 Ampere

Pentode Unit — As Class A, Amplifier
PLATE VOLTAGE ......c0vtivvereveennnnneenennnns 100 max. Volts
ScREEN VOLTAGE (GHd No.2) ............on...... 100 max. Voits
Grm VOLTAGE (Grid No. 1)..........ccovininn.. -15 Volts
PLATE CURRENT . . ......iiiiiiiiiiiiiinneeeenns 20.5 Milliamperes
SCREEN CURRENT. .....oiiiivniiinnnnnnnnnannnns 4 Milliamperes
PLATE RESISTANCE.........ciiiiiivniinnnnennnnn. 50000 Ohms
TRANSCONDUCTANCE .. ...ovvvinerrnnnnnnrneennnns 1800 Micromhose
LOAD RESISTANCE .. .....c0iiiivninnnnnannnennns 4500 Ohms
L0153 2 15 0.77 Watt

A-CPLATE VOLTAGE (RMS) ........oivvvvnnnnnnnn 125 max. Volts
D-COUTPUT CURRENT ....coivvvneneernnnnnneanss 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

a@ TRIODE GT
The 25AC5-GT is a power amplifier 25AC5

" e\-b/ OF triode of the heater-cathode typ% for

use in the output stage of a-c/d-c radio

NC x receivers.
G-6Q
CHARACTERISTICS

HEeATER VoLTAGE (AC.or D.C) ........cvvvnnn.. 25 Volts
HEATBR CURRENT . .....civiniiiiiiinnnnnnnnnnns 03 Ampere
AVERAGE CHARACTERISTICS:

Plate Voltage . .................¢c...... e 110 Volts

GridVoltage...................covvvinns, +15 Volts

Amplification Factor ................c.ccvvvinen.. 58

Plate Resistance .................c.ccvvvu.... 15200 Ohms

Transconductance ...................ccvvnn. .. 3800 Micromhos

PlateCurrent ..........ccoiiiiivreininnnneennns 45 Milliamperes

GridCurrent. ...........coiiiiiiiiiiiiineeennn 7 Milliamperes

As Class B Power Amplifier

PLATE VOLTAGE ........ciiviviiininnnnnnennennns 180 mazx. Volts
AVERAGE PLATE DISSIPATION .. .......c0vvvnnunnnn 10 max. Watts

TyricaL OPERATION:

Plate Voltage . ........covvtiiiiininennnnnnnnns 180 Volts

Grid Voltage. . . ...cooveeniininenenerrennnn, 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®. .....coivviiivenrernonnnnnncnns 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 26AC5-GT and the driver is developed by the dynamic-
couged 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 6AES-GT as driver are: plate-
supply volts, 110; av. plate ma., 45; av. plate ma. of driver, 7; input signal volts
(rms) to driver, 22; load resistance, 2000 ohms; and power output, 2 watts with
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.

POWER AMPLIFIER YoWO,
PENTODE o
2 5B 6_G The 25B6-G is a power-amplifier
pentode of the heater-cathode type MO, A /0

for use in radio receivers of the *‘uni-

éeaggl 11_e::iype where large power output Ncnzvé3
G-75
% CHARACTERISTICS
HeaTeER VOLTAGE (A.C.orD.C) .................. 25 Volts
HEATER CURRENT . .......coiviiiiiinnnnneinnnns 0.3 Ampere
As Class A; Amplifier
PLATEVOLTAGE ...........0oviiiiiiiinnnnnn... 200 max. Volts
ScrEEN VOLTAGE (Grid No. 2) .................... 135 max. Volts
PLATE DISSIPATION ............0iieanennn i 12.5 max. Watts
SCREEN DISSIPATION .. .............000ouuunnnn.. 2 max. Watts
TypriCAL OPERATION:
Plate Voltage ................. 105 135 200 Volts
Screen Voltage ................ 105 135 135 Voits
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
Max.-Signal Screen Current. . . .. 10 14.5 13 Milliamperes
Plate Resistance............... 15500 15000 18000 Ohms
Transconductance . . ........... 4800 5000 5000 Micromhos
Load Resistance ............... 1700 1700 2500 Ohms
Total Harmonic Distortion. . .. .. 12.5 14 15 Per cent
Second Harmonic Distortion . . . . 7 8 85 Per cent
Third Harmonic Distortion . . . .. 10 11 11 Per cent
Mazx.-Signal Power Output. ... .. 24 4.3 7.1 Watts

INSTALLATION and APPLICATION
The base of the 25B6-G fits the standard octal socket which may be installed
to hold the tube in any position. Physical characteristics of the 25B6-G are shown
in Fig. 2-21, QUTLINES SECTION. For filament operation and cathode connec-
tion, refer to Type 25A6.
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The 25L6, 25L6-G, and 25L6-GT
ilare beam tgg&va mnpléﬁeg t‘éﬁ“} of the

eater-cal e type desig or use
in the output stage of “transformer- -
less” (a.c.-d.c.) receivers. These tubes 25"6 G
provide high power output at therela-

2506 K
NC:33C8-¢1 tively low plate and screen voltages
7AC available for transformerless receivers. 25L6-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.

BEAM POWER AMPLIFIERS
25L6

% CHARACTERISTICS ,
HEATER VOLTAGE (A.C.or DC)) ........ et 25.0 Volts
HEATER CURRENT . .........ivvrerininnninnnnnnss 0.3 Ampere
As Class A; Amplifier
PLATE VOLTAGE .. ...ttt iinns 117 max. Volts
ScREEN VOLTAGE (Grid No. 2) . ................... 117 max. Volts
PLATE DISSIPATION . ........ooiiiininn s, 4 max. Watts
SCREEN DISSIPATION .............c0iviiviennnnnen 1.25 max. Watts
TypricAL OPERATION:
Plate Voltage . ........................ 110 110 Volts
Screen Voltage ............ N - 110 110 Volts
Grid Voltaée (GridNo. 1) .............. ~75 -7.5 Volts
Peak A-F Grid Voltage................. 75 7.5 Volts
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 85 Per cent
Max.-Signal Power Qutput.............. 2.1 2.2 Watts

INSTALLATION and APPLICATION

The base of either the 25L6, 25L.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, 25L6-G, and 25L6-GT should be operated as shown under CHAR-
ACTERISTICS.  The values have been determined on the basis that grid current
does not flow during any part of the input cycle. The type of input 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 vsed; for higher values,
cathode bias is required. With cathode bias, the grid circuit may have a d-c
resistance ae high as, but not greater than 0.5 megohm, provided the heater voltage
r}not allowed to rise more than 10% above the rated value under any condition

operation.
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AVERAGE PLATE CHARACTERISTICS
1 1 I
TYPE 25L6
€¢x28 vOLTY
[~ SCREEN VOLTS 2110
. Eci¥0
" e
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RECTIFIER-DOUBLERS Ve Y

2575
25726

METAL

2576-G
2526-GT

HEATER VoLTAGE (A.C.or D.C) ..c.ovvvevvnennnn.

HEATER CURRENT . .

The 2575, 2526, 25Z6-G, and 25Z6-
GT are full-wave, high-vacuum rectifiers
of the heater-cathode type for use in
suitable circuits designed to supply
d-c power from an a-c power line.
These tubes are well suited for “‘trans-
formerless” receivers of either the
“unjversal (a.c.-d.c.)” type or the “a-c
operated” type. In “universal” re-
ceivers, these tubes may be used as
half-wave rectifiers, while in the “a-c
operated” t they may be used as
voltage doublers to provide about twice
the d-c output voltage obtainable from
the half-wave arrangement. This two-
fold application is made possible b
the use of a separate base pin for eac
of the two cathodes in the respective
types. For voltage-doubler considera-
tions, see RADIO TUBE APPLICA-
TIONS section.

% CHARACTERISTICS

GL—
"02 \0
dnweh
OO

H H
et

$:12526
NCi2376-6 REY Tkpy
NC:2526-GT

Types 2526, 2526-G
and 25Z6-GT

25 Volts

............................. 0.3 Ampere

PEAK INVERSE VOLTAGE. . .....oivvvnenracennnnnen 700 max. Volts
PEAK PLATE CURRENT PER PLATE. ................ 450 max. Milli
D-C HEATER-CATHODE POTENTIAL . .. ....ooovvnenn 350 max. Volts

TyricAL OPERATION AS HALF-WAVE RECTIFIER:”

A-C Plate Voltage per Plate (RMS) 117 150 235 max. Volts
Total Effective Plate-Supply
Im ce Platef . ....... 0 min. 40 min. 100 min. Ohms

D-C Output Current per Plate ... 75 max, 75 max, 75 max. Milliamperes
® The two units may be used separately or ip parallel.
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TypicaL 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 Platet 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:et;- “Yply 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. Phyasical
characteristics of the 2525, 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 is 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 dc output voltage as high as possible. A large input
capacitance in the order of 16 uf i3 desirable for half-wave rectifier service, while
a higher 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 25Z5, 2526-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,

OPERATION CHARACTERISTICS OPERATION CHARACTERISTICS
HALF~-WAVE RECTIFIER FULL-WAVE VOLTAGE DOUBLER
z e T T y T T T T T
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« P = [ s ' ouTAUT
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AMPLIFIER TRIODE

The 26 is an amplifier tube containing a
filament designed for operation on alternatin
cur;le%te. Thia tube is wm:g fm r-f (::rha-
amplifier in equipment i or its char-
acteristics. 'el‘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
socket which should be installed to hoid the
tube in a vertical position, Physical charac-
teristics 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 a
step-down transformer.

40
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CHARACTERISTICS
FILAMENT VoOLTAGE (A.C. or D.C.) 1.5 Volts
FILAMENT CURRENT . .. .vuununeannnnnnn e i e e 1.05 Amperes
PLATE VOLTAGE. .. ...cveen v, 180 max. Volts
GRID VOLTAGE® ...........covvinnnnnn... -14.5 Volts
PLATECURRENT. .........coovvnnnnn. ... . . 6.2 Milliamperes
PLATE RESISTANCE ....................... 7300 Ohms
AmpriFicaTiON Factor .. ... ... .. ... . 3 8. 8.3
TRANSCONDUCTANCE «...vvvvvrvnrnennnnnn. 1150 Micromhoe

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

27 DETECTOR, AMPLIFIER

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

CHARACTERISTICS
HEATER VOLTAGE (A.C.or D.C). . ..ot iiiiianns, 25 Volts
HEATER CURRENT . . . oottt ittt it ciaeeeinareenennnnans 1.78 Amperes
PLATE VOLTAGE®. . ............. 920 135 180 250 Volts
GRID VOLTAGET ................ -6 -9 ~13.5 -21 Volts
PLATE CURRENT................ 2.7 4.5 5.0 » 5.2 Milliamperes
PLATE RESISTANCE ............. 11000 9000 9000 9250 Ohms
AMPLIFICATION FACTOR .. ....... 9 9 9 9
TRANSCONDUCTANCE ............ 820 1000 1000 975 Micromhos
GRID-PLATE CAPACITANCE (ADPDIOX.) . tovvivennnenecrcnonsenns 3.3 puf
GRID-CATHODE CAPACITANCE (APPTOX.) . tvuvunnnrrennnnnennnen 31 puf
PLATE-CATHODE CAPACITANCE (APPIOX.). . . .vvvveernnnnnennns. 23 puf

* 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 ition. Physical characteristics of the 27 are shown in Fig. 2-19, OUTLINES
SECTION. l“!or 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 STféS.

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
megobhms used with a grid condenser of 0.00025 uf is euitable. F or grid-bias detection, a plate
voltage of 275 volts or less may be used. The corresponding grid bias should be adjusted so that
the f ate current, when no signal is being received, is approximately 0.2 milliampere. For the
ng igon of 250 volts on plate and transformer coupling, the grid bias will be approximately
-30 volts.

DETECTOR AMPLIFIER TRIODE @ 3’

The 30 is a detector and amplifier tube of
the three-electrode type for battery-operated
30 aemiveu where econg:my of fﬁlamem»current
rain is important. xcept for capacitances, *
which are shown below, the 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
operation, refer to Type 1C7-G; for application, refer to Type 1H4-G.

GRID-PLATE CAPACITANCE (APDIOX.) . .. iivvvrrrnnnnneonennnnns 6.0 wuf
GRID-FILAMENT CAPACITANCE (APPLOX.) ... vvvevearennnnnnss . 3.0 st
PLATE-FILAMENT CAPACITANCE (ADProX.) ... .ovevivenn.. nnns. 2.1 sl
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7 G POWER AMPLIFIER TRIODE

The 31 is & 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 - 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 tbe 31 fits tbe standard four-contact
socket which 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. 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. 1f more output ia 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. Physical characteristics of
£ the are shown in Fig. 2.22, OUTLINES
* 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
FrLaMENT VOLTAGE (D.C.) . ...ttt it e nes 2.0 Volts
FILAMENT CURRENT . .. 0otvvtutttnnasannnnesansoneeioennses 0.060 Ampere
PLATE VOLTAGE. . . ..t iitiiiinniennrcteennnnens 135 180 max. Volta
SCREEN VOLTAGE (Grid No. 2). ............coooinine, 67.5 max. 67.5 max. Volts
GRID VOLTAGE (Grid No. 1) .......cvviiinnnannnn.. -3 -3 Voits
PLATE CURRENT. .4 o0t caneraunnrecnnsneusvsenanesns 1.7 1.7 Milliamperes
ScrEEN CURRENT (Maximum) ............covevnvennn 0.4 0.4 Milliampere
PLATE RESISTANCE .. ...c.ivviiieiiininiinnaannnnens 0.95 1.2 Megohms
TRANSCONDUCTANCE ........ e sa et e 640 650 Micromhos
GRID-PLATE CAPACITANCE (With shield-can). . ................. 0.015 max. pu
INPUT CAPACITANCE . .\ iuvivivntneeetintinitiniatennnansss 5.3 uuf
OUTPUT CAPACITANCE. . . . oottt etiie e iie s enseennneenas 10.5 wuuf

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 filament opera-
tion, refer to Type 1C7-G.

CHARACTERISTICS
FILAMENT VOLTAGE (D.C.) ... ..ottt i 2.0 Volte
FILAMENT CURRENT ............ s 0.260 Ampere
PLATE VOLTAGE. . ... e e e s 135 180 max. Volts
SCREEN VOLTAGE (Grid No. 2). ... ................... 135 180 max. Volts
GRID VOLTAGE* (Grid No. 1).................couunen. -13.5 -18 Volts
PLATE CURBENT. ...t tiiiiiineiaaraeniarannannens 14.5 22 Milliamperes
SCREEN CURRENT ... 00nurevrnnannereronnananeeennns 3 5 Milliamperes
PLATE RESISTANCE (APPIOX.). . .. couvvieininnnnnnn. 50000 55000 hms
TRANSCONDUCTANCE & .vvnnnoneraeeiieeennnnnnneeenn. 1450 1700 Micromhos
LOAD RESISTANCE ... vveveinns iennnnannannnnnns 7000 6000 Ohms
CATHODE-BIAS RESISTOR , ... ovvinrnerannneennn. . 770 670 Ohms
Power OuTPUT (7% total harmonic distortion) . ....... 0.7 1.4 Watts

. *D-c resistance in the grid circuit ehould 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 dmn is important. The lupet-control

feature explained under Super-Control

Am mu in RADIO TUBE APPLICA-

TI NS lectlon For base and socket mount-

% ngdml 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

o o
i35 180 maz. Vol
maz. 67.5 max. 67.5 mox. Volta

FiLaumext VoLraGE (D.C)
FiLAMENT CURRENT . .
PLATE VOLTAGE. . ......
ScerEEN VoLTAGE (Grid No. 2)8 .....

GRID VOLTAGE, Variable (Grid No. 1)....... min. ~3'min. -8 min. Volts

PLATE CURRENT.....o.ovvvninennaiianasn,s 3 2.8 28 Milliamperes
SCREEN CURRENT . ...oouvrveesnnnccnnanes . 1.0 1.0 Milliamperes
PLATE RESISTANCE ............ PR TR X 0.6 1.0 Megohm
TRANSCONDUCTANCE 600 Micromhos
TRANSCONDUCTANCE (At -23.5 voite biae) . 15 15 Micromhos
GRID-PLATE CAPACITANCE (With nhleld-can) ................... 0.015 max.

INPUT CAPACITANCE . .evvuvensnaccoancsnssoosansnsecense e 6.0

OuTPUT CAPACITANCE. ........ P 115 upt

* Under conditions of maximum plate current.

SUPER-CONTROL R-F AMPLIFIER

The 35 is super-control acreen-grid
amplifier tube ol the heater-cathode -t
recommended as an r-f amplifier and an i
amplifier in a-c receivers. The 36 ls eflective

3 5 in reducing cross-modulation and modulation-
dxltonxon over the entire range of received
nznal‘:| o}u dﬁ;g is such oz;l to gnﬁmml t::z
contr a 8i vol
without the use of b;f-etiiltanoe switches or
antenna potentiometsrs. The 38 is inter-
changeable with Type 51.

CHARACT! ERIS'HCS
HEATER VOLTAGE (A.C.or D.C.)......coivvnnnnnns careeee ves 28 Voits
HEATER CURRENT. . ... .iovieirenncrnoosonsnaes hreriseanaas 1.76 Amperes
PLATE VOLTAGE®. ... c0ovvracnsnanns e 180 2850 Voits
ScrERN VoLTaGE (Grid No. 2 ..................... 90 max. 90 max. Volts
Grp Vo:.nc:, Variable (Grid No. 1j.. .. ... 01000 -3 min. -3 min. Voilts
PLATE CURRENT ... cooovannsrenns petereanenennens 6.3 6.5 Milliamperes
ScCREEN CURRENT (Mmmum) ..... 2.5 25 Milllamperes
PLATE RESISTARCE ............ vee 0.3 0.4 goh
TRANSCONDUCTANCE . ..-0vvvvnencnss 1020 1050 Micromhos
TRANSCONDUCTANCE (At 240 volts bias .15 15 Micromhos
GRID-PLATE CAPACITANCE (With shiel P P 0.007 max. upul
INPUT CAPACITANCE . .....covcevunnnnnss 5.3 el
OuUTPUT CAPACITANCE 10.5 pul

* Maximum plate voltage = 275 volts.

INSTALLATION and APPUCATION

Thebnndtheasﬂnthzmdardﬂmtmnckatvhmhmybeinﬁaﬂ to hold the
tube in an Eon Phyﬂalcharactcnmuo(the:iﬁmnhowan‘uz-n.OUTLlNES
SECTION heater operation and ecathode connection, refer to Type 2AS5. The screen
voltage for the 35 may be obtained from a fixed or variable tap on a voltage divider across the
supply voltage or from & portion of t.he nu ply. Complete IMGH" for all stages of the drcmt
fl:ll necenary if maximum gain and the ume-control-range capabilities of this tube are

Y

Al a radio-frequency and intermediate-frequency amplifier, the 35 should be ted as
shown under CHARACTERISTICS. Volume contrel of receivers designed for the may be
accomplished by variation of the negative gnd bias of this tube. 1n order to utilize the full
volume-control range of the 35, an available grid-bias voltaqe of apq_lgxxmately 50 volta will be
required, depending on the circuit design and operating conditions. i
from a potentiometer, a bleeder circuit, or from an adjustable cathode resistor.
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i+ 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 VOoLTAGE (A.C.or D.C)) . .ovvvvnnnnn... 32 Volts
HEATER CURRENT .. ....ivviinnnnnnnnnnnnnn e 0.15 Ampere
As Class A; Amplifler
PLATE VOLTAGE ........iiiiiiiiriiinnannenenens 110 max. Volts
SCREEN VOLTAGE ......viiiiiineiiieninnnnnnnnns ; 110 max. Volts
TyricaL OPERATION:
PlateVoltage ..............ccoiviiiiiiiinnns. 110 Volts
Screen Voltage .................ccoiiiiiiann, 110 Volts
Grid Voltage....... et e e s -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. ..................ccovievenn.. 14000 Ohms
5800 Micromhos
2500 Ohms
6.5 Per cent
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.orD.C) ....cvvivvvvennn. 35 Volts
HEATER CURRENT . ....cvvvennnninnnnnnnnnnnnnnns 0.15 Ampere
As Class A; Amplifier
PLATE VOLTAGE . ...ooiiviiiiiiiiiineeerennennn. 200 max. Volts
ScrEEN VOLTAGE (Grid No.2) .. .................. 110 max. Volts
PLATE DISSIPATION . o0viiiieiiiiieeeeeneennns 8.5 max. Watts
SCREEN DISSIPATION . .oovtiiineinee v 1 max. Watt
TyricaL OPERATION: )
Plate Voltage.......................... 110 200 Volts
Screen Voltage ..............covvennnn. 110 110 Volts
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Grid Voltage (Grid No. 1) .............. -75 -8 Volts

Peak A-F Grid Voltage. . ............... 75 8 Volts
Zero-Signal Plate Current. ... . .......... 40 41 Milliamperes
Max.-Signal Plate Current .............. 41 4 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
Max.-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.l15-ampere types, it is recommended that the
heater(s) of the 35L6-GT(’s) be placed in the ¢ircuit so that the higher values of
heater-cathode bias will be impressed on the 35L6-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¢ 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
3 5Z3 LT The 35Z3-LT is a half-wave, high- G) ©
v - vacuum rectifier of the heater-cathode * "
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
g Lé_hgyiv‘n in Fig. 2-7, OUTLINES SECTION. For heater operation, see Type
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% CHARACTERISTICS

Heater VortacE (A.C. or DC) .................. 32 Volts

HEATER CURRENT . ...iovvtivrniinnnennensnenns 0.15 Ampere

PEAK INVERSE VOLTAGE...........coviievvennnnn,
PEAK PLATE CURRENT
D-C HEATER-CATHODE POTENTIAL. .. .. .............

700 max. Volts
600 max. Milliamperes
350 max. Volts

TypicaL OPERATION WITH CONDENSER-INPUT FILTER:

A-C Plate Voltage (RMS) ..... 117 150
Total Effective f’late—Supply
ce

Im
D-C Output Current. .........

235 max. Volts

0 min. 40 min; 100 min. Ohms
100 max. 100 max. 100 max. Milliamperes

t When a filter-input condenser larger than 40 uf is used, it may be necessary to use more
vp;:i':e-ﬂ.lpply impedance than the minimum value shown to limit the peak plate current to the rated

P

()

NC
oa

H‘
R OMO?

G-SAA

HALF-WAVE HIGH-VACUUM
RECTIFIER

The 35Z4-GT is a half-wave, high-
vacuum rectifier of the heater-cathode
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

35Z24-GT

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 operatlon refer to Type

35L6-GT.
CHARACTERISTICS
HeATER VoLTAGE (A.C.or D.C) .........ooatt, 35 Volts
HEATER CURRENT . ....civvivnniniiren i 0.15 Ampere
As Half-Wave Rectifier

PEAK INVERSE VOLTAGE. . ... .....oviiiiinnen... 700 max. Volts
PEARPLATECURRENT .. ......................... 600 max. Milliamperes
D-C HEATER-CATHODE POTENTIAL . ... . ............ 350 max. Volts
Wite CoNDENSER-INPUT FILTER:

A-C Plate Voltage (RMS) ............ 117 max. 235 max. Volts

Total Effective Plate-Supply Impedance‘ 15 min. 100 min. Ohms

DCOutput Current................. 100 max. 100 max. Milliamperes

* When a filter-input condenser larger than 40 uf is used, it may be necessary

to use more

eﬁte supply impedance than the minimum value shown to limit the peak plate current to the rated

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

3525-GT

operation of a panel lamp.
% CHARACTERISTICS
Heater VoLrtace (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 75- Volts
HEATER CURRENT ... cuvvinrvonerennereoncerennas 0.15 Ampere
As Half-Wave Rectifier
A-CPLATE VoLTAGE (RMS) ..........ciiiiiin... 235 max. Volts
PEAK INVERSE VOLTAGE. . ... .................... 700 max. Volts

PEAK PLATE CURRENT

600 max. Milliamperes
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- D-C Outpur CURRENT: No Sh R 60 Mil
s ! o Shunting Resistor. .... max. Milliamperes
wfth Panel Lamp and{ Shunting Resistor. . ...... 90 max. Milliamperes
Without Panel Lamp..... Ceeererereieeeeenenes 100 max. Milliamperes
SHUNTING RESISTOR: .
For D-C Ouput Currentof 70ma. ........ e 800 max. Ohms
80ma. ............ 400 max. Ohms
Oma. ......oonnne 250 max. Ohms
D-C HEATER-CATHODE POTENTIAL. .......c0nvuun.. 350 max. Volts
PangL-Lamp SectiOoN VoLT. (RMS) when panel
lamp fails.............. e e 15 max. Volts

TyPICAL OPERATION:
Witk No. 40 or No. €7 Panel Lamp in Circuil 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 Pina 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 Volts
Effective Plate-Supply Impedancet 15 15 15 15 100 Ohms

D-C Output Current........ PR 60 70 80 90 60 Miltiamperes
Shunting Resistor ...........ccc0vunnn — 300 150 100 —_ Ohms
Without Panel Lamp—Conventional Half-Wave Circust with Condenser-Input Filter

Heater Cur. between Pine 3 & 7................... AN 0.16 0.15  Milliamperes
Heater Volt. between Pine 2& 7 .. ...........o0vvviennuns 35 35 Volts
Section Volt. between Pins 2& 3% ................o0v0venn 7.5 7.5 Volts

A-C Plate Voltage (RMS). ... ..oooiiinnreieiaiinnanneinn 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 arcuit diagram, the panel-

TYPE
3525-6T
S

PANEL
LAMP

0-C

lamp voltage does not substantially ex-
ceec} its operating value when the receiver
is turned on and off. The plate current
of the 35Z5-GT passes through the panel
lamp and the panel-lamp section of the
heater. As a result, a higher level of illum-
ination is obtained when the receiver is in

operation.

H1-v
LINE

l

ouUTRUT

OTHER
HEATERS

OROP ACROSS R AND ALL HEATERS (WITH
PANEL LAMP ) SHOULD EQUAL 117 VOLTS AT
0.15 AMPERE

SCREEN-GRID R-F AMPLIFIER

The 36 is a heater-cathode t of ecreen-
grid tube intended for use as a radio-frequency
amJJliﬁer, intermediate-frequency amplifier,
and detector.

36

‘ CHARACTERISTICS

HEATER VOLTAGE (A.C.or D.C.). . .. iiviiiiicnniinnineenanes 6.3 Volts
HEATER CURRENT. ... ..00 eesesacsesassenetisns seaaennoras 0.3 Ampere
PLATE VOLTAGE. . . ....... saeaen 100 135 180 250 mazx. Volts
ScREEN VOLTAGE (Grid No. 2) ... 55 67.5 90 maz. 90 max. Volts
GRrIp VoLTAGE (Grid No. 1) ..... -15 -1.5 - -3 Volts
Prate Cgmm. veses e 1.8 23 3.1 1]5% %ﬁgampena

EN CURRENT .. —_ — - .7 max. iamperes
;‘cl.:l"n RESISTANCE . 0.55 0.475 0.5 .55 Megohm
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TRANSCONDUCTANCE . ....co0aunn 850 1000 1050 1080 Micromhos
GRID-PLATE CAPACITANCE (With shield<can). . .....c...ovviaen 0.007 max. uuf
INPUT CAPACITANCE . t4vevnnnennnnernnnesonoeennnensnananns 3.7 puf
OUTPUT CAPACITANCE . . ........... ettt i i 9.2 unf

INSTALLATION and APPLICATION

The base of the 36 fits the standard five-contact socket which may be installed to hold the
tube in any ition. Physical characteristics of the 36 are shown in Fig. 2-16, OUTLINES
SECTION. For heater operation and cathode connection, refer to Type 6A8. For screen voltage
and shielding, refer to Type 35.

As a radio-freqguency 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

S5A

CHARACTERISTICS

HEBATER VOLTAGE (A.C.or D.C.). .iiiiviienieininannnenonnnsn 6.3 Volts
HEATER CURRENT. . . . ttvitteienroncrosaronsasasnssoneosesosn 0.3 Ampere
PLATE VOLTAGE. . . ....conovvunnn 90 135 180 250 max. Volts
GRrID VOLTAGE® ................ -6 -9 -13.5 ~18 Volts
PLATE CURRENT....ocvvveunennn 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 .o ivvvunsnn. 800 925 900 1100 Micromhos
GRID-PLATE CAPACITANCE (APProx.). .... PN beeresesenans 2.0 uul
GRID-CATHODE CAPACITANCE (APPIOX.) .. .vvvuernrvnannnansnss 3.5 paf
PLATE-CATHODE CAPACITANCE (ADPPIOX.) . ...cvvvvnnnninnninnns 29 uuf

* Theé 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 lgosition. Physical characteristics of the 37 are shown in Fig. 2-19, OUTLINES
SECTION. For heater operation and eathode connection, refer to Type 6A8.

As an amplifier, the 37 is apPlicable to the audio- or the radio-frequency stages of a receiver.
Recommended plate and grid voltages are shown under CHARACTERISTICS. As a detector,
the 37 may be operated with either grid leak and condenser or with grid bias. The plate voltage
for the grid-leak-and-condenser method is 45 volts. A grid leak of from 1 to § megohms used with
a grid condenser of 0.00025 uf is suitable. For grid-bias detection a plate voltage of 250 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 38
heater current of this type makes it suitable

for automobile receivers and for power-line-

operated sets, particularly those with a series-

heater arrangement.

CHARACTERISTICS
HEATER VOLTAGE (A.C.ot D.C.).......e0vens veeanan esntvans 6.3 Volts
HEATER CURRENT, « .t vettunstcnsoransesasetansssanssanansss 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...ocvevearnnn 7 9 14 22 Milliamperes
SCREEN CURRENT ......... i 1.2 15 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 . ... icovnuun.. 15000 13500 11600 10000 Ohme
CATHODE-BIAS RESISTOR ........ 1100 1100 1100 970 Ohms
PowEgR OUTPUT ....... veereneen 0.27* 0.55t 1.0+ 2.5* Watte

% 89, total harmonic distortien.
1 109, total harmonic distortion.

INSTALLATION and APPLICATION

The base of the 38 fite 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 cathode connection, refer to Type 6A8.

For the power amplifier stage ot radio receivers, the 38 is recommended either lin%lr or in
push-pull combination. Transformer- or impedance-coupling devices are preferable. , how-
ever, resistance coupling Is used, the d-c resistance in the grid circuit should be limited to 1.0
megohm with plate voltages up to 250 volts, provided the heater voltage doea 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.). . ....otviiiiiiiiiinnn et 6.3 Volts
HEATER CURRENT. .« oot tenunnunnunnneascnonesoraannnnroses 0.3 Am
PLATE VOLTAGE . . . v crvanrarne oanccens 90 180 250 max. Volts
SCREEN VOLTAGE (Grid No. 2)............. 90 90 90 max. Volts
GRID VOLTAGE (Grid No. 1) ............... -3 min. -3 min. -3 min. Volts
PLATE CURRENT. . ccvvtiniuineenvancnnunenns 5.6 5.8 5.8 Milliamperes
ScREEN CURRENT ., ......... . 1.6 14 14 Milliamperes
PLATE RESISTANCE .. ....... 0.375 0.75 1.0 Megohm
TRANSCONDUCTANCE ¢ .o oovvnan 960 1000 1050 Micromhos
TRANSCONDUCTANCE (At —42.5 volts bias) . 2 2 2 Micromhos
GRID-PLATE CAPACITANCE (With shield-can). .. ................ 0.007 max. up
INPUT CAPACITANCE . .. . 3.5 puf
OUTPUT CAPACITANCE......... .. 10 i

INSTALLATION and 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 supplg'evoltage, or from a portion of the cup%ly.
Care should be taken to keep the impedance between the screen and ca e as low as possible.
When the 30/44 is cathode-biased, a resistor in series with the high-voitage supply may be used
for obtaining the acreen volza%_e. This is possible because of the stable screen-current character-
istic of the 39/44 pentode. he resistor method of obtaining the screen voltage is limited to
circuits where the screen-voltage supply does not exceed 180 volts as a maximum. The value of
this resistance should be such that under the conditions of minimum grid bias and maximum
plate current the screen voltage will not exceed 90 volts. A resistance of approximately
ohms will be suitable.

As a radio-frequency and intermediate-frequency amplifier, 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
VOLTAGE AMPLIFIER TRIODE @ OF

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
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 vdtagg.rop 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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FrLameNT VoLTAGE (A.C. or D.C))
F1iLAMENT CURRENT......... e reeenecaeeeeenn cees

FiLAMENT VoLTAGE (A.C.). ... o i

PLATE VOLTAGE
GRrID VOLTAGE*

CaTtHODE-BIAS RESISTOR . . . ... ...
PLATE CURRENT. . ..
PLATE RESISTANCE. .
AMPLIFICATION FACTOR. ... . ......
TRANSCONDUCTANCE
LoAD RESISTANCE . .
UnbpistorTED Power OQuTPUT. . ...

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 in the output
stage of radio receivers of the ‘‘d-c power
line” type and the ‘‘universal” type. Elec-
trical characteristica, 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.

CHARACTERISTICS
................ 2.5
1.5
As Single-Tube Class ‘A, Amplifier

2.5

............. 180 250 275 max.
............. -31.5 50 -56
1020 1470 1550
............. 31 34 36
............. 1650 1610 1700
"~ 35 3.5 3.5
............. 2125 2175 2050
............. 2700 3900 4600
0.825 1.6 2.0

4]

42

43

45

Volts
Amperes

Volts
Volts
Volts
Ohms
Milliamperes
Ohms

Micromhos
Ohms
Watts

* Grid volts measured from mid-point of a-c operated filament. Cathode bias is advisable in
all cases; required if grid d-c registance (mazx. value of 1.0 megohm) is used in grid circuit.

FILAMENT VoLTaGE (A.C)....... .
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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GRIDVOLTAGE . ......coovvveneennnn -68 — Volts
CATBODE-BIAS RESISTOR .. ............. — 775 Ohms
AvVERAGE Driving Powrr (Grid-to-Grid). 656 460 Milliwatts
ZERO-SIGNAL PLATE CURRENT........... 28 36 Milliamperes
Max.-S1GNAL PLATE CURRENT . ......... 138 90 Milliamperes
EFFECTIVE LOAD RESISTANCE

(Plate-to-plate) . ..................... 3200 5060 Ohms
TotaL HARMONIC DISTORTION. .......... 5 5 Per cent
Max.-S1GNAL 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 . eg
4525-GT The 45Z5-GT is a half-wave rectifier \
of the heater-cathode type for use in " e\#/"
a-c/d-c receivers. The heater is pro- K (e)
vided with a tap for operation of a ne 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 Volts
HEATER CURRENT . ....oiiinvnerenneannnnnennnns 0.15 Ampere

As Half-Wave Rectifier

A-C PLaTE VoLTAGE (RMS)

Without Series Resistor.................c.cc.vnn. 125 max. Volts

With Series Resistor®. ...... e e 250 max. Voits
PeAx PLATE CURRENT:

Without Panel Lamp and No Plate-to-Heater Tap

Connection .........coviiiiiiiiienrieeaaans 600 max. Milliamperes

D-C Output CURRENT:

Without Panel Lamp and No Plate-to-Heater Tap

Connection . .....c.oviiiiviiiiiiiaiiiiiaa 100 max. Milliamperes
With Panel Lamp® and Plate-to-Heater Tap Con-
nection} ........ . i 60 max. Milliamperes

* An #-c input voltngde greater than 125 volts requires the use of a 100-obm (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 power: ifiec
tube recommended especially for urv&
class B amplifier circuits of suitable dulgn
The 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
mdSminavemcal ane. Ph: char-
acteristics of the 46 are shown in Fig. 2-27

OUTLINES SECTION
CHARACTERISTICS
FrLAMERT VOLTAGE (A.C. orD.C) 25 Voits
FrLAMENT CURRENT . ......... tevssvesens erssaneaseanes 175 Amperes

As Push-Pull Class B Amplifier
(Grids No. 1 and No. 2 connected together at socket)
PLATE VOLTAGE. . . .. cutvtiiuarnsoacscasssossscnanvensoogssnns 400 max. Voits
Prax PLATE CURRENT . 200 mex. Milliamperes
AVERAGE PLATE DISSIPATION 10 mas. Watts
TYPICAL OPERATION:

Values are for two lubes

Plate Voltage .. .. . 300 400 Voits
Grid Voltage....... .. 0 0 Volts
Peak A-F Grid-to-Grid 113 116 Volts
Zero-Signal Plate Current ...... 8 12 Milliamperes
Effective Load Resistance (Plate-to- 5200 5800 Ohma

ate) . ..
Mazx.-Signal Power Output (Approx?l tevessenanan 16* 201 Watts

* With average power input of 950 mxlhwatta applied between grids.
t 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 ioivvvnriienunnoersnnnnsessonisnsssennans 250 max. Volts

GRID VOLTAGE. . ... -33 Volts
PLATE CURRBNT. ... 22 Milliamperes
PLATE RESISTANCE ... 2380 Ohmes
AMPLIFICATION FacTOR 5.6

RANSCONDUCTANCE P . 2350 Micromhos
Loap ResisTaNCE (For max. und . 6400 Ohme
UNDI1STORTED PowER OUTPUT 1.25 Watts

. 1+ Approximately twice this value is recommended for load of this tube as driver for class B
stage

POWER AMPLIFIER PENTODE

The 47 is a power-amplifier pentode for
use in the nudlo output stage of a-c receivers.
B e ers of the e siats dispa:

er am o same

tion, the 47 is capable of greater out, tw‘l,tah 47
the additional !eatm of higher amplification.
The base of the 47 fits the standard five-
contact socket which should bs installed to
hold the tule preferably in a vertical ition.

Horizontal operation is issible if pins 1
and 5 are in a vertical plane. F:hmnt op-
on is the same as for Type 46. Physical characteristics of the 47 ar shown in Fig. 2-27
OUTLINES SECTION
CHARACTERISTICS

F1LAMENT VOLTAGE (A.C.or D.C.) .. .eviviivivininiaaannnnes .o 2.5 Voits
FILAMENT CURRERT . . .cvuntrenncoeronsassasssssssnssnceansas Ve 1.76 Amperes
PLATE VOLTAGE. o« o0cvvvrivnnnronnsassncasssasssassnsssanasns 250 max. Voits
SCREEN VOLTAGE. . .ovvvivrvvreeeercnruansnasasaesssssssssnss 250 max. Volts
GRID VOLTAGE® ... . ittt iitiiieeerntrsvnnnonsansnsnes v -16.5 Voits
CATHODE-BIAS RESISTOR .........c.c0uen . 450 Ohma
PLATE CURRENT......... 31 Milllamperes
ScREEN CURRENT . ... 6 Milliamperes
PLATE RESISTANCE . 60000 Ohms
TRANSCONDUCTANCE 2500
LOAD RESISTANCE . .vvvecsonnos . 7000 Ohms
PowEgr OUTPUT (6% total harmonic distortion) ...........cc0vn.. 2.7 Watts

-

¢ If filament is operated on d.c., the grid bias should be ~15.3 volts. The d-c resistance
the grid circuit 'houﬁ not exceed 0.5 megohm with cat.bodc bias, or 50000 okms with fixed bise.
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POWER AMPLIFIER TETRODE ° '

The 48 is a power amplifier tetrode which
has pentode characteristics when operated ’
at the recommended ecreen and plate volt- e )
ages. It ia for use in the audio out?ut stage
48 of receivers designed 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. Phéslcal 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

HEBATER VOLTAGE (D.C.)............
HEATER CURRENT. .

PLATE VOLTAGE. . ..
ScREEN VoOLTAGE (Grid No. 2)

GRID VOLTAGE (Grid No. 1)t . . . .

CATHODE-BIAS RESISTOR . ...............ccouvuin. ..., 310 310 Ohms

PLATE CURRENT. ...ttt et ettt iie e eannnns 52 56 Milliamperes
SCREEN CURRENT ... ovitinerien e innnnrnnnas 9 9. Milliamperes
PLATE RESISTANCE ....... ... ... 0o viiiiiiinannn.... Subject to considerable variation
TRANSCONDUCTANCE & ..\ vtttoneeanianennnnnnnnss 3800 3900 Micromhos
LoAD RESISTANCE ............... e 1500 1500 Ohms
POWER OUTPUT* .. ... .. iiiieiiniinneenrnineneennns 2 2.5 Watts

1 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

FILAMENT VOLTAGE (D.C.) . ....uuniiiniiiiennnnnnnnnnasn e 2.0 Volts
FILAMENT CURRENT . ..ttt iiiinunnsesonanasonnnnesscennnnnnn 0.12 Ampere

As Class B Power Amplifier
Grids No. 1 and No. 2 connected logelher ct sockel
PLATE VOLTAGE . . . vvvviins e iiniiescnneniesonnioceeannnaeann 180 max. Volte
PEAK PLATE CURRENT PER TUBE . ....0vvrnrrnennnnneennannennns 50 max. Milliamperes
TyYPICAL OPERATION:

Plate Voltage ............oiiiiiiinierenuennneiannnns 135 180 Volts

Grid Voltage. . .o..opiveeriternaaens cevinanrannnnsns 0 0 Volts ,

Peak A-F Grid-to-Grid Voltage ... ................... 70 70 Volts
Zero-Signal Plate Current .. ,........cco0iviineninnnn. 2.6 4 Milliamperes
Effective Load Resistance (Plate-to-plate). ... ......... 8000 12000 Ohms

Power Output (ApPProxX.) ... ...u.uiiinnnnnnnnnnnnnn 2.3 35 Watts -

As Driver — Class A; Amplifier
Grid No. 2 connecied lo plate at socket

PLATE VOLTAGE . o« vttt iieeneietriietteanneosnnsnnernnnenessn 135 max. Volts
TYPICAL OPERATION:
Plate Voltage . ... oiiiirnereieriieeetrvrnseseannnannnnnnnsns 135 Volts
Grid Voltage. ... ...coviiiiil e iiniiriiireerrannerannnes -20 Volts .
Plate CUITent. . . coiivuiiit it ittt eenenes, 6.0 Milliamperes
Plate Resistance. . ..oovvitetiuiiiinrnreriienenennennannas, 4175 Ohms
Amplification Factor. .......o.oivtviieiniienns viveiiinneann. 4.7 .
Transconductance ....... ... ..ottt 1125 Micromhoa
Load Resistance..... et ettt et et i ese s . 11000* Ohms
Power Output (APPTOX.) ¢ .o\ivtiiiriinnereennneeraroesssanns 0.170 Watt

B u‘Approximate.ly twice this vawue is recommended for load of this tube as driver for class
stage.
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P G
@) (» POWER AMPLIFIER TRIODE

The 50 is a power-amplifier triode designed
for use primarily in the output stage of an

audio-frequency amplifier employing trans-
* former coupling. It is capable o¥ deliverin 50
° o large undistorted power. The base of the
F 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 coupling may be used provided
the resistance added to the grid circuit by this device does not exceed 100%0 ohms.,
CHARACTERISTICS
FI1LAMENT VOLTAGE (A.C. or D.C.) 7.5 Volts
FILAMENT CURRENT . 1.256 Amperes
PLATE VOLTAGE. 450 max. Volts
GRID VOLTAGE® . -84 Volts
CATHODE RESISTOR 1530 Ohms
PLATE CURRENT..... .. 45 55 Milliamperes
PLATE RESISTANCE ..............c00uvnnnn 1800 Ohms
AMPLIFICATION FACTOR . . ................. X X 3.8
TRANSCONDUCTANCE ... o.vvvivnonnnnnrann. 2000 2100 2100 Micromhos
LOAD RESISTANCE ... ...ovvvvrirnunennnns 4100 3670 4350 Ohms
UNDISTORTED POWER OUTPUT. ............. 2.4 34 4.6 Watts

* Measured from mid-point of a-c operated filament.

’ BEAM POWER AMPLIFIER

Q/ The 50L6-GT is a power amplifier
of the heater-cathode type designed
for use in the output stage of a-c/d-c 5OL6-GT
MO, \.‘_,/ ON receivers. Except for its heater rating
OMO, of 50 volts and 0.15 ampere, the
NSRE— Bee S0L6-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
combinin¥ in one bulb two high-mu triodes
designed for class B operation. It is intended 53
prima{eilz for use in the output stage of a-¢
opera receivers. Except for the heater
rating of 2.5 volts and 2.0 axggeres, 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 an¥= position. Physical characteristica of the
53 are shown in Fig. 2-25, OUTLINES SECTION. For heater operation and cathode conne¢-
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
ulb. It is recornmended 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 2AS5.
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DETECTOR AMPLIFIER TRIODE

The 56 is a three-electrode tube of the
heater-cathode o:gle for use as a detector,
amplifier, or ator in co-operated re-

56 ceivers. Except for its heater rating 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.

Hearer VoLTaGE (A.C.0r D.C))...... eteriaterir e sbaans 2.5 Voits
HuatEr CURRENT. ......... .. 1.0 Ampere
GRID-PLATE CAPACITANCE (Appro 3.2 ™y
GRID-CATHODE CAPACITANCE (ApPprox.) eeeenaens 3.2 unf
PLATE-CATHODE CAPACITANCE (ADPIox.)............ erieeseaaes 2.2 ™

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 ite heater ratmg

and capacitances which are given below, the 5

has electrical characteristics identical with

those of Type 6J7. Physical characteristics

of the 67 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 2A5.
For screen voltage and shielding requirements, see Type 6C6.

HEATER VOLTAGE (A.C.0rD.C.) oo vvurenrrcvnnnnnrnsnonnnencnss 2.5 Volts
TER CURRBNT, .. ... TS 1.0 Ampere
PENTODE CONNECTION:
Grid-Plate Capacitance (With shield<¢an) ..................... 0.007 max. ppf
Input Capacitance........... e 5
Output Capacitance . ............vuiuirevinrninrennerannozans 6.5 - puf
TRIODE CONNECTION:
Grid-Plate Capacitance . . .. 2 frmy
Grid-Cathode Capacitance. . 10 g ::;

Plate-Cathode Capacitance ... ... ... . .. 0 0000000000000

TRIPLE-GRID SUPER-CONTROL
AMPLIFIER

The 58 is a triple-grid super-control ampli-

fier tube nwmmenﬂd especially for service

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

itas heater rating and capacitances which are

given below, the 58 electrical character- 6F

., e istics_identical with thoee of T 6U7-G.

Physical characteristics of the 58 are shown in Fig. 2-20, TLINES 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.)....otviiiiiiiiiiiiinnneenn,s
HEATER CURRENT. . . ottt ireivreneireinansonernenneenannnes
GRID-PLATE CAPACITANCE (With shieldcan).....................
INPUT CAPACITANCE . .0vovviiene i cveeinnninn.s e ieeieaes

TRIPLE-GRID POWER AMPLIFIER

The 59 is a trtiBle-m'id power-amplifier tube-
of the heater-cathode type for use in the out-
59 put s of ac operated receivers. The
triple-grid construction of this tube, with
external connections for each grid, makes
possibie its application as (1) a class A power
amplifier triode, (2) a class A power-output
aeig:.’:de. and (3) a class B ‘power output
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CHARACTERISTICS
HEATER VOLTAGE (A.C.or D.C) . .....ivviiieninnnnnnenn, venaes 2.5 Volits
HEATER CURRENT. .. c0ivtvinieretnetocrosesosssncnsnnnsscasses 20 Amperes
As Class A, Power Amplifier
Triode Pentods
Connecison®  Connection™
PLATE VOLTAGE. . ... fessansen [ Cerrieesesaens 250 max. 250 max. Volts
ScrEEN VOLTAGE (Grid No.2)................ ves - 250 max. Voits
GRID VOLTAGE (Grid No. 1) .....vccvivvavineanenen -28 -18 Volts
CATHODE RESISTOR. . . c.cvvvvvvnvroceconcosnss vees 1080 410 Ohms
PLATE CURRENT.....o0c0o0vnune tetbeseecnsnanaa e 26 35 Milliamperes
SCREEN CUBRENT .........000n amesenns rereraene —_ 9 iamperes
AMPLIFICATION FACTOR ... ciivivinraneninnnnnnnns 6 —
PLATE RESISTANCE . . 2300 40000 Ohms
TRARSCONDUCTANCE 2600 2500 Micromhos
LoAD RESISTANCE 5000° 6000 Ohme
POWBR OUTPUT ... covvvvrrrnenncnsnsnscses 1.25 3t Watts
As Class B Power Amplifier — Triode Connection
Grids No. 1 and No. 2 tied logether; grid No. 3 tied to plate
PLATE VOLTAGE. .. .uvtininararannenerontariasesosesassonsones 400 maz. Volts
PEAK PLATE CURRENT .. iivvirvicniniinasscasrnsncoscsassoas 200 max. Milliamperes
AVERAGE PLATE DISSIPATION . .. ... ioierasseoronnsanssos 10 maex. Watts
AVERAGE GRD DissipaTION (Grids No. 1 and No. 2) ....... cevans 1.5 max. Watts
TYPICAL OPERATION:
Values are for two lubes

Plate Voitage ......... beerereane R 300 400 Volts

Grid Voltage.... . 0 0 Volts

Zero-Si Plate Current . . . Cees ... 20 26 Milliampeses

Effective Load Resistance (Plate-to-plate)............. 4600 6000 Ohms

Power Output (APPIoX.) . .covvrinvernnocnnnnseraacss 15 20 Watts

°® Gride 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.
1 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 Fig.
2-27, OUTLINES SECTION. For heater %peratlon and cathode connection, refer to T{Ee 2AL.
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 -
0*0 which should be installed to hold the tube
F (3 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 rc line through a step-down transformer.

CHARACTERISTICS

FiLAMENT VOLTAGE (A.C.or D.C.)) ............00ue ereanaanes 5.0 Volts
FILAMENT CURRENT .. ..vvvveranecennerennoroooasssnonsonrss 0.25 Ampere
PLATE VOLTAGE. .. covivvvviinnirrnnnnnnns 90 135 180 max. Volts
GRID VOLTAGE® ...eooviiiiiiivencnnnnnnns ~16.5 ~27 -40.5 Volts
CATHODE RESISTOR. . ......oiivuvanniiannn . 1600 1700 2150 Ohms
PLATE CURRENT...ovvvvvcnnranns [ 10 17.3 20 Milliamperes
PLATE RESISTANCE . .....oovvieiiennennnen 2170 1820 1750 Ohms
AMPLIFICATION FACTOR . . . ....cvvinuuannnn 3 3 3

SCONDUCTANCE . ........... 1400 1650 1700 Micromhos
LOAD RESISTANCE ... ........... 3000 3000 4800 ms
UNpisTorTED 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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M A

NUAL

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-

teristica of the 75 are the same as those of

sze 6SQ7. Physical characteristics of the 75 are shown in Fig. 2-16, OUTLINES SECTION
e hase of the 75 fits the standard six-contact socket which may be ‘instailed to hold the tube
in any position. _{_)eratm conditions for the triode unit as a remstance -coupled amplifier are

given in the RESIS -COUPLED AMPLIFIER CHART

Triode: Gnm PLATE CAPACITANCE (Approx.) .
GRID-CATHODE CAPACITANCE (A xprox 3.
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 oscillator. 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 hald the tube in any position.
Physical characteristics of the 76 are shown
in Fig. 2-19, OUTLINES SECTION.

GRID-PLATE CAPACI‘I‘ANCB (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-
ing a large audio-frequency output voltage
with_relatively small input voltage. Other
applications of the 77 include its use as a low-
signal-input screen-fnd amplifier tube and
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
ition. Physical characteristics of the 77 are shown in Fig. 2-16, OUTLINES SECTION. For
eater operation and cathode connectlon, 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
HEATER CURRENT ........ 0.3 Ampere
GrmD-PLATE CAPACITANCE ( 0.007 max. puf
INPUT CAPACITANCE . . . 4.7 uuf
OUTPUT CAPACITANCE. 11 uuf
PLATE VOLTAGE . . v ivrtineireinnnnanernsononosanssnnennnnn 300 max. Volits
ScREEN VOLTAGE (Grid No. 2). ... ... ..., 100 maz. Volts
SCREEN SUPPLY VOLTAGE . ..t tvuvnreeninnaneseanrnnerannnns 300 maz. Volta
GRID VOLTAGE (Grid No. 1) .. .....oiiininiiiinninnean e, 0 min. Volts
PLATE DISSIPATION. . ot iivtiineaiunereinuneroninanreinnssnns 0.75 max. Watt
SCREEN DISSIPATION. ¢ i ivvtiierininiinnineininnrennnaneanas 0.1 max. Watt
TyPICAL OPERATION;
Plate Voltage .........ooiviiiiiinrnncnenrnenen. 100 250 Volts
Screen Voltage. . 60 100 Volts
Grid Voltage ~1.5 -3 Volts
Suppressor Connected to cathode at socket
Plate Curren: 7 2.3 Milliamperes
Screen Current. . ...... 0.4 0.5 Milliamperes
Plate Resistance (Appro: 9.6 ¥ Megohm
Transconductance . .... 1100 I%Og %xluomhoo
-7.! ts

Grid Voltage (Approx.) for cathode-current cut-off. ...
The d-c resistance in the grid circuit should not exceed 1.0 megohm.
Greater than 1.0 megohm.
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AVERAGE PLATE CHARACTERISTICS

TYPE 77
E¢=6,3 VOLTS
o SCREEN vouTs=i00 . rip {voLTs] €50
SUPPRESSOR VOLTS 70
——‘_-—_—
'/
L]
g -
ye /
3 L~
<
3. A //
3 -3
: // ////_
lf
2 e
g—
pd -4
i =S
1.5 240 320 366 T80 0
PLATE VOLTS 92C-527%9
° 3 TRIPLE-GRID SUPER-CONTROL
, S AMPLIFIER
The 78 is a triple-grid super-control ampli-
r@ (DK fier tube recommended for service in the
radio-frequency and intermediate-frequency 78
‘ amplifier sta of radio receivers. The
° o internal shield around the plate of the 78 is
connected to the cathode within the tube.
H H Except for capacitances which are shown
6F below, the electrical characteristics of the 78

are the same as 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 operation and cathode connection are the same as for the Type 6A8. Control-grid bias
variation, screen-voltage supply, and suppressor connection follow the methods given under
Type 6SK7. Shielding requirements are similar to those of Type 6C6.

GRID-PLATE CAPACITANCE®. . . ......oiuenvans Cheraeerranraes .. 0.007 max. uuf
INPUT CAPACITANCE® ........... e i, 4.5 paf
OUTPUT CAPACITANCE®. ......... e ere ettt ) 11 puf

* 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 8o that circuits employing the 79 are
. . similar to those of class B amplifiers utilizing R
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 poeition. Physical characteristics of the 79
are shown in Fig. 2-16, OUTLINES SECTION. For heater operation and catbode connection,
refer to Type 6A8, but give consideration to the greater heater current of the 79.

CHARACTERISTICS
HEATER VOLTAGE (A.C.or D.C.). . ... ..iciviriniincnnnnen.n. 6.3 Volts
HEATER CURRENT. . . ...vcvntnniinnnasns e eiaa e 0.6 Ampere
As Class B Power Amplifier
PLATE VOLTAGE. ........... S, et e 250 max. Volts
PEAK PLATE CURRENT PER PLATE. ...................... e 90 max. Milliamperes
AVERAGE PLATE DISSIPATION .. .. ..o iiiiniiniiiriniierenen. 11.5 max. Watts
TyricAL OPERATION:
Values are for the lwo unils
Plate Voltage ............. Cereaearerans 180 250 Volts
Grid Voltage. ..............co0ivvnnns 0 [} Volts
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Zero-Signal Plate Current ., . ......ccoovvveenennnns .. 7.6 10.6 Milliamperes
Effective Load Resistance (Plate-to-plate)..... PR 7000 14000 Ohms
Power Output (Approx.)® ............. seesareansas 55 8 Watts

* With average power input of 380 milliwatts applied between grids.

FULL-WAVE HIGH-VACUUM
RECTIFIER

80 The 80 is a full-wave rectifying tube

- of the filament type for use in d<

g%wer-supply devices which operate

m the a-c supply line. Itsa maximum

ratings and typical operating condi-

tions are the same as those for Type 5Y3-G. The base of the 80 fits the standard
four-pin 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 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.

ac

HALF-WAVE HIGH-VACUUM ° ne
RECTIFIER © 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 position. Horizonta! opera-
. tion is permissible if pins 1 and 4 are in a
vertical plane. Physical characteristics of the 81 are shown in Fig. 2-29, OUTLINES SECTION.

48

CHARACTERISTICS
FILAMENT VoLTAGE (A.C.) 7.5 Volts
FAMENT CURRENT . ........c000uuvnnnn 1.25 Amperes
As Half-Wave Rectifler
PRAK INVERSE VOLTAGE ... ...cotvvnrinernnnnerraonssscenenen 2000 max. Volts
PEAK PLATE CURBENT ... vvvernunnnsvoncoscnansnsossnnnaes 500 max. Milliamperes
Tyrical. OPERATION WITH CONDENSER-INPUT FILTER:
A-C Plate Voltage (RMS). ... ..cciviiniinnrnereeesinninnes 700 max. Voits
D-COutput Current. .. .......cooemnuvrenerecceearoenconnns 85 max. Milliamperes
OPERATION CHARACTERISTICS OPERATION CHARACTERISTICS
CONDENSER INPUT TO FILTER [CHOKE |Im=ulv mI FILTER
TYPE 8! v TveE 81
[-£¢=7.5 voLTS ALC. [-E £=7.5 VOLTS A.C.
x = FULL WAVE FULL WAVE
= 1000} = == HALF WAVE €
__J [}
g 700! ! 2
o <
™. \&s s a0
- 650 MS e, e
g e e -
'~ 2
- 6, = ™ - \N~N \\ a
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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 .
4ac constant tube voltage drop for any current
drain up to the full emission of the filament.

Y CHARACTERISTICS
. Tygl 82 Type83  °*
FILAMENT VOLTAGE (A.C.) ... ...oviiviinininanannns .5 5 Volts
FILAMENT CURRENT . .o0viiiinnieeanannnncenarns 3 3 Amperes

4

As Full-Wave Rectifiers
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) .............u00 450 max. 450 max. Volts

Total Effective Plate-Supply Impedance per Platet. .. 50 min. 50 min. Ohms

D-COutput Current. ......oo00eenen.s. Ceeiiiaeas 115 max. 225 max. Milliamperes
TyricaL OpERATION WITR CHOKE-INPUT FILTER:

A-C Plate Voitage per Plate (RMS) ................ 550 max. 550 maz. Volts

Input-Choke Inductance .......................... 6 min. 3 min. Henries

D-COutput Current. ................ciiivinernnn. 115 max. 225 max. Milliamperes
TUBE VOLTAGE DROP (APDProx.). ....c.cvvvevevnnnnnns 15 15 Volte

$ When a filter-input condenser larger than 40 uf is used, it may be necessary to use more
pl:etg-su ply impedance than the minimum value shown to limit the peak plate current to the
ral ue.

INSTALLATION and APPLICATION

The base of elther 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 good
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 B
and 83, especially if shielding is used. Physical characteristics of the 82 and 83 are shown in
Fige. 2-25 and 2-27, respectively, in the QUTLINES SECTION.

The 82 and 83 have very low internal resistance. Therefore, current delivered by either type
depends on the resistance of the load and the regulation of the power transformer. Sufficient
protective resistance or reactance must always be used with these types to limit the current to
the recommended maximum values. If these values are exceeded, the tube voltage drop will
increage rapidly and the filaments may be damaged permanently.

The coated 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 q{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
filament winding.

Full plate Joad should not be applied to the 82 or 83 until their filaments have reached normal
oﬁmtm.z 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 .

Shielding of this tube, particularly in sensitive receivers, may be necessary to eliminate
objectionable noise. Refer to Filters in the RADIO TUBE APPLICATIONS scction. A fuse
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. It fs recommended that the entire equipment be disconnected from
the a-c power supply wheneser the 82 and 83 are removed from or installed sn their sockets.

As half-wave rectifiers, the 82 and 83 may be operated with plates connected in parallel
Two 82's or 83's 80 connected in a full-wave circuit can supply twice the output current of a single
tube. Both plates within the same tube should be connected to the same terminal of the plate
transformer. To equalize the current distribution between plates, a resistor of not lese than 50
ohma should be connected in seriee with each plate.
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Pp2 PDy

FULL-WAVE HIGH-VACUUM @
RECTIFIER

8 3 -V The 83-v is 3 full-wave rectifier tube A

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,
%Ugl‘;‘ltl\éES SECTION. Heater operation and ventilation are the same as for

e -G.

PDy

FULL-WAVE HIGH-VACUUM ©.
RECTIFIER
P [3
84/ 674 The 84/6Z4 is a full-wave rectifier = A A ©
of the heater~cathode type intended
for supplying rectified power to auto- OO
mobile-radio equipment designed for h H
its characteristics. 50
% CHARACTERISTICS
HeateEr 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
PEAR PLATE CURRENT PER PLATE . ................ 180 max. Milliamperes
D-C HEATER-CATHODE POTENTIAL . .......... Ceenan 450 max. Volta
TypicAL OPERATION wiTH CONDENSER-INPUT FILTRR:
A-C Plate Voltage per Plate (RMS)...,.......... 325 mgx, Volts
Total Effective Plate-Supply Impedance per Plate?. 125 min. Ohms
DCOutputCurrent............ccoviinnnnn... 60 max. Milliamperes
TyrICAL 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 60 mgx. 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 TPEBA gz voLis
The base of the 84/6Z4 fits the standard five- & |—coBinSROINRT To Fite:
contact socket which may be mounted to hold the &% 3: A EDANCE, PER GLAT =
. e . P z [ 65 OHMS
ST R A v L R S S D
SECTION. The heater is designed so that the 5 s iy
normal voltage variation of 6-volt automobile bat- z oy gk el 5
teries during charge and discharge will not materially ¢ 300l =%~ -
affect the performance or serviceability of this tube. = Rl
Under no condition of operation should the narmal § - P S
operating heater valtage fluctuate to exceed a . 209 Q:“P- =ge
maximum of 7.5 volts. Adequate ventilation should 2 B s e S
be provided for cooling the tube by the use of 3 B N A
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 )] :
DUPLEX-DIODE TRIODE

GCL—(® .
" y is a he thod: { tube
The 85 a heater-ca e type of tu
e (5% consisting of two diodes and a triode in a 8 5
single bulb for use as a combined detector,
‘
[Oxe0

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 (A.C.or D.C.). . .ovivniieiieniiiaannnn. .. 6.3 Voits
HEATER CURRENT. .. ...ocivvvnnneennnnns . 03 Ampere
Triode: GRID-PLATE CAPACITANCE (Approx.) 1.5 nuf
GRID-CATHODE CAPACITANCE (Approx.). . . 1.5 unf
PLATE-CATHODE CAPACITANCE (Approx.).............. 4.3 uuf
Triode Unit — As Class A; Amplifier
PLATE VOLTAGE. .. .......covinnnnnnnnnnnn 135 180 250 max. Volts
GRID VOLTAGE . ... .....ovurinannnnnnnn.. -10.5 -13.5 -20 Volts
AMPLIPICATION FACTOR .. ................. 8.3 8.3 8.3
PLATE RESISTANCE . ...........o0vinvnon.. 11000 8500 7500 Ohme
TRANSCONDUCTANCE .. .........ovvennen... 750 975 1100 Micromhoe
PLATE CURRENT.............c0onvvnnnnnn.. 3.7 6.0 8.0 Milliamperes
LOAD RESISTANCE . ...........coouvnn..n, 25000 20000 Ohms
Power OUTPUT .......................... 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 APPLCATION

The base of the 85 fits the standard six-contact socket which may be instalied to hold the
tube in any ition. Physical characteristics of the 85 are shown in Fig. 2-16, OUTLINES
SECTION. or heater operation and cathode connection. refer to Type 6A8. Complete shield-
ing of detector circuits employing the 85 is generally necessary to prevent r-f or i-f coupling between
the diode circuits and the circuits of other stages. Diode biasing of the triode unit may be em-
ployed only when at least 20000 ohms resistance is used in the plate circuit. Conditions for the
use of the triode unit as a resistance-coupled amplifier are given in the RESISTANCE-COUPLED
AMPLIFIER CHART.

G2 G3
G —@ o TRIPLE-GRID POWER AMPLIFIER
’ % The 89 is a triple-grid power amplifier tube
f ) o of the heater-cathode 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 possible its application as (1) a class A power-
" " amplifier triode, (2) a class A power-output
pentode, and (3) @ class B power-output
6F triode.
CHARACTERISTICS
HeaTER VOLTAGE (A.C.orDC).....evvvnnn... e et reenaen 6.3 Voits
HEATER CURRENT. . . . tcvtreenennennnnerenenenensasnnrennees 04 Ampere
Class Ay Power Amplifier — Triode Connection
PLATE VOLTAGE. ............. 60 80 250 max. Volts
GRIp VoLTAGE (Grid No. 1) . -31 Volte
CATHODE RESISTOR. ....... 970 Ohms
PLATE CURRENT...............c0..... o 32 Milliamperes
AMPLIFICATION FACTOR .. ................. . . 4.7
PLATE RESISTANCE .................c.v.... 3300 3000 2600 Ohms
TRANSCONDUCTANCE ... ..........cvnun... 1800 Micromhos
LOAD RESISTANCE® .. ..................... 7000 6500 5500 Ohms
UnpisTORTED POWER OUTPUT. ............. 0.3 04 0.9 Watt

. *Optimum for maximum undistorted power output. Apﬂroximately twice the value for any
given set of conditions is recommended for load of this tube when used as driver for class B stage.

Class A; Power Amplifier — Pentode Connection

Grid No. 3 tied to cathode
PLATE VOLTAGE. . .. ...ccvuvnuns 100 135 180 250 max. Volts
ScREEN VoLTAGE (Grid No. 2) ... 100 136 180 250 max. Volts

— 191 —



RCA -RECEIVING TUBE MANUAL

GrIp VOLTAGE (Grid No. 1) ..... -10 -13.5 -18 -25 Volts
CATHODE RESISTOR. . ......co... 900 830 785 670 Ohms

PLATRE CURRENT.........0o00ecen 9.5 14 20 32 Milliamperes
SCREEN CURRENT .........cu..0 1.6 2.2 3.0 5.5 Milliamperes
PLATE RESISTANCE ............. 104000 92500 80000 70000 Ohme
TRANSCONDUCTANCE .....onvnnn. 1200 1350 1550 1800 Micromhos
LOAD RESISTANCE .............. 10700 9200 8000 6750 Ohms
POwWER OUTPUT* .. ........vvnu. 0.33 0.75 1.5 3.4 Watts

*99%, total harmonic distortion.

Class B Power Amplifier — Triode Connection
Grids No. 1 and No. 2 tied together; grid No. 3 tied to plate

PLATB VOLTAGE. .. .t cocnviveanereerrsonsaonsnnsosnnacennans 250 max. Volts
PEAK PLATE CURRENT (Pertube) . .........0couvivinunnnnnnen 90 max, Milliampere
AvVERAGE GRID DISSIPATION (Gride No. 1 and No. 2) ........... 0.35 max. Watt

TyPICAL OPERATION:
Values are for two tubes

Plate Voltage ..........ciiiuriiiieiiiinninnencnss vesen 180 Volta

Grid Voltage. .....ooivueeieriiineernsnssesnensocennonnnns 0 Volts
Peak-A-F Grid-to-Grid Voltage ... .........ccoiiuienniinne 68 Volts
Zero-Signal Plate Current ... .......ccoviiernieanenanancess 6 Milliamperes
Effective Load Resistance (Plate-to-plate).........ic.e0uuunn 9400 Ohms

‘Total Harmonic Distortion ..........cocvviiiiiiiinieennees 8 Per cent
Power Output (APPIOX.) . ...cvcuiiroesreennirorosesnnseans 3.5 Watts

INSTALLATION AND APPLICATION

The base of the 89 fita 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.

1
DETECTOR AMPLIFIER TRIODES A O

The V99 and X99 are general-purpose F (4
triodes designed for dry-cell operation, and
v99 used chiefly for renewal in receivers designed 4D
for them. The two types have different bases.
Opemtinsoconditions as amplifiers: max, plate Type X99
volta 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 auf, BP
and grid return to (+) filament; as biased +
x99 detectors, max. plate volts of 90, bias of ~10.5 @)
volte. Filament volts, 3.0-3.3; amperes, 0.060-
X 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

P
The 112-A is a general-purpose triode de- o
signed for storage batteri/ operation and © ©
used principally for renewal purposes. Oper-
ating conditions as amplifier; max. plate
]]2 A volts of 18(%. lgor(li%O bia}: of -13.5 volts, lom}
- resistance of ohms, power output o
0.285 watt; as biased detector, plate volts of 0*
180, bias of -21 approx. volts. Filament F
volts, 5; amperes, 0.25. For dimensions, see
Fig. 2-25, OUTLINES SECTION. The 112-A 4D
ia 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.).......civevniiniiinninenns 125 min. Volts
OPBRATING VOLTAGE (D.C.) ... ...iiiiinerinnniinnnnnse, ves 920 Volts
OrerATING CURRENT (D.C.). . 10 to 50 Milliamperes
CoNTINUOUS CURRENT (D.C).viniiiiitiiiiiinininninnen . 50 maz. Milliamperes
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
VOLTAGE RANGE . . ......iiiiiiiervannennnnans 40 to 60 40 to 60 Volts
OPBRATING CURRENT . .. . 1.7 2.05 Amperes
AMBIENT TEMPERATURE. .. 150 150 °F
MAXIMUM OVERALL LENGTH. . ...ounviunnnnnns 8 8 * Inches
MAXIMUM DIAMETER ... .coviivrnnerennseens. 2~ g 2- ‘;c Inches
2 7 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® .. ........ccivvnnennn. 0.02 max. upuf
INPUT CAPACITANCE® . . ... iiiiiniiiiernnnnnnnnans 115 puf
OUTPUT CAPACITANCE® . ... tiiieieeiirnnnnnannn - 52 uuf

® With shell connected to cathode.
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LAVA+MICATIN-SODIUM CARBONATE - MO N E L* SILVEROXIDE
SODIUM ALUMINUM FLUORIDE - RESIN (SYNTHETIC) - ETHYL 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
BORA X Diameters Diameter SHELLAC
e 4t ———
BARIUM o0 meh 81008 inch TUNGSTEN
COPPER TITANIUM
CARBON CATHODE - SLEEVE CATHODE COATING StLICA
PPN WALL - o
— . Weight variation
CHROMIUM Approximately loss than GLASS
CALCIUM 0.002 inch thick 0.00007 oz. MAGNESIA
CAESIUM | -\ 4 PLATINUM
COBALT AIR PRESSURE GRID WIRE STRONTIUM
—_— 1/100,000,000 that 3 Diameter does —
SODIUM of atmospheric pres- i ! not vary more than MAGNESIUM
sure at sea level 0.00009 inch —_—
NITRATE ROSIN
MERCURY BULB HEATER WIRE NICKEL
CALCIUM nspected under Diameter does COBALT
OX!IDE polarized light not vary more than OXIDE
———— for strains 0.00002 inch pu—
BARIUM THORIUM
NITRATE

NITRATE

Gases Used in eAlanufacture

NEON — HYDROGEN — CARBON DIOXIDE — ILLUMINATING GAS
HELIUM — ARGON — NATURAL GAS — NITROGEN — OXYGEN

Elements Entering into the eMManufacture

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 electri
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 bigh 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 tgrwter 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-
istic. Consequentlr, 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 high-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
oi)erating worth than are others. The cost of bu:lding 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 emisslon test is perhaps the simplest method of indicating a tube’s condi-
tion. (Refer to DIODES, Page 5, for a discussion of electronic emission(.f . Since
- emission falls off as the tube wears out, low emission is indicative of tbe 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 ue:

— 195 —



RCA RECEIVING TUBE MANUAL

Fig. 66 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 5o 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
ot 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
Dcunmne OrKAETER
A %
lN'&T 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 input-signal 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 voltase 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:

: es)d P i
Power output (watts) = (d-c current in p )3 % load resi in ol?ml

0.405

L Biucren

VWW/
vy vv—I
b ] |||||||-—v_l’

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 is a.c operated, a line-voltage
control will permit of supplying proper electrode voltages. ' ;

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.t) Rd = Screen Resistor (Megohms)
Cda = Screen By-Pass Condenser (s 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 65Q7 and 6B8, respectively.
6A6%, 6B6-G, 6B7: See 6N7, 6SQ7, and 6B8, respectively.
6B8, 6B8-G, 12C8, 6B7, 2B7:

Ebbt 90 180 ! 300

Ru 01 j025] 05 0.1 0.25 0.5 0.1 1035 | 05
Rg? 1025 | 05 1 0.25 0.25 0.5 1 1 025 | 05 1
Rd 0.5 11 28 0.5 118 1.2 15 28 | 055 | 12 29

Re 2200 | 3500 | 6000 | 1200 1900 21.&) 2200 3500 | 1100 | 1600 | 2500
Cd 0.07 | 0.04 | 0.04 | 0.08 0.05 0.06 0.05 004 | 009 | 0.06 | 0.05

Ce 3 21 155 | 4.4 27 3.2 3 2 6 35 23
C 0.01 | 0.007 | 0.003 | 0.015 001 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

6C5, 6C5-G, (6C6, 6J7, 6J7-G, 6J7-GT, 6W7-G, 12J7-GT, 57 as triodes):

Ebb? 90 180 300

Ru 005 01 | 025 | 0.05 - 01 025 | 005 | 01 | 025
Rg? 01 | 025} 056 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 17 1.25 1.2 055 | 23 1.3 ] 059
C 0.025 | 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
VGel 9 11 12 11 12 12 13 13 i1 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 | 05 0.1 0.25 0.5 0.1 |025 ] 05
Rg® 025 | 05 1 025 | 025 0.5 1 1 025 | 05 1
Re 3700 | 7870 | 15000 | 3080 5170 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 0012 0.007 0.0035 |0.004 |0.013 |0.0065/ 0.004
Eo!? 17 19 20 40 35 45 50 “ 73 80 83
V.Gl 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, 6J5, 6J5-G, 6J5-GT, 12J5-GT:

Ebk? 90 180 300
RL |005] 01 | 025/} 005 | 0.1 025 |005] 01 | 025
Rg? | 01 {025 ] 05 { 0.1 0.1 0.25 05 05 | 01 jo25] o8
Rc | 2070 { 3940 | 9760 | 1490 | 2330 2830 3230 | 7000 | 1270 | 2440 | 5770
Ce 266 | 1.29 | 0.55 | 286 2.19 135 115 0.62 | 296 | 142 | 0.64
C 0.029 | 0.012 | 0.007 |0.032 | 0.038 0012 0.006 |0.007 ]0.034 |0.0125/0.0075
Eo? 14 17 18 | 30 26 34 38 3 | 51 56 | 57
v.G4| 12 13 13 13 14 14 14 14 14 14 14
635, 6J5-G, 6J5-GT : See 6F8-G.
617, 6J7-G, 6J7-GT, 6W7-G, 12J7-GT, 6C6, 57: As trlod&. see 6C5:
Ebb? 90 180 300
RL 0.1 jo025]| 05 | 01 0.25 05 | 01 026 05
Rg? [ 025]| 05 1 |o0325 0.25 05 1 1 [o2s] o5 1
Rd | 044 {1.18) 26 [ 05 11 1.18 1.4 29 | o5 {118 29
Re 1100 | 2600 | 5500 | 750 1200 1600 2000 | 3100 | 450 | 1200 | 2200
cd 005 | 0.03 | 0.05 | 0.05 004 004 004 [0025]0.07 (004|004
Ce 53 | 3.2 2 6.7 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
vGe| 55 | 85 | 120 | 69 93 118 140 165 | 82 | 140 { 350
6L5-G:
Ebb! 180 300
RL | 005] 01 |025 (005 0.1 025|005} 01 | 025
Rg? | 01 [025] 05 | 0.1 0.1 0.25 0.5 05 | 0.1 025 05
Rc | 2500 | 4620 {10300 | 2240 3180 4200 4790 | 9290 | 2160 | 4140 { 9100
Ce 186 | 108 | 0.49 | 22 1.46 11 1 054 | 218 | 1.1 | 0.46
c 0.03 | 0.015 {0.0085| 0.03 0.03 00145 0.009 | 0.009}0.032] 0.014 |0 0075
Eo? 18 | 22 | 22 41 36 46 50 46 | 68 7 | 80
v.Ggel 10| 12¢] 12¢ | 11¢ 12¢ 12¢ 12¢ 12¢ | 12¢] 130 | 13¢
6N71, 6N7-G 1, 6A6, 53:
Ebb! 90 _ 180 300
RL 0.1 | 025 ' 05 | 01 0.28 05 | 01 | 025} 05
Rg? | 025 | 05 1 |o2s 0.25 05 1 1 lo2s| o5 1
Re* | 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 54 | 83 | 87 | 94
vGAl 19 | 22 | 23 | 21 23 24 24 25 | 22 | 24 | 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! _ 180 300
RL 0.25 0.1 0.25 | 0.05 0.1 0.25 | 0.05 0.1 0.26
Rg?) |01 jo025] 05 | 01 0.1 025 05 05 | 01 025 05
Rec | 3200 | 6500 15100 3000 | 4500 6500 7600 {14700 | 3100 | 6400 | 15200
Ce 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 56 57 69 | 80 | 95 | 9
V.Gl 7.7 8.9 9.7 8.2 93 95 9.8 10 8.9 10 10
6Q7, 6Q7-G, 6Q7-GT, 12Q7-GT: p
Ebbt % 180 300
RL 0.1 0.25 0.5 0.1 0.25 0.5 0.1 0.25 0.8
Rg* 0.25 0.5 1 0.25 0.26 0.5 1 1 0.25 0.5 1
Rec | 4200 | 7600 |12300{ 1900 | 3400 4000 4500 | 7100 | 1500 | 3000 | 5500
Ce 1.7 1.2 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 0.01 0 006 0.003 0.003 | 0.015| 0.007 | 0.004
Eo? 8 11 13 26 25 31 37 36 52 60
vGcsl 28b| 32 | 33 | 33 36 38 40 4 | 39 | 45 | 46
6R7, 6R7-G:
Ebbt 90 180 300
RL 0.05 0.1 0.25 | 0.058 0.1 0.25 | 0.05 0.1 0.25
Rg? 0.1 0.25 0.5 0.1 0.1 0.25 0.5 0.5 0.1 0.25 0.5
Rc | 2600 | 4400 | 9800 { 2100 | 3000 4100 4600 | 8300 | 2000 | 3800 | 8400
Ce 1.7 0.9 0.42 1.9 1.3 0.9 0.8 0.4 2 1.1 0.6
C 0.03 | 0.01 | 0.007]| 0.03 0.03 0.01 0.006 ]0.006 | 0.03 | 0.016] 0.007
Eo? 18 19 18 40 35 43 46 40 62 68 62
V.G.* 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 0.25 . 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 3.6 067 |} 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 | 195 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 7 66 66
V.G41 47¢ 66¢ 84°¢ 66¢ 79¢ 104¢€ 118¢ 134¢ 78¢ | 122¢| 162¢

For notes, see page 203,
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6SC7%, 128C7¢:
Ebb* 90 180 300
»
Ru 01 1025 05 | 01 0.25 05 | 01 | 026 05
Rg |{025] 05 1 |o2s 0.25 0.5 1 1 {o025( 05 1
Ree | 1960 | 3750 | 6300 | 1070 1850 2150 2400 | 3420 | 930 | 1680 | 2980
. C 0.012] 0.006 | 0.003| 0.012| 0.011 0006 0.003 |0.003{0.014] 0.006{ 0.003
Eo* | 69 | 86 | 10 | 24 21 28 32 322 | 50 | 55 | 62
v.G*| 23b| 30 33 29 35 39 41 43 34 42 48
6SFs5, 12SF5, 6F5, 6F5-G, 6F5-GT, 12F5-GT:
Ebb! 90 180 300
RL 01 025 05 | 0.1 0.25 05 | 01 025 | 05
Rg? | 025 | 05 1 |o25 0.25 05 1 1 |025] 05 1
Rc | 4800 | 8800 |13500| 2000 | 3500 4100 4500 | 6900 | 1600 | 3200 { 5400
Ce 21 | 118 ]| 067 | 33 23 1.8 1.7 09 | 37 | 21 | 12
C 0.01 | 0005|0003} 0015] 001 0006 0.004 |0003| 0.01 |0.007| 0.004
Eo® 6 7 10 | 23 21 26 32 33 | 43 | 54 | 62
V.G4] 34b| 43¢ | 46 44 48 53 57 63 | 49 63 70
6837, 12877
Ebb! 90 180 300
RL 01 [ 025} 05 | 0.1 0.25 05 | 01 | 025 ] 05
Rg* | 025 ] 05 1 |o025 0.25 05 1 1 |025] 05 1
Rd [029]092]| 1.7 | 031 083 094 094 22 | 037]110] 22
Re 880 | 1700 | 3800 | 800 1050 1060 1100 | 2180 | 530 | 860 | 1410
Cd | 0.085] 0.045| 0.03 | 0.09 006 006 007 004 | 009 | 0.06 | 0.05
Ce 74 | 45 | 24 8 6.8 6.6 6.1 38 [109]| 74 | 58
C 0.016} 0.005 | 0.002| 0.015] 0.001 0004 0003 |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 |o25]| os 1
Rc | 6600 |11000]16600| 2900 | 4300 4800 5300 | 8000 | 2200 | 3900 | 6100
- # Ce 1.7 | 107 | 07 | 29 21 1.8 15 11 | 35 2 13
C 0.01 | 0.006| 0.003{ 0.0156| 0015 0.007 0.004 |0.004{ 0.015{ 0.007 | 0.004
Eo’ 6 7 10 | 22 21 28 33 33 | 41 | 561°| 62
vGs! 2001 g0c | 44 36 43 50 53 57 39 53 0

For notes, see page 203.
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6T7-G:
Ebb! 90 180 300
RL 01 [025] 05 | 01 0.25 05 | 0.1 [025| 05
Rg? | 025 ] 05 1 {oz2s 0.25 0.5 1 1 |o025]| 08 1
Re 4750 | 8300 | 14200 | 2830 | 4410 5220 5920 | 9440 | 2400 | 4580 | 8200
Ce 1.5 1 06 | 2.25 1.5 1.25 111 0.74 | 255 { 1.35 | 0.82
c 0.012 | 0.0075{ 0.0045/0.0135] 0.012 0.008 0.005 |0.00450.0135] 0.0075 0.0055
Eo* | 7.8 | 10 12 | 29 27 £71 39 39 | 58 | 69 | 77
v.G4| 24b{ 30°| 33¢ | 28¢ 34¢ 36¢ 38¢ 41¢ | 32¢) 40¢| 43¢
6W7-G: See 6J7 and 6C5.
6Z7-G1: x
Ebb? 90 180 300
RL 0.1 J025} 05 | 0.1 0.25 05 | 01 | 025 | 05
Rg?* | 025 ] 05 1 {025 0.25 0.5 1 1 {025 05 1
Re* | 1760 | 3390 | 6050 | 1100 1820 2110 2400 | 3890 | 950 | 1680 | 3110
Ce 202 | 1.1 | 061 | 26 1.71 1.38 11 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 41 38 | 52 | 59 | 70
vG*| 25 | 30 | 33 | a1 35 38 39 40 34 | 40 | 44
12C8, 12F5-GT, 1235-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 6]J7 and 6C5, 65Q7, and 6P5-G, respectively.
791:
Ebb? 90 180 300
RL 01 |025) 05 | 0.1 0.25 I 05 | 0.1 | 025 | 05
Reg? {025 | 05 1 | o025 0.25 0.5 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 75
VGAl 29¢| 33 | 38 | 31 37 41 42 4 | 34 2 | 46
85, 55:
Ebb! 90 180 300
RL 0.05| 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
Re 4600 | 9000 (20500 | 4100 | 6200 8700 10000 |20000| 4100 | 8300 | 19400
Cc 11 | 055 {025 ] 16 0.9 0.7 0.57 029 | 1.5 | 0.54 | 0.22
Cc 0.03 { 0015/ 0.007] 0045{ 004 0015 0.008 [ 0.008| 0.045| 0.015 | 0.006
| E0? 19 | 22 | 23 4“4 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, %02 page 203.
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Voltage at plate equals Plate-Supply Voltaﬁe minus volmﬁe drop in RL and Rc. For other
supply voltages differing by as much as 50% from thoee 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 5 volts (RMS) output unless index letter indicates otherwise.
b At 3 volta (RMS) output. ° At 4 volta (RMS) output.

Values are for phase-inverter service: See NOTES under RESISTANCE-COUPLED PHASE-

.
INVERTER diagram.
.
, T‘ Eo
\{

t The cathodes of the two units have a common terminal
420~ f2

FREQUENCY ——&-

In the discussions which follow, f: is the fre-
que at which the high-frequency response begins
to fall off. f; is the frequency at which the low-
fneggency 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)

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 fi, multiply values of C and by 100/fi. "In the

case of condenser Cc, the values shown in the table are for an

A amplifier with d-¢ heater excitation; when a.c. ie used, depend-

ing on the character of the associated circuit, the gain, and

RL Rq the value of f;, it may be necessary to increase the value of

Cc to minimize hum disturbances. It may also be desirable

Ce Re to have a d-¢ potential difference of approximately 10 volts

between heater and cathode.

The voltage output at f1 of n llke stages equals (0.8 Eo)n.

L For an amplifier of typical construction, the value of fy is
Ebb ¥ well above the audio-frequency range for any value of Ry,

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.

|
IC For aCrRr other value of fi multiply values of C, Ce,
Q and by 100/fi. In the case of condenser Cc, the
'AJ values shown in the table are for an amplifier with d-¢
Eo heater excitation; when a.c. is used, depending on the

m
o

character of the associated circuits, the gain, and the
Re value of fi, it may be necessary to increase the value of
R4 2R Cc to minimize hum disturbances. It may also be
CCT c desirable to have a d-c potential difference of approx-
dI J | imately 10 volts between heater and cathode. The volt-

= = €pb

age output at fi for n like stages equals (0.7 Eo)n.

For an am{pliﬁer of typical construction, approximate
= values of fs 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,
agplies also to this case. Condensers C have been
chosen to give output voltages equal to 0.9 Eo for
f1 of 100 cycles. For other values, multiply values of
C by 100/fs.

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 clrcuit 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 80 ae to ltgmly 1/20 of the voltage acroes
Rg to the grid of unit

For phase-inverter service, the cathode resistor may
be left unby-passed unless & by-pass condenser is necessary to minimize hum; omission of the by-
pase cont assists in balancing the output voltages. Tbe value of Re is ified on the basia
that both units are operating simultaneously at the same values of plate loa 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 DCbio AMPORIER AL ER
i TYPE 608G TYPE 657-G TYPE 6T7-G TYPE oF8
EEH o H 1T icae
C20
Y Rp T3
Ria

+]~2

LUre)
»
] o
- S
R AA A
iL_J
o >
& -
=
®
VAN
§
X
]

Ci1 Cn Cis Ce=0.05 uf paper Cu =25 uf electrolytic, 25 v. Ri11 =1000 ohms, 0.5 watt

C G -Ga%ged tuning con- C11=0.005 uf paper, 600 v. Ris =1 megohm, 0.5 watt
densers, 3! mi F = Ignition-interference filter Rix Rir Ry =250000 ohmas

CiCi G Cu C’:: Cu Ciu=0.1 R3s Rs = 100000 ohms, 0.5 watt 0.5 watt

uf gper R =350 ohms, 0.5 watt R1s =2500 ohms, 0.5 watt
Ci =50 ppuf . R R11 =50000 ohms, 0.5 watt Ris=1 megohm volume con-
Cs Cy1 =0.01 uf paper R4 Ry =5000 ohms, 0.5 watt trol
Co =Oscillator padding con- Rea = 15000 ohms, 0.5 watt R1s =30000 ohms, 0.5 watt
denser R; =30000 ohms, 1 watt R =400 ohms, 1 watt
Cie =100 uuf R4 =50000 ohms, 0.5 watt T1 Ty =I-f transformer
Cu=10 l“ electrolytic, 25 v. Ry =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 ohms
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(14-2)

SUPERHETERODYNE RECEIVER FOR A-C OPERATION
With Single-Tube Inverse-Feedback Power Amplifier

A-F AMPLIFIER
TYPEL €45

1-F AMPLIFIER
TYPE 63K7

R-F AMPLIFIER PENTAGRID MIXER DIODE DETECTOR, AVC

TYPE 6517 TYPE BL7
[} g

2)

AN
Py
) Ca2 M

e LT
s

2ecaa

L
<2

L)

D
FAAAAAT
f=
Ol
o=

+

Tcaa

OSCILLATOR
TYPE 6J5

TUNING
INDICATOR
TYPE 6US/ 6G5

POWER
AMPLIF IER
TYPE 6L6

R2%
* M W
£153 V.

Q+250V

L+264V.

I
<+

Cn -50 to 200
Cis Ci Cnir -éanged tuning
condensers, 365

Cl Cv Ci11 C3a Cu éu =0.05 uf

Cq C. Cu w(.25 uf paper
CiCyCuCry C- -81 uf paper
C11 Caz =100 uuf

Cn -Oscdlat.or padding con-

Cu Cu =0.01 pf

Cus Ca1 =50 ;&4

Cll( Cn Cu 2 =8 uf electro-
ytic, 500

Cn -10 eleclr tic, 25 v.

Cuy =l ?aper. 405

Cwm -0 per, 400 v.

Cu=25u electrolytic. 25 v.

Rl Ra Rus =100000 ‘ohms, 0.5

R: Ru =2000 ochms, 0.5 watt

R¢ =260 ohms, 0.5 watt

Ry =3300 ohms, 0.5 watt

R¢ Ry Ry =50000 ohms, 0.5
watt

1 Re =20000 ohms, 0.5 watt

Ru =2 megohms, 0.5 watt

Ri: Rie Ris =1 megohm, 0.5
watt

R1s =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

R =2000 ohms, 0.5 watt
R11 =90000 ohms, 0.5 watt
E" =10000 ohms, 0.5 watt

: {
R =25 ohms, 0.5 watt
L.l-zz;o henries, 100 ohms,
Ls -500 ‘ohm speaker field,
8 watts
T1 Tj=1-f transformer
T =Input transformer
Ty=Output transformer; pri
mary impedance, 2500 ohme
T = Power trdnsformer,
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 AMPLFIER

9
Class AB, 6L6’s
R-F AMPLIFIER R-F AMPLIFIER R-F AMPLIFIER DIODE OETECTOR, AVC,
TYPE 6L7 TYPE L7 TYPE 6L7 AuDIO AMPLIFIER TYPE 6L8
r .
c YPE o] R29
30 -
H s .
5 28 A
1.
U e
(¥l 5
> R
2 ?‘g[:{ & R
s A3 p:
4: T‘:
Ry oY coaf o

?j.‘.‘.

£

B AAAA
e
1

Z

l TYPE L8
T4
v =]
R23 /
VA ¢
X TYPE 65 1]
B e
casls L3triery,
= S
“3'3;' 1A
C =50 to 200 up! Rs Ry, Ru =275 ohms, 0.5 watt Rms Rs =50000 ohms, 1 watt

CiCiCuC -Ganged tuning  Ra« Ry Ry =10000 ohma, 1 watt Ry =12500 chme, 10 watts
condensers, 365 Ri Rus Ris =12000 obins, 0.5 L1 =20 henries,” 100 ohms,

C'cc' %'osc' (e S € RV | megohm, 05 watt L 20‘1’500 bm speaker field,
=0.00 ui per 15 K =1 megohm, wa a- ohm # er
é’l Ce Cu u Cis Cu Cnr 1y =50000 ohms, 0.5 watt

Cis Cu Cs1 =0.1 uf paper Ris =200000 ohms, 0.5 watt T -Input transformer for
Ca1 Cys =100 gpf Ry =640 ohmes, 0.5 watt class AB: 6L6's with split
Ciz =10 uf electrolytic, 25 v. Ru=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
Cis =1 uf, 400 v. compensation Ty =Output transformer;
Css =See ne R1 =Tone-compensation re- gate-to-plate load,
C. -25 pf electrol 25 v sistor; 27000 ohmu. 0.5 watt hms

CuCy Cym f electro- Rz ohms, 1 watt Ts =Power transformer,

l c. 475 v Ry Ry =2 megohms, 0.5 watt 425-0-425 v. RMS,
R R‘ Ru Ris = 100000 Ru Rgy =5000 ohms, 0.5 watt 200 ma. d.c.

ohme, 0 5 watt R =200 ohma, 5 watts

Note: Condensers Css may be required to suppress parasitics. f.lmum value ranges from
0.00001 to 0.005 uf -nd should L detmgmmed by tl:n Op
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"AC/DC SUPERHETERODYNE RECEIVER

B vrmere  CRESTETRAC oo,
Y TYPE 12SA7 TYPE 125K7 TYPE125Q7 ~ g TYPE 35L6-GT
= C13 1
] iy A l‘qs
=/ i Ciq
T3y
v 7 L]_ 7 Riy
I o] Terln )
-LC4 PM
‘L SPEAKER
$ CHASSIS
RECTIF IER
TYPE 3524-GT U
1% 35L6-GT 3;{:-561' 4+ FUSE X 00
X 17V L £ t
Y TYPE AC.OR T “T¢z -{ce
12847  125Q7 DG %
Y R
Ci1 =500 Ci1y =0.025 uf Rit =150 ohms, 1 watt
Cy Cym tuning con- Ciur Cu=40 puf electrolytic, ~ RismLamp-cord resistor;
B 150 v. 73 ohms, 3 watts
Ca Cs Cy4 Cie =0.1 of paper R: R; =250000 ohms, 0.5 watt  T1 Ty =455 ke. i-f transformer
Cq=0.25 uf paper R =20000 ohms, 0.5 watt Ts=Output transformer; pri-
Ca =50 g Ry =260 ohms, 0.5 watt mary impedance, 2500 ohms
= ator padding con- R« =2 megohms, 0.5 watt L1 =200 ohm filter choke; in-
denser Rs R.-sggoo ohms, 0.5 watt ductance as large as prac-
Cy =0.05 sé&aper Re¢=250000 ohm potenti- tical i
Cu Cyy =250 uuf ometer S =S.P.S.T. line switch, mount-
Cis =0.005 Ry =10 megohms, 0.5 watt ed on shaft of Re
C1a =0.01 uf paper Ru =0.5 megohm, 0.5 watt Fusg =125 volts, 0.3 ampere

(14-5)

NOTE:

NON-MOTORBOATING RESISTANCE-COUPLED AMPLIFIER

TYPE 6J7

Voltage Gain, 9000

TYPE 6SJ7

O +150 TO 450 V.

Ci1 Cy =8 uf electrolytic, 25 v
C1 Cs _-0.6'6 uf, voltage rating
as high as voltage supply
C» Cs =0.006 uf, voltage rating
as hlﬁh as voltage supply
R =Volume-control potenti-

ometer
Ri1 Re=600 ohms, 0.5 watt
Rs Ry Ry =500000 ohms, 0.5
watt
R¢ Ry =100000 ohms, 0.5 watt
R, ohm volume-coné
tentiometer, gange
with g):
F = Decoupling filter

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,

or more stages, including power stage, operated from a common

ti
of

su
filter in the plate-supply leads of one or more of the voltage ampr

to motorboat. Three
y may require a decoup-
er stages. The constante

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
CoNvETER

TYPE IRS

EXTERNAL
ANTENNA

=

‘GROUND'

LOOP ANTENNA

Ca

Cs

C1 Cy=0.00041 uf ganged tun-
ing condensers

E_|

“a’ BATTERY DRAINZ 250 MA.
“B'BATTERY DRAIN=8.5MA.(APPROX.)

LSV

C11 Cya =100 uuf
C:: -(l)'.0025 uf

Ry = 50000 ohme}
Ry =1 megohm

?otentiometer

s m5 uuf® C1s =0.0005 uf Rs =3 megohms;
Ca =50 puf C1e =0.002 uf Ry =1 megohm X
Cs =420 upuf padder Ri1 Rs = 100000 ohma$ S =Ganged D.P.S.T. ewitch
Cs Cr C14 =0.1 uf paper R =500 ohma} Ts=Qutput transformer; pri-
Cy Cna=0.05 uf)‘paper R¢ =10 megohmat mary impedance, 8400 ohms
Co =8 uf electrolytic, 50 v. Ri Ry=2 megohme}

*Cis

uencies higher than 5 Mc.

necessary only at f
1 All resistore can be of t.hem%.s watt type.

(14-7)
CLASS B

ot e
- [ V.
& o bass

Gt =25 uf electrolytic, 25 v.

R1 =500 ohm wire-wound potentiometer

R1 =500000 ohm potentiometer
Ry =1300 ohmes, 0.5 watt
R¢ =100000 ohms, 0.5 watt

TYPE @SFS

AMPLIFIER FOR PORTABLE USE
Power Output 10 Watts*

DRIVER
TYPE 8N7

Ry =50000 ohms, 0.5 watt
R¢ = 100000 ohms, 0.5 watt
R7 =900 ohms, 0.5 watt

M -D_ ble-button miecr
§ = Microphone and heater switch
T1=Microphone input transformer
T3 =Clase B input transformer

Ty =Class B output transformer

® Peak signal input voltage to 6SFS grid is 0.15 volt, for full power output,



RCA RECEIVING TUBE MANUAL

(14-8)

BATTERY-OPERATED SUPERHETERODYNE RECEIVER
With AVC and Class B Audio Amplifier

PENTAGAID DIODE DETECTOR, AVC, AUDIO POWER
"R RS ol arin
& = 22
c20 A &3)
Ta
s T3
g I
Ri3 .
=1 130
L s:cpx‘m
R I s
o ———— “ATBATTERY ORAIN =3%0MA.
‘Jr o "(c 2¥ *B” BATTERY DRAIN = 15 MA.
= " Cul m
paswsnn, Toannane) | | A A e
C1=0.0001 to 0.01 uf Cp =0.01 uf Ris=10 llmlt
C: Co Cu -Ganged tuningcon- Cn Es wuf electrolytxc. 100 v. gu -?50&80
7 » 5000 oh: 1=
C! Cv Cn Cu -0 05 uf paper R: = 10000 chms} Ti1 Ta -l-f transformer,
Ci Ci Cs Co Crem0.1 uf paper Ry 1-100000 ohmst 456 k
Cu -Olclllntor padding con-  R(=200000 ohms} Ts -Clul B input transformer
dense: R = 70000 ohms} Ti=Class B output trans-
Ciy =50 uul Rs Ru1 Ris =2 megohms} former; plate-to-plate im-
Cu Cu -1005.. Ry =50000 ohms3 pedance, 12000 ohms
Cas Cys =0.005 uf Ru=250000 ohm potenti- S =Ganged D.P.S.T. switch
Cu =250 uuf ometer

3 Resistors are 0.5 watt size.

(14-9)

TWO-CHANNEL AUDIO MIXER
Voltage Gain From Each Grid of 65C7 to Output is Approximately 15

TYPE 65C7
OUTPUT TO
INPUT Ne| <2 N!‘);(:'DS‘?:GI
Rg Rs
o J Re
R2 R3
INPUT N22 SR.
Ci' T -
+250 V.
Ci =8 uf electrolytic, 25 v. Ry =2000 ohms, 0.5 watt R« Ry Ry =1 megohm, 0.5 watt
C»=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 ODETECTOR POWER AMPLIFIER
TYPE INS-G TYPE iNS-G TYPE 1IC5G
g .
ANTENNA
SYSTEM o
R
o % -
R7
Sy Sz
{ ) {
At A= B- +90V.
C1 Cs -100 upf midget R; = 100000 ohms, 0.5 watt Ry =600 ohms, 0.5 watt
Sa Crm= pf mid; et Ry=2 to 5 megohms, 0.5 watt Ry =30000 ohms, 0.5 watt
2 Ce Cs d‘| -0 0 Ri =0.25 megohm, 0.5 watt LiLs =8 mh, r-f choke
Cqs Cap =0.00025 R¢=0.5 megohm potenti- Ls =300 to 500 henry a-f choke
Ci=1 omet.er T -Output transformer; pri-
Ci1s =0.002 uf R; R; =50000 ohm potenti- dance, 9000 ohms
Cu =8 uf electrolytic, 100 v. ometer S -Gan D.P.S.T. switch

(14-11)

A-C OPERATED REGENERATIVE SHORT-WAVE RECEIVER

R=F AMPLIFIER DETECTOR ‘A-F AMPLIFIER POWER AMPLIFIER
TYPE 6C3 TYPE 6F8

TYPE 65K7 TYPE 65K7

%
SPEAKER

=
.__\/\;9 |3t
O+250V. Ry 8-
C1 Cy =36 uuf mi dﬁe Rs =100000 ohms, 1 watt
Ca Cy =100 puf midget R4 =60000 ohms, 1 watt
Ci Ce Gy - 6. Rs=2 to 5 megohms, 0.5 watt
Cs =0.01 uf, Ry =250000 ohms, 1 watt
CeCun -0 06025 ut mica R7 =1 megohm, 0.5 watt
Cumlpu Rg = 1000 ohms, 1 watt
Cu=8 u elect.rolytxc, 25 v. Ry =15000 ohma, 5 watts
Cis -16‘l uf electrolytic, 25 v. Ris =50000 ohm potentiome-
Rj3 =250 ohms, 0.5 watt ter, regeneration control
R3 =10000 ohm wire-wound R =5000 ohms, 1 watt
potentiometer Rus —50003]0 ohm volume
contr

—210 —

R11=670 ohms, 1 watt

Sy =S.P.S.T. switch

L1 =8 mh. r-f choke

La =300 to 500 henry a-f choke

Ti =Interstage a-f trans-

former

Ts -Out_put transformer; pri-
mary im nee, 4000 ohme

X-X =mInsert double-circuit
*phone jack here
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RCA RECEIVING TUBE MANUAL

(14-12)

CLASS A, AUDIO AMPUFIER FOR USE ON 115-VOLT D-C LINE
Power Output, 4 Watts*

Ci1 Cy=0.006 uf
PHASE INVERTER BE;%m‘ng g: :25 u dnwyﬂf’ Bv.
PE 125CT TYPE 50L6-GT C. -2 ‘.f 150 v
- -2 uf electrolytic. 160 v.
. :;JT Cr =4 uf electrolytic, 150 v.
_L ‘ SPEAKER R|‘511500000':l_0l ohm volume
o—f T R =4000 ohms, 0.5 watt
Ry Ry =250000 ohms, 0.5 watt
Rg Ry =475000 ohms, 0.5 watt
T Rs=16000 ohms, 0.5 watt
e Ry = 500000 ohms, 0.5 watt
ivs Ry =70 ohms, 1 watt
. Re=4000 ohms, 2 watts
R3 Ry T 78 |eram power Ry =33 ohms, 1.0 watt
T2 [T Li =Filter choke, 10 henries at
i Lud- Speaker field, 115 volts
g_Fuse W_L' SOLE-GT SOLE-GT  125C7 T -'Sutput transformer, plate-
L vl ’, to-plate load 3000 ohms
o— i A *Signal voltage input for full
Cs == 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
o
L
g
‘s
oa
FuSE
r;-“-‘-; '
i R
§ 13
= Ccs
f I “T¢a |
ol +
6T
e
Ci1Cy=25 p( elect.rolyuc. 25v. R(=50000 ohms, 5 watts Ti=Input transformer for
Ce=0.035 pf, 1000 v Ry =3500 ohms, 30 watts class AB; 616’8
Cs -14 of electrol 450 v. Rqe =200 ohms, 5 watts Ts -Output tranl!ormer.
CiCym8 uf dectrolyt c, 450 v. L1 =5 henries at 220 ma., plate to-plate joad 3800
Ri1=0.5 megohm, 0.5 watt 50 ohma or less ohm
Ri1 =650 ohms, 0.5 watt L3y =20 henries at 150 ma., Ts T -Power traneformer®
Ri =5000 ohms, 20 watts 100 ohmy or less
Ty = 440-0-440 volta RMS, 175 ma. d.c. *T=3150-315 volts RMS, 150 ma. d.c.

NOTE: Peak signal voltage (e) for maximum power output is 18 volts.
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RCA RECEIVING TUBE MANUAL

(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 —Ic"

Cal

A-F
INPUT

TO
PHONO
PICKUP

TYPE 6L7 OR 1612

COMPRESSOR-

EXPANDER 3
2R2e
Tcn
.
e3v.
be so-eov| R2s | |
r R ® L
T _1“ W LO.QM C22 Cis
R R o0, 1
0
-8 +300V. e

Ci Ca Co Cuo Cit C1e C1s C1e Re R1e =250000 ohm potenti- Ry =1 megohm potentiometer

Ci11 C1s Cw C13 =0.05 uf ometer Ry =Bleeder resistor. Tapped
C1 Cs=0.25 uf Ry Ry =1000 ohms, 0.5 watt at 50 to 60 volts to provide
CiCi Cy Cra=8 uf Re Rr Ris Ri7 =30000 ohms, heater-circuit bias
Cy=0.0015 uf 0.5 watt R = 100000 ohms, 0.5 watt
Cia=0.5 uf Re R1s=150000 ohme, 1 watt R =5000 ohms, 0.5 watt
Chy =4 uf Re Ry Ry =300000 ohms, 0.5 S; = Music-speech switch,
Cas=0.1 uf watt S.P.S.T.

Ri=50000 ohms, 0.5 watt Rio Rz =50000 ohms, 0.5 watt S -Exf)and-compren switch,
Rs Ris=1.2 megohms, 0.5 Ri; Ryy=100000 ohms, 0.5 D.P.D.T.

watt watt Ss = Phonograph switch; close
Rs Ry =820000 ohms, 0.5 R = 150000 ohms, 0.5 watt when phono is not in use

watt Ras =500 ohms, 0.5 watt Ti=Microphone input trans-

R1a = 40000 ohms, 0.5 watt former

Note: Potentiomeler Rq controls the bias on grid No. 1 of the input mixer stage and thus
controlg the ﬁam of this stage. When the contact is at the cathode end of Rq, gain is at maximum.
Because the leads to R4 do not carry a-f voltege, R4 can be connected to the circuit through a
long cable for remote control. Polentiometer 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 Res. Maximum expan-
sion or compression 1s obtained with the contact at the positive end. 14 and Rs can aleo be
cennected to the circuit through cables for remote control.

-212 —



g

RCA RECEIVING

TUBE MANUAL

(14-15)

MICROPHONE AND PHONOGRAPH AMPLIFIER

With Phase Inverter and Vacuum-Tube Mixer*
Power Output, 10 Watts

!

TYPE 2A3

TO
SPEAKER
VOICE
cow

TYPE 2A3

f2 Ris

F2 =

C7  TYPE 8Ta
> 400V

“Ce ‘l-
* “xCio “dLcn
+ +

Lo
B sowv. —l L2 +360 V.
rar2v. =12 Vb= 100 V. el

Ci =10 uf electrolytic, 25v.
Ci1=0.1 uf paper,

Cy =0. uf paper, 600 v.
C 4(5:61 =8 uf electrolytic,

C| C. =0, .01 uf paper, 600 v.
50 uf electrolytic, 100 v.
Cu =8 uf electrolytxc, 250 v.
Cu=8 5;0( electrolytic, 475 v.
Cirs =25 uf electt ytic, 25 v.

Ri=1 megohm potentiometer

Ra=0.5 megohm, 0.5 watt

Ra =20000 ohm potentiometer

R4 =800 ohms, 0.5 watt

Rs=1.2 megohms, 0.5 watt

Ry =0.25 m gohm, 0.5 watt

Ry =50000 ohms, 0.5 watt

Re=0.5 megohm potenti-
ometer

Re =3000 ohms, 0.5 watt

Ris Ru=0.1 megohm

Ri2 Rjy = 0.27 megohm

Ri4 =12000 ohms, 0.5 watt

Rus =780 ohms, 10 watts

R1¢ =20000 oh: 15 watts

Ti1=Power transformer;
400-0-400 v. RMS, 100 ma.

Ts =Output transformer; 5000
ohms plate-to-plate impe-

dance
L:-ther choke; 12 henries,
120 ohms, 100 ma
L:l?,Spuker field; IO(X) ohrms,

Ji=Jack for high-impedance
ul microphone input,
3 peak volt
Js -Jack for high-impedance
cryatal 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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RCA RECEIVING TUBE MANUAL

(14-16)

SLIDE-BACK VACUUM-TUBE VOLTMETER

Ranges 0-25 V. and 0-250 V.
TYPE 954 'e'g v.
20MA7|+390V. } % FusE
f T2
120V. l —— ’
Tl e ] SRE=—mTh
0
ov.
8.3V, 83V
ov. [ TYPE 80 [ Fp
Ry
Rg
v. 250V,
= L'c -4
csT T-Ce 220v. R 1t
C?

Ci =4 uf paper, 400 v.
(low-leakase)
C3s C3 Cy=0.01 of mica
Ca=0.25 uf paper, 200 v.
Cs =8 uf electrolytic, 350 v.
Cy =30 uf electrolytic, 450 v.
Ri=2 megohms, 0.5 watt
g m ohms, 0.5 watt
Ra =500000 ohms, 0.5 watt

Note: If the 954 is mounted at the end of a shielded *'goose-neck” probe, Ci can be mounted
Cs, and C, should be mounted close to the 954 socket.

on the main chassis R,

R(=6000 ohms, 5 watts

R =500 ohm wire-wound lin-
ear potentiometer, 2 watts

Rym ohms, 1 watt

Ry =3000 ohm wire-wound lin-
ear potentiometer, 2 watts

Ry =22000 ohms, § watts

Ry =25000 ohm wire-wound
linear potentiometer,
4 watts

S -G&r;&cd D.P.D.T. switch

V =1000-chme-per-volt _volt-
meter, 0-25 v. and 0-250 v.
scales

T =Midget power trans-

lormer
Ts =Midget filament trans-
former

For *“zero”

adjustment of the 6E5, short the 954 input terminals, set Ry or Ry 8o that “V*" reads zero volts,
and adjust R, until the 6E5 “eye" is just closed. The d-c 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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Shielding............ccoiiiiiiiine., 39
Socket Terminal Designation Key. ..... 45
Space Charge...............cvivnens 58
Static Characteristica. ... ............. 10
Super-Control Tube.................. 14
SUPPIeBEOT .. ..vivvervrreionnecannsen 8
Tables and Charts

(see Charts and Tables)

Testing Radio Tubes ................. 195
Tetrode Considerations ............... 7
Transconductance:

CONVErBION .. ...ovviiieonsnrennnas 11

grid-plate ............ 0 0iiieiennan 11
Triode Considerations .......... vesess 6
Tube:

materials chart ....................

mtmgl m etatlon (RMA).
Tumng lndlcaton .................... 30
Voltage:

amplification, class A............... 13

doubler rectifier........c.c00iverennn 25

peak inverse........coviienenniianns 11

suppPly. ...ooiiieninvannn vressesees 34
Voltage Conversion Factor......... oo 19
Volume Compressor. .. .......co0evunn 23
Volume Control:

AUtOmMAtiC, ... .vverarennnnseinensan 29

by grid-voltage variation............ 38

by screen-voltage variation.......... 39
Volume-Expander. .........:..co0uues 2
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Recently Added Types

“QG POWER AMPUFER PENTODE
0. The 1A5-GT/1A5-G is a power amplifier

prighe e Mot B om e JAS-GT/

ut sta
receivers. gGT A5-G mpeneden
r(2) % Dr- T e 1456 s 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 .

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
superheterodyne receivers. Physical charac-
teristics are n in Fig. 2-5, OUTLINES
SECTION. The tube may be mounted in

CHARACTERISTICS

1A5-G

1B7-GT

FILAHENTVOLTAGI(DC) e e e 1.4 Volts
FILAMENT 0.1 Ampere
DirECT Innm.mnon CAPACI‘!‘ANCBS '
Grid No. 4 to Plate 0.34 upf
Grid No. 4 to Grid No. 2.’ 0.26 wuf
Grid No. 4 to Grid No. 1. . 0.12 upf
Grid No. 1 to Grid No. 2. R . 0.9 unf
Grid No. 1 to All Other Electrodes = R-F inpu ? puf
Gr(i;i g‘lo 2 to All Other Electrodes Except Grld No. 1 (Oscillator a2 ‘
u . »a
Gnd lg: 1 to ‘Ali'Other Electrodes Except Grid No. 2 (Oacillator . ¢
»ul
PlateToAllOtherElectrodes(MucrOutput)................. 75 puf
TYPICAL OPERATION:
Plate Voltage 90 Volts
Screen Volta; e 45 Volts
Anode-Grid Voltage. . 90 Volts
Control-Grid Voltage (Grid No. 1) . 0 Volts
Ogcillator-Grid (Gnd No l) Reus 0.2 Megohm
Plate Current. 1.5 illiamperes
Current . . e 1.3 Milliamperes
Anode-Grid Current 1.6 Milliamperes
Oscillator-Grid Current .. 0.035 Milliampere
Plate Resistance. .................. 0.35 Megohm
Conversion Transconductance. . 350 Micromhos
Control-Grid Bula for conversion tranaconductance of 2 nucmmhos
(approx.). . 14.5 Voits

* With clooe—ﬁtung lhield oonnected to negative ﬁlament terminal

‘@ & POWER AMPLIFIER PENTODE
e The 1C5-GT/1C6-G is fier
CH pertmte'of e L-ovolk Alnmabnk type 17 uas

in the output stage of battery-operated
receivers. e 1C! GTIIC&G“Zu es
1C5-G. ectrical

r+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 e LINES SECTION. The tube may be

G-8x 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. P characteristica
are shown in Fig. 2-15, OUTLINES SEC-

TION. Vertical mounting is recommended;
horjzontal operation is permnuble if pins 3
and 7 are in a vertical plane

CHARACTERISTICS

FILAMENT VoLTAGE (D.C.) .

FILAMENT CURRENT .

DIRECT INTERELECTRODE CAPAcancxs
Gnd-Plate (w:th shleld can) RPN e e et e et e e

Input .
Output

PLATE VOLTAGE. . .. ..ttt ittt it e i inie e ve ve vnanae

As Class A, Amplifier

SCREEN VOLTAGE. .. .. oottt onts s vt e e be e e tn o e e 67.5
GRID VOLTAGE ...ttt veennve o ne s nenenensnnon ~
PLATE CURRENT. . 2.2
SCREEN CURRENT. 0.7
PLATERESISTANCE(APPI’O!) 0.35
TRANSCONDUCTANCE . v uvonnsnacnosccansossnnns . 625
TRANSCONDUCTANCE (At -15 volts bias) . e 15

1J5-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-
opera 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
micromhos. 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
m of the locking-base type and can be mounted
in any posmon It is identical to the 1A5-G
except for g hysical characteristics. Dimen-
ssxgna are shown in Fig. 2.4, OUTLINES

PENTAGRID CONVERTER

The 1LA6 is a multi-electrode tube ol 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 an posmon

imensions are shown in Fig. OoUT-
LINES SECTION. Installation and a
plication are the same as for the 1A7-G
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2.0 Volts
0.06 Ampere
0.01 uuf
4.4 nuf
10.8 uuf
180 Volts
67.5 Volts
-3 Volts
2.2 Milliamperes
0.7 Milliamperes
0.6 Megohm
650 Micromhos
15 Micromhos
G2 Gi
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IR ALAD -
3
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NUAL

*CHARACTERISTICS

Fu.ameNT VoLTAGE (D.C.) .
FLAMENT CURRENT .
DIRECT INTERELECTRODE CAPACITANCES )

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 Input
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 negatlve ﬁlament
Converter Service

o

<)
PWNO,, 00 or
coNBhis Gk

Maximum ratings and typical 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-gnd bias of
-3 volts is- 10 mictromhos, and the series screen-voltage resistor is 45000 to 75000 oh

INTERNAL .
00 NOT US

POWER AMPUFIER 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

istics are the same as for the 1H5-GT.

R-F AMPLIFIER PENTODE

Y CHARACTERISTICS
FraMenT VoLtaGE (D.C.) . e e e e ee te e e e e e s
FILAMENT CURRENT .
GRrID PLATE CAPAcmNCRI
INPUT CAPACITANCES . .

UT CAPACITANCES . .

§ With close-fitting shleld connected to negauve ﬁlament termmal

As Class A; Amplifier
Prate VOLTAGE.... e e et ee e ee e e e b ae e e e e s
SCREEN VOLTAGE. . e e re e et aa e ae ea e e e e e e e s
TYPICAL Orsu'non

Screen Voltage .

GndVolt.age‘*
Plate Current. .

Screen Current .

Plate Resistance (Approx ) .

TransconductanCe .. .........coeosesnoeos

Transconductance with —4.5 volt bias (Approx.) ................
= Circuit returns to negative filament tenmnnl
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©'  The 1LB4 is a power amplifier pentode of
the 1.4-volt filament type for use in the out-

It

13 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 tnode. and is for use as a
combined detector and amplifier. It is 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 1LN5 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 similar to that of the

1LB4

1LH4

ILNS

Volts
Ampere

. up

puf
wuf

. Volts

Volts

Volts

Volts

2

iampecres
L}sgillial:npere
egohms

Micromhos
Micromhos
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DIODE-POWER AMPLIFIER
PENTODE

‘l 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 envel?})_lg.

Dimensions are shown in Fig. 2-13, O
LINES SECTION. The tube may
mounted in any position.

Y CHARACTERISTICS
FILAMENT VOLTAGE (D.C.) .. .. ..o e
FILAMENT CURRENT . ... .. .covounivnnnn ..

Pentode Unit—As Class A, Amplifier

PLATE VOLTAGE. . .. .. .0 .ot ciii e e

SCREEN VOLTAGE . . . . cu it vt e v srcnonneanoe e e ananns
TotAL CATHODE CURRENT FOR ZERO SIGNAL. . .. o0v vt vnvnennu s on
TyricaL OPERATION. and CHARACTERISTICS:

Peak A-F Grid Voltag
Zero-Signal Plate Current
Max.-Signal Plate Current.

Zero-Signal Screen Current .. .. .. ... o iiiiiiii i
Max.-Signal Screen Current. .. ...........ciciiiiiiiii i
Plate Resistance (APProx.) . ... .. .o cv v e vevecoonconeanseasan
Transconductance .. .. .. ... et e veincensnneersnsrenecnsecs e
Total Harmonic Distortion .. .. ......coviii it ivan s an s
Max.-Signal Power Output. .. .. .. .. .oveveinirciveoncnveensnns

Diode Unit

NC— KEY TNe
G-7TAM
1.4 Volts
0.05 Ampere

110 maz. Volts
110 max. Volts

6 Milliamperes
90 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 AMPUFIER PENTODE

The 1P5-GT is a pentode of the l.4-volt

filament typefor use in ttery-o?eratedreceiv-

]PS-GT ersas anr-f or i-f amplifier. Installation and ap-
ication are the same as for the 1IN5-GT.

hysical characteristics of the 1P5-GT are

shown in Fig. 2-6, OUTLINES SECTION.
The 1P5-GT may be mounted in any position.

JrCHARACTERISTICS

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

G NC
OO
o‘ >C1

r+£_
3
OO,

SLTKEY ™NC

GT-5Y
14 Volts
0.05 Ampere
0.007 max. upuf
2.2
10 uuf
110 max. Volts
110 max. Volts
90 Volts
90 Volts
0 Volts
2.3 Milliamperes
0.7 Milliampere
0.8 Megohm
750 Micromhos
10 Micromhos
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e 1O i ORE ipersetes. both " fhe

e 8u es C

A=/ Ve 105-GT and the 105-G.. It has electrical 1Q5-G
d physical characteristics | ith

an
those %f ?ﬁe 1Q5-GT.

e~ O BEAM POWER AMPLIFIER
e‘%) The 1Q5-GT/1Q5-G is a power am Ellaiﬁer of ]Q5‘GT /
OO,

NC KEY e
G-6AF
@
") GAS-TRIODE
The 2A4-G is a grid-controlled, gaseous-
discharge tube of filament type. It is 2 A 4 G
r+ w r— :intended it(_x un; in hx;elayt-:onttrol qug:men% -
egign or its characteristics yaica
o o characteristics of the 2A4-G are shown in
KEY e Fig. 2.17, OUTLINES SECTION. The
NC 2A4-G may be mounted in any position.
G~5S9
CHARACTERISTICS*
FrLaMENT VOLTAGE (A.C.or D.C.) ........ivvivinnnnnnnnnn. PN 2.5 Volts
FILAMENT CURRENT .. .v0utiioneneeoersoennsnnensasosonessonen 25 Amperes
PEAK INVERSE ANODE VOLTAGE. . .. .cvvvirerrarsecnronnsnonsnen 200 max. Volts
PBAK FORWARD ANODE VOLTAGE. . .. cvuvvevrineacasanesnaneees 200 max. Volts
PEAK VOLTAGE BETWEEN ANY TWO ELECTRODES. . ........000uuen 250 max. Volts
PEAE ANODE CURRENT . .o\ \vvvveurereioensseeerassensnsnassnnsse 1.25 max. Amperes
AVERAGE ANODE CURRENT (Averaged over any period of 45 seconds) 0.10 max. Ampere
ANODE DROP...iivuniiierieravonnseessosencnnssssosbosaasanas 15 Volts

* Filament voltage should be applied for 2 seconds before current is drawn from the anode.

G A ELECTRON-RAY TUBE

(Indicator Type)

The 2E5 is a_heatercathode type of tube
designed to indicate visually, by means of
a fluorescent target, the effects of a control- E 5
ling voltage. As such, it is useful as a con-
venient means of indicating accurate tuning
of a radio receiver. Except for the heater
rating of 2.5 volts and 0.8 ampere, the 2E5
has the same characteristics as the 6ES5.
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 deugn

ted from either a single ﬂs

(parall arrangement) or two
series (series arrangement).

W CHARACTERISTICS
FILAMENY VOLTAGE (D.C.) . ......ciiiinnennnennnnns 1.4 (pa:allel) 2.8 éaerieag Volts
FILAMENT CURRENT . ...\ .uueeeeeecncnaanonnoananns 0.1 (parallel) 0.05 (series) Ampere
DIRECT INTERELECTRODE CAPACITANCES:®
Triode Unit—Grid to Plate (approx.) ............... [ 2.0 upf
Grid to Filament (approx.) ......cccevevee P 2.6 upf
Plate to Filament (approx.)........ errreiasaenes 4.2 puf
Pentode Unit—Grid toPlate .........ccocvvuvivreanannsaanenss 0.012 max. upf
DDUL. o4 vvsinieeennnronsossssssosssssasoannns 3.0 upf
Output..... Cieesaseerentsscrsierrteaneansonns 10 wuf

® With close-fitting shield connected to negative ﬁlament termmal
— 228 —
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MAXIMUM OVERALL LENGTH. . . . c0vovutvnnacnnnsannesn PN 34”7
Maxmaus SEATED HEIGHT......... teeareniassetananens < .. 2%
MAXIMUM DIAMBTER ......co0000ene . : 14
BULB. .. .iiieniiiineteeeerineonnesanorosarsroans e, T-

8 Skirted Miniature
BASE........ooinieinnnns sesesserareiardeteannnne [ Intermediate Shell Octal 8-Pin
Moum'mc POSITION . . . ... ... tereeeesesesterenentarranetnrana Any

Triode Unit as Class A, Amplifier

PLATE VOLTAGE. . .. o0 ottt ittt vt vt ettt 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 vt vi vt on s oo e it cnnevecnvosennosonnnes 0.2 Milliampere
Pentode Unit as Class A; Amplifier .
PLATE VOLTAGE. 110 max. Volts
SCREEN VOLTAGE. . 110 max. Volts
TyPICAL OPERA'HON -
Plate Voltage . .. 90 Volts
een 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 ar fﬁement 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 power
tglxﬁer pentode which is suitable for use
90 volts on both the plate and -creen.

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 |lam¢nl Parallel F tlamcnl
77 g T7GNRE
FiLament VoLTtaGeE (D.C)) . N 2.8 14 Volts
FILAMENT CURREBNT ... .co.iiiennens cnunnses 0.05 0.1 Ampere
As Class A, Amplifler
PLATE VOLTAGE. 90 max. 90 maz. Volts
SCREEN VOLTAGE, . 90 max. 90 maxz. Volts
ToTAL CATHODE CURRENT. 6 max. 12 max. Milliamperes
TyPicAL OPERATION and CHARACTERISTIC
Plate Voltage 90 85 20 Volts
Screen Voltage . 90 85 90 Volts
Grid Volta, -4.5 -5 -4.5 Volts
Peak A-F ndthage 4.5 5 4.5 Volts
Zero-Signal Plate CUTTEnt .« o ve s vno e on 7.7 6.9 9.5 Milliamperes
Zero-Signal Screen Current .. ..o 1.7 1.5 2.1 Milliamperes
Plate Resistance (Approx.) ................ 0.12 0.12 0.1 Megohm
TranscondUCANCE . .. ..vvrve v ve vrseoean s 2000 1975 2150 Micromhos
Load Resistance. Ceeriesseseasesa. 10000 10000 10000 Ohms
Total Harmonic Distortion . . .. ............ 7 10 7 Per cent
Max.-Signal Power Output .. .............. 0.24 0.25 0.27 Watt
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POWER AMPLIFER 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
thoee of the 1S4, 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 Filament Pazrallel
FILAMENTVOLTAGB(D.C.).........;................“ "2, 14 Volts
FILAMENT CURRENT .4 o s v seor et asoonsssnssesssssens 0.05 0.1 Ampere

As Class A; Amplifier )

PLATE VOLTAGE. . .« 1o vetasn oo onssansnsenes . 67.53 max. 67.5 maz. Volts
SCREEN VOLTAGE . o 4 v« oo vo oo oo ss oo sssses s - 67.5 max. 67.5 maz. Volts
ToTAL CATHODE CURRENT FOR MAXIMUM SIGNAL .5 max. 11 max. Milliamperes
ToTAL CATHODE CURRENT FOR ZERO SIGNAL. .\ cvoovne 5 max. 9 mex. Milliamperes
TypicaL OPERATION and CHARACTERISTICS—Class Ay Amplifier

Plate Voltage . Ceven 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
TranscoONAUCLANOER , oo o v e csanvo s no s e en 1400 1550 Micromhos
Load ReSIBtANCE . . .. vt cvvnseerorsennesercoonnnes 5000 5000 Ohms

Total Harmonic Distortion .. .. cocovncavvivoneens 1 10 Per cent
Max.-Signal Power Output .. ...ocoovvrecrievns 0.16 0.18 Watt

* For series filament arrangement, filament voltage is applied between pine 1 and 7; grid
vol 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 5WaGT are tulwave  HSWA4-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.
221, OUTLINES SECTION; those of the

¥ s
5W4-GT are: maximum overall length, 33§
B i seated height, 24 1. max  SWA-GT
Ne T REYSE imum  diameter, 14 in., bulb, T-9, base,
intermediate shell octal 5-pin. Horizontal
G-5T operation of both types is permissible if pins

2 and 7 are in a horizontal plane

POWER AMPLIFIER TRIODE

The 6A3 ié a three-electrode type of power
amplifier tube designed for use in the power- )
output stage of radio receivers designed - for
its cteristics. The filament is rated at 6 A3
i 8 6.3 volts and 1.0 ampere. In single-tube
o* ° class A service, the characteristics and
F 3 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
40 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~
ti%-plat:l load resistance, 3000 ohms; zero-signal plate current, 80 milliamperes; power output,
wa
Physical characteristics are 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 coneisting 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,
14 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.). .. .. it vi v iiiiitci i e e 6.3 Volts
HEATER CURRENT .. .. ..o ivvinnincnnsnenas 0.5 Ampere
As Class A; Amplifier

OuTPUT-TRIODE PLATE (PTs) VOLTAGE 250 max. Volts
INPUT-TRIODE PLATE (PT1) VOLTAGE 250 max. Volts
INPUT-TRIODE GRID VOLTAGE. ... 0 Volts
PEAX A-F GuID VOLTAGE .. .. 25 Volts
OuTtpUT-TRIODE PLATE CURRENT 34 Milliamperes
INPUT-TRIODE PLATE CURRENT . . 5 Milliamperes
PLATERESIS‘I‘ANCI(AEFO!.).............‘.................... 40000 Ohms
TRANSCONDUCTANCE (GTitO PTs) .. oo vt vv vt ti et vn ce v ns e cn e 1800 Micromhos
LOAD RESISTANCE .. ... iviiinsnr it irnecatnononneononononcens 8000 Ohms
HARMONIC DISTORTION . . 1\ et v vt vt vt vt veeeasne e cnaaonvsonse s 10 Per cent
Power OUTPUT .. ........... 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

bACS-G  HECrilccummmabmieacs | O\AL/ D

acteristics identical to those of the 6AC5-G. () ()
Dimengions are shown in Fég 2-8, OUT- KEY
LINES SECTION. The 6AC5-GT/6AC5-G NC
may be mounted in any pogition. G-6Q
RC TA
ELECTRON-RAY TUBE Yoo
The 6AD6-G is a heater-cathode type of e .
tube designed to respond visually, by means RCyp
6 AD 6 G o}fmt;‘wo .adowl's on a fglxperdeuzeontthta.rget, tr:ﬂ
- c es in voltages appli e con
elecngodes. This tube ll?a intended for use as e‘/ )
a voltage indicator to indicate accurate H H
tuning of a receiver to_the desired station. OO
The application of the 6AD6-G is similar to NCTKEY K

that discussed under the 6AF6-G.
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CHARACTERISTICS .

HeaTeER VoLTAGE (A.C. or D {0 PN 6.3 Volts
HEATBR CURRENT .. vveeecavisesosesanssasanssssnssnssnonosss 0.15 Ampere
MaxIMuM OVERALL LENGTH. . . .. etabeeieesesiesataroressasans 2K’

MAXIMUM SEATED HEIGHT......coiviviiennnnnnn easanans N 24"

;/uxnml DIAMETEK .. cvcvvinenviarvertnstoscocsosonasnnsnnes 1 \'.'

- e eeaseseassesieerastsenaerennes
ASE. .o tessssaetansne seserrarianeaes SmallWaierOctal7-Pm.Sleev

TARGET VOLTAGE. ¢ 0vvvveeruiennssorosesssnassssossssssnsasns 150 max. Volts
TVPICAL Onnﬂon
Target Voltage. . 150 Volts
Target Current® . Milliamperes
Target Current® .. . .. 2 Milliamperes
Target Current**+ . , 1.2 Milliamperes
Ray-Control Electrode Voltage Appmx ............. 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.
s For shadow angle of produced g either ray-control electrode.
ws For shadow angle of 135° produced either ray-control electrode.

TRIODE-POWER AMPLIFIER
PENTODE

The 6AD7-G containa a voltage amphﬁer
t.node anlc?:ls.acpower amplifier pentode similar

to e SREG. it of the hg‘fm:ﬁ“’?: 6AD7-G

combination with a aeparate GFG- na push
pull amplifier; in this service, the triode unit
serves as the base inverter. Curves shown

upder the to the pentode 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
HEATEBR CURRENT ... 0vviiinenranesrescnnnnas et 0.85 Ampere
Triode Unit
. Voits
. Watts
Volts
Volts
Ohms
i hos
Milliamperes
PLATE VOLTAGE. ...... teeeseesesaann . 376 max. Volts
SCREEN VOLTAGE. . .covevrnannansses
PLATE DISSIPATION. . .+ e veeveeonnnoiniiiin,
SCREEN DISSIPATION. ........
T'El"llam OPERATION and Cmncrxmsnes—dau Ax Amphﬁer.
vame"i'iiili RPOPRRN
Grid oltaée. teee
Peak A-F Grid Voltage. ..
l?ﬂﬂ Plate Current
Max.-Signal Plate Current
Screen Current
Max.-Signal Screen Current
Plate Resistance (Approx) ...........................
‘Transco: sesesseressarenas ereasatasaean rees
Load tanee ....... e
Total Harmonic Distortion



RCA RECEIVING TUBE MANUAL

As Pysh-Pull Amplifier
Pentode Unit of 6 AD7-G and Separat- 6 F6-G

PLATE VOLTAGE . . . .4 vovvtunerrirnsasnstssruacsnsonioncanansanes 375 max. Volts

SCREEN VOLTAGE. 285 max. Volts

PLATE DISSIPATION. gf; max. watu
.7 max. atts

Plate Voltage ...........covveirurernecaenns 75 Volts

Screen Voltage .............c.ovvvvviinnennn, 250 285 Voits
Cathode Resi8tor. . .. ........ccovnveenunnnns 560 470 470 Ohms

Peak A-F Grid-to-Grid Voltage............... 59 64 55 Volts
Zero-Signal Plate Current .. ................. 36 475 41 Milliamperes
Max.-Signal Plate Current................... 41 54.5 50 Milliamperes
Zero-Signa nCurrent . .....ooiiiiiinn 6.7 8.2 6.7 Milliamperes
Max.-Signal Screen Current.............00... 11.7 13.5 9.2 Milliamperes
Effective Load Resistance (plate-to-plate) .. ... 14000 12000 16000 hms

Total Harmonic Distortion . ............00u.. 4 4 2 Per cent
Max.-Signal Power OQutput . ................. 6 8.5 9 Watts

TWIN-PLATE CONTROL TUBE

The 6AE6-G is intended for use as a con-
trol tqtée for E_wm—type gf:ftron-rt:‘ayd éubes;
it provides in effect two triodes wit ifferent

: 6 AE 6 G . cutoff characteristics. With avc voltage
: - applied to the common control grid in euitable
i 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.). . . cviiiiiiiiianiiinenennnannn 6.3 Volts

‘l HEATER CURRENT ... .iivveenvnnnsvonsennnossnassssnsssnnenens 0.1 Ampere

% Remote Cut-Off Triode

‘ PLATB VOLTAGE . . . .ot ttiiiiiienvrnasennosnnossssnsnnansosnnns 250 max. Voits

| CHARACTERISTICS:

; Plate Voltage .. 250 250 250 250 Volts
Grid Voltage. . ...... ~35 -15 -6 -1.5 Volts
Amplification Factor .. . 25

, Plate Registance (Appro 25000 Ohms

: . Transconductance . ... 1000 Micromhos
Plate Current. .. .. 6.5 Milliamperes

Sharp Cut-Off Triode
PLATE VOLTAGE. . i vovuutiivnnioncnoernncaessnsnessnosasasanans 250 maz. Volts
CHARACTERISTICS:

Plate VOItage . .....coeiiiniiierinnncnesisnaanasnres 250 250 Volts
Grid Voltage. . ...vvvieee et iinirinnnaasiesieaenss -9.5 ~-1.5 Volts
Amplification Factor............... e rteeseatbena e 33
Plate Resistance (APProx.) .....cveevvinvens PP 35000 Ohms
Transconductance ........... edeasatiaasieanbiianes 950 Micromhos
Plate Current. . ... ...ooviiiiineeneraoreranenennonas 0.01 4.5 Milliamperes

TWIN-INPUT TRIODE AMPLIFIER

. The 6AE7-GT is intended for use as a
voltage amplifier triode or as a driver for two
type 6A! T tubes in dynamic-coupled

6A E7- push-Xlxll amplifiers. In the latter service,
the 6AE7-GT takes the place of the two tubes
ordinarily required as drivers. Physical char-
acteristics are shown in Fig. 2-8, OUTLINES
SECTION. 'The 6AE7-GT may be mounted
in any position.

Y CHARACTERISTICS
HEATER VOLTAGE (A.C.or D.C)...vcvvevinnnnnn cessssnessssosns 6.3 Volts
HEATER CURRENT .00 cvveeecacassassssonsecsnosscscassocsssss oS Ampere
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As Class A; Amplifler
Both grids connected together at socket; likewise both cathodes

PLATE VOLTAGE . . ... oovieeteerinnsorsnnnssorvoncoanensnnanans 300 max.
PLATE DISSIPATION. . ....... S v e eeseneenetrerans ot eeasanaraen 5 max.
TYPICAL OPBRATION and CHARACTERISTICS
Plate Voltage ..... 250
Grid Voltage ~-13.5
Plate Current. . 10
Plate Resistance. . ... e 4650
Amplification Factor. . .........c000t. .. 14 -
Traneconductance ......ooveveveneenan e aeans
As Driver for Two Type 6AC5-GT Tubes in Dynamic-Coupled
Push-Pull Amplifler
PLATE VOLTAGE. . . .. .veieiinnnoninnnenan testearanten et aan 300 max.
PLATE DISSIPATION. . ... iiviueieiiannnnenenns Ceteeasnieaaaaes 5 max.
TYPICAL OPERATION:
Phte-Snlpply Voltaget. ....ooiviiiiiiindiiiiiiiienenanonnans 250
rid Voltage. .........ccoeieiivncinnnnnincnsnss. Pereaearaae
Grid-to-Grid Input Signal to Drivers. .. ... ..., tetereseasnnns 41 rms
Zero-Signal Driver Plate Current... ........... terrerieerenas . 10
Max.-Signal Driver Plate Current .......c.o0c0eneunes 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

Vol
Watts

Volts
Valts
Milliamperes
Ohms

Micromhoe

t 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
G __ of the BA3, but the GBA:G is provided with 6B4-G
F+ -

an octal base, Physical characteristics are

lhown in Fig. 2-26, OUTLINES SECTION.

OO, tube_should be mounted in a vertical

NETREY Tne Eouiuon, horizontal operation is permisaible
the plane of the filament is vertical,

DUPLEX-DIODE PENTODE
The 6B7-S is a multi-electrode tube con-

one envelope. This type is intended for use
as'‘a replacement in receivers designed for its
characteristics. The characteristicsa of the
6B7-S are similar to those of the 6B7; how-
ever, the two types are not usually mw--
changeable.

s DETECTOR AMPLIFIER TRIODE

The 6C5-GT is a triode of the heater-

I 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; grrig-cathode, 4.4 puf; 6C5'GT

O,
H "’ H -cathode, 12 uuf. character-
5‘3: ar: maximum over-al‘ length, 3 {4 igr

A KEY maximum eeated hexg t, zgl; in.; maximum

it K diameter, 1{. , : small

GT-6Q wafer octal 6-pin wrth metal sleeve; mounting
position, 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 type is
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-Frid 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 hel%ht,
2347 maximum diameter, 1#”; bulb, T-9;
base, small wafer octal 7-pin, with sleeve;
mounting position, any.
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TRIODE-HEPTODE CONVERTER

The 6)J8-G is a multi-unit tube consisting
of a triode unit andabeptodeumtm one
envelope. The triode unit designed to
ner\trle"e 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 coupling. Phynic_nl

-8H 6J8-G are shown in
G “5,62'15- ou'rum SECTION ™ The
HP =HEPTODE may be mounted in any position.

CHARACTERISTICS
HEATERVOLTAGE(A.C.arD.C.) . ... . ciiiiiiiiiiieenneinnnaan. 8.3 Volts
HEATERCURRENT . .iveecreioanaras 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. n‘l‘
Heptode Grid to Triode Grid*. 0.13 uuf
Triode Grid to Triode Plate...........c.c...... .. 22 nunf
Heptode Grid to All Othet Electrodes =R-F Input.............. 4.4 ppf
Triode Plate to All Other Electrodes =Osc. Output ........ RN 5.5 unf
Triode Grid to All Other Electrodes =Osc. Input ............... 11.7 P
Heptode Plate to All Other Electrodes -Muer Output .......... 8.8 ppf
¢ With shield-can
As Frequency Converter
HEPTODE PLATE VOLTAGE . ........ovveeusranseuneneasannsancns 250 max. Volts
HEePTODE SCREEN VOLTAGE (Grids No.2and 4).................. 100 max. Voits
TRIODE PLATE SUPPLY VOLTAGET. . ....ovivineiineniinennnnans 250 max. Volits
TYPICAL OPRRATION:
Heptode Plate Voltxge .............................. 100 250 Volts
Heptode Screen Voltage. . . . .........ciuivveeiinnenn 100 100 Voits
Heptode Control-Gnd Voltage (Grid No. 1)............ -3 Voits
Triode Plate Voltage. ............ccvvivrenennennans 100 250t Volts
Triode Grid Resistor. .. .......ccovviirverinencancees 50000 50000 hms
Heptode Plate Resistance (Approx.) .................. 0.9 4 Megohms
Conversion Transconductance. . .........ocvevrueavnes 250 290 Micromhoe
Heptode Control-Grid Voltage for conversion transcon-
uctance of 2 micromhos — -20 Volts
Heptode Plate Current . 14 1.3 Milliamperes
Heptode Screen Current . 3 2.9 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

t Applied through 20000-ohm voltage-dropping resistor.

&2nx &l TRIODE-HEXODE CONVERTER

(3os,x . The 6K8-G and 6K8-GT are multi-elec-
P trode tubes consisting of a triode oecillator
(6)7T and a hexode mixer in a single envelope. Both -
of these types are identical electrically to
the 6K8 except for the capacitances ven

below Refer to the 6K for Installation
" D w 2

and plication. Physical characteristics of -
€KB-GINC Kp G are ﬂhownylz Flglz-ls and of the 6K8 GT
6KB-CT 1L gy~ K GKB‘GT in Fig. 2.6, OUTLINES SECTION.
Both types may be mounted in any position.

*CHARACTERISTICS

G-8K

HEATER VOLTAGE (A.C.or D.C)). . 6.3
HEATER CURRENT .. ... 0.3 Ampere

DIRECT [NTERELECTRODE CAPACITANCBS
exode Grid No. 3 to Hexode Plate . . e 0.08 max. uuf
exode Grid No. 3 to Triode Plate 0.05 upf
e Grid No. 3 to Triode Grid No. 1 and Hexode Gnd No 1. 0.2 puf
Tnode Grid and Hexode Grid No. 1 to Triode Plas 18 "

—231 —



RCA RECEIVING TUBE MANUAL

Triode Grid and Hexode Grid No. 1 to Hexode Plate ........... 0.15 nuf
Hezxode Grid No. 3 to All Other Electrodes =R-F lnput ........ 4.6 nuf
Triode Plate to All Other Electrodea Except Triode Grid ’
Grid No. 1 =Osc. Output. . .. 4 nupf
Triode Grid and Hexode Gnd No.'1 to All Other Elect.rodeo Ex::ept
Triode Plate =QOsc. Inp 6.5 uuf
Hezxode Plate to All Other Electrodee = Mixer Output .. 4.8 muf
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 characteristics of the
6P5-G spsc‘i'/spscmme same as for the 6P5-G. 1 CAN A P.Or
ca itances grid-plate, 2. 8 nal;
ode, 3.5 m plate—eat.hode 25 f ®
Jm characteriatica are shown N KEY™
OUTLINES SECTION. Tbe 6P5-GT/
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 capac-
P itances), installation and application for t.he
- 6P7-G are the same as for the 6F7 but th
6P7-G is equipped with a standard octal baae.
Capacxtance- -of the triode unit are: d-
plnte, 2 uuf; grid-cathode, 1.4 uuf;
cathode, 5 ; and for the gentode unit'
gnd-plate (wnth tube ghield),
output, 11.6 uuf. 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 a muiti-unit tube like
- Tgpe 6R7 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-clectrode tube of

OSA7-GT e ended e et sxes (heot
and

terodyne circuits, tion aj
eluon ot' t.he 6SA7-GT are similar to ooe
for the 6SA7.
v CHARACTERISTICS

HEATER VOLTAGE (A.C.or D.C)......cov0venss PO 6
HEATER CURRENT . .0covrorttrrsurrannnsasassasmseansssoosaes 0.
DIRECT INTERELECTRODE CAPACITANCES:
Grid No. 3 to All Other Electrodes = R-F Input* . 1
Plate to All Other Electrodes = Mixer Output® . 1
Grid No. 1 to All Other Electrodes*...........

¢ With base shell connected to cathode.
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- 1 to Plate* .
© Grid No. 1 to Shield and All Other Electrodes Except Cathode

Grid No. 1 to Cathode .

MAXIMUM OVERALL LENGTH. . .. .00...... tesesseestearentaraans
MAXIMUM SEATED HEIGHT..........0000s sebeersarearacteeaeann
MAXIMUM DIAMETER .. .0.ovtvresuennsrovevasocsancsconcosorens
BUuLE .......... feeeereiariiiaeee aras Cieasaseseseseniaennas
B ABE .« v eecraseserotnttaanttstetotetsiiotaneonsteseaeies Small
MOUNTING POSITION . . « nvvnvvrinnsoieinnns heeevsseesnsaniinena

As Frequency Converter

TYPICAL OPERATION WITH SELF-EXCITATION:
operation of the 6SA7-GT is the same as for the 6SA7.

P

G

K 9 V ° "
NCKEY

G-8AB

M

HIGH-MU TRIODE

The 6SF5-GT is a high-mu triode of the
single-ended glass type for use in resistance-
coupled amplifier circuits. Electrical char-
acteristics, except capacttaneeu are the same
as for the 6SF5. Physical characteristics are
shown in Fig. 2-5, OUTLINES SECTION.

DIODE SUPER-CONTROL
AMPLIFIER PENTODE

The 6SF7 is a single-ended metal tube

consisting of a diode and a super-control

amplifier pentode in the same envelo?e
'l‘he pentode unit_is di
munn:-tamhﬁeral htmayalso
he used as an a-| nng:l mensions
shown in Fig. 1- UTLINES SECTION
The GSF"I may be mounted in any position.

*CH_ARACT ERISTICS

Hzater VoLTAGE (A.C.0or D.C).............

HeaTER

Dlélc‘l' Imnm.muonx CuAcmmcxs—Pentode “Unit:

rid to Plate. .. ......
Input ....cocovvnnenn

Output. . ...

IR B R T I T P T

D I T I
.o

Grid to Diode Plate. . [

Plate to Diode Plate. ... ..

s eean

prodtarnilon o .

PLaTE VOLTAGE, .
SCREEN VOLTAGE, .

Pentode Unit—As Class A; Amplifler

S48 eb as e s sa sane us be se e ab e nn vy on

DR I I I R S T

ScumSuvaoum:.. DI
GRID VOLTAGE . e
PLATE DISSIPATION . .

Traneco .
. Gnd Voltue (Approx) for mumnducmnoe ot lo mi-

PlateCnrrent

D R I I I P P I T

34

Diode Unit

6SF5-GT

6.3 Volts
0.3 Ampere
0.004 max. uuf
55 puf
6.5 puf
0.002 maz. uuf
0.8 puf
300 max. Volts
100 max. Voits
300 max. Voits
0 min. Volts
3.5 max. Watts
0.5 max. Watt
250 Voits
100 Volts
-1 Volts
0.7 Megohm
2050 icro:
-35 Voits
124 Milliamperes
33 Milliamperes

The diode plate is placed around the cathode, the sleeve of which is common to the pentode

unit,
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TRIPLE-GRID SUPER-CONTROL
AMPLIFIER
The 6SG7 is an r-f amplifier of the single-

65 G7 ended lmetal t; : u’l’he high t.ranaoogdttxct-
ance, low gri ate capacitance, an WO

t.bo:fe ,:;nls are desirable

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
HEATER VOLTAGE (A.C.or D.C)).. 6.3 Volts
HEATER CURRENT . 0.3 Ampere
DirecT Inrnmzcrnons Cumcrnmczs
Grid to Plate. et s e e e i e e o 0,003 max. puf
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 max. Voits
Grip VOLTAGE (Grid No l) e 0 min. Volts
PLATE DISSIPATION. . 3 max. Watts
SCREEN DISSIPATION . . 0.6 max. Watt
TYPICAL OPERATION nnd CuARAcrzmsncs—Class Ay Am&l)lﬁer
Plate Voltage . 250 Volts
Screen Voltage 100 125 150 Volts
Grid Voltage. . . -1 -1 -2.5 Volta
Suppressor . e Connected to cathade at socket
Plate Resistance (Approx) RN 0.25 0.9 003 Megohm
Transconductance . 4100 4700 4 Micromhos
Grid Voltage (Approx ) for Transoonductance =
40 micromhos. -11.5 ~14 -178 Volte
Plate Current. . 8.2 11.8 9.2 Milliamperes
Screen Current .. 32 4.4 34 Milliamperes

1 Greater than 1 megohm

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 height, 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
o
&

CHARACTERISTICS
HEATER VOLTAGE (A.C.or. D.C).. 6.3 Volts
HEATER CURRENT .. 0.30 Ampere
DirecT INTERELEC'I'RODE CAPACI‘I‘ANCBS

Grld-Pla 0.005 max. ppf

As Class Ay Amplifier
PLATE VOLTAGE. . .. . et iiit it ieneae et cuvuvnanvnan 100 250 max. Volts
SCREEN VOLTAGE . . . ..ot vttt veneer sioronvnneoncenncnns 100 100 max. Volts
GRID VOLTAGE .. .. .oovvnenins Volts
SUPPRESSOR . . .Connected to cathode at socket
PLATE RESISTANCE (Appro 1.5 Megohms
TRANSC((:)NDUCTANCE lESZS9 165% Mlﬁgmhoa
PLATE CURRENT. .. 3 mperes
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

s CHARACTERISTICS
HeatER VOLTAGE (A.C.0or D.C))..... everestceresstasesaceionn 6.3 Voits
HEATER RENT ¢ oonvvecronnosancsonsonarss erivasusserenaae 0.3 Ampere
GRID-PLATE CAPACITANCE® ... ...0.0cneccccncncses . 0.005 max. puf
INPUT CAPACITANCE? ... ..ccovvvnurensne . 6.3 puf
OuTtpuT CAPACITANCE?. . ., . 10 auf
MAXIMUM OVERALL LENGT . 3&*
MaxiMuM SEATED HEIGHET 234°
MaxiMuM DIAMETER . 1%
BULB .......c000en L. T-9
BASE. « v ettt iinacestsencraveanstosstassansotrretenasbntns Small Wafer Octal 8-Pin, Sleeve
MOUNTING POSITION. . . ..vvcnrcnervssentoenvassoossnsssenssnns Any

* With base sleeve connected to cathode.

As Class A; Amplifier
Maximum ratinge 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.) .. coviinrrnrrennnnnencnnnnnnan 6.3 Volts
HEBATER CURRENT .. 0v i iinen conrnsoaerooensosnsacscasacncns 0.6 Ampere
DirecT INTERELECTRODE CAPACITANCES (Approx.):§
Triode Unit T Triode Unit Ty
GridtoPlate .......... Yl 4
Grid to Cathode .. 3.2 3.8 puf
Plate to Cathode . 34 2.6 puf
Plate to Plate Ceean 0.5 pnf
Gridto Grid....... ..., 0.034 upf
Grid Ta to Plate Ty . ..... 0.12 apf

§ With close-fitting shield connected to catt;t;tie.

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.

"Dz D| §

Q=Y

Gy VO
OMO,

SL—KEY™H
GT-8Q

DUPLEX-DIODE :
RIGH-MU TRIODE

The 65Q7-GT 1s a single-ended glass tube
containing two diodes and a high-mu triode.
Installation and application are the same as
for the 65Q7.
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. Y CHARACTERISTICS
HEATER VOLTAGE (A.C.or D.C))............ benasseisienasanens 6.3 Volts
HEATER CURRENT ... 0vvevncrrenconns eenes 0.3 Ampere
Triode: GRID-PLATE CAPACITANCE (Approx.)* . 1.8 my
GRID-CATHODE CAPACITANCE (Approx.)*, 4.2 auf
PLATE-CATHODE CAPACITANCE (Approx.) . 3.4 puf
MAXIMUM OVERALL LENGTH. . .......... eres 34"
Maximum SEATED HEIGHT. .. 2
MaximMuMm DIAMETER . ...... 14°
BULB .. .vivivrierininnnrersones terecanaaennaans . .. T-9
BASE......ovvieiiianns 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 6SQ7.

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 is 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).....0ovvvnnnnnnnns eetesnanaons 8.3 Volts
HEATER CURRENT ........0.00n. cevecrasas [ veresenens vee 0.3 Amperte
Triode—Grid-Plate Capacitance (ApProx.)®. .. ...ooeveeseecnnnnes 2.4 ™y
Grid-Cathode Capacitance (Approx.)® ..........c0evvs.. 3.0 paf
Plate-Cathode Capacitance (Approx.)* ..... Cevereneeiann 28 uuf
* With shell connected to cathode.
Triode Unit as Class A; Amplifier
250 masz. Volts
2.5 max. Watts
250 Volts
-9 Volts
16
8500 Ohme
l%)g %ﬁomhou
. 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 equig:ent employing a series of
0.15-ampere tubes such that the total heater
voltage will not exceed 117 volts. Ph&ucal
characteristics_are shown in Fig. 1-3, OUT-
LINES SECTION. The tube may be mount-
ed in any position.
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*CHARACTERIS'HCS .
HEeATER VoLTAGE (A.C.0r D.C)).. 6.3 Volts
HeaTER CURRENT .. . 0.15 Ampere
DireCT Imxnnncmonx CAPAC!TANCES =)
GndtoPlate 0.004 max puf
Input . 5.5 uuf
Outpl.lt e e st et ae e 7 uuf

* With shell connected (.o cathode

As Class A; Amplifier

PLATE VOLTAGE. . .. .. viet it cr e ve vnas
SCREEN VOLTAGE. .. ...
SCREEN SUPPLY VOLTAG!
GRID VOLTAGE . .. .
PLATE DissIPATION. .
ScCREEN DISSIPATION. .. ...
TvPICAL OPERATION

300 maz. Volts
100 max, Volts
300 maz. Volts

0 min. Volts
2.25 mex. Watts
0.35 max. Watt

100 250 Volts

Plate Voltage ..

Screen Voltage 100 100 Volts

Grid Voltage. . .. -3 Voits
Suppressor. .... e e Connected to cathode at socket

Plate Current. . 122 9 Milliamperes
‘:creenC\.!rrent 3.1 2 Milliamperes
Elate RESISLANCE . .. vv n. vvr or v ve e ie e e e iaae o 0.12 1 Megohm
Transconductance 1930 1850 Micromhos
Grid Biast. . v ares e e -35 =35 Volts

t For tramconductanoe of 10 mxcromhos (apprrox IN

DUPLEX-DIODE TRIODE

The 6V7-G is a heater-cathode type of tube
oonsllst:l;x bof E‘:wo dlo?ea atr:d a ltnr;lge in a 6v7 G
single bu. xcept for physical ¢ ractero -
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.

P02 K FULL-WAVE HIGH-VACUUM
GL— RECTIFIER

—— 5o Tl;_‘e GY{S isa f\lﬂl-wave. high-vacuum
oD ! rectifier for replacement in receivers ]
designed for its charac‘erlsucs The
‘ heater voltage is 6.3 volts; current, 0.8 6Y5
ampere, The maximum a-c plate volt-
o o Lg ger plate is 350 volts (RMS), and
e d-c output current is 50 ma. Ph; Fyl
ical characteristics are shown in
6J 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 r.hat 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,
6Z5 with a tap 8o 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 voltage ° o
is 230 volta (RMS), and the maximum d- H b
output current is ma. Physical charac-

teristica are shown in Fig, 2-19, OUTLINES 6K
SECTION.

DETECTOR AMPLIFIER TRIODE

The 7A4 is a three-electrode general-
purpoee 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
ghpnggn and cathode connection, refer to
e

Y CHARACTERISTICS
HeaTER VOLTAGE (A.C.or D.C). . ...ciiiiiiiiin i 6.3% Volta
. 0:4*1 3 z‘l}mm
3.4 upf
3 upf
* With close-fitting shield connected to cathode.
{ Nominal value is 7 volta. $$ 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 ia a beam power amplifier of the
locking-base ty?e. It is for use in the power-
output stage of radio receivers designed for
jts characteristics.

Y CHARACTERISTICS
HEa1ER VOLTAGE (A.C.0r D.C.).. 6.3 Volta
HRATER CURRENT ......... 0. Ampere
Maxmun OveERrALL LENGTH. ”
MaxmMuM SEATED HRIGAT ”
MAXDMUM DIAMETER . ..... 14”
3 R S Lock- 8-Pin
MOUNTING POSITION. . . ccovererccannconanass Ceeiresasernssans . y
$ Nominal value is 7 volts. 13 Nominal value is 0.75 ampere.
As Class A; Amplifier
PLATB VOLTAGR . . . ccovonee seseasunonens seceserensans weereeiee 125 max. Volta
ScreEEN VoLTaGE (Grid No. 2) ......... ees . 125 max. Volta
PLATB DISSIPATION. . .t cossevessevosssncosnas 5.5 max. Watts
SCREEN DISSIPATION. .. ccvvnnnns. PN 1.2 max. Watts
'";hte V%Intueuﬂom 110 125 Volta
Screen Voltage ........evee. 10 125 Volts
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Grid Voltaée l_éGrid No.I)*..iiiieiiinannonss AN -7.5 -9 Volts
Peak A-F Grid Voltage...... 7.5 9 Volts

Plate Current . 44 Milliamperes
Max.-S Plate Current 45 Milliamperes
Zero-Signal Screen Current (Approx.) 3.3 Milliamperes
Mazx.-Signal Screen Current (Approx.) 9.5 Milliamperes
Plate (Ap] ) 17000 Ohms
Transconductance ............ RN 6000 Micro
Load Resistance., ... ..ceveveeecens 2500 2700 Ohms
Total Harmonic Distortion ........... 10 10 Per cent
Max.-Signal Power Output . .. ...ccvvvivenieernncrases 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-
plifir 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-
actenistics are the same as those for the 6SF5.

CHARACTERISTICS

HEATER VOLTAGE (A.C.or D.C))...........o it iiii i i in e e 6.3* Volts
HEATER CURRENT 1. .. teononancnan vtaeonetonas e ievaseeennonos 0.3% Ampere
DmEecT INTERELECTRODE CAPACITANCES—Triode Unit:

Grid to Plate ........ 1.6 puf

Grid to Cathode. . 3.6 upf

Plate to Cathode . . 34 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 éor_uae mf 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. ot D.C.). . .. ittt iiiirineinnnenanens 6.3 Volts
HEATER CURRENT 1o itttttiiiiniiiintereenannnensonnonsansss 0.41% Ampere
$ Nominal value i 7 volts. 1 Nominal value is 0.43 ampere.

As Class A; Amplifier
GKG__thaximum ratings and typical operating conditions for the 7B5-LT are the same as for the

DUPLEX-DIODE
HIGH-MU TRIODE .
loc‘ll;!le baaeLtM - t':l:l t:i-mt:it t:il.il:lgl th;
- containing two an
a bién.h;mu tﬁ(ﬂ?in 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

conditions as given
for the 6SQ7 in_ the RESISTANCE-
COUPLED AMPLIFIER CHART. The i .
7B6-LM is interchangeable with the 7B6. Pbysical characteristics are shown in Fig. 1-4,
OUTLINES SECTION. The tube may be mounted in any position.
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Y CHARACTERISTICS
HEATER VOLTAGE (A.C.ot D.C).....oiiiinnrerinnnees ressiennn 6.3 Volts
HBATER CURRENT .. .cevennncereeinnennnnses 0.3: Ampere
$ Nominal value is 7.0 volts. 11 Nominal value is 0.32 ampere.
Trlode Unit
PLATE VOLTAGE. . . .ty ttvueernrvoosnesasssosnsvassaansanunsas 250 max. Volts

TvPicAL OPERATION and CHARACTERISTICS: |
Values are the same as those for the 65Q7.

Diode Unit

The d:ode unite are independent of each other and of the triode unit

f
_cathode. pt for the

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 od circuits. The 7B8-LM is mt.erchange-

e with the 738 The physical charac

of the 7B8-LM are shown in Fig. 1-4,
OUTLINES SECTION. The 7B8-LM may
be mounted in any position.

*CHARACTERISTICS
HEATER VOLTAGE (A.C.or D.C.)........c0vuune ereenaseraaennn 6.3 Volts
HEATER CURRENT ..\ vtoeiuraosovcsronconnes Ceeeeenraaineaaans 0.3%t Ampere
DIRECT INTERELECTRODE CAPACITANCES:®
Grid No. 4 to Plate. . ...uovenenninns Ceasraieenes ceesees 0.3 mazx. ual
Grid No. 4to Grid No. 2. .. ...evvenen . 0.2 uul
Grid No.4toGrid No. 1.......0000euus 0.15 wnf
Grid No. 1 to Grid NO. 2. . . uvvensnscsnnens : 0.8 uuf
Grid No. 4 to All Other ElectrodesmR-F Input .......0000... : 10 suf
Grid No. 2 to All Other Electrodes Except Grid No. 1 =Osc. Outpu 3 unl
Grid No 1 to All Other Electrodea Except Grid No. 2 =Osc. Input 4.8 suf
Plate to All Other Electrodes = Mixer Output . ....... 12 wuf
° With shell connected to cathode.
$ Nominal value is 7 volts. $$ Nominal value is 0.32 ampere,
As Froquoncy Converter
PLATE VOLTAGE. . . . cucsvcesvosncssnosans seecrsaceseretenenans 250 max. Volts
ScumVo:.nGn(Gnleo.!ilndNo [ Y PN 100 max. Voits
ANODE-GRID VoLTAGE (Grid No. 2).............. hessereneseanns 200 max. Volts
ANODE-GRID SUPPLY VOLTAGEY ... .0occveerireenorasnceseransanns 250 max. Volts
TOTAL CATHODE CURRENT. . c.vvcconeersssorcsscsasassosscasnn 14 max. Milliamperes
TYPICAL OPERATION:
Plate Voltage ...... . 100 250 Volts
Screen Volmse ..... 100 Volts
Anode-Grid Voltage.. 2509 Volts
Control-Grid Voltage ~1.5 -3 Volts
50000 Ohms
0.6 0.36 Megohm
360 550 Micromhos
3t 6% Micro
1.1 3.5 Milliamperes
13 2.7 Milliamperes
2 4 Milliamperes
0.25 0.4 Milliampere
Toul Cathode Current . . . . 4.6 10.6 Milliamperes
" 9§ Anode-grid suppl voltaau excess of 200 volts require the use of a 20000-ohm voltage-
drt);q;_)i%&l registor by-pazed by a 0.1 uf condenser.
th grid bias of —20 volts. § With grid bias of -35 volts.

BEAM POWER AMPLIFIER

The 7C5-LT is a beam power amplifier of
the locrng-bale type for use in the output

dio receivers. The characteristics
7C5LT il s Bt o

T, 7C5. The physical characteristics
the 7C5LT &own in Fig, 29, otrr-
LINES SECTI The tube may
mounted in an! podtion.
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Y CHARACTERISTICS
HeaTER VOLTAGE (A.C.or D.C)..... tenbnescesineranans 6.3: Voits
HEATER CURRENT . .occocevvssarnosnnsssssasasensssnnassssnnns 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
of Ttm 71%:3351;‘31"{%3 geect:::t:qnadx: lit;:; 7C7

service as a biased detector. Physical char-
acteristics of the 7C7 are shown in Fig. 2-4,
OUTLINES SECTION. The 7C7 may be
mounted in any position.

- Y CHARACTERISTICS
HEATER VOLTAGE (A.C.or D.C.) ... ccvniiiinnanionnacncneness 6.3 Voits
HEATER CURRENT ......0. . veseaasaines 0.1 Ampere
GRID-PLATE CAPACITANCE® . ... ....conroenasaonrnontsanccnne ves 0.007 max. ppf
INPUT CAPACITANCE® .. .cvcnevcencsrsosanan eenacessieranennen 8.5 upl
OUTPUT CAPACITANCE®. . . covnunnnss teseeseneraencene 6.5 waf
t Nominal value is 7 volts. $: Nominal value is 0.16 ampere

* With close-fitting shield connected to cathode.

As Class Ay Amplifier

PLATE VOLTAGE . ..0vcecesocacsonossoncnss teeebesnnteareaens 300 max. Volts
SCREEN VOLTAGE, . ..... . heeessieerane 100 maz. Volts
SCREEN.SUPPLY VOLTAGE vene erebereeseneanns 300 max. Volts
GRID VOLTAGE +.ccvvsevoarcssvscssscsansnsassns seenenen v 0 min. Volts
PLATE DISSIPATION. .. .. cevesaasesseanses seesrannas P 1.0 max. Watt
SCREEN DISSIPATION. . coveeossonrsocrasionnsnasssarscrans 0.1 max. Watt
TyricaL OPERATION and CHARACTERISTICS:
Plate VOItRBE . cocovverrvsosenasseann . .. 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 1.2 2 Megohms
Transconductance ............. fesrenasas o 1225 1300 Micromhos
Plate Current. ..covevee . 1.8 2 Milliamperes
Screen Current. . ... tevesersasessserennes cernarennes 0.4 05 Milliampere

DUPLEX-DIODE TRIODE

The 7E6 ia 2 multi-unit tube which con-
}:iqn t:o thimldo?k "ndbaa medimmu tnodge.
is o ing-base t may
mounted in any position. 7E6 is de-
signed for use &8 a combined detector, 7E6
amplifier, and automatic-volume-control tube
in radio receivers. Physical characteristics of
the 7E6 are shown in Fig. 24, OUTLINES
SECTION.

Y CHARACTERISTICS
HBATER VOLTAGE (A.C.0or D.C.)..sicveicrtonrnsencssocccnnnnse 6.3 Voita
HEATER CURBENT ....ccoverorososonsavrasssoasasoncssssnanses 0.3 Ampere
1 Nominal value is 7 volts. $1 Nominal value is 0.32 ampere,

Triode Unit—As Class A; Amplifier
Maximum ratings and typical operation for the 7ES6 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.). ... iiiiiiiieniennciarennanesss 6.3 Volts
HEATER CURRENT oo ovvienenncnnnnnnns Ceeesireesneraeearaenaes 0.313 Ampere
GRID-PLATE CAPACITANCE® . vvvivviiinirinnnnencoronas eeeaes 0.005 max. ppf
INPUT CAPACITANCE® .. ....00ivenns N Ceerereieeresinnns vees 46 uuf
OUTPUT CAPACITANCE®. . . .\vvvnerernrnnaaenrnes e eeraraeeneas 4.6 suf
* With close-fitting shield connected to cathode.
§ Nominal value is 7 volts, 1t Nominal value is 0.32 ampere.
Pentode Unit—As Class A Amplifier
PLATE VOLTAGE. . . ..ovirnnsuan it sttt e, 250 max. Volts
ScREEN VOLTAGE (Grid NO. 2) ............ivveireemcnnnnnnnnnns 100 max. Volts
TypicaL OPERATION:
Plate VOIBRE .. ..viiiiiieiiiiieiniiiarerrisennnocosannnas 250 Volts
Screen VOtAZe ..o .oiirieieinienerieriaiiosreiesionensenns 100 Volts
Grid Voltage (Grid No. 1) . . .. ... .cviiiiiniiiierannnsnnannns -3 Volts
Plate Current. .. ... o0t vvniiinetiievnriiensieeenrsansanens 7.5 Milliamperes
%?:t:n Current. Chopeea . (l)g M l:n
Resistance (Approx A egohm
TranscONdUCLANCE .. ..vvvsevunnreoesinnosnes 1300 Icror
Grid Bias for transconductance of 2 micromhos. -42.5 Volts
GT2 STy
TWIN-TRIODE AMPLIFIER OXO
ook T e i clectzods tabe, of e ")
ng-! pe  emplo wo -mu .
trmdglz in one )!’mlb. lgl ::l!ﬁ)e found lzmefu.l
7F7 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. 2, OUTLINES SEC- 0)-10
TIONS. The 7F7 can be mounted in any H 8s H
position,
8AC
Y CHARACTERISTICS
HEATER VOLTAGE (A.C.or D.C).......iiiiiiiiiiiiiinnnss e 6.3 Volts
HeATER CURRENT ........ M rete s seeeaeatsssieenranaas R 0.3}t © Ampere
1 Nominal value is 7 volts. 11 Nominal value is 0.32 ampere.

Each Triade Unit—As Class A; Amplifier
PLATE VOLTAGE . . . . iovtniernnnssrsenrsennninnsasnnneesossanss
GRID VOLTAGE «0vivvueeestosusessnnvannssneaniontorssssnsssnes
PLATE DISSIPATION. ... ivvenneununaennosesaoessoncnnenssnnass
TyYPICAL OPERATION:
Plate VOItBZe ... civvtreiiieerineeriresnaseeseensetstoneneas
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 hayinF high'
transconductance is required. Ph char-
acteristics of the 7G7/1232 are shown in %
2-4, OUTLINES SECTION. The 7G7/1
can be mounted in any position.

Physical
0
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vk CHARACTERISTICS
HzeaTer VoLTAGE (A.C. or D C. ) ............................... G.3i Volts
HEATER CURRENT ... 0cvvviervesannnccnnnnees . 0.45: Ampere
GRID-PLATE CAPACITANCE® . rvnnvnnrrrnranns 0.007 max. puf
INPUT CAPACITANCE® . ....covvvivrernannnens 9
OUTPUT CAPACITANCEY . . . tvvenirviiononasnoonoossassssnssn aes 7 uaf
* With close-fitting shield connected to cathode.
1 Nominal value is 7 volts ho Nominal value is 0. 48 ampere.
As Class A; Ampllﬁor
PLATE VOLTAGE ) ven 250 max. Volts
SceEEN.VoLTAGE (Grid No. 2). 100 max. Voits
SCREEN SUPPLY VOLTAGE 250 max. Volts
PLATE DISSIPATION. . .. 1.5 max. Watts
SCREEN DISSIPATION. . .. 0.2 max. Watt
Tmcu. OPERATION:
Plate Vi tage 250 Volts
Screen tetesaasatatetaatnactasserttanacaetsresns 100 Volts
Grid Voltaxe (Gnd No. 1) ................................... -2 Volts
Suppressor..... ebaeseaeatrbes ettt asntnnstesanroneann 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.
*CHARACI’ ERIS'HCS
HEATER VOLTAGE (A.C. or D.C)).. 6.3% Volts
Hu‘rn CURRENT 0.31t Ampere
lmmncnonl CArAcn'ANcus
GridtoPl e i aiis i ae e 0.007 max. ppf
Input . 8.0 uuf
output e ee e ey e s 7.0 uuf
* With cloee-ﬂttmz slueld oonnected to cat) hod
1 Nominal value ia 7 volts. IINomlnnl value is 0.32 ampere.
As Class A; Amplifier
PLATE VOLTAGE. . 300 max. Volta
ScrexN VoLTacE (Grid No. 2) 150 max. Volts
SCEEN SUPPLY VOLTAGE .. 300 max. Volts
GmVoumz(GndNo 1) 0 min. Volts
PLATE DISSIPATION. . e saeis 2.5 max. Watts
ScRREN DISSIPATION . . v 0.5 max. Watt
Tvrxcu. Onn-non as a-- Al Amphﬁ
Plate Voltage . 100 250 Volts
n Volt.nge 150 Volts
Cenen Connectedtoathode at socket
Internal Shield., . Connected to cathode at socket
Grid Voltage. .. .. -1 -2.5 Volts
ate nt...... veee . 8.2 9.5 Milliamperes
Screen Current. . . Ceees e 33 35 Milliamperes
Plate Redstance (Approx.) .. 0.25 0.8 Megohm
Transconducta: 3800 3800 Micromhos
Grid Voltage for Tumconductnnee ‘w35 micromhos. . . . . -12 -19 Volts

TRIODE-HEPTODE CONVERTER

The 7]7 is a multi-electrode tube conlhung
ofaniodeo-cillatotnndnbe tode mixer in 7J7
bulb. It is of the I mg-banpzpe
can be mounted in an% ition, -

are shown "in
Fig 2-4, OUTLINES SECTIO!
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RCA RECEIVING TUBE MANUA AL
*CHARACTERISTICS
HeatER VoLTAGE (A.C.0or D.C). . 6.3% Volts
HEATER CURRENT .. ... 0.31t. Ampere
DIRECT INTERELECTRODE CAPACITANCES:**
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. uuf
Heptode Grid No. 1 to Triode Grid and Heptode Gnd No 3 0.2 mex. uuf
Tnode Grid to Triode Plate. . 1.0 uuf
Heptode Grid No. 1 to All Other Electrodes =R-F In 6.5 nuf
Triode Plate to All Other Electrodes Except Tnode Gnd Ne. 1
and Heptode Grid No. 3 =Osc. Out; 2 suf
Triode Grid and Heptode Gnd No. 3 to All ‘Other Electrodee Except
Triode Plate =Osc, [ E 8.5 nuf
Heptode Plate to All Other Electrodes =Mixer Output 75 i
** With close-fitting shield connected to cathode.
{ Nominal vlaue is 7 volts. 1t Nominal value is 0.32 ampere.
As Frequency Convarhr
HEPTODE PLATE VOLTAGE . . 300 max. Voits
HEPTODE SCREEN VOLTAGE (Gnds No. 2 4and 5) 100 max. Volts
HEPTODE SCREEN SUPPLY VOLTAGE, 300 max. Volts
HEPTODE CONTROL-GRID VOLTAGE (Gnd No l) 0 min. Volts
TRIODE PLATE VOLTAGE. ‘e N 150 max. Volts
‘TRIODE PLATE SUPPLY VOLTAGE®. . . v 1v on e vs e v 0 300 max. Volts
HEPTODE PLATE DISSIPATION .. ......cvii i iivn e incicnneennns 0.5 max. Watt
HEPTODE SCREEN DISSIPATION . .. ot o0vt vt it vt cois e e as e ai au s 0.3 max, Watt
TRIODE PLATE DISSIPATION. . o0ttt ii it oe cnes et e e ee cean ae s 1.25 max. Watts
TOTAL CATHODE CURRENT. . .. oot vn oo vuve e e e an s vene e vnanas 14 max. Milliamperes
TyricAL OPERATION:
’HeptodePlat.eVoltage.............................. 100 250 Volts
Heptode Screen Voltage e, 100 100 Volits
Heptode Control- Gnd Voltage -3 -3 Volts
Triode Plate Voltage. . 100 250+ Volts
Triode Grid Resistor. 50000 Ohms
Heptode Plate Resistance . . . 0.3 1.5 Megohms
Conversion Transconductance. . .. 260 300 Micromhos
Heptode Control-Grid Vollage for conversion transcon-
uctance of 2 micromhos ~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 G 0.3 0.4 Milliampere
Total Cathode Current. 8.2 10 Milliamperes

* Applied through 20000—ohm vo]tage-dropping reustor

Characteristics of Triode Unit Only

The transconductance of the triode unit, not oecillating, is npproxlmal.ely 1350 micromhos
when the plate voltage is 150 volts and the grid voltage is -3 volts

PENTAGRID CONVERTER

The 7Q7 is a multi-electrode vacuum tube

of the locking-base ‘type designi
form simultaneously " the fun
7Q7 mixer (first detector) tube and of
tube in superheterodyne circui
gions of the 7Q7 are shown in F

ed to -
ctions of a
an oscillator
ts. Dimen-
g. 2-4, OUT-

be

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
HgateR VoLTAGE (A.C. 0r D.C)). . 6.3*
HEeATER CURRENT . 0.3%*
DIRECT INTERELECTRODE CAPACITANCES:
Grid No. 3 to All Other Electrodes and Base Shell =sR-F Input 9
Plate to All Other Electrodes and Base Shell -Mlxer Output 9
GndNo.ltoAllOtherElectroduandBa:eSh 7
Grid No. 3 to Plate, 0.2 max.
Grid No l to Grid No. 3. 0.2 max.
- Grid No. 1 to Plate 0.15 max.
Gru‘illdlilo l to All Other Elect.rodel (Except Cathode) and Bue 5
Grid No. i to Cathode . 2.2
Castme to All Other Electrodes’ (Except ‘Grid No. 1) and Bue 6
$ With clooe-ﬁttmg lhleld connected to cabtzhode

* Nominal value is 7 volta. ominal value is 0.32 ampere.
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RCA RECEIVING TUBE MANUAL

As Froquency Converter

PLATE VOLTAGE. Cea e es e e e ea s esanbr s e ne 300 max. Volts

Grip No. 2 AND No. 4 VOLTAGE. . 100 max. Volts

Grips No. 2 aND No. 4Surn.vVox.ncn 300 max. Volts

GrIp No. 3 VOLTAGE . s 0 min, Volts

PLATE AND Grips No. 2 anp No. 4 stsm'nou (Total) veen s 2 max. Watts

gnms r(‘l:o 2 ANDCNO 4 DISSIPATION. . N 1 max. Watt
O0TAL CATHODE CURRENT. 14 max. Milliamperes

Tvgll:él.voi’xnnon with Self-Excitation: - pe

oltage . 100 250 Volts
Grids No. 2 and No. 4 Voitage. 100 100 Volits
Grid No. 3 (Cont.rol) Voltage 0 0 Volts
Grid No. 5 Volta . 0 0 Volts
glr‘igelzl:o.lRtwstor .. e .. 20000 Ohms
urren 3.3 3.5 Milliamperes

Gnano.ZandNo 4Cun'ent 85 8.5 Milliam n“
Grid No. 1 Current. ..... 0.5 0.5 Mlllumpeu
Total Cathode Current . . 12.3 125 illiamperes
PlnteRetistance(Approx) 0.5 1 Megohm
Conversion Transconductance. . Cerenan . 525 550 Micromhos
Conversion Transconductance (Approx )II e 2 2 Micromhos

11 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- A5
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.

7F
Y CHARACTERISTICS,
HeaTER VOLTAGE (A C. or D C.) e erer e eaae 6.3(parallel) 12.6(series) Volts
HEATER CURRENT . [P 0.6 0.3 Ampere

As Class A; Amplifier

PLATE VOLTAGE . . .« .. ic v e snvnvanssnnsronsncessonseas 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. OrexrATION and Cnum‘rnxsncs
tage . 100 180 Volts
SereenVoltage............. 100 180 Volts
Grid V. -15 -25 Volts
Peak A-Fa&;d Voltage. . 15 . 25 Volts
Zero-Signal Plate Current . 17 45 Milliamperes
Mazx.-Signal Plate Current . 19 48 Milliamperes
Zero-Si Screen Current 3 8 Milliamperes
Max.-Signal Screen Current. 6.5 14 Milliamperes
Plate Resistance (Approx ) werevean.. 50000 35000 Ohms
Transconductance . 1700 2400 Micromhos
Load Resistance . 4500 3300 Ohma
Total Harmonic Distortion .’ e en s 12 11 . Per cent
Max.-Signal Power Output . . 0.8 34 Watts
TRIODE-PENTODE

The 12B8-GT is a heater-cathode type of
tube to:aimnbxmng a ‘l:ll l:»-m_lgh tnod:d:nd an 1‘-;: .
pentode in one e tri may (
used as a detector and the pentode as an r-f ]2B8'GT
or i-f amplifier. Heater operation is similar :
to that of the 12A8-GT except for the differ-
in current rating. For cathode con.
necuon, refer to the 6A8.
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CHARACTERISTICS
HEATER VOLTAGE (A.C.ot D.C))......cvvvenn.t. 12.6 Volta
HEATER CURRENT . .cvvevcnosrennans 03 Ampere
DIRECT INTERELECTRODB CAPACITANCE
Triode Grid to Triode Plate. ....... ves 23 paf
Triode Grid to Triode Cathode. oo 5 npf
Triode Plate to Triode Cathode . 6.3 nuf
Pentode Grid to Pentode Plate. . .....o0vvvvevvennnvnnnscssens 0.016 nuf
Pentode INPut ... .0ovveirneiriniierrnioervenansnnns Ceeenreese 5.2 unl
Pentode OQutput......... S 9.6 aul
Pentode Grid to Triode Grid. . ...ouvivvnuvininnns teeereenssss 0002 unl
Pentode Plate to Triode Grid . ........c00venennes Cesreessaraes 0.078 upf
Pentode Grid to Triode Plate ......... eeeeerseissaaens aeeas 0.003 .
Maxmusm OVERALL LENGTH. ... .. eereeasreanee Ceesenaesearans 3 é';'
Maxmus SEATED HEIGHT. . .. vvvivieianeannans sessersecrneene
MaxMuM DIAMETER ..... ereseeanaasaas .o . 14
BULB ... ..covvvnnnen . . T8
CaP......ovvunnn s Skirted Miniature
BASE..... veareven Intermediate Shell Octal 8-Pin
MOUNTING POSITION. . ......ccoevevrannnns . Any .

As Class A; Amplifier
Triode Unit  Pentode Unit
PLATE VOLTAGE . . . . cvvvvueccnnnn R .. 90 90 Volts

REEN VOLTAGE (Grid No. 2) .. - olts
Sc v (Grid No. 2) 90 Vol
Grid VoLTaGE (Grid No. 1) .. 0 -3 Volts
PLATE CURRENT. ... 2.8 7 Milliamperes
ScrEZN CURRENT..... - 2 Milliamperes
AMPLIFICATION FacToRr 90 -
PLATE RESISTANCE ... 37000 200000 Ohms
TRANSCONDUCTANCE . . . . 2400 1800 Micaombos
TRANSCONDUCTANCE with ~42.5 volta bias ........... - 2 Micromhos
Kp2 PDy
TWIN DIODE R ONO
. 02
The 12H6 is a metal tube of the heater- e
cathode type containing two diodes in one
]2H6 ?xznaelop(le. Exge%tlfsor the heat:r ralting. o{ o
.6 volts an . ampere, the electrica
characteristics are the same as those of the 6‘/ H
6H6. Phasiaal characteristics are shown in o
Fig. 1-1, OUTLINES SECTION. The tube WEY
may be mounted in any position. s KOy
7Q

PENTAGRID CONVERTER

Gq
PN
the heater-cathode type. Except for its
12SA7-GT  heater which operates at 12.6 volta and 0.15
ampere, and the interelectrode capacitances e "
H

the electrical and physical characteristics of
the 12SA7-GT are the same as those of the

G
OmO,
The 12SA7-GT is a pentagrid converter of )e ®
T AD
OMO,

M 6SA7-GT. For heater operation, refer to
the 12A8-GT. SLTREY TG3
GT-8AD
P
HIGH-MU TRIODE ©

The 12SF5-GT is a high-mu triode of the (3
heater-cathode type. Refer to the 6SF5 for

electrical characteristics except capacitances
]25 F 5_GT and heater rating. The heater is designed o
for operation at 12.6 volts and 0.15 ampere; K

refer to the 12A8-GT for discussion of heater

operation. Dimensions are shown in Fig, a o
2-5, OUTLINES SECTION. The 12SF5-G NC=KEY~"H
may be mounted in any position. G-6AB
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DIODE SUPER-CONTROL
AMPLIFIER PENTODE

dTeh: t125,1"7 is 2 metal tubel ot"1 g}ée single-

en ype containing a single diode and a

super-control amplifier pentode,  Except for

the heater rating of 12.6 volts 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 rating of
12.6 volts and 0.15 ampere, the electrical and ] 2SG7
physical characteristics of the 12SG7, are the
same as those of the 6SG7. For: heater
O] tion, refer to the 12A8-GT. The
12SG7 may be mounted in any position.

TRIPLE-GRID DETECTOR AMPLIFIER

t_'I‘;:e 125{7-6’1;1 is a singltel;endega glass tubg

of the triple-grid type with a sharp cut-o

characteristic. Except for the heater rati ]2SJ7-GT
of 12.6 volts and 0.15 ampere, the electrica

and physical characteristica of the 128J7-GT

are the same as those of the 6SJ7-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. -
Exggi for its heater rating of 12.6 volts and ] 2SK7 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?cilzc(gltholde. l::ixc(:]e t. for the hgatell' ratin| ]2 S N7 GT
[ .6 volts and 0,3 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 6AS8, 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 ]2 SQ7_GT
in a lin?e envelope. Except for its heater
rating of 12:6 volts and 0.15 ampere, the
electrical and physical characteristica of the
ST, TFor Deata epemation, reler ‘Lo
-GT. For operation, refer to
the 12A8-GT.
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MANUAL

12357

14A7 ]
1287

25A6-GT

25A7-GT

25B5

HeATER VorTAGE (A.C.or D.C)).......
HEATER CURRENT ...
MaxmuM OVERALL L
MaxIiMuM SEATED HEIGHT
MAXIMUM DIAMETER

BuLe..
Bask..

DUPLEX-DIODE TRIODE
The 12SR7 is a metal tube of the lil&gle-

ended type containing two diodes and a
triode in a lingiee envelope. Physical char-
acteristics are the same as those of the 6SR7.
Except for the heater rating of 12.6 volits
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 uut; plate-cathode, 2.8 upuf.

TRIPLE-GRID SUPER-CONTROL
AMPLIFIER

Tbe 14A7/12B7 is a super-control amplifier

ntode of the locking-base type. Except for
eater rating and capacitances, the ejectri
characteristics are the same as those of the
6SK7. Grid-plate Cagaciumee is 0.005 uuf;
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
14A7/12B7 may be mounted in any position.

POWER AMPLIFIER PENTODE

The 25A6-GT is a power amplifier pentode
designed for use in ‘“d-< power line” or
“universal” type receivers. The electrical
characteristics of the 25A6-GT are the same
as thoee of the 25A6. Dimensions are shown
in Fig. 2-8, OUTLINES SECTION. The
tube may be mounted in any position.

RECTIFIER-PENTODE

The 25A7-GT is a heater—cathode type of
tube containing a half-wave rectifier and a
wer 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
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

ENGTH




RCA RECEIVING TUBE MANUAL

As Class A, Power Amplifier

OUTPUT-TRIODE PLATE (PT1) VOLTAGE .. ...... e 180 max. Volts
INPUT-TRIODE PLATE (PT1) VOLTAGE. . .. 0 vt veoanevs o e onenes 180 max. Volts
OUTPUT TRIODE PLATE DISSIPATION .. ...oviivianronetonessvens 8.5 max. Watts
INPUT TRIODE PLATE DISSIPATION. . .. it ovvevrvs e ncarencnonn o 1.1 max. Watts
TYPICAL OPERATION 8 nd CHARACTERISTICS:
Output-Triode Plate Voltage. .. .......occveeeun o e 110 180 Volts
Input-Triode Plate Voltage ...............o0iin e 110 180 Volts
Input-Triode Grid Voltage. .........c..oocvinvionense 1} 0 Volts
Peak A-F Grid (Gmi) Voltage .. ..........cciine 29.5 29.5 Volts
OQutput-Triode Plate Current. .. .. ......cocovvenee e 45 46 Milliamperes
Input-Triode Plate Current. ... .. .o.cooo vt eivasecacnan 7 5.8 Milliamperes
Plate Resiatance (AppProx.) . ... .ceoeovecnvess ... 11500 15000 Ohms
Transconductance (GTi to Pta) ... 2200 2300 Micromhos
Load Resistance. . .. .......... 2000 4000 Ohms
Total Harmonic Distortion 9 9 Per cent
Power QULPUL. ... oo v veorvv e cran cnienavsonoe 2 3.8 Watts
TRIODE-PENTODE "

The 25B8-GT is a heater—cathode type of
tube containing a high-mu triode and an r-f
pentol;iee in one gnvelope. Tml'gﬁmd“mt
may be used as a detector or amplifier an e
pentode unit may be used as an r-{ or i-f
amplifier. Heater operation is similar to that 25 B8'GT
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.

CHARACTERISTICS

HeAaTER VOLTAGE (A.C.0or D.C)..... teseettaeeresanas areieees 25 Volts
HEATER CURRENT ..c.vovcevnnnnncrsssssncsessnse .. 0.15 Ampere
DIRECT INTERELECTRODE CAPACITANCES:

Triode Grid to Triode Plate (Approx.) ... 22 unf

Triode Grid to Triode Cathode (Approx.) 5 upf

Triode Plate to Triode Cathode (Approx.) e 4.6 puf

Pentode Grid to Pentode Plate. . ... T 0.02 upf

Pentode Input .. ....coivcvivsennoncccccccnnes trbeecenererans 5.5 wuf

Pentode Qutput............... ceesesananns cereneen cerennnes 10 upf

Pentode Grid to Triode Grid. . .....cocvvivieneneretnsiartnes 0.02 na{

Pentode Plate to Triode Plate. .... P teressaneesseaneasane 0.075 paf

Pentode Grid to Triode Plate . .......ocoviviriiivininnennnans 0.009 puf

As Class A; Amplifier
Triode Unst  Pentode Uniit
PLATE VOLTAGE. .. . ccucvvooas . . 100 100 Volits
ScREEN VOLTAGE (Grid No. 2) - 100 Volts
Grip VoLTAGE (Grid No. 1) -1.0 -3 Voits
PLATE CURRENT. .. 0.6 7.6 Milliamperes
ScREEN CURRENT... - 2 Milliamperes
AMPLIFICATION Facto eer 112 -
PLATE RESISTANCE .. .coovtvioentncanaricsonnnananns 75000 185000 Ohms
TRANSCONDUCTANCE .. ..ocvoovscens seeeenenias Ceeeens 1500 2000 Micromhos
TRANSCONDUCTANCE with —41 volta bias. ... ........... - 2 Micromhoe
G2 Gi
3 () BEAM POWER AMPLIFIER

P

o The 25C6-G is a beam power amplifier

of the heater-cathode type, similar to the
6Y6-G except for its heater rating of 26 2 5C6 G
© () volts and 0.3 ampere. Physical character- )=
‘/ H istics are shown in Fig. 2-21, OUTLINES
o o SECTION. The tube may be mounted in
Key = 1 any position. For electrical characteristics,
NC PerF 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 oonsmun% 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; ;he
maximum d-c output current is 75 ma., ard
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

Eultlon. Plzuical _ characteristics of the
L7-GT are shown in Fig. 2-8, OUTLINES
SECTION.

CHARACTERISTICS

Heater VoLTAGE (A.C. or D.C.)

HeaTER CURRENT ...

PLATE VOLTAGE

SCREEN VOLTAGE (Grid No. 2)
GrIp VoLTAGE (Grid No. 1)
PLATE CURRENT. .....

PLATE RESISTANCE (Approx.)
TRANSCONDUCTANCE
LoOAD RESISTANCE . ...

TOTAL HARMONIC DISTORTION . . . ..vinennenrnnnnnnenens

THIRD HARMONIC DISTORTION. .. i ivvveveernereannnnnnnn

53
SECOND HARMONIC DISTORTION . .. .0.ovurrerrennnnnnassn %%
0.8

Power OQUTPUT ...... s

HALF-WAVE HIGH-VACUUM
RECTIFER

The 45Z3 js a minjature 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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Volts
Ampere
Volte
90 Volts
- Volts
2; Miﬂllul:mperel
mperes
17000 Ohms
4800 Micromhos
2600 Ohms
9 Per cent
6.5 Per cent
5.5 Per cent
1.0 Watt
125 max. Volts

60 max. Milliamperes
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RCA RECEIVING TUBE M ANUAL
Y CHARACTERISTICS
HeaTER VOLTAGE (A.C. orDC) 45 Volts
Hn‘rnCunnm‘...... e eeee ne eaeeaseesana e st onan 0.075 Ampere
As Half-Wave Rectifler
PEAK INVERSE VOLTAGE . i, .. .0 c0 oo cnvn e ve s onnonssanssenson e 350 mazx. Volts
PEAX PLATE CURRENT ...... 390 max. Volts
D~C HEATER-CATHODE POTENTIAL .. 175 mazx. Volts
1T CONDENSER-INPUT FILTER:
A-C Plate Voltage (RMS) ., 117 max. Volts
Total Effective ﬁlate Supply Impedance 15 min. Ohms
D-C Output Current. . 65 max. Milliamperes
Koy il
OO RECTIFIER-DOUBLER
o Vs The 50Y6-GT is a full-wave, high-vacuum
2 (3) rectifier of the heater-cathode type. Thia
tube may be used in “transformerless” re-
ceivers of the “umveraal (a-c/d-c)”" type. 5OY 6_GT
@) /0 w Refer to the 25A6 for heater tion and :
HASRSA-A) cathode connection, but note the difference
0 o in heater rating. Physical charact.enstlcs of
KEY Kp, the 50Y6-GT are shown in Fig. 2-8, OUT-
NC ! LINES SECTION. The 50Y _GT can be
G-7Q mounted in any position.
Y CHARACTERISTICS

HEATER VOLTAGE (A.C.or D.C.). . . ...oiiiiiiiiiiinnnennvennn
HEATER CURRENT .. ivvturirennisirnnseisniernrersonaannnnaans

As Rectifier or Doubler

PEAX INVERSE VOLTAGE. . .......c0vvnnnnn Cebeeesatee e raaeans
PEAK PLATE CURRENT PER PLATE. . ...ovvvvnviiiiiinaviannney
D-C HEATER-CATHODE POTENTIAL. ... ccvvvivivirnneriniiennnnes
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.
D-COutput Current. . ........covvvivnrnnnnansa 75 max.
* The two units may be used separately or in parallel.
RECTIFIER-DOUBLER

The 50Z27-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 prowded
with a tap for the operation of a Eanel lam,
Dimensions are shown in Fig. 2-17,

LINES SECTION. The tube may be
mounted in any position.

Y CHARACTERISTICS

HEATER VoLTAGE (A.C. J
Entire Heater (Pins No 2 and No. 6)..
Panel-Lamp Section (Pins No. 6 and No. 7) wit.h 0 15 ampere
flowing between pim No 2 and No 6 .
HeaTER CURRENT .. ...

As Rectifier or Doubler

PEAK INVERSE VOLTAGE.
PBAK PLATE CURRENT PER PLATE .
D-C HzarEa-CATHODE POTENTIAL ..
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RCA "RECEIVING TUBE MANUAL

As HALP-WavE RECTIFIE
A-C Plate Voluge per Plate (RMS) . v 117 235 mex. Volts
Total Effective |me-Supg‘la Im nce pex Platet e 15 min. 15 min. Ohms
D-C Output Current per 65 max. 65 max. Milliamperes
As VOLTAGE DoUBLER:

A-C Plate Voltalghper Plate (RMSJﬂ e e 117 max. Volts
Total Effective be~SupplyImpe ncepexPlate 15 min. Ohms
D-C Output Current. . e e ee e 65 max, Milliamperes

* The two units may be uned leparately or in parallel.

RECTIFIER-BEAM POWER
AMPLIFIER

The 70L7-GT is a heatercathode type of
tube which combines in one bulb a half-
- wave rectifier and a beam power amplifier.
It is designed for use in circuits employing
heaten connected in_series.

Ph
cs are shown in F . 2-8, &TLINES
SECTION The 70L7-GT may be mounted

in any position. 8AA
$=0CAM UNIT
*CHARACTERISTICS
HeaTer VoLTAGE (A.C. orDC) e 70 Volts
HeATER CURRENT .. .. 0.15 Ampere

Beam Power Amplifier Unit

Puﬂ:Von.nc:....................................... 117 max. Volts
SCREEN VOLTAGE. . 117 max. Volts
PLATE DISSIPATION. . <+« vv e s e vn v orreos e oo 6 maz. Watts
SCREEN DISSIPATION . . . . . 1 max. Watt
TYPICAL Onu'non and Cmnc-rxmsncs-—CIau A| Amphﬁer
Plate Voltage . . Ceveranes 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, 43 Milliamperes
M SunalSa- n% ntt((fprox )) g Mmi"mperec
lx.- een Curren ppto! ..... e e e e e . mperes
Plate Resistance. T £t 4 4] Ohma
Tnmeonductance 7500 Micromhos
TotulHarmoni Distortion’ 10 Per cent
Max-SignalPowerOutput 1.8 Watts

PraAx INVERSE VOLTAGE.
PRAK PLATE CURRENT .
D-C HzaTeR-CATHODE POTENTIAL 175 maz. Volts
Witk CoNDENSER-INPUT FILTER:
A-C Plate Voltage (RMS) . 117 max.” Volts
Total Effective ate-SupplyImpedance 15 min. Ohms
D-C Output Current.. ...... 70 max, Mi.lhampefel
* When the grid circuit has a resmtance not hlzher thnn 0 l megohm, fixed bias may be used;
with athode bias, 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
bulb a hz]?e

'|'|7M7 GT wave 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'

B=BEAM UNIT

— 9252 —
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RCA RECEIVING TUBE MANUAL

RECTIFIER-BEAM POWER
AMPLIFIER

The 117N7-GT is a heatercathode tyre ]]7N7-GT

of tube which combmes in one bulb a half
wave rectifier and a beam power amplifier.
The heater is designed for use directly across
the 117-volt supply line.

8AV
BTBEAM UNIT
W CHARACTERISTICS
HEATER VOLTAGE (A.C.or D.C.). . ...t inenes 117 Volits
HEATER CURRENT ... ccovueanusasorosenoinosnonsoavenaronssons 0.09 Ampere
MAXIMUM OVERALL LENGTH. . ... ivvvnerurvnnnonanornsassonsans 3 ﬂ'
MAXIMUM SEATED HEIGHT .. .0 v ivvneiinnivecnncenectncnrnnees 24"
MAXIMUM DIAMETER ... .covvtrnrnrrroronnneeonssasanssasanocs 14*
BULB .. oviveeettristisasosorarsossesrreassnasnassssstsneans T-9
BASE . ¢ it uoveeraanscnsnannsnssssssrsssssscuvonnssanassoraens Intermediate Shell Octal 8-Pin
MOUNTING POSITION. . . tctvtevtttnnerersoenscaansonassronansss Any
Beam Power Amplifier Unit
PLATE VOLTAGE. . . ¢ covveenrnroanasonnsans . 117 max. Volts
SCREEN VOLTAGE. . . ...0eaenen . 117 maz. Volts
PLATE DISSIPATION. ... ....... . 5.5 maz. Watts
SCREEN DISSIPATION. . . .. .vivvineeennnnrescnnnnsns P . 1.0 maz. Watt
TyPiCAL OPERATION and CHARACTERISTicS—Class A|
..... N 100 Volts
. 100 Volts
-6 Volts
e 6 Volts
Zero Signal Plate Lo A 51 Milliamperes
Zero-Signal Screen Current . ......eoveveiiiiniiiiiiiiiiiaan 5 Milliamperes

Plate Resistance (APProx.) . .. .c.vcvuvrvnronanccnroananronenns 16000 Ohms

TranscOndUCLANCE . ... vvuvurenecrrosnsrrocsasosaarvecaoasnon 7000 Micromhos

Load Resistance. . ... ...coueinetinoinieincinneiiieennanion, 3000 Ohma

Total Harmonic Distortion . . .........civiiiienerinneereiien 6 Per cent

Max.-Signal Power Qutput .......ccoovvitriinrrieenenaneenss. 12 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...... Chereaaeeaes et eraceaaterensaans 350 maz. Volts
PEAK PLATE CURRENT . ... ..covvvinnunsnsasnnncscsnans 450 maz. Milliamperes
D-C HEATER-CATHODE POTENTIAL .y oo vvesveneennacrenns 175 max. Volts
Wit CONDENSER-INPUT FILTER:
A-C Plate Voltage (RMS) ............ 117 maz. Volts
Total Effective Plate-Supply Impedance . 15 min. Ohms
D-COutput Current. ...covevieenrerersrtesrssescaessssonnns 75 max. Milliamperes

RECTIFIER-BEAM POWER AMPLIFIER

The 117P7-GT is a_heater-cathode type of
tubepbwhxch combines in one bulb a hal¥ wave ] ]7P7-GT
rectifier and a beam power amplifier.
heater is designed for use directly across a

117-volt supply line.

*CHARACTER!S'HCS
HEATER VOLTAGE (A.C. orDC) et e raaeen 117 Volts
HEeATER CURRENT | 0.09 Ampere
.MAmeMOVERALLLENGTH 347
MaXiMUM SEATED Hmc.m' ik'

.M4xmuu Dungmn [ :: LT

Burs .
Base. T ..lmermediate Shell Octal 8-Pin

MoOUNTING PostTioN. . .. .. L o i ‘Any
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Beam Power Amplifier Unit

PLATE VOLTAGE . . .. 0ot et vt onveetas onnivecn v snvncnvanensnens 117 max. Volta
SCREEN VOLTAGE. . . o\t ve vt et ee cosnae on e vs o nsonneveannene s 117 max. Volts
PLATE DISSIPATION. .04 ve vt e ot vr e ie in s s onononosonnesenens 6 max. Watts
SCREBN DISSIPATION. . .« o0 v vu vt vn o v ie invras e e st oo annenens 1 max. Watt
TYPICAL OPERATION:
105 Volts
105 Volts
~5.2 Volts
52 Volts
43 Milliamperes
43 Milliamperea
4 Milliamperes
5.5 Milliamperes
17000 Ohms
6300 Micromhos
4000 Ohms
e 5 Per cent
Max.-Signal Power Output ......... 0.85 Watt
Rectifier Unit
PEAK INVERSE VOLTAGE. 350 max. Volts
K PLATE CURRENT .. 450 max. Milliaroperes
D-C HEATER-CATHODE POTENTIAL .. 175 max. Volts
Wite Commnsn-lnrm' Fn.‘rnn'
A-C Plate Voltaﬁ1 117 maz. Volts
Total Effective ate-Supply Impedance 15 min. Ohms
D-C Output Current. . . e 75 max. Milliamperes
tTy'pe of input coupli ehould not mtroduoe too much resistance in the grid circuit. With
fixed bias, the remistance should not exceed 0.25 megohm; with cathode bias, 0.5 megohm.
RECTIFIER-DOUBLER Ko Pp,
The 117Z26-GT is a full-wave high-vacuum o o
rectifier of the heateruthode type for use P02 G) VA
in suitable cn'culu to l“%eay d-¢ power from
an a-C power me. of the 117Z6-
- S o e i volags dosbier n( ©
- 5 supply oubler H
considerations, eee RA on TUBE APPLIC N\AA/ I w
ATIONS SECTIO . Ph character ()
e shown i OUTLINES NG KEY kg,
SECTION The 11 ;T may be mounted
in any position. G-7Q
Y CHARACTERISTICS
HEATER VOLTAGE (A.C.0f D.C.).....cvetesvsoncrncnscencscasss 117 Volts
HeATER CURRENT ...... 0.076 Ampere

As Reciifier or Doubler ¢

PEAK INVERSE VOLTAGE. .. cveuiacrncsanncsnses R 700 max. Volts
PEAK PLATE CURRENT PER PLATE . «vvvvvviiererrerssnnannnnns . 360 max. Milliamperes
D-C HEATER-CATHODE Ponm'ul.. feeereteieesstasastnennssaans 350 maz. Volts
A P Veltage per te (RMS) 117 150 235 Val
...... max. ts
Total _Effective lﬁ:’ y Impedance .
per Plate 16 min. 40 min. 100 mis. Ohme
‘D-C Output Current perPlate ........... max. 60 max. 60 max. Milliamperes
As VOLTAGE DOUBLER:
Holf-Wave Full-Wave
A-C Flate Voluﬁ:pe: Plate (RMS .. 117 max. 117 max. Valts
Total Eﬂecun te-Supply m, s per "Piate .. 30 mién. 5 min. Ohms
D-C Ou cacecesssssstetsrrcasaers oo 60 max. max. Milliamperes

'Inhﬂ-nnmh.tbotwonnlhmyheudlep.nmywinpnlld.
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POWER AMPLIFIER TRIODE

The 1837483 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-
tnca characteristicsare: ﬁlament voltage.

0 volts; current, 1.25 amperes; at plate
volts of 250 and grid volts of -60, the plate
current ia 30 ma.; plate resistance, 1750
ohms; transconductance, 1700 micromhos;
amphﬁcatwn 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 8 vertical position, but horizontal operation is permissible
if the plane of the filament is vertical.

-6
(2

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 am re late volts of 180
and grid volts of g& te current is 5.8
ma.; plate reaxstance. 8 ohms; transcon-

ductance, 1400 micromhos; amphﬁcatlon
factor, 12.5. * The tube may be mounted in
any position.

485



