


CONTENTS

o
Page
ErectrONS AND ELECTRODES . . . . . . 3
Electrons, Cathodes; Generic Tube Types, Diodes, Triodes, Pentodes,
Beam Power Tubes, Multi-Electrode and Multi-Unit Types .
Rapio Tuse CHARACTERISTICS . . . . . 10
"Rapio Tuse AppLICATIONS . . . ) .
. Amiplification, Rectification, Detection, Automatic Volume Control,
Tuning Indication with Electron-Ray Tubes, Oscillation, Frequency
Conversion
RADI’_o Tuse InstarvaTion . . . . . 34
' Filament and Heater Supply, Heater-to-Cathode Connection, Plate
Voltage Supply, Grid Voltage Supply, Screen Voltage Supply, Shield-
ing, ,» Ogtput-Coupling Devices
. ““Racmvine Tuse Cuasstrrearrons . . . . . 42
- IntERPRETATION OF RECEIVING-TUBE RaTinegs . . 44
TKey 10 TERMINAL DasicnaTioNs oF SockEeTs . . 45
Tecanicar Dara ror Eacu Tuse Tyee . . 45
Rapio Tuse Materiars CHarT . . . . . 194
Receving-Tuse Trsting . .. . . . . 195
Reststance-CourLEp AMpPLIFIER CHART .. . . 198
Circuits . . . . . . . N . 204
OuTLINES . ) . L . . . . 215
InDEX L. . . . . . . 217
RecentLy Avpep Tuse Types . . . . . 219
Reapine List .ot . . . Inside back cover
[ ]

The license extended to the purchaser of tubes appears in
the License Notice accompanying them. Information con-
tained herein is furnished without assuming any obligations.

Printed in U.S.A.




DATA ON RECENTLY
ADDED TUBE TYPES

ARE GIVEN STARTING
@ ON PAGE 219.
RECEIVING TUBE
MANUAL

This Manual like its preceding editions, has been

prepared to assi¢.” ” ~=ho work or experiment with
radio tubes and: 't will be found valuable by
radio serviceme ‘echnicians, experimenters,
radio amateurs, | . hers technically interested
in radéo tubes. }. .

e

SR,

R — -

In ~-ition to the tube types
descrinped in this book
RCA ManvuracTuriNg Company, Inc.
«7>rs a complete line of

TUBES

for
Amateur Transmitters
Broadcast Transmiiters
Radio Communicating Systems
Cathode-Ray Oscillographs

Television Equipment

Phototube Equipment -
Laboraiory Equipment

ele. ele.

For sales information regarding any RCA product, write to
Sales Department, RCA Manvuracturing  Company, Inc.,
Camden, N. J.

For technical information on RCA Tubes, write to Commer-
cial Engineering Section, RCA Manvuracrurine Company, Inc.,
Harrison, N, J.

Copyright, 1940 by RCA Manufacturing Co., Inc.




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 — BASE PIN

24 — EXHAUST TIP

25 — ALIGNING KEY
26 — SOLDER

27 — AUGNING PLUG
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Electrons and Electrodes

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

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

ELECTRONS

All matter exists in the solid, liquid, or gaseous state. These three forms con-
sist entirely of minute divisions known as molecules. Molecules are assumed to be
composed of atoms. According to a present accepted theory, atoms have a nucleus
which is a positive charge of electricity. Around this nucleus revolve tiny charges
of negative electricity known as electrons. Scientists have estimated that these
invisible bits of electricity weigh only 1/46 billion, billion, billion, billionths of an
ounce, and that they may travel at speeds of thousands of miles per second.

Electron movement may be accelerated by the addition of energy. Heat is one
~ form of energy which can be conveniently used to speed up the electron. For
example, if the temperature of a metal is gradually raised, the electrons in the
metal gain velocity. When the metal becomes hot enough to glow, some electrons
may acquire sufficient speed to break away from the surface of the metal. This
action, which is accelerated when the metal is heated in a vacuum, is utilized in
most radio tubes to produce the necessary electron supply.

A radio tube consists of a cathode, which supplies electrons, and one or more
additional electrodes, which control and collect these electrons, mounted in an
evacuated envelope. The envelope may be a glass bulb, or it may be the more
compact and efficient metal shell.

CATHODES

A cathode is an essential part of a radio tube because it supplies the electrons
necessary for tube operation. Electrons are released from the cathode by means
of some form of energy applied to it. Generally, heat is used. The method of
heating the cathode may be used to distinguish between the different forms of
cathodes. For example, a directly heated cathode, or filament-cathode, is a wire
heated by the passage of an electric current, An indirectly heated cathode, or
heater-cathode, consists of a filament, or heater, enclosed in a metal sleeve. The
sleeve carries the electron-emitting material on its outside surface and is heated by
radiation and conduction from the heater.
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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 appiiad-.

as a coating on a nickel alloy wire or ribbon. This coating, which is dried in ~<_

relatively thick layer on the filament, requires only a very low temperature of about -

700-750°C (a dull red) to produce a copious supply of electrons. Coated filaments-

operate very efficiently and require relatively little filament power., However, -

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

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

. 1H5-G, and 31. A-c operated types having directly heated fila-
Fig-1  ment-cathodes are the 2A3 and 45,
CATHODE
An indirectly heated cathode, or heater-cathode, consists of
a thin metal sleeve coated with electron-emitting material. With- | suLaten
in the sleeve is a heater which is insulated from the sleeve, The = Heater
heater is made of tungsten or tungsten-alloy wire and is used only
for the purpose of heating the cathode sleeve and sleeve coating
to an electron-emitting temperature. Useful emission does not
take place from the heater wire. Fig. 2

The heater-cathode construction is well adapted for use in radio tubes intended
for operation from a-c power lines and from automobile batteries. The use of
separate parts for emitter and heater functions, the electrical insulation of the
heater from the emitter, and the shielding effect of the sleeve may all be utilized
in the design of the tube to prevent the introduction of hum from the a-c heater
supply and to minimize electrical interference which might enter the tube circuit
through the heater-supply line. From the viewpoint of circuit design, the heater-
cathode construction offers advantages in connection flexibility, due to the electrical
geparation 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).
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of their emission current. However, in this test it i8 o [ ]
generally not feasible to measure the full value of %T atiration Pomt
emission because this value would be sufficiently large E Y-
to cause change in the tube’s characteristics, or to o Ve

. damage the tube. For that reason, the test value of @S /

© current in an emission test is less than the full emission Bz /
current. However, this test value is larger than the ==z 4
maximum value which will be required from the cathode £3 /’

- in the use of the tube. The emission test, therefore, ;é
indicates whether the tube’s cathode can supply a o /

. plate-battery circuit to the cathode, thus com-
- pleting the circuit. This flow of electrons is
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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
plied by a suitable electrical source connected oW
between the plate terminal and a cathode
terminal. Under the influence of the positive
plate potential, electrons flow from the cathode
to the plate and return through the external

known 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
K2 to the cathode. If an alternating voltage is applied
£ to the plate, the plate is alternately made positive
and negative. Plate curr it flows only during the
time when the plate is pos.. ~e. Hence the current
through the tube flows in one direction and is said
| to be rectified. See Fig. 4. Diode rectifiers are
| used in a-c receivers to convert a.c. to d.c. for sup-
| plying “B,” “C,” and screen voltages to the other
. | tubes in the receiver., Rectifier tubes may have
! — one plate and one cathode. The 1-v and 12Z3 are
] ! of this form and are called half-wave rectifiers,
{<>1| since current can flow only during one-half of the
| >; alternating-current cycle. When two plates and

1
S

_ RECTIFIED OUTPUT

ALTERNATIN ]
L VoLTAGE ‘Noo_ 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 ag 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 increasingly higher plate
voltages will succeed in attracting a greater proportion of the free electrons.

Beyond a certain plate voltage, however, additional plate voltage has little
effect in increasing the plate current. The reason is that all of the electrons emitted
by the cathode are already being drawn to the plate. This maximum current is
called saturation current (see Fig 5) and because it is an indication of the total
number of electrons emitted, it is also known as the emission current, or, simply,
emission. Tubes are sometimes tested by measurement

sufficiently large number of electrons for satisfactory PLATE VOLTAGE —>
operation of the tube. Fig. 5
—5—
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. If space charge were not present fo repel electrons coming from the cathode,
j it follows that the same plate current could be produced at a lower plate voltage.
I 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-vagor 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 “ienized,” that is, it has lost one or more electrons and,
therefore, is charged positive. Ionization, in the case of mercury vapor, is made
evident by a bluish-green glow between the cathode and plate. When ionization
due to bombardment of mercury atoms by electrons leaving the 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-
pendernt 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 sufficient emission.

TRIODES

When a third electrode, called the grid, is placed between the cathode and
plate, the tube is known as a triode, the family name for a three-electrode tube.
The grid usually is a winding of wire extending the length of the cathode. The
spaces between turns are comparatively large so that the passage of electrons from
cathode to plate is practically unobstructed by the turns of the grid. The purpose .
of the grid 1s to control the flow of plate current. When a tube is used as an ampli-
fier, a negative d-c voltage is usually applied to the grid. Under this condition the
grid does not draw appreciable current,

The number of electrons attracted to ELECTRON
the plate depends on the combined effect >
of the grid and plate polarities. When the
plate is positive, as is normal, and the
d-¢c grid voltage is made more 'and more
negative, the plate is less able to attract
electrons to it and plate current decreases.
When the grid is made less and less nega-
tive, the plate more readily attracts elec-
trons to it and plate current mcreases
Hence, when the voltage on the grid is
varied in accordance with a gignal, the plate

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

The grid, plate, and cathode of a triode form an electrostatic system, each
electrode acting as one plate of a small condenser. The capacitances are those
existing between grid and plate, plate and cathode, and grid and cathode. These
capacitances are known as interelectrode capacitances. . Generally, the capacitance
between grid and plate is of the most importance. In high-gain radio-frequency

. amplifier circuits, this capacitance may act to produce undesired coupling between
" the input circuit, the circuit between grid and cathode, and the output circuit, the

e

circuit between plate and cathode, This coupling is -undesirable.in_an amplifier
because it may cause instability and unsatisfactory performance. ’

TETRODES

acitance -between .grid and plate can be.made small by.

additional electrode, called the screen, in the tube. With the addition of the screen,
|

the tube has four electrodes and is, accord-
ingly, called a tetrode. The screen is
mounted between the grid and the plate
and acts as an electrostatic shield between PLATE
them, thus reducing the grid-to-plate GRID CURRENT
capacitance. The effectiveness of this
shielding action is increased by connecting
a by-pass condenser between screen and
cathode. By means of the screen and
this by-pass condenser, the grid-plate
capacitance of a tetrode is made very
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 wuf 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 very little

ELECTRON
FLOwW

A cATHODE

"on the plate voltage. The fact that plate current in a screen-grid tube is largely

independent of plate voltage makes it possible to obtain much higher amplification

" with a tetrode than with a triode. The low grid-plate capacitance makes it possible

to obtain this high amplification without plate-to-grid feedback and resultant
instability. Representative screen-grid types are the 32 and 24-A.

PENTODES

In all radio tubes, electrons striking the plate may, if moving at sufficient
speed, dislodge other electrons. In two- and three-electrode types, these dislodged
electrons usually do not cause trouble because no positive electrode other than the
plate itself is present to attract them. These electrons, therefore, are drawn back
to the plate. Emission caused by bombardment of an electrode by electrons from
the cathode is called secondary emission because the effect is secondary to the
original cathode emission. In the case of screen-grid tubes, the proximity of the
positive screen to the plate offers a strong attraction to these secondary electrons
and particularly so if the plate voltage swings lower than the screen voltage. ~This

effect 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
BUPPRESSOR Screeny  CURRENT

8
_[1,:- _:llll]lf_‘_
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 1IN5-G, 6J7, and 125]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 employ beam-forming plates at cathode
potential to assist in producing the desired geam effects and to prevent stray
electrong from the plate from returning to the screen outside of the beam, A

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

Fig. 9 shows the structure of a beam power tube employing space-charge sup-
pression and illustrates how the electrons are confined to beams. The beam condi-
tion illustrated is that for a plate potential less than the screen potential. The
high-density space-charge region is indicated by the heavily dashed lines in the
beam. Note that the edges of the beam-forming plates coincide with the dashed
portion of the beam and thus extend the space-charge potential region beyond the
beam boundaries to prevent stray secondary electrons from returning to the screen
outside of the beam. The 616 and 6L.6-G are examples of beam power tubes utiliz-
ing this construction.

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

—8—




RCA RECEIVING TUBE MANUAL

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]7, 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 617 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 compressor application. The 6F6, besides its use as a power output pentode,
can also be connected as a triode and used as a driver for a pair of 6L.6’s.

The second class includes multi-unit tubes such as the duplex-diode triodes
1H6-G and 65Q7, as well as the duplex-diode pentodes 1F7-GV and 12C8 and the
twin class A and class B types, 6C8-G and 6B8, respectively. In this class also is
included the multi-unit type 1D8-GT. This tube combines in one bulb three
units—a diode for use as detector and avc, a triode for use as the first audio-fre-
quency amplifier, and a power-output pentode. Related to multi-unit tubes are
the electron-ray types 6E5 and 6N5. These combine a triode amplifier with a
fluorescent target. Full-wave rectifiers are also multi-unit types.

A third class of tubes combines features of each of the other two classes.
Typical of this third class are the pentagrid-converter types 1A7-G and 12SA7.

—9—
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These tubes are similar to the multi-electrode types in that they have seven elec-
trodes, all of which affect the electron stream; and they are similar to the multi-
unit tubes in that they perform simultaneously the double function of oscillator
and mixer in superheterodyne receivers. :

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

Radio Tube Characteristics

The term “CHARACTERISTICS” is used to identify the distinguishing
electrical features and values of a radio tube. These values may be shown in curve
form or they may be tabulated. When given in curve form, they are called
characteristic curves and may be used for the determination of tube performance
and the calculation of additional tube factors.

Tube characteristics are obtained from electrical measurements of a tube in
various circuits under certain definite conditions of voltages. Characteristics may
be further described by denoting the conditions of measurements. For example,
Static Characteristics are the values obtained with different d-¢ 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.

Staiic characteristics may be shown by plate characteristics curves and transfer
(mutual) characteristics curves. These curves present the same information, but
in two different forms to increase its usefulness. The plate characteristic curve
is obtained by varying plate voltage and measuring plate current for different
control-grid bias voltages, while the transfer-characteristic curve is obtained by
varying control-grid bias voltage and measuring plate current for different plate
voltages. A plate-characteristic family of curves is illustrated by Fig. 10. Fig. 11
gives the transfer characteristic family of curves for the same tube.

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

The amplification factor, or u, is the ratio of the change in plate voltage to a
change in control-electrode voltage in the opposite direction, under the condition
that the plate current remains unchanged, and that all other electrode voltages
are maintained constant. For example, if, when the plate voltage is made 1 volt
more positive, the grid voltage must be made 0.1 volt more negative to hold plate
current unchanged, the amplification factor is 1 divided by 0.1, or 10. In other
words, a small voltage variation in the grid circuit of a tube has the same effect on
the plate current as a large plate voltage change—the latter equal to the product
of the grid voltage change and amplification factor. The u of a tube is useful for
calculating stage gain. as discussed on page 13.

— 10—
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Plate resistance (rp) of a radio tube is the resistance of the path between
cathode and plate to the flow of aiternating 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)
- 1is produced by a plate voltage variation of 1 volt, the plate resistance is 1 divided

by 0.0001, or 10000 ohms.

Control- grld——plate transconductance, or simply transconductance (&m), 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 gnd—voltage change of 0.5 volt causes a plate-current change of 1 mil-
11ampere (0.001 ampere), with all other voltages constant, the transconductance is
0.001 divided by 0.5, or 0.002 mho. A “mho” is the unit of conductance and was
named by spelling ohm backwards, For convenience, a2 millionth of a mho. or a
micromho, is used to express transconductance. So, 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 smgle-
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 causmg
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

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 dlstortxon 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 fot the rectlﬁer 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 apphed
to the tube. In single-phase, half- -wave circiiits with sine-wave input and with
condenser, input to the filter, the peak inverse voltage may be as high as 2.8 times
the rms value of the applied plate voltage. In polyphase circuits, mathematical
determination of peak inverse voltage requires the use of vectors.

Maximum peak plate current is the highest steady-state peak current that a
rectifier tube can safely stand in the direction in which it is designed to 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
output to the product of the average d-c plate voltage and d-c plate current at
full signal, or

power output watts

Plate efficiency (%) = average d-c plate volts X average d-c plate amperes

X 100

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

power output watts
(input signal volts, RMS)2

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 standardjzed by the Institute of Radio Engineers.
This classification depends primarily on the fraction of input cycle during which
plate current is expected to flow under rated full-load conditions. The classes are
class A, class AB, class B, and class C. The term, cut-off bias, used in these defini-
tions is the value of grid bias at which plate current is some very small value.

Class A Amplifier. A class A amplifier is an amplifier in which the grid bias
-and alternating grid voltages are such that plate current in a specific tube flows
at all times.

Class AB Amplifier. A class AB amplifier is an amplifier in which the grid
bias and alternating grid voltages are such that plate current in a specific tube flows
for appreciably more than half but less than the entire electrical cycle.

Class B Amplifier. A class B amplifier is an amplifier in which the grid bias
is approximately equal to the cut-off value so that the plate current is approximately
zero when no exciting grid voltage is applied, and so that plate current in a specific
tube f}pvgs 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-

tion. The 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
L is an important factor, only class A amplifiers permit single-tube operation. In this

case, operating conditions are usually chosen so that distortion is kept below the
conventional 5%, for triodes and the conventional 7 to 109, for tetrodes or pentodes.
Distortion can be reduced below these figures by means of special circuit arrange-
ments such as that discussed under inverse feedback. With class A amplifiers,
reduced distortion with improved power performance can be obtained by using a
push-pull stage for audio service. With class AB and class B amplifiers, a balanced
amplifier stage using two tubes is required for audio service.

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

The plate current flowing through the load resistance (R) of Fig. 14 causes a
voltage drop which varies directly with the plate current. The ratio of this voltage

- varjation produced in the load resistance to the input signal voltage is the voltage

QUTPUT SIGNAL (0)

~ GRID VOLTS | ouTPUT

VOLTAGE
INPUT
SIGNAL

INPUT SIGNAL
{s)

PLATE CURRENT
'[
=

Fig. 13 Fig. 14

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

amplification factor X load resistance
load resistance - plate resistance

Voltage amplification =

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

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

10 —
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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 too large, the actual maximum

e

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 hias 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
impedance may become low enough at very high radio frequencies to affect appre-
ciably the gain and selectivity of a preceding stage. Tubes such as the Acorn*
types have been developed to have low input capacitances, low electron transit
time and low lead inductance so that their input impedance is high even at the
ultra-high radio frequencies.

A super-control amplifier tube is a modified construction of a pentode or a

“ tetrode type and is designed to_reduce modulation-distortion and cross-modulation

/in radio-frequency stages. Cross-modulation is the effect produced in a radio
‘ receiver by an interfering station “riding through” on the carrier of the station to

which the receiver is tuned. Modulation-distortion is 2 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 MILLIAMFERES

SUPPRESSOR GRID SCREEN = NEGATIVE GRID VOLTS 0

Fig. 16 Fig. 17

The characteristics of super-control types are such as to enable the tube to handlet.»é‘
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.

I —®
= T0
INPUT LOUDSPEAKER

TO

LOUDSPEARER

Ce
B8+ B- A=C FILAMENT SUPPLY 8+ B~ A-C HEATER SUPPLY
Fig. 18 Pig. 19
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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 paraliel connection (Fig. 18)
provides twice the output of a single tube with the same value of grid-signal voltage.
The push-pull connection (Fig. 19) requires twice the input-signal voltage, but
has. in addition to an increase in power, a number of important advantages over
single-tube operation. Distortion due to even-order harmonics and hum due to
plate-supply-voltage fluctuations are either eliminated or decidedly reduced through
cancellation. Since distortion is less than for single-tube operation, appreciably
more than twice single- tube output can be obtained by decreasing the load resistance.
Should oscillations occur in the push-pull or parallel stages, they can often be
eliminated by connecting a non-inductive resistor of approximately 500 ohms in
series with each grid lead at the tube socket.

Operation of power tubes so that the grids run positive is inadvisable except
undtixi-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 distortion, can also be determined. The calculations
are made graphically and are illustrated by Fig. 20 for given conditions. The
procedure s 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-gignal bias (P) = M

where Eb is the chosen value of d-c plate voltage at which the tube is to be operated
and p is the amplification factor of the tube. X is a point on the d-c bias curve
at zero volts and is determined by the value of the maximum-signal plate current,
I max., which is equal 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
bias shogld be increased by approximately one half the filament-voltage rating
of the tube.

Line XY is known as the load resistance line. Its slope corresponds to the value
of the load resistance. The load resistance in ohms is equal to (E max.—E min.)
divided by (I max.—I min.), where E is in volts and I in amperes.

For power output calculations, it is assumed that the peak alternating grid
voltage is sufficient (1) to swing the grid from the zero-signal bias value to zero
bias on the positive swing and (2) to a value twice the zero-signal bias value on the
negative swing. During the positive swing, the plate voltage and plate current
reach values of E min, and I max.: during the negative swing, they reach values of
E max. and | 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.)

Power output = 3

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

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

I max. 4 I min.
2
1 max. - I min.

-1,

% 2nd harmonic distortion =

where Io is the zero-signal plate current in amperes.
— 16 —
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Example: Determine the load re- ‘ °
sistance and undistorted power 5
output of a triode operated at 250
volts on the plate, given its ampli-
fication factor of 3.5 and its plate
chara(‘terlstlm 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

PLATE MILLIAMPERES

P = , or —48.5 volts

250
PLATE VOLTS

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

(0.067 - 0.006) (357 ~ 118)

g = 1.8 watts

Power output =

The resistance of the load line XY is

357 — 118
0087 = 0.006 ¢ 3920 chms

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

0.067 -2l- 0.006 0.0335
2nd hérmomc distortion 0.067 = 0.006 X 100 = 4.9%

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

Power output for triodes in push-pull power
amplifiers may be determined by means of the
plate family, given Eo as the desired operating
plate voltage. The method is to erect a vertical
line at E = 0.6 Eo (see Fig. 21), intersecting the
Ec =0 curve at the point I max. This es-
tablishes I max. Then,

)

I max. X Eo

Power output = 5

PLATE MILLIAMPERES (1

If I max. is expressed in amperes and Eo in
volts, power output is in watts,

Fig. 21 illustrates the application of this
o 00 150 200 250 300350 method to the case of two type 45’s operated

PLATE VOLTS(E ) at Eo = 250 volts.
£ ——n]
b_ o]

Power output =

0.096 X 250

5 = 4.8 watts

Fig. 21

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

Eo-0.6 Eo 100
I max. X4 = 0.096

Plate-to-plate load = X 4 = 4160 ohms

This simple formula is applicable to all power output triodes in push-pull. The
operating grid-bias voltage can be anywhere between that specified for single-tube
operation and that equal to one-half the grid-bias voltage required to produce
plate-current cut-off at a plate voltage of 1.4 Eo. Thus, for single-tube operation
of the type 45, the grid-bias voltage is recommended as -50 volts for 250 volts on
the plate. Plate-current cut-off at 1.4 Eo, or 350 volts, occurs at -110 volts on
the grid. One-half of this value is -55 volts which is the most negative value per-
missible without departing from class A conditions. Operation beyond this point
Xﬂl be1 1a;iccompamed by rectification and will no longer be representative of a class
amplifier

Power output for pen-
tode and for beam power
tubes as class A amplifiers
can be calculated in much
| Iuax A the same way as for triodes.

A The calculations can be made
graphically from a special
plate family, as illustrated in
Fig. 22. From a point A just
L - above the knee of the zero-

bias curve, draw arbitrarily
selected load lines to the
Aa zero plate-current axis. These
Iy 2177V lines should be on both sides
£c=2v  of the operating point P whose

PLATE  MILLIAMPERES

= _ A it position is determined by the
M PLATE SOLTS i desired operating plate volt-
¥V IS THE CONTROL-GRID BIAS VOLTAGE AT THE OPERATING POINT age’ EO, a_nd one half the max-
Fig. 22 imume-signal plate current.

Along any load line, say AA,,
measure the distance AO;,, On the same line, lay off any equal distance 0A;.
For optimum operation, the change in bias from A to O, should nearly equal the
change in bias from O, to A,. If this condition cannot be met with one line, then
another line should be selected. When the most satisfactory line has been chosen.
its resistance may then be determined by the following formula.

Load resistance (Rp) = %

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

{1 max. - I min. 4+ 1.41 (Ix -~ Iy)]2 Rp

Power output = 32

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

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

I max. + I min. - 2 o

% 2nd harmonic distortion = Thaz, - I min. F L4l (0x = Iy)

X 100

I max. ~ I min. - 1.41 (Ix ~ Iy)
I max. ~ I min. 4 1.41 (Ix - Iy)

9%, 3rd harmonic distortion == X 100

% total (2nd and 3rd) harmonic distortion = N/(% 2nd bar. dist.)2 + (% 3rd har. dist.)?
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The conversion curves given in Fig. 23 apply to radio tubes in general but are
particularly useful for power tubes, These curves can be used for calculating
approximate operating conditions for a plate voltage which is not included in the
published data on operating conditions, For instance, suppose it is desired to
operate two 6L6’s in class A; push-pull, fixed bias, with a plate voltage of 200 volts.
The nearest published operating conditions for this class of service are for a plate
voltage of 250 volts. The operating conditions for the new plate voitage 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 ohtain

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,
peE Oib )04'8 Lo Ls 20 25 multiply the published values by factors shown
on the chart as corresponding to a voltage

% conversion factor of 0.8, In this chart,

8

7 / Fi applies to plate current and to screen
° current,

5

/\‘W Fp applies to power output,

a I Fr applies to load resistance and plate
/ / resistance,

3 / / Fgm applies to transconductance.

<y Thus, to find the power output for the new
conditions, determine the value of Fp for a
voltage conversion factor of 0.8. The chart

ghows that this value of Fp is 0.6. Multiply-
R e ing the published value of power output by

2 A

0.6, the power output for the new conditions is
145 X 0.6 = 8.7 watts.

1 A class AB power amplifier employs two
7 tubes connected in push-pull with a higher

| negative grid bias than is used in a class A
o8 [ /F | stage. With this higher negative bias, the
0.5 7y ' plate and screen voltages can usually be made

0.8
0.7

CONVERSION FACTORS Fi, Fp, s Fgm
>

higher than for class A because the increased

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

output can be obtained from class AB operation.

0.2 i Class AB amplifiers are subdivided into
class AB; and class AB,. In class AB; there is
no flow of grid current. That is, the peak
signal voltage applied to each grid is not greater
than the negative grid-bias voltage. The grids
O %5 o5 .5 75 2.5 25 therefore are not driven to a positive potential
VOLTAGE CONVERSION FACTOR (Feg) and do not draw grid current. In class AB,,
92C-5499R2 the peak signal voltage is greater than the bias
Fig. 23 so that the grids are driven positive and draw

grid current. -

Because of the flow of grid current in a class AB, stage there is 2 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 ratig.

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 ebtain satisfactory regulation it is usually advisable to use a choke-input filter.

— 19—




ACLA RECEIVING TUBE MANUAL

=1t fssbmetimes advisable to use a mercury-vapor rectifier tube rather than a vacuum
otyjsdibecause of the better regulation of the mercury-vapor type. In all cases, the

°ri§‘s;stance of the filter chokes and power transformer should be as low as posszble
\i}ﬂ ‘32;{ class B power amplifier employs two tubes connected in push-pull, so biased

Dplate current is almost zero when no signal voltage is applied to the grids.
tise of this low value of no-signal plate current, class B amplification has the
afar Q advantage as class AB, that large power output can be obtained without
gexges’swe plate dissipation. The difference between class B and class AB is that,
-i.class B, plate current is cut off for a larger portion of the negative grid swing.

= here are several tube types designed especially for class B amplification. The
shdtdcteristic common to all these types is high amplification factor. With this high
amp é'%Ocatxon factor, plate current is small when grid voltage is zero. These tubes,
re, can be operated in class B at a bias of zero volts so that a bias supply
'11§’ required. = A number of the class B amplifier tube types consist of two triode
S8Rit8¥mounted in one tube. The two triode units can be connected in push-pull
so that only one tube is required for a class B stage. Examples of class B twin
rtriode 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
gzrws considerable grid current. There is, therefore, a loss of power in the grid
arcult Thls imposes the same requlrement on the driver stage as in a class AB,
stage; that is, the driver should be capable of considerably more power output than
m(; power requn'ed for the class B grid circuit in order that distortion be low. The

stage transformer between the driver and class B stage usually has a step-
wn turns ratio.

i;The fluctuations in plate current in a class B stage are large so that it is im-
/gorjtant that the power supply have good regulation. The discussion of the power
=pupply for a class AB, stage, therefore, also applies to the power supply for a class
B amplifier,
it o An inverse-feedback circuit, sometimes called a degenerative circuit, is one
¥ Which a portion of the output voltage of a tube is applied to the input of the
. or a preceding tube in opposite phase to the signal applied to the tube. Two
rtant advantages of feedback are: (1) reduced distortion from each stage
cldded in the feedback circuit and (2) reduction in the variations in gain due to
1ges in line voltage, possible differences between tubes of the same type. or
oya tions in the values of circuit constants included in the feedback circuit.

24 slnverse feedback is used in audio amplifiers to reduce distortion in the output
ustage where the load impedance on the tube is a loudspeaker. Because the imped-
.aangerof a loudspeaker is not constant for all audio frequencies, the load impedance
% 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
not corrected, produce considerable frequency distortion. Such frequency
rtion can be reduced by means of inverse feedback. Inverse feedback circuits
if 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 by

Fig. 24. In this circuit, Ry, Re, and C

l are connected across the output of

the 6L6 as a voltage divider. The

secondary of the grid-input trans-

former is returned to a point on this

voltage divider. Condenser C blocks

the d-c plate voltage from the grid.

However, a portion of the tube’s a-f

output voltage approximately equal

to the output voltage multiplied by

the fraction R./(R: + Raz), is applied

athe grid. There results a decrease in distortion which can be explained by the
eurves of Fig, 25,

@m
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Consider first the amplifier without the use of inverse feedback. Supposg;that
when a signal voltage e, is applied to the grid. the a-f plate current i’, has aniggeg-
ularity in its positive half-cycle. This irregularity represents a departure;ifrom,
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-vpitage
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 v;ﬂ%ﬁ
at the plate is the difference between the drop across the load and the supply, ¥g 4,
age: thus, when plate current goes up, plate voltage goes down: when piate c&{r@b};
goes down, plate voltage goes up.

odd 26
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Fig, 26 s

Now suppose that inverse feedback is applied to the amplifier. The distértion
irregularity in plate current is corrected in the following manner. With an inverse
feedback arrangement, the voltage fed back to the grid has the same waveform
and phase as the plate voltage, but is smaller in magnitude. Hence, with azplate
voltage of waveform shown by e’y, the feed-back voltage appearing on the grid ds
as shown by €’y This voltage applied to the grid produces a component ofplate
current i’ It is evident that the irregularity in the waveform of this component
of plate current would act to cancel the original irregularity and thus reducd
distortion. g

After the correction of distortion has been applied by inverse feedbac
relations are as shown in the curve for i,. The dotted curve shown by i, I8 ¢tHe
component of plate current due to the feedback voltage on the grid. The détted
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 :platg
current shown by the solid curve of i,. Since i, is the plate current that wotid
flow without inverse feedback, it can be seen that the application of inverse:{s&ds
back has reduced the irregularity in the output current. In this manner. irveérse
feedback acts to correct any component of plate current that does not correspond
to the input signal voltage, and thus reduces distortion.

From the curve for i,, it can be seen that, besides reducing distortion. inverse
feedback also reduces the amplitude of the output current. Consequently. when
inverse feedback is applied to an amplifier there is a decrease in power output-as
well as a decrease in distortion. However, by means of an increase in signal voltage,
the power output can be brought back to its full value. Hence, the applicatién 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 Ty and Ts. 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 tvpe 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 ciass AB; amplifiers. When the
circuit in Fig. 24 is used in push-pull, the input transformer must have a separate
secondary for each grid. Inverse feedback is not recommended for use in ampli-
fiers drawing grid power because of the resistance introduced in the grid circuit.

Constant-current inverse feedback is

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

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 mn 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 ocutput may be inconveniently
large. Because a beam power tube gives full power output on a comparatively
small driving voltage, inverse feedback is especially applicable to beam power
tubes. By means of inverse feedback, the high efficiency and high power output
of beam power tubes can be combined with freedom from the effects of varying
speaker impedance.

A corrective filter can be used to improve the frequency characteristic of an
output stage, using a beam power tube or a pentode, when inverse feedback is not
applicable. The filter consists of a resistor and a condenser connected in series
across the primary of the output transformer. Connected in this way, the filter is
in parallel with the plate-load impedance reflected from the voice-coil by the out-
put transformer. The magnitude of this reflected impedance increases with increas-
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
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 af 0.05

£
i
A volume expander can be
DEC A VOLTAGE used in a phonograph amplifier
i to make more natural the re-
Fig. 27 production of music which has
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a very large volume range. For instance, in the music of a symphony orchestra,
the sound intensity of the loud passages is very much higher than that of the
soft passages. When this music is recorded, it is not feasible to make the ratio
of maximum amplitude to minimum amplitude as large on the record as it is in
the original music. The recording process is therefore monitored so that the
volume range of the original is compressed on the record. To compensate for this
compression, a volume-expander amplifier has a variable gain which is greater for
a high-amplitude signal than for a low-amplitude signal. The volume expander
- therefore amplifies loud passages more than soft passages and thus can restore
to the music reproduced from the record the volume range of the original.

A volume expander circuit is shown in Fig. 27. The action of this circuit
depends on the fact that the gain of the 6L7 as an audio amplifier can be varied
by variation of the bias on the No. 3 grid. When the bias on the No. 3 grid is made
less negative, the gain of the 6.7 increases. In the circuit, the signal to be amplified
is applied to the No. 1 grid of the 617 and is amplified by the 6L7. The signal is
also applied to the grid of the 6C5, is amplified by the 6C5, and is rectified by the
6H6. The rectified voltage developed across R8, the load resistor of the 6HS, is
applied as a positive bias voltage to the No.3 grid of the 6L7. Then, when the
amplitude of the signal input increases, the voltage across R8 increases, and the
bias on the No. 3 grid of the 617 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 617 is a variable-mu grid and therefore will produce
distortion if the input signal voltage is too large. For that reason, the signal input
to the 6L7 should not exceed a peak value of 1 volt. This value is of the same
order as the voltage obtainable from the usual magnetic phonograph pick-up.
The no-signal bias voltage on the No. 3 grid is controlled by adjustment of contact
P. This contact should be adjusted initially to give a no-signal plate current of
0.15 milliampere in the 6L7, No further adjustment of contact P is required if
the same 6L7 is always used. If it is desired to delay volume expansion until the
signal input reaches a certain amplitude, the delay voltage can be inserted as a
negative bias on the 6H6 plates at the point marked X in the diagram.

Another circuit using volume expansion is shown in CIRCUIT SECTION.
This circuit can also be used to provide volume compression for microphone oper-
ation. ~ Volume compression prevents overloading and blasting and compensates
for differences in voice level produced by movements of the speaker at the micro-
phone. In this circuit the 6H6 is connected as a voltage doubler. The d-c output
1s applied across potentiometer Rze. The arm and one side of Ra is connected to
the d.p.d.t. switch S, to permit reversing of the polarity of the voltage taken from
Rss. The amount of d-c voltage across Ry is dependent on the average signal level.
When the level tends to increase, the voltage across Rgg 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 tc the bias of the tube. This lowers the
bias and increases the amplification factor of the tube, When the switch is set
to ‘“‘compress,” the two voltages are additive. The negative bias is, therefore,
increased and the amplification factor is decreased.

A phase inverter is a circuit used to provide resistance coupling between the
output of a single-tube stage and the input of a push-pull stage. The necessity
for a phase inverter arises because the signal-voltage inputs to the grids of a push-
pull stage must be 180 degrees out of phase and approximately equal in amplitude
with respect to each other. Thus, when the signal voltage input to a push-pull
stage swings_the control grid of one tube in a positive direction, it should swing
the other grid in a negative direction by a similar amount. With transformer
coupling between stages, the out-of-phase input voltage to the push-pull stage is
supplied by means of the center-tapped secondary., With resistance coupling, the
out-of-phase input voltage is obtained by means of the inverter action of a tube.

Fig. 28 shows a push-pull power amplifier, resistance-coupled by means of a.
phase-inverter circuit to a single-stage triode T;. Phase inversion in this circuit
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is provided by triode T,. The output voltage of T, is applied to the grid of 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 T, in the negative direction.
Thus, when the output voltage of T
swings positive, the output voltage

of T, swings negative and is, there-
fore, 180° out of phase with the out-
put voltage of T,. In order to ob-
tain equal voltages at E, and E,
the signal applied to the grid of T,
should be less than the voltage at Ey,

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 Ty, 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 value of R; is, therefore, equal to R,
divided by the voltage gain of T,; R; is equal to R, minus R,.

INPUT
SIGNAL
VOLTAGE

]

Fig. 28

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

“V\ /\ /\ A half-wave rectifier and a full-wave rectifier
Tetaeae  circuit are shown in Fig. 30. In the half-wave
circuit, current flows through the rectifier tube to

-0 SECONDARY
l \/ \/ \/ VOLTAGE.
RECTIFIED VOLTAGE
PLATE N2)
o}
Q
t \/ \/ \%ECT\F\EDVOLTAGE
- PLATE N22.
g COMBINED
RECTIFIED
VOLTAGE

PLATESN#18 2.

o _+ o + o  +

AVAILABLE FOR
RADRIO RECEIWER,
FULL-WAVE RECTIFICATION
Fig. 29

o SMOOTHED VOLT-
AGE _AFTER
FIRST SECTION
OF FILTER.

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 cathcde. 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

+ l
‘ +
%TT; | °“§§”’ INPUT . OUTPUT
VOLTS To
FILTER FILTER

Fig. 30

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

A voltage-doubler circuit of simple form is shown in Fig. 31. The circuit derives
its name from the fact that its d-c voltage output can be as high as twice the peak
value of a-c input. Basically, a voltage doubler
is a rectifier circuit arranged so that the output
voltages of two half-wave rectifiers are in series.

o € The action of a voltage doubler is briefly as
o— | 2%, follows. On the positive half-cycle of the a-c
L input, that is, when the upper side of the a-c

i3 input line is positive with respect to the lower

1 side, the upper diode passes current and feeds

1, Ta= SEPARATE FILAMENT a positive charge into the upper condenser. As

? TRANSFORMER WINDINGS positive charge accumulates on the upper plate

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

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

Two rectifier types especially designed for use as voltage doublers are the
metal 25Z6 and the glass 25Z5. These tubes combine two separate diodes in one
tube. As voltage doublers, the tubes are used in “transformerless” receivers. In
these receivers, the heaters of all tubes in the set are connected in series with a
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voltage-dropping resistor across the line. The connections for the heater supply
and the voltage-doubling circuit are shown in Figs. 32 and 33.

! {

A-C A=C
INPUT = D-C INPUT

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

R=PROTECTIVE RESISTOR

C;C3Ca = 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-¢ 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-
glat]ia(l)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

%—_f vs:/))a[live. The effect of modulation on the waveform of the r-f wave is shown in
ig. 34.

MM%W o .

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 demedulate 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

I-F i
INPUT =
R

Fig. 35 Fig. 36

A-F
ouTPUT

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

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

TO GRID
QF NEXT
AUDIO
STAGE

Fig. 37 Fig. 38

portion of the a-f voltage developed across this resistor is applied to the triode grid
through the volume control R;. In a typical 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 Cs, The function of condenser C; is to block the d-c bias of the
cathode from the grid. The function of condenser C, is to by-pass any r-f voltage
on the grid to cathode. A duplex-diode 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 voltage applied to the diode can be held within very close limits for
all values of signal strength at the antenna. The tube used in a diode-biased circuit
should be one which operates at a fairly large value of bias voltage. The variations
in bias voltage are then a small percentage of the total bias and hence produce small
distortion. Tubes taking a fairly large bias voltage are types such as the 6R7 or
1H6-G having a medium-mu triode. Tube types having a high-mu triode or a
pentode should not be used in a diode-biased circuit.

A grid-bias detector circuit is shown in Fig. 39. In this circuit, the grid is
biased almost to cut-off, i.e., operated so that the plate current with zero signal is
practically zero. The bias voltage can be obtained from a cathode-bias resistor, a
C battery, or a bleeder tap. Because of the high negative bias, only the positive
half cycles of the r-f signal are amplified by the tube. The signal is, therefore,
detected in the plate circuit. The advantages of this method of detection are that
it amplifies the signal. besides detecting it, and that it does not draw current from
the input circuit and therefore does not lower the selectivity of the input circuit.

R-F GRID LEAK

CHOKRE R~F CHOKE

GRID
H
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RESISTOR == ® x
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The grid-leak and condenser method, illustrated by Fig. 40, is somewhat more
sensitive than the grid-bias method and gives its best results or weak signals. In
this circuit, there is no negative d-¢ bias voltage applied to the grid. Hence, on
the positive half-cycles of the r-f signal, current flows from grid to cathode. The
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grid and cathode thus act as a diode detector, with the grid-leak resistor as the
diode load resistor and the grid condenser as the r-f by-pass condenser. The voltage
across the condenser then reproduces the a-f modulation in the same manner as
has been explained for the diode detector. This voltage appears between the grid
and cathode and is therefore amplified in the plate circuit. The output voitage
thus reproduces the original a-f signal.

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

AUTOMATIC VOLUME CONTROL

The chief purposes of automatic volume control in a receiver are to prevent
fluctuations in loudspeaker volume when the signal at the antenna is fading in and
out, and to prevent an unpleasant blast of loud volume when the set is tuned from
a weak signal, for which the volume control has
been turned up high, to a strong signal. To accom-
plish these purposes; an automatic volume control
circuit regulates the receiver’s 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
I-F STAGE

BIAS at the antenna changes, the avc circuit reduces the
VOLTAGE Te resultant change in the voltage output of the last
- cz 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 veltage, when the diode plate is positive with respect to
the cathode, the diode passes current. Because af the flow of diode current through
R;, there is a voltage drop across R, which makes the left end of Ry negative with
respect to ground. This voltage drop across R, is applied, through the filter R,
and C, as negative bias on the grids of the preceding stages. Then, when the signal
strength at the antenna increases, the signal applied to the ave diode increases,
the voltage drop across R, increases, the negative bias voltage applied to the r-f
and i-f stages increases, and the gain of the r-f and i-f stages is decreased. Thus
the increase in signal strength at the antenna does not produce as much increase
in the output of the last i-f stage as it would produce without avc. When the
signal strength at the antenna decreases from a previous steady value, the avc
circuit acts, of course, in the reverse direction, applying less negative bias, permitting
the r-f and i-f gain to increase, and thus reducing the decrease in the signal output
of the last i-f stage. In this way, when the signal strength at the antenna changes,
_the avc circuit acts to prevent change in the output of the last i-f stage, and thus
acts to prevent change in loudspeaker volume.

The filter, C and R,, prevents the ave
voltage from varying at audio frequency.
The filter is necessary because the voltage
drop across R, varies with the modulation
of the carrier being received. If avc volt- oUTPUT
age were taken directly from R, without o CasT
filtering, the audio variationsin avc voltage  °F STAGE T
would vary the receiver’s gain so as to o
smooth out the modulation of the carrier.

To avoid this effect, the avc voltage is

taken from the condenser C. Because of DAVC - Tc

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

denser C can charge and discharge at only 2T - AMSLIE e
a comparatively slow rate, The ave 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 audic modulation.

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

In the circuit shown in Fig. 41, a certain amount of avc negative bias is applied
to the preceding stages on a weak signal. Since it may be desirable to maintain
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 D, a d-c current flows through R, and
R: in series with D;. The voltage drop caused by this current places the ave lead
at approximately -3 volts (less the negligible drop through D). When the average
amplitude of the rectified signal developed across R, does not exceed 3 volts, the
avc lead remains at -3 volts. Hence, for signals not strong enough to develop
3 volts across Ry, the bias applied to the controlled tubes stays constant at a value
giving high sensitivity. However, when the average amplitude of rectified signal
voltage across R; exceeds 3 volts, the plate of diode Ds becomes more negative
than the cathode of D; and current flow in diode D, ceases. The potential of the
avc lead is then controlled by the voltage developed across R;. Therefore, with
further increase in signal strength, the avc circuit applies an increasing avc bias
voltage to the controlled stages. In this way, the circuit regulates the receiver’s
gain for strong signals, but permits the gain to stay constant at a maximum value
for 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 Dy, 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-ray tubes are designed to indicate visually by means of a fluorescent
target the effects of a change in controlling voltage. They are widely used as tuning
indicators in radio receivers. Types such as the 6U5/6G5 and the 6N5 contain

two main parts: (1) a triode which

CATHODE _REUORESCENT  operates as a d-c amplifier and (2)

— P ; all T

SHIELD — an electron-ray indicator which is

: __Rrav-conTRoL located in the bulb as shown in

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

= TRIODE a positive voltage and therefore

—=BLATE attracts electrons from the cathode.

When the electrons strike the target

they produce a glow on the fluores-

cent coating of the target. Under

~~ 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 approxzimately 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 Fig.
44. The flow of the triode plate current through resistor R produces a voltage drop
which determines the potential of the control electrode. When the voltage of the
triode grid changes in the positive direction, plate current increases, the potential
of the control electrode goes down because of the increased drop across R, and the
shadow angle widens. When the potential of the triode grid changes in the negative
direction, the shadow angle narrows.

TYPE
TYPE BK7 BAF6-G
ANV

TRIODE
CONNECTED

ELECTRON=-
RAY TUBE AVC
VOLTAGE

TO CONTROLLING R-TYPICAL VALUE 15 0.5 MEGOHM
VOLTAGE “+8

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 when the receiver is tuned to resonance
CIRCUIT FOR WIDE -ANGLE TUNING with the desired station. The choice
ELECTRON- between electron-ray tubes depends on

ay  IMEG.  RAY TUBE the ayvc characteristic of the receiver.

A J Trasov. The 6E5 contains a sharp” cut-off triode

which closes the shadow angle on a com-

-— é paratively low value of avc voltage. The
N R, 6N5 and 6U5/6G5 each have a remote

b cut-off triode which closes the shadow on

a larger value of avc voltage than the

conTROLLING ] 6E5. The 6AF6-G may be used in con-
) junction with d-c amplifier tubes having

Ra : either remote or sharp cut-off character-
istics. Examples showing how electron-
ray tubes are incorporated in receiver cir-
cuits are given in CIRCUIT SECTION.

R]+R2=l6700 OHMS —
Fic. 46 The sensitivity indication of electron-
e 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.

OSCILLATION

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

® ®
8- A~ Bt a8~ HEATER B+
A+ TRANSFORMER

Fig. 47 Fig. 48

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

INPUT AT

R-F SiGNAL
FREQUENCY

QUTPUT AT

INTERMEDIATE
FREQUENCY

FREQUENCY CONVERSION

Frequency conversion is used in superheterodyne receivers to change the
frequency of the r-f signal to an intermediate frequency. To perform this change
in frequency, a frequency-converting device consisting of an oscillator and a
frequency mixer is employed. In such a device, shown diagrammatically in Fig. 49,

two voltages of different frequency, the

r-f signal voltage and the voltage gen-

MIXER erated by the oscillator, are applied to

the input of the frequency mixer.

These voltages beat, or heterodyne,

within the mixer tube to produce a

FREQUENCY CONVERTER plate current having, in addition to

Fig. 49 the frequencies of the input voltages,

numerous sum and difference frequen-

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

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

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

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

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

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

Three methods of frequency conversion for superheterodyne receivers are of
interest. These methods are alike in that they employ a frequency-mixer tube in
which plate current is varied at a combination of the signal frequency and the
oscillator frequency. These variations in plate current produce across the tuned
plate load a voltage of the desired intermediate frequency. The three methods differ
in the types of tubes employed and in the means of supplying input voltages to the
mixer tube.

A method widely used before the availability of tubes especially designed for
frequency-conversion service, employs as mixer tube either a triode, a tetrode, or
a pentode, in which oscillator voitage and signal voltage are applied to the same
grid. In this method, coupling between the oscillator and mixer circuits is obtained
by means of inductance or capacitance.
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The second method employs a tube having an oscillator and frequency mixer
combined in the same envelope, In one form of such a tube, coupling between
the two units is obtained by means of the electron stream within the tube. One
arrangement of the electrodes for this type is shown in Fig. 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 [ &F circuiT |

varies at the oscillator frequency. l .J_
This varying electron stream is fur- g’,‘gﬁ,{:@%

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 555,
and the signal frequencies. The |
purpose of grids No. 3 and No. 5, | |
which are connected together with- 1 q

|

|

|

!

I P J
—~

|

|
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|
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|
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gl

in the tube, i3 to accelerate the
electron stream and to shield grid
No. 4 electrostatically from the L--———-

other electrodes. The 6A8 is an N & B+
example of a pentagrid-converter Fig. 50
type.

Pentagrid-converter tubes of this design are good frequency-converting devices
at medium frequencies but their performance is better at the lower frequencies
than at the high ones. This is because the output of the oscillator drops off as the
frequency is raised and because certain undesirable effects produced by interaction
between oscillator and signal sections of- the tube increase with frequency. To
minimize these effects, several of the pentagrid converter tubes are designed so
that no electrode functions alone as the oscillator anode. In these tubes, grid No. 1
functions as the oscillator grid, and grid No. 2 is connected within the tube to the
screen (grid No.4). The combined two grids No. 2 and 4 shield the signal grid
{grid No. 3) and act as the composite anode of the oscillator triode. Grid No. 5
acts as the suppressor. Converter tubes of this type are designed so that the space
charge around the cathode is unaffected by electrons from the signal grid. Further-
more, the electrostatic field of the 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 ave bias
because changes in avc bias produce little change in oscillator transconductance
or in the input capacitance of grid No. 1. Ezxamples of the pentagrid converters
discussed in this paragraph are the single-ended types 1R5 and 6SA7.

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

: The cathode, hexode mixer grid

HEXODE (MIXER) PLATE, | HEYXODE GRID Ned (grld No. 1), hexode double-

HEXODE (SIGNAL) /{MIXER SCREEN SECTION) screen (grlds No. 2 and 4),

CRID N23 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
HEXODE (MIXER) / tube and act as a suppressor for

GRID Nel CATHODE the hexode unit. The action

Fig. 51 of the 6K8 in converting a radio-

: frequency signal to an inter-

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

The third method of frequency conversion employs a tube particularly designed
for short-wave reception. This tube, called a pentagrid mixer, has two independent
control grids and is used with a separate oscillator tube. R-F signal voltage is

applied to one of the control grids and os-
cillator voltage is applied to the other.

OSCICLATOR | [ YPE 6L7 It follows, therefore, that the variations
ERET (sUpmreseor) [ F in plate current are due to the combina-
SERARATE OUTPUT tion of the oscillator and signal frequencies.
P, CIRCUIT The arrangement of electrodes in a penta-
(T OSCILLATOR) GRIDS N22 84 grid-mixer tube is shown in Fig. 52. The
(ScREEN) ' tube contains a heater cathode, five grids,

Rab HEATER and a plate. Grids No. 1 and 3 are
cireurr | N L caTrope control grids. The r-f signal voltage is ap-
Nei ~ plied to grid No. 1. This grid has a remote

Ty 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 6L7 and 6L7-G are penta-
grid-mixer tubes.

Radio Tube Installation

The installation of radio tubes requires care if high-quality performance is
to be obtained from the associated radio circuits. Installation suggestions and
precautions which are generally common to all types of tubes are covered in this
section. Careful observance of these suggestions will do much in helping the
experimenter and radio technician to obtain the full performance capabilities of
radic tubes and circuits. Additional and pertinent 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 filla-
ment circuit.

The filament or heater voltage supply may be a direct-current source (a battery
or a d-¢c power line) or an alternating-current power line, depending on the type
of service and type of tube. Frequently, a resistor (either variable or fixed) is used
with a d-c supply to permit compensation for battery voltage variations or to adjust
the tube voltage at the socket terminals to the correct value. Ordinarily, a step-
down transformer is used with an a-c supply to provide the proper filament or
heater voltage. Receivers intended for operation on both d-c and a-¢c power lines
have the heaters connected in series with a suitable resistor and are supplied directly
from the power line.
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D-c filament or heater operation should be considered on the basis of the
source of power. In the case of the battery supply for the new 1.4-volt filament
tubes, it is unnecessary to use a voltage-dropping resistor in series with the filament
and a single dry-cell; the filaments of these tubes are designed to operate satis-
factorily over the range of voltage variations that normally occur during the life
of a dry-cell. Likewise, no series resistor is required when the 2-volt filament type
tubes are operated from a single storage cell or when the 6.3-voit 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 milllammeter 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 heafer resistor required when filaments and/or heaters are
operated in parallel can be determined easily by a simple formula derived from
Ohm’s law.

Required 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 te 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

supply volts — total rated volts of tubes
rated amperes of tubes

Thus, if a receiver having one 6SA7, one 6SK7, one 6B8, one 25A6, and one 25Z6
is to be operated from a 117-volt power line, the series resistor is equal to 117 volts
(the supply voltage) minus 68.9 volts (the sum of 3 X 6.3 volts + 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 ail 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 cutrent.
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.

Required resistance (ohms) =

Heater shunt resistance (ohms), fube 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

— 35—



RCA RECEIVING TUBE . MANUAL

ampere, the required shunt resistance for each ot the latter types would be

. 6.3
Heater shunt resistance = 8 =03’ or 12.6 ohms.

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.

avoio 1 FIRST ) b con- L R0 L power | | mecTi- | YOLTAGE
DETECTOR | | amptrier || VERTER N erE 7] aMPLIFIER FIER DROPPING
= Lo 4
- A.C.OR D.C.
Fig. 53

A-c filament or heater operation should be considered on the basis of either a
parallel or a series arrangement of filaments and/or heaters. In the case of the
parallel arrangement, a step-down transformer is employed. Precautions should
be taken to see that the line voltage is the same as that for which the primary of
the transformer is designed. The line voltage may be determined by measurement
with an a-c voltmeter (0-150 volts).

If the line voltage measures in excess of that for which the transformer is
designed, a resistor should be placed in series with the primary to reduce the line
voltage to the rated value of the transformer primary. Unless this is done, the
excess input voltage will cause proportionally excessive voltage to be applied to
the tubes. Any radio tube may be damaged or made inoperative by excessive
operating voltages.

If the line voltage is consistently below that for which the primary of the trans-
former is designed, it may be necessary to install a booster transformer between
the a-c outlet and the transformer primary. Before such a transformer is installed,
the a-c line fluctuations should be very carefully noted. Some radio sets are equipped
with a line-voltage switch which permits adjustment of the power transformer
primary to the line voltage. When this switch is properly adjusted, the series-
resistor or booster-transformer method of controlling line voltage is seldom required.

In the case of the series arrangements of filaments and/or heaters, a voltage-
dropping resistance in series with the heaters and the supply line is usually required.
This resistance should be of such value that, for normal iine voltage, tubes will
operate at their rated heater or filament current. The method for calculating the
resistor value is given ahove.

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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fiiter network or objectionable hum may deveiop. The hum is due to the fact
that even a minute pulsating leakage current flowing between the heater and
cathode will develop a small voltage across any resistance in the circuit. This
hum voltage is amplified by succeeding stages. When 6.3-volt heater-cathode types
are operated from a storage battery, the cathodes are connected either directly or
through biasing resistors to the negative battery terminal. When a series-heater
arrangement is used, the cathode circuits should be connected either directly or
through biasing resistors to the negative side of the d-c plate supply, which is
furnished either by the d-c power line or by the a-c power line through a rectifier.

PLATE VOLTAGE SUPPLY

The plate voltage for radio tubes is obtained from batteries, devices for recti-
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 veltage 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 transformes, 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 hattery 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 terming! 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

R= GRID-BIASING RESISTOR T=FIL‘AMENT TRANSFORMER C=BY-PASS CONDENSER
Fig. 54

to the plate current in the case of a triode. or to the sum of the plate and screen
currents in the case of a tetrode, pentode. or beam power tube. Since the voltage
drop along the resistance is increasingly negative with respect to the cathode, the
required negative grid-bias voltage can be obtained by connecting the grid return
to the negative end of the resistance,



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

Resistance (ohms) = rated cathode current in milliamperes

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

Grid-bias variation for the r-f and i-f amplifier stages is a convenient and
frequently used method for controlling receiver volume. The variable voltage
supplied to the grid may be obtained: (1) from a variable cathode resistor as shown
in Figs. 55 and 56; (2) from a bleeder circuit by means of a potentiometer as shown
in Fig. 57 or (3) from a bleeder circuit in which the bleeder current is varied by a
tube used for automatic volume control. The latter circuit is shown in Fig, 41.
In all cases it is important that the control be arranged so that at no time will the
bias be less than the recommended grid-bias voltage for the particular tubes used.
This requirement can be met by providing a fixed stop on the potentiometer, by
connecting a fixed resistance in series with the variable resistance, or by connecting
a fixed cathode resistance in series with the variable resistance used for regulation.

VARIABLE

o ® ® ® ®© @
B- A= A+ B+ B« B+ A+ A~ B~

Fig. 65 Fig. 56 Fig. 57

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

SCREEN VOLTAGE SUPPLY

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

— 38 —
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a series resistor, The positive screen voltage for tetrodes (screen-grid tubes) sho

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 1s important to note that the plate voltage for tetrodes or pentodes should he
applied 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.

characteristic. Fig. 58 shows a pentode with its screen voltage s 5)p1ied throudglg

"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
alsc 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 2 widely followed practice
to shield separately each unit of the high-frequency stages. For instance, in a
superheterodyne receiver, each i-f and r-f coil may be mounted in a separate shield
can. Baffle plates may be mounted on the ganged tuning condenser to shield each
section of the condenser from the other sections. The oscillator coil may be
especially well-shielded by being mounted under the chassis. The shielding pre-
cautions required in a receiver depend on the design of the receiver and the iayout
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-¢ voltage drop through the filter. In circuits where the current is small (a few

—39 —



F
REC
T

RCA RECEIVING TUBE MANUAL

milliamperes) resistors are practical; where the current is large, or regulation im-
portant, chokes are more suitable.

. b-¢ B-C
VOLTAGE VOLTAGE VOLTAGE VOLTAGE
LEAD LEAD LEAD LEAD

I ? IW\{Q\/\I_ I N I N I
T Foommd o Frocmeoet
TO CATHODE TO CATHODE § To caTHODE TO CATHOOE

R=RESISTOR C=BY-PASS CONDENSER L=A-F OR R-F CHOKE

-c b~

Fig. 60

The minimum practica! 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 resuits will be obtained in special cases if the
ratio is not more than one-tenth. Radio-frequency circuits, particularly at high
frequencies, require high-quality condensers. Mica condensers are preferable.
Where stage shields are employed, filters should be placed within the shield.

Another important application of filters is to smooth the output of a rectifier
tube. See RECTIFICATION. A 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 condenger 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 TYPZ FILTER CONDENSER FILTER

' — @ HT J
L L ] L
INPUT % INPUT INPUT
M L = FRO

RO — FROM = — ROM
TIFIER ¢ ST OUTFUT RECTIFIER T c e OVUTPUT | RmECTIFIER . ouTruT
uBE TUSE TUBE

‘ _

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 radic receivers, through direct radiation or through the power
line. This interference is generally identified in the receiver as a broadly tunable
120-cycle buzz (100 cycles for 50-cycle supply line, etc.). It is usually caused by
the formation of a steep wave front when plate current within the tube begins to
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flow on the positive half of each cycle of the a-c supply voltage. There are several
ways of eliminating this type of interference. One is to shield the tube. Another
is to insert an r-f choke having an inductance of one millihenry 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 maling the plate leads of the rectifier extremely
short. In general, the particular method of interference elimination must be
selected by experiment for each installation.

oo __11}_315 SHIELD
Fust giiie | . !
gig = Lo
iis | N
AR | ] = | 70
POWER LINE S 1 ; FILTER
| ok
B Tel !l @b | ;
i L———__T
eLECTROSTATIC L I -
SHIELD -

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

Fig. 62

OUTPUT-COUPLING DEVICES

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

PLATE ”c= 2-6uf
PLATE INPUT § 10-30H TO
! CHOKE
INPUT ' To ?}*’____‘3 LOUDSPEAKER
LOUDSPEAKER ®
o | CATHODE i ®
TRANSFORMER METHOD CHOKE-COIL METHOD

Fig. 63

Qutput-coupling devices are of two types, (1) choke-condenser and (2) transformer.
The choke-condenser type consists of an iren-core choke with an inductance of not less
than 10 henrys which is placed in series with the plate and B-supply. The choke
offers a very low resistance to the d-c plate current component of the signal voltage
but opposes the flow of the fluctuating component. A by-pass condenser of 2 to
6 uf supplies 2 path to the speaker winding for the signal voltage. The transformer
type is constructed with two separate windings a primary and a secondarv. wound
on an iron core. This construction permits of designing each winding to meet the
requirements of its position in the circuit. Typical arrangements of each type of
coupling device are shown in Fig. 63. Examples of transformers for push-pull
stages are shown in several of the circuits given in the CIRCUIT SECTION
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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,

3
Cathode Volts| 1.4 20 | 25| 50 6.3 12510
DIODE DETECTORS & RECTIFIERS
Detectors, twin {6H6, 6H6-G)
TAS
haif-wave 1-v 1223
3573-LT
35Z4-GT
3525-GT
4525.51
holf-wave, with beam 70L7-GT
power amplifier
half-wave with 12A7
Rectifiers< power pantode 25A7-G
vacuum (5T4 (6X5, 6X5-G,
504G, | 6X5.GT, 84),
5X4-G, 6ZY5-G,
523), Y4
(5W4,
5Y3-G,
full-wave 574
5Y4-G,
80),
(5V4-G,
83-v
metcury 82 I 832
gos Cold-Cathode Types: 0Z4, 0Z4-G.

Rectifier-Doublers (2526
92576.G
2526-G1,

Q525
11726-GY
DIODE DETECTORS with
AMPLIFIERS
with high-mu triiode 1HS5-G,
1H5-GT
One J with high-mu triode and
Diode r-f pentode 3A8-GT*
with medium-mu triode,
and power pentode 1D08-GT
| with pentode 155
“with medivm-mu triode (185, 55 {6SR7, 6R7, 125R7
1Hs5-G) 6R7-G, 85)
R with high-mu friode 2A6 (65Q7, (125Q7
fwo 6Q7,6Q7-G, |12Q1-GT)
Diodes 6Q7-GT, 617165,
6B6-G, 75)
7C6
with pentode 1F7-GV, | 2B7 (688, 6B8-G, 128
1F6) 687
CONVERTERS & MIXERS
Pentagrid Converters (1A7-G, | (1C7-G, |2A7 - (6SA7T, {12SA7
1AT-GT),| 106, 6A8, 6A8-G, [12A48-GT)
1R3 | (1D7-G, 6A8-GT, 6D8-G,
1A6) 6AT), 7B8-LM
6K8 12K8
TA8
6L7, 6L7-G)

NOTE: This classification does not include the following old types: 00-A, 01-A, 10, 11, 12, 20, 22, 26, 40, 48,
50, 71-A, 81, 99, 112-A, 874, 876, and 886. Data on these types, however, are given in subsequent pages.
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Cathode Volis| 1.4 | 20 | 25| 50 63 126l
YOLTAGE AMPLIFIERS,
DETECTORS, OSCILLATORS
Single unit 1G4-G | (1H4-G,}| 27, (DCS, &C5-G), | 12)5-GT
30) 56 6J5-G,
é JS Gf) 6L5-G,
76, 37, 6P5-G3,
fredivm-my 6A£5-GT
twin unit 6C8-G, 6F2-G
iwin plate 6AES.G
with power 6ADT-G
pentode
Triodesy with diode, | 1D8-GT
powsr
pentode
# single unit {65F5, 6F5, (125F5,
. 6F5-G 655 Gn, | 1285.Gh
| high-mu ok5-G
twin unit &aSC7 125C7
with diode, |3A8-GT*
r-f pentode
Tor remote cut-off 35
) shaip cui-off 32 24A 36 .
fremote cut-off 174  (+1D5-GP,| 58 {85K7, (12SK7
1AA4.P), éK? 6K7.G, |12K7-Gfy
34 6K7-GT, 78),
(657, 657- 3),
VU71-G, 6.)"1)
6WT-G, 35/44,
TATLM, 767,
Pentodes SABT@, 6ATTE
remote cut-off, 6F7
with triode
sharp cut-off (1N5.G, [(1E5.GP,| 57 (6347, 6J7, (125}7
TNS-GT) | 1B4-P), 6)71-G, 6J7-GT), |12§7-GT)
15 6C6, 77, 1CT
sharp cut-off, with di- |3A8-GT*
ode, high-mu tiiode
POWER AMPLIFIERS
low-my, single unit 31 2A3,
i 45
Triedss < ramg!e enit 49 46 6AC5-G 25AC5-GTl
Uhigh-mu 2 3
Umn unit 1G6-G | (1)6-G, | 53 &M, 6NT-G,
19) 6A8), 621-G, 79
without rectifier 1Q5-GT, (eLs, 6L{> G), {25L6
115-GT, 6V, 95L6-G,
Beam 3Q5-GT* 6V 6- GT) 6 , 125L6-GT),
Povier C‘nLi 3545-LT,
Tybos 35L6-GT,
50L6-G1
with reciifier 70L7-GT
single unit 1A5-G, | (1F5-G, |2A5 (6F6, 6F6-G, 423, | (25A6,
1C5.G, 1F 4y, a7 (6K6-G, 6K6-GT, |25A6-G,
154 G 59 41), 6G6.G, 33, | 43),
5A4, 89, TBS-LT | 2586.G
Pentodes < twin unit 1[7 G*
with diode and tiode | 1D08-GT
with medium-my triode 6AD1.G
with rectifier 12A7,
25A7-G
video 6AGTR
Direct-Coupled Amplifiers (685, 6N6-G)
ELECTRON-RAY TUBES
with remote cut- 6AB5/6N5,
i off tiiode 6US/6G5
tndi- [ ingleq yith sharp cut- 6E5
cators off triode
twin, without friode 6AFG-G
GAS-TRIODES Cold-Cathode, Staiter-Anode Type: 0A4-G.

% Two 1F5-G's in one bulb.

*Filament arranged for either 1.4 volt or
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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 raiing is changed from ‘‘absolute maximum” to “design
maximum.” This change has been made to take into account the normal voltage
variations of the various power-supply sources used for modern radio receivers.
The Standard M8-210* follows:

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

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

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

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

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

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

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

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

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

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

Numerical subscripts are used {1} in multi-grid types o indicate relative position of grids
to cathode or filament, and (2) in multi-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 =Shell

BS =Base Shell K =Cathode SI = 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.

DETECTOR TRIODE

The OO-A is a storage-battery triode of
the gas-filled type. Operating conditions as
grid-leak detector: maximum plate volis of
45, grid leak of 2 to 3 megohms, grid con- OO-A
denser of 0.00025 nf, and grid return to (-)
filament. Filament volts, 5; amperes, 0.25.
For dimensions, see Fig. 2-24., OUTLINES
SECTION. The OO-A is a discontinued
AD type; it is retained for reference only.

DETECTOR AMPLIFIER
, c TRIODE

&) (3
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
ﬁ*c grid return is to (-+) filament; as biased de-
A F tector, maximum plate volts of 135, bias of

-13.5 volts (approx); as amplifier, maximum
plate volts of 135, bias of -9 volts. Filument

4D volts, 5; amperes, 0.25. For dimensions, see
Fig. 2-25, GUTLINES SECTION. The O1-A
is a discontinued type; it is retained for ref-
erence only. )

GAS TRIODE
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.
These electrodes are sealed in a bulb filled

-4V with an inert gas or vapor at reduced pres-

sure. In normal operation of the 0A4-G, a

relatively small amount of electrical energy supplied to the starter-anode circuit initiates a glow
discharge between cathode and starter-anode. This discharge produces positive ions which assist
in initiating the main discharge between cathode and anode. The anode current which flows
during the cathode-anode discharge actuates a relay or other device connected in the anode circuit.
Because the discharge can be initiated with so little energy, it is practical to obtain remote control
of line-operated electrical devices by means of an electrical impulse generated at radio frequencies
and transmitted over the same power line. The 0A4-G may also be used as a voltage reulator
or as a relaxation oscillator.

CHARACTERISTICS

P Ak ANODE BrEAKDOWN VOLTAGE (Starter-anode tied to cathode) 225 min. Volts
70 min. Volts
PEAX POSITIVE STARTER-ANODE-BREAXDOWN VOLTAGE.......... 90 max. Volts

STARTER-ANODE CURRENT (For transition of discharge to anode at .

140 volts peak) ..oovvnvrnnnenrennnn PR 100 max.  Microamperes

STARTER-ANODE DROP ..o ivunenienrnnenannuinninans PN 60 approx. Volts
ANope Drop . ........ st ettt st e 70 approx. Volts
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MAXIMUM RATINGS and TYPICAL OPERATING CONDITIONS

Relay Service

Peax CaTHODE CURRENT, 100 max.  Millia

D-C CaTHoDE CURRENT. . 25 max. Mllhaﬁg::g

TyricaL OPERATION WITH A-C SUPPLY.
Anocde-Supply Voltage (RMS) ... viiuiininrnsrvennnennnannn 105-130 Volts
A-C Starter-Anode Voltage (Peak) . P 70 maex.  Volts
R-F Starter-Anode Voltages (Peak) e 55 min. Volts
Sum of A-C and R-F Starter-Anodes Voltages (Peak) eebieens 110 min. Volts

INSTALLATION and APPLICATION
The base of the OA4-G fits the standard octal socket which may be installed to hold the tube
in any position. For physical characteristics 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 Py |
TYPE

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

quired for breakdown by means of the
bleeder RiRa. When a carrier having the

frequency of the tuned circuit LC is im- s v, [}
pressed on the power line, a resonant A-C LINE C%N‘ERSLLED
voltage appears across L and C. The o OU'T

effect of the voltage across the condenser
C is to increase the negative potential
peaks on the cathode and thus to in-
creczlxse the potgmxalgr hbetweenk cathode
and starter-anode ese peaks start a C}= . -

Hechutge between cathode pand starter: L2 HIGH-Q TUNED CIRCUIT FOR R-F S8IGNAL
anode. This discharge produces free ions R1=15000 OHMs (1 WATT)

which enable the discharge to transfer R2=10000 OHMs ( 1z waTT)

to the anode if circuit values are such
that sufficient starter-anode current
flows. Because a.c. is supplied to the
ancde, the OA4-G ceases to discharge
when the carrier is removed,

If the 0A4-G is to be operated from a TYPICAL BREAKDOWN CHARACTERISTICS
d-¢ power line, it will be necessary to ERENT_ELECTRODE POLARITIES
provide means for reducing the anode TYPE 0A4 G
voltage to a value under 60 volts (ex- | \
tinction voltage). This can be done | PNy

conveniently by opening the anode circuit. ST AR R e s L

Most of the voltage on the starter- T 20
anode required to [cause breakdown is e
supplied by the bleeder circuit. As a result, A
the tuned circuit is required to supply ! '
only the difference between breakdown
voltage and applied a-¢ voltage. Provi-
sion should be made, therefore, to supply
an r-f starter-anode voltage having a
minimum peak value of 55 volts.

Typical breakdown -characteristics of
the 0A4-G are shown for conditions where
the starter-anode and anode are either
positive or negative, respectively. The
tube is designed to be operated so that
the discharge takes place when the
starter-anode and ancde are both posi-
tive (first quadrant), Breakdown between
cathode and starter-anode occurs when
the starter-anode voltage reaches 85 volts
approximately. This discharge initiates
a discharge between cathode and anode, e
provided the anode potential is ade- ' TE50 —+ - ARode To
quate. The required anode potential is N S - I STARTER-ANODE
a function of the current flowing to the Ry AT LYY
starter-anode circuit. In practice, it is
desirable to have a current of at least
200 microamperes flowing to the starter- STARTER - ANODE VOLTS (D-C OR INSTANTANEOUS A-Cy
anode, 92C-42B9

ERp
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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
stan;ilfréi octﬁl 1goclﬁat whli)ch may be
installed to hold the tubes 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 . ... .. RN 300 min. Peak Volts
PEAK PLATE-TO-PLATE VOLTAGE . ................ 1000 max.  Volts
PEAR PLATE CURRENT . . ....ovviniineen s Zgg moex. Ilt/l/[jlﬁ'iamperes
maex. illiamperes
D-C OU¢PUT CURRENT ..t iet i e { 30 min.  Milliamperes
D-COUTPUT VOLTAGE .. .. evvvinernrannn. 300 max. Volts
AvERAGE Dynamic TusBe VOLTAGE DroP. ... ... .. 24 Volts
Gi :
G,
BF~o SUPER-CONTROL R-F
AMPLIFIER PENTODE
The 1A4-P is a super-control pentode -
0*0 of the 2-volt filament type for battery- ] A4 P
i o operated receivers. Its rating, char-
aM 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
g%@r IOI;\(IX physical characteristics of the 1A4-P, refer to Fig. 2-16, OUTLINES

Grip-Prare CapraciTance (With shield-can) ...... 0.007 max.  ppf
INPUT CAPACITANCE . .ottt ie e e v ie i e 15 upf
.............. 1 uuf

POWER AMPLIFIER
PENTODE

The 1A5-G is a power-amplifier pen- .E A 5 - G

tode of the 1.4-voit filament type for
use in the output stage of battery-
G-6x operated receivers. The filament is
designed for operation directly across

a L.5-volt dry cell. Operation of the filament is discussed under Type 1A7-G.
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% CHARACTERISTICS
FrLaMeENT VoLTAGE (D.C)..ovviiiniiiniinnn. 14 Volts
FILAMENT CURRENT . .ot et ie et iiee et 0.05 Ampere
PLATE VOLTAGE ... ..oovieinnannennnnn. 90 max. Volts

ScreEN VoLrtace (Grid Ne. 2) 90 max.  Volts

GrID VOLTAGE (Grid No. 1)............... . -4.5 Volts
PLATECURRENT. . ..ovttiiie e 4.0 Milliamperes
SCREEN CURRENT . .. .viieiinenenennnnn. 0.8 Milliamperes
PLaTE RESISTANCE (Approx.) . 0.3 Megohm
TRANSCONDUCTANCE . . .ot itnvnnnnannennn 800 850 Micromhos
LOAD RESISTANCE . .......c0uvrenecnenn.. 25000 25000 Ohms
CATHODE RESISTOR ........ccivvunnnn... 1000 940 Ohms
Power Outrut (109, total harmonic

distortion) ..........cciiiiinun... 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

A é 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 helow.

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 1AS6 fits the standard six-contact socket which should be

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) ............ 0.2
Grid No. 4 to Grid No. 2 (With shield-can) ....... 0.
Grid No. 4 to Grid No. 1 (With shield-can) ....... 8
0

Grid No. 1te Grid No. 2 ... ivei i,
Grid No. 4 to All Other Electrodes (R-F Input) ... 1
Grid No. 2 to All Other Electrodes (Osc. Qutput). .
Grid No. 1 to All Other Electrodes (Osc. Input) ...
Plate to All Other Electrodes (Mixer Qutput) .....

Wt bog

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
‘l 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

FroamenNt VoLTaAGE (D.C) ... ... oot 14 Volts
FILAMENT CURRENT . ...\ tvetetiiiie e iiieennnns 0.05 Ampere
DirecT INTERELECTRODE CAPACITANCES:

Tyﬁe 1A7-G Type 1A7 GT

Grid No.4toPlate.................. 30* wpef
Grid No.4toGrid No. 2 ............. 0.26* 0. 25* puf
Grid No.4toGrid No. 1 ............. 0.12* 0.12* puf
Grid No. 1toGrid No. 2 ............. 0.90* 1.5 uuf
Grid No. 4 to All Other Electrodes v

R-FInput).......oo..ovviiiian. .. 6.5* 7.5 puf
Grid No. 2 to All Other Electrodes

Except Grid No. 1 (Osc. Output) . ... 4.6* 4.0 puf
Grid No. 1 to All Other Electrodes

Except Grid No. 2 (Osc. Input) .. ... 4.0* 3.2 wuuf
Plate to All Other Electrodes

Mixer Output).................... 11* 10 wpf

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

Converter Service

PLATE VOLTAGE . .. ...ttt iiiennnans 90 max. Volts
ScreEN VoLTAGE (Grids No.3and No. 5) .......... 55 max. Volts
SCREEN SUPPLY VOLTAGE . + v vveiiiineeeiinnnnnn 90 max. Volts
Anope-Grip Vorrace (Grid No. 2) ................ 90 max. Volts
ToTaL CATHODE CURRENT . . .. .virriinnnnrnnnn. 3 max. Milliamperes
TyricaL OPERATION:
Plate Voltage . ........ ... ... 90 Volts
Screen Voltage . ...t e 45%* Volts
Anode-Grid Voltage. .......... ..., 90 Volts
Control-Grid Voltage (Grid No. 4)............... 0 Volts
Oscillator-Grid (Grid No. 1) Resistor. ............ 200000 Ohms
PlateCurrent .........coviiinrii i, 0.55 Milliampere
ScreenCurrent ... e 0.6 Milliampere
Anode-Grid Current. . .......oivivni ... 12 Milliamperes
Oscillator-Grid Current. ............ ... vvet, 0.035 Milliampere
Total Cathode Current. .................cooont. 2.4 Milliamperes
Plate Resistance. . ................... ... e 0.6 Megohm
Conversion Transconductance. . ................. 250 Micromhos
Conversion Transconductance (Approx.) with
Control-Grid Volts = -3 .. ........coovinnnnn 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 oscillator- grid voltage, O volts.

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

INSTALLATION and APPLICATION

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

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

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

Since the capacitance between grid No. 4 and plate is in a parallel path with
the capacitance and inductance of the plate load, it is important to use a load
capacitance of sufficient size to limit the magnitude of the r-f voltage built up across
the load. If this is not done, r-f voltage feed-back will occur between plate and grid
No. 4 to produce degenerative effects. For this reason, the size of the load condenser
in the plate circuit should be not less than 50 ppf. A typical converter circuit which
provides exceptionally uniform oscillator output over the entire grid-bias range
is shown below. OPERATION CHARACTERISTICS
WPE TAT-GT r':,:‘l.a \>OLT‘S c.‘c.
- PLATE VOLTS =90 ~
GRIDS Ne3 & MeS(SCREEN) VOLTE =45%
| GRID N24 (CONTROL GRID) VOLTS=0 |
GRID Ne2 (ANODE GRID) VOLTS =390
300} “F'P NE!(Osgééﬁéggé»%ﬁa)s=2oaooo‘
*OETA\NED THROUGH 70000-OHM

i DROPPING RESISTOR FROM 1
90-VOLT SUPPLY

250
1, / ‘i-\\\\_§_-_

TYPICAL PENTAGRID CONVERTER CIRCUIT
FOR FILAMENT-TYPE TUBES

R-F INPUT

2007—

150

= &+
[SIGNAL ANODE-GRID FIL, SCREEN PLAT!

E
GRDBIAS SUPPLY  SUPPLY SUPPLY SUPPLY 100

C =0l Uf

g‘z‘;}GANGED VARIABLE CONDENSERS

C5=PADDING CONDENSER

Ch= GRID CONDENSER OF 200 Huf

I G Joanc [
" L.

TUAL INDUCTANCE OF L) AND L2 o 02~ .04 .06 .08 Ot

K

50

CONVERSION TRANSCONDUCTANCE -MICROMHOS

L
M=

R;= OSCILLATOR GRID LEAI CSCILLATOR=GRID MILLIAMPERES
82C-809!

R-F AMPLIFIER PENTODE

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

; ment type, It is used primarily as a

E Bd" P radic-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.

b2 PD)

DUPLEX-DIODE TRIODE

1B5 /258  mhe 185255 is a fiament type of
tube containing two diodes and a

triode in a single bulb. It is used as

a combined detector, amplifier, and
automatic-volume-control tube in bat-
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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 ping 1 and 4 are in a vertical plane.

Filament operation is dis-

cussed under Type 1C7-G. Physical characteristics of the 1B5/25S are shown
in Fig. 2-19, OUTLINES SECTION. For characteristics, see Type 1H6-G.

POWER AMPLIFIER
PENTODE

The 1C5-G is a power-amplifier
pentode of the 1.4-volt filament type
for use in battery-operated receivers
in which economy of filament current
is important.

1C5-G

* CHARACTERISTICS
Froament VoLtagE (D.C). ... ...t 1.4 Volts
FILAMENT CURRENT . ..o tvtet i iieiineiinennnes 0.1 Ampere
PLATE VOLTAGE . .....oueriiiiiannnnnn. 83 90 max Volts
ScrEEN VorTace (Grid No. 2) .......... 83 90 max.  Volts
Grip VoLTacE (Grid No. 1)............. -7 -7.5 Volts
PLATE CURRENT . . oot e eiieninnnnns 7 7.5 Milliamperes
SCREEN CURRENT . .. oovvttiiineennnnnn 1.6 1.6 Milliamperes
PLATE RESISTANCE (AppProx.) ........... 110000 115000 Ohms
TRANSCONDUCTANCE . . .vuuvnnnrnnannnnn 1500 1550 Micromhos
LOAD RESISTANCE .. .0iiinivnnennnnnnn. 9000 8000 Ohms
CATHODE RESISTOR ..ovvvvivnnennnnnnn. 920 825 Ohms
Power OQUTPUT* .. ... it 200 240 Milliwatts

* 10% total harmonie 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 | ’ | N
££=1.4 VOLTS D.C. s EC1Z 0 ™
| SCREEN VOLTS =90 oL-GRID VOLTS, iy
CONTROL 3
//
[
20|
-3 .
i |
3 | e
a ! /
3
<
< g£cy=-677
5 __,.,_-—-—'-"
2 10 =
Lt
E
3 // -7.5
z S
/ 1 -9
5
/ / -
-5
—-
0 25 50 75 100 125 150 75 200
PLATE VOLTS

92C- 4997
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PENTAGRID CONVERTER

The 1C6 is a multi-electrode vacuum

tube of the 2-volt filament type de-

] Cé signed to perform simultaneously the

. functions of mixer and oscillator in

superheterodyne circuits. For general

discussion of pentagrid types, see Fre-

quency Conversion in RADIO TUBE

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

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

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

DirRECT INTERELECTRODE CAPACITANCES (APprox.):

Grid No.d4toPlate .............. .. coiiinin 0.3* i
Grid No.4toGridNo. 2 ................coeenen 0.3* puk
Grid No.4toGridNo. 1 ....................... 0.15* puf
Grid No. 1toGrid No. 2 ... ooovvi i 15 puf
Grid No. 4 to All Other Electrodes (R F Input) ... 10 uuf
Grid No. 2 to All Other Electrodes (Osc. Output) . . 6 upf
Grid No. 1 to All Other Electrodes (Osc. Input) ... 6 winf
Plate to All Other Electrodes (Mixer Output) ... .. 10 uuf

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

PENTAGRID CONVERTER

The 1C7-G is a muilti-electrode type

.l 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-

fu] in multi-range receivers which are

often designed to cover frequencies as high as 20 megacycles. For general discussion

of pentagrid types, see Frequency Conversion in RADIO TUBE APPLICATIONS
section. : )

G-72

% CHARACTERISTICS

Freament VoLtage (ID.C) ..o o o ool 2.0 Volts
FILAMENT CURRENT . . ..ottt e e et eean 0.120 Ampere
DIRECT INTERELECTRODE CAPACITANCES (Approx.):* .
Grid No.d4toPlate ............................ 0.26 wupf
Grid No.4toGridNo. 2 ....................... 0.32 puf
Grid No. 4toGridNo. 1 ...... ... ..o, 0.11 wuf
Grid No 1toGridNo. 2 ....................... 1.2 upf
Grid No. 4 to All Other Electrodes (R-F Input) ... 10 uuf
Grid No. 2 to All Other Electrodes Except Grid
No.1(Osc.Output). . ....ooiviiiii i 5.5 wpf
Grid No. 1 to All Other Electrodes Except Grid
No.2(@Qsc.Input). ....ooo i, 4.8 unf
Plate to All Other Electrodes (Mixer Output) ..... 14 uuf

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

: Converfer Service
PLATE VOLTAGE .. ...t intineiaenanceeaanns 180 max.  Volts

ScrEEN VOLTAGE (Grids No. 3and5).............. 67.5 max. Volts
SCREEN VOLTAGE SUPPLY . . . .. .viitiniieinannns 180 max.  Volts
ANoDE-GrID VoLTAGE (Grid No. 2)................ 135 max.  Volts
ANODE-GRID VOLTAGE SUPPLY*. ............ ..., 180 max.  Volts
ControL-GRID VoLtage (Grid No. 4).............. 0 min. Volts

# Applied through 20000-ohm dropping resistor, by-passed by 0.1 uf condenser.
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PLATE DISSIPATION . .....utivin i 0.3 max.  Watt
SCREEN DISSIPATION . ... s 0.2 max Watt
ANODE-GRID DISSIPATION . ... ... oo 0.4 max.  Watt

ToralL CataoDE CURRENT . .. ... .. ... ........ 4 max Milliamperes

TvricaL OPERATION:

Plate Voltage .. ................... 135 180 Volts

Screen Voltage . ................... §7.5 67.5 Volts
Ancde-Grid Voltage Supply . .. ...... .. 136% 180* Volts
Contro}-Grid Voltage .. ............... -3 -3 Volts
Oscillator-Grld Resistor (Grid No. 13... 50000 50000 Ohma

Plate Current .......... ... ot 1.3 1.5 Milliamperes
Screen Current ...................... 2.5 2 Milliamperes
Anode-Grid Current.................. 3.1 4 Milliamperes
Oscillator-Grid Cursent. ....... . ...... 0.2 0.2 Milliamperes
Total Cathode Current. . ............. 7.1 77 Milliamperes
Plate Resistance (Approx.)......... . .. 0.6 G.7 . Megehm
Conversion Transconductance. ... .. .. 300 325 Micromhos

Conversion Transconductance (At -14
volts on Grid No. 4) (Apprex.) ... .. 4 4 Micromhos

The transconductance of the oscillator portion {not oscillating) of the 1C7.G is 1000 micro-
mhos under the following conditions: Plate voltage, 135 to 180 volis; screen voltage, 67.5 volts;
anode-grid voltage (no voltage-dropping resistor), 135 volts: and zero oscillator grid volts  Under
these same conditions, the anode-grid current is 4.9 milliamperes

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

INSTALLATION and APPLICATION

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

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

Series operation of the filament of the 1C7-G with those of other two-volt
battery types is permissible provided certain precautions are observed. It is
essential that shunt resistors be employed across certain filaments to carry the plate
current returning from other tubes through these filaments. The shunt resistors
should be adjusted to maintain the filament voitage 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 connected in parallel with the oscillator section for frequencies above 10
* megacycles.
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The maximum conversion transconductance is cbtained 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 recejvers.

CHARACTERISTICS
FrameNT VoLtace (D.C). ..o 2.0 Volts
FioamMeNT CURRENT........... B, 0.060 Ampere
PLATE VOLTAGE ........cooviiiiinnn.... 90 180 max. Volts
ScreEN VoLTaGE (Grid No. 2) ............ 67.5 67.5 max. Volts
Grip VoLTacE (Grid No, 1) ............... -3 min. -3 min. Volts
PLATE CURRENT. . ..ovvviiiii e 2.2 2.3 Milliamperes
SCREEN CURRENT. ..., 0.9 0.8 Milliampere
PLATE RESISTANCE (Approx.) ............. 0.6 1.0 Megohm
TRANSCONDUCTANCE . . ..ovvreeenennn.s 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
?gdeé‘ %‘ype 1C7-G. Screen voltage may be obtained in the same way as for Type

5-G:P. '

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

Owing to the fact that the super-control feature of the 1D5-GP requires a
comparatively large grid-bias change, the screen and plate voltage may vary con-
siderably for various volume settings, depending on receiver design. It is recom-
mended, therefore, that design features be incorporated in the receiver so that the
screen voltage will not exceed 675 volts under conditions of minimum grid bias
and maximum plate current. With a design arrangement of this kind, the screen
voitage at decreased values of plate current may reach a value higher than 67.5
volts but should not excesed 100 volts. It should be recognized that under the
condition of screen voltage above 67.5 volts at low plate current, an increase in the
grid-bias voltage supply must be provided for adequate volume control.
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PENTAGRID CONVERTER

The 1D7-G is a multi-electrode
vacuum tube designed to perform the
functions of both mixer and oscillator 'i D7 G
in superheterodyne circuits which use =
battery power supply. For general
discussion of pentagrid types, refer

to Frequency Conversion in RADIO
TUBE APPLICATIONS section.

CHARACTERISTICS
FraMeNT VoLTAGE (D.C). ... i, 2.0 Volts
FiLaMENT CURRENT. .. ..ot iiiin i eiinannnein, 0.060 Ampere
Direct INTERELECTRODE CAPACITANCES (Approx ):
Grid No. 4 to Plate (With shield-can) ............ 0.25 unf
Grid No. 4 to All Other Electrodes (R-F Input) ... 13 uuf
Plate to All Other Electrodes (Mixer Output) ..... 14 wief
Converter Service
PLATE VOLTAGE ... vviiiniiinvnenecn e 180 maex. Volts
ScrEEN VOLTAGE (Grids No.3and5).............. 67.5 max. Volts
AxcpE-GrID VOLTAGE (Grid No. 2) .. ............ .. 135 max. Volts
ANODE-GRID VOLTAGE SUPPLY*.................... 180 max. Voits
CoNTROL-GRID VOLTAGE (Grid No. 4).............. -3 min. Volts
Torar CATHODE CURRENT. . . ..., 9 max. Milliamperes
TypicaL OPERATION:
Plate Voltage.. . ....................... 135 180 Volts
Screen Voltage . ....................... 67.5 67.5 Volts
Anode-Grid Voltage. ................... 135 135 Volts
Anode-Grid Voltage Supply............. 135 180* Volts
Control-Grid Voltage................... -3 ~3 Volts
Oscillator-Grid Resistor (Grid No. 1)..... 50000 50000 Ohms
Plate Current .........coiviiiiiiinn.. 1.2 1.3 Milliamperes
ScreenCurrent . .....oooiiiiiin i, 2.5 24 Milliamperes
Anode-Grid Cuwrrent......... e 2.3 2.3 Milliamperes
Oscillator-Grid Current. ........... e 0.2 0.2 Milliampere
Total Cathode Current. . ............... 6.2 6.2 Milliamperes
Plate Resistance. . ..................... 0.4 0.5 Megohm
Conversion Transconductance. . ......... 275 300 Micromhos
Conversion Transconductance (At -22.5
voltson Grid No. 4) ................. 4 4 Micromhos

The transconductance of the oscillator portion (not oscillating) of the 1D7-G is 425 mxcrcmhos
under the following conditions: Plate voltage, 135 to 180 wvolts; screen voltage, 67.5 volts; ancde-
grid voltage (no voltage-dropping resistor), 135 volts; and Zero. oscillator grid volts. Under these
same conditions the anode-grid current is 2.3 rm‘hampe*es

* Applied through 20000-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 ShCTION 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 prov1de the desired intermediate frequency, For this service, design
information is given under CHARACTERISTICS. It is important to note that
th<le 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 is approximately
6 milliamperes. Under no condition of adjustment should the cathode current exceed
the reco ded 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 be varied from -3 to plate
current cut-off (approximately —-25 volts). With lower screen voltages, the cut-off
point is proportionately less. The extended cut-off feature of the 1D7-G in com-
bination with the similar characteristics of super-controi tubes can be utilized
advantageously to adjust receiver sensitivity.

Since the capacitance between grid No. 4 and plate is in a parallel path with the
capacitance and inductance of the 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 deceneratlve effects. For this reason, the size of the load condenser in
the plate circuit should be not less than 50 puf.

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
POWER AMPLIFER PENTODE "\3/ = |
] D8" GT The 1D8-GT is a multi-unit tube 9\,@

having a 1.4-volt filament for use in

compact battery-operated receivers

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.

G-8AJ

* CHARACTERISTICS
FraMeENT VoLTAGE (D.C). ..o oo 1. Volts
FILAMENT CURRENT . .\t oveeeseieeeeeaneeennns 0.1 Ampere
Pentode Unit as Class A; Amplifier
PLATE VOLTAGE ................. 45 67.5 90 max. Volts
ScrEEN VoLTAGE {Grid No. 2) . ... 45 67.5 90 max. Volis
Grip Vortace (Grid No. 1)....... -4.5 -6 -9 Volts
PLATE CURRENT. . ..ovvvivninnns. 1.6 3.8 5 Milliamperes
SCREEN CURRENT. .. ....ouvnnnn.. 0.3 0.8 1.0 Milliamperes
PLATE RESISTANCE. .............. 0.3 0.2 0.2 Megohm
TRANSCONDUCTANCE ............. 650 875 925 Micremhos
LoAD RESISTANCE .. .....c0o0vunnn. 20000 16000 12000 Ohms
ToTAL DISTORTION............... 10 10 10 Per cent
PoweR OUTPUT..........covnte. 35 100 200 Milliwatts
Triode Unit as Class A, Amplifier
PLATE VOLTAGE ..........c...u.. 45 67.5 90 max, Volts
GRID VOLTAGE . .....0vcnvnennnns 0 0 0 Voits
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PLATE CURRENT. . ...oovneennn. 0.3 0.6 1.1 Milliamperes

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

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

TRANSCONDUGIANCE .. ........... 325 450 575 Micromhos
Diode Unit

The diode plate is located at the negative end of the filament, 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 instalied to hold the
tube in any position. Physical characteristics of the 1D8-GT are shown in Fig. 2-5,
OUTLINES SECTION. Filament operation is discussed under Type 1A7-G.

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

%esistance or transformer coupling may be employed between the triode and
pentode.

G2 NC

R-F AMPLIFIER PENTODE

The 1E5-GP is a pentode of the 2.0- ‘I E 5 G P
volt filament type for use in battery- -
operated receivers as a radio-frequency .

amplifier or as a detector.

CHARACTERISTICS
FraMent VorTacge (D.C) ... .. ... 2.0 Volts
FILAMENT CURRENT. ... 0vvvvnniieieinnnnns 0.060 Ampere
PLATE VOLTAGE ..........ccivievinnnn... 90 180 max. Volts
ScreEN VoLTacE {Grid No. 2) ............ 67.5 max. ©7.5 max. Volts
Grip VoLTaGE (Grid No. 1)............... -3 -3 Volts
PLATE CURRENT. . .....iiiiiieeennn.. 1.6 1.7 Milliamperes
SCREEN CURRENT . .. ..vvvieennninnnnnnnnn 0.7 0.6 Milliampere
PLATE RESISTANCE. .. .....ooviiinn .. 1 1.5 Megohms
TRANSCONDUCTANCE . . ...vveunnennannn... 600 650 Micromhos
GRIL VOLTAGE® (ADDrOX.) ......cv.vnoun... -8 -8 Volts
Grip-PLate CaracitaNce (With shield-can) 0.007 max. uuf
INPUT CAPACITANCE. . ... .0vierrnninnnn.. 5 uuf
OUTPUT CAPACITANCE . .\ covveveerennnn... 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 QUTLINES SECTION. Filament operation is discussed
under Type 1C7-G.

The sereen voltage may be obtained from a tap on the B-supply battery or
trom 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

FriaMENT VorTaGE (D.C) . oo v ini i i 2.0 Volts
FILAMENT CURRENT . . et iieeietrenenaiannenrnnnnn 0.24 Ampere
AVERAGE CHARACTERISTICS OF SINGLE Uniz:
Plate Voltage .. ......cciviiiiiiiinvnnnnnnnnn.. 135 Volta
Screen Voltage (Grid No. 2)........coovvviiont. 135 Volts
Grid Voltage (Grid No. 1) ..........ovievnnnnns. -4.5 Volts
PlateCurrent ......c.ciiiiiiiiiiiiii i 75 Milliamperes
Screen Current . ... ... i i i e 22 Milliamperes
Plate Resistance (Approx.)........cooveeveunnnnn. 0.26 Megohm
Transconductance . ............ciiieinrnnnnnnn 1425 Micromhos

As Push-Pull Class A, Ampiifier

Values are for two unifs

PLATE VOLTAGE ..........cccnvvinnan., [ 135 max. Volts
SCREEN VOLTAGE .. .itivtiiiieinieineiinenas 135 max. Volts

GRID VOLTAGE® .. ... .\ iiitiiiieee i, ~7.5 Volts

PeEAR A-F GRID-TO-GRID VOLTAGE . . . .............. 1.5 Volts
ZERO-S16NAL PLATE CURRENT {ApDProx.)............ 7 Milliamperes
Max.-S1GNAL Prate CURRENT (ApPProx.) ........... 10.5 Mill*amperes
ZERO-SIGNAL SCREEN CURRENT (ADDIOX.) .. ........ 2 Milliamperes
MAX.-SiGNAL SCREEN CURRENT (ADDrox.) .......... 3.5 Milliamperes
Loap Resistance (Plate-to-Plate). . ............... 24000 Ohms
Totat. HARMONIC DISTORTION .. .. ooviiiieneennn.. 5.5 Per cent
Tairp HARMONIC DISTORTION . .. ... ...t 4.5 Per cent
Max.-SigNAL Power Curpurt ... .. ...l 0.575 Watt

1 A power ouiput of 1.0 watt with 109, total distortion can be obtained in class A2 operation
with a peak a-f grid-to-grid voltage of 21 volts.

* The d-c resistance in ihe 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 ingtalled
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 SFCTIOI\L Filament operation is discussed

under Type 1C7-G. The two units of the 1E7-G are used in the same manner as
two separate tubes in conventional push-pull, audio-frequency amplifier circuits.

POWER AMPLIFIER PENTODE

The 1F4 is a power-amplifier pen-

tode of the 2-volt filament type for use

'i F A in the output stage of battery-oper-

ated receivers. Its electrical charac-

teristics are the same as those of the

Type 1F5-G. The base of the 1¥4 fits

the stzmdard five-contact socket which

should be installed to hold the tube o

preferably in a vertical position with the base down. Horizontal operation is per-

missible if ping 1and 5 are in a vertical plane. Physical characteristics of the 1F4

are shown in Fig. 2-25, QUTLINES SFJIIO\ Filament operation is discussed
under Type 1C7-G. Apohcatlon is the same as for Type 1F5-G,
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POWER AMPLIFIER PENTODE

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

% CHARACTERISTICS

FiLAMENT VoLTAGE (D.C). ... 20 Volts
FILAMENT CORRENT. .. .oiiiintten e 0.12 Ampere
As Single-Tube Class A; Amplifier
PLATE VOLTAGE . ... iietriineeriinnnnnannnnnn 180 max. Volts
SCREEN VOLTAGE . ....0vtiiirneieeeininneeennnns 180 max. Volts
PLATE DISSIPATION ....... ... .. ciiiiiiiinnennnnn. 1.75 max. Watts
SCREEN DISSIPATION ... oittereeraeennnnnencnnnns 0.75 max. Watt
TyricAL OPERATION:
Plate Voltage .. ..................o.... 90 135 Volts
Screen Voltage (Grid No. 2)............. 90 135 Volts
Grid Volt e (GridNo. 1) .............. -3 —-4.5 Volts
Peak A -F Grid Voltage. . ............... 3 4. 5 Volts
PlateCurrent ......................... 4 Milliamperes
Screen Current ... ..oviiiiiiiia.. 11 2. 4 Milliamperes
Plate Resistance (Approx.).............. 0.24 0.20 Megohm
Transconductance .. ................... 1400 1700 Micromhos
Load Resistance. . ..................... 20000 16000 Ohms
Cathode Resistor ...................... 588 432 Ohms
Total Harmonic Distortion.............. 6 5 Per cent
Power Output......................... 110 310 Milliwatts

As Push-Pull Class AB, Amplifier

Yalues are for iwo iubes

PLATE VOLTAGE . ... iiintiiieneeiinrinnan 180 max. Volts
SCREEN VOLTAGE . ..vtviiieetine e iiiaeennnnnnnns 180 max. Volts
PLATE DISSIPATION ........0iiiiieeiiiieennnnnnn 1.75 max. Watts
SCREEN DISSIPATION ... ...vvvriiieenniiennnnnn. 0.75 max. Watt
TvyricaL OPERATION:
Plate Voltage .. ......... ... . ..o i .. 180 Volts
Screen Voltage . ............. ..., 180 Volts
Grid Voltage. . . ......... . oo -7.5 Volts
Peak A-F Grid-to-Grid Voltage. ................. 15 Volts
Zero-Signal Plate Current . ...................... 19 Milliamperes
Max.-Signal Plate Current. . . ................... 1 Milliamperes
Zero-Signal Screen Current. ..................... 55 Milliamperes
Max.-Signal Screen Current. . .........ocvven.ns. 7 Milliamperes
Load Resistance (Plate-to-plate)................. 20000 Ohms
Total Harmonic Distortion...................... 45 Per cent
Max.-Signal Power Qutput...................... 1.25 Watts

INSTALLATION and APPLICATION

The base of the 1F5-G fits the standard octal socket which should be installed
to hold the tube preferably in a vertical position with the base down. Horizontal
operation is permissible if pins 2 and 7 are in a vertical plane. Physical character-
istics of the 1F5-G are shown in Fig. 2-21, OUTLINES SECTION. Filament
operation is discussed under Type 1C7-G.

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

DUPLEX-DIODE PENTODE

The 1F6 is a duplex-diode pentode

of the 2-volt filament type. Its elec-

] Fé 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 hoid 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 1¥6 are shown in Fig. 2- 16 ‘OUTLINES SECTION. Filament
‘operation of the 1F6 is discussed under Type 1C7-G.

Pentode: GRID-PLATE CAPACITANCE® ... ... ......... 0.007 max. puf
INPUT CAPACITANCE. ..vovuvve e, S 4 uuf
OuTrPuT CAPACITANCE . .....vtvinnnnn s 9 upf

* 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 (radic-, intermedi-

ate-, or audio-frequency), and auto-
matic-volume-control tube in battery- G-7AD

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

Y CHARACTERISTICS
FILAMENT VOLTAGE (D.C) ... ... o 2.0 - Volts
FILAMENT CURRENT . ... ..ottt 0.06 Ampere
Pentode: GRID-PLATE CAPACITANCE®. . ... .......... 0.01 max. puf
INpUT CAPACITANCE* . .. .. ............... 3.8 uuf
Output CAPACITANCE* . . ................ 95 uuf

* With shieid-can connected to (=) filament.

Pentode Unit—As Class A, R-F or I-F Amplifier

PLATE VOLTAGE . ... ... ..t 180 max. Volts
ScrEEN VOLTAGE (GridNo. 2) .. .................. 67.5 max. Volts
Grip VoLtace (Grid No. 1) ... o et -15 Voits
PLATE CURRENT . . .\t inei it enn e 2.2 Milliamperes
SCREEN CURRENT . ..o\ttt it i 0.7 Milliampere
PLATE RESISTANCE (ADDIoX.) . ... ..., 1 Megohm
TRANSCONDUCTANCE . . .. .. vt 650 Micromhos
TRANSCONDUCTANCE (At ~12 voits biag)s........... 20 Micromhos
Pentode Unit—As Resistance-Coupled A-F Amplifier
PLATE-SUPPLY VOLTAGE .. ......... 135 135 Volts
SCREEN-SUPPLY VOLTAGE. ... ... ... 135 135 Volts
D-C Grip VOLTAGEL . .. ... ........ -1.0 -2.0 Volts
Peag A-F GripD VOLTAGE . ... . . .... 0.64 0.62 Volt
Lero-S16NAL D-C Prate Current . 0.42 0.42 Milliampere

§ For cathode current cut-off.
1 If a grid-coupling resistor is used, it8 maximum value should not exceed 1.0 megochm.
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Max.-SigNAL D-C Prate Current . 0.34 0.34 Milliampere
PLATE RESISTOR. ................. 0.25 0.25 Megohm
SCREEN RESISTOR. . .......oov.n... 1 0.8 Megohm
Loap RESISTANCE .. .............. ok **

GRID RESISTORT . . . .......... 1.0 0.5 1.0 0.5 Megohm
VOLTAGE AMPLIFICATION. ..... 48 43 46 41

TortaL HarMoONIC DISTORTION . 5 5 5 5 Per cent
Peax VoLTAGE OUTPUT . ..... 30.8 28 28 252 Volts

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

+ For the following tube.

Diode Units

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

INSTALLATION 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 Fig.
2-15, OUTLINES SECTION. The 1F7-GV is similar in application to Type 6BS8.

DETECTOR AMPLIFIER

TRIODE ‘I GA_G

The 1G4-G is a medium-mu triode
of the l.4-volt filament type for use
as a detector or voltage amplifier.

% CHARACTERISTICS
Firament Vortace (D.C)..oooooiiii it 1.4 Volts
FILAMENT CURRENT . .ottt iie et e eeie i 0.05 Ampere
GRID-PLATE CAPACITANCE ..\ tiitiniinienanannnnn 2.8 uuf
GRID-FILAMENT CAPACITANCE . . . . .0 iiiinennnnnnnns 2.2 upf
PLATE-FILAMENT CAPACITANCE . . . ..t .iiininennnnn. 34 puf

As Class A; Amplifier
PLATE VOLTAGE .. ...\t iietitteniieniannenaens 90 max. Volts
GRID VOLTAGE . .t ve ittt itie e iiaaeenaneneennns -6 Volts
PLATE CURRENT . . ..ttt in e cinaareannnoen 2.3 Milliamperes
PLATE RESISTANCE. .. ..o itiitieieieenennnennenn. 10700 Ohms
AMPLIFICATION FACTOR . ... .. ... it 8.8
TRANSCONDUCTANCE . . o\t tettntianinnaneannnanns 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-
mended for class B service. The 1G4-G is especially useful as a driver for Type
1G6-G. .
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POWER AMPLIFIER
PENTODE
'IG 5 G The 1G5-G is a power-amplifier
= pentode with a 2-volt filament for
use in battery-operated receivers
where economy of filament-current
drain is important.

% CHARACTERISTICS

FroaMeNT VoLTAGE (D.C) ... 2.0 Volts
FiLAMENT CURRENT.......oouvvvnnun . 0.12 Ampere
As Class A, Amplifier
PLATE VOLTAGE .. ..itiitie it iie i 135 max. Volts
SCREEN VOLTAGE . ...t ti i ine e eiaeenn. 135 max. Volts
PLATE DISSIPATION . ... ...ttt 1.25 max, Watts
SCREEN DISSIPATION .. ..ot it i iieenn 0.6 max. Watt
TypicAL OPERATION:
Plate Voltage ................. 90 124 135 Volts
Screen Voltage . ............... 90 124 135 Volts
D-C Grid Voltage.............. -6 -1  -135 Volts
Peak A-F Grid Voltage......... 6 9.9 9.2 Volts
Zero-Signal Plate Current . ... ... 8.5 10 8.7 Milliamperes
Max.-Signal Plate Current. .. ... 8.7 10.7 9.7 Milliamperes
Zero-Signal Screen Current. ... .. 2.5 3 2.5 Milliamperes
Max.-Signal Screen Current. . ... 3 4.3 3.6 Milliamperes
Plate Resistance (Approx.)...... 133000 145000 1606000 Ohms
Transconductance .. ........... 1500 1500 1550 Micromhos
Load Resistance. .. ............ 8500 8000 9000 Ohms
Total Harmonic Distortion. .. ... 5 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 cutput of 650 milliwatts with 139, total distortion (6% second, 11% third) can
be obtained with a peak a-f grid voliage of 11 volts. X

**A power output of 750 milliwatts with 189 total distortion (9% second, 159, third) can
be obtained with a peak a-f grid veltage 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
operatxon 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

‘i Gé'G The 1G6-G combines in one bulb

two high-mu triodes designed for

class B operation. It is intended for

use in the output stage of battery-

operated receivers and is capable of G-7A8B
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) ... iien 1.4 Volts
FILAMENT CURRENT . ...ttt ittt ineieeeennns Q.1 . Ampere
As Class B Amplifier
PLaTE VOLTAGE c.iiii it ieie i 110 max. Volts
Peax PuaTe Current (Per plate) ................ 20 max. Milliamperes

TypicaL OPERATION:
Unless otherwise specified, values are for both units

Plate-Supply Impedance. ............... 0 0 Ohms
Effective Grid-Circuit Impedance (Per unit) 0 2530 Chms

Plate Voltage . .......... .o, 90 90 Volts

D-C Grid 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 (Perunit) ........... 5 6 Milliamperes
Effective Load Resistance (Plate-to-plate). 12000 12000 Ohms

Total Harmonic Distortion.............. 3 4 Per cent
Power Output (Approx.).... ............ 675 350 Milliwatts

INSTALLATION and APPLICATION

The base of the 1G6-G fits the standard octal socket which may be installed
to hold the tube in any position. Physical characteristics of the 1G6-G are shown
in Fig. 2-13, OUTLINES SECTION. The 1l.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 secticn.

In the conditions shown under TYPICAL OPERATION, the plate-supply
impedance of zero ohms indicates that battery supply is required 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 specified 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;
transconductance, 675 micromhos: plate current, 1 milliampere. These values are
for each triode unit.

NC -~ G

DETECTOR AMPLIFIER
TRICDE

The 1H4-C is a three-slecirode tube
for use as detector or amplifier in bat-
tery-operated receivers where economy
of filament-current drain is important.

1H4-G

CHARACTERISTICS

Frament Vortace (D.C).... ..o oot 2.0 Volts
FriaMENT CURRENT. ... .oviter .. U 0.060 Ampere

_ As Class A; Amplifier
PLATE VOLTAGE ................. 90 135 180 max. Volis
GRID VOLTAGE . .............c... -4.5 -5 -135 Volts
PratE CURBENT. . ......ooovunn.. 2.5 30 3.1 Milliamperes
PLATE RESISTANCE. .............. 11000 10300 10300 Ohms
AMPLIFICATION FACTOR. . ......... 9.3 9.3 9.3
TRANSCONDUCTANCE .. ........... 850 300 900 Micromhos
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As Class B Amplifier

PLATE VOLTAGE . .....ovviiniiiiiiieninnennnns 180 max. Volts
PEAR PLATE CURRENT .. .covvvniininnnn., e 50 max. Milliamperes
ZEro-SIGNAL CURRENT (Per tube) ................. 1.5 mex. Milliamperes

TypricAL OPERATION:
Unless otherwise specified, values are for two {ubes

Plate Voltage . . ......coviiiiiiienienenennnn. 157.5 Volts

Grid Voltage. . . ... ..ot iiiineeiii e, -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 OQutput (Approx.)* ........... 2.1 Watts

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

INSTALLATION and APPLICATION

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

As a detector, the 1H4-G 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 grid condenser of
0.00025 uf is satisfactory. The grid return should be connected to the positive
filament socket terminal. For grid-bias detection, plate voltage up to the maximum
value of 180 volts may be used. The corresponding grid bias should be adjusted
so that the plate current is about 0.2 milliampere when no signal is being received.

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

DIODE HIGH-MU TRIODES

] H 5 - G The 1H5-G and 1H5-GT are multi-

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

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

characteristics.
#* CHARACTERISTICS :
Frament VoLtage (D.C)...... P 14 Volts
FILAMENT CURRENT . 0ottt et ianennnnrennnneenn 0.05 Ampere
Type 1H5-G Type 1H5-GT
Triode: GRID-PLATE CAPACITANCE* ..... 1.0 1.0 supf
GRID-FILAMENT CAPACITANCE* .. 1.1 1.2 wpf
PLATE-FILAMENT CAPACITANCE* . 5.8 5.0 unf ¥

* Approximate.

Triode Unit—As Class A; Amplifier

PLATE VOLTAGE . ... .ttt ittt iaae e 90 max. Volts
GRID VOLTAGE . .ttt i iieiie et ie e iie s 0 Volts
PLATE CURRENT . . ottt te e cie it ieeeaeeneans A Milliampere
PLATE RESISTANCE . .. it ttetinecieiiaanannns Ohme

AwmpLIFICATION FacTOR. . .. )
TRANSCONDUCTANCE . . .vverorrornnnnnanosnsnsocns Micromhos
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Diode Unit

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

INSTALLATION and APPLICATION

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

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

AVERAGE PLATE CHARACTERISTICS

[F-13
TYPE IH5-GT
£5=1.4 VOLTS D.C.
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OO DUPLEX-DIODE TRIODE

PT /[ GT
' The 1H6-G is a 2-volt filament type
of tube containing two diodes and a ] Hé G
r+\ A /F_ triode in a single bulb. It may be =
O 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.

NCT KEY Tne

% CHARACTERISTICS
FrLaMENT VOLTAGE (D.C). ... 2.0 Volts
FILAMENT CORRENT . .. 0.vviinresviiieeeeennnns 0.06 Ampere
Triode: GRID-PLATE CAPACITANCE*. . ............. 4.8 uuf
RID-FILAMENT CAPACITANCE® .. ......... 4.0 uuf
PLATE-FILAMENT CAPACITANCE® .......... 2,6 unf
* Approximate.
Triode Unit—As Class A, Amplifier
PLATE VOLTAGE ..... ...ttt 135 max. Volts
GRID VOLTAGE . . ...vtiine it iinnnnnnnennn -3 Volts
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PLATE CURRENT. . ...ttt iiii e eaaan 0.8 Milliampere

PLATE RESISTANCE. . ... ...t iiinan 35000 Ohms

AMPLIFICATION FACTOR. ... ...t iiiiiii i 20

TRANSCONDUCTANCE .. .....iivrniiiineinnnnnnnnnnn 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.
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CLASS B TWIN AMPLIFIER

The 1J6-G combines in one bulb
] J 6 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

FrLament VOLTAGE (D.C) .. ooiv i iiiiannne 2.0 Volts
FIAMENT CURRENT . ... iieineeeennninnnnneneannns 0.24 Ampere
As Class B Power Ampilifier
PLATE VOLTAGE ... .. itieertiniennnnnnnnoonnns 135 max. Volts
PrarR Prate Current (Perplate) ................. 50 max. Milliamperes
Typicar. OPERATION:
Plate Voltage ................. 135 135 135 Volts
Grid Voltage. . ................ ~6 -3 0 Volts
Zero-Signal Plate Current
(Perplate). ................. 0.1 1.7 5 Milliamperes
Effective Load Resistance
(Plate-to-plate) . ............. 10000 10000 10000 Ohms
Average Power Input (Approx.)* 95 130 170 Milliwatts
Power Output (Approx.)........ 1.6 19 2.1 Watts

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

INSTALLATION and APPLICATION

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

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

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

The IN5-G and IN5-GT are r-f 1 NS'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 ] N 5 - GT
physical size of the IN5-GT.

% CHARACTERISTICS
FiLAMENT VOLTAGE (D.C). ...t 1.4 "~ Volts
FILAMENT CURRENT. ..\t iiiieieii et iaeneannns 0.05 Ampere
PLATE VOLTAGE . ... iiiiiiiiiniinninaannnn 90 max. Volts
SCREEN VOLTAGE ... ..itiiineniniiinrnanaannrans 90 max. Volts
GRID VOLTAGE . .. tiiitiiiinereeeininenneanenenan 0 Volts
PLATE CURRENT. . .o citiiiiiiii i e ine e 1.2 Milliamperes
SCREEN CURRENT . ..ottt ienie it eneenanenns 0.3 Milliampere
PLATE RESISTANCE (ADProx.) . ....covivivnnennnnn. 1.5 Megohms
TRANSCONDUCTANCE . . .0t tintieeiaeiienieannen 750 Micromhos
TRANSCONDUCTANCE (At ~4 volts bias) ............. 5 Micromhos

Type IN5-G Type IN5-GT

GRID-PLATE CAPACITANCE*........ 0.007 max. 0.007 max. uuf
INPUT CAPACITANCE. ... .......... 3.2 3.2 upf
Output CAPACITANCE. . . ......... 11.0 10.0 uuf

* With shieid-can.

INSTALLATION and APPLICATION

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

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

AVERAGE PLATE CHARACTERISTICS

TYPE INS-GT
Ep = 1.4 VOLTS D.C.
f~ SCREEN VOLTS =90

CONTROL-GRID VOLTS EC

.2

-0.%

/
,/ L Eci=-1.0

PLATE MILLIAMPERES

] -2.0
-2.5
T
0 25 a6 56 80 100 20 T4 150
PLATE VOLTS 92C - 6093
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BEAM POWER AMPLIFIER

The 1Q5-GT is a power amplifier of

] Q 5 - GT the beam type having a 1l.4-volt fila-
ment. It is designed for use in the _

output stage of battery-operated re-

F-

ceivers.
NC NC
G-6AF
% CHARACTERISTICS

FiLaMENT VOLTAGE (D.C) ... ..o 14 Volts
FILAMENT CURRENT . .. tvveriineeeeineennnns 0.1 Ampere
PLATE VOLTAGE . oo\ttt ie e iiieienainnne 90 max. Volts
SCREEN VOLTAGE v vvvintreiiannnrinneannnnn s 90 max. Volts
GRID VOLTAGE . ¢ ittt ieiieiianaeeennnanns —4.5 Volts
PEAR A-F GRID VOLTAGE . .. .....oitiiiiinnnn 4.5 Volts
PLATE CURRENT . - oottt ttterciiineennnnannnnes 9.5 Milliamperes
SCREEN CURRENT . .o vttt e e e eienennnnnenen 1.6 Milliamperes
TRANSCONDUCTANCE . .. \vvtienennrernnnnnannnnnns 2100 Micromhos
LoAD RESISTANCE . ... .iiiii ittt iiennnnnen 8000 Ohms
ToTtaL HARMONIC DISTORTION . .................... 7.5 Per cent
POWER QUTPUT. .t vt ii i ii i i e e 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
11nAI7<‘ % 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, IEhe grid circuit may have a resistance as high as, 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 especiaily

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.

7AT

% CHARACTERISTICS
FrLaMeNT VOLTAGE (D.C)..vvvnniiiiiiniininnes 14 Volts
FILAMENT CURRENT . . vvtrvnrnerennnananssensaes 0.05 Ampere
DIRECT INTERELECTRODE CAPACITANCES: §
Grid No. 3 to All Other Electrodes (R-F Input) ... 7.0 waf
Plate to All Other Electrodes (Mixer Output) ..... 7.0 unf
Grid No. 1 to All Other Electrodes............... 3.8 puf
Grid No.3toPlate ..................ciiiuenn. 0.4 max. upf
GridNo. 1toGridNo. 3 . ..eiieiiiiiaenenes 0.2 max. uuf
Grid No.1toPlate ............. ... ... .. ..., 0.1 max. uuf

$ With no external shield.
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Converter Service

PLATE VOLTAGE ... cvevtritinintaninennnanonnnnn 90 max. Volts
ScREEN VOLTAGE (Grids No. 2and No. 4) .......... 67.5 max. Volts
SCREEN SUPPLY VOLTAGE . . . ... . viiiuniinnennnnns 90 max. Volts
CoxTrOL-GRID VoLTAGE (Grid No. 3).............. 0 min. Volts
TOTAL CATHODE CURRENT. .. .vvuvernrrnnnnsvnnnns 5.5 max. Milliamperes
TvyricAL OPERATION:
Plate Voltage ...........cc0vvvennnn. 45 90 90 Volts
Grids No. 2 and No. 4 Voltage ........ 45 45 67.5 Volts
Grid No. 3 Voltage .................. 0 0 0 Volts
Grid No. 1 Resistor. . ................ 61 01 01 Megohm
PlateCurrent ...............ccoinn.. 0.7 08 1.7 Milliampere
Grids No. 2 and No. 4 Current. ....... 19 1.8 3 Milliamperes
Grid No, 1 Current . ................. 0.15 0.15 025 Milliampere
Total Cathode Current............... 2.75 2.75 5 Milliamperes
Plate Resistance (Approx.)............ 06 075 0.5 Megohm
Conversion Transconductance......... 235 250 300 Micromhos
Conversion Transconductance (Approx.) b¥ 5* i Micromhos

The transconductance between grid No. 1 and grids No. 2 and No. 4 tied to plate (not oscil-
lating) is approximately 1200 micromhos when grids No. 1 and No. 3 are at zero volts, and grids
No. 2 and No. 4 and plate are at 45 volts.

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

INSTALLATION and APPLICATION

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

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

OPERATION CHARACTERISTICS OPERATION CHARACTERISTICS

WITH_SEPARATE OSCILLATOR EXCITATION WITH SEPARATE OSCILLATOR EXCITATION
T S A e S s e L T T T T T T T
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POWER AMPLIFIER PENTODE

The 154 is a miniature type of
power-output pentode designed with
high efficiency and good power sensi-
tivity especially for compact, light- ] S 4
weight, portable equipment operating
with a B-supply battery of 45 volts,
It has the same structural features as
the 1R5. 6
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% CHARACTERISTICS

FroamMent VoLTAGE (D.C). ... iieiin e 14 Volts
FILAMENT CURRENT . . ...ttt iiiiiieennnnenenannn 0.1 Ampere
PLATE VOLTAGE ... oottt 67.5 max. Volts
SCREEN VOLTAGE . .ovvvun et iiee s 67.5 max. Volis
ToraL CatHODE CURRENT* 11 max. Milliamperes
Toral CAtHODE CURRENT™ ... ... ............... 9 max. Milliamperes
TyricAL OPERATION:
Plate Voltage ......................... 45 67.5 Volts
Screen Voltage . ....................... 45 67.5 Volts
Grid Voltage (Grid No. 1) .............. -45 -7 Volts
Peak A-F Grid Voltage. . ............... 4.5 7 Volts
Zero-Signal Plate Current............... 3.8 7.2 Milliamperes
Zero-Signal Screen Current.............. 0.8 1.5 Milliamperes
Plate Resistance (Approx.).............. 0.1 0.1 Megohm
Transconductance .. ................... 1250 1550 Micromhos
Load Resistance. . ..................... 8000 5000 Ohms
Total Harmonic Distortion.............. 12 10 Per cent
Max.-Signal Power Qutput.............. 0.065 0.180 Watt
*Under mazimum-signal conditions. #*Under no-signal conditions.

INSTALLATION and APPLICATION

The base of the 1584 fits a button-base socket which may be installed to hold
the tube in any position. Physical characteristics of the 154 are shown in Fig.
2-2, OUTLINES SECTION. For filament operation, see Type 1A7-G. Appli-

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

DIODE-PENTODE

The 1S5 is a miniature type of multi-

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

bulb. The 155 is designed especially

for compact, light-weight, portable

equipment. It will provide high gain

even when operated with a B-battery

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

of the 1R5.
* CHARACTERISTICS
FraMeNT VoLTacE (D.C) . ... .. o i 14 Volts
FILAMENT CURRENT . ... tttittetnnrnnnnrenannnens 0,05 Ampere
Averact CHARACTERISTICS OF PENTODE UNIT:
Plate Voltage . .......... ... ... .. ... .. .. .... 67.5 Voits
Screen Voltage . ......... ... ... ... v, 67.5 Volts
Grid Voltage. ........... ... ... i, 0 Volts
Plate Resistance. . ............................. 0.4 Megohm
Transconductance . .... .. ... ...... . ........... 625 Micromhos
PlateCurrent ....... .. . .. ... . ... .. .. ... 2.3 Milliamperes
Screen Current . ... ... e 0.6 Milliampere
Pentode Unit — As Class A, Amplifier
PLATE VOLTAGE . ...t ireiiiannnnns 90 max. Volts
SCREEN VOLTAGE ..t ot eiiaeeanns 90 max. Volts
GRID VOLTAGE .. ..ottt iinanas 0 min. Volts
TotAL CATHODE CURRENT. . .. .ovieteiiinneennnnns 3.7 max. Milliamperes
Typicar OPERATION AS REsSisTANCE-COUPLED AMPLIFIER
Plate-Supply Voltage........... 45 67.5 90 Volts
Screen-Supply Voltage.......... 45 67.5 90 Volts
Grid Voltage. . . ............... o - 0 0 Volts
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Plate Resistor. .. .....oovvvenn. 1 1 1 Megohm
Series Screen Resistor .......... 3 3 3 Megohms
Screen By-Pass Condenser ... ... 0.1 0.1 0.1 uf

Grid Resistor. . .....oooevvvnnn. 10 10 10 Megohms
Voltage Gain (Approx.)*........ 30 40 50

*Obtained when the grid of the pentode unit is fed from a source havmg 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 155 are shown in Fig, 2-2,
OUTLINES SECTION. For filament operation, see Type 1A7-G.

AVERAGE PLATE CHARACTERISTICS

16 . PENTODE UN!T
TYPE 1S5
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9' e AMPLIFIER PENTCDE
RO, / i The 1T4 is a miniature type of super- ‘i TA'
o= control pentode designed for use as a
£Lo 63 radio-frequency or intermediate-fre-
6AR quency amplifier in compact, lght-

_weight, portable equipment. The

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

% CHARACTERISTICS
FrLaMeENT VoLTace (D.C)......ooo i, 1.4 Volts
FILAMENT CURRENT . . o0t ivt e tiiii e e 0.05 Ampere
GRID-PLATE CAPACITANCE* . ...................... 0.01 max. ppuf
INPUT CAPACITANCE® . ... . ... ................... .. 3.5 unf
Output CAPACITANCE® . ... ... .. ................ 7.3 uuf

¥ With no external shield



RCA RECEIVING TUBE MANUAL
As Class A; Amplifier
PLATE VOLTAGE .. ....0vteiriiinineiiianennnn. 90 max. Volts
ScrEEN VOLTAGE (Grid No. 2) .................... 67.5 max. Volts
SCREEN SUPPLY VOLTAGE. . . vvvvvviee e iiinee. 90 max. Volts
GRrID VOLTAGE (Grid No. 1). ...t 0 min. Volts
ToTAL CATHODE CURRENT . . ...t vvrnenennnnnnnennn 5.5 max. Milliamperes
TypicAL OPERATION:
Plate Voltage ................. 45 90 90 Volts
Screen Voltage ................ 45 45 67.5 Volts
Grid Voltage.................. 0 0 0 Volts
Plate Current ................. 1.9 2 3.7 Milliamperes
Screen Current ................ 0.7 = 0.65 1.25 Milliamperes
Plate Resistance............... 0.35 0.8 0.5 Megohm
Transconductance ............. 700 750 900 Micromhos
Grid Voltage for transconductance
micromhos. . c.vrvienn.. -10 -10 ~18 Volts

INSTALLATION and APPLICATION

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

AVERAGE PLATE CHARACTERISTICS
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BEAM POWER AMPLIFIER

The 1T5-GT is a power-output am-
plifier of the directed-beam type for
use in battery-operated radio receiv-
ers. The 1T5-GT is used in applica-
tions where a moderate power output
is desired and very low filament-current
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SCREEN CURRENT . . .vvvverenennnacerennnnnnnennnes 1.4 Milliamperes
TRANSCONDUCTANCE . o.vvvvnnerernnnenncnnnanonos 1150 Micromhos
LOAD RESISTANCE ... uuvvevvnennnreenensnsennanns 14000 Ohms
Toral HARMONIC DISTORTION .. .vvevnrrinnnnennnen 75 Per cent
POWER QUTPUT. .. ieienonnrrnnennnsasncsananssns 0.17 Watt

INSTALLATION and APPLICATION

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

@ o) HALF-WAVE RECTIFIER
The 1-v is a half-wave, high-vacuum
, rectifier tube employing a heater type ]
o* of cathode. It is used principally for -V
" H renewal purposes in radio equipment of

either the a-c/d-c or the automobile
46 type designed for its characteristics.

% CHARACTERISTICS

HeATER VoLTAGE (A.C.orD.C) ivvieviinennnnnn 6.3 Volts
HEATER CURRENT . . .iteirenenreseasnenaarasasons 0.3 Ampere
As Half-Wave Rectifier
PEAR INVERSE VOLTAGE. . ..o vvvinneeiiiiiaeennnnns 1000 max. Volts
PEAR PLATE CURRENT .. .vvvttiiiinnriinnenennnnn 270 max. Milliamperes
D-C HEATER-CATHODE POTENTIAL . .. ..oovvevnnnn. 500 max. Volts
Tyeical OpERATION WiTH CONDENSER-INPUT FILTER:
A-C Plate Voltage (RMS) ...... 117 150 325 max. Volts
Total Effective Plate-Supply
Impedancef................. 0 min. 30 min. 75. min. Ohms
D-C Output Current........... 45 max. © 45 max. 45 max. Milliamperes

$When a filter-input condenser larger than 40 uf ir used, it may be necessary to use more
plate»suxl)ply irpedance than the minimum value shown to limit the peak plate current to the
rated value.

OPERATION CHARACTERISTICS

INSTALLATION and APPLICATION TeE v | Eeleavorts |
The base of the 1-v fits the standard four- [ ] raew ] oterec))
contact socket which may be mounted to hold the CURVES | CONDENSER | (MPEDANCE.
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POWER-AMPLIFIER TRIODE

The 2A3 is a three-electrode, high-
vacuum type of power amplifier tube
for use in the power-output stage of
a-c operated receivers. The excep-
tionally large power-handling ability
of the 2A3 is the result of its design
features. Among these are its extremely

2A3

high™ transconductance and its large 4D
effective cathode area.
CHARACTERISTICS
FrameENT VoLTAGE (A.C.or D.C) .. ... . ... ... 2.5 Volts
FILAMENT CURRENT .4 v\t utininnnnnennnnnnnnnns 2.5 Amperes
GRrID-PLATE CAPACITANCE (Approx.)............... 16.5 uuf
GrID-F1ILAMENT CAPACITANCE (ADPIox.)............ 75 wuf
PLATE-FILAMENT CAPACITANCE (ADprox.)........... 5.5 uuf
As Single-Tube Class A; Amplifier
FIiLAMENT VOLTAGE (A.C). ... .. ... ... ... ..... 25 Volts
PLATE VOLTAGE ...\ e 250 max. Volts
GRID VOLTAGE® . ... .. ... ... i, —45 Volts
CATHODE RESISTOR ........... ... .. ..o, 750 Ohms
PLATE CURRENT . . ......oooi i 60 Milliamperes
PLATE RESISTANCE. .. .........coo e 800 Ohms
AMPLIFICATION FACTOR. ....... ... ... ... .......... 42
TRANSCONDUCTANCE .. ...\t 5250 Micromhos
LOAD RESISTANCE .. ... ... it 2500 Ohms
UNDISTORTED POWER OQUTPUT. . ... .viinennnnn. 3.5 Watts
As Push-Pull Class AB, Amplifier {Two Tubes)
Fixed Bias Cathode Bias

FILAMENT VOLTAGE (A.C)................. 2.5 2.5 Volts
PLATE VOLTAGE (Maximum)............... 300 300 Volts
GRID VOLTAGE® . ... i -62 — Volts
CATHODE RESISTOR .. .vvverninienannnnn... - 780 Ohms
ZERO-SIGNAL PLATE CURRENT. ............. 80 80 Milliamperes
ErrecTivE Loap REsistance (Plate-to-plate). 3000 5000 Ohms
Torar Harmonic DISTORTION. . ............ 2.5 5 Per cent
PoweR OUTPUT. .....ooivviiiinnnn.. 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 permissibie if pins 1 and 4 are in horizontal position. Sufficient ventilation should
be provided to prevent overheating., Physical characteristics of the 2A3 are shown

in Fig. 2-27, OUTLINES SECTION.

As a power amplifier (Class A,), the 2A3 is usable either singly or in push-pull

combination in the power-output stage of a-c receivers.
conditions are given under CHARACTERISTICS.

Recommended operating

The values recommended for push-pull operation are different than the con-
ventional ones usuzally 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 coperated in push-pull, it is desirable to provide means for
. 7
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adjusting independently the bias on each tube, This requirement is a result of the
very high transconductance of these tubes—5250 micromhos. This very high
value makes the 2A3 somewhat critical as to grid-bias voltage, since a very small
bias-voltage change produces a very large change in plate current. It is obvious,
therefore, that the difference in plate current between two tubes may be sufficient
to unbalance the system seriously. To avoid this possibility, simple methods of
independent cathode-bias adjustment may be used, such as (1) input transformer
with two independent secondary windings, or (2) filament transformer with two
independent filament windings. With either of these methods, each tube can be
biased separately so as to obtain circuit balance.

Any conventional type of input coupling may be used provided the resistance
added to the grid circuit by this device is not too high. Transformers or impedances
are recommended. When cathode bias is used, the d-c resistance in the grid circuit
should not exceed 0.5 megohm. With fixed bias, however, the d-c resistance should
not exceed 50000 chms,

AVERAGE PLATE CHARACTERISTICS

250, ™ .
TYPE 2A3
£4=2.5VOLTS D.C,

T~

o

\\L:io

200

il
7

Grip
P (Ol TS £
C

0 2
& / i
& 15g
Q. o
z / / 7/ $
3 _/ i
ARNCYIIAE
£ 100 S ! -
® I3
) @
> / \%\J lv"L/ !
/ aay
¥ Js
o f
50 7 7 7
/ / A
17
7 / e
2
/*/ / AR
o 00 200 3 400 500 600
PLATE VDLTS 92C~5233R|

POWER AMPLIFIER PENTODE

The 2A5 is a heater-cathode type of power-
amp'ifier pentode for ase in the audio-output
stage of a-c receivers. It is capable of giving 2A5
large power output with a relatively small
input-signal voltage. Except for its heater
rating (2.5 volts, 1.75 ampere), the 2A5 has
electrical characteristics identical with those
of the 6F6. Applications, also, are the same
as for the 6F6.

The base of the 2A5 fits the standard six-contact sccket which may be ipstalled 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 bot 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 transfermer winding supplying the heater circuit should
be designed to operate the heater at this recommended value for full-load operating conditions at
average line voltage. The cathode should preferably be connected directly to a mid-tap on the
heater winding or to a center-tapped resistor across the heater winding. If this practice is not
followed, the potential difference between heater and cathode shouid be kept as low as possible.
This type is used principally for renewal purposes,

[o¥G DUPLEX-DIODE
HIGH-MU TRIODE

The 2A6 is a heater type of tube consisting 2A6
of two diodes and a high-mu tricde in a single
bulb. It is for use as a combined detector,
amplifier, and automatic-volume-control tube
in radic receivers designed for its character-
istics. Except for its heater rating (2.5 volts.

— 75—




RCA RECEIVING TUBE MANUAL

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 arll\?'
sition. Physical characteristics of the 2A6 are shown in Fig. 2-16, OUTLINES SECTION.
his type is used principally for renewal purposes.

PENTAGRID CONVERTER

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

2 A7 of an oscillator tube in superheterodyne cir-

cuits. Except for ite heater rating (2.5 volts,

0.8 ampere) and capacitances (same as for

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

tics identical with those of the 6A8. The base

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

pin-circle diameter) socket which may be in.

e stalled to hold the tube in any position.

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

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

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

DUPLEX-DIODE PENTODE

The 2B7 ie 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-

287 tector, amplifier (radio-, intermediate-, or

audio-frequency), and automatic-volume-

control tube in radio receivers. Except for

its heater rating (2.5 volts, 0.8 ampere) and

capacitances (same as for 6B7), the 2B7 has

electrical characteristics identical with those

of the 6B&G. The base of the 2B7 fits the

seven-contact (0.75-inch pin-circle diameter)

socket which may be installed to hold the tube in any position. Physical characteristics of the

2B7 are shown in Fig, 2-16, QUTLINES SECTION. omplete shielding of detector circuits

employing 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

3Q 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 paraliel-filament arrange-

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

% CHARACTERISTICS
Series-Filameni Parallel-Filament
Arrengement Arrangement
FiLament VortaGe (D.C)........ 2.8 14 Volts
FrLaMeENT CURRENT.........00u, 0.05 0.1 Ampere
PLATE VOLTAGE ............ ceeen 90 max. 90 max. Volts
ScreeN Vortace (Grid No. 2) ..., 90 max. 90 max. Volts
Grip Vortace (Grid No. 1)....... -4.5 -4.5 Volts
PrLATE CURRENT. ......... PRI 7.5 9.5 Milliamperes
SCREEN CURRENT. .....c0vuvennn. 1.0 1.6 Milliamperes
PLATE RESISTANCE (Approx.) ..... 0.11 0.1 Megohm
TRANSCONDUCTANCE .. .......... . 1800 2100 Micromhos
LOAD RESISTANCE .. ........vun.n 8000 8000 Ohms
ToraL HarMoNIC DiSTORTION. ... . 7.5 7.5 Per cent
Max.-SigNaL Power Quteur ... .. 250 270 Milliwatts
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INSTALLATION and APPLICATION

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

The coated filament is designed to be operated either with the two sections
in series across two dry cells in series or with the two sections in parallel across
one dry cell. With the series arrangement. the filament voltage is applied between
pins No. 2 (4) and No. 7 (-). Pin No. 8 is not used. With the parallel arrange-
ment, the filament voltage is applied between pin No. 8 (-) and Pins No. 2 and
No. 7 (+) connected together. For further information on filament operation,
see Type 1A7-G.

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

FULL-WAVE HIGH-VACUUM

RECTIFIER 5T4

The 5T4 is a full-wave, high vacuum

rectifier of the metal type for use in METAL
a-c receivers having high current re-
quirements.
% CHARACTERISTICS
FILAMENT VOLTAGE (AC) ..ot 5.0 Volts
FILAMENT CURRENT . .0ttt teeneeiinneeninnans 2.0 Amperes
As Full-Wave Rectifier
PEAK INVERSE VOLTAGE . . ..ot viinrinininnnrenennn 1550 max. Volts
Peak PratE CURRENT PER PLATE ... ... ..vivnnn.. 675 max. Milliamperes
TvypicaL OpErRATION WiTH CONDENSER-INPUT FILTER:
A-C Plate Voltage per Plate (RMS) ............. 450 max. Volts
Total Effective Plate-Supply Impedance per Plate?. 150 min. Ohms
D-COutput Current. . ......ooiiiivinnnrennnn.. 225 max. Milliamperes
TvyricaL OPERATION WITH CHORE-INPUT FILTER:
A-C Plate Voltage per Plate RMS). .. ........... 550 max. Volts
Input-Choke Inductance............oovvivvnnn.. 3 min. Henries
D-COutput Current. .. .....coviviiiernnnn. 225 max. Milliamperes

${When a filter-input condenser larger than 40 uf is used, it may be necessary to use more
p]atg»squly impedance than the minimum value shown to limit the peak plate current to the
rated value.

INSTALLATION and APPLICATION

The base of the 5T4 fits the standard octal socket which should be installed
to hold the tube preferably in a vertical position. Horizontal operation is permis-
sible if pins 2 and 4 are in a vertical plane. Physical characteristics of the 5T4
are shown in Fig. 1.9, OUTLINES SECTION. Provision should be made for
adequate ventilation to prevent overheating. The coated filament of the 5T4 is
designed to operate from the a-c line through a step-down transformer. The
voltage at the filament terminals should be 5.0 voits under operating conditions
at an average line voltage of 117 volts. Filters are discussed in the RADIO TUBE
APPLICATIONS section.
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COPERATION CHARACTERISTICS
CONDENSER INPUT TO FILTER

OPERATION CHARACTERISTICS
CHOKE INPUT TO FILTER

TYPE 5T4 TYPE 514
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FULL-WAVE HIGH-VACUUM
RECTIFIER

The 5U4-G is a full-wave, high
vacuum rectifier of the filament type
for use in a-c receivers having high
current requirements.

5U4-G

% CHARACTERISTICS

FILAMENT VOLTAGE (A.C.) . ..o 5.0
FILAMENT CURRENT..........oiiiiiiiiiiinennns 3.0
As Full-Wave Rectifier
PEAR INVERSE VOLTAGE . . ....0.viiiinnniannnnn 1550 max.
PEAR PLATE CURRENT PER PLATE . ................ 675 max.
TyprcaL OPERATION witH CONDENSER-INPUT FILTER:
A-C Plate Voltage per Plate RMS).............. 450 max.
Total Effective Plate-Supply Impedance per Platet. 75 min.
D-COutput Current. ............cooiiviiinnnn. 225 max.
TvypicaL OpPERATION WiITH CHOKE-INPUT FILTER:
A-C Plate Voltage per Plate (RMS).............. 550 max.
Input-Choke Inductance........................ 3 mun.
D-COQutput Current...........coviviiennnnnnn. 225 max.

200 250

D-C LOAD MILLIAMPERES

92C~4782

Volts
Milliamperes

Volts
Ohms
Milliamperes

Volts
Henries
Milliamperes

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

rated value.

INSTALLATION and APPLICATION

The base of the 5U4-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 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.
RADIO TUBE APPLICATIONS section.
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COPERATION CHARACTERISTICS OPERATION CHARACTERISTICS
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FULL-WAVE HIGH-VACUUM
RECTIFIER

The 5V4-G is a full-wave, high- 5\/ 4 G
vacuum rectifier of the heater-cathode =
type capable of supplying large d-c .
currents, The close electrode spacing

in this tube permits excellent voltage
regulation.

* CHARACTERISTICS

HeATER VOLTAGE (AC.) .. oot iiiiiiiaae 5.0 Volts
HEATER CURRENT . ..vvvvrrennereoocannsossnnssns 2.0 Amperes
As Full-Wave Rectifier
PEAR INVERSE VOLTAGE . . .. cvvviiivnernnnanonoesss 1400 max. Volts
PeAg PLATE CURRENT PER PLATE ... ..v0vvvicveness 525 maex. Milliamperes
TyricaL OpErATION WITH CONDENSER-INPUT FILTER:
A-C Plate Voltage per Plate (RMS).............. 375 max. Volts
Total Effective Plate-Supply Impedance per Platet. 65 min. Ohms
DCOutput Current. .. ...vovvevninanereeeenes 175 max. Milliamperes
Tyricar OpERATION WiTH CHOKE-INPUT FILTER:
A-C Plate Voltage per Plate RMS).............. 500 max. Volts
Input-Choke Inductance.........oovvveeninns 4 min. Henries
D-COutput Current. .. ......oovviivennnenenns 175 max. Milliamperes

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

RECTIFIER &) 5
5 WA The 5W4fis a kf)u]l—vlyave, hig};i
META vacuum rectifying tube of the met
‘ ] OG-

type for use in a-c receivers having low

current requirements. °
5 KEY (3
: 5T
% CHARACTERISTICS
FraMENT VOLTAGE (AC) . viivriiiinininnnnnnns 5.0 Volts
FILAMENT CURRENT . ....vvvrvnrennnnrnannnnnnnnss 15 Amperes
As Full-Wave Rectifier
PEARK INVERSE VOLTAGE . . .. cvviveiiiniinninennnnn 1400 mazx. Volts
Peak Prate CURRENT PER PLATE . ......cv0viuun.. 300 max. Milliamperes
Tyrical OpERATION WiTH CONDENSER-INPUT FILTER:
A-C Plate Voltage per Plate (RMS).............. 350 max. Volts
Total Effective Plate-Supply Impedance per Platei. 25 min. Ohms
D-COutput Current. . ... .ooviiiiininnennn.s 100 max. Milliamperes
TyreicaL Operation witTH CHOKE-INPUT FILTER:
A-C Plate Voltage per Plate (RMS).............. 500 max. Volts
Input-Choke Inductance.......cooovivnnvvnnnn. 6 min. Henries
D-COutput Current. .......ooviverinninennnn.. 100 max. Milliamperes

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

OPERATION CHARACTERISTICS

INSTALLATION and APPLICATION e ot s &
L =6 HENRY MIN.,

The base of the 5W4 fits the standard octal i _CEZZTE.E$§§>E'FNFF;€TT e
socket which should be installed to hold the tube 250 IMPEDANCE FER FLATE =25 O
preferably in a vertical position with the base °
down. Horizontal operation is permissible if pins 500
2 and 8 are in a vertical plane. Physical charac- 2 Cg_soo oL
teristics of the 5W4 are shown in Fig 1.7, OUT- 2| lsg | Tl prog MR AT
LINES SECTION. Refer to Type 5T4 for % \ |
filament operation. Filter circuits are discussed 4 <89 o
in RADIO TUBE APPLICATIONS section. g R

= 300
E’zoo i L._.‘?s_;}:t"::
NRRESE s
%0 {
L
0 20 40 60 80 100
b-C LQAD MILLIAMPERES
-92C-4584R2
i NC Py
FULL-WAVE HIGH-VACUUM ,, & o
RECTIFIER >
5X4 -G The 5X4-G is a fullwave, high G\ AAAD"
vacuum rectifying tube of the filament 0 0
type for use in a-c receivers having high SKEY
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
plane. Physical characteristics of the 5X4-G are shown in Fig. 2-26, OUTLINES
SECTION.,
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FULL-WAVE HIGH-VACUUM
RECTIFIER

The 5Y3-G is a full-wave, high- 5Y3 G
vacuum rectxﬁer of the ﬁlament type -
for use in a-¢ receivers of moderate
current requirements,

% CHARACTERISTICS

FiLAMENT VOLTAGE (A.C.) . ottt iinaen 5.0 Volts
FILAMENT CURRENT .. otoivrtiiineeninneennnnnn 20 Amperes
As Full-Wave Rectifier
PEAK INVERSE VOLTAGE. ¢ e vvviennnnniiinnnnennnnennns 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 Platef. 10 min, Ohms
D-COutput Current. . . ..coveverenrnnarnnnennnns 125 max. Milliamperes
TyeicaL OperaTioN wiTH CHOKE-INPUT FILTER:
A-C Plate Voltage per Plate RMS).............. 500 max. Volts
Input-Choke Inductance........c.ovvvven. ... 5 min. Henries
DCOutput Current. . ....oooveievinennneen... 125 max. Milliamperes

1 When a filter-input condenser larger than 40 uf is used, it may be necessary to use more
platg sua;i)ply impedance than the minimum value shown to limit 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-
sible if pms 2 and 7 are in a horizontal plane, Physical characteristics of the 5Y3-G
are shown in Fig, 2-21, OUTLINES SECTION. Filament operation and ventila-
tion of the 5Y3-G are the same as for Type 5T4. Filters are discussed in the
RADIO TUBE APPLICATIONS section.

OPERATION CHARACTERISTICS OPERATION CHARACTERISTICS
CHOKE INPUT TO FILTER CONDENSER INPUT TO FILTER
TYPE 5Y3 G TvPE 5Y3-G
|- £¢=5.0 VOLTS A.C. — I E¢=5.0 VOLTS A.C. m
o INPUT CHOKE=5 HENRIES (MIN.} INPUT CONDENSER=4uf
u 500 1 5 500~ TOT.EFFECT, PLATE-SUPPLY _
5 - I IMPEDANCE PER PLATE=
= = 35 1] 30 OHNS
T - ﬁi O |
o LT 7
e | s bl L 2 ol ol Ry |
o 400 —g 5 PLaTE 400i—Jo, s »
A3 - S
2 \,\\ > _\T\ Py
s N [ b3
z j\ — z o 3
= 3 i - \7& ™~
2 300—.‘?0\ = 2 3001 —51>
@ 3o | T—t ) T N
5 T 3 =
——
2 250 T g P~ ™
£ 200[—335 et +. 200 =
— -
g U S ,@
eany
3 3
o 100 100
& o
° 40 80 120 160 o 40 80 120 [
D-C LOAD MILLIAMPERES P-C LOAD MILLIAMPERES
- 92C~6095 . 93¢~ 6094
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FULL-WAVE HIGH-VACUUM Ne Dr

RECTIFIER ‘ PD2
The 5Y4-G is a full-wave, rectifying

5Y 4 G tube of the filament type for use in 4
- a-c receivers of moderate current re-  ne(@) w e
qulrements Its maximum ratings 0 " e
and typical operating conditions are NSTREY R
the same as those for Type 5Y3-G. The - -5
base of the 5Y4-G fits the standard octal G
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
RECTIFIER

523 The 5Z3 is a full-wave rectifier of
the filament type intended for supply-
ing rectified power to radio equipment
having very large direct-current re- ac
quirements. Its maximum ratings

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

FULL-WAVE HIGH-VACUUM o2

RECTIFIER Po;
5Z 4 The 574 is a full-wave, high-vacuum (&

rectifying tube of the metal type

METAL with an indirectly heated cathode. H\ AL
This tube is intended for supplying 0 )
rectified power to radio equipment S REY K
.having moderate direct-current require- sL "
ments,

% CHARACTERISTICS

Heater VoLTacE (AC) .. ... o 5.0 Volts
HEATER CURRENT . ..ot iieee e eeeneee 2.0 Amperes

PrAK INVERSE VOLTAGE . . . ... ... ... .. iiiunnn. 1400 max. Volts

Prag 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]. 30 min. Ohms
DCOutput Current. ......oiivrririnnnnennnns 125 max. Milliamperes

TypicaL OPERATION wiTH CHOKE-INPUT FILTER:
A-C Plate Voltage per Plate (RMS).............. 500 max. Volts
Input-Choke Inductance...................cc.... 5 min. Henries
DCOutput Current. ........covviriirnnnneenns 125 max. Milliamperes

1 When a filter-input condenser larger than 40 uf is used, it may be necessary to use more
plats su?ply impedance than the minimum value shown to limit the peak plate current to the
rated value

82 —



RCA RECEIVING TUBE MANUAL

INSTALLATION and APPLICATION

The base of the 5Z4 fits the standard octal socket which may be installed to
hold the tube in any position. 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 fiiter circuits, refer to RADIO
TUBE APPLICATIONS section.

OPERATION CHARACTERISTICS OPLZRATION CHARACTERISTICS
CHOKE INPUT TO FILTER CONDENSER INPUT TG FILTER
LR B! LI R e s pa
TYPE 574 TYPESZ4  E¢=5.0 VOLTS A.C.
—E £=5.0 VOLTS A.C. FFILTER INPUT CONDENSER=C |
o P L TOTAL EFFECTIVE PLATE-SUPPLY
1 g0} INPUT CHOKE =5 HENRIES (MiN.) _] & 500} 35— MPEDANCE PER PLATE= _
] i - 0 vp,! | 30 OHMS
2 5| s
= | 50, ' = RMS pep |
0 voLTs RM T [ T ER PLafg
o \'\—\I\ﬂa PLATE o 30g
- 400 —33Q F 400 \’T | xS S —
o i T ] - \\\ P S4uf
T | | | T 2 lag s
- 3‘50 | —~- Z \“\\L | ‘\“‘4
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2 20| bl g L]
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R >
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Y too v 10— : i
o 4 !
|
\ l J
40 80 120 60 0 40 8C 120 160
D-C LOAD MILLIAMPERES ©-C LOAD MILLIAMPERES .
92C-4434R2 92C~4435R!

POWER AMPLIFIER PENTCODE

The 6A4 is a power-amplifier pen- 6 A 4
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

FiameNT VoLTAGE (AC.or D.C) ... .. oovvvlt. 6.3 Volts

FILAMENT CURRENT . .. ..ottt ieieeanennns 0.3 Ampere

PrLaTE VOLTAGE ............. 100 135 165 180 max. Volts

ScreeEN VoLtace (Grid No. 2). 100 135 165 180 max. Volts

Grip VoLTAGE* (Grid No. 1).. -6.5 -9 ~11 -12 Volts

PLATE CURRENT. ............ 9 14 20 22 Milliamperes

SCREEN CURRENT. ........... 1.6 2.5 3.5 3.9 Milliamperes

PLATE RESISTANCE {Approx.).. 83250 52600 48000 45500 Ohms

TRANSCONDUCTANCE . ........ 1200 1900 2100 2200 Micromhos

LoAD RESISTANCE . . ... e 11000 9500 8000 8000 Ohms
'CATHODE-B1as RESISTOR . . ... 615 545 470 465 Ohms

Power Ourputf............. 0.31 0.7 1.2 14 Watts

* Grid volts measured from negative end of d-c operated filament. If the filament is a-c
operated, the tabulated values of grid bias should each be increased by 4.0 volts and be referred to
the mid-point of filament. The d-c resistance in the grid circuit should not exceed 0.5 megohm

1 9 per cent total harmonic distortion.

INSTALLATION and APPLICATION

The base of the 6A4 fits the standard five-contact socket which should be
mounted to hold the tube preferably in a vertical position. Horizontal operation
is permissible if pins 1 and 5 are in a vertical plane. Physical characteristics of
the 6A4 are shown in Fig. 2-25, OUTLINES SECTION. The coated filament of
the 6A4 is primarily intended for operation from a six-volt storage battery. Socket
terminal No. 1 should be connected to the positive battery terminal.

— 83 —



R CA RECEIVING TUBE MANUAL

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

6 A7 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 6AS8,

DirecT INTERELECTRODE CAPACITANCES:

Grid No. 4 to Plate (With shield-can) ............ 0.3 upf
Grid No. 4 to Grid No, 2 (With shield-can) ....... 0.15 uuf
Grid No. 4 to Grid No. 1 (With shield-can) ....... 0.15 piuf
Grid No. 1toGrid No. 2 ........... ... .couou.en 1.0 uuf
Grid No, 4 to All Other Electrodes (R-F Input). ... 8.5 wuf
Grid No. 2 to All Other Electrodes (Osc. Qutput). . 5.5 uuf
Grid No. 1 to All Other Electrodes (Osc. Input) ... 7.0 puf
Plate to All Other Electrodes (Mixer Qutput) ..... 9.0 puf

INSTALLATION and APPLICATION

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

PENTAGRID CONVERTER

6 A8 The 6A8 and 6A8-G are multi-elec-

trode vacuum tubes Each type is de-

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

either type, the independent control of

each function is made possible within a

single tube. For general discussion of

"i‘?gﬁlgsﬁd types, refer to Frequency Conversion under RADIO TUBE APPLICA-
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% CHARACTERISTICS
HeaTtE® VoLTAGE (AC.or D.C) .vtviiviinnne, 6.3 Volts
HEATER CURRENT .. iivtiinnnninnnnnnenaranaanan 0.3 Ampere

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

Grid No.4toPlate .................... 0.03 0.26 upt
Grid No. 4 to Grid No. 2 ... 0.1 0.19 uuf
Grid No. 4toGrid No. 1............... 0.09 0.16 uuf
Grid No.1toGrid No. 2 ............... 0.8 11 wuf
Grid No. 4 to All Other Electrodes

(R-FlInput)...........coii.... 12.5 9.5 uuf
Grid No. 2 to All Other Electrodes Except

Grid No. 1 (Osc. OQutput) .. ........... 5.0 4.6 unf
Grid No. 1 to All Other Electrodes Except

Grid No. 2 (Osc. lnput) .............. 6.5 6 puf
Plate to All Other Electrodes (Mixer

Output) .. ooviriii ittt 125 12 unf

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

As Frequency Converter

PLATE VOLTAGE ... . i iiniiiiiiiiennnnnnns 300 max. Volts
ScrEEN VOLTAGE (Grids No. 3and No.5).......... 100 max. Volts
SCREEN SUPPLY VOLTAGE . . ... vuiieietenenannnnn 300 mazx. Volts
ANODE-GRID VoLTAGE (Grid No. 2)................ 200 max. Volts
ANODE-GRID SUPPLY VOLTAGE. . ... ... 300 max. Volts
CoNTROL-GRrID VoLTAGE (Grid No. 4).............. 0 min. Volts
PLaTE DISSIPATION ... ... it 1.0 max. Watt
SCREEN DISSTPATION ... .. i i i 0.3 max. Watt
ANODE-GRID DISSIPATION . ... .ottt ieiaes 0.75 max. Watt
ToTAL CATHODE CURRENT. . o0t vvvvrnnrnrnnnennnns 14 max. Milliamperes
TypricaL OPERATION:
Plate Voltage .. .......cviiiinninnn 100 250 Volts
Screen Voltage .........ccovvvnnnnnnnn. 50 100 Volts
Anode-Grid Voltage. ................... 100 250*+ Volts
Control-Grid Voltage .................. -15 -3 Voits
Oscillator-Grid Resistor (Grid No. 1)..... 50000 50000 Ohms
Plate Current ...................o..s. 1.1 3.5 Milliamperes
Screen Current ...............ooo..... 1.3 2.7 Milliamperes
Anode-Grid Current. ................... 2 4 Milliamperes
Oscillator-Grid Current. ... ............. 0.25 04 Miliiampere
Total Cathode Current. . ............... 4.6 10.6 Milliamperes
Plate Resistance (Approx.).............. 0.6 0.36 Megohm
Conversion Transconductance. . ......... 360 550 Micromhos
Conversion Transconductance (Approx.). . 3t 6t Micromhos
t+ With control-grid bias of -20 volts. 11 With control-grid bias of -35 volts.

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

INSTALLATION and APPLICATION

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

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

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

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

of adjustment should the cathode current exceed a recommended maximum value
of 14 milliamperes.

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

Typical coil data and circuit are shown below  When the 6A8 is used in this
c1rcu1t its shell should be connected to ground. Complete sh1e1qmg 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 iz important to use a load
capacitance of sufficient size to limit the magnitude of the r-f voltage built up
across the load. If this is not done, r-f voltage feed-back will occur between plate
and grid No. 4 to produce degenerative effects. For this reason, the size of the
load condenser in the plate circuit should not be less than 50 upf.

OPERATION CHARACTERISTICS OPERATION CHARACTERISTICS
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TYPICAL PENTAGRID CONVERTER CIRCUIT

€ = GANGED TUNING CONDENSER
(40 TO 350 PPF)

€1,C2:C5:C5,C7 = 0.1 PLF

C3=0.00025 Uf

C4= SEE TABLE BELOW

R| = 250000 OHMS, 0.l WATT

Rp=10000-50000 OHMS, 0.1 WATT

R3 = OSCILLATOR~ANODE (GRID N22)
VOLTAGE ~DROPPING RESISTOR

R4=150-300 OHMS, 0.1 WATT

Rg = SCREEN (GRIDS N2 3&5)FILTER RESISTOR

L = 60-MILLIHENRY R-F CHOKE

T = 465-KC I-F TRANSFORMER

GRiD N24 GRID N22 GRIDS N2385 PLATE
BIAS SUPPLY SUPPLY SUPPLY SUPPLY

COIL-DESIGN DETAILS
FREQUENCY BAND

MEGACYCLES Q.15 TO 0.40 0.55 TO 1.5 1.5 TO 4.0 4.0 TO 10 10 TO 25
ASSEMBLY N2 | [ 2 2 3 3

TURNS[WIRE ¥ |TURNS|WIRE % |TURNS|[ WIRE ¥ [TURNS] WIRE # |TURNS| WIRE %|TURNS[ WIRE #
R-F_colL (L)) 422 |36 S5E| 116 | 30S5SE| 146 |32ENAM | 36.2 |30ENAM/| 10,1 [3CENAM| 4.4 [20ENAM
0sC. GRID COIL (L2) || 198 [3655E] 80 [30SSE| 92 [32ENAM| 30.9 |30ENAM| 9.7 [30ENAM| 4.3 [20ENAM
0SC. PLATE COiL (L3} 60 [36SsE 30 | 308SE 20 [32ENAM| 12 [30ENAM 12 |38 ENAM 6 [36ENAM

0SC.TRACKING COND.(Ca)] 17 W f 400 LPF 1076 BUF | 2900 PPF | 7300 PUF
Ne | NS 2 NE 3
MULTI-LAYER COILS SINGLE-LAYER_COILS SINGLE-LAYER COILS
: 3.7
i6
[ F ] ¥ ]
i, »
005 0
N {APPROX. "2
; T | FLER
(. i
" CATHODE \
g T GRID N22 GRID N2 I Zarone pe  ORID N=2

PENTAGRID CONVERTER

The 6A8-GT is a multi-electrode
tube designed to perform simultane-
ously the functions of mixer tube and 6 A8 GT
of oscillator tube in superheterodyne -
circuits. For general discussion of
pentagrid converters, see Frequency
Conversion under RADIO TUBE
G-8A APPLICATIONS. Physical charac-
teristics of the 6A8-GT are shown in Fig. 2-6, OUTLINES SECTION. Maximum
Ratings and Typical Operation for the 6A8-GT are the same as for the 6A8.

a0—a ELECTRON-RAY TUBE

; 6AB5/61N5 is the ne;;v %eﬁ}ignatison
or the electron-ray tube . See
Fe (O type 6N5 for further data. Physical 6A B5 l 6N5
A characteristics of the 6AB5/6N5 are
Omu O shown in Fig. 2-18, OUTLINES
H H SECTION.,

&R

— 87 —



RCA RECEIVING TUBE MANUAIL

TELEVISION AMPLIFIER

PENTODE
6AB7 I'| 853 _ The 6AB7 s 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
gain control. The 6AB7 ¢ an also be used as a mixer and makes a good oscillator in
low-voltage applications. The shielded-construction features of the 6AB7 are similar
to those of the 6AC7/1852,

8N

CHARACTERISTICS
Heater VoLTAGE (A.C.orD.C) .....oovviviinnt, 6.3 Volts
HEATER CURRENT ... .iiiittiin e iiiaaennnnnns 0.45 Ampere
GRID-PLATE CAPACITANCE® .. ............coviunn.. 0.015 max. puf
INPUT CAPACITANCE® . ..\ttt it iiiieeiinnnnnes 8 upf
OUTPUT CAPACITANCE® ...\ttt iiieneinnnnnnnnnnn 5 uuf

° With shell connected to cathode.

As Class A; Amplifier

PLATE VOLTAGE . ..vviviiniierrennnnnennoannnas 300 max. Volts
SCREEN VOLTAGE . ... uiitiieeriinnnernnnnrrennnns 200 max. Volts
SCREEN SUPPLY VOLTAGE . . ... ciiiviiinnennnnennnn 300 max. Volts
PLATE AND ScrEEN Dissipation (Total). ........... 4.4 max. Watts
SCREEN DISSIPATION . ... ... ... iiiiiiiiinennnns 0.65 max. Watt
TypricAL OPERATION:
Condition I '} Condition II ]
Plate Voltage ................... 300 300 Volts
Suppressor Voltage............... 0 0 Volts
Screen Supply Voltage............ 200 300* Volts
Screen Series Resistor ............ - 30000 Obhms
Grid Voltage. .. ................. -3 -3 Volts
Plate Resistance (Approx.)........ 0.7 0.7 Megohm
Transconductance ............... 5000 - 5000 Micromhos
Grid Bias for Transcon-
ductance =50 micromhos ....... -15 -22.5 Volts
Plate Current .............c..... 125 12.5 Milliamperes
Screen Current ..........co.un... 3.2 3.2 Miiliamperes
1 With fixed screen supply. 11 With series screen resistor.

* Screen supply voltages in excess of 200 volts require the use of a series dropping resistor to
limit the voltage at the screen to 200 volts when the plate current is at its normal value of 12.56
milliamperes.

INSTALLATION and APPLICATION

The base of the 6AB7 fits the standard octal socket which should be mounted *
to hold the tube preferably in a vertical position. Horizontal operation is permis-
sible 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 6AGT7.

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

The d-c resistance in the grid 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
| T
o L
AUTOMATIC GAIN N
CONTROL VOLTAGE =+ 300 V.
G .
HIGH-MU
() POWER AMPLIFIER TRIODE
) Dy The 6AC5-G is a high-mu triode de- 6AC5 - G
WA signed for use in either single-ended or
KEY push-pull audio-frequency power am-
NC K plifiers. It is especially useful in
G-6Q direct-coupled circuits in which the

driver tube develops positive grid bias for a single 6AC5-G. In push-pull class B
service, conventional zero-bias operation is emploved.

CHARACTERISTICS

Heater VorTace (AC.or D.C) ...t 6.3 Volts
HEATER CURRENT . ..iviivniniineennnnnrnnnannns 0.4 Ampere
AvERAGE CHARACTERISTICS:

Plate Voltage. .. .......coiiiiiniriiinennneennns 250 Volts

Grid Voltage. . ....oiiieiieiii it cinnaannn +13 Volts

Plate Resistance.........ccovvvrirnennnnecrcnns 36700 Ohms

Amplification Factor..............ovveivnnt, 125

Transconductance 3400 Micromhos

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

GridCurrent. . ... ..ciiir it iieeneeenans 5 Milliamperes
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As Class B Power Ampliﬁer

PLATE VOLTAGE ...0oiiiiiniiiiinneiniannnnennn 250 max. Volts
PeAk PLATE CURRENT (Pertube).................. 110 max. Milliamperes
AVERAGE PLATE DISSIPATION .. ....coovininnnn.... 10 max. Watts

TypicAL OPERATION:

Plate Voltage . ..........cciiiiiiiiiinnnnnnnn. 250 Volts
GridVoltage. .. .......ciiiiiiiiiiia. . 0 Volts
Peak A-F Grid-to-Grid Voltage. ................. 70 Volts
Zero-Signal D-C Plate Current . ................. 5 Milliamperes
Effective Load Resistance (Plate-to-plate) ........ 10000 Ohms
Power Output (Approx.)* .............c.unnn 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 tubes
is developed by the elements of the circuit which are common to both tubes. The
total d-c resistance in the grid circuit
of the driver should not exceed one
megohm. The main purpose of the
25000-ohm resistor is to prevent a TRE
current surge occurring while the tube
is warming up. In this service, the
maximum plate voltage is 250 volts, S
the maximumn average plate dissipa-
tion is 10 watts, the average plate 'FUT
current is 32 milliamperes, and the
average plate current of driver is 5.5 T
milliamperes, With an input signal
to the driver of 16.5 volts (rms) and
a load resistance of 7000 ohms, the power output is 3.7 watts with 10%, distortion,
When the driver tube is eperated up to the grid-current pnint, a power output of
4.3 watts with approximately 169, distortion may be obtained

TELEVISION AMPLIFIER

PENTODE
6’A\C7I ] 852 The 6AC?7 is a pentode of the single-
METAL ended metal type for use in television

receivers. It is recommended for use

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

amplifier of such receivers as well asin

the first stages of the video amplifier.
The 6AC7 can also beused as a mixer and is a good osciv. ‘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 permlt bringing out
the control-grid lead to a base pin rather than to a pin cap, without increase in the
grid-plate_capacitance. From a circuit standpoint, the proximity of grid pin to
cathode pin simplifies wiring and decreases the size of the inductance loop connect-
ing the input circuit to the tube. These are features important at high frequencies
because they provide decreased feedback and improved circuit stability.
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CHARACTERISTICS
HeaTeR VOLTAGE (AC. orD.C) .ovvvvvviennnnns. 6.3 Volts
HEATER CURRENT ... 0.ttivttnnrrnnnnnnnsonnnns 0.45 Ampere
GRID-PLATE CAPACITANCE® ... ... ..coviienrnnnnnnn. 0.015 max. uuf
INPUT CAPACITANCE . ..\ iitr e iiiveiinernnnnnens 11 puf
OUTPUT CAPACITANCE® ... \ietiiiiinnrnrnnnennnn. 5 unf
° With shell connected to cathode.

As Class A Amplifier
PLATE VOLTAGE ... ..ttt iiiianns 300 max. Volts
SCREEN VOLTAGE ...t iveirietnrinnnnnnnnenennnns 150 max. Volts
SCREEN SUPPLY VOLTAGE . . ... ovevenneeeinnnnnnnn. 300 max. Volts
PLAE aND SCrREEN DissteatioN (Total)............ 3.4 max. Watts
SCREEN DISSIPATION .. ...\ .itiiiieniiiinnnennnns 0.38 max. Watt

TyricaL OPERATION:
Condition I*  Condition II**

Plate Voltage .. ................. 300 300 Volts

Suppressor Voltage............... 0 0 Volts

Screen Supply Voltage............ 150 3001 Volts

Screen Series Resistor ............ - 60000 Ohms

Cathode-Bias Resistor............ 160 min. 160 min. Ohms

Plate Resistance (Approx.)........ 0,75 0.75 Megohm

Transconductance . .............. 9000 3000 Micromhos

Plate Current ............c.cvon. : 10 10 Milliamperes

Screen Current ..........co..l, 2.5 2.5 Milliamperes
* With fixed screen supply. ** With series screen resistor.

f Screen supply voltages in excess of 150 volts require use of a series dropping resistor to
limit the voltage at the screen to 150 volts when the plate current is at its normal value of 10
milliamperes.

INSTALLATION and APPLICATION

The base of the 6AC?7 fits the standard octal socket which should be instailed
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 eathode connection, refer to Type 6AGT.

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 wuf).

AVERAGE PLATE CHARACTERISTICS

A svee 6ACT/1852 ! !
€5 = 6.3 VOLTS Ec,=0 |
@ . | SCREEN VOLTS =150 1o ! i
5
[
: /
= 30 55T W -
o I
5 | |
~ I ! !
N P’y
J S - |
Z \\ Iy ;rl@
Z 20 -
w
: |
a CONTROL~GRID VOLTS Ec|=~1.5]
o 15
o
) -2.0
o o
w T e
£ To ‘)- Z2:8)
I S Sp— Ag—— S
i s i _!L ~3.01
+
S —— —-——t—-—————t—-—— .| “3.5
1= — T4t
T 1 { [ A
0 240 320 260 80 560
PLATE VOLTS 32C-4921
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As an amplifier, the 6AC7 is especially suited for use in the r-f and j-f stages of
the picture amplifier of television receivers and may alsc 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

The 6AES-GT is a low-mu amplifier
triode of the heater-cathode type in- P
tended for use in a-c/d-c receivers. The
6 A E 5_GT base of the 6AE5-GT fits the standard
octal socket which may be mounted to M
hold the tube in any position. Physical O)
characteristics of the 6AE5-GT are N HREY
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
HEeaTeR VoLtage (A.C.orD.C) ..oiviiiinen. 6.3 Volts
HEATER CURRENT . ...ttt 0.3 Ampere
PLATE VOLTAGE ...............ouu..: e 95 Volts
GRID VOLTAGE® . . ... . i -15 Volts
PLATE CURRENT. . ...t ittt 7 Milliamperes
AMPLIFICATION FACTOR. . ..... ... ... ... e 4.2
PLATE RESISTANCE. ..\ iii it ieive 3500 Ohms
TRANSCONDUCTANCE .\ ttvntirmaieeeiiineennnanns 1200 Micromhos

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

RCy; TA
ELECTRON-RAY TUBE G-
Twin Indicator Type RCuz
6AF 6-G The 6AFG-G is a highvacuum,  ,CRGAYAD,
heater-cathode type of tube designed OO
to respond visually, by means of two NCTTKEY K
shadows on a fluorescent target, to 7AG

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

CHARACTERISTICS

HEATER VOLTAGE (A.C.or D.C) ovvivivnninne, 6.3 Volts
HEATER CURRENT ... .0itvitiinineeiiniaannns 0.15 Ampere

TARGET VOLTAGE { 135 mazx. Volts

-------------------------------- | 90 min. VOltS
Rav-CoNTROL ELECTRODE SUPPLY VOLTAGE. ........ 135 max. Volts
TyricaL OFPERATION:
Target Voltage ........covvvviinennnnens 100 135 Volts
Target Current®. .. .........cvvvvnines 0.9 1.5 Milliamperes
Ray-Control Electrode Voltage (Approx.)t 60 81 Volts
Ray-Control Electrode Voltage (Approx.); 0 0 Voits

@ With O volts on ray-control electrode.
t For shadow angle of 0° produced 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
in Fig. 2-1, OUTLINES SECTION. Heater operation is the same as for Typ
6D8-G. For cathoede 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 | TYPEBAF6-G  E¢=6.3 VOLTS |
tubes. A typical circuit for the 6AF6-G is shown curve | TARGET
below. For further information on the perform- MoLTs
ance of tuning indicators, refer to Type 6EB. ~=--1 100
Resson Jay
100t— = —
AN i
ul \
3 \
§ 80 A —
TYPE l_:Jj \\\ iTAéGEil' §
TFP%E%7 B6AF6-G 2 60— = AL 3§
CONNECTED P 3 LsHapowss 4 3
z \ il 3
D 40— 7 2%
2 L~ v N | ] s
AVC = z PR daN -
VOLTAGE 2ol—Ld= § i
, y g
- & = *
. - [+ 20 a0 60 80
R~-TYPICAL VALUE 15 0.5 MEGOHM RAY-CONTROL ELECTRODE VOLTS

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 resuit, a large voltage
for modulating a Kinescope can be built up across the relatively low load resistance
required for coupling the 6AG7 to the Kinescope.

* CHARACTERISTICS
Heater VoLTAGE (AC.orD.C) ... ... ... ..... 6.3 Volts
HEATER CURRENT ....ovtininiiieeeinaenns 0.65 Ampere
DIRECT INTERELECTRODE CAPACITANCES:

o GridtoPlate. ... ... 0.06 max. uuf
Input ........................................ 12.5 y,p.f
OQutput. ... e e 75 uuf
Grid to Screen (ADDPIOX.) . ..ovvvriviinennnnnnnn 5.8 upf
Grid to Cathode (Approx.)...............ovvvnn. 52 uuf
Heater to Cathode (Approx.).................... 10.7 puf

AVERAGE CHARACTERISTICS:
Plate Voltage . ......cvvvviiiiiin i 300 Volts
Screen Voltage ..........ooiiiieiiiiniiiinnn, 300 Volts
Grid Voltage., .. ...t -10.5 Volts
Interlead Shield.......................... Connected to cathode at ground
Plate Resistance. . ..............ccciivninnnnnes 0.1 Megohm
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Transconductance . ............................ 7700 Micromhos
Plate Cwrrent ....... ... ... ... i i, 25 Milliamperes
ScreenCurrent ...... ... ... il 6.5 Milliamperes
As Video Voltage Amplifier — Class A,
PLATE VOLTAGE ... ...ttt iiiiiennn 300 max. Volts
SCREEN VOLTAGE ... .....oiritiiieiiniiennennnnn 300 max. Volts
PLATE DISSIPATION ... ... . i iiiiiiinnnns 8.7 max. Watts
SCREEN INPUT .. ..ot iiaans 2 max. Watts

TyPicAL OPERATION IN 4-Mc BANDWIDTH AMPLIFIER:
. Grid-Leak Cathode

Biasi Bias
Plate-Supply Voltage............... 300 300 Volts
Screen Voltage .................... 125° 125°° Volts
GridVoltage. . .................... o* -2 Volts
Grid Resistor. ..................... 0.25-0.5 Megohm
Cathode Resistorff ................ 57 Ohms
Interlead Shield.................... Connected to ground
Grid Signal Swing (Peak to peak). . 4 4 Volts
PlateCurrent .............coovn... 52* 28 Milliamperes
Screen Cwrrent .................... 15* 7 Milliamperes
Load Resistance. .. ................ 3500 3500 Ohms
Voltage OQutput (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 from plate supply through series resistor.

*Zero-signal value.

11By-passed by 250 nf, 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 cathode when the 6AG7 is operated from a transformer, should be con-
nected through a bias source either to one side or to the electrical mid-point of the
heater circuil. 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 Igotentlal 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 re51stor should not be by-passed if it is desired to have
degeneration and freedom from distortion. When, however, no degeneration and
maximum signal amplitude are desired, compensation can be provided by utilizing
filters with equal time constants in the cathode circuit and in the plate circuit.

The screen voltage for the 6AG7 operated with fixed bias or cathode-resistor
bias, should preferably be obtained through the use of a resistor in series with the
high-voltage B—supply The use of a series screen resistor requires the use of a large
by-pass condenser in the screen circuit. The size of the by-pass condenser can be
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 regulatlon

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
stage to modulate the Kinescope in a television receiver. In such service, the
6AG7 will provide adequate modulating voltage without frequency discrimination
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over the wide bandwidth required for high-definition television reception. The
estremely 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 VIDEQ VOLTAGE AMPLIFIER
HAVING BANDWIDTH OF 4 MEGACYCLES

KINESCOPE
GRID

VIDEO INPUT C—
AND
BIAS SUPPLY
o

1
|
L.
1=

Cz

|

I

|
e

=
+125V. +300V.

Cr = 9.b uuf = Tube Capacitance + Socket Capacitance 4 Wiring Capacitance -+
Coil Capacitance

Ca = 19 puf = Kinescope Capacitance 4 Socket Capacitance - Wiring Capacitance +
Coil Capacitance

L: = 250 xh Filter Inductor Ri = 20000-Ohm, Non-Reactive Resistor
Ls = 125 uh Filter Inductor Ri = 3500-Ohm, 10-Watt, Non-Reactive Resistor

AVERAGE PLATE CHARACTERISTICS
WITH €C| AS VARIABLE

T
TYPE BAGT
E£=6.3VOLTS
SCREEN VOLTS =150

o+

ECI=

—
| b
60
-1
LI
50
40) r CONTROL -GRID vOiLTs EC1=-2
—
-3
30
e T p—

n

T
ll
l
l
I
.’

PLATE(I) OR SCREEN (IC2) MILLIAMPERES

15 E(},,:-G
DIRECT-COUPLED
POWER AMPLIFIER
The 6B5 is a multi-electrode tube 685

of the heater-cathode type consisting

of two triodes in one bulb and used

chiefly for replacement in receivers

designed for its characteristics. One

triode, the driver, is directly connected within the tube to the second, or output,

triode. Electrical characteristics of the 6B5 are identical with those of the 6N6-G.
The base of the 6B5 fits the standard six-contact socket which may be mounted

to hold the tube in any position. Physical characteristics of the 6B5 are shown

in Fig. 2-25, OUTLINES SECTION. For heater operation, see Type 6N7.

- 05 —
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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 dicde-detector considera-
tions, refer to RADIO TUBE APPLI-
CATIONS section.

* CHARACTERISTICS

HEeaTer VoLTAGE (AC.or D.C) ...l .l L 6.3 Volts
HEATER CURRENT ... \iiiveivnnnnnniienannnennnn 0.3 Ampere
Triode: GRID-PLATE CAPACITANCE*................. 1.3 uuf
Grip-CATHODE CAPACITANCE*. . ............ 2,7 uuf
PLATE-CATHODE CAPACITANCE®. .. .......... 45 uuf
* With close-fitting shield connected to cathode. Values are approximate.
Triode Unit — As Class A, Amplifier
PLATE VOLTAGE . ... ... . . it 250 max. Volts
GRID VOLTAGE . ottt iiieet i iiriiieannns 2 Volts
PLATE CURRENT . ..ot itiie ittt et e iieaeaas 0.9 Milliampere
PLATE RESISTANCE. ..o ii i iiiiiii it 91000 Ohms
AMPLIFICATION FACTOR . . ....... .. e 100
TRANSCONDUCTANCE . 4 iunvvenraneennnnnnnenannens 1100 Micromhos
Diode Units

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

INSTALLATION and APPLICATION

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

DUPLEX-DIODE PENTODE

The 6B7 is a heater-cathode type of

6B7 tube consisting of two diodes and a

pentode in a single envelope. It is

used as a combined detector, amplifier

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

quency), and automatic-volume-control

: tube in a-c receivers having a 6 3-volt

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

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

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

lation is discussed under Type 6A8 and application under 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

TYIPE 6|B7 i !
™ LOAD RESISTOR]|[ |
. v CURVE Fviviy
Pentode Capacilances 1 A 250000 [T
GRrID-PLATE*. . ... ...... 0.007 max, puf L 12 oooa0e It |
INPUT ... 3.5 puf
OUTPUT.........ccvunn 9.5 y,pf 8 °l 180 g
* With shield-can. 2 N o
2 ’ ﬁ[ =
g‘ 5 5 120§
: sy 5
2 3
a8
z ] I Il b 80 8
S u
< 8 af} =
& I i3
2 I_yflg0 &
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b4
i /
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D~C VOLTS DEVELOPED BY DIODE

DUPLEX-DIODE PENTODE

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

92C-5278RI

6B8

METAL

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

section.
% CHARACTERISTICS
HeaTeER VOLTAGE (A.C.or D.C) ......ciiviiiiinn 6.3
HEATER CURRENT . ...t vreieneernsonnnnnnnnnnanns 0.3
Pentode: GRID-PLATE CAPACITANCE* .. ............. 0.005 max
INPUT CAPACITANCE*. . ...iit it g

* With shell connected to cathode.

Pentode Unit — As Class A, Amplifier

PLATE VOLTAGE .4 vvitrinneinriiinieeennninsnns 300 max.
ScrREEN VOLTAGE (Grid No. 2) ..........cvivvninen 125 max.
SCREEN SUPPLY VOLTAGE. . ... ..ienriinnnennnns 300 max.
Grip VoLTacE (Grid No. 1)....... ... it 0 min
PLATE DISSIPATION ... .oottiitiiienennnnnannas 2.25 max
SCREEN DISSIPATION ... ...iivt e ienecinaaeannaenns 0.3 max
TypicarL OPERATION:
Plate Voltage . ....covveriinieiiiiiainneneans 250
Screen Voltage ..........ccoiiiviiiiinnnnnnnsn 125
Grid Voltage** ... ... ... .. i -3
PlateCurrent ....... ... .. it 10
Screen Current ..ot e 2.3
Plate Resistance (Approx.).......coovvvvieeennnn 0.6
Transconductance .. ........cocvvvieiiininenn.. 1325
Grid Bias Voltage (Approx.)t ................... -21

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

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

INSTALLATION and APPLICATION

The base of the 6B8 fits the standard octal socket which may be installed to
hold the tube in any position. Physical characteristics of the 688 are shown in
Fig. 1-5, OUTLINES SECTION. Heater operation and cathode connection
are the same as for Type 6A8,

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

For r-f or i-f amplification, the pentode unit of the 6B8 may be employed in
conventional circuit arrangements. It is designed so that its cut-off is somewhat
extended to permit of moderate gain control by grid-bias variation without intro-
ducing cross-modulation effects. The cut-off point and the ability to handle the
larger signals-may be altered by choice of screen voltage to suit the requirements of
the circuit. For many types of circuits a convenient and practical method of
obtaining the desired benefit of the extended cut-off is to supply the screen voltage
from a high-voltage tap through a series resistor. This arrangement provides
automatically an increase in the voltage applied to the screen as the grid-biag is
nl;ade en(iore negative, with the result that the maximum signal-handling ability is
obtain

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 SEC’I‘ION
When the 6B8 is used in these circuits, its shell should be connected to ground.

AVERAGE PLATE CHARACTERISTICS

16 -
TYPE 688 -
Ef =6.3VOLTS Ec) =0|
\4|_SCREEN vOLTs=|25 e
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DUPLEX-DIODE PENTODE

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 688 _G
detector, amplifier (radio-, intermed-
iate-, or audio-frequency), and auto-
matic-volume-controt tube. For diode-

detector considerations, refer to RADIO
TUBE APPLICATIONS section.

% CHARACTERISTICS

Heater Vortace (AC,or D.C) ... oot 6.3 Volts
HEATER CURRENT ... tvreeneninininannnneranans 0.3 Ampere
Pentode: GRID-PLATE CAPACITANCE]............... 0.01 max. puf
InPuT CAPACITANCEL . . ... .. 3.6 waf
Qurpur CAPACITANCEY . ................. 9.5 upf
§ With close-fitting ghield connected to cathode.
Pentode Unit — As Class A; Amplifier

PLATEVOLTAGE ... ... .0iiiineniarnnnenancnnnn. 300 max. Volts
ScrREEN VoLTaGE (Grid No. 2) .......oooivon 125 maex. Volts
SCREEN SUPPLY VOLTAGE . . . .vvvitinnennnnnenn. 300 max. Volts
GrID VoLTAGE (Grid No. 1) . ...oveeneii it G min. Volts
PLATE DISSIPATION .......... e e 2.25 max. Watts
SCREEN DISSIPATION .. ..ivvtervnnnerennnneneennns 0.3 max. Watt
TypicaL OPERATION:

Plate Voltage . ................ 100 25 250 Volts

Screen Voltage . ............... 100 160 125 Volts

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

Plate Carrent ................. 5.8 6 9 Milliamperes

Screen Current ................ 1.7 15 2.3 Milliamperes

Plate Resistance (Approx.)...... 0.3 0.8 0.6 Megohm

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

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

¥ For cathode current cut-off. L
** The value of the resistance in the grid circuit should not exceed 1.0 megohmns.

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

INSTALLATION and APPLICATION

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

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

DETECTOR AMPLIFIER
TRIODES 6C5

\w  The 6C5 and 6C5-G are three-elec-
trode tubes of the heater-cathode type 6C 5 G
recommended for use as detectors, -
5Q 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.
— 08 —
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% CHARACTERISTICS

HeATER VOLTAGE (A.C.orD.C) vivvvnrenennnennn. 6.3 Volts
HEATER CURRENT ... ....vvtvrrenrnrnnnnnnnnnnnns 0.3 Ampere
6C5* 6C5-G**
GRID-PLATE CAPACITANCE ........coonu... 2.0 2.2 puf
GRID-CATHODE CAPACITANCE ............. 3.0 4.4 wuf
PLATE-CATHODE CAPACITANCE. ............ 11 12 puf
* With shell connected to cathode. ** With close-fitting shield connected to cathode.
As Class A; Amplifier
PLATE VOLTAGE .. ..ivvitie i iiinnenrnnnnn 300 max. Volts
GRID VOLTAGE . . vviiintiiinnrrennnrennnnnernenns 0 min, Volts
PLATE DISSIPATION ..iovieriiineriiieeennnnnn 2.5 max. Watts
TypicaL. OPERATION:
Plate Voltage . ..........coiiiviriiinininninnnn 250 Volts
Grid Voltage ®° ... ... ... i -8 Volts
PlateCurrent ..........cciiiviiiiiiiinan.. 8 Milliamperes
Plate Resistance. . ................. ... coov.. .. 10000 Ohms
Amplification Factor ........................... 20
Transconductance .........coiiiivniinninnnn 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 ating conditions for service using trans-
former coupling are given under CHARACTERISTICS. Operating conditions for
the 6C5 and 6C5-G as resistance-coupled audio-frequency amplifiers are given
in the RESISTANCE-COUPLED AMPLIFIER CHART.

As detectors, the 6C5 and 6C5-G may be of the grid-leak and condenser or
grid-bias type. The plate voltage for the grid-leak-condenser method should be
45 to 100 volts. A grid leak from 0.1 to 1.0 megohm with a 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
TYPE 6C5
EFE 8.3 VOLTS
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TRIPLE-GRID DETECTOR
AMPLIFIER

The 6C6 is a triple-grid tube of the 6C6

heater-cathode type recommended for

service as a biased detector in radio

receivers designed for its character-

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

Heater VoLTaAGE (AC.orD.C) .....ovvvivine... 6.3 Volts
HEATER CURRENT . ...oitiietrtnnnnnennnnnennnnns 0.3 Ampere
PenTODE CONNECTION:
Grid-Plate Capacitance*. 0.007 max. puf
Input Capacitance. ..... 5 upf
Output Capacitance. . ...coovvririinrnrennnneens 6.5 unf
TriopE CONNECTION:T
Grid-Plate Capacitance. . ....................... 2 upf
Grid-Cathode Capacitance. . ........coveeninnnns 3 uuf
Plate-Cathode Capacitance .........cceeevnvvens 105 uuf

* With close-fitting ehield connected to cathode.
+ With screen and suppressor connected to plate.

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

INSTALLATION and APPLICATION

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

TWIN-TRIODE AMPLIFIER

The 6C8-G is a multi-electrode type
of vacuum tube consisting of two high- 6 C 8 G
mu voltage-amplifier triodes in one =
bulb. It will be 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 (AC.orD.C) oovvvivveeinnnen, 6.3 Volts
HEATER CURRENT . ... .iiiiiinerniinnnnneeneanns 0.3 Ampere
Triode Unit 1  Triode Unil 2
GRID-PLATE CAPACITANCE® ........... 2.5 2.4 uuf
GrID-CATHODE CAPACITANCE®. ........ 3.4 2.5 puf
PiaTE-CATHODE CAPACITANCE®........ 35 3.9 puf
Grip-GRID CAPACITANCE® .. .......... 0.1 upf
PLATE-PLATE CAPACITANCE® .......... 15 unf
* Approximate. R
Each Triode Unit -~ As Class A; Amplifier
PLATE VOLTAGE ......iier tivvevencnenonnannns 250 max. Volts
GRID VOLTAGE . ..ivvervnnnnnoosnnvnnsnnncnnnnnse 0 min. Volts
PLATE DISSIPATION .......c0000en tesecatctarasans 1.0 max. Watt
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TypicAL OPERATION:

Plate Voltage .. .......cciiiineritiiininnnnen 250 Volts

Grid Voltage. . . ...ttt iiineeans 45 Volts

Plate Current ....... ... ... iiiiiiiiiinnnnn 3.2 Milliamperes
Plate Resistance. . ........ooiiiiiinnnnnnnnnen 22500 Ohms
Amplification Factor ...........ccoiiiiviininnen 36

Transconductance . ........ccuvveiiiennennnnnss 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 6AS.

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

AVERAGE PLATE CHARACTERISTICS
EACH TRIODE UNIT

- TYPE BC8-G
Ep= 6.3 VOLTS
4] o
g AR
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AN A T
[+ 50 100 180 200 250 300 350 400
PLATE VOLTS 92C~-4957
Gz - G3
TRIPLE-GRID 2R
6D6 SUPER-CONTROL AMPLIFIER . 9/ or
The 6D§ is a triple-grid super-con-
trol amplifier tube recommended for 0‘6
service in the radio-frequency and H "
intermediate-frequency stages of radio oF

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

GRID-PLATE CAPACITANCE .. ...vvvireeeeneannnns 0.007 max.* uuf
INPUT CAPACITANCE. ..o tiite e iiee e eennnnn 4. wuf
DUTPUT CAPACITANCE . . . i ivveineenennnnennnnnnnnn 6.5 waf

* With cloee-fitting shisld conpected to cathode,
- 102 —
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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 Type 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 D 8 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 0.15 ampere. For

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

G-8A

% CHARACTERISTICS

HeaTER VoLtaGE (A.C.orD.C) .. ... ....oat.. 6.3 Volts
HEATER CURRENT .. ...titrnnnnnnnnnsnnnnnnnnns 0.15 Ampere
DiRECT INTERELECTRODE CAPACITANCES (ApPprox.):*
GridNo 4toPlate ............................ 0.2 uuf
Grid No.4toGridNo. 2 ...... ................ 0.2 unf
Grid No.4toGridNo. 1 ....................... 0.16 uuf
GridNo. 1toGridNo. 2 ............... ... ... 1.1 wik
Grid No. 4 to Al! Other Electrodes (R-F Input) ... 8.0 auf
Grid No. 2 to All Other Electrodes except Grid No. 1
(Osc, OutpUL) .. vttt tiiiiierareseeees 4.6 puuf
Grid No. 1 to All Other Electrodes except Grid No. 2
(Osc. Input) ... i 5.5 upf
Plate to All Other Electrodes (Mixer Output) ..... 11.0 waf
% With close-fitting shield connected to cathode.
As Frequency Converter
PLATE VOLTAGE ... . iitiiiiiiiie i iiiiaanannnns 300 max. Volts
ScreeN VoLTace (Grids No. 3 and No 5) .......... 100 max. Volts
SCREEN SUPPLY VOLTAGE . ... ....iviiiviinnnnnnnnn 300 max. Volts
ANoDE-GRID VoLTAGE (Grid No. 2)................ 200 max. Volts
ANODE-GRID SUPPLY VOLTAGET ....cvvvvnninennnn. 300 max. Volts
ContoL-GrID VOLTAGE (Grid No. 4)............... 0 min. Volts
PLATE DISSIPATION ... ..ottt iiiinnnnennnns 1.0 max. Watt
SCREEN DISSIPATION ......oviiiiieiiiinaennenn. 0.3 max. Watt
ANODE-GRID DISSIPATION . .. ........ciiiinnnnnn 0.75 max. Watt

TotAL CaTHODE CURRENT

........................ 13 max. Milliamperes
TypicAL OPERATION:

Plate Voltage .. ....................... 135 250 Volts
Screen Voltage . .........coeivininnnn. 67.5 100 Voits
Anode-Grid Supply Voltage............. 135 250% Volts
Control-Grid Voltage................... -3 -3 Volts
Oscillator-Grid Resistor (Grid No. 1)..... 50000 50000 Ohms
Plate Current ..............cccovvinnns 1.5 3.5 Milliamperes
Screen Current ......ooovviiii .. 1.7 2.6 Milliamperes
Anode-Grid Current........ e 3 4.3 Milliamperes
Oscillator-Grid Current. ................ 0.2 0.4 Milliamperes
Total Cathode Cwrrent. . ............... 6.4 10.8 Milliamperes

* Anode erid supply voltages in excess of 200 volts reqmre the use of 20000-obm voltage-
dropping resistor by-passed by 0.1 uf condenser.
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Plate Resistance (Approx.).............. 0.6 0.4 Megohm
Conversion Transconductance........... 325 550 Micromhos
Conversion Transconductance (Approzx.). . 51 61t Micromhos

The transconductance of the oscillator portion (not oscﬂlatmg) of the 6D8-G is 1200 micromhos
under the following conditions: plate voltage, 250 volts; screen voltage, 100 volts; anode-grid
voltage, 200 volts (no voltage-dropping resistor); and oscillator- grid voltage, 0 volts.

$ With control-grid bias of -25 volts. it 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. Physxcal characteristics of the 6D8-G are shown
in Fig. 2-15, OUTLINES SECTION

The heater of the 6D8-G is de51gned to operate on either a.c, or d.c. For
operation on a.c. with a transformer, the winding which supplies the heater circuit
should operate the heater at its recommended vatue for full-load operating condi-
tions at average line voltage. For service in automobile receivers. the heater term-
inals of the 6D8-G should be connected directly across a 6-volt battery. In receivers
that employ a series-heater connection, the heater of the 6D8-G may be operated
in series with the heaters of other types having 0.15-ampere rating, or in series
with the heaters of other types requiring more than 0.15 ampere if the 6D8-G
heater is shunted by a suitable resistor to pass the current in excess of 0.15 ampere.
The current in the heater circuit of the 6D8-G should be adjusted to 0.15 ampere
for the normal supply-line voltage. The cathode connection is the same as for
Type 6A8. Complete shielding of the 6D8-G is generally necessary to prevent
intercoupling between its circuits and the circuits of the other stages.

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

ELECTRON-RAY. TUBE
{Indicator Type)

6E5 The 6ES is a high-vacuum, heater-

cathode type of tube designed to

indicate visually, by means of a

fluorescent target, the effects of a

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 6EDb is similar to the 6U5/6G5 except that the

6U5/6G5 triode unit is designed with a remote plate-current cut-off characteristic.

For discussion of Electron-Ray Tube considerations, refer to RADIO TUBE
APPLICATIONS section.

% CHARACTERISTICS

HEATER VoLTAGE (A.C.or D.C) .. ivviiiniiiinnnnn
HEATER CURRENT . .....0cveirinnennnnnnnnnnnanns

Volts
Ampere

Lo
Wi

PLATE-SUPPLY VOLTAGE . ......iiiiviineinnnnnnnns 260 max. Volts
TARGET VOLTAGE . .« e veetneetnnsennsennnannss {250 mazx. Volts

100 min. Volts
TypicAL 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 Angle of 0° ...... -3.3 -6.5 -8.0 Volts

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

. Eor zero triode-grid voltage.
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INSTALLATION and APPLICATION

The base of the 6£5 fits the standard six-contact socket which may be installed
to bold 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
6ED. If the strongest carrier received produces sufficient ave voltage to exceed the
cut-off bias value of -8 voits, the shadow area of the fluorescent target will overlap.
To overcome this effect, resistor R, should be connected, as shown, between the
triode-unit grid and cathode in order to reduce the control voltage. The value of

DIODE SECTION OF DIODE SECTION OF
I-F TRANS.  SECOND DETECTOR I-F TRANS. SECOND DETECTOR

CZI
TO CATHODE-8(AS TO CATHODE-BIAS
RESISTOR (RC) RESISTOR (Re)
OR GROUND OR GROUND
1.0 Megohm for B4 = 250 Volta Rs = Rq¢
R = { 0.5 Megohm for B+ = 100 Volts Ri 4 Ry = 0.2 Megohm
Ri = 0.05 Megohm (R-F Filter) Ci = 100 to 200
R: = 0.2 Megohm C; = AVC Filter Condenser
R; = Determined by test. See text. Cy = 0.05 to 1.0 uf
R¢ = AVC Filter Resistor Ci = Ca

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 9o low as to reduce
the avc voltage appreciably, the d-c controlling voltage for the 6E5 should be
obtained from a tap on the diode load resistor as shown in the diagram at the right.

e .
9 HIGH-MU TRIODES 6F5
METAL
The 6F5, 6F5-G, and 6F5-GT are
G) high-mu triodes designed for use in 6F 5 G

RN ANALAn resistance-coupled  amplifier  circuits. =

8:6F5 Except for capacitances given below,

NCiers-gr T KEY the electrical characteristics of these 6F 5 GT
5M g}éxl)?ess are identical with those of Type =

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

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

* With shell connected to cathode. Values are approximate.
#* With no shielda. 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
. %UTI?SIAl\éES SECTION. For heater operation and cathode connection, refer to

ype 6A8.

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

6Fé PENTODES

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

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

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

% CHARACTERISTICS
HeATER VOLTAGE (A.C.orD.C) ...t 6.3 Volts
HEATER CURRENT . .o0iiintiiietiiiiiet i 0.7 Ampere
As Single-Tube Class A; Amplifier — Pentode Connection

PLATE VOLTAGE ... 0.vtiii i 375 max. Volts
ScrREEN VOLTAGE (Grid No. 2) .................... 285 max. Volts
PLATE DISSIPATION . ... ..ottt itiiine s 11 max. Watts
SCREEN DISSIPATION ... ...ttt ineiinnneunnn. 3.75 mex. Watts

TypicAL OPERATION:
Fixed Bias Cathode Bias

Plate Voltage ............. 250 285 250 285 Volts
Screen Voltage ............ 250 285 250 285 Volts
Grid Voltage (Grid No. 1) .. -16.5 -20 - - Volts
Cathode Resistor . ........ - - 410 440 Ohms
Peak A-F Grid Voltage ... 16.5 20 16.5 20 Volts
Zero-Signal Plate Current... 34 38 34 38 Milliamperes
Mazx.-Signat Plate Current .. 36 40 35 38 Milliamperes
Zero-Signal Screen Current. . 6.5 7 6.5 7 Milliamperes
Max.-Signal Screen Current. . 10.5 13 9.7 12 Mihamperes
Plate Resistance (Approx.).. 80000 78000 - - Ohms
Transconductance ......... 2500 2550 - ~ Micromhos
Load Resistance. .......... 7000 7000 7000 7000 Ohms
Total Harmonic Distortion. . 8 9 85 9 Per cent
Max -Signal Power Qutput. . 3.2 4.8 3.1 4.5 Warts
As Single-Tube Class A, Amplifier — Triode Connectiont
PLATE VOLTAGE - .ttt eiieeiiiiiennnnnanens 350 max. Volts
PLaTE AND ScrEEN Dissipation (Total)............ 10 max. Watts
TypricaL OPERATION:
Fixed Bias Cathode Bias
Plate Voltage ....................... 250 250 Volts
Grid Voltage (Grid No. 1) . ........... -20 - Volts
Cathode Resistor ................... - 650 Ohms
Peak A-F Grid Voltage............... 20 20 Volts
Zero-Signal Plate Current............. 31 31 Miliiamperes
Max.-Signal Plate Current............ 34 - 32 Milliamperes

Screen connected to plate.
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Plate Resistance..................... 2600 - Ohms
Amplification Factor ................. 6.8 -
Transconductance . .................. 2600 - Micromhos
Load Resistance, .................... 4000 4000 Ohms
Total Harmonic Distortion. ........... 6.5 6.5 Per cent
Max.-Signal Power Qutput............ 0.85 0.8 Watt
As Push-Pull Class A, Amplifler — Pentode Connection
PLATE VOLTAGE ... .iiiiiiiinriinennnnnnnnnns 375 max. Volts
SCREEN VOLTAGE ......ovvvivrneninnennnnnnnens 285 max. Volts
PLATE DISSIPATION ... . iiitiiinenninnennnns 11 maex. Watts
ScREEN DISSIPATION .. ...coviviiniiniin e, 3.75 max. Watts

Tyricar OPERATION: Values are for iwo tubes :
Fixed Bias Caihode Bias

Plate Voltage . ...................... 315 315 Volts
Screen Voltage ...................... 285 285 Voits
GridVoltage. ....................... -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, .......... 195 18 Milliamperes
Effective Load Resistance (Plate-
to-plate) . ...l 10000 10000 Ohms
Tota! Harmonic Distortion............ 4 3 Per cent
Max.-Signal Power Qutput............ 11 10.5 Watts
As Push-Pull Ciass AB, Amplifier — Pentode Connection
PLATE VOLTAGE .. .vvvitiieirianeeeninanacnnnan 375 max. Volts
SCREEN VOLTAGE ................. e 285 max. Volts
PLATE DISSIPATION ... ..0niiiiiie i 11 max. Watts
SCREEN DISSIPATION ... .. ciiiiiiiniinininnnnnenns 3.75 max. Watts

TyricaL OreErATION: Values are for two tubes
Fixed Bias Cathode Bias

Plate Voltage ... ................. 375 375 Volts
Screen Voltage ......... 250 250 Volts
Grid Voltage. . . ................... -26 - Volts
Cathode Resistor* ................. - 340 Ohms
Peak A-F Grid-to-Grid Voltage. .. ... 82 94 Volts
Zero-Signal Plate Current........... 34 b4 Milliamperes
Mazx.-Signal Plate Current. . ........ 82 77 Milliamperes
Zero-Signal Screen Current.......... 5 8 Milliamperes
Max.-Signal Screen Current......... 19.5 18 Milliamperes
Effective Load Resistance (Plate-

to-plate) . ... 10000 10000 Ohms
Total Harmonic Distortion.......... 3.5 5 Per cent
Max.-Signal Power Qutput.......... 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 Connection?

PLATE VOLTAGE .. ..ottt iinninnnennannnns 350 max. Volts
PLATE AND ScREEN DissipatioN (Total). ........... 10 max. Watts
TyricaL OPERATION: Values are for two {ubes

Fixed Bias Caihkode Bias

Plate Voltage .. ........c.cvvvnn, 350 350 Volts
Grid Voltage. .. ...cvvvenveennnn.en ~38 - Volts
Cathode Resistor ................. - 730 Ohms
Peak A-F Grid-to-Grid Voltage. ..... 123 132 Volts

t Screen connected to plate. .
t 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-

toa-]plate) et iseeesiesiersaraas 6000 10000 Ohms
Total Harmonic Distortion.......... 2 3 Per cent
Mazx.-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
ggec %1118 I\GIFG-G are shown in Figs. 1-7 and 2-21, respectively, in the QUTLINES

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,
since most 6.3-volt types have 0.3-ampere or 0.15-ampere heaters, a bleeder circuit
across these heaters is required to take care of the additional heater current of the
6F6’s or 6F6-G’s. Each 6.3-volt tube of the 0.3-ampere type in the series circuit
should, therefore, be shunted by a bleeder resistance of 16 ohms. Similarly, each
ii.13évotlltmtube 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-harmonie distortion by virtue of the push-pul} circuit.

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

T
TYPE 6F6
Ef=6.3VOLTS

R

75

Sl

50

PLATE (L) OR GRID (I¢) MILLIAMPERES

S
2\

2§ 300 400 500

PLATE VOLTS

TRIODE-PENTODE

The 6F7 is a heater-cathode type of
tube combining in one bulb a triode
and an r-f pentode of the remote cut-
off type. Since these two units are in-
dependent of each other except for the
common cathode, the 6F7 maybe adapt-
ed to circuit design in several ways.

CHARACTERISTICS

Heater VoLTAGE (A.C.or D.C) .ovviviinent.n
HEATER CURRENT . o\ itietinereernnncaneenoesnnns
DirecT INTERELECTRODE CAPACITANCES:

Triode Unit—Grid to Plate

=]

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

[

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

As Class A; Amplifier
T'riode Unit

PLATE VOUTAGE ............. 100 max. 100 250 max.
ScreeN VoLtacr (Grid No. 2). - — 100 100 max.
Grip VoLTaGE (Grid No. 1)... ~3min., -3min, -3 min.
PLATE CURRENT. .........n.. .5 6.3 6.5
ScREEN CURRENT........uvnn — 1.6 15
AMPLIFICATION FACTOR....... — —_
PLATE RESISTANCE. .......... 0.016 0.29 0.85
TRANSCONDUCTANCE ......... 500 1050 1100
TRANSCONDUCTANCE .........

(At -35 volts bias)......... — 9 10

Swron om

nw

ww

vivdotio
32
8
]

Penitode Unit

B2C-4440

6F7

Volts
Volts
Volts
Milliamperes
Milliamperes

Megohm
Micromhos

Micromhos



RCA RECEIV NG T UBE MANUA[

INSTALLATION and APPLICATION

The base fits the standard small 7-pin socket which may be installed to hold
the tube in any position. Physical characteristics of the 6F7 are shown in Fig.
2-16, OUTLINES SECTION. For heater operation and cathode connection,
refer to Type 6A8.

TWIN-TRIODE AMPLIFIER

The 6F8-G iz a muiti-elecirode tube

consisting of two medium-mu voltage

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

inverter, Except for the comumon heater,

each triode is independent of the other.

The heater rating and capacitances are

_given below; other characteristics for
each triode unit are identical with those of the 6J5.

* CHARACTERISTICS
Hearer Vorrace (AC.orD.C) ... ool 6.3 Volts
HEATER CURRENT . oottt iin e eiiieeenncnnnn 0.6 Ampere
DirEcT INTERELECTRODE CAPACITANCES:*
Triode Unit 1 Triode Unit 2
GridtoPlate.................. 4.0 3.6 i
Grid to Cathode . 3.2 3.0 wuf
Plate to Cathode 3.2 3.8 wf
GridtoGrid .................. 0.2 _l.l,;.!,f
PlatetePlate ................. 0.4 wuf
Grid of Unit 2 to Plate of Unit 1 0.1 unf

* With close-fitting shield connected o 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 charactetistics of the 6F8-G are shown
in Fig. 2-15, OUTLINES SECTION, For heater operation and catkode connec-
tion, refer to Type 6A8, but give consideration to the greater heater current of
the 6F8-G. As a phase inverter, the 6F8-G may be operated as shown in the RE-
SISTANCE-COUPLED AMPLIFIER CHART.

POWER AMPLIFIER PENTODE

The 6G6-G is a power-amplifier

pentode of the heater-cathode type

66 6_G for use in the output stage of radio
receivers. In applications where a mod-

erate power output is desired, the 6G6-G

is economical because of its low plate-

power requirements and low heater

current,
+ CHARACTERISTICS
Heater Vorrace (A.C.or D.CYF ...l 6.3 Volts
HEATER CURRENT . .. vtterinicnninncannninnnanss 0.15 Ampere
As Class A; Amplifier — Pentode Connection
PLATE VOLTAGE ... vvtiiiiiiinieinaanannenennn 180 max. Volts

SCREEN VOLTAGE .. cvuvinneriinannnnneeennnnnns 180 max. Volts

PrLaTE DISSIPATION . ... . 2.75 max. Watts

ScrEEN DissIPATION 0.75 max. Watt
1 In no case should the heater voltage fluctuate go that it exceeds 7.0 volts.
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TyricaL OPERATION:

Plate Voltage .. .........ccoviviinn.. 135 180 Volts

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

Grid Voltage (Grid No, 1)* ............. -5 -9 Volts

Peak A-F Grid Voltage. ................ 6 9 Volts
Zero-Signal Plate Current............... 11.5 1b Milliamperes
Zero-Signal Screen Current.............. 2 2.5 Milliamperes
Plate Resistance (Approx.).............. 0.17  0.17 Megohm
Transconductance .. ................... 2100 2300 Micromhos
Load Resistance. . ...............cou.n. 12000 10000 Ohms

Total Harmonic Distortion.............. 7.5 10 Per cent
Max.-Signal Power OQutput.............. 0.6 1.1 Watts

# The d-c resistance in the grid circuit may be as high as 0.5 megohm with cathode bias or
0.1 megohm with fixed bias, provided the heater voltage is not allowed to rise more than 10%
above the rated value under any condition of operation.

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

PLATE VOLTAGE .. ...\ttt iiiiie e iienneaen s 180 max. Volts
PLATE DISSIPATION ... ...ttt 2.5 max, Watts
TyricaL OPERATION:
Plate Voltage . ............... ..., 180 Volts
Grid Voltage. .. ... ..o -12 Volts
Peak A-F Grid Voltage. . ....... ... ... . ....... 12 Volts
Zero-Signal Plate Current. .. .................... 11 Milliamperes
Plate Resistance. . ......... ... ... ... ... .. ... 4750 Ohms
Amplification Factor ........................ ... 95
Transconductance .. ............cooiiiinvennnn. 2000 Micromhos
Load Resistance. ... ... .. ... i iieiuiienn.. 12060 Ohms
Total Harmonic Distortion...................... 5 Per cent
Mazx.-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. Physical characteristics of the 6G6-G are shown
in Fig. 2-17, OUTLINES SECTION. Heater operation is similar to that of the
6D8-G; for cathode connection, refer to Type 6A8. Application of the 6G6-G is
similar to that of the 6K6-G.

TWIN DICDE
The 6H6 and 6H6-G are tubes of 6H6

the heater-cathode type containing METAL
two diodes in one envelope. Except for
the common heater, the two units are 6H é G
e independent of each other. This ar- -
'"L%E[’SL 6HE-C rangement offers flexibility in design of
Q 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
Heater VoLTaGE (A.C.orD.C) .ovvinn e, 6.3 Volts
HEATER CURRENT . ..t iiiinrinnnneiininennnnnns 0.3 Ampere
Direct INTERELECTRODE CAPACITANCES:
: Type 6H6* Type 6HE-G**

Plate No. 1 to Cathode No. 1 ....... 3.0, 3.1 puf

Plate No. 2 to Cathode No. 2 ....... 3.4 ’ 4.0 uuf

Plate No, 1 to Plate No. 2. . ........ 0.1 max. 0.1 max. wuf

With shell connected to cathode. *3 With close-fitting shield connected to cathode.
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As Rectifier

A-C PLATE VoLTAGE PER PLATE (RMS) ............ 117 max, Volts
D-C Qurpur CuRRENTPER 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

B e Tateer cane o piate only. or the wy MR MEABESRE Sooe
plates in parallel, may be employed. The use of - Ev:fe."sH\?ous—voo
the half-wave arrangement will provid# approx- ) %
imately twice the rectified voltage as compared

with the full-wave arrangement.

For automatie-volume control, the 6H6 and
6H6-G may be used in circuits similar to those
employed for any of the duplex-diode types of
tubes. The only difference is that the 6H6 and
6H6-G are more adaptable due to the fact that
each diode has its own separate cathode.

Since the dindes by themselves do not pro-
vide any amplification, it is usually necessary to
provide gain by means of a supplementary tube. .
Types such as the 6C5, 6SF5, 6SJ7, and 65K7 2o | 1 NI
are very suitable for this purpose. Their use in F20ec00 [ yiree
combination with the 6H6 or 6H6-G is similar | r@fI’LOOTO,L ‘
to that of the amplifier sections of duplex-diode T -t

O~C VOLTS DEVELOPED BY DiODE

triode or pentode types.
92C-4446
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DETECTOR AMPLIFIER :
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METAL tﬂT(tixe 6Jf5, %JS-%}, and sggaGT are
odes of the heater-cathode type g
6J5'G designed for use as detectors, ampli- e\.‘.«/ OF
fiers, or oscillators. These tubes have | s
a high transconductance together with nc:&3r & Tk

6J5'GT %flacgggxparatively high amplification 6Q

+ CHARACTERISTICS

HeateR VOLTAGE (A.C.orD.C) ... ivviivininnens 6.3 Volts
HEATER CURRENT . . .0tvtteiinaentnannnnnaaanns 03 Ampere

Type Type Type

6J5% 6]5-G** 6]5-GT
GRID-PLATE CAPACITANCE(Approx.)... 3.4 4.0 —_— upf
Grip-CatHopE CAPACITANCE(Approx.). 3.4 4.2 —_ uuf
PLaTe-CaTHODE CAPACITANCE(Approx.) 3.6 5.0 _— uuf

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

As Class A; Amplifier
Types 6]5, 6J5-G Type 6]5-GT

PLATE VOLTAGE .vvvvuvunnevnnnns 300 max. 250 max, Volts
GRID VOLTAGE . .cvevvrurnnnrenns 0 min. 0 min. Volts
PLATE DISSIPATION .............. 2.5 max. 2.5 max. Watts
TyricaL OPERATION (6]5, 6]5-G, 6]5-GT):
Plate Voltage. ................. 90 250 Volts
0 -8 Voits

Grid Voltage*. . ...............
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Plate Current ................. 10 9 Milliamperes
Plate Resistance. .............. 6700 7700 Ohms
Amplification Factor ........... 20 20
Transconductance . ............ 3000 2600 Micromhos

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

INSTALLATION and APPLICATION

The base of each type fits the standard octal socket which may be installed to
hold the tube in any position. Physical characteristics of the 6]5, 6J5-G, and
6]J5-GT are shown in Figs. 1-3, 2-17. and 2-8, respectively, in the QUTLINES
SECTION. For heater operation and cathode connection, refer to Type 6A8.
For application, see Type 6C5, and Type 6F8-G in RESISTANCE-COUPLED

AMPLIFIER CHART.

AVERAGE PLATE CHARACTERISTICS

T T
TYPE 6J5
E £=6,3 VOLTS
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PLATE VOLTS

TRIPLE-GRID
DETECTOR AMPLIFIERS

The 6J7 and 6]J7-G are triple-grid
tubes of the heater-cathode type rec-
——. KEYS7 ommended for service as biased detec-
SHIELD +697-C 7R tors. In such service these tubes are

capable of delivering a large audio-

&)/
617-G

frequency output voltage with relatively small input. Other applications include

their use as high-gain amplifiers.

% CHARACTERISTICS

HEeATER VoLTaGE (AC.or D.C) .., 6.3 Volts
HEATER CURRENT ... oveiiineninneennecanneeannns 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%* puf

QOutput Capacitance., . .............. 12 12%+ uuf
TriopE CONNECTION:

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

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

Plate-Cathode Capacitance ......... 14 1.7¢ uuf

* 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 ... ..ottt it 300 max. Volts
ScrEEN VOLTAGE (Grid No. 2)..................... 125 mazx. Volts
SCREEN SUPPLY VOLTAGE. .. .. ..o o tve e 300 max. Volts
Grip VorTace (Grid No. 1) ... ......... . ... . ... 0 min. Volts
PLATE DISSIPATION ..ottt eeaes 0.75 max. Watt
SCREEN DISSIPATION ... ..ot i eans 0.1 max. Watt
TypicAL OPERATION:
Plate Voltage ......................... 100 250 Volts
Screen Voltage . .............covinn... 100 100 Volts
Grid Voltagel ................cooiin... -3 -3 Volts
SUDDIESSOr . . oottt it Connected to cathode at socket
PlateCurrent ......................... 2 2 Milliamperes
Screen Current ........................ 0.5 0.5 Milliampere
Plate Resistance. . ..................... 1.0 i Megohm
Transconductance . .................... 1185 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 fied fo plate)

PLATE VOLTAGE v it ivii it ittt iiieiiinaeannnns 250 max. Volts
GRID VOLTAGE ... ...ttt iiteriiaeeeannnns 0 min. Volts
PLATE & SCREEN DissipatioN (Total).............. 1.75 max. Watts
TypicaL OPERATION:
Plate Voltage .. ........ ... ... ........ 180 250 Volts
Grid Voltage} ......................... -5.3 -8 Volts
PlateCurrent ......................... 53 65 Milliamperes
Plate Resistance. ...................... 11000 10500 Ohms
Amplification Factor ................... 20 20
Transconductance .. ................... 1800 1900 Micromhos

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

INSTALLATION and APPLICATION

The base of either the 6J7 or 6]J7-G fits the standard octal socket which may
be installed to hold the tube in any position. Physical characteristics of the 6J7
and the 6J7-G are shown in Figs 1-5 and 2-15, respectively, in the OUTLINES
SECTION. For heater operation and cathode connection, refer to Type 6AS8.

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
meithod, however, is not recommended if the high-voltage B-supply exceeds 300
volts.

As a biased detector, the 6J7 or 6J7-G can deliver a large audio-frequency
output voltage of good quality with a fairly small radio-frequency signal input.
Ty%aiﬁal 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
SUpPpressor. . ... ... Connected to cathode at socket

Cathode Cur. (Zero Signal}  0.63  0.183  0.65 0.43 Milliampere
Plate Resistor. . ......... 1.0 0256 025 0.50 Megohm
Blocking Condenser. .. ... 0.01 001 003 0.03 uf

Grid Resistor}........... 1.0 05 025 0.25 Megohm
R-F Signal (RMS)** ..... 1.05 1.6 118 137 Volts

* Voltage at plate will be PLATE-SUPPLY voitage less voltage drop in plate resistor caused
by piate current. X
1 For the following amplifier tube.
#+ With these signal voltages modulated 2()‘%, the voltage output under each set of operating
conditions is 17 peak volts at the grid of the following amplifier, a value sufficient to insure full
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 peniodes in resistance-coupled circuits, these
élbierxIx‘ay be operated as shown in the RESISTANCE-COUPLED AMPLIFIER
H .

Asa radio-frequency amplifier pentode, the 6J7 or 6]7-G may be used particu-
larly in applications where the r-f signal applied to the grid s 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

|| 0
TYPE 6J7
7 SUPPRESSOR VOLTS=0C o5
/ SCREEN VOLTS =100
e
L
¢ " -
CONTRCL—GR!D VOLTS EC|:—|.D
|
/-
5
5 =1.5
2
I
= I Bt
/g
j | ez
3 /,.._-
“"3 —2.5
o
3
&2 ~3.0
!
! ~-4.0
~5.0
o 80 160 240 320 200 =55 .
PLATE VOLTS 92C—~ 4741
KoNO) ‘ TRIPLE-GRID

DETECTOR AMPLIFIER

The 6]J7-GT is a triple-grid detector N
O amplifier of the heater type recom- 6J7 GT
mended for service as a biased detector.
In such service it is capable of deliver-

ing a large audio-frequency output

INTERNAL
SHIELD

KEY

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

HeaTErR VOLTAGE (A.C.or D.C) ...ooiieei oo 6.3 Volts
HeEATER CURRENT . .0t iininennreanncnneennaennns 0.3 Ampere
GrRID-PLATE CAPACITANCE® ... ... iiieeriiiennnnn 0.005 max. puf
INPUT CAPACITANCE® . . ...ttt eeeerinnss 5.2 puf
OUTPUT CAPACITANCE® . ... ... iiiiinreannnnnans 12 P

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

As Class A, Amplifier — Pentode Connection

PLATE VOLTAGE ... ... iiriivannncsenesnnnsnnnons 250 max. Vaolts
SCREEN VOLTAGE .. oitivttein i iicianneninenns 125 max, Vol
SCREEN SUPPLY VOLTAGE . . ... cvininennanannsn .. 250 max. Volts
GRID VOLTAGE . 4ivirevnrae et iiineiaacnanann s . 0 min. Volts
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PLATE DISSIPATION .. .uuvneieieiiieneecnnsnnnnns 0.75 max. Watt
SCREEN DISSIPATION .\ iuiirneneneinrneennnnnens 0.1 max. Watt
Tyricar. OPERATION:

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

As Class A; Amplifier — Triode Connection
{Screen and suppressor tied to plate)
Maximum ratings and typical operation are the same as for the Type 6J7.

"INSTALLATION and APPLICATION

For installation, refer to Type 6D8-G: and for application, to Type 6]7.
Physical characteristics of the 6J7-GT are shown in Fig. 2-6, OUTLINES SECTION.
Complete shielding of the 6J7-GT is generally necessary to prevent intercoupling
between its circuits and the circuits of other stages. .

HI-MU TRIODE

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

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

CHARACTERISTICS
Heater VoLTAGE (A.C.orDC.) ..., 6.3 Volts
HEATER CURRENT ... vviivniiinieeiinnnnnerennns 0.3 Ampere
PLATE VOLTAGE ......0oiviiiiiiiniinnns 100 250 Volts
GRID VOLTAGE . ......iiiiiineinanannnnns -15 -3 Volts
PLATE CURRENT. . .. tvviiiinnnerrnvnnnnn. 0.35 11 Milliampere
PLATE RESISTANCE. . .ovvviiiniiivnnnenns 78000 50000 Ohms
AMPLIFICATION FACTOR. .................. 70 70
TRANSCONDUCTANCE 4 v vvvevrernvnnnnnrnns 900 1400 Micromhos
GRID-PLATE CAPACITANCE® .. .. ... ..cveevvninnnn. 2.0 puf
GrID-CATHODE CAPACITANCE® . .. ...iviiiinannnnnn. 2.4 puf
PLATE-CATHODE CAPACITANCE® . ......ovveivinnnn.. 3.6 uuf

* With no shield. Values are approximate.

INSTALLATION and APPLICATION

The base of the 6K5-G fits the standard octal sorket which may be mounted
to hold the tube in any position. Physical characteristics of the 6K5-G are shown
in Fig. 2-15, OUTLINES SECTION. Heater operation and cathode connection
are the same as for Type 6A8. i

As a class A, amplifier, the 6K5-G may be operated in resittance-coupled
amplifier circuits. When the 6K5-G is used to amplify the output of the 66 diode,
it is recommended that fixed bias be employed. Diode-biasing of the 6K5-G is
not suitable because of the probability of plate-current cut-off, even with small
signal voltages applied to the diode circuit.

POWER AMPLIFIER G
' PENTODE o
. 6 K 6 - G The 6K6-G is a power-amplifier pen-
tode of the heater-cathode type for G) ©
use in circuits designed for its char- AN A
acteristics. It is capable of delivering (7™ 8),
a moderate power output with a rel- NCTTKEY ™ G
atively small input voltage. 6-75
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% CHARACTERISTICS
HeaTeR VOLTAGE (AC.orD.C) .......vvvvnnnnn 6.3 Volts
HEATER CURRENT . ...0vvvrernnnrnnnnnncennnnenes 0.4 Ampere
As Class A, Ampilifler
PLATE VOLTAGE ... ciivinereerennnnnnecennnnnens 315 max. Volts
SCREEN VOLTAGE . ..cuvvvrereennneerennannnnnnnss 285 max. Volts
PLATE DISSIPATION ......0vvvennrnnnnrnnnnnnnnans 8.5 max. Watts
SCREEN DISSIPATION ... .0vivieiiiniinennennnneass 2.8 max. Watts
TyricAlL OPERATION:
Plate Voltage ..........cvcvu0 100 250 315 Volts
Screen Voltage . ......covvvvnee 100 250 250 Volts
Grid Voltage. . ..........c000uee -7 -18 -21 Volts
Peak A-F Grid Voltage......... 7 18 21 Volts
Zero-Signal Plate Current....... 9 32 25.5 Milliamperes
Mazx.-Signal Plate Current. . .... 9.5 33 28 Milliamperes
Zero-Signal Screen Current. ..... 1.6 5.5 4 Milliamperes
Max.-Signal Screen Current. . ... 3 10 9 Milliamperes
Plate Resistance..... veee.. 104000 68000 75000 Ohms
Transconductance ............. 1500 2300 2100 Micromhos
Load Resistance............... 12000 7600 9000 Ohms
Total Harmonic Distortion. .. ... 11 11 15 Per cent
Mazx.-Signal Power Output...... 0.35 34 4.5 Watts

INSTALLATION and APPLICATION

The base of the 6K6-G fits the standard octal socket which may be installed
to hold the tube in any position. Heater operation is the same as that for Type
6A8, except for series operation. The heater of the 6K6-G may be operated in
series with the heaters of other types having lower heater-current ratings if the
heaters of these types are shunted with suitable resistors to pass the current in
~excess of that for which the types are rated. For cathode connection, refer to

Type 6A8. Physical characteristics of the 6K6-G are shown in Fig. 2-17, OUT-
LINES SECTION.

For the power amplifier stage of receivers, the 6K6-G may be used either
singly or in push-pull combination. More than one audio stage preceding the
6K6-G is undesirable because of the possibility of microphonic disturbances resuit-
ing from the high level of amplification.

Any conventional type of input coupling may be used provided the resistance
added to the grid circuit by this device is not too high. Transformer- or impedance-
coupling devices are recommended. When the 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.

c2 G POWER AMPLIFIER PENTODE
OMO The- 6K6-GT is a power-amplifier
Q/ pentode of the heater-cathode type.
It is similar to the 6K6-G but is con-
structed in a smaller bulb. Physical 6K6- GT
9\‘/ (Dn characteristics of the 6K6-GT are
OMO shown in Fig. 2-8, OUTLINES SEC-
NC—KEY &, TION. Installation and application
=75 of the 6K6-GT are the same as for the
Type 6K6-G.
CHARACTERISTICS
HEATER VOLTAGE (A.C.) .. .iiviiiiiiiniennanens 6.3 Volts
HEATER CURRENT ... civvrvernotennennsnnnannns 0.4 Ampere

PLATE VOLTAGE ....... . 180 250 max. 250 max. Volts
SCREEN VOLTAGE 180 250 max. 250 max. Volts
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GRID VOLTAGE . ...c0vuinnnn. -135 -18  -165 Volts
PLATE CURRENT. . ..vvveennsn 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
ToraL HArRMONIC DisTORTION . 10 10 7 Per cent
Power OQUTPUT.............. 1.5 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 mtermedxate-frequency ‘
stages of radio receivers. The ability  sisns ~~kev—
of these tubes to handle unusual signal - 7R
voltages without cross-modulation and
modulation-distortion makes them adaptable to the r-f and i-f stages of receivers
employing automatic volume control.

* CHARACTERISTICS
Heater VoLtage (A.C.orD.C) .................. 6.3 Volts
HEATER CURRENT ... .0vvinneiriereeiiannennnns 0.3 Ampere
Type 6K7° Type 6K7-G°°
GRID-PLATE CAPACITANCE ............ 0.005 max, 0.005 max. puf
InPUT CAPACITANCE. . ......oovvnnn.. 7 5 puf
QOuTPUT CAPACITANCE ., . .. ....covvnnn, 12 12 » upf

° 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 . ... itiiiiieeiiiineriiinnnanenns 300 max. Volts
SCREEN VOLTAGE ................ BN 125 max. Volts
SCREEN SUPPLY VOLTAGE . . . ...t eiie e 300 max. Volts
CoNTROL-GRID VOLTAGE . ......... e 0 min. Volts
PLATE DISSIPATION ... .00iitiiiie i iiineennns 2.75 max. Watts
ScREEN DISSIPATION ... .. vitrieinriiiinennnnnn 0.35 max. Watt
TyricaL. OPERATION:
Plate Voltage .. ........... 90 180 250 250 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 7.0 105 Milliamperes
Screen Current ............ 1.3 1 0 1.7 2.6 Milliamperes
Plate Resistance (Approx.).. 0.3 1.0 0.8 0.6 Megohm
Transconductance ......... 1275 1100 1450 1650 Micromhos
Grid Voltage (Approx.) for
transcond. of 2 micromhos. -385 -325 -425 -525 Volts

INSTALLATION and APPLICATION

The base of either the 6K7 or the 6K7-G fits the standard octal socket which
may be installed to hold the tube in any position. Physical characteristics of the
6K7 and 6K7-G are shown in Figs. 1-5 and 2-15, respectively. in the QOUTLINES
SECTION. For heater operation and cathede connection. refer to Type 6AS8.
Voltage supplies and applications are the same as for Type 6SK7.

— 118 —



RCA RECEIVING TUBE MANUAIL

AVERAGE PLATE CHARACTERISTICS

TYPE 6K7
€463 VOLTS
SCREEN VOLI5=100
FSUPPRESSOR VOLTS=0

conTRAL-GRID VOLTS | Eci=0

o

PLATE MILLIAMPERES

A

\\V\\T\\"\*\

7]
=8
=10
=i5

—-20

240 320 O 560
PLATE VOLTS 92C—-4a742

TRIPLE-GRID
SUPER-CONTROL AMPLIFIER

The 6K7-GT is a triple-grid super- 6K7' GT

control amplifier, It is similar in char-

heEY 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
HeateEr VoLTaGE (A.C.or'D.C) .................. 6.3 Volts
HEATER CURRENT ...\ ivvninniiiiiiiiinnnans _03. .- Ampere
GRID-PLATE CAPACITANCE™ . ...................... 0.005 max. uu
INPUT CAPACITANCE® , ... ... .o 4.6 auf
OUTPUT CAPACITANCE® . ... tiiiiiiiiieeeannannnn 12 uuf

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

As Class A, Amplifier

PLATE VOLTAGE . ... ...t 250 mazx. Volts
SCREEN VOLTAGE ... ooiit it ie e e 125 max. Volts
SCREEN SUPPLY VOLTAGE. . .. ... ooiiveneinens 250 max. Volts
CONTROL-GR® VOLTAGE . . .................u... 0 min. Voits
PLATE DISSIPATION . ...ooniiiii i 2.75 max. Watts
SCREEN DISSIPATION . ..............0oiiiiinnnn. 0.35 max. Watt
TypicaL OPERATION:
Plate Voltage ......................... 100 250 Volts
Screen Voltage ........................ 100 100 Volts
Grid Voltage. ......................... -3 -3 Volts
SUDDPIESSOr . . oot Connected to cathode at socket
PlateCurrent ......................... . 7.0 Milliamperes
Screen Current ...l 16 1.7 Milliamperes
Plate Resistance (Approz.).............. 0.25 0.8 Megohm
Transconductance . .................... 1325 1450 -Micromhos
Grid Voitage (Approx.) for transcond. of
2micromhos ...................uuul -385 425 Volts
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TRIODE-HEXODE
CONVERTER

6K8

METAL

in a single envelope.

The 6KS8 is a multi-electrode tube of
metal construction consisting of
triode oscillator and a hexode mixer
The design of
the 6K8 reduces interaction between

a

the oscillator and mixer sections of the tube, and thereby permits optimum per-

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

% CHARACTERISTICS

HeaTeER VOLTAGE (A.C.orD.C) ......cciivvinan..
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. 1. ... . i i i eann
Triode Grid and Hexode Grid No. 1 to Triode Plate
Triode Grid and Hexode Grid No. 1 to Hexode Plate
Hexode Grid No. 3 to All Other Electrodes = R-F

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

Grid and Hexode Grid No. 1 = Oscillator Output
Tricde 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

HexobE PLATE VOLTAGE
HexopeE ScREEN VoLTAGE (Grids No. 2and 4)......
HEXODE SCREEN SuppLY VOLTAGE. .. .....c.ovun...
Hexopk ConTrOL-GRrID VOLTAGE (Grid No. 3)......
TRIODE PLATE VOLTAGE. . . ..iiiiit it
HEXODE PLATE DISSIPATION ...........ccvvnnn...
HEXODE SCREEN DISSIPATION ... ....oovnneennn..
TRI1ODE PLATE DISSIPATION . . ... ... ...,
ToTAL CATHODE CURRENT. .. .vvvietrinnernnnnnn,
TypicaL OPERATION:

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

Hexode Plate Voltage .................. 100
Hexode Screen Voltage ................. 100
Hexode Control-Grid Voltage . .......... -3
Triode Plate Voltage. .................. 100
Triode Grid Resistor ................... 50000
Hexode Plate Resistance (Approx.) ...... 0.4
Conversion Transconductance........... 325
Hexode Control-Grid Voltage (Approx.)

for conversion transconductance of 2

micromhbos. . .. ..oiiiniiiien i, =30
Hexode Plate Current. . ..............e. 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

300 max.
150 max.
300 max,
0 min.
125 max.
0.75 max.
0.7 max.
0.75 max.
16 max.

250
100
-3
100
50000
0.6
350

Volts
Ampere

. puf
. puf

. upf

. ppf

auf
suf
wuf

upf

Volts
Velts
Volts
Volts
Volts
Watt
Watt
Watt
Milliamperes

Volts

Volts

Volts

Volts
Ohms
Megohm
Micromhos

Volts
Milliamperes
Milliamperes
Milliamperes
Milliampere
Milliamperes

The transconductance of the triode section, not oscillating, of the 6K8 is approzimately 3000
micromhos when the triode plate voltage is 100 volts, and the triode grid voltage is 0 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 voltages are due to poor power-supply regulation
and the normal action of the avc circuit, Operation of the 6K8 with a hexode-
screen supply of 100 volts is recommended with a plate supply of either 100 or 250
volts. In series-fed oscillator circuits, the 100-volt hexode-screen supply may be
taken from the same point in the power-supply
system as are the screen supplies for the r-f and

. o . . OPERATION CHARACTERISTICS
i-f tubes. In shunt-fed circuits, a resistor or

choke must be used in the oscillator-plate cir- .I:V:Eeﬁgavous——l—u—
cuit. The common point in the supply circuit @ [Rekobe eLate voLis 100 2s0
must be adequately by-passed to ground. ER R R I
The recommended oscillator-grid current of 3 § [esianslas @ ) 4
150 microamperes is obtained easily; a value be- £ 2%fmooc&uis iédisice® 0 Yo g
low 100 microamperes is not recommended. The 3 & ¥ | 2
oscillator coils used with pentagrid converter  dis Yazo— Ar=ri T
types may not be suitable for the 6K8 due to % 2 NI 175
the possibility of over-exciting the oscillator unit, = 3 N =~ Z
Such coils may be used if the oscillator-plate 22 z2% N ol
voltage is reduced, or if the number of turnson & 7 — el re=—r—T— g
the tickler coil or the mutual inductance be- S43 0 -7 0.4l
tween tickler and secondary coils is reduced. 8 - d 3
The bias voltage applied to the hexode 5,7, | H
control-grid may be varied from -3 volts to . & 23
cut-off to control the translation gain of the & § *

tube. The extended cut-off may be used in

. . A ' o 0.0 ) G.3 0.4
combination with that of super-control amplifier TRIODE_GRID & HEXODE GRID Ni
tubes to adjust receiver sensitivity. 92C-4866R1

DETECTOR AMPLIFIER TRIODE

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

tion in applications where economy of
power is important.

CHARACTERISTICS

Heater VoLTace (A.C.or D.C) cooviiviiveennnnen 6.3 Volts
HEATER CURRENT .. viiiereerirernnenneenonannes 0.15 Ampere
PLATE VOLTAGE ....0iviiiveivracnnnnnnns 135 250 max. Volts
GRID VOLTAGE . ...vvunnrnneinocneransass -5 -9 Volts
PLATE CURRENT. .. .vvvrrnnnnrcnnnnananss 3.5 8 Milliamperes
PLATE RESISTANCE. .. v.vviveeeerevnnnnns 11300 9000 Ohms
AMPLIFICATION FACTOR . ........vvvvinnen 17 17
TRANSCONDUCTANCE . ...vvvveeenennernnns 1500 1900 Micromhos
Grip Bias Vortace (Approx.)°®............ -11 -20 Volts
GRID-PLATE CAPACITANCE (ADDIOX.)* .. .. couvnnnne. 2.7 puf
Grip-CATHODE CAPACITANCE (ADDIox.)*. ........... 3.0 unf
PLATE-CATHODE CAPACITANCE (ADProx.)*........... 5.0 puf

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

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

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

BEAM POWER AMPLIFIERS 2 N
6L6 The 6L6 and 6L6-G are power-am- '
plifier tubes for use in the output stage
METAL of radio receivers, especially those

designed to have ample reserve of
6L 6_G power-delivering ability. The 6L6
and 6L6-G provide high power output
sensitivity and high efficiency. The
power output at all levels has low third

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

7AC

% CHARACTERISTICS
HeaTER VOLTAGE (A.C,orD.C) ...ovvivvvnnnnn. 6.3 Volts
HEATER CURRENT . .. ..ivvirinnnnnrrinnnnnnnnenns 0.9 Ampere
As Single-Tube Class A; Amplifier
PLATE VOLTAGE . .uuvitininennninaninenennnanan 360 max. Volts
SCREEN VOLTAGE 4 i0viviievennneennnnnsnnnncennnns 270 max. Volts
PLATE DISSIPATION ... ...ititiiinniiininennnnn, 19 max. Watts
SCREEN DISSIPATION . ....covvinnnnneennnnenennnnn 2.5 max. Watts
Tyricar. OPERATION:
Fixed Bias Cathode Bias
Plate Voltage ............. 250 350 250 300 Volts
Screen Voltage ............ 250 250 250 200 Voits
Grid Voltage. ............. -14 -18 ~ - Volts
Cathode Resistor .......... ~ - 170 220 Ohms
Peak A-F Grid Voltage..... 14 18 14 125 Volts
Zero-Signal Plate Current. .. 72 54 75 51 Milliamperes
Max.-Signal Plate Current . . 79 66 78 545 Milliamperes
Zero-Signal Screen Current. . 5 25 5.4 3 Milliamperes
Max.-Signal Screen Current. 7.3 7 7.2 4.6 Milliamperes
Plate Resistance........... 22500 33000 - - Ohms
Transconductance . ........ 6000 5200 - - Micromhos
Load Resistance........... 2500 4200 2500 4500 Ohms
Total Harmonic Distortion. . 10 15 10 11 Per cent
Max.-Signal Power Qutput. . 6.5 108 6.5 6.5 Watts
As Single-Tube Class A, Amplifler — Triode Connection}
PLATE VOLTAGE ... ... c0iivererrnnerennnenennnns 250 mex. Volts
PLATE AND ScrEEN Dissiparion (Total)............. 10 max. Watts
TyricaL OPERATION:
Fixed Bias Cathode Bias
Plate Voltage ............. 250 250 Volts
Grid Voltage.............. -20 - Volts
Cathode Resistor .......... - 490 Ohms
Peak A-F Grid Voltage..... 20 20 Volts
Zero-Signal Plate Current. .. 40 40 Milliamperes
Max.-Signal Plate Current .. 44 42 Milliamperes

Plate Resistance........... 1700 - Ohms
t Screen connected to piate. ] -
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Amplification Factor ....... 8 -
Transconductance ......... 4700 -
Load Resistance. .......... 5000 6000
Total Harmonic Distortion. . 5 6
Max.-Signal Power Qutput . . 1.4 1.3
As Pysh-Pull Class A, Amplifier
PLATE VOLTAGE .. ... ittt e iinennnnnannn 360 max.
SCREEN VOLTAGE +. .. .vvirererinnnennnnennnnnnns 270 max.
PLATE DISSIPATION . ... viivn i iininnennnnonennnnen 19 max.
SCREEN DISSIPATION .. .cvuiivnienenennnnanannanen. 2.5 max.

TyreicAL OPERATION: Values are for two tubes
Fixed Bias Cathode Bias

Plate Voltage .. ............... 250 270 270
Screen Voltage . ............... 250 270 270
Grid Voltage. .. ............... -16 -175 -
Cathode Resistor .............. - - 125
Peak A-F Grid-to-Grid Voltage. . 32 35 40
Zero-Signal Plate Current....... 120 134 134
Max.-Signal Plate Current. .. ... 140 155 145
Zero-Signal Screen Current. .. ... 10 11 11
Max.-Signal Screen Current. . ... 16 17 B 17
Plate Resistance............... 24500 23500 Gy —
Transconductance ............. 5500 5700 -
Effective Load Resistance (Plate- =8
to-plate) . ........vviinnnnnn 5000 5000 5000
Total Harmonic Distortion. . . ... 2 2 2
Max.-Signal Power Qutput...... 14.5 175 185
As Push-Pull Class AB, Amplifier
PLATE VOLTAGE ... ....ciiiiininiierinnnnannnnnns 360 max.
SCREEN VOLTAGE «..0vvvtn et cnnnereeunaneennanans 270 max.
PLATE DISSIPATION ... iiiiiineiinninernsnnnnsan 19 mazx.
SCREEN DISSIPATION ... c0vieintrnerrnennnnnnnns 2.5 max.

TypicaL OPERATION: Values are for two tubes
Fixed Bias Cathode Bias

Plate Voltage . ................ 360 360 360
Screen Voltage ................ 270 270 270
Grid Voltage. . ................ 225 225 -
Cathode Resistor .............. - - 250
Peak A-F.Grid-to-Grid Voltage. . 45 45 57
Zero-Signal Plate Cwrent. ... ... 88 88 88
Max.-Signal Plate Current. .. ... 132 140 100
Zero-Signal Screen Current. ..... 5 5 5
Max.-Signal Screen Current. . ... 15 11 17
Effective Load Resistance (Plate-
to-plate) . .......oiiiinn.. 6600 3800 9000
Total Harmonic Distortion. . .... 2 2 4
Mazx.-Signal Power Qutput...... 26.5 18 24.5
As Push-Pull Class AB, Amplifier
PLATE VOLTAGE . ... . i.iiieniinnnnnnnnsnnecnns 360 max.
SCREEN VOLTAGE .. ...0utiivetnnnrnrrnnerennnnnnn 270 max.
PLATE DISSIPATION ... ....coiiiiieriiaennenenn. 19 max.
SCREEN DISSIPATION . ..ivvienereinnnnnnnonnnnnnns 2.5 max.
TyeicaL OPERATION: Vglues are for two tubes
Fixed Bias
Plate Voltage ......................... 360 360
Screen Voltage ........................ 225 270
Grid Voltage. .. ...........c.c... e -18 =225
Peak A-F Grid-to Grid Voltage.......... 52 7

Micromhos
Ohms

Per cent
Watts

Volts
Volts
Watts
Watts

Voits

Volts

Volts

Ohms

Volts
Milliamperes
Milliamperes
Milliamperes
Milliamperes
Ohms
Micromhos
Ohms

Per cent
Watts

Volts
Volis
Watts
Watts

Volts
Volts
Volts
Ohms
Volts
Milliamperes
Milliamperes
Milliamperes
Milliamperes

Ohms
Per cent
Watts

Volts
Volts
Watts
Watts

Volts
Volts
Voits
Yolts
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Zero-Signal Plate Current............... 78 88 Milliamperes
Max.-Signal Plate Current.............. 142 205 Milliamperes
Zero-Signal Screen Current.............. 35 5 Milliamperes
Max.-Signa! Screen Current. . ........... 11 16 Milliamperes
Effective Load Resistance (Plate-to-plate). 6000 3800 Ohms

Peak Grid-Input Power*................ 140 270 Milliwatts
Total Distortion™* ............c.c0unnnn. 2 2 Per cent
Max.-Signal Power Output.............. 31 47 Watts

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

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

INSTALLATION and APPLICATION

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

The heater is designed to operate at 6.3 volts. The transformer supplying
this voltage should be designed to operate the heater at this recommended value
for full-load operating conditions at average line voltage. Under the maximum
screen and plate dissipation conditions, the heater voltage should never fluctuate
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 6L6 and 61L.6-G should be operated as shown
under CHARACTERISTICS. The values cover cathode- and fixed-bias operation
for both types where used as beam power tubes as well as where they are connected
as triodes, and have been determined on the basis that no grid current flows during
any part of the input signal swing. The second harmonics can easily be eliminated
by the use of push-pull circuits, In single-tube resistance-coupled circuits, the
second-harmonics can be minimized by generating out-of-phase second harmonics
in the pre-amplifier.

As push-pull class AB, power amplifiers, the 6L6 and 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.
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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. hen 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 voitage 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 6.6 and the 6L6-G may be oper-
ated as shown under CHARACTERISTICS. The values cover operation with
fixed bias and have been determined on the basis that some grid current flows
during the most positive swing of the input signal.

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

200

TYPE 6L.6
Ef = 6.3 VOLTS
£
LY
oy 13
oy o
i
150| &

« «
~
w. L

/\fc
o K
$ 7 1,
N o
< /.
00 &, o)
’ o

2

>

PLATE MILLIAMPERES

50

4 Vv’ ©
4 ¢
I3 52
3
/ Ay
w
L —

N

L1 —
00 300 400 500 600 700
PLATE VOLTS 92C- 4966

PENTAGRID MIXER

AMPLIFIERS 6'.7

METAL

The 6L7 and 6L7-G are multi-elec-
trode vacuum tubes. Each type is 6L7_ G
designed with two separate control
grids shielded from each other. This
design permits each control grid to act
independently on the electron stream. These tubes, therefore, are especially useful
as mixers in superheterodyne circuits having a separate oscillator stage, as well as
in other applications where dual control is desirable in a single stage. The design
of the tubes is such that coupling effects between oscillator and signal circuits are
made very small. This feature enables the 617 and 6L.7-G to give high gain in high-
frequency circuits. For general discussion of pentagrid types, see Frequency Con-
version in the RADIO TUBE APPLICATIONS section.

% CHARACTERISTICS

HeaTER VoLTaGE (A.C.orD.C) .vvvvvvvviivennt.. 6.3 Volts

HEATER CURRENT .. ivtvtiiniiinnrerennannnnennn 0.3 Ampere

DirecT INTERELECTRODE CAPACITANCES: .
Type 6L7* Type 6L7-G°

Grid No. 1to Grid No. 3 ........... 0.2 max. 0.2 max. puf
Grid No.1toPlate................. 0.001 max. 0.005 max. uuf
* With shell connected to cathode. © With close-fitting shield connected to cathode,
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Grid No.3toPlate ................ 0.1 0.24 ppf

Grid No. 1 to All Other Electrodes. .. 75 6 uuf

Grid No. 3 to All Other Electrodes. .. 10 12 uuf

Plate to All Other Electrodes. ....... 11 10 wuf

As Mixer

PLATE VOLTAGE......... ottt iiaennnnnn s 300 max. Volts
ScreEEN VorTAaGE (Grids No. 2 and No. 4)......... 150 max. Volts
PLATE DISSIPATION ... .t iiiiiiiiin e 1.0 max. Watt
SCREEN DISSIPATION ... vevtttiniiinenrnanans 1.5 max. Watts
TyricaL OPERATION:

Plate Voltage ..............c.c.oout. 250 250t Volts

Screen Voltage . ...........c.ooeunnn. 100 1507 Volts

Signal-Grid Voltage (Grid No. 1) ....... -3 min. -6 min.} Volts

Oscillator-Grid Voltage (Grid No. 3)** . . -10 -15 Volts

Peak Oscillator Voltage Applied to Grid

Ne. 3 e i e 12 min. 18 min. Volts

Plate Current .......c.....c.coiin.... 2.4 3.3 Milliamperes

Screen Current .........ccoviin... 7.1 9.2 Milliamperes

Plate Resistance. . ........coveevennn.. Greater than 1 Megohm

Conversion Transconductance.......... 375 350 Micromhos

Signal-Grid Voltage for Conversion Trans-

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

*# The d-¢ resistance in oscillator-grid circuit should be lmited te 50000 ohms.
1 Recommended values for all-wave receivers.

As Class A, Amplifier

PLATE VOLTAGE .. iiverinerinncnvanmnannennnns 300 max. Volt
SCREEN VOLTAGE ©vviveienerennnseronnnaceenans. 100 max. Volts
PLATE DISSIPATION ... . iiiiiiieinneenennn. 1.5 max. Watts
SCREEN DISSIPATION . ... ovvintrnrneerennnaancenns 1.0 max. Watt
Typicar OPERATION:
Plate Voltage .. ... ... oot iiiiiiiiinnnnnns 250 Volts
Screen Voltage (Grids No. 2 and No. 4 .. 100 Volts
Contro}-Grid Voltage (Grid No. 1)............... -3 Volts
Control-Grid Voltage (Grld No.d).ooooviviianans -2 Volts
Plate Carrent .....ooiiiiin e iieiaeennns 5.3 Milliamperes
Screen Current ... ..ot i e 6.5 Milliamperes
Plate Resistance (Approx.)...................... 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-frequeney or intermediate-frequency amplifiers, the 6L7 and 6L7-G
should be operated as shown under CHARACTERISTICS. In general, properly
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 el; extremely small is advantageous in circuits where high attenuation is
requir:
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OPERATION CHARACTERISTICS
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ELECTRON-RAY TUBE
Indicator Type

The 6N5 is a high-vacuum heater- 6N5

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

* CHARACTERISTICS
HeaTER VOLTAGE (A.C.orD.C) ... n e 6.3 Volts
HEATER CURRENT ... ttetiinernnennrrnannenennnns 0.15 Ampere
PLATE-SUPPLY VOLTAGE .. ovitiieenenneinnnnn. }gg max. {/follts
max. Volts
TARGET VOLTAGE . . ..t tiiiie i iiie i iennnn {100 min. Volts
TypicaL OPERATION:
Plate-and-Target Supply.................... 135 135 Volts
Series Triode-Plate Resistor................. 025 1.0 Megohm
Target Current 1°. .o ieinn i, 2 19 Milliamperes
Triode-Plate Current®. . . .........oovviion.. 0.5 0.13 Milliampere
Triode-Grid Voltage (Approx.):
For shadow angleof 0° ................... ~-10 155 Volts
For shadow angle of 90° .................. 0 0 Volts
¥ Subject to wide variations. ® For zero triode-grid voltage.

INSTALLATION and APPLICATION

The base of tne 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 Fig. 2-19, OUTLINES SECTION. Heater operation is similar to that of the
6D8-G; for cathode connection, see Type 6A8.

Application and circuits are similar to those for Type 6E5. 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 6ES.
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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 chiefly for

replacement in receivers designed for
its characteristics.

% CHARACTERISTICS

HeaTER VOLTAGE (A.C.or D.C) oiviiiiiiiieieen 6.3 Volts
HEATER CURRENT .. ..ovvvrrennnnnnrennonnnsnenss 0.8 Ampere

As Class A; Power Amplifier
OutrPuT-TRIODE PLATE (PT3) VOLTAGE ............. 300 max. Volts
INPUT-TrRIODE PLATE (P11) VOLTAGE. .............. 300 max. Volts
InpuT-TRIODE GRID (GTy) VOLTAGE........cunnnn 0 Volts
PeaR A-F Grib (GT;) VOLTAGE . ........cvvnvnnnn . 21 Volts
OutpPUT-TRIODE PLATE CURRENT ... ..0vvvvrvnnnne. 42 Milliamperes
INPUT-TRIODE PLATE CURRENT. . .....0vuvunnnnnnnns 9 Milliamperes
PLATE RESISTANCE . ... 0iivteiniinenennnananranann 24000 Ohms
TRANSCONDUCTANCE (GTyto P12} . . ... oiiaa 2400 Micromhos
AMPLIFICATION FACTOR. .. ..ot iivie it 58
LOAD RESISTANCE . . .vvvvvnennncnennnnncannnnennn 7000 Ohms
TotAL HARMONIC DISTORTION......vvviineennnnnn. 5 Per cent
POWER OUTPUT. . cvvetrirennrnaroneennnanonnannns 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 voltage 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 16000 ohms.
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CLASS B TWIN TRIODES

The 6N7 and 6N7-G are multi-unit 6N7
types of tubes. Each type contains METAL
:in Qneedengrelo;ie th(%) hlgh-lgim tnglc‘iﬁs

esigned for class B operation. e
triode units have separate terminals 6N7"G
for ali electrodes except the cathodes and
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 D.C) ... ...l 6.3 Volts
HEATER CURRENT . ... .. ittt iiineiinnnnn 0.8 Ampere
As Class B Power Amplifier
PLATE VOLTAGE .\t iiiee et e 300 max. Volts
PeAR PLATE CurreNnT (Per Plate) ................. 125 max. Milliamperes
AvVERAGE PLATE DissipatioN (Per plate) ........... 5.5 max. Watts
TyricaL OPERATION:
Unless otherwise specified, valves are for the two units
Plate-Supply Impedance................ 0 1000 Ohms
Effective Grid-Circuit Impedance (Per unit) 0 516 Ohms
Plate Voltage .. .................oouvt 300 300 Volts
Grid Voltage. ................. 0 0 Volts
Peak A-F Grid-to-Grid Voltage. ....... 58 82 Voits
Zero-Signal D-C Plate Current 35 35 Milliamperes
Max.-Signal D-C Plate Current. ......... 70 70 Milliamperes
Peak Grid Current (Perunit) ........... 20 22 Milliamperes
Effective Load Resistance (Plate-to-plate). 8000 8000 Ohms
Total Harmonic Distortion.............. 4 8 Per cent
Third Harmonic Distortion ............. 3.5 7.5 Per cent
Fifth Harmonic Distortion. . ............ 1.5 35 Per cent
Mazx.-Signal Power Output. ............. 10 10 Watts
As Driver* — Class A; Amplifier
PrLate VoLTaGEY . ........ ... i i, 250 294 Volts
GRID VOLTAGE . .....c.oittiiinnnnnnns -5 -6 Volts
PLATE CURRENT . . ...ooiiiiiee e 6 7 Milliamperes
PLATE RESISTANCE. . ...........ccovvnnnn, 11300 11000 Ohms
AMPLIFICATION FACTOR . .................. 35 35
TRANSCONDUCTANCE .. ...0vvvvrrnnnnnnnns 3100 3200 Micromhos

t Maximum 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
gl;:I(?: 1@}18 1\?N7—G are shown in Figs. 1-7 and 2-21, respectively, in the OQUTLINES

The heater is designed to operate at 6.3 volts. In a serjes-heater circuit em-
ploying several 6.3-volt types and one or more 6N7’s or 6N7-G’s, the heaters of
the 6N7’s and 6N7-G’s should be placed on the positive side. Furthermore, since
most 6.3-volt types have 0.3-ampere heaters, a bleeder circuit across these heaters
is required to take care of the additional 0.5-ampere heater current of the 6N7’s
and 6N7-G's. Each 6.3-volt tube of the 0.3-ampere type in the series circuit should,
therefore, be shunted by a bleeder resistance of 13 ohms. Cathode connection is
the same as for the 6A8.

As class B power amplifiers, the 6N7 and 6N7-G are used in circuits similar
in design to those utilizing individual tubes in the output stage. They require no
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grid-bias, since the high-mu feature of the triode units reduces the steady plate
current at zero bias to a relatively low value. Refer to RADIO TUBE APPLIC-
ATIONS section for general class B amplifier design considerations.

Two 6N7’s or 6N7-G’s can be operated in a class B output stage with the two
triode units of each tube connected in parallel to give a power output of 20 watts,
approximate, under conditions of 300 volts on the plates and of a 5000-0hm plate~
to-plate load.

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

As class A; amplifier iriedes, the 6N7 and 6N7-G may be employed in the
driver stage of class B amplifier circuits, and thus reduce the number of tube types
necessary in a receiver. When operated in this way with a plate supply of 300

volts and corresponding grid-bias, these tubes are capable of supplying a power
output upwards of 400-milliwatts. The load into which the driver works will
depend largely on the design factors of the class B amplifier. In general, however,
the load will be between 20000 and 40000 ohms. The d-c resistance in the grid
circuit of the 6N7 and 6N7-G when operated as a class A amplifier, may be as high
as 0.5 megohm with cathode bias. With fixed bias, however, the resistance should
not exceeds0.1 megohm. Typical operating values as resistance- coupled amplifiers
are given in the RESISTANCE-COUPLED AMPLIFIER CHART.

Among other and ess.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) oscillator and amplifier.

AVERAGE PLATE CHARACTERISTICS
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DETECTOR AMPLIFIER TRIODE

The 6P5-G is a triode of the heater-

6P 5 _G cathode type recommended for use as
detector, amplifier, or oscillator. This

tube, which is similar to the older type

76 in electrical characteristics, has

high transconductance and compara-
tively high amplification factor
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. % CHARACTERISTICS
HEeATER VoLTAGE (A.C.orD.C)) .......... 6.3 Volts
HEATER CURRENT ........ovoevnnn .. 0.3 Ampere
PrLATE VoLTAGE .. ... .. ... . e 100 250 max Volts
Grip VOLTAGE* .. ... ... .. .. . ... . ..... -5 -135 Volts
PLATE CURRENT. . ... .................... 2.5 5 Milliamperes
PLATE RESISTANCE. . ... .. ... ..... ..... 12000 9500 Ohms
AmpLiFICATION FacToRr. . . ... ... ... ... 13.8 13.8
TRANSCONDUCTANCE . ..o ovoveeienne o 1150 1450 Micromhos
GRID-PLATE CAPACITANCE® . . ............. 2.2 unf
GRID-CATHODE CAPACITANCE®. . .. ... ... ... 34 puf
PLATE-CATHODE CAPACITANCE®. ... ........ 55 wuf

° With close-fitting shield connected ta cathode. Values are approximate.
* The d-c resistance in the grid circuit should not esceed 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 cathede connection
are discussed under Type 6A8. .

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 undet CHARACTERISTICS. For operation as a
E:egit%n’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 gria-leak-and-condenser method should he' 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 ie not
critical, 30000 to 150000 ohms being suitable. The higher value will permit the
application of a larger input signal,
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6@7 DUPLEX-DIODE
HIGH-MU TRIODES

METAL The 6Q7, 6Q7-G, and 6Q7-GT are
6@7-6 multi-unit types of tubes. Each type
contains two diodes and a high-mu
triode in one envelope and is for use as (=T
6@7-GT combined detector, amplifier, and (2§37 7Kev K
automatic-volume-control tube in radio  nNcied7cT o,
receivers designed for its characteris-

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

% CHARACTERISTICS
HEeATER VoLTaGE (A.C.or D.C) ... 6.3 Volts
HEATER CURRENT . o\ttt iieeenanereiaennenenenn 0.3 Ampere
; Type Type Typ
6Q7* 6Q7-G** 6Q7—GT

Triode: GRID-PLATE CAPACITANCE .... 1.5 1.7 —_ uuf

Grip-CATHODE CAPACITANCE, . 5.5 2.2 _ upf

PrLATE-CATHODE CAPACITANCE. 5 3.2 —_ uuf

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

Triode Unit — As Class A, Amphf‘er

PLATE VOLTAGE ..............coiieiunn.. 250 max. Volts

GRIDVOLTAGE . ........ccoiiiiiinen. ... —1.5 -3 Volts

PLATE CURRENT . ..ot ininiiiennnnss 0.35 11 Milliamperes

PLATE RESISTANCE. .. ....cooviiiienennn, 87500 58000 Ohms

AMPLIFICATION FACTOR. .................. 7 70

TRANSCONDUCTANCE .. .. '0vveernnnnnnnnn. 800 1200 Micromhos
Diode Units

The two diode plates are placed around a cathode, the sleeve of which is
common to the triocde 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 6AS8.

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 overloading. The triode unit is recommended for use
only in resistance-coupled circuits. Typical 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-¢ power supply or from
a cathode-bias resistor., It should not be obtained by the diode-biasing method
because of the probability of plate-current cut-off, even with relatively smail signal
voltages applied to the diode circuit.

e o) DUPLEX-DIODE TRIODES
0RO The 6R7 and 6R7-G are multi-unit 6R7
"1G) tubes. Each type contains two diodes
and a triode in a single envelope and METAL
is for use as combined detector, ampli-
H #  fier, zand automaticévolumg-%:ontrol %glze
, in radio receivers designed for its char- -
NE;SE&- KEY ¢ acteristics. For diode-detector consid- 6 R7 G
7v erations, refer to the RADIO TUBE i
APPLICATIONS section.
% CHARACTERISTICS
HEeATER VOLTAGE (AC.or D.C) .................. 6.3 Volts
HEATER CURRENT t4oiiiiiintveinenninnennnneens 0.3 Ampere
: Type Type
Triode: 6R7* 6R7-G**
GrID-PLATE CAPACITANCE (Approx.)..... 2.2 2.4 uuf
GriD-CaTHODE CAPACITANCE (ApPDIox.) . 5.0 2.6 uuf
PLATE-CATHODE CAPACITANCE (ADDrox. ) 32 52 puf
* With shell connected to cathode. ** With shield.
Triode Unit — As Class A, Amplifier
PLATE VOLTAGE . ... .. ... .. . ... 250 max. Volts
GRID VOLTAGE . .. .\\tiiieee e T -9 Volts
PLATECURRENT. . ..., 9.5 Milliamperes
PLATE RESISTANCE. ...t 8500 Ohms
AMPLIFICATION FACTOR. .......................... 16
TRANSCONDUCTANCE . . ..\vtttee e 1900 Micromhos
LOAD RESISTANCE .. .....coiiiiiiiiiiiieinannnn, 10000 Ohms
POWER OUTPUT ... ... ittt iniinnsennns 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 QUTLINES
SEETION. 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.

s AVERAGE PLATE CHARACTERISTICS

T T
TYPE 6R7
€ §£26.3 VOLTS

o}

PLATE MILLIAMPERES

TRIPLE-GRID
687 SUPER-CONTROL
AMPLIFIERS
METAL

The 6S7 and 6S7-G are triple-grid

6 87 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 1s Important.

* CHARACTERISTICS
HEATER VOLTAGE (A.C.or D.C) .................. 6.3 Volts
HEATER CURRENT .. ... ittenenniiiinnnenannnn 0.15 Ampere
Type 6S7° Type 657-G**
GRID-PLATE CAPACITANCE . ........... 0.005 max. 0.008 max., uuf
INPUT CAPACITANCE. ... .o.oovvininn. 6.5 44  puf
OurPUT CAPACITANCE . . ... ovveennn.. 10.5 8 wuf
° With shell connected to cathode. ** With close-fitting shield connected to cathode.
As Class A; ‘Amplifier )
PLATE VOLTAGE ................ ... ........ 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 ... ... ..... . . . ...e.coo.. 2.25 max. Watts
SCREEN DISSIPATION ... .. ...\ viiinnannns 0.25 max. Watt
TvricaL OPERATION: .
Plate Voltage .. ... ................ 135 250 Voits
Screen Voltage . ... .......... ... ... 67.5 100 -Volts
Grid Voltage. . . ...... . .. .. .. ... -3 -3 . Volts.
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101980 152510 Connected te cathode at socket
Plate Current ..................... 3.7 8.5 Milliamperes
Screen Current .................. .. 0.9 2 Milliamperes
Plate Resistance (Approx.).......... 1.0 1.0 Megohm
Transconductance . ................ 1250 1750 Micromhos
Grid Voltage for transconductance of

10 micromhos ................... -25 -38.5 Volts

INSTALLATION and APPLICATION

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

AVERAGE PLATE CHARACTERISTICS

T T
l l l l TYPE 657
- Ef=6.3 VOLTS
CONTROL=~GRID VOLTS Eci=0 SCREEN VOLTS =100
[J——— SUPPRESSCR VOLTS =0

R

PLATE MILLIAMPERES
@
~h=
\ \\\ I

=20

° 00 - 200 300 200 500
PLATE VOLTS

PENTAGRID CONVERTER

heterodymne circuits, especially those

The 6SA7 is a multi-electrode vacu-
um tube of the single-ended metal type
designed to perform simultaneously
the functions of a mixer (first detector)
tube and of an oscillator tube in super-

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
HeaTeER Vortace (A.C.or D.C) ..... PP
HEATER CURRENT .. ..... ... it

DirEcT INTERELECTRODE CAPACITANCES: .
Grid No. 3 to All Other Electrodes = R-F Input® .
Plate to All Other Electrodes = Mixer Qutput® . ..
Grid No. 1 to All Other Electrodes®. . ............
Grid No.3toPlate® ...........................
Grid No. 1 to Grid No. 3°
Grid No. 1toPlate® ... ....o.oiiuiiiinneinnnn..
Grid No. 1 to All Other Electrodes Except Cathode.
Grid No.1toCathode ..........oovivvnronn..
Cathode to-All Other Electrodes Except Grid No. 1.

° 'With shell connected to cathode
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As Frequency Converter

PLATE VOLTAGE ... .vvvvuuronnnenarenanannananons 300 max. Volts

Grms No. 2and No. 4 VOLTAGE .. .......oovvunnnn 1060 max. Volts

Grms No. 2 and No. 4 SUPPLY VOLTAGE . .......... 300 max, Volts

GRIDNO,. 3VOLTAGE. ......ciiviireniniennieanns 0 min, Volts

PraTE AND Grips No. 2 and No. 4 DissipaTtion (Total) 2.0max. Watts

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

TorAL CATHODE CURRENT ...ovvrvvenunnnnennnnns 14 max. Milliamperes

TyricAL OperaTION with Self-Excitation:
Plate Voltage ......................... 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. ................... 20000 20000 Ohms
PlateCurrent ...........cooiiiiaat, 3.3 3.5 Milliamperes
Grids No. 2 and No, 4 Current. .. ....... 8.5 8.5 Milliamperes
Grid No. 1 Cuwrrent .................... 0.5 0.5 Milliampere
Total Cathode Current................. 12.3 12.5 Milliamperes
Plate Resistance (Approx.}.............. 0.5 1.0 Megohm
Conversion Transconductance........... 425 450 Micromhos
Conversion Transconductance (Approx.) . 2 2 Micromhos

+ 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 grids 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, QOUTLINES SECTION. Heater operation and cathode connection
are the same as for Type 6A8.

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

Because of the special structural arrangement of the 6SA7, a change in signal-
grid voltage produces little change in cathode current. Consequently, an r-f
voltage on the signal grid produces little modulation of the electron current flowing
in the cathode circuit. This feature is important because it is desirable that the
impedance in the cathode circuit should producs 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 oscillator circuit for use with the 6SA7 is similar to that
shown for the 12SA7 in circuit 14-4 (CIRCUIT SECTION). For operation in
frequency bands lower than approximately 6 megacycles, the circuit should generally
be adjusted to provide, with recommended values of plate and screen voltage, a
value of Ek of approximately 2 volts peak, and an oscillator-grid current of 0.5
milliampere through a grid-leak resistance (Rg) of 20000 ohms. In the low-
and medium-frequency bands, the recommended oscillator conditions can be
readily met. However, in the band covering frequencies higher than approx-
imately 6 megacycles, the tank-circuit impedance is generally so low that it is not
easy 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 separately excited converter, the 6SA7 may be operated as shown under
Characteristics except that Grid No. 3 should be supplied with a bias of -2 volts.

OPERATloN CHARACTERISTICS
OPERTATION ICP'?A!?AFT)ER’{I-)?KES{ ~ TH_SECEEXCITATION
1000 ; .
I TYPE 6SA7 J8 o TYPE 6SA7
..Ef 6.3 VOLTS :S o -E& 6.3 VOLT‘, PLALE \’OLTS 250 —1
CoRs Wi T ours 00 ot 12 3 I R
- e 24 X - 4 O T
GRID N2I RESISTOR-OHMS=20000 [ N 5 g L p (o) '[‘«BE_X'OO —
= {1 1 11
E & 60 £,50.8 VOLTS RMS
c w Z R
Z & 509 VAN 4! 1
Bt g ANk
3 z N2
o = 400] 3 1
> z g \ \oYe
H H
s 2 8 N
Z S 300 / 5
F 2 !
2 & z "
e
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5 o~ V20 7
10z 3 ‘
e :
u 2 100
5 5 ;
4 Q (=3
3 (%)
R TR TR o 05 10 L5
GRID N23(CONTROL GRID) VOLTS GRID Nl MILLIAMPERES (ict)
92C-4989 924993

TWIN TRIODE AMPLIFIER

The 6SC7 is a twin-triode amplifier ‘
of the ng.ﬁ le-ended metal type intend- 65 C7
ed primarily for phase~1nvexter 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 . ... i, 0.3 Ampere

As Class A, Amplifier — Each Triode Unit
PLATE VOLTAGE ... .. ... utiiineiniianennannnns 250 max. Volts
GRID VOLTAGE . ...t ttiiietiieeeieiannnnnans -2 Volts
PLATE CURRENT . . ..ottt iiieaenns 2 Milliamperes
PLATE RESISTANCE (APPIOX.) . .. .oiivii . 53000 Ohms
AMPLIFICATION FACTOR. ... ... .. i 70
TRANSCONDUCTANCE (ADPIOX.) . . \'vivvinerennnnnn 1325 Micromhos
GRID-PLATE CAPACITANCE® . .............cocvuvn.. 2.4 uuf
GrIp-CATHODE CAPACITANCE®. .. ....... ... ........ 3.0 wuf
PLATE-CATHODE CAPACITANCE® . ., .. ... .iivieerunss 4.0 upuf

® With shell connected te 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 position. Physical characteristics of the 6SC7 are shown
in Fig. 1-3, OUTLINES SECTION. For heater operation and cathode connection,
refer to Tvpe 6A8. As a phase-inverter, the 6SC7 may be operated as shown in
the RESISTANCE-COUPLED AMPLIFIER CHART.
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AVERAGE PLATE CHARACTERISTICS

TYPE B6SC7
E£ 6.3 VOLTS
,0
4 Q,(//
&,
g, 4
= R’
i i v
3 | »
E 2
& / IS
) _ ’ . /«94
e // // L 1 /// =2
[ 50 100 150 200 250 300 350 400
PLATE VOLTS 92C-6096
F HIGH-MU TRIODE
6SF5 The 6SF5 is a high-mu triode of the
METAL single-ended metal type for use in re-
sistance-coupled amplifier ci;cuits.
% CHARACTERISTICS
Heater VoLtace (A.C.or D.C) ... .. I 6.3 Voits
HEATER CURRENT ... ........0 ... . ... 0.3 Ampere
PLATE VOLTAGE ..............0 oo 250 max. Volts
GRID VOLTAGE . .......oovo . R —2 Volts
PLATE CURRENT. . ..., . 0.9 Milliampere
PLATE RESISTANCE. .. .. ..... ... ... .. ........ . ... 66000 Ohms
AwupLIFICATION FAcTOR 100
TRANSCONDUCTANCE .. .......voiieeeannnnn... 1500 Micromhos
GRID-PLATE CAPACITANCE® . . ............ ... ..... 2.4 upf
GRID-CATHODE CAPACITANCE® . .. .. .. ... . .. .. . ... 4.0 uuf
PLATE-CATHODE CAPACITANCE* . . ... ............... 3.6 uuf

* With shell connected to catbode. 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 RESISTANCE-COUPLED A-F AMPLIFIER
CHART. In resistance-coupled circuits, the d-c resistance in the grid circuit of
the 6SF5 should not exceed 1.0 megohm. )

When za 6SF5 is used to amplify the output of the 6H6 diode, it is recommended
that fixed grid bias be employed. Diode-biasing of the 6SF5 is not suitable because
of the probability of plate-current cut-off, even with relatively small signal voltages
applied to the diode circuit. ’
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AVERAGE PLATE CHARACTERISTICS

T
TYPE BSFS
££=6.3VOLTS
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TRIPLE-GRID
DETECTOR AMPLIFIER

6SJ7

The 6S]7 is an r-f amplifier pentode METAL

of the metal type featuring single-
ended construction with interlead
shielding, described under Type 6SK7.
In comparison with capped types pre-
viously available, the 6S]J7 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 GSJ 7 is capable of delivering large audio-frequency
output voltage with relatively small input voltage.

* CHARACTERISTICS
HEeATER VOLTAGE (A. C.or D.C. Yo 6.3 Volts
HEATER CURRENT . ..... ottt 0.3 Ampere
PENTODE CONNECTION: .
Grid-Plate Capacitance*. . ... ................... 0.005 max. puf

Input Capacitance* ....................... . .... 6 uuf

Output Capacitance*...... .. ... ... ... ......... 7 upf
TriopE CONNECTION:}

Grid-Plate Capacitance*. .................. ... .. 2.8 unf

Grid-Cathode Capacitance* ....... . ............. 34 uuf

Plate-Cathode Capacitance*..................... 11 upf

* With shell connected to cathode. + With screen and suppressor connected to plate.
As Class A, Amplifier — Pentode Connection

PLATE VOLTAGE .........oiiiiii i, 300 max. Volts
ScREEN VOLTAGE (GridNo. 2) .................... 125 max. Volts
SCREEN SUPPLY VOLTAGE. . . ... ... ... \nnn- 300 max. Volts
GrID VOLTAGE (Grid No. 1)............. ... ... ... 0 min. Volts
PLATE DISSIPATION ... ... ... ... .. . . . ccceiiinen. 2.5 max. Watts
ScREEN DISSIPATION ..., ........... ............ . 0.3 max. Watt
TyricAL OPERATION:

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

Screen Voltage . ....................... 100 100 Voits

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

SUppressor. .. ........... i Connected to cathode at socket
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PlateCurrent .................... PP 2.9 3.0 Milliamperes
ScreenCurrent ........ccooviiiiinnn. 0.9 0.8 Milliamperes’
Plate Resistance. . ........cocvevvnnnnnn 0.7 t Megohm
Transconductance ...........ccouo..... 1575 1650 Micromhos
Grid Voltage ft...........ccooe it -9 -9 Volts
1 Greater than 1.0 megohm. 1+ For cathode-current cut-off.
As Class A, Amplifier — Triode Connection
(Screen and suppressor tied to plafe)
PLATE VOLTAGE . ...iiiiivnnerienneeennnnneennnns 250 max. Volts
GRID VOLTAGE . ..viiiiirinenierenrennnennnennnes 0 min. Volts
PLATE DISSIPATION ... ....0iviiiunnnrrinnnrnnnnns 2.5 max. Watts
TvypicAL OPERATION:
Plate Voltage . .......cccivvieneninnne 180 250 Volts
Grid Voltage. .. .....cvvveveieinnan., -5 -85 Volts
Plate Current ...............ccnn... 6.0 9.2 Milliamperes
Plate Resistance. . .................cvn. 8250 7600 Ohms
Amplification Factor ................... 19 19
Transconductance ...........coeuvunn.. 2300 2500 Micromhos

INSTALLATION and APPLICATION

The base of the 6S]7 fits the standard octal socket which may be mounted to
hold the tube in any position. Physical characteristics of the 6SJ7 are shown in
Fig, 1-3, OUTLINES SECTION. For heater operation and cathode connection,
refer to Type 6AS8.

As a class A, amplifier, the 65]7 may be operated either as a pentode or as a
triode, as shown under Characteristics. The screen voltage for the 6SJ7 operated
as a pentode may be obtained from a potentiometer or bleeder circuit across the
B-supply device. Due to the screen-current characteristics of the 65J7, a resistor
in serles 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 pentede, the 65]7 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-contro] amplifier tube should be employed to prevent the occurrence of
excessive cross-modulation and modulation distortion.

As an audie-frequency amplifier pentode in resistance-coupled circuits, the
65J7 may be operated under conditions shown in the RESISTANCE-COUPLED
AMPLIFIER CHART.

AVERAGE PLATE CHARACTERISTICS

T
TYPE 65J7
Ef=6.3 VOLTS
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TRIPLE-GRID SUPER-
CONTROL AMPLIFIER

The 6SK?7 is a triple-grid super-con-
trol amplifier of the metal type featur- 68 K7
ing single-ended construction with
interlead shielding. In comparison METAL
with capped types previously avail-
able, the 6SK7 offers the circuit advan-
tages of more stable amplifier operation,
greater uniformity of gain in amplifiers, an£ 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 the1 r-f or i-f stages of receivers especially those employing automatic volume
control.

% CHARACTERISTICS
HeaTter VorLtace (A.C.or D.C) ... oiviiiaa.. 6.3 Volts
HEATER CURRENT .ottt ttivrnnernnennnenneennones 0.3 Ampere
GRID-PLATE CAPACITANCE® . ... ittt iinennnenns 0.003 max. uuf
INPUT CAPACITANCE® . .ottt eiieeiinnennnn 6 puf
OUTPUT CAPACITANCE® .. ... ittt iiiiinenrnnnnn 7 puf
* With shell connected to cathode,
As Class A; Amplifier
PLATE VOLTAGE ... iieeiiiniiiiieiniinennnnn, 300 max. Volts
SCREEN VOLTAGE 4 . vvvetverrnnrnnennnenneennennns 125 max. Volts
SCREEN SUPPLY VOLTAGE . . . ot evvvininnenenrnnnnns 300 max. Volts
GRID VOLTAGE . . oiietennernrnnneennnnnnernnnns 0 min. Volts
PLATE DISSIPATION ...vvvrininiiinniiananennnn 4 max, Watts
SCREEN DISSIPATION .. ivviiiiniiiriiniiieieennn, 0.4 max. Watt
TypicAL OPERATION:
Plate Voltage ..................vve.. 100 250 Volts
Screen Voltage . .......coovviiniiiian... 100 100 Volts
Grid Voltage. ................... e -3 -3 Volts
IS181070) £:t:Te) T Connected to cathode at socket
Plate Current ..................c...un.. 3 . Milliamperes
ScreenCurrent ..., 2.6 2.4 Milliamperes
Plate Resistance (Approx.).............. 0.25 0.8 Megohm
Transconductance . ...........o...uun.. 1900 2000 Micromhos
Grid Bias for transconductance of 10
micromhos. . .......oivviiiiina.. -35 -35 Volts
INSTALLATION CONICAL
METAL STEM SHIELD
and APPLICATION JENVELOPE
The base of the 6SKY7 fits the i 7
standard octal socket which may be ity d \“fﬂﬁr
installed to hold the tube in any | : u‘wf!}‘ oLass
position. Physical characteristics of : 7 5 BT ToN
the 6SK7 are shown in Fig. 1-3, HEADER - T seAL
OUTLINES SECTION. For heater i P % v
operation and cathode connection

refer to Type 6AS8.
The interlead shielding within /ﬁ4

the base of the 6SK7 is accomplished

by means of a conical stem shield

and a cylindrical base shield. The waripaRb

metal cone is inserted through the BASE

hole in the stem where the exhaust &

tube connects. The cone extends . ‘

some distance into the exhaust tube LT

and is connected to the common At SEch
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groundmg pin (pin No. 1). The cylindrical base shield is positioned inside the locating
base plug, and is also connected to pin No. 1. The conical shield reduces the capac-
itance between leads in the glass of the stem: the cylindrical shield reduces the capac-
itance between those pins that are diametrically opposite each other. Since the grid
and the plate leads are diametrically opposite, the capacitance between them is kept
to a value comparable with that ebtainable 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 chass,1s (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 Varlable 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 maximum benefit of the long “cut-off” feature of this tube, it is
necessary to apply a variable grid bias and to maintain the screen at a .constant
potential with respect to the cathode. Good results, however, may be obtained by
using a variable cathode resistance. Such a resistance, of course, reduces the screen
potential by the amount that the bias is increased and thus hastens the “cut-off.”

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

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

DUPLEX-DIODE
HIGH-MU TRIODE

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

metal type containing two diodes and METAL

a high-mu triode in one envelope. The

65Q7 is designed for use as a combined

detector, amplifier, and automatic-

volume-control tube. For diode-detector considerations. see RADIO TUBE
APPLICATIONS section.

* CHARACTERISTICS
HEATER VOLTAGE (A.C.or D.C) ..ot 6.3 Volts
HEaATER CURRENT ., . ..ot 0.3 Ampere
Triode: GRID-PLATE CAPACITANCE*................ 1.8 wuf
GRID-CATHODE CAPACITANCE® . . ........... 36 upf
PLATE-CATHODE CAPACITANCE*. .. ......... 3.2 puf
* With shell connected to cathode. Values are approximate.
Triode Unit — As Class A; Amplifier
PLaTE VOLTAGE .. ... ... ... . . ... . ... ... ..... 250 max. Volts
GRID VOLTAGE . . ... .. -2 Volts
PLATE CURRENT. .. ... i 0.9 Milliampere
PLATE RESISTANCE. ............ccii e 91000 Ohms
AMPLIFICATION FACTOR. .......................... 100
TRANSCONDUCTANCE 4. vttt oiiiiiieenannennn . 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 dicde plate has its own base pin. Operation curves
for the diode units are given under Type 6B7.

INSTALLATION and APPLICATION

The base of the 65Q7 fits the standard octal socket which may be mounted to
held the tube in any position. Physical characteristics of the 68Q7 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-
biasing of the triode unit is not suitable because of the probability of triode plate-
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current cut-off, even with relatively small signal voltages applied to the diode

circuit. ’
As an amplifier in resistance-coupled a-f circuits, the 6SQ7 may be operated

%n}cliﬁrR Tt\he conditions given in the RESISTANCE-COUPLED AMPLIFIER

AVERAGE PLATE CHARACTERISTICS
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DUPLEX-DIODE .
HIGH-MU TRIODE

6T7" G The 6T7-G it a heater-cathode type | H

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.

NCREY T
G-7V

CHARACTERISTICS )

HEATER VOLTAGE (AC.or D.C) ..o vt 6.3 Volts
HEATER CURRENT . ... iiuit ittt 0.15 . Ampere
Triode: GRID-PLATE CAPACITANCE®................ 1.7 wuf

Grip-CataoDE CAPACITANCE® ... . ........ 1.8 wpf

PLaTE-CATHODE CAPACITANCE®. ........... 3.1 1euf

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

PLATE VOLTAGE . ........................ 100 250 max. - Volts
GRID VOLTAGE . .......... .00, -1.5 -3 - Volts
PLATE CURRENT. . . ...t 0.3 1.2 Milliamperes
PLATE RESISTANCE. .. .................... 95000 62000 Ohms
AmpLiPICATION FACTOR . .. ... . ... ... ... 65 65
TRANSCONDUCTANCE .. ................... 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

Indlicator Type with Triode

The 6U5/6G& is a high-vacuum,
heater-cathode type of tube designed
to indicate visually, by means of a
fluorescent target, the effects of change
in controlling voltage. The tube,
therefore, is essentially a voltage indicator and as such is particularly useful as a
convenient and non-mec hanical means to indicate accurate tuning of a radio
receiver. The 6U5/6G5 supersedes both the 6U5S and the 6G5 and it may also be
used to replace the 6HS5 and the 6TS. For a discussion of Electron-Ray Tube
cons1derat10ns refer to the RADIO TUBE APPLICATIONS section,

Y% CHARACTERISTICS

6U5[6G5

HEATER VOLTAGE (A.C orD.C) ..o 6.3 Volts
HEATER CURRENT . oot v et 0.3 Ampere
PLATE-SUPPLY VOLTAGE ... coviiiivae e e, 250 max. Volts
TARGET VOLTAGE . .« .o v ee oo et {%88 %?g . %g{g
TypricaL OPERATION:
Plate- and ’I‘arget-Supply Voltage. . 100 200 250 Volts
Series Triode-Plate Resistor 0.5 1 1 Megohm
Target Current*} ................. 1 3 4 Miiliamperes
Triode-Plate Current * ... . ... .. 018 019 024 Milliampere
Triode-Grid Voltage (Approx.):
For shadow angleof 0° ... ... .... -8 -185 -22 Volts
For shadow angle 0of 90° ...... ... 0 0 0 Volts

* For zerc triode-grid voltage. 1 Subject to wide variations.

INSTALLATION and APPLICATION
Installation and application of the 6U5/6Gb are the same as for Type 6ES.
Physical characteristics of the 6U5/6G5 are shown in Fig. 2-18, OUTLINES
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 CHARACTERISTICS
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TRIPLE-GRID SUPER-
CONTROL AMPLIFIER

The 6U7-G is a triple-grid super-
control amplifier tube recommended
for service in the radio-frequency and
intermediate-frequency stages of radio
receivers designed for its character-
istics. The ability of this tube to handle
the usual signal voltages without cross-
modulation and modulation distortion makes it adaptable to the r-f and i-f stages
of receivers employing automatic volume control. The 6U7-G is constructed with
an internal shield connected to the cathode within the tube.

6U7-G

Y% CHARACTERISTICS
HEeaTER VOLTAGE (A.C.or D.C) .................. 6.3 Volts
HEATER CURRENT . \ivteniannneee s 0.3 Ampere
Grip-PLATE CAPACITANCE® ......... ... ........... 0.007 max. puf
INPUT CAPACITANCE® . . ... ... ..o 5 unf
QurPUT CAPACITANCE® . ... ... oo, 9 unf
* With close-fitting shield connected to cathode.
As Class A; Amplifier
PLATE VOLTAGE . ... ottt 300 max, Volts
SCREEN VOLTAGE . ...ttt 100 max. Volts
SCREEN SUPPLY VOLTAGE. . . ...........ccooviiio.. 300 max. Volts
GRID VOLTAGE .+ «ve ittt 0 min. Volts
PLATE DISSIPATION ... .. ..ot 2.25 max. Watts
ScREEN DISSIPATION ............ ... ..ooniienun.. 0.25 maex. Watt
TypicaL OPERATION:
Plate Voltage .. ................ ... ... 100 250 Voits
Screen Voltage . ....................... 100 100 Volts
Grid Voltage. .. ........... ... ........ -3 -3 Volts
SUDPPIESSOL .« - oo oo e e Connected to cathode at socket
PlateCurrent ......................... . . Milliamperes
ScreenCurrent ....... ... ... L 2.2 2.0 Mitliamperes
Plate Resistance (Approx.).............. 0.25 0.8 Megohm
Transconductance . .................... 1500 1600 Micromhos
Transconductance (At —50 volts bias) . ... 2 2 Micromhos

INSTALLATIOM and APPLICATION

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

6Vé6

METAL

6V6-G

BEAM POWER AMPLIFIERS

The 6V6 and 6V6-G are power am-
plifiers of the beam type for use in the
output stage of radio receivers. They
are particularly useful in automobile
and other battery-operated receivers
in which reduced plate-current drain
is desirable.,

% CHARACTERISTICS

Heater VoLtaGE (AC.or D.C) ....... ... ... ... 6.3
HeaATER CURRENT . .......oovviineinennn. 0.45

Volts
Ampere
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As Single-Tube Class A; Amplifier

PLATE VOLTAGE ....... .0 iiiian, 315 nax. Volts
SCREEN VOLTAGE .. ... ... 285 max. Volts
PLATE DISSIPATION .. .............. i .. 12 max. Watts
SCREEN DISSIPATION .. ... ..o 2 max. Watts
TypricaL OPERATION:
Plate Voltage ................. 180 250 315 Voits
Screen Voltage . ............... 180 250 225 Volts
Grid Voltage. .. ............... -85 -12.5 -13 Volts
Peak A-F Grid Voitage......... 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
Mazx.-Signal Power Qutput. ... .. 2 4.5 55 Watts
As Push-Pull Class AB, Amplifier
PLATE VOLTAGE . ... vee e 315 max. Volts
ScREEN VOLTAGE .. ... ... .. i 285 max. Volts
PLATE DISSIPATION . ... ... ... .. ... . . .. 12 max. Watts
SCREEN DISSIPATION . . ........................... 2 max. Watts
Tyrical OPERATION: Values are for two [ubes
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 Cwrrent. ..... ... .. .. 70 70 Milliamperes
Max.-Signal Plate Current .............. 79 92 Milliamperes
Zero-Signal Screen Current. . ... ........ 5 4 Milliamperes
Max.-Signal Screen Current . 13 135 Milliamperes
Effective Load Resistance (plate to- plate) 10000 8000 Ohms
Total Harmonic Distortion.............. 5 35 Per cent
Max.-Signal Power Qutput.............. 10 14 Watts

INSTALLATIGN and APPLICATION

The base of either the 6V6 or 6V6-G fits the standard octal socket which may
be installed to hold the tube in any position. Physical characteristics of the 6V6
and 6V6-G are shown in Figs. 1-7 and 2-21, respectively, in the 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 ean easily be eliminated by the use of push-pull circuits. In single-tube,
resistance-coupled circuits, the second harmonics can be minimized by generating
out-of-phase second harmonics in the pre-amplifier.

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

The type of input coupling used in class A; and class AB, service should not
introduce too much resistance in the grid circuit. Transformer- or impedance-
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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 biag
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

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

of radio receivers, especially those

having limited space. Its electrical

characteristics are similar to those of

the 6V6 and 6V6-G. ,

CHARACTERISTICS
Heater VoLtace (AC.or D.C) ... ... ... 6.3 Volts
HeaTER CURRENT . ... ..ot 0.45 Ampere
As Single-Tube Class A; Amplifier
PLATE VOLTAGE ... ..\t ii et 315 max. Volts
SCREEN VOLTAGE ...ttt ittt iie e 285 max. Volts
PLATE DISSIPATION. . .o itii it i eie i 12 maox. Watts
ScREEN DISSIPATION . ... ovvvvii it 2 max. Watts
Tyrical, OPERATION:
Plate Voltage. ................ 180 250 315 Volts
Screen Voltage .. .............. 180 250 225 Volts
Grid Voltage .........covvunn.. -85 -125 -13 Volts
Peak A-F Grid Voltage......... 8.5 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 Qutput. ..... 2 4.5 55 Watts
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As Push-Pull Class AB; Amplifier
PLATE VOLTAGE . ...t oiiiiiiiiiiiie i 315 max. Volts
SCREEN VOLTAGE .......c.ovvvvnnnnn. 285 max. Volts
PLATE DissipaTION 12 max. Watts
SCREEN DISSIPATION 2 max. Watts
TyricaL OPERATION:
Plate Voltage.......................... 285 Volts
Screen Voltage . ..........ccvvvnnnn... 285 Volts
Grid Voltage ...t -19 Volts
Peak A-F Grid-to-Grid Voltage.......... 30 38 Volts
Zero-Signal Plate Current. . ............. 70 70 Milliamperes
Max.-Signal Plate Current .............. 79 92 Milliamperes
Zero-Signal Screen Current.............. 5 4 Milliamperes
Max.-Signal Screen Current............. 13 13.5 Milliamperes
Effective Load Resistance (plate-to-plate). 10000 8000 Ohms
Total Harmonic Distortion.............. 5 3.5 Per cent
Mazx.-Signal Power Output.............. 10 14 Watts

INSTALLATION and APPLICATION

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

installation and applications.

G2 G3

AMPLIFIER

TRIPLE-GRID DETECTOR

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

6W7-G

% CHARACTERISTICS
HEATER VOLTAGE (A.C.or D.C) .................. 6.3 Volts
HEATER CURRENT . . .ttneneiiiinaninneennannennn 0.15 Ampere
GRID-PLATE CAPACITANCE™ . ... . .................. 0.007 max. puf
INPUT CAPACITANCE® . .. ... ittt 5 uuf
QUTPUT CAPACITANCE® ... ... 0ivtvrnrrinnninennnns 8.5 unf
* With close-fitting shield connected to cathode.
As Class A; Amplifier

PLATE VOLTAGE .. ... ..o, 300 max. Volts
SCREEN VOLTAGE o\ vvvii it iie i einanns 100 max. Volts
SCREEN SUPPLY VOLTAGE . . . ..o ivieeeenennn. 300 max. Volts
GRID VOLTAGE . . .oiiiiieeiiie i iiiaaan 0 min. Volts
PLATE DISSIPATION ...ttt iiiie e nans 0.5 max. Watt
SCREEN DISSIPATION .. .vivitiiiinetriinneinennnnns 0.1 max. Watt
TyPICAL OPERATION:

Plate Voltage .. ..........cciiiiiiiiin ... 250 Volts

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

Grid Voltage. . . ... ...t iiiine s -3 Volts

U DTESSOT . o i v e et e e Connected to cathode at socket

Plate Current ................... .. ... .ccvun.. 20 Milliamperes

Screen Current ... ... 0.5 Milliampere

Plate Resistance (Approx.)...................... 1.5 Megohms

Transconductance ....................ccovunnn. 1225 Micromhos

Grid Voltage (Approx.)**. . ... ... ..., -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 anl\%r 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 63J7. Additional data are given in the RESISTANCE-COUPLED AM-
PLIFIER CHART.

6X5 FULL-WAVE HIGH-VACUUM
_ N 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 recelvers

6X 5 - GT designed for their characteristics.

METAL

* CHARACTERISTICS
Heater VoLTaGE (A.C.or D.C)...oiviivnienn.... 6.3 Volts
HEATER CURRENT . ... iiiiiiinenenninnnnnnn. 0.6 Ampere
As Full-Wave Rectifier
Prak INVERSE VOLTAGE . . .......oo i 1250 max. Volts
Peag PrATE CURRENT PER PLATE. ... ... ....... .. 210 max. Milliamperes
D-C HEATER-CATHODE POTENTIAL . ......ccvounnnn. 450 max. Volts
TypicAL OrPERATION WitH CoNDENSER-INPUT FILTER:
A-C Plate Voltage per Plate (RMS).............. 325 max. Volts
Total Effective Plate-Supply Impedance per Platef. 150 min. Ohms
D-COQutput Current..... ......coivivvernnnnn. 70 max. Milliamperes
TypicaL OPERATION WitH CHORE-INPUT FILTER:
A-C Plate Voltage per Plate (RMS).............. 450 max. Volts
Input-Choke Inductance. ....................... 8 min. Henries
D-COQutputCurrent . ...............couverinnn. 70 max. Milliamperes

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

INSTALLATION and APPLICATION OPERATION CHARACTERISTICS
The base of either the 6X5, 6X5-G, 0r -  |-~iouncwmebr oo rors
6X5-GT fits the standard octal socket. The « —COESEBNHSEEEF(HCE)\SFE%[?] o FILTER:
socket for the 6X5 should be installed to hold WS00F  TCdutTonEr e PLATE STy
the tube preferably in a vertical position. 2 325!V0L7L—?—Hv 150 OFMS
Horizontal okllaeration 1is %ermissir})ﬁ: if6 ;}){insé ang © oo W‘v@l@ .
5 are in a horizontal plane. e 5-G an - i g e
6X5-GT may be operated in any position. § . .420_??_\__,_ :
Physical characteristics of the 6X5, 6X5-G, and R I Mg e
6X5-GT are shown in Figs. 1-7, 2-17, and 2-8, P O i Sl
respectively, in the  OUTLINES SECTION. S f"‘*\"o-——
Pin 1 of the 6X5-GT has no connection, § sool Thom TS T
The heater should be operated at 6.3 volts. g - :ﬂz?;\i-_ Ll
Under no condition should the heater voltage 3 fe e T R I e
ever fluctuate so that it exceeds 7.5 volts. For Q 100 = =
discussion of rectifiers and filter circuits, refer to e
RADIO TUBE APPLICATIONS SECTION.
o 20 20 60 80
D~C LOAD MILLIAMPERES
92C—4576R)
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eg S BEAM POWER AMPLIFIER

The 6Y6-G is a power amplifier of 6Y 6 G
G) (7) the beam type for use in the output -\
HORNALATH stage of radio_receivers designed for

m - its characteristics.
e AC
% CHARACTERISTICS
HeATerR VoLTaGE (A.C.orD.C) ..o 6.3 Volts
HEATER CURRENT .. itiiiininer s iriennanrennns 1.25 Amperes
As Class A; Amplifier
PLATE VOLTAGE ... ...cuvuuiiiin e 200 max. Volts
ScREEN VOLTAGE (Grid No, 2) .................... 135 max. Volts
PLATE DISSIPATION ....oovnoioiii i 12.5 max. Watts
SCREEN DISSIPATION ...............oiviiiiinnnn. 1.75 max. Watts
TyricAL OPERATION:
Plate Voltage .. ....................... 135 200 Volts
Screen Voltage ........................ 135 135 Volts
Grid Voltage (Grid No. 1) .............. -13.5 -14 Volts
Peak A-F Grid Voltage. . ............... 13.5 14 Volts
Zero-Signal Plate Current............... 58 61 Milliamperes
Max.-Signal Plate Current. . . ........... 60 66 Milliamperes
Zero-Signal Screen Current.............. 35 2.2 Milliamperes
Max.-Signal Screen Current. . ... ... ... .. 11.5 9 Milliamperes
Plate Resistance (Approx.).............. 9300 18300 Ohms
Transconductance ..................... 7000 7100 Micromhos
Load Resistance. . ..................... 2000 2600 Ohms
Total Harmonic Distortion.............. 10 10 Per cent
Max.-Signal Power OQutput.............. 3.6 6 Watts

INSTALLATION and APPLICATION

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

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

As a class A, power amplifier, the 6Y6-G should be operated as shown under
CHARACTERISTICS. The values have been determined on the basis that no
grid current flows during any part of the input signal 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,

The type of input coupling used should not introduce too much resistance in
the grid circuit. Transformer- or impedance-coupling devices are recommended.
When the grid circuit has a resistance not higher than 0.1 megohm, fixed bias may
be used; for higher values, cathode bias is required. With cathode bias, the grid
circuit may have a resxstance 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.
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CLASS B TWIN TRIODE
The 6Z7-G is a power amplifier con-
taining two triodes in one envelope.
6Z7 - G The two triodes, designed for class B
operation, have separate terminals for
all electrodes except the cathodes and

heaters.
CHARACTERISTICS
HeaTER VOLTAGE (AC.or D.C) .................. 6.3 Volts
HEATER CURRENT .. ........ ... e 0.3 Ampere
As Class B Power Amplifier
PLATE VOLTAGE ........c0uiiiineiinin i 180 max. Volts
PeAR Prate CurreNT (Per plate) . ................ 60 max. Milliamperes
AVERAGE PLATE DissipaTiON ... .................. 8 max. Watts
TyricarL OPERATION:
Plate Voltage .. ........... 135 180 Volts
Grid Voltage.............. 0 0 Volts
Zero-Signal Plate Current
(Perplate) . ............. 3 4.2 Milliamperes
Effective Load Resistance
(Plate-to-plate).......... 15000 9000 20000 12000 Ohms
Max,-Signal Power Output
(APDIox.) . covevevvunn... 1.5* 251 2.2% 4.21 Watts

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

INSTALLATION and APPLICATION

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

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

As a class A; amplifier, the 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.

FULL-WAVE HIGH-VACUUM
RECTIFIER

6ZY5 ‘G The 6ZY5-G is a full-wave, high

vacuum rectifier of the heater-cathode
type. It is intended for use in applica-
tions where economy of power is im-

portant.
% CHARACTERISTICS
HeaTeER VoLTaGE (A.C.or D.C) oot nat 6.3 Volis
HEATER CURRENT .. ..viviiineiiinneninnenennns 0.3 Ampere
As Full-Wave Rectifier
PEAK INVERSE VOLTAGE . . v ivvvrer e iiinernnanns 1250 max. Volts
PeAK PLATE CURRENT PER PLATE. ... ... .. .. ... 120 max. Milliamperes
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D-C HEATER-CATHODE POTENTIAL . ... ........vnu.. 450 max. Volts
TyricAL OPERATION WiTH CONDENSER-INPUT FILTER:
A-C Plate Voltage per Plate RMS).............. 325 max. Volts
Total Effective Plate-Supply Impedance per Plate]. 225 min. Ohms
D-COutputCurrent.................cuueernn.. 40 max. Milliamperes
TypicaL OperatioNn WiTe CrHOKE-INPUT FILTER:
A-C Plate Voltage per Plate (RMS).............. 450 max. Volis
Input-Choke Inductance................ccvvvnnn 13.5 min. Henries
D-COutput Current. .. ......cciiiiiiiiieennnnn 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.

N nrERNA TWIN DIODE
The 7A6 is a heater-cathode type
of tube containing two diodes in one
bulb. Except for the common heater, 7 Aé
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
HeaterR VoLTAGE (A.C.or D.C) ... ...ttt 6.37 Volts
HEATER CURRENT . . \vttvnintiriiiimeannannnns 0.1599 Ampere
9 Nominal value is 7 volts. 4 Nominal! value is 0.16 ampere.
As Rectifier
A-C PratE VoLTAGE PER PLate (RMS)............ 150 max. Volts
D-C OutpuT 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 & triple-grid super- M
control amplifier of the single-ended 7A7'L

metal type for use in the radio-fre- METAL
quency and intermediate-frequency

stages of radio receivers, The 7A7-LM

is interchangeabie with the 7A7.

% CHARACTERISTICS
HeaTER VOLTAGE (A.C.or D.C) ...vvvviiiiinens 6.39 Volts
HEATER CURRENT ... ..votvennnnreninnnnacnnenans 0.39997 Ampere
GRID-PLATE CAPACITANCE® .. ... ... iiieenrnnnnnen 0.005 uaf
INPUT CAPACITANCE® . ... ittt 6 wuf
OUTPUT CAPACITANCE® ... .iitiietnaennnnnns 7 uuf

° With shell connected to cathoede.
4 Nominal value is 7 voits. € 99 Nominal value is 0.32 ampere.
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As Class A, Amplifier

PLATE VOLTAGE ..........0 i inan 250 max. Volts
SCREEN VOLTAGE ..ot 100 max, Volts
) GRID VOLTAGE . .ovvv i -3 min. Volts
o TypicAL OPERATION:

Plate Voltage ......... .. .. ... . . . . . iieeeeieinns 250 Volts
Screen Voltage . ........cciiiviiiiiiiinnnnnn... 100 Volts
Grid Voltage. . . ........ ..ottt iiiineinnn, -3 Volts
Suppressor. . .................... Connected to cathode at socket
PlateCurrent ............... .. ... ... ....ccuun. 8.6 Milliamperes
Screen Current ............ .0 e 2 Milliamperes
Plate Resistance........................ cconvns 0.8 Megohm
Transconductance . ..................c.vivnan. 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 muiti-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
HeATER VOLTAGE (A.C.or D.C) ........co.oaa.e. 6.39 Volts
HEATER CURRENT . o\ itvte ettt 0.1599  Ampere
DirEcT INTERELECTRODE CAPACITANCES:
Grid No.4toPlate ............................ 0.15 unf
GridNo.4toGrid No. 2 .................. ST 0.12 uuf
Grid No.4toGridNo. 1 ....................... 0.12 upuf
GridNo. 1toGrid No. 2 ... it 0.60 uuf
Grid No. 4 to All Other Electrodes (R-F Input) ... 7.5 uuf
Grid No. 2 to All Other Electrodes
Except Grid No. 1 (Osc. Qutput) .............. 3.4 uuf
Grid No. 1 to All Other Electrodes
Except Grid No. 2 (Osc. Input) - . ............. 3.8 uuf
Plate to All Other Electrodes (Mixer Output) .. ... 9 wuf
9 Nominal value is 7 volts. 99 Nominal value is 0.16 ampere.

As Frequency Converter

PLATE VOLTAGE ... ittt iieeniaiaaaaaans 250 max. Volts
ScrREEN VOLTAGE (Grids No. 3and No.5) .......... 100 max. Volts
ANoDpE-GRID SuppLY VoLTaGE (Grid No. 2). ........ 250 max. Volts
ConTrOL-GRID VOLTAGE (Grid No. 4)... .......... ~3 min. Volts
TyricaL OPERATION:
Plate Voltage ..............c.coi it 250 Volts
ScreenVoltage . .......ccoiiiivn i, 100 Volts
Anode-Grid Supply Voltage .................... 250* Volts
Control-Grid Voltage ... .........c.coovvi... -3 Volts
Oscillator-Grid Resistor (Grid No. 1)............. 50000 Ohms
Plate Current .........cvvviivini ... 3 Milliamperes
Screen Current ............... . .. ... .. ... ... 2.8 Milliamperes
Anode-Grid Current. .......... ... ... ... .. ... 4.5 Milliamperes

¥ Applied through 20000-ohm voltage-dropping resistor by-passed by 0.1 u4f condenser
— 154 —
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Oscillator-Grid Current. ........................ 0.4 Milliamperes
Plate Resistance. . ........... ... iiiiiani.. 0.7 Megohm
Conversion Transconductance. .................. 600 Micromhos
Conversion Transconductance with

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

INSTALLATION and APPLICATION

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

TRIPLE-GRID
SUPER-CONTROL AMPLIFIER

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

%* CHARACTERISTICS
HeATER VoLTAGE (AC.or D.C) ............... . 6.39 Volts
HEATER CURRENT ... ovvneine it 0.1599 Ampere
GRID-PLATE CAPACITANCE . ........... ... ..... ... 0.005 max. puf
INPUT CAPACITANCE . . .. .. oot ie e 3 upf
OurPuT CAPACITANCE . .. ...... e, 7 wpf
€ Nominal value is 7 volts. 99 Nominal value is 0.16 ampere.
As Class A; Amplifier

PLATE VOLTAGE ...... ........ ... .. iiiiin. .. 250 max. Volts
SCREEN VOLTAGE . ....... ...t 100 max. Volts
GRID VOLTAGE . ..o -3 min. Volts
TyricAL OPERATION:

Plate Voltage .. ......... ... ... ... ... ... . ... 250 Voits

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

Grid Voltage. . . ... ... ... .. . . . . .. -3 "~ Volts

Suppressor...................... Connected to cathode at socket

Plate Current ........... ... ... ... .. ........... 8.5 Milliamperes

Screen Current ............ . ... ... ... 2 Milliamperes

Plate Resistance. . ............. ... ... .. ... ... 0.7 Megohm

Transconductance . ............................ 1700 Micromhos

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

— 185 —




RCA RECEIVING TUBE MANUAL

% CHARACTERISTICS
HEeaTeR VoLTaGE (A.C.or D.C) ... oLl 6.37 Volts
HEATER CURRENT . .\ vviveeeinerreinernennnnenns 0.159Y Ampere
Triode: GRID-PLATE CAPACITANCE (ADprox.) ....... 14 uuf
Grin-CaTHODE CAPACITANCE (ADpPIox.)..... 2.4 piuf
PLATE-CATHODE CAPACITANCE (AppDIox.).... 3 puf

AVERAGE CHARACTERISTICS — TRI0DE UNIT:

Plate Voltage .. ...........cciciiiiiiiiininnns 250 Volts

Grid Voltage. . . .........coiiiiiiiiiin i ~1 Volt

Plate Current ......c.coviiviiiie i 13 Milliamperes

Plate Resistance. . ..........covvviviiinnnenn... 0.1 Megohm

Amplification Factor ........................... 100

Transconductance ...........covvevivinnneennn. 1000 Micromhos

4 Nominal value is 7 volts. 49 Nominal value is 0.16 ampere.
Triode Unit — As Class A, Amplifier

PLATE VOLTAGE ......... ... ... i, 250 max. Volts
TvypicaL OPERATION:

Plate Supply Voltage .. ......................... 250 Volts

Load Resistance. . ..................coviiien... 0.25 Megohm

Grid Resistor. ........coiiiiiiiiiiiiiienneenn. 10 Megohms

Diode Units

The two diode units are placed around a cathode, the sleeve of which ie
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 65Q7.

FULL-WAVE
HIGH-VACUUM RECTIFIER ™2
7Y4 The 7Y4 is a full-wave, high- G)

vacuum rectifier of the heater-cathode
type. It is for use in automobile radio

receivers and in compact a-c operated M I\
recejvers. &8s
5AB
% CHARACTERISTICS
HEeATER VoLTaGE (A.C.or D.C) ... ... ... ... 6.37 Volts
HEATER CURRENT . ...oitiiiiiriiiiinineennns 0.59Y Ampere
% Nominal value is 7 volts. 19 Nominal value is 0.53 ampere.
As Full-Wave Rectifier
PEAK INVERSE VOLTAGE. . . ..vvvuvinininnnnncnns 1250 max. Volts
PeEAK PLATE CURRENT PER PLATE. . ... ............ 180 max. Milllamperes
D-C HEATER-CATHODE POTENTIAL . .. .............. 450 max. Volts
Wit ConpeENsER-INPUT FILTER:
A-C Plate Voltage per Plate (RMS).............. 325 max. Volts
Total Effective Plate-Supply Impedance per Plate* 150 min. Ohms
D-COutputCurrent. .......................... 60 max. Milliamperes
Wita CroRE-INPUT FILTER:
A-C Plate Voltage per Plate (RMS) ... ........... 450 max. Volts
Input Choke Impedance. . ...................... 10 min. Ohms
D-COutputCurrent. ...........cooiiiiiinin... - 60 max. Milliamperes

* When a filter input condenser larger than 40 pf 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 vatue.
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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

o%xtaon.

2-4, OUTLINES SECTION For heater operation, see Type 6X5.

4D

POWER AMPLIFIER TRIODE

The 10 is a three-electrode, high-vacuum
tube suitable for use as an audio-frequency
amplifier in equipment designed for its
characteristics.

CHARACTERISTICS

FiLAMENT VOLTAGE (A.C.or D.C.) tiiiiiiniiiiieiinnnennnrans

FrLaMENT CURRENT . .

PLATE VOLTAGE. ..
GRID VOLTAGE® , .
CATHODE RESISTOR
PrLAaTE CURRENT, ..
PLATE RESISTANCE

AMPLIFICATION FACTOR
TRANSCONDUCTANCE ..
Loap RESISTANCE ., ..

250 350
~23.5 -32
2350 2000
10
600(8) 5150
............. 1330 0

UNDISTORTED POWER OQUTPUT. ......cuu.n 0.

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

INSTALLATION and APPLICATION

Physical characteristics of the 7Y4 are shown in Fig.

10

7.5 Volts
1.25 Amperes
425 max. Volts
~40 Volts
2220 Ohms
Milliamperes
500(8) Ohms
1600 Micromhos
10200 Ohms
1.6 Watts

.The base of the 10 fits the standard four-contact socket which should be installed to hold

the tube in a vertical position with the base down.

in Fig. 2-28, OUTLINES SECTION

DETECTCR AMPLIFIER TRIODES

The 11 and 12 are three-electrode tubes
used as_detectors and amplifiers in dry-cell-
operated receivers designed for their charac.
teristics. The electrical characteristics of
each type are identical, and are as follows:
Filament volts, 1.1; amperes, 0.25; maximum
plate volts, 135; gnd volts, -10.5; amplifica-
tion factor, 6. 6 plate resistance (ohms),
15000; transconductance (micromhos), 440;
and plate milliamperes, 3. Physical charac-
teristics of the 11 and 12 are shown in Figs.
2-14 and 2-23, respectively, in the OUTLINES
SECTION. The 11 and 12 are discontinued
types; they are retained for reference only.

RECTIFIER-PENTODE

The 12A7 is a heater-cathode type
of multi-unit tube which combines in
one bulb a half-wave rectifier and a
power-amplifier pentode. The heater
rating is 12.6 wvolts, 0.3 ampere.
RECTIFIER UNIT: Mazx. a-c plate
volts, 125; max. d-c output ma., 30.
PENTODE UNIT: Max. plate and
screen volts, 135; grid-bias volts, -13.5;
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load resistance, 13500 ohms: plate resistance, 102000 ohms; transconductance, 975
micromhos; plate ma., 9; screen ma., 2.5; and power output, 0.55 watt. The ‘base
fits the standard 7-contact socket (O 75-inch pin-circle diameter) which may be
mounted to hold the tube in any position. Physical characteristics of the 1ZA7
are shown in Fig. 2-16, OUTLINES SECTION. For heatet operation and cathode
connection. refer to Types 12Z3 and 6A8, respectively.

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

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

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

DUPLEX-DIODE PENTODE

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

the same envelope. Except for its

.I 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
to 1Types 12A8-GT and 6AS8, respect-
ively.

HIGH-MU TRIODE

The 12F5-GT is a high-mu amplifier

triode of the heater-cathode type. It

] 2 F 5 GT is particularly useful in resistance-
= coupled amplifier eircuits. 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 canacxtance is 2.8 puf; grid-cathode, 2.2 uuf; plate-cathode, 3.2 puf.
For heater operation and cathode connection, refer to Types 12A8-GT and 6AS8,

respectively. .
DETECTOR AMPLIFIER TRIODE

The 12J5-GT is a triode of the heat-
er-cathode type designed for use as
] 2.! 5 GT detector, amplifier, or oscillator, Tt
= has a comparatlvely high amplifica-
tion factor together with a high
transconductance. Except for its heater
rating of 12.6 volts and 0.15 ampere, 6-6Q
the electrica!l 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 6AS8, respectively
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TRIPLE-GRID DETECTOR
AMPLIFIER

H The 12J7-GT is a triple-grid detector ] 2J7 - GT

st amplifier of the heater-cathode type.
e —key—"* Exlitsept g)rolics heater re;:thingelof 12.(?

volts and 0.15 ampere, the electrica
6T-7R(I2J7-GTY  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 6A8, 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 | -s 2K8

The 12K8 is a multi-electrode tube "
of metal construction consisting of a METAL
triode oscillator and a hexode mixer
in a single envelope. Except for its _

8K heater rating of 12.6 volts and 0.15 -
ampere, the electrical and physical characteristics of the 12K8 are the same as
those of the 6K8. For heater operation and cathode connection, refer to Types
12A8-GT and 6A8, respectively.

Pop PD,

G2 G3

DUPLEX-DIODE

HIGH-mU TRIODE
The 12Q7-GT is a heater-cathode ]2Q7-GT

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

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 physical
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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125C7

METAL

TWIN TRIODE AMPLIFIER

The 128C7 is a twin-triode amplifier
of the single-ended metal type for use
as a class A amplifier. Except for its
heater rating of 12.6 volts and 0.15
ampere, the electrical and physical
characteristics of the 125C7 are the
same as those of the 6SC7. For heater
operation and cathede connection, re-

fer to Types 12A8-GT and 6AS, respectively.

12SF5y

[METAL

connection, refer to

125J7

METAL

HIGH-MU TRIODE o}

G

The 12SF5 is a high-mu triode ot @)
the single-ended ln(ujetal %g)e for use
in resistance-coupled amplifier circuits.
Except for its heater rating of 12.6 <@ Vo
volts and 0.15 ampere, the electrical
and physical characteristics of the
12SF5 are the same as those of the 6AB
6SF5. For heater operation and cathode
Types 12A8-GT and 6AS8, respectively.

TRIPLE-GRID
DETECTOR AMPLIFIER

The 12S]7 is a single-ended metal
tube of the triple-grid type with a
sharp cut-off characteristic. Except*
for its heater rating of 12.8 volts and
0.15 ampere, the electrical and physical

characteristics of the 128]7 are the same as those of the 65J7. For heater operation
and cathode connection, refer to Types 12A8-GT and 6A8, respectively.

125K7

METAL

TRIPLE-GRID
SUPER-CONTROL AMPLIFIER

The 12SK7 is a single-ended metal
tube of the triple-grid type with a
remote cut-off characteristic. Except
for .its heater rating of 12.6 volts and
0.15 ampere, the electrical and physical

characteristics of the 12SK7 are the same as those of the 6SK7. For heater opera-
tion and cathode connection, refer'to Types 12A8-GT and 6AS, respectively.

12SQ7

METAL

DUPLEX-DIODE HIGH-MU
TRIODE

The 125Q7 is a single-ended metal Gy
type of multi-unit tube containing two
diodes and a high-mu triode. Except
for its heater rating of 12.6 volts and 8Q
0.15 ampere, the electrical and physical

characteristics of the 12SQ7 are the same as those of the 65Q7. For heater opera-
tion and cathode connection, refer to Types 12A8-GT and 6A8, respectively,
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HALF-WAVE
HIGH-VACUUM RECTIFIER

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

vacuum rectifier of the heater-cathode

type for use in suitable circuits de-

signed to supply d-¢ 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

Hearer VoLracE (A.C.or D.C) ....ooviiiinn, 12.6 Volts
HEATER CURRENT . .. itiitiietreinrnnnernennnn 0.3 Ampere

PEAR INVERSE VOLTAGE . . .. ... viiiiiiiiinn i 700 mazx. Volts :
PEAR PLATE CURRENT . . ..ottt iiiii e 330 max. Milliamperes
D-C HEATER-CATHODE POTENTIAL . . ... ..vvvinnnn. 350 max. Volts
TypicaL OperaTION WiTH CONDENSER-INPUT FILTER:
. A-C Plate Voltage (RMS)......... 117 150 235 max. Volts
Total Effective Plate-Supply ) Cs
Impedancel................... O min. 30 min. 75 min, Chms S
D-C Qutput Current............. 55 max. 55 max. 55 max. Mﬂhamperes

1 When a filter-input condenser larger than 40 ut is used, it may be necessary tc use more
plat(ei su;l)ply impedance ghan the minimum value shown to limit the peak plate current to the
rated vaiue.

INSTALLATION and APPLICATION

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

The 12.6-volt heater of the 1273 is designed TYPE 1223 TEf=12.6 VOLTS
to operate under the normal conditions of line- |——{FILTER INFPUT CONDENSER =C |
voltage variation without materially affecting curve | Y055 RS
the performance or serviceability of this tube. = =
For operation of the 12Z3 in series with the — 2 |——- %]
heaters of other types having 0.3 ampere rating,
the current in the heater circuit should be ad-
justed to 0.3 ampere for the normal supply
voltage,

A filter of the condenser-input type is rec-
ommended for use with this tube in order to
ohtain a d-¢ output voltage as high as possible.
A large input capacitance in the order of 16 uf
is desirable. Typical output curves for several
values of input condensers are shown in the ac-
companying diagram. As a supplement to the
curves with an a-¢ input voltage, a curve is in-
cluded to show the output when the receiver is g G 30 50

operated from a d-c power line. O A A Ssasim
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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 volts of 135, maximum screen
volts of 67.5, and grid-bias volts of ~1.5 are:
plate current, 1.85 milliamperes; sereen 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 hoid the tube
in any position. Physical characteristics of the 15 are shown in Fig. 2-16, OUTLINES SECTION
The heater-cathode potential should be kept as low as possible, but should never be greater than
22.5 volts. Application of the 15 is similar to that of Type 1E5-GP.

19

CLASS B TWIN AMPLIFIER

The 19 combines in one bulb two
high-mu triodes designed for class B
operation. It is intended for use in
the output stage of battery-operated
receivers and is capable of supplying
approximately 2 watts of audio power.
The triode units have separate external

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

sible if pins 1 and 6 are in a horizontal plane.
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 volts (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, 525
micromhos; load resistance, 6500 ohms;
undistorted power output, 110 milliwatts.
Physical characteristics of the 20 are shown
in Fig. 2-14, OUTLINES SECTION. The 20
is a discontinued type; it 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,
OUTLINES SECTION. The 22 is a discon-
tinued type; it is retained for reference only.
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SCREEN-GRID RADIO-FREQUENCY
AMPLIFIER

The 24-A is & screen-grid amplifier tube of
the heater-cathode type for use primarily as
a radio-frequency amplifier in a-c operated 4-A
receivers.
‘The heater is rated at 2.5 volts (a.c. or d.c.)
and 1.75 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;
transconductanee, 1050 micromhos. Capacitances (with shield-can) are: grid-plate 0.007 max.
waf; input 5.3 uuf; output, 10.5 uuf.

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 voltage
for the 24-A may be obtained from a fixed or variable tap on a voltage divider acrogs the high-
voltage supply, or across a portion of the supply. Complete shielding in all stages of the circuit
is necessary if maxzimum gain per stage is to be obtained.

POWER AMPLIFIER

PENTODES 25A6

The 25A6 and 25A6-G are power- METAL
amplifier pentodes of the heater-

supply. They are especially useful in

“d-c power line” or “universal” type

receivers. In such application, these tubes are capable of handling relatively large
audio power.

* CHARACTERISTICS

HEATER VOLTAGE (A.C.orD.C) .................. 25 Volts
HEATER CURRENT . ... ..o, 0.3 Ampere
As Class A; Amplifier
PLATE VOLTAGE ........ ... i, 160 max. Volts
SCREEN VOLTAGE « . ivviiveaeeaaae e 135 max. Volts
PLATE DISSYPATION ... .. ............... ..o ... 5.3 max. Watts
SCREEN SISSIPATION . .. ..ot et o 1.9 max. Watts
TvypicaL 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
Zerc-Signal Plate Current. .. .. .. 20 37 33 Milliamperes
Max.-Signal Plate Current. . . . .. 22 39 36 Milliamperes
Zero-Signal Screen Current. . . . .. 4 8 8.5 Milliamperes
Max.-Signal Screen Current . . . .. 8 14 12 Milliamperes
Plate Resistance (Approx.)...... 45000 35000 42000 Ohms
Transconductance ............. 2000 2450 2375 Mieromhos
Load Resistance. . ............. 4500 4000 5000 Ohms
Total Harmonic Distortion. ... .. 11 9 10 Per cent
Mazx.-Signal Power Qutput...... ) 0.9 2 2.2 Watts

INSTALLATION and APPLICATION

The base of either the 25A6 or 25A6-G fits the standard octal socket which
may be installed to hold the tube in any position. Physical characteristics of the
25A6 and 25A6-G are shown in Figs, 1-7 and 2-21, respectively, in the OUTLINES
SECTION.

The 25-volt heater is designed to operate under the normal conditions of line-
voltage variation without materially affecting the performance or serviceability
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of these tubes. When the heater is operated in series with the heaters of other
types having 0.3-ampere rating, the current in the heater circuit should be adjusted
to 0.3 ampere for the normal supply voltage.

In a series-heater circuit of the “d-c power line” type employing several 0.3
ampere (6.3-volt) types 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 256A6-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 by the d-¢ power line or by the a-c line by means of a
rectifier. The potential difference thus introduced between heater and cathode of
the 25A6 or 25A6-G should not exceed 90 volts d.c., as measured between the
negative heater terminal and the cathode.

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

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

AVERAGE PLATE CHARACTERISTICS
T T
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RECTIFIER-PENTODE

The 25A7-G is a heater-cathode
2 5 A7_G type of tube containing a half-wave,
high-vacuum rectifier and a power-
amplifier pentode in one envelope. It
is particularly useful in small receivers
of the *“‘universal” type.
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CHARACTERISTICS
HeaTER VoLTace (AC.orD.C) .................. 25 Volts
HEATER CURRENT . . .vtvtnnetenanertnnaneenennns 0.3 Ampere
Pentode. Unit — As Class A; Amplifier
PLATE VOLTAGE . ..iviiiiiieninieannenranenanann 100 max. Volta
ScrREEN VOLTAGE (Grid No. 2) . ................... 100 max. Volts
GRrID VOLTAGE (Grid No. 1)..............cvvnnns ~-15 Volis
PLATE CURRENT . . ..t iti ittt e iianaanen 20.5 Milliamperes
SCREEN CURRENT . ...t ivtiiininninnnennannnns 4 Milliamperes
PLATE RESISTANCE. . ...ttt vetiiieeiienreennnes Ohms
TRARSCONDUCTANCE . . ..utiivninnnnnnenannnannans 1800 Micromhos
LOAD RESISTANCE . . .0ivvveeiinnnnennnnnennnnans 4500 Ohms
(16105 v 3 1 ol PP 0.77 Watt
® 997 total harmonic distortion. -
Rectifier Unit
A-C PLATE VOLTAGE (RMS) .........cciviiiinn 125 max. Volts
D-COUTPUT CURRENT . .oviviienennnnnennnnnenas 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. Physical characteristics of the 25A7-G are shown
in Fig. 2-21, QUTLINES SECTION. For heater operation and eathede connec-

tion of the pentode unit, refer to Type 25A6.
HIGH-MU POWER AMPLIFIER

TRIODE

triode of the heater-cathode type for
use in the output stage of a-¢/d-c radio

receivers,
CHARACTERISTICS

HEeATER VOLTAGE (A.C.orD.C) .................. 25
HEATER CURRENT . .. .ivtnerrtiieiiaeennnnnnnns 0.3
AVERAGE CHARACTERISTICS:

Plate Voltage . . ............ ... ... .....c..... 110

GridVoltage. . .......oooviiiin i +15

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

Plate Resistance ... ........................... 15200

Transconductance . ........... e 3800

PlateCurrent .............coiiviiiiiieinn, 45

GridCurrent. . ...... .. i i i i e 7

As Class B Power Amplifier
PLATE VOLTAGE . ...viiitivnnnnnneeennnnnnnenanas 180 max.
AVERAGE PLATE DISSIPATION . .. ..ovnvrinnnvnnnrnns 10 max.
TyricAL OPERATION:
Values are for two tubes

Plate Voltage ........cciiriiiiniiiiiienennn. 180

Grid Voltage. . . ..o iiiiii i 0

Peak A-F Grid-to-Grid Voltage.................. 60

Zero-Signal D-C Plate Current .................. 4

Effective Load Resistance (Plate-to-plate) ........ 4800

Power Output®. .. .....oiiiiiiiiiennenennnnn. 6

® 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 eathode
connection, refer to Type 25A6. Physical characteristics of the 25AC5-GT are
shown in Fig. 2-8, QUTLINES SECTION.

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

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

The 25B6-G is a power-amplifier
pentode of the heater-cathode type
for use in radio receivers of the ‘‘uni-
versal” type where large power output

25B6-G

is desired.
Y CHARACTERISTICS
HeatER VOLTAGE (A.C.or D.C) ........... .. ... 25 Volts
HEATER CURRENT . ...ttt 0.3 Ampere
PLATE VOLTAGE . .......cuiiiiin e 200 max. Volts
ScrEEN VoLtTaGE (Grid No. 2) 135 max. Volts
PLATE DISSIPATION .............................. 12.5 max. Watts
SCREEN DISSIPATION ............................. 2 max. Watts
TyPICAL OPERATION:
Plate Voltage .. ............... 105 135 200 Volts
Screen Voltage ................ 105 135 135 Volts
Grid Voltage (Grid No. 1) ... ... -16 -22 -23 Volts
Peak A-F Grid Voltage......... 16 22 23 Volts
Zero-Signal Plate Current....... 48 61 62 Mililamperes
Mazx.-Signal Plate Current. . . . .. 55 69 71 Milliamperes
Zero-Signal Screen Current. . . ... 2 2.5 1.8 Milliamperes
Mazx.-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. ... .. 2.4 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, OUTLINES SECTION. For fllament operation and cathede connec-
tion, refer to Type 25A6.
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BEAM POWER AMPLIFIERS 2 5L 6

The 25L6, 25L6-G, and 25L6-GT
are beam tpl)g(\iver ampl(iiﬁer tu]calesf of the
heater-cathode type designed for use
in the output stage of “transformer- 2 5L6_G
less” (a.c.-d.c.) receivers. These tubes -
provide high power output at the rela-

6 ®
Nezlee Fer tively low plate and screen voltages 2 5L 6 GT
7AC available for transformerless receivers. | -
The high power output is obtained

with high power sensitivity and high efficiency. These distinctive features have
been made possible by the application of directed-electron-beam principles in the
design of these types. The design is similar to that of the RCA-6L6.

METAL

% CHARACTERISTICS
HEeATER VOLTAGE (A.C.or D.C) ... 25.0 Volts
HEATER CURRENT ... ...itiiininanannn.. 0.3 Ampere
As Class A; Amplifier .
PLATE VOLTAGE .. ....tiiee e 117 max. Volts
ScrEEN VoLTaGE (Grid No. 2) . ................... 117 max. Volts
PLATE DISSIPATION . ..., 4 max. Watts
SCREEN DISSIPATION .................... e 1.25 max. Watts
TyricAL OPERATION:
Plate Voltage ......................... 110 110 Volts
Screen Voltage ........................ 110 110 Volts
Grid Voltage (Grid No. 1) .............. ~7.5 ~7.5 Volts
Peak A-F Grid Voltage................. 75 75 Volts
Zero-Signal Plate Current. .. ......... ... 49 49 Milliamperes
Max.-Signal Plate Current!..... ........ 54 50 Milliamperes
Zero-Signal Screen Current. ............. 4 4 Milliamperes
Max.-Signal Screen Current. . ........... 9 11 Milliamperes
Plate Resistance (Approx.).............. 10000 10000 Ohms
Transconductance . .................... 8200 8200 Micromhos
Load Resistance. ...................... 1500 2000 Ohms
Total Harmonic Distortion........... ... 11 10 Per cent
Second Harmonic Distortion ............ 10 3.5 Per cent
Third Harmonic Distortion ............. 4 8.5 Per cent
Max.-Signal Power Output.............. 2.1 2.2 Watts

INSTALLATION and APPLICATION

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

The 2516, 25L.6-G, and 251.6-GT should be operated as shown under CHAR-
ACTERISTICS. The values have been determined on the basis that grid current
does not fHow 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-¢
resistance not higher than 0.1 megohm, fixed bias may be used; for higher values,
cathode bias is required. With cathode bias, the grid circuit may have a d-c
resistance as high as, but not greater than 0.5 megohm, provided the heater voltage
isf not allowed to rise more than 10% above the rated value under any condition
of operation.
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AVERAGE PLATE .CHARACTERISTICS
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RECTIFIER-DOUBLERS

2575
2576

METAL

2526-G
2526-GT

The 25Z5, 2526, 25Z6-G, and 25Z6-
GTare 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
“universal (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” type, 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 by
the use of a separate base pin for each

_ of the two cathodes in the respective

types. For voltage-doubler considera-
tions, see RADIO TUBE APPLICA-
TIONS section.

. % CHARACTERISTICS
HeatreEr VoLTAGE (A.C.or D.C) ... it 25
HEATER CURRENT ...t tttnitrinnenannonneecenanss 0.3
As Rectifier or Doubler
PEAK INVERSE VOLTAGE . . .. ivvvvnrnrnennneeenenes 700
Peax PLATE CURRENT PER PLATE. . ............... 450
D-C HEATER-CATHODE POTENTIAL. . ............... 350
TypricaL OPERATION AS HALF-WAVE RECTIFIER:*
A-C Plate Voltage per Plate (RMS) 117 150 235
Total Effective Plate-Supply
Impedance per Platef . ....... 0 min. 40 min. 100
D-C Output Current per Plate . .. 75 max. 75 max. 75

® The two units may be used separately or in parallel.
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Tyricar OrERATION As VOLTAGE-DOUBLER:
Half-Wage Full-Wave

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

1 When 2 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 25Z5 fits the standard six-contact socket whereas the base of
the 2676, 25Z6-G, and 25Z6-GT fits the standard octal socket. The sockets for
any of these types may be installed to hold the tubes in any position. Physical
characteristics of the 2525, 2578, 25Z6-G, and 25Z6-GT are shown in Figs, 2-19,
1-7, 2-17, and 2-8, respectively, in the QUTLINES 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 i3 recommended for use with any of these
tubes in order to obtain a d-c output voltage as high as possible. A large input
capacitance in the order of 16 uf is desirable 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, 25Z6-G, and 25Z6-GT. The voltage-doubler
curves are for a full-wave doubler circuit and the rectifier curves are for the two
diode units connected in parallel in a conventional half-wave circuit,

OPERATION CHARACTERISTICS OPERATION CHARACTERISTICS
HALF-'WAVE RECTIFIER FULL-WAVE VOLTAGE DOUBLER
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AMPLIFIER TRIODE

The 26 is an amplifier tube containing a
filament designed for operation on alternating
current. This tube is for uee as an «~f or a-f
amplifier in equipment designed for its char-
acteristics. The 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 hold the
4D tube in & 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 cperated at the rated voltage of 1.5 volts from the a-c line through a
step-down transiormer.
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CHARACTERISTICS
FILAMENT VOLTAGE (A.C.or D.C.) ........ ... . i in it 1.5 Volts
FILAMENT CURRENT .« ovttntettiten et ie e et iinanes 1.05 Amperes
PLATE VOLTAGE. . o vivnvnn oo . 90 135 180 max. Volts
GRID VOLTAGE¥ . .\vvnn i, -7 -10 ~14.5 Volts
PLATE CURRENT ..« vvevie i .29 5.5 6.2 Milliamperes
PLATE RESISTANCE ......0ovieininannnon.. 8900 7600 7300 Ohms
AMPLIFICATION FACTOR . . ................. 8.3 8.3 8.3
TRANSCONDUCTANCE 4. tovveniitiennennnrnans 935 1100 1150 Micromhos

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

G
©,

k K
27 DETECTOR, AMPLIFIER °
’ The 27 is a three-electrode general purpose
tube of the heater-cathode type for use as an
an amplifier and detector in a-c receivers. H H
5A
CHARACTERISTICS
HeaTER VOLTAGE(A.C.or D.CY . vt it 25 Volts
HEATER CURRENT . o o v vt ivnaine i nevnns . .. 1.75 Amperes
PLATE VOLTAGE*. . 180 250 Volts
Grip VOLTAGET . -9 ~13.5 ~21 Voits
PraTE CURRENT. 2.7 4.5 5.0 5.2 Mitliamperes
PLATE RESISTANCE ... 11000 5000 9000 9250 Ohms
AMPLIFICATION FacTor 9 9 9 9
TRANSCONDUCTANCE 24 ennsvanuas 820 1000 1000 975 Micromhos
GRID-PLATE CAPACITANCE (Approx.}. ... . e 3.3 et
GRrID-CATHODE CAPACITANCE (Approx.) 31 uuf

PLATE-CATHODE CAPACITANCE {(ADDIOL.) . . . oo oo 2.3 uuf
* Mazimum plate voltage = 275 volts.
 Maximum value of d-¢ 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 position. Physical characteristics of the 27 are shown in Fig. 2-19, OUTLINES
SECTION. For heater operation and cathode connection, refer to Type 2A5.

As an amplifier, the 27 is applicable to the audic- or the radio-fre uencésstages of a receiver.
Recommended plate and grid voltages are shown under CHARACTERISTICS.

As a detector, the 27 may be operated either with grid leak and condenser or with grid bias.
The plate voltage for grid-leak-and-condenser detection is 45 volts. A grid leak of from 1 to 5
megehms used with a grid condenser of 0.00025 pf is suitable. For grid-bias detection, a plate
voltage of 275 volts or less may be used. The corresponding grid bias should be adjusted so that
the plate current, when no signal is being received, is approximately 0.2 milliampere. For the
cg(r)l itiwn of 250 volts on plate and transformer coupling, the grid bias will be approximately
-30 volts. ‘

DETECTOR AMPLIFIER TRIODE e ©)

The 30 is a detector and amplifier tube of
the three-electrode type for battery-operated
30 receivers where economy of filament-current
drain is important. Except for capacitances, n*e
which are shown below, the electrical charac-
teristics of the 30 are the same as those of F
the 1H4-G. The base of the 30 fits the
standard fout-contact socket which should be . 4D
mounted to hold the tube preferably in a . i
vertical position. Horizontal operation is permissible if pins 1 and 4 are in a vertical plane.
Physical characteristics of the 30 are shown in Fi%. 2-19, OUTLINES SECTION. For filament
operation, refer to Type 1C7-G; for application, refer to Type 1H4-G.

GRID-PLATE CAPACITANCE (ADDIOK.) . cvvverneennrnnennnnnnsasn £.0 wil
GRID-FILAMENT CAPACITANCE (ADPIOX.) .. ...vune. Cebiecaens . 3.0 wut
PLATE-FILAMENT CAPACITANCE (APDIOX.) .. .ovvenrinennnncnens 2.1 saf



RCA RECEIVING TUBE MANUAL

G POWER AMPLIFIER TRIODE

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

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

P G2 SCREEN-GRID R-F AMPLIFIER
© \e 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 2
c*e see Type 1C7-G. Physica! characteristics of
the 32 are shown in Fig. 2-22, QUTLINES
v 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
FILaAMENT VOLTAGE (D.C.) . .t iitinnitveteieinnennnennennns 2.0 Volts
FILAMENT CURRENT .. .0vunvnrrnencannnen TR 0.060 Ampere
PLATE VOLTAGE. .. ...... e aae e 135 180 max. Volis
SCREEN VOLTAGE (Grid No, 2). ... ....oviuiiuinnunn. 67.5 max. 67.5 max. Volts
GRID VOLTAGE (Grid No. 1) ... oo iveiininn i -3 -3 Volts
PLATE CURRENT. .00t tnansensisnninnnrnnnsonnenns 1.7 1.7 . Milliamperes
SCREEN CURRENT (MaZimim) «.oovvvrrrrnennnnnennns 0.4 0.4 Milliampere
PLATE RESISTANCE ,............. N 0.95 1.2 Megohme
TRANSCONDUCTANCE ........ re e ssse e 640 650 Micromhos
GRID-PLATE CAPACITANCE (With shield-can). . ................. 0.015 max. puf
INPUT CAPACITANGE . ..ottt ittt aaeans gg uuz
....................................... 10. s

POWER AMPLIFIER PENTODE

. The 33 is a power-amplifier pentode for use
in the output stage fof 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.) . ..ttt 2.0 Volts
F1LAMENT CURRENT . ..... PRI .. 0.260 Ampere
PLATE VOLTAGE. . . ......couv... 135 180 max. Volts
SCREEN VOLTAGE (Grid No. 2) .. .. . 135 180 max. Volts
Grip VorTace# (Grid No. 1)..... . -135 -18 Voits
PraTE CURRENT, ..., e 14.5 22 Milliamperes

3 5 Milliamperes
PLATE RESISTANCE (Appro 50000 55000 Ohms
TRANSCONDUCTANCE ..... 1450 1700 Micromhos
Loap RESISTANCE ..., 7000 6000 Ohms
CATHODE-B1as RESISTOR ......,. 770 670 Ohms
Power OutPUT (7% total harmon 0.7 1.4 Watts

_. *D-c resistance in the grid circuit should not exceed 1.0 megohm under cathode-biss cou-
ditions; without cathode bias, the maximum value is 0.5 megohm.
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SUPER-CONTROL R-F o Y e
AMPLIFIER PENTODE Qe ©

The 34 is a super-control pentode for use
primarily as a radio-frequency amplifier and
3 4 intermediate-frequency amplifier in battery-
operated receivers wheére economy of filament- *o
current drain is important. The super-control o
feature is explained under Super-Control Fe F-
Amplifier in RADIQ TUBE APPLICA-
TIONS section. For base and socket mount. 4M
ing, see Type 306. Physical charactsristice of
the 34 are shown in Fig. 2-22, OUTLINES SECTION For filament operation, refer to Type
1C7-G; and for application, to Type 1D5-GP.

CHARACTERISTICS

FiLaMeNT VoLTAGE (D.C)
FiLaMENT CURRENT .. Cererenaes 0.060 mpere

PLATE VOLTAGE. . ... 5 135 180 max. Volts
ScREEN VOLTAGE (Gr 2) 67.5 max. 67.5 max. 67.5 maz. Volts

GRrID VOLTAGE, Vanable (Gnd No. 1 -3 min -3 min. -3 min. Volts

PLaTE CURRENT. 2.7 2.8 2.8 Milliamperes
SCREEN CURRENT . 1.1 1.0 1.0 Milliamperes
PLATE RESISTANCE . 0.4 0.6 1.0 Megohm
TRANSCONDUCTANCE + « v v vvurs 560 600 620 Micromhos
TRANSCONDUCTANCE (At -22.5 voits iag) | 15 15 15 Micromhos
GRID-PLATE CaPACITANCE (With shleld-can) . 0.015 max. puf

INPUT CAPACITANCE . . 8.0 nef

OuTPUT CAPACITANCE 11.5 wsuf

* Under conditions of maximum plate current

SUPER-CONTROL R-F AMPLIFIER

The 35 is a super-control screen-grid
amplifier tube of the heater-cathode type
recommended as an r-f amplifier and an i-f
amplifier in a-c receivers. The 35 is eflective

3 5 in reducing cross-modulation and modulation-
distortion over the entire range of received
signals. Ita design is such as to permit easy
control of a large range of signal voltages
without the use of local-distance switches or
antenna potentiometers. The 38 is inter-
changeable with Type 51

CHARACTERISTICS
HeATER VOLTAGE (A.C.or D.C) .. ..vviiiennnn s 2.5 Volts
HEATER CURRENT. . . ...o.vvvrarnens et a s PN 1.75 Amperes
PLATE VOLTAGE®. . . . .t viiieininirinnnntiinnnnnnns 180 250 Volts
ScREEN VOLTAGE (GRid N0, 2). . ....covvviniinnn, 90 max. 90 max. Volts
GRID VOLTAGE, Variable (Grid No. 1)............... ~3 msn. -3 min. Volts
PLATE CURRENT....... e e e 6.3 6.5 Milliamperes
ScrEEN CURRENT (Maximtm) .......vovvernennennn, 2.5 2.5 Milliamperes
PLATE RESISTANCE .4 .tutiiernunnnsornninreonnnnan 0.3 0.4 Megohm
TRANSCONDUCTANCE .. touveenrnanonnersnrnesensnaas 1020 1050 Micromhos
TRANSCONDUCTANCE (At 240 Volts bias) ............. 15 15 Micromhos
GRID-PLATE CaraciTanNce (With shield-can). .................. 0.007 max. puf
INPUT CAPACITANCE . ot iitteenen et iiinn e ncnasannnnsseons 5.3 apf
OUTPUT CAPACITANCE . o o oiiviaan s veer st innnnansianannansnsns 10.5 wuf

¥ Maximum plate voltage = 275 volts.

INSTALLATION ond APPLICATION

The base of the 35 fits the standard five-contact socket which may be installed to hold the
tube in any position. Physical characteristics of the 35 are shown in Fig. 2-22, QUTLINES
SECTION. For heater operation and cathode 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 a portion of the supply. Complete shielding for all stages of the circuit
is a?ecglssary if maximum gain and the volume-control-range capabilities of this tube are to be
realize

As a radio-frequency and intermediaie-frequency amplifier, the 35 should be operated as
shown under CHARACTERISTICS. Volume control of receivers designed for the 35 may be
accomplished by variation of the negative grid bias of this tube. In order to utilize the full
volume-control range of the 35, an available grid-bias voltage of approximately 50 voits will be
required, depending on the circuit desige and operating conditions. This voltage may be obtained
from a potentiometer, a bleeder circuit, or from an adjustable cathode resistor.
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~ BEAM POWER AMPLIFIER

The 35A5-LT is a beam power
amplifier of the heater-cathode type -
! ésr for use in the output stage of a-c/d-c 35A5 LT
recejvers. The 3B5A5-LT is inter-
changeable with the 35A5.

. * CHARACTERISTICS
HeaTErR VoLtageE (A.C.orD.C) ...t 32 Volts
HEATER CUBRENT ..o vtitiiiiiiinnnninnnnanens 0.15 Ampere
As Class A; Amplifier
PLATE VOLTAGE ... . ittt iinenns 110 max. Volts
SCREEN VOLTAGE .« .. tiiivnteiinteiiiaeeennnn 110 max. Volts
TyricaL OPERATION:
Plate Voltage . ............... . ... iiiiienns 110 Volts
Screen Voltage ...............co .. 110 Volts
Grid Voltage. . . ... i -7.5 Volts
Peak A-F Grid Voltage. . ..............ooveinnn. 75 Volts
Zero-Signal Plate Current....................... 40 Milliamperes
Max.-Signal Plate Current. .. ................... 41 Milliamperes
Zero-Signal Screen Curzent. ............... e 3 Milliamperes
Max.-Signal Screen Current. . ................... 7 Milliamperes
Plate Resistance. . .....coviiiiiiiinniinanen s 14000 Ohms
Transconductance . ............ ... iiieieenn. 5800 Micromhos
Load Resistance. . .............cooiiiiiineen-. 2500 Ohms
Total Harmonic Distortion...................... 6.5 Per cent
Max.-Signal Power Qutput. ...............ounn.. 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.

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

consumption,
* CHARACTERISTICS
HEATER Vortace (A.C.or D.C) ... .t 35 Volts
HEATER CURRENT + ot vvvvevneenennnernnnnerennens 0.15 Ampere
As Class A, Amplifier .
PLATE VOLTAGE &+ vt iiitienenteeneaenrnensennon 200 max. Volts
ScrEEN VoLTAaGE (Grid No. 2) .. ..oovvvn oot 110 max. Volts
PLATE DISSIPATION . ... iiiun ittt 8.5 max. Watts
SCREEN DISSIPATION .\ vteveeenevneeernnannnnns 1 max. Watt
TypicaL OPERATION:
Plate Voltage................ ... 110 200 Volts
Screen Voltage .. ....oocoiiiiiiiina... 110 110 Volts
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Grid Voltage (Grid No. 1) .............. -7.5 -8 Volts

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

Total Harmonic Distortion...... .. e 10 10 Per cent
Max.-Signal Power Qutput....,.......... 1.5 3.3 Watts

INSTALLATION and APPLICATION

The base of the 351.6-GT fits the standard octal socket which may be mounted
to hold the tube in any position. Physical characteristics of the 35L6-GT are shown
in Fig. 2-8, OUTLINES SECTION.

The 35-volt heater is designed to operate under the normal conditions of line-
voltage variation without materially affecting the performance or serviceability
of the 351.6-GT, For operation of the 35L6-GT in series with other types having
0.15-ampere rating, the current in the heater circuit should be adjusted to 0.15
ampere for the normal supply voltage.

In a series-heater circuit of the “d-c power line” type employing several 0.15-
ampere types and one or two 35L.6-GT’s, the heater(s) of the 35L6-GT('s) should
be placed on the positive side of the line. Under these conditions, heater-cathode
voltage of the 35L6-GT must not exceed the value given under cathode. In a
series-heater circuit of the “universal” type employing rectifier tube 35Z4-GT, one
or two 35L6-GT’s, and several 0.15-ampere types, it is recommended that the
heater(s) of the 35L6- GT(’s) be placed in the Circuit so that the higher values of
heater-cathode bias will be impressed on the 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 cathede circuit in “d-c power line” or “universal” receivers is tied in either
directly or through biasing resistors to the negative side of the d-c plate supply
which is furnished either by the d-¢ power line or by the a-c line by means of a
rectifier. The potential difference thus introduced between heater and cathode of
the 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
smgly 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 circujt has a d-c resistance not higher than 0.1
megohm, fixed bias may be used; for higher values, cathode bias is required. With
cathode bias, the grid circuit may have a d-c resistance as high as, but not greater
than 0.75 megohm

HALF-WAVE HIGH-VACUUM
RECTIFIER

3 5Z 3 LT The 35Z3-LT is a half-wave, high-
- vacuum rectifier of the heater-cathode i

type for use in a-c/d-c receivers. The L
35Z3-LT is interchangeable with the
35Z3. The base of the 35Z3-LT fits 4z
the lock-type socket which may be in-

stalled to hold the tube in any position. Physical characteristics of the 35Z3-LT

grse shgq\n in Fig. 2-7, OUTLINES SECTION. For heater operation. see Type

L6-GT.
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* CHARACTERISTICS
HeATER VoLTagE (AC.or D.C) . ..ooivvivei.t, 32
HEeATER CURRENT

Peak INVERSE VOLTAGE
PEAK Prate CUrRrRENT
D-C HeaTErR-CATHODE POTENTIAL
TypicaL OPERATION WiTH CONDENSER-INPUT FILTER:

Volts
Ampere

.......................... 700 max. Volts
........................... 600 max. Milliamperes
................... 350 max. Volts

A-C Plate Voltage (RMS) . .... 117 150 235 max. Volts
Total Effective Plate-Supply
Impedance}................ 0 min. 40 min. 100 min. Ohms
D-C Output Current. .. ....... 100 max. 100 max. 100 max. Milliamperes

I 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.

5% HALF-WAVE HIGH-VACUUM

NG RECTIFIER
The 35Z4-GT is a half-wave, high-
e‘,@ vacuum rectifier of the heater-cathode

ORIO, type for use in suitable circuits de-
NCA— gy =K signed to supply d-c power from an
G-5AA a~-c power line. The base of the 35Z4-GT

fits the standard octal socket which may

3574-GT

be installed to hold the tube in any position. Physical characteristics of the 35Z4-GT.
are shown in Fig. 2-8, OUTLINES SECTION. For heater operation, refer to Type

35L6-GT.
CHARACTERISTICS
HeaTeER VoLTacE (A.C.or D.C) ... ............. - 35 Volts
HEATER CURRENT .. ...... ... .. ....oiiiiiiii 0.15 Ampere
As Half-Wave Rectifier
PEAK INVERSE VOLTAGE. . ..........ccoiiviinnnn. 700 max. Volts
PEAR PLATE CURRENT .. ... . ... ............... 600 maex. Miliamperes

Wite CONDENSER-INPUT FILTER:
A-C Plate Voltage (RMS)

................. 350 max. Volts
............ 117 max. 235 max. Volts

Total Effective Plate-Supply Impedance* 15 min. 100 min. Ohms
D-COutput Current. . ............... 100 mex. 100 max. Milliamperes

* When a filter-input condenser larger than 40 pf 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
vaiue.

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
operation of a panel lamp.

3525-GT

Y CHARACTERISTICS
Heater Vortace (A.C, or D.C.)
Entire Heater (Pins No. 2and No. 7) ............ 35 Volts
Panel-Lamp Section (Pins No. 2 and No. 3) with
0.15 ampere flowing between pins No. 2 and No. 7 7.5 Volts
HEATER CURRENT « .. tvvviitinnnnnncnennneenneen. 0.15 Ampere
As Half-Wave Rectifler
A-C Prate VoLtace RMS) ... . 235 max. Volts
PeEAx INVERSE VOLTAGE . . .. .. .. ... ............... 700 max. Volts

PEAR PLATE CURRENT . .

........................ 600 max. Milliampe: es
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D-C Ovutpur CURRENT:
With Panel Lamp and {

Without Panel Lamp
SHUNTING RESISTOR:

For D-C Ouput Current of 70 ma. . ...

D-C HEATER-CATHODE POTENTIAL

PanEL-LLAMP SECTION VOL}\(RMS) when panel

lamp fails
TypicaL OPERATION:

No Shunting Resistor
Shunting Resistor

60 max.
90 max.
100 max.

Milliamperes
Milliamperes
Milliamperes

800 max.
400 mazx.
250 max.
350 max.

Ohms
Chms
Ohms
Volts

Volts

15 max.

With No. 40 or No. 47 Panel Lamp in Circust Below with Condenser-Inpu! Filler

Heater Cur. between Pins 3& 7.......... 015 015 015 0.15 0.15 Milliamperes -
Heater Volt, between Pins 2 & 7...... ... 32 32 32 32 32 Volts
Section Volt. between Pins 2 & 3% ........ 56 655 55 55 5.5 Volts

A-C Plate Voltage (RMS)............... 117 117 117 117 235 Volts
Effective Plate-Supply Impedance} ....... 15 15 15 15 100 Chms
D-COutput Current,..........cuonuenn.. 60 70 80 90 60 Milliamperes
Shunting Resistor . ..................... - 300 150 100 —_ Ohms
Without Panel Lamp—Conventional Half-Wave Circuit with Condenser-Input Filter

Heater Cur. between Pins 3 & 7.. 0.15 0.15 Milliamperes
Heater Volt. between Pins 2 & 7 . 35 35 Volts

Section Volt. between Pins 2 & 3* 7.5 7.5 Volts

A-C Plate Voltage (RMS)....... 117 235 Volts
Effective Plate-Supply Impedance} 15 100 Ohms

D-C Output Current............. 100 100 Milliamperes

* Maximum.
1 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 instalied
to hold the tube in any position. Physical characteristics of the 35Z5-GT are shown

in Fig, 2-8, OUTLINES SECTION, For
heater operation, refer to Type 35L6-GT.

With the panel lamp connected as
shown in the circuit diagram, the panel-
lamp voltage does not substantially ex-
ceed 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 leve] of illum-
ination is obtained when the receiver is in
operation.

SCREEN-GRID R-F AMPLIFIER

The 36 is a heater-cathode type of screen-
grid tube intended for use as a radio-frequency
intermediate-frequency amplifier,

36

amplifier,
and detector.

TYPE
3525-GT

OTHER
HEATERS

R

DRCP ACROSS R AND ALL HEATERS (WITH
PANEL LAMP ) SHOULD EQUAL 117 VOLTS AT
0.15 AMPERE

CHARACTERISTICS

HEATER VOLTAGE (A.C. or DLCl) .. ittt iinnonannnns 6.3 Volts
HEATER CURRENT. « v« o vvensansesssoesssocacanesssinassnnsss 0.3 Ampere
PLATE VOLTAGE. o o0 vvrenncnens 160 135 130 250 max. Volts
ScrREEN VOLTAGE (Grid No. 2) ,.. 55 67.5 90 max. 90 max. Volts

GRrID VOLTAGE (Grid No. 1) ..... -15 -1.5 ~ -3 Volts

PLATE CURBENT. covennervnesnen 1.8 2.8 3.1 3.2 Milliamperes
SCREEN CURRENT ..+ cvvvunnenns — — — 1.7 max. Milliamperes
PLATE RESISTANCE . ....ovvvu.nn 0.55 0.475 0.5 85 Megobm
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RCA RECEIVING TUBE MANUAL

TRANSCONDUCTANCE ............ 850 1000 1050 1080 Micromhos
GRID-PLATE CAPACITANCE (With shield-can)................... 0.007 max. upf
INPUT CAPACITANCE . vt vvone e inaetaassarnanaeanenennen 3.7 ppf
QUTPUT CAPACITANCE . . ..o\ttt e et ee e et e ee st caiaeaaanann 9.2 upf

INSTALLATION and APPLICATION

The base of the 36 fits the standard five-contact socket which may be installed to hold the
tube in any position. 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 voitage
and shielding, refer to Typa 35.

As a radio-frequency amplifier, the 36 should be operated as shown under CHARACTER-
ISTICS. As a detector, the 36 may be operated either with grid leak and condenser or with grid
bias. For grid-bias detection, suitable operating conditions are: Plate-supply voltage, 180 voits
applied through a plate-coupling resistor of 0.25 megohm or an_equivalent impedance; screen
voltage, 67.5 volts; and negative grid bias, 6 volts (approx.) so adjusted that a plate current of
0.1 milliampere is obtained with no input signal.

DETECTOR, AMPLIFIER

P2 @ K The 37 is a three-electrode general-purpose 37
tube of the heater-cathode type for use as
amplifier and detector.

H H
5A
CHARACTERISTICS
HeaTER VOLTAGE (A.C.or D.Cl) . .ottt iii it i iinne e ennns 6.3 Volis
HEATER CURRENT. . . o0t tttterteeiin e iiineeeerrannennnns 0.3 Ampere
PLATE VOLTAGE. . .......... (... .90 135 180 250 max. Volts
GRID VOLTAGE* ................ -6 -9 -13.5 -18 Volts
PLATE CURRENT. .. ..ocvern.... 2.5 4.1 4.3 7.5 Milliamperes
PLATE RESISTANCE . ............ 11500 10000 10200 8400 Ohms
AMPLIFICATION FACTOR .. ....... 9.2 9.2 9.2 9.2
TRANSCONDUCTANCE 40 vveernnnn. 800 925 900 1100 Micromhos
GRID-PLATE CAPACITANCE (ADDIOK.) . v ivvrnneeseroiennernnens 2.0 npl
GRID-CATHODE CAPACITANCE {ADPDIOX.) ..t vvveenrinnennennnen. 3.5 upf
PLATE-CATHODE CAPACITANCE (ADPDIOX.) «tovvverennnneeennnnns 2.9 wuuf

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

INSTALLATION and APPLICATION

The base of the 37 fits the standard five-contact socket which may be installed to hold the
tube in any position. Physical characteristics of the 37 are shown in Fig. 2-19, OUTLINES
SECTION. For heater operation and cathode connection, refer to Type 6AS.

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 5 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.

POWER AMPLIFIER PENTODE

The 38 is a power-amplifier pentode of the
heater-cathode type., The relatively low 3 8
heater current of this type makes it suitable

for autcmobile receivers and for power-line-

operated sets, particularly those with a series-

heater arrangement.

CHARACTERISTICS
HeaTeER VOLTAGE (A.C.or D.C).......... Ceeerrarreaeene vene 6.3 Volts
HEATER CURRENT . & ot tieeenttaeecnneteneanannesennnenennes 0.3 Ampere
PLATE VOLTAGE. . . ... ......... 100 135 130 250 max. Volts
Sc¢rEEN VoLTAGE (Grid No. 2) ... 100 135 180 250 max. Volts
GrIp VoLtaGE (Grid No. 1) ..... -9 -13.5 -18 -25 Voits
PLATE CURRENT.¢vvveunenrnoun. 7 9 14 22 Milliamperes
ScREEN CURRENT .. ............ 1.2 1.5 2.4 3.8 Milliamperes
PLATE RESISTANCE ............. 0.14 0.13 0.115 0.10 Megohm
TRANSCONDUCTANCE . ........... 875 925 1050 1200 Micromhos
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LoAD RESISTANCE ......... 15000 13500 11600 10000 Ohms
CATHODE-B1AS RESISTOR . 1100 1100 1100 970 Ohms
POWER OQUTPUT . ..vvvvvnnnnenen 0.27* 0.55% 1.0% 2.5% Watts

* 8% total harmonic distortien.
1 109, total harmonic distortion.

INSTALLATION and APPLICATION

The base of the 38 fits the standard five-contact socket which may be installed to hold the
tube in any position. Physical characteristics of the 38 are shown in Fig. 2-16, OUTLINES
SECTION.  For heater operation and cathode connection, refer to Type 648.

For the power amplifier stage ot radio receivers, the 38 is recommended either singly or in
push-pull combination. Transformer- or impedance-coupling devices are preferable. If, 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 does not rise more than
10% above the rated value under any condition of operation.

SUPER-CONTROL R-F AMPLIFIER
PENTODE

The 39/44 is a heater-cathode tube of the
remote cut-off type suitable for use primarily
as a radio-frequency amplifier and inter-

39 [ 4 4 mediate-frequency amplifier in receivers de-
i signed for its characteristics. The 39/44 is
effective in reducing cross-meodulation and
modulation-distortion over the usual range of

signal voltages without the use of antenna

potentiometers or auxiliary volume-control

switches.
CHARACTERISTICS

HEeATER VOLTAGE (A.C.or D.C) . . ... it iiie e 6.3 Volts
HEATER CURRENT. . o ot ittt ettt ie et eannsss 0.3 Ampere
PLATE VOLTAGE. . ... S 90 180 250 max. Volts
ScREEN VOLTAGE (Grid No. 2)............. S0 90 90 max. Volts
GRID VOLTAGE (Grid No. 1) ............... -3 min. -3 min. ~3 min. Volts
PLATE CUBRENT .« v et eieinnnnnnaeonnnnnn 5.6 5.8 5.8 Milliamperes
SCREEN CURRENT . .. o.vvntininnnnniennn.. 1.6 1.4 1.4 Milliamperes
PLATE RESISTANCE .............. 0.375 0.75 1.0 Megohm
TRANSCONDUCTANCE , : 960 1000 1050 Micremhos
TRANSCONDUCTANCE (At —42.5 volts bias) ... 2 2 2 Micromhos
GRID-PLATE CaPacIraNceE (With shield-can). .. ................ 0.007 max. ppf
INPUT CAPACITANGCE . ottvttttnennnnntenentieneareanninnns 3.5 waf
OUTPUT CAPACITANCE . . .ottt et it ittt e i eesaenenns 10 puf

INSTALLATION and APPLICATION

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 Fig. 2-16, OUTLINES
SECTION. For heater operation and cathode connection, refer to Type 6A8. Complete shield-
ing of all stages is necessary if maximum gain per stage s to be obtained.

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 supply voltage, or from a portion of the supply.
Care should be taken to keep the impedance between the screen and cathode as low as possible.
When the 39/44 is cathode-biased, a resistor in series with the high-voltage supply may be used
for ebtaining the screen voltage. This is possible because of the stable screen-current character-
istic of the 39/44 pentode. The resistor method of obtaining the screen voltage is limited to
circuits where the screen-voltage supply does not exceed 180 volts as a maximum. The value of
this resistance should be such that under the conditions of minimum grid bias and maximum
plate current the screen voltage will not exceed 90 volts. A resistance of approzimately 80000
ohms will be suitable.

As a radio-frequency and iniermediate-frequency amplifier, the 39/44 should be operated
as shown under CHARACTERISTICS. Velwme centrol 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 grid-bias voltage of approximately 45 volts will be required. The
exact value will depend upon the circuit design and operating conditions. This voltage may be
obtained from a potentiometer, a bleeder circuit, a variable resistor in the cathode circuit, or from
a separate source.

VOLTAGE AMPLIFIER TRIODE

The 40 is a high-mu triode of the storage-
battery type for use in, resistance-coupled or
40 impedance-coupled amplifier or detector
circuits.  Characteristics with maximum
effective plate volts of 180 and grid-bias volts
of -3 are: plate current, 0.2 milliampere;
late resistance, 150000 ohms; amplification
actor, 30; transconductance, 200 micromhos. 4p
Filament volts, 5; amperes, 0.25. The effec-
tive vaoltage at plate is plate-supply voltage minus voltage drop in load of 0.26 megohm caused
by plate current. For physical characteristics of the 40, see Fig. 2-25, OUTLINES SECTION.
The 40 is a discontinued type; it is retained for reference only.
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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- 4]
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, QUTLINES 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. Electmcal
characteristics, instailation (except that the 42
base requires the use of the standard six-
contact socket), and application are the same
as for the 6F6. Physical characteristics of
the 42 are shown in Fig. 2-25, OUTLINES
SECTION.

POWER AMPLIFIER PENTODE

The 43 is a power-amplifier pentode of the
heater-cathode type for use in the output .
stage of radio receivers of the ‘‘d-¢ power
line” type and the “‘universal” type. Elec- 43
trical characteristics, installation (except
that the base requires the use of the standard
six-contact socket), and application are the
same as for the 25A6. Physical character-
istics of the 43 are shown in Fig. 2-25, QUT-
LINES SECTION.

POWER AMPLIFIER TRIODE

The 45 is a power-amplifier triode 4 5

<\ of the filament type capable of supply-
° 0 ing large undistorted power output

F F from a-c operated receivers.
4p
CHARACTERISTICS
FiLaMeNT VoLTaGE (A.C.or D.C) ... ... ... ... 2.5 Volts
FILAMENT CURRENT .. .. .vtivriinrinnnnnnenanann 1.5 Amperes
As Single-Tube Class A; Amplifier
FrLAMENT VOLTAGE (A.C.) . .. 2.5 Volts
PLATE VOLTAGE ........c.ovo ... 180 250 275 max. Volts
GrID VOLTAGE* .. ............... -31.5 -50 -56 - Volts
CatHODE-B1as REsisToR . ... ... .. 1020 1470 15650 Ohms
Prate CURRENT. . ............... 31 34 36 Milliamperes
PLATE RESISTANCE. .. ............ 1650 1610 1700 Ohms
AmpLIFICATION FAcTOR. . ... ... .. 3.5 3.5 3.5
TRANSCONDUCTANCE .. ........... 2125 2175 2050 Micromhos
LoAD RESISTANCE . .............. 2700 3900 4600 Ohms
UnpisTORTED Power OUTPUT. . . .. 0.825 1.6 2.0 Watts

* Grid volts measured from mid-point of a-c operated filament. Cathode bias is advisable in
all cases; required if grid d-c resistance (max. value of 1.0 megohm) is used in grid circuit.

As Push-Pull Class AB, Amplifier
Values are for two tubes
Fixed Bias Cathode Bias

FrLaMeENT VOLTAGE (A.C) ... ... ...... 2.5 2.5 Volts
PLATE VorTaGE (Maximum) . .. ......... 275 275 Volts
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GRID VOLTAGE . ...oovoiin -68 — Volts
CATHODE-BIAS RESISTOR . . ............. — 775 Ohms
AVERAGE Driving Power (Grid-to-Grid). 656 460 Milliwatts
ZeRrO-SIGNAL PLATE CURRENT. .......... 28 36 Milliamperes
Max.-S1GNAL PLATE CURRENT .. ........ 138 90 Milliamperes
EFFECTIVE LOAD RESISTANCE

(Plate-to-plate) . ..................... 3200 5060 Ohms
ToraL HARMONIC DISTORTION. .......... 5 5 Per cent
Max.-Si6NAL Power QUTPUT ........... 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 preferably 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 18 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-puil (fixed bias or cathode bias) to the stated output
values. A step-down interstage transformer of suitable design is required.

=3

HALF-WAVE HIGH-VACUUM } ()
RECTIFIER . e@
4525-GT The 45Z5-GT is a half-wave rectifier

of the heater-cathode type for use in e\""/ OF

a-c/d-c receivers. The heater is pro- KE (8)
vided with a tap for operation of a NCKEY T
panel lamp. G-6AD
CHARACTERISTICS
Heater VoLtaceE (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 . ....ittiereiieeeeiinnneennns 0.15 Ampere

As Half-Wave Rectifier

A-C PraTe VoLTace (RMS)

Without Series Resistor................oovvnn... 125 max. Volts

With Serjes Resistor*............covviiiinnnn.. 250 max. Volts
Peax PLATE CURRENT:

Without Panel Lamp and No Plate-to-Heater Tap

Connection ........cooviieniiiiniiniienan,. 600 max. Milliamperes

D-C Ourpur CURRENT:

Without Panel Lamp and No Plate-to-Heater Tap

Connectlon . .......ciiiiiniiiii 100 meax. Milliamperes
With Panel Lamp® and Plate-to-Heater Tap Con-
nectiony . ... e 60 max. Milliamperes

* An a-c input voltage greater than 125 volts requires the use of a 100-ohm (min.) resistor
in series with the plate lead. X
° Type 40, for example. 1 See circuit under Type 35Z5-GT.

INSTALLATION and APPLICATION

The base of the 456Z5-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 iz a double-grid power-amplifier
tube recommended especially for service in
class B amplifier cireuits of suitable design.
The base of the 46 fits the standard five-
contact socket which may be installed to hold 46
the tube preferably in a vertical position.
Horizontal operation is permissible if pins 1
and B are in a vertical plane. Physical chag-
acteristics of the 46 are shown in Fig. 2-27
OUTLINES SECTION.

CHARACTERISTICS
FILAMENT VoLTAGE (A.C.or D.C) ...vvvvnnnnnnnn. herecrreens 2.5 Volta
FILAMENT CURRENT .......... et e, rreeeseians 1.75 Amperes

As Push-Pult Class B Amplifier
(Grids No. 1 and No. 2 connected together at socket)
PLATE VOLTAGE...... [ Ceeenen N e 400 max. Volts
PEAX PLATE CURRENT . 200 mex. Milliamperes
AVERAGE PLATE DISSIPATIO! 10 max. Watts
TYPICAL OPERATION:

Values are for two tubes

Plate Voltage ...... erereans Cerraaeeenan etenseeens 300 400 Volts

Grid Voltage. ......oveyrennnnnnanns e 0 0 Volts

Peak A-F Grid-to-Grid Voltage . et 113 118 Volts
Zero-Signal Plate Current . ....... e eereeraea. 8 12 Milliamperes
Effective Load Resistance (Plate-to-plate)............. 5200 5800 Ohms
Mazx.-Signal Power Qutput (Approx.) ..... Crrserecaans 16* 20t Watts -

* With average power input of 950 milliwatts applied between grids.
1 With average power input of 650 milliwatts applied between grids.

As Class A; Amplifier
(Grid No. 2 connected to plate at socket)

PLATE VOLTAGE . . . ottt tiiiet i teeeientiaaenansnannranns 250 maex. Volts

GRID VOLTAGE . v . o vttt titisttnenneeeeeaeanaaneensosersnrsans -33 Volts

PLATE CURRENT . ettt ittetonnneeernnnnsernnnnnaonannsesses 22 Milliamperes
PLATE RESISTANCE ... 00ttt iiiiiiiiiinnneinnnnecoasneeeonannns 2380 Ohms
AMPLIFICATION FAcTOR .. .... [ PN 5.6
TRANSCONDUCTANCE &5 0t s ausssseocesssonenaesannnceseannnsins 2350 Micromhos
Loap REesisTaNce (For max. undistorted power)tt................ 6400 Ohms
UNDISTORTED POWER OUTPUT. 1+ vvueernneesnonnssannssnnssannes 1.25 Watts

" 11 Approximately twice this value is recommended for load of this tube as driver for class B
stage.

POWER AMPLIFIER PENTODE

The 47 is a power-amplifier pentode for
use in the audio output stage of a-c receivers.
In comparison with three-electrode class A
power amplifiers of the same plate dissipa-
tion, the 47 is capable of greater output with 47
the additional feature of higher amplification.
The base of the 47 fits the standard five-
contact socket which should be installed to
hold the tute preferably in a vertical position.
Horizontal operation is permissible if pins 1
and 5 are in a vertical plane. Filameat op-
eration is the same as for Type 46. Physical characteristics of the 47 ar shown in Fig. 2-27
OUTLINES SECTION.

CHARACTERISTICS
FiLaMENT VOLTAGE (A.C.or D.C) ..o it ee e 2.5 Volts
FILAMERT CURRENT . .. etiiieionnnnereenneniossnaeronsnnrananes 1.75 Amperes
PLATE VOLTAGE . « ¢ vttt teniereinnnnssnsaneasessnesnans 250 max. Volts
SCEREEN VOLTAGE . « ¢t ve it ittt te et senannssenasneneennes 250 max. Volts
GRID VOLTAGEX ... ittt iiaranroinnsnennanns -16.5 Volts
CATHODE-BIAS RESISTOR L .. toviitiiiiiinininiirieinannnanenns 450 Ohms
PLATE CURRENT . ettt veennnenoenansoruosenntnsnssasasnnnatns 31 Milliamperes
SCREEN CURRENT & 1t ttetetvvnnrcnrtmananennncnnssavonsesnnnes 6 Milliamperes
PLATE RESISTANCE . ..ttvutnnt it ininin i iiiienenranananas 60000 Ohms
TRANSCONDUCTANCE 2500 Micremhos
LOAD RESISTANCE L 41vvueunenrnnennsroneansssacossssonnaesnons 7000 Ohms
Power OuTpUT (6% total harmonic distortion) .........coveuvvnn 2.7 Watts

* If filament is operated on d.c., the grid bias should be -15.3 volts. The d-c resistance in .
the grid circuit should not exceed 0.5 megohm with catbode bias, or 50000 ohme with fixed bias.
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POWER AMPLIFIER TETRODE G '
The 48 i3 a power amplifier tetrode which

has pentode characteristics when operated ,

at the recommended screen and plate volt- K

ages. It is for use in the audio output stage P2 (5
48 of receivers designed to operate from d-c i

power lines. The base of the 48 fits the stand- ‘

ard six-contact socket which should be mount- o e

ed to hold the tube preferably in a vertical

position with base down Horizontal opera-

txon is permissible if pins 2 and 5 are in a ver- 6A

ical plane. Phy«icol 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 employm,r one or more 48’s, the heater(s) of the 48(’s) should
be placed on the positive side of the line. The cathede circuit in d-¢c receivers is tied in either di-
rectly or through biasing resistors to the negative side of the heater circuit. The potential dif-
ference thus introduced between heater and cathode of the 48 should not exceed 90 volts, as
measured between the negative heater terminal and the cathode.

CHARACTERISTICS
HEATER VOLTAGE (DLCl) . . ottt ii e 30 Volts
HEATER CURRENT. « & vttt i taaee e inesnneannennaennaeneennsy 04 Ampere
PLATE VOLTAGE . « « ot oiistenate s eneeaanneananns 96 125 max. Volts
SCREEN VOLTAGE (Grid No. 2). ... ..o e, 96 100 max. Volts
GRID VOLTAGE (Grid No. )t . ........coviiiiii ... -19 -20 Volts
CATHODE-BIAS RESISTOR .. 0iiiviv it 310 310 Ohms
PLATE CURRENT .ttt vttt ittt e itenttoanneanetannnes 52 56 Milliamperes
SCREEN CURRENT ..t ttiiiinnnn e iiiinteeeinannanenns 9 9.5 Milliamperes
PLATE RESISTANCE ... .ttt ittt i iiaaarnens Subject to considerable variation
TRANSCONDUCTANCE & o\t ttvveetcnnnenssvannnnsernnnnnn 3800 3900 Micromhos
LoAD RESISTANCE ...t iiiiiniiiaininns 1500 1500 Ohms
PoweER QUTPUTH . ... .. i iiiiiiiiiiiiininnanss 2 2.5 Watts

I The d-c resistance in the grid circuit should not exceed 10000 chimes.
* 99, 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.

- % CHARACTERISTICS

F1LAMENT VOLTAGE (D.C.) . ivvnniiiiiiiiiearinniienenns e 2.0 Volts
FILAMENT CURRENT L .. 0iuunn s rtnnerennoasannnonerononesennns 0.12 Ampere

As Class B Power Amplifier

Grids No. I and Ne. 2 connecied togeiher at socket
PLATE VOLTAGE . « ottt iit e ittt iiiia e eaniit e esnanes 180 max. Volts
PEAK PLATE CURRENT PER TUBE ... vuiirinenrnrnnroroerenneonn 50 max. Milliamperes
TypicAL OPERATION:

Plate Voltage . 135 180 Volts
Grid Voltage . 0 0 Volts
Peak A-F Gnd-to~Gnd Voltage . s . 70 70 Volts
Zero-Signal Plate Current .. ....ovivvevunin... e 2.6 4 Milliamperes
Effective Load Resistance (Plate-to-plate). .. 8000 12000 Ohms
Power Output (ADPDIOX.) . v.iiiuenne e ennnnnennn 2.3 3.5 Watts
As Driver — Class A; Amplifier
Gréid No. 2 connected to plate at sockel
PLATE VOLTAGE, .« ..., 135 max. Volts
TypicalL OPERATION:
Plate Voltage ........ 135 Volts
Grid Voltage........cocuienienennannt. ; -20 Volts
Plate Current........ Ces 6.0 Milliamperes
Plate Resistance. .. 4175 Ohms
Amplification Facto: 4.7
Transconductance . 1125 Micromhos
Load Resistance. . 11000% Ohms
Power Output (Approx ) ............................. eveins 0.170 Watt

B * Approximately twice this vailue is recommended for load of this tube as driver for class
stage.
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® 5" 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- 50
+ former coupling. It is capable of delivering s
o ° large undistorted power. The base of the 50
F 3 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 10000 ohms.

CHARACTERISTICS
FiLAMENT VOLTAGE (A.C. or D.C)) 7.5 Volts
FILAMENT CURRENT .:........... 1.25 Amperes
PLATE VOLTAGE....... 450 max. Volts
GRiD VOLTAGE* .. 6 -84 Volts
CATHODE RESISTOR 1530 Ohms
PLATE CURRENT. . 55 Milliamperes
PLATE RESISTANCE . .. .. 1800 Ohms
AMPLIFICATION FACTOR .. ........ .. . X 3.8
TRANSCONDUCTANCE .. 2100 Micromhos
LOAD RESISTANCE «....0uuenn.. .. 4350 Ohms
UxDISTORTED POWER QUTPUT....... e 3. 4.6 Watts

* Measured from mid-point of a-¢ operated filament.

° 2 BEAM POWER AMPLIFIER

e/ The 50L6-GT is a power amplifier
of the heater-cathode type designed

e for use in the output stage of a-c/d-c O 6-GT
H \ /N /e receivers. Except for its heater rating 5 L

OMO of 50 volts and 0.15 ampere, the
WREY Boe 50L6-GT has electrical and physical
G-TAC 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
primarily for use in the output stage of a-¢
operated receivers. Except for the heater
rating of 2.5 volts and 2.0 amperes, the elec-
trical characteristics of the 53 are identical
with those of the 6N7, Additional data is
given in the RESISTANCE-COUPLED
AMPLIFTER 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 any position. Physical characteristics of the
53 are shown in Fig. 2-25, QOUTLINES SECTION. For heater operation and cathode connec-
tion, refer to Type ZA5.

DUPLEX-DIODE TRIODE

The 55 is an a-¢ heater type of tube con-
sisting of two diodes and a triode in a single
bulb. It is recommended for service as a
combined detector, amplifier, and automatic- 5 5
volume-control tube. Except for its heater
rating of 2.5 volts and 1.0 ampere, the 55 has
electrical and physical characteristics identical
with those of Type 85. For heater operation
and cathode connection refer to Type 2AS.
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DETECTOR AMPLIFIER TRIODE

The 56 is a three-electrode tube of the
heater-cathode type for use as a detector,
amplifier, or oscillator 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 conditiong for the 56 as a resistance-
coupled amplifier are given in the RESIST-
ANCE-COUPLED AMPLIFIER CHART.

HEATER VOLTAGE (A.C. or D.C.) . . vttt it ine i iaannanans 2.5 Volte
HEATER CURRENT. . . ot ttteeenentrtnunesseeanannncenceeassris 1.0 Ampere
GRID-PLATE CAPACITANCE (ADPDIOK.) . .ot vuinevnecnarereanerenenns 3.2 wpf
GRID-CATHODE CAPACITANCE (ADDIOK.) v vvvvnenennrvnnneneenens 3.2 upf
PLATE-CATHODE CAPACITANCE (ADPDIOZ.) ..o vvveerrnenenrnnnness 2.2 upf

TRIPLE-GRID DETECTOR
AMPLIFIER

The 57 is a triple-grid tube recommended

especially for service as a biased detector in

57 a-c receivers. The 57 is constructed with an

internal shield connected to the cathode

within the tube. Except for its heater rating

and capacitances which are given below, the 57

has electrical characteristice identical with

those of Type 6J7. Physical characteristics

of the 57 are shown in Fig. 2-20, OUTLINES | )

SECTION. The base of the 57 fits the standard siz-contact socket which may be installed to

hold the tube in any position. For heater operation and cathode connection, refer to Type 2AS5.
For screen voltage and shielding requirements, see Type 6C6.

HEATER VOLTAGE (A.C.or D.C) .t vve i ii i iee i cieenenans 2.5 Volts
HeATER CURRENT....... S 1.0 Ampere
PeNTODE CORNECTION:
Grid-Plate Capacitance (With shield-can) ..................... 0.007 max. puf
Input Capacitance........... e s 5 wpf
Output Capacifance . . .........veenuurerernrrrrreecaeaninos 6.5 puf
Tr10DE CONNECTION:
Grid-Plate Capacitance . .......................coiiiienin.s 2 upf
Grid-Cathode Capacitance. . .......oooiiiititiieinnnnnns 3 uuf
Plate-Cathode Capacitance ..................ouiineeeennaanans 10.5 upf

TRIPLE-GRID SUPER-CONTROL
AMPLIFIER

The 58 ig a triple-grid super-control ampli-

fier tube recommended 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

. its beater rating and capacitances which are

given below, the 58 has electrical character-

X i istics_identical with those of Type 6U7-G.

Physical characteristics of the 58 are shown in Fig. 2-20, OUTLINES SECTION. The base of

the 58 fits the standard six-contact socket which may be installed to hold the tube in any position.

For heater operation and cathode connection, refer to Type 2A5. For control-grid bias variation,

screen voltage, and suppressor connection, refer to Type 63K7. Shielding requirements are
similar to those for Type 6C6.

HeaTER VOLTAGE (A.C.or D.C) . ot iee e 2.5 Volts
HEATER CURRENT. . . ¢ oottt tiie i iie ettt ceie s 1.0 Ampere
GRID-PLATE CAPACITANCE (With shield-can), . . ... ............... 0.007 max. puf
INPUT CAPACITANCE . ...ttt ittt eaaeeeenns 4.7 upf
OUTPUT CAPACITANCE . ... v vetntenettte e anaenn 6.3 uuf

TRIPLE-GRID POWER AMPLIFIER

The 59 is a triple-grid power-amplifier tube
of the heater-cathode type for use in the out-
59 put stage of a-c operated receivers. The
triple-grid construction of this tube, with
external connections for each grid, makes
possible its application as (1) a class A power
amplifier triode, (2) a class A power-cutput
aqg(tiode, and (3) a class B power output
iode.
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CHARACTERISTICS

HeATER VOLTAGE (A.C.or D.C))...........
HeATER CURRENT. ..... eeeeeeran

2.5 Volts
2.0 Amperes

As Class A; Power Amplifier

Trsode Pentode
Fa, o C 'y -]

PLATE VOLTAGE. . . ciuvererionroroceerecsconnonnns 250 max. 250 max. Volts
SCREEN VOLTAGE (Grid No. 2).........coiivvvnns — 250 max. Volts

Grip VoLTAGE {(Grid No. 1) ........ovvvvinunns v -28 -18 Volts
CATHODE RESISTOR, ¢ covevevervnnnservnnrneannnns 1080 410 Ohms

PLATB CURRENT..... ereian [ ebeiesaees 26 35 Milliamperes
SCREEN CURRENT .. ..vvvvvrrrnrnnnes e e — 9 Milliamperes
AMPLIFICATION FACTOR ... c.iiiiiininencnnnans . 6 —

PLATE RESISTANCE . ......... et retrees et 2300 40000 Ohma
TRANSCONDUCTANCE +ivvvuveeennnanioonnacenans .. 2600 2500 Micromhos
LOAD RESISTANCE ......... e rertai i cierasean 5000* 6000 Ohme
POWER OUTPUT .......000uns eeeaaaas evaa sean 1.25 3t Watts

As Class B Power Amplifier — Triode Connection
Grids No. 1 and No. 2 tied togelher; grid No. 3 lied to plate

PLATE VOLTAGE. . . ......... et e Ceraeseenees 400 max. Volts
PEAR PLATE CURRENT v 0 vt ereeeeuernnnonsornanersnsonessnssons 200 max. Milliamperes
AVERAGE PLATE DISSIPATION ............ R RN 10 max. Watts
AVERAGE GRrID DissipaTION (Grids No. 1 and No. 2) ....... [ 1.5 max. Watts

TvyrpicaL OPERATION:
Values are for two tubes

Plate Voltage «.......o0vvvesneennns e 300 400 Volts

Grid Voltage. ..o v vvvrnrierennenniierrreneerencnes. 0 Q Volts
Zero-Signal Plate Current .. ... i iiiiiiiiinn, 20 26 Milliamperes
Effective Load Resistance (Plate-to-plate)............. 4600 6000 Ohms
Power Qutput (ADDIOX.) o vvvetivinvosrrncreonsnnen 15 20 Watts

° Grids No. 2 and No. 3 tied to plate; grid No. 1 is controt grid.
°° Grid No. 3 tied to cathode; grid No. 1 is control grid; grid No. 2 i8 screen.
* Optimum for maximum undistorted power output of 1.25 watts. Approximately twice
this value is recomnmended for load of this type as driver for class B stage.
+ 7% total harmonic distortion.

INSTALLATION and APPLICATION

. The base of the 59 fits the seven-contact (0.855-inch pin-circle diameter) socket which may
be installed to hold the tube in any position. Physical characteristics of the 59 are shown in F;g
2-27, OUTLINES SECTION. For heater operation and cathode connection, refer to Type 2A5.
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.

& &° POWER AMPLIFIER TRIODE

The 71-A is a power-amplifier tube of low-
output impedance for use in the output stage
of audio-frequency amplifiers. The base of
the 71-A fits the standard four-contact socket - A
0* 4 which should be_installed to hold the tube
F e in a vertical position. Physical characteristics
of the 71-A are shown mm Fig. 2-25, OUT-
LINES SECTION. The coated filament
4D of the 71-A may be operated from a storage
battery or from the a-c line through a step-down transformer.

CHARACTERISTICS
FiLaMENT VOLTAGE (A.C.or D.C.) ....... e P eeean 5.0 Volts
FILAMENT CURRENT . .tvverenenriorrnnrnnrannsnnsonsan eeena 0.25 Ampere
PLATE VOLTAGE. .. ...v0vunen e 90 135 180 max. Volts
GRID VOLTAGE® ... ittt iininianenns -16.5 -27 -40.5 Volts
CATHODE RESISTOR. .. ..ovvvinenrniinrann. 1600 1700 2150 Ohms
PLATE CURRENT. . ..ottt eaninnss 10 17.3 20 Milliamperes
PLATE RESISTANCE ....ovvvniniiinnnenaenn 2170 1820 1750 Ohms
AMPLIFICATION FACTOR .. .......000vvunnns 3 3 3
TRANSCONDUCTANCE +.vveuennrennrnronnss 1400 1650 1700 Micromhos
LoAD RESISTANCE 4uusunveennnnnnnnnennnns 3000 3000 4800 .Ohms
UNDISTORTED POWER OQUTPUT.............. 0.125 0.4 0.79 Watt

* For operation on a-c filament supply, increase grid-bias voltage 2.5 volts. The d-c resist-
ance in the grid circuit should not exceed 0.5 megohm.
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DUPLEX-DIODE HIGH-MU
TRIODE

The 75 is a heater-cathode type of tube

consisting of two diodes and a high-mu triode

7 5 in a single bulb. It is for use as a combined

detector, amplifier, and automatic-volume-

control tube. For diode-detector considera-

tions, refer to RADIO TUBE APPLICA-

TIONS section. Except for capacitances

which are given below, the electrical charac—

teristics of the 75 are the same as.those of

Type 65Q7. Physical characteristics of the 75 are shown in Fig. 2-16, OUTLINES SECTION.

The base of the 75 fits the standard six-contact socket which may be instatled to hold the tube

in any position. Operating conditions for the triode unit as a resxstance-coupled amplifier are
given in the RESISTANCE-COUPLED AMPLIFIER CHART

Triode: GRID-PLATE CAPACITANCE (ADDIOX.) . .ovevnrnnnncecnnans 1.7 upf
GRID-CATHODE CAPACITANCE (APPIOX.) . e verrvrnevnnenn. 1.7 uuf
PLATE-CATHODE CAPACITANCE (ADDPIOX.) .. vvuvenecrvann 3.8 nuf

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 fits the
standard five-contact socket which may be
installed to hold the tube in any position.
Physical characteristics of the 76 are shown
in Fig. 2-19, OUTLINES SECTION.

GRID-PLATE CAPACITANCE (Approx.). ‘e
GRID-CATHODE CAPACITANCE (Approx ) Cheernaanes ..
PLATE-CATHODE CApACITANCE {Approx. ) ......... eenaeen e

TRIPLE-GRID DETECTOR AMPLIFIER

The 77 is a triple-grid tube recommended

E 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 relatwely small inpuf voltage. Other

applications of the 77 include its use as a low-

signal-input screen-grid 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

position. Physical characteristics of the 77 are shown in Fig. 2-16, OUTLINES SECTION. For

heater operation and ecathode connection, refer to Type 6A8. Shielding and screen voltage
requirements are similar to those for Type 6C6. For defector opetation, see Type 6J7.

Y CHARACTERISTICS
HEATER VorTaGe (A.C.or D.C)......... et 6.3 Volts
HEATER CURRENT ... .cunuvesnnsnuns e 0.3 Ampere
GRID-PLATE CAPACITANCE (Wnth shxeld«:an) 0.007 max. upf
INPUT CAPACITANCE . ...... 4.7 upf
QutPUT CAPACITANCE. 11 upf
PLATE VOLTAGE. . ... I S 300 max. Volts
ScREEN VOLTAGE (Grid No. 2). ... ... oo 100 max. Volts
SCREEN SUPPLY VOLTAGE. .00t tnn vt iiunnnasuanesvoneaneeenns 300 max. Volts
GRID VOLTAGE (Grid No. 1) . ... it it i 0 min. Volts
PLATE DISSIPATION . 4t o vteeseue s ienninnaasaninionennsosnns 0.75 max. Watt
SCREEN DISSIPATION. tu ittt it ttiinei i einneranreannns 0.1 max. Watt
TypiCAL OPERATION: . ) )
Plate Voltage ....ovuiviniiiiiinni i 100 250 Volts
Screen Voltage. ............ . 60 100 Volts
Grid Voltagel............ ~-1.5 Volts
Suppressor......... Ceree i e Connected to cathode at socket
Plate Current.......... [ Ceereen e 1.7 23 Milliamperes
Screen Current. . ... i i 0.4 0.5 Milliamperes
Plate Resistance (APDPIOx.) «vvevenernn.n e 2.6 - i Megohm
Transconductance v oo vvvsenesarasosionanuessens 1100 1200 Micromhos
Grid Voltage (Approx ) for cathode-current cut-off. . 5.5 ~7.5 Volts

1 The d-c resistance in the grid circuit should not exceed M 0 megohm.
t Greater than 1.0 megohm.
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AVERAGE PLATE CHARACTERISTICS

T
TYPE 77
€ £=6.3 VOLTS ] ;
| SCREEN voLis=ioo 1 . olL-crib | vorTs] =0
SUPPRESSOR VOLTS=0 ONTRGES =

AR

PLATE MILLIAMPERES
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=3

/
/ ] . Eci=—3
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B

400 480 550

240 320
PLATE VOLTS 92C-5279

TRIPLE-GRID SUPER-CONTROL
AMPLIFIER

The 78 is a triple-grid super-control ampli-
fier tube recommended for service in the
radio-frequency and intermediate-frequency 78
amplifier stages of radio receivers. The
internal shield around the plate of the 78 is
connected to the cathode within the tube.
Except for capacitances which are shown
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 any
position. Physical characteristics of the 78 are shown in Fig. 2-16, OUTLINES SECTION.
Heater 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 tc those of Type 6C6.

GRID-PLATE CAPACITANCE* 0.007 max. puf
INPUT CAPACITANCE* ., .., 4. upf
OuTPuT CAPACITANCE*...... . 11 anf

* With close-fitting shield connected to cathode.

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-cutput 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 &0 that circuits employing the 79 are
similar to those of class B amplifiers utilizing
individual tubes in the output stage. The base of the 78 fits the standard six-contact socket
which may_be installed to operate the tube in any position. Physical characteristics of the 79
are shown in Fig. 2-16, OUTLINES SECTION. For heater operation and cathode connection,
refer to Type 6A8, but give consideration to the greater heater current of the 79

CHARACTERISTICS
HezaTER VOLTAGE (A.C.or D.C) .. .o 6.3 = Volts
HeaTER CURRENT 9.6 Ampere
As Class B Power Amplifler
PLATE VOLTAGE . . ¢ cevittnrinnevnnonvnonnnnseconnnnns [ 250 max. Volts
90 max. Milliamperes

AVERAGE PLATE DISSIPATION ... ..ottt ittt iinienbocaensns 11.5 max. Watts
TyrpicaL OPERATION:

Plate Voltage ... 250 Volts

Grid Voitage............ e . 0 4] Volts
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Zero-Signal Plate Current .. .............. Cerereees 7.6 10.6 Milliamperes
Effective Load Resistance (Plate-to-platej. . ... PR 7000 14000 hms
Power Output (Approx.)* .. ........... S e 5.5 8 Watts

FULL-WAVE HIGH-VACUUM fo2 Sor
RECTIFIER
8 O The 80 is a full-wave rectifying tube
of the filament type for use in d-c 4
power-supply devices which operate F F

from the a-c supply line, Its maximum
ratings and typical operating condi- 4c
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

plane. Physical characteristics of the 80 are shown in Fig. 2-25, QUTLINES

SECTION. Filament operation and ventilation are the same as for Type 5T4.

HALF-WAVE HIGH-VACUUM . Ne
RECTIFIER © ©

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-c supply lLine. Full-

wave rectification may be accomplished by 0*'0

. the use of two 81's. The base of the 81 fits F
the standard four-contact socket which
should be mounted to hold the tube prefer-
ably in a vertical position. Horizontal opera- 48

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.

-

CHARACTERISTICS
FILAMENT VOLTAGE (A.C.) ... ittt i iiiiin e e 7.5 Volts
FILAMENT CURRENT . ...0vvvnvnerennnnnonn et 1.25 Armperes
As Half-Wave Rectifier
PEAK INVERSE VOLTAGE................ et 2000 mex. Volts
PEAK PLATE CURRENT .\0ueevvrnunnnnsns eeseeeeea e 500 meax. Milliamperes
Typtcal. OPERATION WirtH CONDENSER-INPUT FILTER:
A-C Plate Voltage (RMS). ... ....iiivniiniiieninniranneins 700 max. Volts
D-COQutput Current..........c.o.uv.... e es i 85 max. Milliamperes
OPERATION CHARACTERISTICS OPERATION CHARACTERISTICS
CONDENSER INPUT TO FILTER CHOKE_INPUT TO FILTER
T T T T T T T T T
TYPE 81 TYPE 81
l-E¢=7.5 VOLTS AC. [-E £=7.5 VOLTS A.C.
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FULL-WAVE MERCURY-VAPOR
RECTIFIERS

The 82 and 83 are full-wave mercury-vapor 8 2
rectifiers of the hot-cathode type for use in
suitable rectifying devices designed to supply
d-c power of uniform voltage to receivers in
which the direct-current requirements are
subject to considerable variation. The ex- 83
cellent voltage-regulation characteristic of
these tubes is due to the low and practically
. 4C constant tube voltage drop for any current
drain up to the full emission of the filament.

v CHARACTERISTICS
Type 82 Type 83
FILAMENT VOLTAGE (A.C.) ... ..l iien i 2.5 5 Volts
FILAMENT CURRENT . . i0vtvneenernennrenroanaennnnnns 3 3 Amperes
As Full-Wdve Rectifiers
PeAK INVERSE VOLTAGE............ D, 1550 max. 1550 max. Volts
PEAK PLATE CURRENT PER PLATE. . . . .vvvrvrnnennnnnn 345 max. 675 maex. Milliamperes
CoNDENSED-MERCURY TEMPERATURE RANGE . ......... 24 -60 20 -60 °C
TyPICAL OPERATION WiTH CONDENSER-INPUT FILTER:
A-C Plate Voltage per Plate (RMS) ................ 450 max. 450 max. Volts
Total Effective Plate-Supply Impedance per Platef. . . 50 men. 50 min. Obms
D-COutput Current. ..o.ovuueeaennscreenonnnnnns 118 max. 225 max. Milliamperes

TypicAL OrERATION Wit CHOXE-INPUT FILTER
A-C Plate Voltage per Plate (RMS)

550 max. 550 max. Volts

Input-Choke Inductance . . ............. . . .ocvvnn. 6 min. 3 min. Henries
D-COutput Current. .......covieinenininiennnanen 115 max. 225 max. Milliamperes
TUBE VOLTAGE DROP (APPIOZ.) . .. ovvi i ieinonranns 15 15 Volts

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

INSTALLATION and AP?LICKATION

The base of either the 82 or 83 fits the standard four-contact socket which should be mounted
to hold the tube in a vertical position with the base down. Ouly a socket making very good
filament contact and capable of carrying 3 amperes continuously should be used. oor contact
at the socket will cause overheating at the pins, lowered filament vcitage, and high internal drop
with comsequent injury to the tube. Adegquate natural ventilation should be provided for the 82
and 83, especially if shielding is used. Physical characteristics of the 82 and 83 are shown in
Figs. 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 wvalues. If these values are exceeded, the. .tube voltage drop will
increase rapidly and the filaments may be damaged permanently.

The coated filament is designed to operate from the a-c line through a step-down transformer.
The voltage at the filament terminals should be the rated value under operating conditions with
a line voltage of 117 volts. The high current taken by the filament and the possibility of damage
caused by applying plate voltage before the filament is sufficiently heated make it imperative
that g{l connections in the 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 exeellent 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,
iL.e., the positive bus of the filter and load circuit, should be connected to the center-tap of the
filament winding.

Full plate load should not be applied to the 82 or 83 until their filaments have reached normal

rating temperature. Under normal operating conditions, the filaments heat quickly when
the set is “turned on” and are ready to supply full-load current before the tubes in the receiver
require it.

Shielding of this tube, particularly in sensitive receivers, may be necessary to eliminate
objectionable noise. Refer to Filters in the RADIO TUBE APPLICATIONS section. A fase
having a rating approximately 50% in excess of normal load requirements should be inserted in
the primary of the power transformer to prevent damage in case of excessive current which may
flow under abnormal conditions. Ii fs recommended that the enlire equipment be disconnecied from
the a-c power supply whenerer the 82 end 83 are remored from or installed in thefr sockels.

As half-wave rectifiers, the 82 and 83 may be operated with plates connected in parallel
Two 82's or 83’s 80 connected in a full-wave circuit can supply twice the output current of a single
tube. Both plates within the same tube should be connected to the same terminal of the plate
transformer, To equalize the current distribution between plates, a resistor of not less than 50
ohms should be connected in geries with each plate.
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LOF] PDy

FULL-WAVE HIGH-VACUUM
RECTIFIER

8 3_\/ The 83-v is a full-wave rectifier tube
of the heater-cathode type intended
for use in suitable rectifying devices H H
designed to supply d-c power to re-
: ceivers having large direct-current 4AD
requirements. The exeellent 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,
%UT{;H\&ES SECTION. Heater operation and ventilation are the same as for
the 5V4-G.

FULL-WAVE HIGH-VACUUM
RECTIFIER

84/ 624 The 84/67Z4 is a full-wave rectifier

of the heater-cathode type intended
for supplying rectified power to auto-
mobile-radio equipment designed for
its characteristics.

* CHARACTERISTICS
Heater VoLtacE (A.C.or D.C) ... ... .. ... 6.3 Volts
HEATER CURRENT ... \vetttiieeeiine e 0.5 Ampere
As Full-Wave Rectifier
PEAK INVERSE VOLTAGE . . ..o iiiviiiinie e 1250 max. Volts
Peag Prate CURRENT PER PraTs .. ... ... ... .. .. 180 mex. Milliamperes
D-C HeATER-CATHODE POTENTIAL . . ....0ocvvvnn... 450 max. Volts
TyricaL OPERATION WIiTH CONDENSER-INPUT FILTER:
A-C Plate Voltage per Plate (RMS).............. 325 max. Volts
Total Effective Plate-Supply Impedance per Platei. 125 min. Ohms
D-COutput Current. ............coivuennnnn... 60 max. Millilamperes
TypricAL OPERATION WiITH CHORE-INPUT FILTER:
A-C Plate Voltage per Plate (RMS).............. 450 max. Volts
Input-Choke Inductance........................ 10 min. Henries
D-COutput Current. ... ...........civeeiinnn. 60 max. Milliamperes

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

rated valye.
OPERATION CHARACTERISTICS
A S

INSTALLATION and APPLICATION TP B4 | £c=53 voLTS

---CHOKE(L_)JNP_LT TO FILTER:
The base of the 84/6Z4 fits the standard five- —— BN Yo riren:
contact socket which may be mounted to hold the I sal WMPEDANCE ek PLATES
tube in any position. Physicai characteristics of J’%’ﬁf‘,—pl“ ™
the 84/6Z4 are shown in Fig. 2-19, OUTLINES 2 | | %0 T=Seenply, | |
SECTION. The heater is designed so that the T
normal voltage variation of 6-veolt automobile bat-
teries during charge and discharge will not materiaily
affect the performance or serviceability of this tube.

o
Q
S

D~C OUTPUT VOLTS AT INPUT TO FiLTER
@
(o)

= 300,

Under no condition of operation should the normal - o]
operating heater voltage fluctuate to exceed a [ zoof— B0 J—=F=r===3
maximum of 7.5 volts. Adequate ventilation should B Y oS
be provided for cooling the tube by the use of N SN
chassis enclosures designed to radiate heat efficiently. 100
Filters are discussed in the RADIO TUBE AP-
PLICATIONS section.

° o 20 40 - 60

D~C. LOAD MILLIAMPERES
92C~-5441R2
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DUPLEX-DIODE TRIODE

j GT
e
' The 85 is a heater-cathode type of tube

Pr (@) or consisting of two diodes and a triode in a 8 5
single builb for use as a combined detector,
‘ amplifier and automatic-volume-control tube.
a e For diode-detector considerations and for a
discussion of automatic velume con'rol, refer
A H to RADIO TUBE APPLICATIONS section.
6G
CHARACTERISTICS
HeATER VOLTAGE (A.C.ar D.C) .. .o iiiiii i 6.3 Volts
HEATER CURRENT. . . o cvviivinnnnsrneansen 0.3 Ampere
Triode: GRID-PLATE CAPACITANCE (Approx.) .. .. 1.5 wuf
GRID-CATHODE CAPACITANCE (APPIOX.). cuvevneunernn- 1.5 uuf
PLATE-CATHODE CAPACITANCE (ADPDPrOX.)}. vvunnvvnnsans 4.3 upf
Triode Unit — As Class A; Amplifier
PLATE VOLTAGE. . . .. ... c.viiiiinnnnnnnn, 135 180 250 max. Volts
GRriD VOLTAGE. , . . .......oouuninnn.. . -10.5 -13.5 -20 Volts
AMPLIFICATION FACTOR .. .............. ... 8.3 8.3 8.3
PLATE RESISTANCE .. ..ovvunniinnann o 11000 8500 7500 Ohms
TRANSCONDUCTANCE & .+t eeeeeinannnn s 750 975 1160 Micromhos
Prate CURRENT. ... ... 3.7 6.0 8.0 Milliamperes
LOAD RESISTANCE ... .......coovnveinnn.. .. 25000 20000 20000 Ohms

POWER OUTPUT . ...........covuniionnnnn. 0.075 0.16 0.35 Watt

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

INSTALLATION and APPLICATION

The base of the 85 fits the standard siz-contact socket which may be installed to hold the
tube in any position. Physical characteristics of the 85 are shown in Fig. 2-16, OUTLINES
SECTION. For heater operation and cathode connection, refer to Type 6A8. Complete shield-
ing of detector circuits employing the 85 is generally necessary to prevent r-f or i-f coupling between
the diode circuits and the circuits of other stages. Diode biasing of the triode unit may be em-
ployed only when at least 20000 ohms resistance is used in the plate circuit. Conditions for the
use of the triode unit as a resistance-coupled amplifier are given in the RESISTANCE-COUPLED
AMPLIFIER CHART.

TRIPLE-GRID POWER AMPLIFIER

The 89 is a triple-grid power amplifier tube
of the heater-cathode type recommended for
use in receivers with 6.3-volt heater supply. 89
The triple-grid comstruction of this tube,
with external connections for each grid, makes
possible its application as (1) a class A power-
amplifier triode, (%) a class A power-output
pentode, and (3) a class B power-output

triode.
. CHARACTERISTICS

HeaTER VOLTAGE (A.C.0or D.C)...... e 6.3 Volts
HEATER CURRENT. . . oottt tttntitatinarenraneanennennneennns 0.4 Ampere

Class A, Power Amplifier — Triode Connection

Grids No. 2 and No. 3 tied to plate

PLATE VOLTAGE . .. ............. RPN .. 160 180 280 max. Volts
GrD VOLTAGE (Grid No. 1) -20 -22.5 =31 Volts
CATHODE RESISTOR. . .. 1180 1125 970 Ohms
PLATE CURRENT,....... . - 17 20 32 Milliamperes
AMPLIFICATION FACTOR .. ... . ............. 4.7 4.7 4.7
PLATE RESISTANCE .......... ... ... ...... 3300 3000 2600 Ohms
TRANSCONDUCTANCE ... ......oovunnnnn... 1425 1550 1800 Micromhos
LoAD RESISTANCE* .. ............. 7000 6500 5500 Ohms
Unp!sTORTED POWER OUTPUT 0.3 0.4 0.9 Watt

. *Optimum for maximum undistorted power output. Approximately 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 . . . .. ..cocvuuian. 100 135 180 250 max. Volts
ScrEEN VorTace (Grid No. 2) ... 100 135 180 250 max. Volts

— 191 —



RCA RECEIVING TUBE MANUAL

GrID VOLTAGE (Grid No. 1) ..... -10 -13.5 -18 -25
CATHODE RESISTOR. . ........... 900 830 785 670
PLATE CURRENT........ccvvvntn 9.5 14 20 32
SCREEN CURRENT ... ..c..0vuunn 1.6 2.2 3.0 5.5
PLATE RESISTANCE ,............ 104000 92500 80000 70000
TRANSCONDUCTANCE .. .......... 1200 1350 1550 1800
Loan RESISTANCE 10700 9200 8000 6750
PoweR OUTPUT* .. ............. 0.33 0.75 15 34

* 9%, total harmonic distortion.

Class B Power Amplifier — Triode Connection
Grids No. 1 and No. 2 tied together; grid No. 3 tied lo plate

PLATE VOLTAGE. . ¢ttt vttnutnvtonaioeernansnosararsosensnnn 250
PEAK PLATE CURRENT (Per tube) . .....ccvimiiiiinurinnnnnss
AVERAGE GRID Di1ssipaTION (Grids No. land Ne. 2) ........... 0.35
TyriCAL OPERATION:
Values are for two tubes
Plate Voltage ...........iiiriiiiiiiiiiiiiiisnernnenns 180
Grid Volage. ..ottt ittt iiearserrananonansnanenns 0
Peak-A-F Grid-to-Grid Voltage . ..........covuieviiinnnenns 68
Zero-Signal Plate Current .. .......covouvnvns e 6
Effective Load Resistance (Plate-to-plate). . ................. 9400
Total Harmonic Distortion ............ciiiiiiiiiiranennss 8
Power Output (ADDrOX.) . ...vvvevernnernnrnaronoss PR .. 35

INSTALLATION AND APPLICATION

max.
max.
max.

Volts

Ohms
Milliamperes
Milliamperes
Ohms
Micromhos
Ohms

Watts

Volts
Milliampere
Watt

+ Milliamperes

Ohms
Per cent
Watts

The base of the 89 fits the standard six-contact socket which may be installed to hold the
tube in any position. 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 cperating as a class A amplifier (either with
triode or pentode connection) may be as high as 1.0 megohm provided the heater voltage does

not rise more than 109, above rated value under any condition of operation.

DETECTOR AMPLIFIER TRIODES

The V93 and X099 are general-purpose
triodes designed for dry-cell operation, and
V99 used chiefly for renewal in receivers designed
for them. The two types have different bases.
Operating conditions as amplifiers: max. plate
volts of 90, grid bias of ~4.5 volts; as grid-
leak detectors, plate velts of 45, grid leak of
1 to 5 megohms, grid condenser of 0.00025 pf,
and grid return to () filament; as biased
X99 detectors, max. plate volts of 90, bias of ~10.5
volts. Filament volts, 3.0-3.3; amperes, 0.060-
0.063. For dimensions of the V99 and X99
see Figs. 2-10 and 2-12, respectively in_the
OUTLINES SECTION. The V99 and X99
are discontinued types; they are retained for
reference only.

DETECTOR AMPLIFIER TRICDE

. The 112-A is a general-purpose triode de-
signed for storage-battery operation and
used principally for renewai purposes. Oper-
ating conditions ps amplifier: max. plate

'I'I 2 A voits of 180, grid bias of -13.5 voits, load
= registance of 10650 ohms, power output of
0.285 watt; as biased detector, plate volts of

189, bias of -21 approx. volts, Filament
volts, 5; amperes, 0.25. For dimensions, see
Fig. 2-25, OUTLINES SECTION. The 112-A
is a discontinued type; it is retained for ref-
erence only.
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9{ ©, VOLTAGE REGULATOR

The 874 is a_voltage-regulator tube de-
signed to maintain constant d-¢ output from

? rectifier devices for varying values of d-

~— 71 load current. This type is used principalty for

o ° renewal purposes. The bagse of the 874 fits
K the standard four-contact socket. DPins
No. 2 and No. 4 are connected together within

4as the base; the connection is used as a link in

the primary circuit of the power transformer

874

to prevent the application of voltage when the 874 ie removed from its socket. Physical char-
acteriatics 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) .o viiiiiiiiiiiiaiinnneans 125 min. Volts
OPERATING VOLTAGE (D.C.) . ..uviviiiiiiiiiiniiiiinen e 90 Volte
OpPERATING CURRENT (D.C.) . . it ettt it ieneiannnennnns 10 to 50 Milliamperes
CoNTINUOUS CURRENT (D.C.). ..ottt iiiiii i iaianonens 50 max. Milliamperes

CURRENT REGULATORS

The 876 and 886 are, within their ranges of cperation, constant-
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.
These tubes operats 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 .. ... ...i.iiiiiiiiviinien.nn. 40 to 60 40 to 60
OPERATING CURRENT . . cuvvrevnnnnonrannnnenes 1.7 2.05
AMBIENT TEMPERATURE. . . convnnnnnnannennnn. 150 150
MaximuM OVERALL LENGTH 8 2
MaxiMum DIAMETER . .. 2- 2- £y
BASE ... ..t Mogul Screw Mogul Screw

TELEVISION AMPLIFIER
PENTODE

The 1851 is a pentode of the heater-
cathode type for use in television re-
ceivers. Except for capacitances which
are shown below, the electrical char-
acteristics of the 1851 are identical

876
886

Volts
Amperes
°F

Inches
Inches

1851

with those of the 6AC7/1852. Physical characteristics of the 1851 are shown in

Fig. 1-8. OUTLINES SECTION.

GRID-PLATE CAPACITANCE® ... ... it 0.02 max,
InpuT CAPACITANCE®. .... e e e e 115
Output CAPACITANCE® .. ...... e 52

° With shell connected to cathode.
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LAVA+MICA-TIN-SODIUM CARBONATE - MO N E L SILVEROXIDE

SODIUM ALUMINUM FLUORIDE « RESIN (SYNTHETIC)- ETHYL ALCOHOL

MATERIALS USED IN RCA RADIO TUBES

R —

LEAD ACETATE+- MALACHITE GREEN-GLYCER!NE-ZINC CHLORIDE - |RON
MARBLE DUST- WOOD FIBER- STRONTIUM NITRATE: LEAD OXIDE - ZINC OXIDE
MISCH METAL: NIGROSINE - PORCELAIN+PETROLEUM JELLY + ZINC
BARIUM CARBONATE CALCIUM CARBONATE
ARSENIC TRIOXIDE AMMONIUM CHLORIDE
STRONTIUM CARBONATE POTASSIUM CARBONATE
ISOLANTITE BAKELITE
MOLYBDENUM PHOSPHORUS

ALUMINA SILICON
—— GRIDS PLATE ——
BORAX Diameters Diameter SHELLAC
measured to gauged to P

BARIUM 0.001 inch 0.002 inch TUNGSTEN
COPPER : TITANIUM
CARBON CATHODE - SLEEVE CATHODE COATING SILticCaA
WALL T E— —_—

CHROMIUM Approximately Weight variaon GLASS
CALCIUM 0.002 inch thick 0.00007 oz. MAGNESIA
CAESIUM PLATINUM
COBALT ‘AIR PRESSURE GRID WIRE STRONTIUM
———— 1/100,000,000 that Diameter does —_
of atmospheric pres- not vary more than MAGNESIUM

SODIUM sure at sea level 0.00009 inch —_——
NITRATE : ROSI N
MERCURY BULB HEATER WIRE NiCK E_L
CALCIUM Inspected under Diameter does COBALT
OX!DE polarized light not vary more than OXIDE
_— for strains 0.00002 inch P —
BARIUM - THORIUM
NITRATE

NITRATE

Gases Used in clanufacture

NEON — HYDROGEN — CARBON DIOXIDE — ILLUMINATING GAS
HELIUM — ARGON -~ NATURAL GAS — NITROGEN — OXYGEN

Elements Entering into the Mlanufacture

ARGON — ALUMINUM — BORON — BARIUM — CAESIUM — CALCIUM ~ COPPER — CARBON — CHROMIUM — CHLORINE
COBALT — HYDROGEN — HELIUM — [RIDIUM — IRON — LEAD — MAGNESIUM — MERCURY —— MOLYBDENUM
NICKEL — NEON -— NITROGEN — OXYGEN — POTASSIUM —— PHOSPHORUS — PLATINUM — SODIUM — SILVER
SILICON — STRONTIUM ——~ TUNGSTEN ~— THORIUM —— TANTALUM — TITANIUM ~— 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 operating
capabilities and design features of a tube are indicated and described by its electrical
characteristics, a tube is tested by measuring its characteristics and comparing them
with representative values established as standard for that type. Tubes which read
abnormally high with respect to the standard for the type are subject to criticism
just the same as tubes which are too low.

Certain practical limitations are placed on the accuracy with which a tube test
can be correlated with actual tube performance. These limitations make it unnec-
essary for the service man and dealer to employ complex and costly testing equip-
ment having laboratory accuracy. Because the accuracy of the tube-testing device
need be no greater than the accuracy of the correlation between test results and
receiver performance, and since certain fundamental characteristics are virtually
fixed b%' 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 adequate 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. Consequently, it is very desirable that the characteristic selected for the test
be one which is truly representative of the tube’s overall condition.

SHORT CIRCUIT TEST

The fundamental circuit of a short-circuit tester is shown in Fig. 64, While
this circuit is suitable for tetrodes and types having less than four electrodes, tubes
of more electrodes may be tested by adding more indicator lamps to the circuit.
Voltages are applied between the various electrodes with lamps in series with the
electrode leads. Any two shorted electrodes complete a circuit and light one or
more lamps. Since two electrodes may be just touching to give a 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
operating worth than are others. The cost of building 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. Consequently, three
methods of test will be discussed, ranging from relatively simple and inexpensive
equipment to more elaborate. more accurate, and more costly devices,

An emission test is perhaps the simplest method of indicating a tube’s condi-
tion. (Refer to DIODES, Page 5, for a discussion of electronic emission.) Since
emission falls off as the tube wears out, low emission is indicative of the end of tube
serviceability. However, the emission test is subject to limitations because it tests
the tube under static conditions and does not take into account the actual operation
of the tube. On the one hand, coated filaments, or cathodes, often develop active
spots from which the emission is so great that the relatively small grid area adjacent
to these spots cannot control the electron stream. Under these conditions, the total
emission may indicate the tube to be normal although the tube is unsatisfactory.
On the other hand, coated types of filaments are capable of such large emission that
the tube will often operate satisfactorily after the emission has fallen far below the
original valuej
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Fig. 65 shows the fundamental circuit diagram for an emission test. All of the
electrodes 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 piate and the electrenic 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 s¢ reduced
that the tube is no longer able to function properly.

T T
é“—HOV.A‘C._’é

Pig. 64 Fig. 65

A transconductance test takes into account a fundamental operating principle
of the tube. (This will be seen from the definition of transconductance on page
11) It follows that transconductance tests when properly made, permit better
correlation between test results and actual perfortnance than does a straight
emission test

There are two forms of transconductance test which can he 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 calied 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 voitage is applied to the grid. Thus, the tube is tested

A-C
MILLIAMMETER
(DYNAMOMETER

TYPE)

Fig. 66

under conditions which approximate actual operating conditions. The alternating
component of the plate cuzrrent 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
is the value of transconductance in micromhos.

The power outpuf 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 tulfs. With a-c voltage applied to the grid of the tube, the current in the
plate circuit is read on a d-c milliammeter. The power output of the tube is approx-
imately equal to:

(d-¢ current in amperes)? X load resistance in ohms
0.405

Power output (watts) =

p-c
0 MILLIAMMETER

=l + A
‘—‘—_'l’l'l’hJ e 111 Sag

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. 1t is important that some means of controlling the voltages applied 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. 1t 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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C
Ca

2A6, 2B7: See 6SQ7 and 6B8, respectively.

RCA
C
C

RESISTANCE;COUPLED AMPLIFIER CHART

Blocking Condenser (uf)
Cathode By-Pass Condenser (uf)

Screen By-Pass Condenser (uf)
Ebb = Plate-Supply Voltage (Volts)
Eo = Voltage Output (Peak Volts)

Re
Ra
Re
RL

Cathode Resistor (Ohms)
Screen Resistor (Megohms)
Grid Resistor (Megohms)

= Plate Resistor (Megohms)
V.G. = Voltage Gain

6A6%, 6B6-G, 6B7: See 6N7, 65Q7, and 6BS, respectively.
6B8, 6B8-G, 12C8, 6B7, 2B7:

Ebb1 920 180 300

Ru 01 [ 025 | 05 0.1 0.25 0.5 0.1 | 025 | 05
Rg? 0.25 | 05 1 0.25 0.25 0.5 1 1 025 | 05 1
Rd 0.5 1.1 2.8 05 1.18 1.2 1.5 28 | 055 12 2.9
Re 2200 | 3500 | 6000 | 1200 1500 2100 2200 3500 | 1100 | 1600 | 2500
Cd 0.07 1 0.04 | 0.04 | 0.08 0.05 0.06 0.05 0.04 | 0.09 | 0.06 | 0.05
Ce 3 21 155 § 4.4 2.7 3.2 3 2 5 3.5 23
C .91 { 0.007 ; 0.003 | 0.015 0.01 0.007 0.003 |0.003 | 0.015 ] 6.008 | 0.003
Eo? 28 33 29 52 39 55 53 55 89 100 120
V.G.*l 33 55| 85 41 55 69 83 115 47 79 150

6C5, 6C5-G, (6C6, 617, 6J7-G, 6J7-GT, 6W7-G, 12J7-GT, 57 as triodes):

11 The cathodes of the two units have eeparate terminals

For other notes, see page 203

Ebb? 90 180 300
RL 005 | 01 | 025 | 0.05 01 025 | 005 | 0.1 | 0.25
Rg? 01 [ 025]| 05 | 01 0.1 0.25 05 05 [ 01 | 025 | 05
Re 3400 | 6400 |14500 | 2700 3900 5300 6200 |12300| 2600 | 5300 | 12300
Ce 162 | 084 | 04 | 21 1.7 1.25 1.2 055 | 23 | 1.3 { 059
C 0.025 | 0.01 |0.006 | 0.03 0.035 0015 0008 [0.008 | 0.04 |0.015 | 0.008
Eo? 17 22 23 45 41 54 55 52 70 84 85
vGAl 9 11 12 11 12 12 13 13 11 13 14
6C6: As pentode, see 6J7; as triode, see 6Cb5.
6C8-G (one triode unit)if:
Ebb? 90 180 300
RL 01 | 025 05 0.1 | 0.25 0.5 0.1 I 0.25 ' 0.5
Rg? | 025 | 05 1 §0.25 0.25 0.5 1 1 025} 05 1
Re 3700 | 7870 | 15000 | 3080 5170 6560 7550 |12500 | 2840 | 6100 | 11500
Ce 1.48 | 081 | 0.43 | 1.84 1.25 0.95 0.85 0.5 | 201 | 0.96 | 0.48
C 0.0115| 0.0065] 0.0035/0.012 | 0.012  0.007 0.0035 |0.00a | 0.013 | 0.0065 0.004
Eo? 17 19 20 40 35 45 50 44 73 80 83
v.Gsl 20 23 24 22 24 25 26 26 23 26 27
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6F5, 6F5-G, 6F5-GT: See 6SF5.

6F8-G (one triode unit)!t, 6J5, 6J5-G, 6J5-GT, 12J5-GT:

Ebb? 90 180 300
RuL 0.05 | 0.1 | 0.25 | 0.05 l 0.1 0.25 | 0.05 ] 01 | 025
Rg2 | 01 {o2s] 05 | 01 0.1 0.25 0.5 05 | 0.1 {025 05
Rc 2070 | 3940 | 9760 | 1490 | 2330 2830 3230 7000 | 1270 | 2440 | 5770
Ce 266 | 1.29 | 0.55 | 286 2.19 1.35 115 0.62 | 2.96 | 1.42 | 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 36 51 56 57
v.GA| 12 13 13 13 14 14 14 14 14 14 14
6J5, 6J5-G, 6J5-GT : See 6F8-G.
6J7, 6J7-G, 6J7-GT, 6W7-G, 12J7-GT, 6C6, 57 : As triodes, see 6C5:
Ebb! 90 180 300
RL 01 1025 05 | 0.1 0.25 65 | 01 | 025 ] 05
Rg? 1025 ]| 05 1 | 025 0.25 0.5 1 1 o025 | o5 1
Rd 044 | 118 | 26 | 05 1.1 1.18 1.4 29 | 05 | 118 ] 29
Re 1100 | 2600 | 5500 | 750 1200 1600 2000 | 3100 | 450 | 1200 | 2200
cd 0.05 | 0.03 | 0.05 | 0.05 004 004 004 |0025] 007 004 | 004
Ce 53 | 32 2 6.7 5.2 4.3 3.8 25 | 83 | 54 | 41"
C 0.01 | 0.005|0.0025| 0.01 0.008 0.005 0.0035 {0.0025] 0.01 | 0.005 | 0.003
Eo® 22 | 32 | 20 | s2 41 60 60 56 | 81 | 104 | 97
vGel 55 | 85 | 120 | 69 93 118 140 165 | 82 | 140 | 350
6L5-G:
Ebb? 180 300
RL 005 | 01 | 0.25 | 0.05 0.1 025 | 005 | 01 | 0.25
Rgz | 01 | 025 | 05 | 01 0.1 0.25 0.5 05 | 01 | 025 | 05
Re 2500 | 4620 | 10300 | 2240 | 3180 4200 4790 | 9290 | 2160 | 4140 | 9100
Ce 18§ 108 | 049 | 22 1.46 1.1 1 054 | 218 | 1.1 | 045
C 0.03 | 0.015 | 0.0085| 0.03 003 00145 0.009 | 0.009]|0.032] 0.014 |0.0075
Eo® 18 | 22 22 41 36 46 50 46 | 68 79 | 80
v.GAi 10c| 12¢] 12¢ | 11¢ 12¢ 12¢ 12¢ 12¢ | 12¢| 13¢} 13¢
6N71, 6N7-G1, 6A6, 53:
Ebb? 90 180 300
RL 0.1 {025 | 05 | 0.1 0.25 05 | 0.1 | 025 05
Rg? | 025 | 05 1 | 025 0.25 0.5 1 1 [025{ 05 1
Rc* | 2250 | 4950 | 8500 { 1700 | 2950 3800 4300 | 6600 | 1500 | 3400 | 6100
C 0.01 | 0.006 | 0.003 {0,015 0.015 0.007 0.0035 |0.0035{ 0.015 | 0.0055| 0.003
Eo? 19 | 20 23 | 46 40 50 57 54 | 83 87 | o4
veel 19 | 22 | 23 | 21 23 24 24 25 | 22 24 24

11 The cathodes of the two units have separate terminals.
For other notes, see page 203.
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6P5-G, 76, 56:

Ebb! - 90 180 300

RL 0.25 | 0.1 | 0.25 | 0.05 0.1 025 | 005 | 0.1 | 025
Rg? 01 (025 | 05 | 01 0.1 0.25 0.5 05 | 0.1 | 025 | 05
Re 3200 | 6500 | 15100 | 3000 4500 6500 7600 14700 | 3100 | 6400 | 15200
Ce 16 | 082 | 0.36 | 1.9 1.45 0.97 0.8 0.45 | 2.2 1.2 | 05
C 0.03 | 0.015| 0.007 [ 0.035] 0.035 0.0i5 0.008 | 0.007] 0.045{ 0.02 | 0.009
Eo’ 21 23 24 48 45 55 57 59 80 95 96
v.GgAl 7.7 | 89 9.7 | 82 9.3 9.5 9.8 10 8.9 10 10
6Q7, 6Q7-G, 6Q7-GT, 12Q7-GT:

Ebbt 90 180 300

RL 0.1 025} 05 { 0.1 0.25 05 | 01 025 ] 05
Rg? | 025 | 05 1 0.25 0.25 0.5 1 1 025 | 05 1
Re 4200 | 7600 {12300 | 1900 3400 4000 4500 7100 | 1500 | 3000 | 5500
Ce 1.7 1.2 | 66 | 25 16 13 1.05 076 | 36 | 186 | 09
C 0.01 { 0.006 | 0.003| 0.01 0.01 0005 0.003 | 0.003] 0.015] 0.007 | 0.004
Eo? 8 i1 13 26 25 31 37 36 52 52 60
V.GAI 28b| 32 33 33 36 38 40 40 39 45 46
6R7, 6R7-G:

Ebb? 180 300

RL 005 | 0.1 |} 0.25 | 0.05 0.1 02510051 01 | 025
Rg? 01 025} 05 | 0.1 0.1 0.25 0.5 05 | 01 | 025 | 05
Re 2600 | 4400 | 9800 | 2100 3000 4100 4609 8800 | 2000 | 3800 | 8400
Cc 1.7 | 09 | 042 ] 19 1.3 0.9 0.8 0.4 2 1.1 0.5
C 0.03 | 0.01 | 0.007| 0.03 0.03 0.01 0.006 [0.006 | 0.03 | 0.015| 0.007
Eo® 18 19 18 40 35 43 46 40 62 68 62
vGAl 9 10 11 9 10 10 10 10 9 10 11
687, 687-G:

Ebb?! 90 180 300

RL 01 ]025] 05 | 0.1 0.25 05 ] 01 | 025 | 05
Rg? | 0.25 | 0.5 1 0.25 0.25 0.5 1 1 0.25 | 0.5 1
Rd 065 | 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
Cc 5 323 [ 195 | 69 46 4.7 4.4 3 8 58 | 39
C 0.01 (0.0055}0.0026| 0.01 0.0071 0.005 0.0037 | 0.003| 0.01 | 0.005 |0.0029
Eo® 21 18 15 43 33 40 44 38 75 66 66
V.G*l 47¢| 66¢| 84¢ | 66¢ 79¢ 104¢ 118¢ 134 | 78¢ | 122¢1 162¢

For notes, see page 203.
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6SC71, 128C71:
Ebb! 90 180 300
RL 01 | 025} 05 | 01 0.25 05 | 0.1 {025 05
Rg? | 025 | 05 1 | o025 0.25 0.5 1 1 |02 | o5 1
Rc* | 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? 59 | 86 10 24 21 28 32 32 50 55 62
vGt| 23°] 30 33 29 35 39 41 43 34 42 48
6SF5, 12SF5, 6F5, 6F5-G, 6F5-GT, 12F5-GT:
Ebb! 90 180 300
RL 0.1 l 0.25 | 05 | 01 0.25 05 [ 01 025} 05
Rg? | 025 ] 05 1 |o2s 0.25 0.5 1 1 o2 | o5 1
Re 4800 | 8800 | 13500 | 2000 3500 4100 4500 6900 | 1600 | 3200 | 5400
Cc 21 | 118 | 067 | 33 2.3 1.8 1.7 09 | 37 | 21 | 12
C 0.01 | 0,005 0.003| 0.015] 0.01 0006 0.004 |0.003| 0.01 | 0.007| 0.004
Eo® 5 7 10 23 21 26 32 33 43 54 62
V.GA| 34P) 43¢ 46 44 48 53 57 63 49 63 70
6SJ7, 12S837:
Ebb! 90 180 300
RL 01 | 025¢ 05 | 0.1 0.25 05 | 01 |025| 05
Rg? | 025 | 05 1 |02 0.25 05 1 1 |o2s| o5 1
Rd 029 | 092 | 1.7 | 0.31 0.83 0.94 0.94 22 (037110 22
Re 880 | 1700 | 3800 | 800 1050 1060 1100 2180 | 530 | 860 | 1410
Cd [0.085}0.045] 0.03 { 0.09 0.06 0.06 0.07 0.04 | 009 | 0.06 | 0.05
Cc 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 0.004 0.003 | 0.002| 0.016| 0.004 | 0.002
Eo? 23 18 22 60 38 47 54 44 96 88 79
V.G*[ 68 93 { 119 { 82 109 131 161 192 | 98 | 167 | 238
6SQ7, 128Q7, 2A6, 6B6-G, 75:
Ebb! 90 180 300
Ru 0.1 l0.25| 0.5 0.1 l 0.25 ‘ 0.5 0.1 |o.25' 0.5
Reg? | 025 | 05 1 {025 0.25 0.5 1 | 1 |o25 | o5 1
Re 6600 {11000 ] 16600 | 2900 4300 4800 5300 8000 | 2200 | 3900 | 6100
Ce 1.7 | 107 | 07 | 29 2.1 1.8 15 1.1 | 35 2 1.3
C 0.01 | 0.006! 0.003| 0.015| 0015 0.607 0004 | 0.004] 0.015] 0.007| 0.004
Eo? 5 7 10 22 21 48 33 33 41 51 62
vGHl 20b1 400 | 44 36 43 50 53 57 3@ 1 53 | Ap

For notes, see page 203.

— 20] —




RCA RECEIVING TUB MANUAL
6T7-G:
Ebb? 90 180 300
RL 01 025 | 05 | 01 0.25 05 | 01 § 025} 05
Rg? | 0.25 | 0.5 1 | oz 0.25 0.5 1 1 |o025| 05 1
Rc 4750 | 8300 | 14200 | 2830 4410 5220 5320 9440 | 2400 | 4580 | 8200
Cc 15 1 06 | 225 1.5 125 111 0.74 | 255 | 1.35 | 0.82
C 0.012 | 0.0075| 0.0045(0.0135| 0.012 0.008 0.005 {0.0045]0.0135|0.0075| 0.0055
Eo? 78 | 10 12 29 27 34 3¢ 39 | 58 { 69 77
v.G4{ 24b| 30c| 33°| 28¢ 34¢ 36¢ 38¢ 41¢ | 32¢ | 40°| 43¢
6W7-G: See 6J7 and 6C5.
6Z7-G1:
Ebb? 90 180 300
RL 0.1 | 025 05 | 0.1 0.25 05 | 01 | 025 05
Rg? {025 | 05 1 {025 0.25 0.5 1 1 (0251 05 1
Re* | 1760 | 3390 | 6050 | 1100 | 1820 2110 2400 | 3890 | 950 | 1680 | 3110
Cc 202 | 1.1 | 061 | 26 1.71 1.38 1.1 0.703 | 2.63 | 1.46 | 0.72
c 0.0115( 0.006 | 0.003 |0.0115{ 0D12 0.007 0.0035 [0.0035| 0.012 | 0.006 |0.0035
Eo? 11 15 18 | 28 28 34 41 38 52 | 59 | 70
VGA| 25 | 30 33 | 31 35 38 39 40 | 34 | 40 | 44

12C8, 12F5-GT, 12J5-GT : See 6B8, 6SF5, and 6F8-G, respectivaly.
12J7-GT, 12Q7-GT': See 6]7 and 6C5, and 6Q7, respectively.
128C7, 12SF5, 12837, 128Q7: See 6SC7, 6SF5, 6S]7, and 65Q7, respectively.

53, 55, 56: See 6N7, 85, and 6P5-G, respectively.

57, 75, 76: See 6J7 and 6C5, 6SQ7, and 6P5-G, respectively.

791

Ebb! 90 180 300

Ro 0.1 | 025 | 05 | 0.1 0.25 0.25 | 05
Rg? | 025 | 05 1 0.25 0.25 0.5 0.5 1
Rc* | 2200 | 4250 | 6850 | 1250 2050 2450 2050 | 3600
C 0.015 | 0.006 | 0.004 | 0.02 0.02 0.01 0.0055{ 0.003
Eo? 8.4 9.7 12 27 26 34 66 75
V.GAL 291 33 38 31 37 41 42 46
85, 551

Ebb!? 90 180 300

RL 0.05 | 0.1 | 0.25 | 0.05 0.1 | 025 [ 005 | 01 | 025
Rg? 01 {C.5] 05 [ 01 0.1 0.25 0.5 05 ! 01 |0251{ 05
Rc 4600 | 9000 (20500 | 4100 6200 8700 10000 [20000 [ 4100 | 8300 | 19400
Ce 11 | 0551025 16 0.9 0.7 0.57 029 | 1.5 {054 1| 022
C 0.03 | 0.015| 0.007 | 0.045 0.04 0.015 0.008 | 0.008| 0.045 | 0.015] 0.006
Eo? 19 22 23 44 37 47 50 48 74 82 84
V.GAl 49 | 54 | 55 | 52 5.3 5.5 5.5 57 | 55 | 57 |'57

For notes, see page 203.
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Voltage at plate equals PIate-Supgly Valta%e minus voltage drop in RL and Re¢. For other
supply voltages differing by as much as 50% from those listed, the values of resistors, condensers.
and gain are approximately 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.
® At 3 volts (RMS) output. ° At 4 volts (RMS) output.

* Values are for phase-inverter service: See NOTES under RESISTANCE-COUPLED PHASE-
INVERTER diagram.

1 The cathodes of the two units have a common terminal.

In the discussions which follow, fi is the fre-
quency at which the high-frequency response begins
to fall off. fi is the frequency at which the low-
frequency response drops below a satisfactory value,
as discussed below. Decoupling filters are not neces-

VOLTAGE OUTPUT (Eg)

sary for two stages or less.” The highest permissible Eo
value of Rg should always be used. A variation of
109% in values of resistors and condensers has only
slight effect on performance.
) 420~ fa

FREQUENCY —=

RESISTANCE-COUPLED TRIODE AMPUFIER

—t Condensers C and Cc have been chosen to give outpue
'C voltages equal to 0.8 Eo for f; of 100 cycles. For any other
)

value of f;, multiply values of C and Cc by 100/f;. In the

case of condenser Cc, the values shown in the table are for an

E amplifier with d-c heater excitation; when a.c. is used, depend-

° ing on the character of the associated circuit, the gain, and

RL Rg the value of fi, 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_fi of n like stages equals (0.8 Eo)n.
L For an amplifier of typical construction, the value of f; is
- well above the audio-frequency range for any value of Rv.

il

RESISTANCE-COUPLED PENTODE AMPLIFIER

1" Condensers C, Cc, and Cd have been chosen to give
1t output voltages equal to 0.7 Eo for fi of 100 cycles.
c For any other value of fi multiply values of C, Ce,
and Cd by 100/fi. In the case of condenser Cc, the
values shown in the table are for an amplifier with d-c
Eo heater excitation; when a.c. is used, depending on the

Ry

character of the associated circuits, the gain, and the
value of f1, it may be necessary to increase the value of
Cc to minimize hum disturbances. It may also be
desirable to have a d-c potential difference of approx-
imately 10 volts between heater and cathode. The volt-
age output at fi for n like stages equals (0.7 Eo)n.
For an amplifier of typical construction, approximate
values of f: for different values of RL are: 0.1 meg.,
20000 cps; 0.25 meg., 10000 cps; 0.5 meg., 5000 cps.

l;

RESISTANCE-COUPLED PHASE INVERTER

Information given for triode amplifiers, in general,

H— applies also to this case. Condensers C have been

c chosen to give output voltages equal to 0.9 Eo for
f1 of 100 cycles. For other values, multiply values of
C by 100/f1.

RLT

Eo R The signal input is supplied to grid of triode unit A.

p {79 Grid of triode unit B obtains its signal from a tap (P)

on the grid resistor (Rg) in the output circuit of unit

A. The tap is chosen so ag 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),

A P is chosen 80 as to supply 1/20 of the voltage across
= Rg to the grid of unit B

For phase-inverter service, the cathode resistor may

be left unby-passed unless a by-pass condenser is necessary to minimize hum; omission of the by-

pass condenser assists in balancing the output voltages. The value of Rc is specified on the basis

that both units are operating simultaneously at the same values of plate load and vlate -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.

(14-1)

SUPERHETERODYNE AUTOMOBILE RECEIVER

I |

949 3dAL
H3141TdNY
'43M0d

D-219 2dAL
g3 4INdNY 01gny
“DAV “¥0103130 30010

O-48% 3dAL
YASTIIANY S~

9-809 3dAL
Y3 LUIANOD
QLYOVINGS

Ci1 C11 Cis Ca =0.05 pf paper

Cs Cr=Ganged tuning con-
densers, 365 uuf

Cs Cs Gy Cie Ciz Cis Cri=0.1

Cs Ci7 =0.01 uf paper

Cis =0Oscillator padding con-
denser

Cis =100 uuf .

C1s =10 uf electrolytic, 25 v.

C13 =0.25 uf paper, 400 v

Ca1 =25 uf electrolytic, 25 v.
Cs2 =0.005 uf paper, 600 v.

F =Ignition-interference filter
Ri Rs =100000 ohms, 0.5 watt
R2=350 o , 0.5 watt

Ria Ris =50000 ohms, 0.5 watt
R4 Ry =5000 ohms, 0.5 watt
R =15000 ohms, 0.5 watt

R; =30000 chms, 1 watt

Rs =50000 ohms, 0.5 watt

Ry =400 ohms, 0.5 watt

Ru =75000 ohms, 0.5 watt
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R11=1000 ohms, 0.5 watt

Ri2 =1 megohm, 0.5 watt

Ris Rir Ry =250000 ohms
0.5 watt

R =2500 ohms, 0.5 watt

Rie =1 megohm volume con-
trol

Ri1s =30000 ohms, 0.5 watt

R =400 ohms, 1 watt

T1 Ty =I-f transformer

T:=Output transformer; pri-
mary impedance, 7000 ohms
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(14-2)

SUPERHETERODYNE RECEIVER FOR A-C OPERATION
With Single-Tube Inverse-Feedback Power Amplifier

R-F AMPLIFIER
TYPE 6SK7

PENTAGRID MIXER
TYPE 6.7

I-F AMPLIFIER

TY2E a5K7

A-F AMPLIFIER

1

<
o
- RW
OSCILLATOR
TYPE 6J5
Cis
i _
" .
s <17 LRrg
7z ¥
R
i TUNING
il - INDICATOR
LIy i TYPE 8US/6G5
i . Cis AMPUIFIER
Cia Rs TYPE 6L6 Sy
————Anan i
TS\T .{
s RECTIFIER
o TYPE 524 ~3V.
U7V, 1 -1 R26 R25
AC. g Tem |- Z+icowv.
o-—_j] :::CGC33_‘+ +I83 V.
h L ELZ +250 V.
$340V. = et 1264 Y.

C1=50 to 200 uuf
C: C¢ Cip=Ganged tuning

R1 Ra Rio =100000 ohms, 0.5 Ra1=2000 ohms, 0.5 watt

R2:=80000 ohms, 0.5 watt

condensers, 365 puf
C3 C7 Cys Cog Cas Cos =0.05 uf

paper

Ci Gy C19 =0.25 pnf paper

Cs Cs C1o C17 Co =0.1 uf paper

C11 Cg2 =100 ppf

Ci:s =Oscillator padding con-
denser

Ciq Coe =0.01 uf

Cis Cat =50 puf

Cig Cs1 Csz Css =8 uf electro-
lytic, 500 v,

Co1 =10 pf eleutrolytlc, 25 v.

Cas =1 uf papet, 400 v.

Cwn =0.5 uf paper, 400 v.

Ca =25 «u electrolytic, 25 v.

Rz Ru =2000 ohms, 0. 5 watt
260 ohms, 0.5 watt

Rs =3300 ohms, 0.5 watt

Rs R7 Ri14=50000 ohms, 0.5

Rs Rn =20000 ohms, 0.5 watt

Rz =2 megohms, 0.5 watt

Ris Rie Riz=1 megohm, 0.5
watt

R15 =200000 ohms, 0.5 watt

R1s =27000 ohms, 0.5 watt

Rig=1 megohm volume con-
trol with tap at 250000 ohms
for tone compensation

Ru =900 ohms, 0.5 watt

R23 =10000 ohms, 0.5 watt
R4 =170 ohms, 2 watts
Ras =20000 ohms, 5 watts
R =25 ohms, 0.5 watt

Lxl-zgo henries, 100 ohms,
L2 =500 ohm speaker field,

8 watts
T1 Tz =I-f transformer
Ty =Input transformer
T«=0utput transformer; pri
mary impedance, 2500 chms
T =Power transformer,
300-0-300 volts RMS,
120 ma. d.c.
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(14-3)

TUNED R-F RECEIVER WITH AVC AND INVERSE FEEDBACK

R-F AMPLIFIER
TYPEL 6L7

TYPE 6L7

R-F AMPLIFIER

POWER AMPLIFIER
Class AB,; 6L6’s

R-F AMPLIFIER
E

A

=N

5
FAAMA S
o
Z

M
%

DIODE DETECTOR, AVC,
6L7 AUDIO AMPLIFIER

TYPE 6L&

R7

L

SPEAKER
2

C =50 to 200 uuf

Ci1 C7 C1s Ca =Ganged tuning
condensers, 365 uuf

C: Cs Cs C Cu Cu Cy Ca

Cz7 =0.05 4l
ga C1a Cys Cir

S & S

18 Cn Cai= uf paper

Caz Cot =100 puf

Cs3 =10 uf electrolytic, 25 v.

C24 =Tone-compensation con-
denser, 0.01 uf

Cas =1 uf, 400 v.

Cas =See note

Cs =25 pf electrolytic, 25 v.

Ci2 Cus Cu Cu =8 uf electro-
lytic, 4

R R R( Rs Ru Ri: =100000
ohms, 0.5 watt

Note: Condensers Css may be required to suppress parasitics.

Rz, Cs cnf, g és_
T f= TYPE 6L
. Ca [Ray —|—C|c:|;9 N e
[ i [ 4 4 4 [4
e IE T car |
Res |
=/ MAN

TYPE 6E5

Rz R+fR1s =275 ohms, 0.5 watt

R4 Ry R14 =10000 ohms, 1 watt

Rs Ris Ris=12000 ohms, 0.5
watt

Ris Rz =1 megohm, 0.5 watt

Ru= ohms, 0.5 watt

Ris =200000 ohms, 0.5 watt

Riy =640 ohms, 0.5 watt

Rg =1 megohm volume-con-
trol potentiometer with tap

at ohms for tone

compensation

Rz =Tone-compensation  re-
sistor; 27000 chms, 0.5 watt

Rsza =5000 ohms, 1 watt

Rz Ru 2 megohms, 0.5 watt

Ras Ry ==5000 ohms, 0.5 watt

Ris =200 ohms, 5 watts

0.00001 to 0.005 uf and should be determined by test.

Rz R =50000 ohms, 1 watt
Rg41 =12500 ohms, 10 watts
Ls;ogo henries, 100 ohms,

ma.

L2=1500 ohm speaker field,
7 watts

Ti1=Input transformer for
class AB: 61.6's with split
secondary for inverse feed-
back. Ratio pri. to ¥
sec. =1:1

T2 =0utput transformer;
plate-to-plate load,
6600 ohms

T =Power transformer,
425-0-425 v. RMS,
200 ma. d.c.

Optimum value ranges from
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(14-4)

AC/DC

PENTAGRID
CONVERTER
TYPE 12SA7

Yc. X" :

SUPERHETERODYNE RECEIVER

DIODE DETECTOR,AVC,

POWER
I-F AMPLIFIER AUDIO_ AMPLIF IER AMPLIFIER
TYPE 12SK7 TYPE 12507y TYPE 35L6-GT
it
lr <3
Rs,
= <
cio 14
.I
Re Rg

;
v Cs L

Ry

!

| 11
it
Rz R3 co L
< S
A Eal R T T B
! Tl T [ L1 Pant
Ca PM
éR' SPEAKER
VCHASSIS
RECTIFIER
TYPE 35Z4~GT
TYPE _TYPE . TYPE Ly
125K7 35L6-GT  35Z4-GT + FUSE 00
R X H7 V. +:- +::
TYPE TYPE 12 AC. OR Cre “iCiz ~iCms
125A7  123Q7 0L _ % Te
- sl
Ci1 =500 upf Ci5 =0.025 uf . Rj1 =150 ohms, 1 watt
Ci: Cy=Ganged tuning con- Ci1» Cis =40 uf electrolytic, Riz=Lamp-cord resistor;
densers, 365 uyu! 150 v. 73 ohms, 3 watts

Cs Cs C14 C16=0.1 uf paper
C4=0.25 uf paper “

Cs =50 ppf

Ce =0Oscillator padding con-
enser

Ci =0.05 uf paper

CuwCn= npf

Ci12=0.005 uf

Ci13 =0.01 uf paper

(14-5)

R:1 Rs =250000 ohms, 0.5 watt

R: =20000 ohms, 0.5 watt

R1 =260 ohms, 0.5 watt

R« =2 megohms, 0.5 watt

Rs Ry =50000 ohms, 0.5 watt

Re¢=250000 ohm potenti-
ometer

Ry =10 megohms, 0.5 watt

Ru =0.5 megohm, 0.5 watt

T1 T3 =455 kc. i-f transformer

Ta=Output transformer; pri-
mary impedance, 2500 ohms

L1 =200 ohm filter choke; in-
ductance as large as prac-
tical

S =S.P.S.T. line switch, mount-
ed on shaft of Re

Fusg =125 volts, 0.3 ampere

NON-MOTORBOATING RESISTANCE-COUPLED AMPLIFIER

TYPE 6J7

Voltage Gain, 9000

TYPE 65J7

TO
POWER
AMPLIFIER

O +150 TO 450 V.

€1 Ci=8 uf etectrotytic;25-v:

Cs Gy .=0.6‘6 uf, voltage rating
as high as voltage supply

Ca.Cs =0.006 uf;-voltage rating
as high as voltage supply

Rr=Volume=control—potenti-
ometer

RaRg =600 ohmnis, 0.5 watt

Ri R; Ry =500000 6Ems, 0.5
watt e

R« Rs =100000 ohms, 0.5 watt

R =500000 ohm=volume-con-
trol potentiometer, ganged
with R1

F =Decoupling filter

NOTE: Values of resistance and capacitance shown in this circuit are taken from the chart
n the Resistance-Coupled Amplifier Section. The values in this chart are chosen to give a sharp
low-frequency cut-off and, thus, to minimize tendency of multiple stages to motorboat.. Three

or more stages, including power stage, operated from a common B
ling filter in the plate-supply leads of one or more of the voltage amplifier stages.

supply may require a decoup-
The constants

of decoupling filters depend on the design requirements of the amplifier.
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(14-6)

MINIATURE-TUBE PORTABLE SUPERHETERODYNE RECEIVER
Using 45-Volt “B” Supply

PENTAGRID
- CONVERTER

TYPE IRS
EXTERNAL
ANTENNA D

LOOP ANTENNA

$CHASSIS

DIODE_DETECTOR, AVC

- AMPLIFIER AUDIO AMPLIFIER ™~

R
AMPLIFIER
TYPE 154

TYPE IT4 TYPE 155

£ 58

SPEAKER

"A" BATTERY DRAIN =250 MA.
"8" BATTERY DRAIN=8.5MA. (APPROX.) |

Rg¢ =50000 ohmst

Rz =1 megohm potentiometer

Rs =3 megohmsi

R =1 megohmi

S =Ganged D.P.S.T. switch

Ts =Output transformer; pri-
mary impedance, 8400 ohms

Ci1 Ci=0.00041 uf ganged tun-  Cat C1a =100 upf
ing condensers Ci12=0.0025 uf

Cy =5 puf* Ci1s =0.0005 nf

C3s =50 uuf Ci0 =0.002 pf

Cs =420 puf padder Ri R: =100000 ohms}

Cs Ce C14 =0.1 uf paper R2 =500 ohmst

Cy C1s =0.05 pf paper R4 =10 megohmsit

Cp =8 uf electrolytic, 50 v. Ry Ru =2 megohmst

* C; is necessary only at frequencies higher than 5 Mc.
1 All resistors can be of the 0.5 watt type.

(14-7)

CLASS B AMPLIFIER FOR PORTABLE USE
Power Qutput 10 Watts*

CLASS B
DRIVER AMPLIFIER
TYPE 6N7 TYPE 6N7

A-F
QUTPUT

—

x -B

Ci1=5 uf electrolytic, 25 v.

C: =4 uf electrolytic, 25 v.

Ca =0 025 uf

Cy =25 uf electrolytic, 25 v.

R: =500 ohm wire-wound potentiometer
R2 =500000 ochm potenticmeter

R =1300 ohros, 0.5 watt

R¢=100000 chms, 0.5 watt

Ry =50000 ohms, 0.5 watt

Re = 100000 ohms, 0.5 watt

R; =900 ohms, 0.5 watt

M =Double-button microphone

S =Microphone and heater switch
T =Microphone input transformer
Ty =Class B input transformer
Ti1=Class B cutput transformer

8 Peak signal input voitage to 6S¥5 grid is 0.15 volt, for fwll power output.
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(14-8)

BATTERY-OPERATED SUPERHETERODYNE REQEIVER
With AVC and Class B Audio Amplifier

PENTAGRID DICDE DETECTOR, AVC, AUDIO
R-E AMPLIFIER CONVERTER I-F AMPLIFIER AUDIO AMPLIFIER ©  AMPLIFIER AMPLIFIER
Y TYPE IN5-G TYPE 1AT-G TYPE INS-G TYPE 1H5-G TYPE 164G TYPE 166G
Cy _k:m

Riz
L
[ taCa (
r 4( SF‘EP}MKER
S “A"BATTERY DRAIN =350MA.
= 8" BATTERY DRAIN a:;gg;o
C1=0.0001 t0 0.01 uf Co =001 uf Rir =10 megohmst
C3 Cy C11 =Ganged tuning con- Ca =8 uf electrolytic, 100 v. Ry =25000(§ ohms}
densers, 365 puf Ri1 Ry =5000 ohms} Rus =1 megohmi
Cs C7 Cis Ci7 =0.05 pf paper R =10000 obms} T1 Ta =1-f transformer,
Ct Cs Cs Co Cuy=0.1 uf paper Rs Rg = 100000 ohms} 455 kc.
Ciu =Oscillator padding con- R4 =200000 ohmst Ts =Class B input transformer
denser R =70000 ohms} Ts=Class B output trans-
Cie =250 ppuf Rs Ry Ri2 =2 megohmsi former; plate-to-plate im-
Cis Cis =100 puf Ry =50000 ohmst pedance, 12000 ohms
Cis C22 C23 =0.005 uf R1=250000 ohm potenti- . S=Ganged D.P.S.T. switch
Cio =250 puf ometer

$ Resistors are 0.5 watt size.

(14-9)

TWO-CHANNEL AUDIO MIXER
Voltage Gain From Each Grid of 6SC7 to Output is Approximately 15

TYPE 65C7

oyYTPUT TO

NPUT Net C2 NEXT STAGE

R4 Rs
Re
Rz R3
INPUT Ne22
= = +250 V.

Ciy =8 uf elegtrolytic, 25 v. R1=2000 ohms, 0.5 watt R4 Ry Rs =1 megohm, 0.5 watt
Cs =0.005 uf paper, 400 v. Rs Ry =250000 ohms, 0.5 watt
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(14-10)

BATTERY-OPERATED SHORT-WAVE RECEIVER

R-F AMPLIFIER
TYPE IN5-G

1.4-Volt Types

DETECTOR

POWER AMPLIFIER

TYPE IN5-G TYPE 1C5-G
. 1)

ANTENNA
SYSTEM Clo

% R

Ry % L
R7
= s sz
o]
At A= B 180V,

Ch 8. =100 puf midget
C3 Cp =35 uuf midget
Cs €4 Cs €1y =0.0
Cs Cu =;0.00025 uf

Ci=1 p
G132 =0.002 uf

uf

C11=8 uf electrolytic, 100 v.

(14-11)

R1: =100000 chms, 0.5 watt
R:=2 to 5 megohms, 0.5 watt
Rs =0.25 megohm, 0.5 watt
R4 =0.5 megohm potenti-

ometer }
R; R: =50000 ohm potenti-
ometer

Rs =600 ohms, 0.5 watt

R =30000 ohms, 0.5 watt

LiL: =8 mh. r-f choke

L3 =300 to 500 henry a-f choke

T1=Output transformer; pri-
mary impedance, 9000 ohms

S1=Ganged D.P.S.T. switch

A-C OPERATED REGENERATIVE SHORT-WAVE RECEIVER

R-F AMPLIFIER
TYPE 6SK7

ANTENNA
SYSTEM

DETECTOR
TYPE 6SK7

TYPE

Re

A-F AMPLIFIER
6CS

POWER AMPLIFIER
TYPE 6F6

g

SPEAKER

il
Ui

Cy C1 =35 uuf midget

Cs Cu =100 puf midget

Cs Cy C7=0.05 pf

Cs =0.01 xf, 400 v.

Cs C10 =0.00025 uf mica

Cii==1 uf, 200 v.

Ci2 =8 uf electrolytic, 25 v.

Cis=16 uf electrolytic, 25 v.

Ri1 =250 ohms, 0.5 watt -

R3 =10000 ohm wire-wound
potentiometer

J\A/\\:I-—/S’

" e

O +250V.

Rz =100000 ohms, 1 watt

R4 =60000 ohms, 1 watt

Re=2 to 5 megohms, 0.5 watt

R =250000 ohms, 1 watt

R7=1 megohm, 0.5 watt

Ra=1000 ohms, 1 watt

R9 =15000 chms, 5 watts

Ri1e =50000 ohm potenticme-
ter, regeneration control

R11 =5000 ohms, 1 watt

Ri1s =500000 chm volume
control

— 210 —

R1: =670 ohms, 1 watt

S1=8.P.S.T. switch

L: =8 mh. r-f choke

L2 =300 to 500 henry a-f choke

T1=Interstage a-f trans-

former

T2 =Output transformer; pri-
mary impedance, 4000 ochms

X-X =Insert double-circuit
’phone jack here
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(14-12)

CLASS A, AUDIO AMPLIFIER FOR USE ON 115-VOLT D-C LINE
Power Output, 4 Watts*

BEAM POWER
AMPLIFIER
TYPE 50L6-GT

PHASE INVERTER
TYPE 125C7

BEAM POWER
AMPLIFIER
TYPE 50L6-CT

[ It

C: C3=0.006
Cy =25 uf electmlytic. 25 v.
Ciy=0.035 u
C; =2 uf pa

Com2 uf electrolytlc, 150 v.
Cz =4 uf electroiytic, 150 v.
R1 =500000 obhm volume

control
R2=4000 obms, 0.5 watt
Ry R4 =250000 ohms, 0.5 watt
R =475000 ohms, 0.5 watt
Rs=16000 ohms, 0.5 watt
Rz =500000 ohms, 0.5 watt
Ra =70 ohms, 1 watt
Ry =4000 ohms, 2 watts
R =33 ohms, 1.0 watt
L =Filter choke, 10 henries at

125 ma., 60 ohms
de=Speaker field, 115 volts
-C.

. FUSE

50L6-GT  50L6"GT 1257

Rio

_: Cg

pu
=T
CHASSIS

(14-13)

T =Qutput transformer, plate-
to-plate load 3000 ohms

*Signal voltage input for full
power output=0.25 voit
peak.

HIGH-POWER AUDIO-FREQUENCY AMPLIFIER
Class AB; 6L6’s. Output 45 Watts

HIGH-POWER AUDIO-FREQUENCY AMPLIFIER
CLASS AB2 6L6'S, QUTPUT 55 WATTS

&

i TYPE 83

360 V.
NO SIGNAL

2

O\~
FUSE f

TYPE 573

?;[ N
L2
| RGN
\‘ +==C +
L2 T|ca
il N
i Ce=—
13 .

==
¥

Ci1 Cg =25 pf electrolytlc, 25 v.
Ce=0.035 pf, 1

Cy=14 pf electrolytlc, 450 v.
Cq Cy =8 pf electrolytic, 450 v.
Ri=0.5 megohm, 0.5 watt

Rs =650 ohms, 0.5 watt
Ri1=5000 ohms, 20 watts

50 ohms or less

100 ohms or less

*T 1 = 440-0-440 volts RMS, 175 ma. d.c.

R4 =50000 chms, 5 watts
Ri =3500 ohms, 30 watts
Re =200 ohms, 5 watts
L, =5 henries at 220 ma.,

Ls =20 henries at 150 ma.,

T1=Input transformer for
clags AB; 6!

Ts=0utput transformer,
plate to-plate load 3800
ohms

Ts T« =Power transformer?*

T =315-0-315 voits RMS, 150 ma. d.c.

NOTE: Peak signal voltage (e) for maximum power output is 18 volts.
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(14-14)

A-F VOLTAGE AMPLIFIER WITH SIGNAL MIXER, MASTER MIXER
AND COMPRESSOR-EXPANDER

INPUT MIXER

QUTPUT OF OTHER
INPUT MIXERS

TYPE 6L7 OR 1612

PHONO
PICKUP

MASTER MIXER

TYPE 6L7 OR 1612 ch

C1 Cs Co Cio C1z Ciq Cis Cue
Cy7 Cys Coo Ca1=0.05 uf

CqCs=0.25 uf

C3 C7 Cg Cig=8 puf

Cs5=0.0015 uf

Cis=0.5 puf

Cy =4 pf

Coe=0.1 uf

R1=50000 ohms, 0.5 watt

R: Rie=1.2 megohms, 0.5

watt -
R: R12=820000 ohms, 0.5
watt

f
COMPRESS

COMPRESSOR~
EXPANDER

-8 +300V.

R4+ R1¢ =250000 ohm potenti-

ometer
Rs R1s =1000 ohms, 0.5 watt
Rs R7 Ris Ri7 =30000 ohms,
0.5 watt
Rs Ry =150000 ohms, 1 watt
Ro R Raz¢ =300000 ohms, 0.5
t

watt
Rie Rep =50000 ohms, 0.5 watt
Ru Rz =100000 ohms, 0.5
watt
R21 =150000 ohms, 0.5 watt
Ras =500 ohms, 0.5 watt
R2s =40000 chms, 0.5 watt

R2s =1 megohm potentiometer

Rz =Bleeder resistor. Tapped
at 50 to 60 volts to provide
heater-circuit bias

Ras =100000 ohms, 0.5 watt

R =5000 ohms, 0.5 watt

S1 =Music-speech switch,
S.PS.T

Sa =E}([;aﬁd-compress switch,
D.P.D.T

S: =Phonograph switch; close
when phono is not in use
T1 =Microphone input trans-

former

Note: Potentiometer Ri controls the bias on grid No. 1 of the input mixer stage and thus

controls the gain of this stade.

When the contact is at the cathode end of Ry, gain is at maximum.

Because the leads to Rs do not carry a-f voltage, Rs can be connected to the circuit through a

long cable for remote control.
stage.

Le contt Potentiometer Ris controls the no-signal gain of the master mixer
When the circuit is to be used as a volume expander, the contact should be set at the

ground end of Ru; 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 Rz. Maximum expan-

sion or compression 1s obtained with the contact at the positive end.

cennected to the circuit through cables for remote control.

— 212 -
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(14-15)

MICROPHONE AND PHONOGRAPH AMPLIFIER

With Phase Inverter and Vacuum-Tube Mixer*
Power Output, 10 Watts

TYPE 6J7

TYPE 2A3

T2

TO
SPEAKER
VOICE
coie

Rit SRz =
i
Ce
TYPE 2A3
1
TYPE 5Ta
L]
“LCio L Cpy
== Co ! fie
¥
****** T +360 V. |
rar2v. iz v 100 ve— ]
C1 =10 uf electrolytic, 25 v. R4 =800 ohms, 0.5 watt Tz =Output transformer; 5000
Cz2=0.1 uf paper, 400 v. R&=1.2 megohms, 0.5 watt ohms plate-to-plate impe-
Cs =0.005 uf paper, 600 v. Re =0.25 megohm, 0.5 watt dance
Cs C11 =8 uf electrolytic, R7=50000 ohms, 0.5 watt L =Filter choke; 12 henries,
450 v. Rs=0.5 megohm potenti- 120 ohms, 100 ma.

Cs Cs =0.01 uf paper, 600 v. ometer L =Speaker field; 1000 ohms,
C7 =50 gf electrolytic, 100 v. Rs =3000 ohms, 0.5 watt 10 watts
Cs Cy =8 uf electrolytic, 250 v. Ris Ruu=0.1 megohm Ji=Jack for high-impedance
Cie =8 uf electrolytic, 475 v. Ris Ris = 0.27 megohm crystal microphone input,
Ci1z =25 uf electrolytic, 25 v. Ri14 =12000 ohms, 0.5 watt 0.023 peak volt
Ri=1 megohm poteniiometer Ri1s =780 ohms, 10 watts J2=Jack for high-impedance
R2=0.5 megohm, 0.5 watt Ri1s =20000 ohms, 15 watts crystal phone pickup input,
R =20000 ohm potentiometer T: =Power transformer; 0.6 peak volt

400-0-400 v. RMS, 100 ma. X =Shielded lead
* Voltage gain of microphone channel up to 2A3 grids is better than 2700.
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(14-16)

SLIDE-BACK VACUUM-TUBE VOLTMETER
Ranges 0-25 V. and 0-250 V.

17 v
60~
Fuse

I

TYPE 954

TYPE 80

C1 =4 uf paper, 400 v.
(low-leakage)

Cz Cz Cy =0.01 uf mica

C4=0.25 uf paper, 200 v.

Cs =8 uf electrolytic, 350 v.

Cr =30 uf electrolytic, 450 v.

Ri1=2 megohms, 0.5 watt

R =200000 ohms, 0.5 watt

R =500000 ohms, 0.5 watt

R4 =5000 ohms, 5 watts

R =500 ohm wire-wound lin-
ear potentiometer, 2 watts

Ry =500 ohms, 1 watt

Ry =3000 ohm wire-wound lin-
ear potentiometer, 2 watts

R3s =22000 ohme, 5 watte

Ry =25000 ohm wire-wound
linear potentiometer,
4 watts

S =Ganged D.P.D.T. switch

V =1000-chms-per-volt  volt-
meter, 0-25 v. and 0-250 v.
scales

T:=Midget power trans-
former

T2 =Midget filament trans-
former

. Nore: If the 954 is mounted at the end of a shielded *‘goose-neck’” probe, C; can be mounted

on the main chassis

Ri1, C;, and C; should be mounted close to the 954 socket.

For ‘‘zero”

adjustment of the 6E5, short the 954 input terminals, set Ry or Ry so that ““V’’ reads zero volts,
i8 just closed. The d-c or a-c voltage to be measured will cause

and adjust Ry until the 6E5 “eye”
the eye to reopen. Then adjust R; or Ry until the eye is just closed again.
the d-c or peak a-c value of the input voltage.

very low values of a-¢ input voltage.

— 214 —

“V” will then read

The V-T voltmeter requires calibration only for
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Outlines—Glass Tubes (Continued)
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load resistor. . ............... ... 27
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considerations ..................... 3

BECOMAAIY . . . vt vnarrn e 7,8
Electron-Ray Tubes. ................. 30
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shunt resistor. .............co00vuunn 35

supply voltage.......... ... 34
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current ... ... .. i, oo 13
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shunt resistor........... [ ..

supply voltage. .................... 34
Hezxode Mixer ....................... 33
Impedance, input................... . 14
Instantaneous Peak Voltage........... 40
Interelectrode Capacitances ........... 7
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Inverse-Feedback................... 20, 21
Tonization...................cool... 6
Load:
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resistance line ..,................. 16, 17
Mercury-Vapor Rectifier:
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interference from................... 40
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Recently Added Types

&) () POWER AMPLIFIER PENTODE

e‘ The 1A5-GT/1A5-G is a power amplifier
pentode of the 1.4-volt filament type for use

in the output stage of battery-operated

e ° receivers. The 1A5-GT/1A5-G_ supersedes
F+ v F— both the 1A5-G and the 1A5-GT. It has
G3 electrical characteristics identical to those of

the 1A5-G. Physical characteristics are

NG KEY Tne shown in Fig. 2-8, OUTLINES SECTION.
G-6X The tube may be mounted in any position.

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 shown in Fig. 2-5, OUTLINES
SECTION. The tube may be mounted in

any position.

CHARACTERISTICS

FiLaMeENT VoLTaGE (D.C.) .
FiLAMENT CURRENT .
DIRECT INTERELECTRODE CAPACITANCES
Grid No. 4 to Plate .
Grid No. 4 to Grid No. 2.
Grid No. 4 to Grid No. 1.
Grid No. 1 to Grid No. 2.
Grid No. 1 to All Other Electrode Inp
Gr(x)d No. )2 to All Other Electrodes Except erd No. 1 (Oscﬂlator
Grfd No) 1 to 'All Other Eiectrodes Except Gnd No. 2 (Oscﬂlator
ut, . e e e
Plate To All Other Electrodes (Mxxer Output)
TyPicAL OPERATIO
Plate Voltage . .
Screen Voltage .
Anode-Grid Voltage
Control-Grid Voltage (G No. 1).
Oscillator-Grid (Grld No. 1) Resistor
Plate Current. ... .
Screen Current. .
Anode-Grid Current
Oscillator-Grid Current
Plate Resistance. .. ...
Conversion T ransconductance
Control-Grid Blas for conversion transconductance of 2 mlcromhos
{approx.). e

* With close—ﬁttmg shxeld connected to negative filament terminal.

POWER AMPLIFIER PENTODE

The 1C5-GT/1C5-G is a power amplifier
pentode of the 1.4-volt filament type for use
in the output stage of battery-operated
receivers. The 1C5-GT/1C5-G supersedes
both the 1C5-GT and 1Cb5-G. Electrical
characteristics are the same as for the 1C5-G.
Dimensions are shown in Fig. 2-8, OUT-
LINES SECTION. The tube may be
mounted in any position.

— 219 —

1A5-GT/
1A5-G

1B7-GT

1.4 Volts
0.1 Ampere
0.34 y,p,f
0.26 [l}tf o
0.12 unf
0.9 wnf
7 wuf
4.2 . ppf
4 wpf
7.5 puf
90 Volts
45 Volts
90 Volts
0 Volts
0.2 Megohm
1.5 Milliamperes
1.3 Milliamperes
1.6 Milliamperes
0.035 Milliampere
0.35 Megohm
350 Micromhos
145 Volts

1C5-GT/
1C5-G
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SUPER-CONTROL R-F AMPLIFIER
TETRODE

The 1D5-GT is a super-control r-f amplifier
] D S_GT tetrode of the 2.0-volt type for use in battery-
operated receivers. Phys:cal characteristics
are shown in Fig. 2-15, QUTLINES SEC-
TION. Vertical mountmg is recommended;
horizontal operation is permissible if pins 2
and 7 are in a vertical plane

CHARACTERISTICS
FrLaMeENT VOLTAGE (D.C.) .

FILAMENT CURRENT . ...
DIRECT INTERELECTRODE CAPACITANCES

GndPlate (wlthshleldcan) h e e e e e e e e

Input . .

Output

As Class A; Amplifier

PLATE VOLTAGE. . .0 v it it it e it e it i e e e v e e s 135
SCREEN VOLTAGE . o v v tv vt e v ottt e ve e b et e ae e e an 67.5
GRID VOLTAGE .. vt vt it eet e s i ee ot et et e e ie ve ee os -3
PLaTE CURRENT, 22
SCREEN CURRENT. 0.7
PLATERESISTANCE(Approx) 0.35
TRANSCONDUCTANCE .+ 4.t vvvnvensnuossnesocnsoenanns .. 625
TRANSCONDUCTANCE (At -15 volts bias) . e 15

POWER AMPLIFIER PENTODE

The 1J5-G is a power amplifier pentode of
the 2.0-volt filament type for use in battery-
operated receivers. The filament current i
0.12 ampere. With 135 volts on both the
plate and screen and -16.5 volts bias, the

]J 5 G characteristics are: plate current, 7 ma.;
screen current, 2 ma.; transconductance, 350
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 operatjon is permissible
if the plane of the filament is vertical.

POWER AMPLIFIER PENTODE

The 1LA4 is 2 power amplifier pentode of
the 1.4-volt filament type for use in the out-
'|L 4 put stage of battery-operated receivers. It
is of the locking-base type and can be mounted
in any position. It is identical to the 1A5-G
except for physical characteristics, Dimen-
sions are shown in Fig. 2-4, OUTLINES
SECTION.

PENTAGRID CONVERTER

The 1LA6 is a multi-electrode tube of the
1.4-volt filament type. It is intended for use
] L Ab as a combined mixer and oscillator in battery-
operated receivers. It is of the locking-base
type and can be mounted in any posmon
Dimensions are shown in Fig. 2-4,
LINES SECTION. [Instailation and %
plication are the same as for the 1A7-G
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Volts
Ampere

wpf
puf
unf

Volts

Volts

Volts
Milliamperes
Milliamperes
Megohm
Micromhos
Micromhos




MANUAL

Volts
Ampere

o

=3
NWNOL OO or
WLOWIRNW Uik

ppf
upf
s

puf
unf
uuf
ek
unf

as for the 1A7-GT' except

-3 volts is 10 micromhos, and the series screen-voltage resistor is 45000 to 75000 ohms.

the 1.4-volt filament type for use in the out-
put stage of battery-operated receivers. It
is of the locking-base type and it can be
mounted in any position. Physical charac-
teristics are shown in Fig. 2-4, OUTLINES
SECTI For electrical characterxstxcs.
refer to the data for the pentode section of
the 1D8-GT.

DIODE HIGH-MU TRIODE

The 1LH4 is a muitielectrode tube of the
1.4-volt filament type for use in battery-
operated receivers. It contains a single diode
and a h1gh mu triode, and is for use as a
combined detector and amplifier. It is of
the locking-base type and can be mounted
in any position. Dimensions are shown in
Fig. 2-4, OUTLINES SECTION. Except
for capacitances, the electrical character-
istics are the same as for the 1H5-GT

INTERNAL

SHIELD R-F AMPLIFIER PENTODE

G,

et ol 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
type and may be mounted in any position.
Physical characteristics are shown in Fig.
(& O 2-4, OUTLINES SECTION. Installation

= INTERNAL

2 and application are similar to that of the
BS SHIELD IN5-GT

: e CHARACTERISTICS
FiLameNT VorTaGge (D.C.) . e e e e e e
FI1LAMENT CURRENT .

GRID PLATE CAPACITANCF§

InPuT CAPACITANCES .

OUTPUT CAPACITANCES .

§. With close-fitting Shleld connected to negauve ﬁlament termmal
As Class A; Amplifier

PLATE VOLTAGE. ... .. .. ... . .
(703 2) 5t S o 0 X
TypicAL OPERATION:

Plate VOItaZe .o vv v e vivn e o et e e e e e e e e e e

Screen VOILAZE . .. . vt vt i invr i i e e e e e

GridVoltage**....,...........4

Plate Current.

Screen Current.

Plate Resistance (Approx)

Transconductance ..

Transconductance with —4.5 volt bias (Approx)

** Circuit returns to negative filament termmal
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1LB4

1LH4

RCA RECEIVING TUBE
*CHARACTERISTICS
Framext Vortage (D.C)) . K
Fi.aMENT CURRENT . X
DIRECT INTERELECTRODE CAPACITANCES *
Gid No. 4 to Plate, e X
Grid No. 4 to grid No. 2, .
Grid No. 4 to Grid No. 1. . . {
Grid No. 1 to Grid No. 2. .. .
Grid No. 4 to All Other Electrodes (R FIn ut) R
Grid Ne. 2 to All Other Electrodes Except Grld No. 1 (Osc Output) .
Grid No. 1 to All Gther Electrodes Except Grid No. 2 (Osc. Input) L
Plate to All Other Electrodes (Mixer Cutput) .
* With close-fitting shield connected to negatlve ﬁlament
Converter Service
Maximum ratings and typical operation for the 1LA6 are the same
that the plate resistance is 0.75 megohm, conversion transconductance for control-grid bias of
INTERNAL NC
U ()
v . POWER AMPLFIER PENTODE
<] ©' The 1LB4 is a power amplifier pentode of

ILN5

14 Volts
0.05 Ampere
0. 007 max. ;mg
e
8 upf

110 max. Valts
110 max. Volts

90 Volts
90 Volts
0 Volts
1.6 Milliamperes
0.35 Milliampere
1.1 Megohms
800 Micromhos
10 Micromhos
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DIODE-POWER AMPLIFIER

PENTODE
‘I The 1N6-G is a multi-electrode tube of the
6- 1.4-volt filament type containing a diode and

a power amplifier pentode in one envelope.
Dimensions are shown in Fig., 2-13, OUT-
LINES SECTION. The tube may be

mounted in any position. NCT KEY TN
G-7AM
Y CHARACTERISTICS
FILAMENTVOLTAGE(DC) 14 Volts
FILAMENT CURRENT . .o ittt r vt vt e e e ve et it et ae e e ae aevn o 0.05 Ampere

Pentode Unit—As Class A; Amplifier

PLATE VoOLTAGE. 110 max. Volts:
SCREEN VOLTAGE, . . . 110 max. Volts
ToraL CATHODE CURRENT FOR ZERO SIGNAL. . .. PR N 6 Milliamperes
TypicaL OrPeRATION and CHARACTERISTICS:
Plate Voltage .. ...... ..ot ittt e ee e e 90 Volts
ScreenVoltage....,‘........A..A.............4....,.......‘ 90 Volts
Grid Voltage. -4.5 Volts
Peak A-F rldVoltage 4.9 Volts
Zero-Signal Plate Current . N 3.4 Milliamperes
Max.-Signal Plate Current. 3.4 Milliamperes
Zero-Signal Screen Current . 0.7 Milliamperes
Max.-Signal Screen Current 1.2 Milliamperes
Plate Resistance (Approx) 0.3 Megohm
Transconductance . 800 Micromhos
Load Resistance . . P+ ¢ ¢ (0} Ohms
TotalHarmomcsttortxon..‘.......‘......‘................ 7 Per cent
Max,.-Signal Power Qutput. 0.1 Watt

Diode Unit

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

R-F AMPLIFIER PENTODE

The 1P5-GT is a pentode of the l.4-volt

filament tyPe for use inbattery-operated receiv-

]P 5-GT ers as anr-f or i-f amplifier. Installation and ap-
glcatxon are the same as for the IN5-GT.

hysical characteristics of the 1P5-GT are

shown in Fig. 2-6, OUTLINES SECTION.
The 1P5-GT may be mounted in any position.

. ) FCHARACTERISTICS
FiLaMENT VOLTAGE (D.C.) . .0ttt iiiiie e 1.4 Volts
FILAMENT CURRENT . .. . tttiinnittiiieneannnnrennnnneennannns 0.05 Ampere
GRID-PLATE CAPACITANCEY .. ... it tirrennirenrnnnnnnneeronnees 0.007 max. ppf
INPUT CAPACITANCE® . . ... .. iiiiiiiinrernininnnronneenninaes 2.2 puf
OUTPUT CAPACITANCE®. . . .. i itnrnrinnnnrnnrennronennnns 10 unf

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

As Class A; Amplifier

PLATE VOLTAGE. . . ..ot iiiiiiniiieianenann eee e 110 max. Volts
SCREEN VOLTAGE. ..o vveenuvnnnnnnanannnn e 110 max. Volts
TypicAL OPERATION:
Plate VOILAZE & oottt et iteneeiieeennnns 90 Volts
Screen VOIAZE ... vttiitiiiinesstnnuererennnneeerannenns 90 Volts
Grid Voltage. ....... e et is ettt e, 0 Volts
PlateCurrent. .. .. ...covviiiennnnn v 2.3 Milliamperes
Screen Current. . . ..c..vviereniaanan . 0.7 Milliampere
Plate Resistance (Approx) ......... .. 0.8 Megohm
Transconductance .......... . 750 Micromhos
Transconductance with ~12 volts bias. . 10 Micromhos
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Gp Gl

. g O BEAM POWER AMPLIFIER
e The 1Q5-GT/1Q5-G is a power amplifier of ]Q5'GT /
i, P Sptinane & Ll B
- (<] s -~ supersedes O e
r+ Per 1Q5-GT and the 105-G. It has electrical 1Q5-G

and physical characteristics identical with
those of the 1Q5-GT.

GAS-TRIODE

.The 2A4-G is a grid-controlled, gaseous-
discharge tube of the filament type. It is 2 A 4 G
F_ intended for use in_relay-control "equipment -
designed for its characteristics.  Physical
° 5 characteristics_of the 2A44-G are shown in

Fig. 2-17, OUTLINES SECTION. The
2A4-G may be mounted in any position.

G-557
CHARACTERISTICS*
FILAMENT VOLTAGE (A.C. or D.C.) ... iiiiiiiiiiiieiiniiinannn 2.5 Volts
FILAMENT CURRENT .44 uyteaeaunnnnuneenenononseeararesaseenns 25 Amperes
PEAR INVERSE ANODE VOLTAGE. .« . tuvvvnniannneanneeeannceenns 200 max. Volts
PEAK FORWARD ANODE VOLTAGE. .+ . tveevninrenannreeenanennnns 200 max. Volts
PEax VoLTAGE BETWEEN ANY TWO ELECTRODES. . ...cvvuvnennn-. 250 mazx. Volts
PEAK ANODE CURRENT. .ot ittenennnnrrneecnsnenonesaananeenns 1.25 max. Amperes
AVERAGE ANODE CURRENT (Averaged over any period of 45 seconds) 0.10 max. Ampere

ANODE DROP ..ottt ittt enenarneneenaneeaans 15 Volts
* Filament voltage should be applied for 2 seconds before current is drawn from the anode.

I A ELECTRON-RAY TUBE
‘9 {Indicator Type)

The 2ES is a_heater-cathode type of tube
on designed to indicate visually, by means of
a fluorescent target, the effects of a control- E
ling voltage. As such, it is useful as a con- 5
‘ venient means of indicating accurate tuning
° of a radio receiver. Except for the heater
W rating of 2.5 volts and 0.8 ampere, the 2E5
has the same characteristics as the GES.
8R Dimensions are shown in Fig. 2-19, OUT-
LINES SECTION.

DIODE-TRIODE-
R-F AMPLIFIER PENTODE
containing & diods, & valiage amaier wiode,  SA8-GT
and an r-f amfliﬁer pentode. Each unit is

independent of the others except for the
common filament. The filament iz designed

INTERNAC gy T FD to be operated from either a single dry cell
8AS (parallel arrangement) or two dry cells in
series (series arrangerment). .
Y CHARACTERISTICS
FILAMENT VOLTAGE (D.C.) ... oiiiiiiiiiininnnnn 1.4 (parallel) 2.8 (series) Volts
FILAMENT CURRENT ... 00 iiiiiininvannaaenannnnen 0.1 (parallel) 0.05 (series) Ampere
DIRECT INTERELECTRODE CAPACITANCES:®
Triode Unit—Grid to Plate (approx.) .. .......veveeeerenennnns 2.0 uuf
Grid to Filament (apDPIox.) c....covvveerrenennnnss 2.6 uuf
Plate to Filament (approx.).......cooeveeunneeensn 4.2 uuf
Pentode Unit—Grid to Plate upf
waf
upf
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MAXIMUM OVERALL LENGTH. ... ciiitvnninneeeainncnsrnnannenss 35%&”
MAXIMUM SEATED HEIGHT.. ... ivhivin it ivannns s 234"
MAXIMUM DIAMETER .. ctitiiievennaeoruaonnesonronssonssannes 15"
3 € 75 - T-9
L PO Skirted Miniature
BASE. .iiticiiiiirie i [ eeeeiaaas Intermediate Shell Octal 8-Pin
MOUNTING POSITION. . ..t inttiiininiieteunneesensansersonnns Any
Triode Unit as Class A Amplifier
PLATEVOLTAGE 110 max. Volts
TyPICAL OPERATION:
Plate Voltage ........ ... i iii ittt it i e e s 90 Volts
Grid Voltage®., . .. ou it it it i ie te e ci vt e sear cnen e e e 0 Volts
Amplification Factor. 65
Plate Resistance (Approx) 0.2 Megohm
Transconductance . 325 Micromhos
Plate Current. . .. .. .. .. ittt et it e e e s 0.2 Milliampere
Pentode Unit as Class A; Amplifier
PLATE VOLTAGE. o .0 ot vttt vh vt tn vt e va e on tn caae cnvr veansn o en 110 max. Volts
SCREEN VOLTAGE. .+ .0 ot ittt it et ot it cv et et nt e ve teessean e vn s 110 max. Volts
TypicAL. OPERATION:
Plate Voltage . . .. .. ot vt ot it it e it e it et ie e e e e e et 90 Volts
Sereen VOILAZE .. oo i v e ie vt cr e v i e it ae ee rece e cr e s 90 Volts
Grid Voltage*. . .. 0 Volts
PlateRes:stance (Approx) 0.8 Megochm
Transconductance ... e et e et e e e e e e s e s 750 Micromhos
Plate Current. 1.5 Milliamperes
SCreen CUTTEN. . .« oo v on os o e oo, 0.5 Milliampere

Diode Unit

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

* Grid voltage for the parallel-filament arrangement is referred for both triode and pentode
to pins 2 and 7 connected together; for the series-filament arrangement, grid voltage for the triode
is referred to pin 7 and for the pentode to pin 1.

POWER AMPLIFIER PENTODE

The 3Q4 is a miniature type of power
amplifier pentode which is suitable for use
with 90 volts on both the plate and screen,

4 and thus provides relatively high power
output. The 3Q4 has a center-tapped 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 7BA
tube may be mounted in any position.

I CHARACTERISTICS
Sertes Filament Parallel Filament
. Arrangement Arrangement
FiLaMENT VoLtace (D.C)) . e 2.8 1.4 Volts
FILAMENT CURRENT . 4. o0t vt vrce cn ce vanaanne 0.05 0.1 Ampere

As Class A; Amplifier

PLATE VOLTAGE. 90 max. 90 max. Volts
SCREEN VOLTAGE, 90 max. 90 mex.  Volts
ToTaL CATHODE CURRENT. v 6 max. 12 max. Milliamperes
TyricAL OPERATION and CHARACTERISTICS!
Plate Voltage .. ......coivivivieinnninne.. 90 85 90 Volts
ScreenVoltage...AA..........,.........‘. 90 85 90 Volts
Grid Voltage. . .. -4.5 -5 ~-4.5 Volts
Peak A-F Grid Voltage e e e e 4.5 5 4.5 Volts
Zero-Signal Plate Current . e e 7.7 6.9 9.5 Milliamperes
Zero-Signal Screen Current . e 1.7 1.5 2.1 Milliamperes
Plate Resistance (Approx) e e 0.12 0.12 0.1 Megohm
Transconductance . .. ... .. ov v e vr cvnevn s 2000 1975 2150 Micromhos
Load Resistance. . ... BN 10000 10000 10000 Ohms
Total Harmonic Distortion .. .. .. .......... 7 10 7 Per cent
Mazx.-Signal Power Qutput .. .............. 0.24 0.25 0.27 Watt
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POWER AMPLIFIER PENTODE

The 3%4 is a miniature type of power
amplifier pentode designed for use in the out-
put stage of compact, light-weight, portable
equipment. Construction is like that of the
1R5. The 354 has characteristics similar to 38 4
those of the 184, but it has a filament which
permits operation 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 3S4 may be
mounted in any position.

CHARACTERISTICS
Series Filament Parallel
Arran 77 {
F1LAMENT VOLTAGE (DC) 2.8 1.4 Volts
FiLameNT CURRENT . Q.05 0.1 Ampere

As Class A; Ampliﬁer

PLATE VOLTAGE. 67.5 max. 67.5 max. Volts
SCREEN VOLTAGE. . . . 67.5 max. 67.5 max. Volts
ToTaL CATHODE CURRENT FOR MAXIMUM SIGNAL 9.5 max. 11 max. Milliamperes
TorAL CATHODE CURRENT FOR ZERO SIGNAL . 7.5 mazx. 9 max. Milliamperes
TyPICAL OPERATION and CHARACTERISTICS—Class A1 Amphﬁe
Plate Voltage . e e . 67.5 67.5 Volts
ScreenVoltage.‘,................................ 67.5 67.5 Volts
Grid Voltage*. . -7 ~7 Volts
Peak A-F Grid Voltage. | 7 7 Volts
Zero-Signal Plate CUTTent . . vove e 6 7.2 Milliamperes
Zero-Signal Screen Current .. ... .o ee . 1.2 1.5 Milliamperes
Plate Resistance (APProX.) .o oo vvvevuir i ve e un 0.1 0.1 Megohm
TransCONAUCLATICE &+ o v v ve e et v ieve en e ee e ae aa e 1400 1550 Micromhos
Load Resistance. . .. .. 5000 5000 hms
Total Harmonic DIStortion . . .. ..ue v v ve e vensoeon 12 1 Per cent
Max.-Signal Power OQutput ... ..o viii e i e nnn o 0.16 0.18 Watt

* For series filament arrangement, filament voltage is applied between pins 1 and 7; grid
voltage is referred to pin .1. For parallel filament arrangement, filament voliage is applied between
pins b and pins 1 and 7 connected together; grid voltage is referred to pin 5.

FULL-WAVE HIGH-VACUUM

RECTIFIER
The 5W4-G and 5W4-GT are full-wave -
high-vacuum rectifiers for use in a-c receivers 5W4 G

having low current requirements. Electrical
ratings are the same as those for the 5W4.
Dimensions of the 5W4-G are shown in Fig.
%AVZV% C%EJTLINES SECTION: utlf;ose ;J)f é:l;e
are: maximum cvera engt! 3%
in., maximum seated height, 24} in., max- 5W4_GT
imum diameter, 14 in, bulb, T-9, base,
intermediate shell octal 5-pin. Horizontal
operation of both types is permissible if pins
2 and 7 are in a horizontal plane

POWER AMPLIFIER TRIODE

The 6A3 is a three-electrode type of power
amplifier tube designed for use in the power-
output stage of radio receivers designed for
its characteristics. The filament is rated at 6 A3
6.3 volts and 1.0 ampere. In single-tube
class A1 service, the characteristics and
operating conditions are the same as for the
2A3 except that the power output is 3.2
watts. In push-pull class AB: service, the
4D 6A3 may be operated with either fixed or
cathode bias with a maximum plate voitage
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-
to-plate load resistance, 3000 ohms; zero-signal plate current, 80 milliamperes; power output,
15 watts.

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 type consisting of two
triodes in one bulb. " It is used principally
for replacement in receivers designed for its

- characteristics. One triode, the driver, is
directly connected to the second, or output,
triode. Physical charactenstlcs are: maxi-
mum overall length, 4 maximum
seated height, 34 in.; maxlmum diameter,
1% in.; bulb, ST-12; base, small shell octal

7-pin, "The tube may be mounted in any G-7AU
position.
CHARACTERISTICS
Heatrer VOLTAGE (A.C. orDC) 6.3 Volts
HeaTER CURRENT .. ... 0.5 Ampere

As Class A; Amphﬂer
QuTrPUT-TRIODE PLATE (PT1) VOLTAGE ...... PPN
INPUT-TRIODE PLATE (PT1) VOLTAGE.
INPUT-TRIODE GRID VOLTAGE. ... ...

250 max. Volts
250 max. Volts
0 Volts

Preak A-F GriD VOLTAGE . 25 Volts
OUTPUT-TRIODE PLATE CURRENT. 34 Milliamperes
INPUT-TRIODE PLATE CURRENT . . 5 Milliamperes
PLATE RESISTANCE (Approx.) .. 40000 Ohms
TRANSCONDUCTANCE (G1; to PTz) 1800 Micromhos
Loap RESISTANCE .. .. 8000 Ohims
HarMONIC DISTORTIO 10 Per cent
Power OUTPUT .. .. .. 3.5 Watts
HIGH-MU
POWER AMPLIFIER TRIODE
G-

The 6AC5-GT/6AC5-G is a high-mu triode
6AC5- T designed for use either in single-ended or
push-pull audio-frequency amplifiers. The -

BACS-GT/6ACE.C des both the 6AC5-
6AC5' G G and thé 6ACS- Gsuperliehgi etlJectncgl char- H O, ‘ @ H

acteristics identical to those of the GACS«G c e
Dimensions are shown in GUT: KEY
LINES SECTION. The 6AC5 GT/6AC5 G NG K
may be mounted in any position. G-6Q
RC§ TA
ELECTRON-RAY TUBE OWO
The 6AD6-G is a heater-cathode type of e 3
tube designed to respond visually, by means RCy2
of two shadows on a fluorescent target, to
6AD6-G changes in voltages applied to the control e
electrodes. This tube is intended for use as ‘/ o
a voltage indicator to indicate accurate H H
tuning of a receiver to the desired station. 0 (8)
The application of the 6AD6-G is similar to NCTTKEY K

that discussed under the 6AF6-G.
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CHARACTERISTICS
Heater VoLTaGE (A.C.or D.C)).. 6.3 Volts
HEATER CURRENT ....... 0.15 Ampere
MAXIMUM OVERALL LENGTH 274"
MaxiMuM SEATED HEIGHT. 2%
MaxiMuM DIAMETER 157
BULB . . T-9
Bas Small Wafer Octal 7-Pin, Sleev
Mounrmc POSITION. . . ..... [N reeiaesecerasaene PN Any
As Tuning Indicator
TARGET VOLTAGE . . ..vvvvvinnnsnenns Cetesbreeeraireen e 150 max. Volts
Tveical OPERATION:
Target Voltage. . .ouvvnriieiniuuerersvrninnennenenns 100 150 Volts
Target Current® . .. iuiiiiirinriieernnronaeeerronen 1.5 3 Milliamperes
Target Currentss [ 11 I 1.0 2 Milliamperes
Target Current®* ... LI [N 0.8 1.2 Milliamperes
Ray-Controt Electrode Voltage (Approx)*............. 45 75 Volts
Ray-Control Electrode Voltage (Approx.)¥*, .. ... ...... 0 8 Volts
Ray-Control Electrode Voltage (Approx.)¥¥* . . .. .... -23 -50 Volts

*  For shadow angle of 0° produced by either ray-control electrode.
#* For shadow angle of 90° produced by either ray-control electrede.
w+% For shadow angle of 135° produced by either ray-control electrode.

TRIODE-POWER AMPLIFIER
PENTODE

The 6AD7-G contains a voltage amplifier
triode, and a power amplifier pentode similar
to the 6F6-G. It is of the heater-cathode
type. The 6AD7-G is especially useful in 6 AD7-G
combination with a separate 6F6-G in a push-
pull amplifier; in thig service, the triode unit
serves ag the phase inverter. Curves shown
under the 6F6—G apply to the pentode unit
of the 6AD7-G. Physical characteristics are
shown in Fig. 2-21, OUTLINES SECTION.
The tube may be mounted in any position.

Y CHARACTERISTICS
HeaTer VoLTAGE (AC.or D.C) .............. Cerersrasisancans 6.3 Volts
HEATER CURRENT .. ..vurvrnnnnnennens e retmetaaa e 0.85 Ampere
Triode Unit

PLATE VOLTAGE . . . ittt irtetnne e iitunarsataneeansarnnansenas 235 max. Volts
PLATE DISSIPATION . .\t vttt etttraanroonunsnnnunsneeosannnnens 1.0 max. Watts
CraracTERISTICS—Class Ay Amplifier

Plate Voltage........ e terearaai it it Ceeeraseas 250 Volts

Grid Voltage. . ......... : -25 Volts

Amplification Factor. . 6

Plate Resistance (Approx ) ............ e e e 19000 QOhms

TranscONAUCLANCE 4 vvvvvinueenressovsuoereeennerensnseonnnes 325 Micromhos
- Plate Current.......... Ceteeeraaees Ceh e reerere et eeas 4 Milliamperes

PLATE VOLTAGE............
SCREEN VOLTAGE......
PLATE DISSIPATION. . .....
SCREEN DISSIPATION,
TYPICAL OPERATION and CHARACTERISTICS—CIaSS A1 Amplifier:

375 max. Volts
285 max. Volts
8.5 max. Watts
2.7 max. Watts

Plate Voltage ..... et eirererraiiie e R Cereeaineannas 250 Volts

Screen Voltage ... .c.iiiiiereeieiineriiiieeannnns Ceeianeen 250 Volts

Grid Voltage. . ....vvvveenineinivnerennenennns P -16.5 Volts

Peak A-F Grid Voltage ................................. eees 16.5 Volts
Zero-Signal Plate Current . ... ...oviiiiineiiiineneeeeannens 34 Milliamperes
Mazx.-Signal Plate Current. . ......c.vviiiuienanrieenannneannnnn 36 Milliamperes
Zero-Signal Screen CUITent . . ....vvvitiiiiienninnenneennnenns 6.5 Milliamperes
Max.-Signal Screen Current. .. ..ovevieriiienreiniisrrnnennns 10.5 Milliamperes
Plate Resistance (APPIOX.) ... vuuiireriinerrrnrennerernnnenns 80000 Ohms
Transconductance ...........cviviiienannnennns e 2500 Micromhos
Load Resistance. . ........coviiiitiivirereninirisrnaneronnas 7000 Ohms

Total Harmonic Distortion .......... P R 8 Per cent
Mazx.-Signal Power Qutput .................. rerrerearaaaas 3.2 Watts
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As Push-Pull Amplifier
Pentode, Unit of 6 AD7-G and Separate 6F6-G

PLATE VOLTAGE. . . it vttt iee ittt ceatraee s sienansnaen 375 max. Volts
SCREEN VOLTAGE. . .ttt vt tunnnetinnnsonenesansainnens e 285 max. Volts
PrLATE DISSIPATION. 8.5 max. Watts

SCREEN DISSIPATION . . o oo 2.7 max. Watts
TYPICAL OPERATION WITH CATHODE BIAS lass AB, Amp. o1
Values are for pentode unil of 6 AD7-G and 6F6 G logether
Plate Voltage ........ .. ... ... i, 250 285 375 Volts
Screen Voltage ....... 250 285 250 Volts
Cathode Resistor 560 470 470 Ohms
Peak A-F Grid-to-Grid Voltage............... 59 64 55 Volts
Zero-Signal Plate Current .. ..........oouu... 36 47.5 41 Milliamperes
Max.-Signal Plate Current. . ..........covu. .. 41 54.5 50 Milliamperes
Zero-Signal Screen Current . ......ovuveninan. 6.7 82 6.7 Milliamperes
Mazx.-Signal Screen Current. .. ....o.vveunnu.. 117 13.5 9.2 Milliamperes
Effective Load Resistance (plate- to~plate) ..... 14000 12000 16000 Ohms
Total Harmonic Distortion . ........co0vvn... 4 4 2 Per cent
Max.-Signal Power Gutput .................. 6 8.5 9 Watts

TWIN-PLATE CONTROL TUBE

The 6AE6-G s intended for use as a con-
trol tube for twin-type electron-ray tubes;
it provides in effect two triodes with different

6 AEé G cut-off characteristics. With avc voltage
= applied to the common control grid in suitable
circuits, one triode section operates on weak
signals while the other operates on strong
signals. Physical characteristics are shown
in Fig. 2-17, GUTLINES SECTION. The
tube may be mounted in any position.

CHARACTERISTICS
.HraTER VoLTaGE (A.C. or D.C.). . . 6.3 Volts
HEATER CURRENT ... oot iiiet i iiiannsnnnnsnn 0.15 Ampere
T PLATE VOLTAGE. . .ottt v iancins e 250 max. Volts
CHARACTERISTICS:
Plate Voltage 250 Volts
Grid Voltage -1.5 Volts
Amplification Factor 25
Plate Resistance (ADProx.) .. cee ... 25000 Ohms
TransconAUCIANCE . oo iy vt ns e i ree i vseenarenanenneess 1000 Micromhos
Plate Current. .. ..... ... ... A . N 6.5 Milliamperes
PLATE VOLTAGE . + 1 v itrtiitnatcnnrnnnrsaasassosonnanennnen, 280 max. Volts
CHARACTERISTICS!
Plate Voltage . . . . . 250 250 Volts
Grid Voltage. . .......... . e . 9.5 -1.5 Voits
Amplification Factor N 33
Plate Resistance (APDIOX.) - .. .cveson 35000 Ohms
Transconductance .......... s . 950 Micromhos
Plate Current. . ... .oiiiiir v s innircnrnenenorsens 0.01 4.5 Milliamperes

TWIN-INPUT TRIODE AMPLIFIER

The GAE7-GT is intended for use as a
voltage amplifier triode or as a driver for two
type SACH-GT tubes in dynamic-coupled

6A E7- push-puil 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, QUTLINES
SECTION. The GAE7-GT may be mounted
in any position.

W CHARACTERISTICS
HEATER VOLTAGE (A.C. or D.Cl) e cvvenrcsnscanssnarcnacnsnses 6.3 Volts
HEATER CURRENT 4 v uevturnesonnorasnsrcsncsncsassanncasannns 0.5 Ampere
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As Class Ay Amplifier
Both grids connected logether at socket; Ifkewise both cathodes

PLATE VOLTAGE. . ........ v .. 300 max. Volts
PLATE DisSIPATION 5 max. Watts
Tyricat OrerATION and CHARACTERISTICS:

Plate Voltage ...... P 250 Volts

Grid VOIRaZe. ..ot nei et i i iiian s iaaancaeeenns -13.5 Volts

Plate Current. .. ...vuveiineriiiitisiannerenrrtcennsa [N 10 Milliamperes
Piate ResiStance. ... ...uiirer it iriiuiieneeenniiinrasenonans 4650 Ohms
Amplification Factor. . ......ciiiieriinriiierriincinssnonne. 14

TransconduCtance ... ..uevsviuoseerernronneenans e 3000 Micromhos

As Dri\}er for Two Type SAC5-GT Tubes in Dynamic-Coupled
Push-Pull Amplifier

PLATE VOLTAGE. . . . ivvenrnnnnnnnnnsnnns . 300 mazx. Volts
PLATE DISSIPATION. . . . 5 max. Watts
Typical OPERATION:

Plate-Supply VoltageT. .. ... ittt i iiiiaaeeenns 250 Volts
Grid Voltage, ....... T R LT T T T U, hs Voits
Grid-to-Grid Input Signal to Driver®*. ......... ..o it 44 rms Vclts
Zero-Signal Driver Plate Current... ... ... voiiveiniiiaenveen.. 10 Milliamperes
Max.-Signal Driver Plate Current ...... e reeaer e 19 Milliamperes
Zero-Signat Plate Current of 6AC5-GT’s..........viivennnn.. 64 Milliamperes
Max.-Signal Plate Current of 6AC5-GT’s, ......... c e e e 76 Milliamperes
Load Resistance (plate-to-plate) (BAC5-GT’s).........covvnen. 10000 Chos
Harmonic Distortion (GAC5-GT™8). ...t iiieiiiieininnan. 10 Per cent
Power Output (BACE-GT’S)..... ... iiiiiiien e 9.5 Watts

1 Bias voltage for beth the driver and the push-pull stage 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

“The 6B4-G is a low-mu tricde designed for
the output stage of radio receivers. The
electrical characteristics are the same as those
of the 6A3, but the 6B4-G is provided with 6B4-G
an octal base. Physical characteristics are
shown in Fig. 2-26, OUTLINES SECTION.
The tube should be mounted in a vertical
position; horizontal operation is permissible
if thegplane of the filament is vertical,

DUPLEX-DIODE PENTODE

The 6B7-S is a multi-electrode tube con-
sisting of two dicdes and an r-f pentode in
one envelope. This type is intended for use 6B7_S
as¥a replacement in receivers designed for its
characteristics, The characteristics of the
6B7-S are similar to those of the 6B7; how-
ever, the two types are not usually inter-
changeable.

DETECTOR AMPLIFIER TRIODE

The 6C5-GT is a triode of the heater-
cathode type designed for use as a detector,
amplifier,  or oscillator. Except for the
capacitances, the electrical characteristics are
the same as those for the 6C5. Capacitances 6C 5 GT
are: grid-plate, 2.2 uuf; grid-cathode, 4.4 puf; -
plate-cathode, 12 puf. Physical character-
| 8 istics are: maximum over-all length, 3 & in.;
maximum seated height, 284 in.; maximum
diameter, 14 in.; bulb, T.9; base, small
GT-6Q wafer octal 6-pin with metal sleeve; mounting
pogition, any.

SL
NTERNALT KEY K
SHIELD
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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 in one bulb.
The 6E6 is designed for use as a class A am-
plifier in either parallel or push-pull circuits.
Dimensions 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-

EXTERNAL
SHIELD

rent, 18 ma.; plate resistance, 3500 ohms; transconductance, 1700 micromhos; amplification factor, 6.
With plate-to-plate load resistance of 14000 ohms, the power output for two tubes is 1.6 watts.

6E7

6H6-GT

R CA RECEIVING TUBE
DUPLEX-DIODE TRIODE

The 6C7 is a multielectrode tube consisting

6C7 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.

l

TRIPLE-GRID SUPER-CONTROL
AMPLIFIER

The 6E7 is a triple-grid amplifier designed

for use as an r-f or i-f amplifier. This type

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.lthe
screen current is 2 ma., transconductance is
1600 micromhos.

TWIN DIODE

The 6H6-GT is a tube of the heater-
cathode type containing two diodes in a
single enveiope. Except for physical char-
acteristics, the 6HG6-GT is identical to the
6H6. Physical characteristics are: magximum
overall length, 2 #”; maximum seated height,
2147; maximum diameter, 1 &%; bulb, T-9;
base, small wafer octal 7-pin, with sleeve;
mounting position, any.
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G-8H

HP SHEPTODE

HEzATER VOLTAGE (A.C.or

HEATER CURRENT . ......

TRIODE-HEPTODE CONVERTER

The 6J8-G is a multi-unit tube consisting
of a triode unit and a heptode unit in one
envelope. The triode unit is designed to
serve ag the oscillator and the heptode unit
as the detector in superheterodyne receivers.
Application is similar to that for circuits
employing separate oscillator and detector.
The control grid of the triode is connected
within the tube to grid No. 3 of the heptode
unit for efficient electron coupling. Physical
characteristics_of the 6J8-G are shown in
Fig. 2-15, OUTLINES SECTION. The
6J8-G may be mounted in any position.

CHARACTERISTICS
DC) oo

DIRECT INTERELECTRODE CAPACITANCES:

Heptode Grid to Heptode Plate*

Heptode Grid to Triode
Heptode Grid to Triode

Triode Grid to Triode Plate
Heptode Grid to All Other Electrodes =R-F Input
Triode Plate to All Other Electrodes =0sc. Qutput
Triode Grid to All Other Electrodes =Osc. Input ..............
Heptode Plate to All Other Electrodes =Mizxer Output

* With shield-can

HerPTODE PLATE VOLTAGE

HEPTODE SCREEN VOLTAGE (Grids No. 2 and 4)

Tri0DE PLATE SupPPLY VO
TypicaL OPERATION:

Plate*. . .. ... .. .ot
Grid*. ........... o

As Frequency Converter

LTAGET . o vviiiiit i iiiin i ieiiineeneann,

Heptode Plate Voltage .............................. 100
Heptode Screen Voltage. . . 100
Heptode Control-Grid Volta; ~3
Triode Plate Voltage. ... 100
Triode Grid Resistor............,.. 50000
Heptode Plate Resistance (Approx.) 0.9
Conversion Transconductance. . ........ouvevnennnnses. 250
Heptode Control-Grid Voltage for conversion transcon-
ductance of 2 micromhos . ... ... o 0., —
Heptode Plate Current......... ; 1.4
Heptode Screen Current. ....... 3
Triode Plate Current...... Casesan 3
Triode Grid and Heptode Grid No. 3 Current 0.3

Characteristics of Triode Unit Only

618-G

¢ LS O
0OULA N WU Www

—
Cor Ul poy

250 max.
100 max.
250 max.

250
100
-3
2501
50000

4
290
-20
1.3
29

5
0.4

Volts
Ampere

. upf
. uuf

pnf
suf
auf

syt
upf

Megohms
Micromhos

Volts

Milliamperes
Milliamperes
Milliamperes
Milliamperes

The transconductance of the triode section, not oscillating, is approximately 1600 micromhos

when the plate voltage is

150 volts, and the grid voltage is -3 volts.

T Applied through 20000-ohm voltage-dropping resistor.

G2 G
Calx S

G-8K

TRIODE-HEXODE CONVERTER

The 6K8-G and 6K8-GT are multi-elec-
trode tubes consisting of a triode oscillator
and a hexode mixer in a single envelope. Both
of these types are identical electrically to
the 6K8 except for the capacitances (given
below). Refer to the 6K§& for Installation
and Application. Physical characteristics of
the 6K8-G are shown in Fig.2-15 and of the
6K8-GT in Fig. 2-6, OUTLINES SECTION.
Both types may be mounted in any position.

% CHARACTERISTICS

HeATER VOLTAGE (A.C.or D.C). .. ..o i e i

HeateEr CURRENT .. .

DirECT INTERELECTRODE CAPACITANCES:
Hexode Grid No. 3 to Hexode Plate . ... ......................
Hexode Grid No. 3to Triode Plate . .. ........................
Hexode Grid No. 3 to Triode Grid No. 1 and Hexode Grid No. 1.
Triode Grid and Hexode Grid Neo. 1 to Triode Plate . ... ........
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max.
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Triode Grid and Hexode Grid No. 1 to Hexode Plate . . ... . 0.15 puf
Hexode Grid No. 3 to All Other Electrodes =R-F Input......... 4.6 puf
Triode Plate to All Other Electrodes Except Triode Grid and

Grid No. 1 =0s¢. Qutput. ... . covvie it it i iia e e nas 34 puf
Triode Grid and Hexode Grid No. 1 to All Other Electrodes Except

Triode Plate =0s¢. INPUL. . ..ot o iv it cn cvir e ves . 6.5 uuf
Hexode Plate to All Other Electrodes =Mixer Output........... 4.8 upf

DETECTOR AMPLIFIER TRIODE

The 6P5-GT/6P5-G ig a triode of the heater-

cathode type for use as detector, amplifier,

6P 5_GT or oscillator. It ig also used ag a driver for
the 6ACH-GT/6AC5-G. Except for capac-

itances, the electrical characteristics of the

6P5-G 6P5-G1/6P5-G are the same as for the 6P5-G.
The capacitances are:; grid-plate, 2.8 uuf;

grid-cathode, 3.5 uxf; plate-cathode, 2.5 gpuf.

Physical characteristics are shown in Fig. 2-8,

OQUTLINES SECTION. The 6P5-GT/6P5-G
may be mounted in any position.

TRIODE PENTODE

The 6P7-G is a heater-cathode 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 G itances), installation and application for the
- 6P7-G are the same as for the 6F7 but the
6P7-G is equipped with a standard octal base.

Capacitances of the triode unit are: grid-

plate, 2 pupf; grid-cathode, 1.4 uuf; plate-

cathode, 2 uuf; and for the pentode unit;

grid-plate (with tube shield), 0.007 uuf; in-

i i glgt, 2.8 uuf; output, 11.5 uxf. Dimensions
are shown in Fig. 2-15, OUTLINES SECTION. The tube may be mounted in any position.

DUPLEX-DIODE TRIODE

R G The 6R7-GT is a multi-unit tube like
- T 6R7 in electrical characteristics.
Physical characteristics 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-electrode tube of

the single-ended t designed to perform

6 == simultaneously the functions of mixer (first
detector) and of an oscillator tube in super-

heterodyne circuits. Installation and appli-
cation of the 6SA7-GT are similar to those

for the 6SAT7. S Rker s
GT-8AD
¥ CHARACTERISTICS

Heatsr VoLTacE (A.C.or D.C) . o it iiin e 8.3 Volts
HEATER CUBRENT ...ttt iioeroroernrecerosennanronnscoseesnss 0.3 Ampere
DIRECT INTERELECTRODE CAPACITANCES:

Grid No. 3 to All Other Electrodes=R-F Input®* ............... 11 epf

Plate to All Other Electrodes = Mixzer OQutput®* ................. 12 uuf

Grid No. 1 to All Other Electrodes*. . ... ... ..o ovn eaees 8 ppf

# With base shell connected to cathode.
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Grid No. 3to Plate®. . .. ..oveiiniinrnnaraerenarsonsneacn an 0.2 max. puf
Grid No. 1to Grid No. 3%, ... ... coiiviainneen e 0.2 max. upf
Grid No. 1 to Plate*, . .......... e eeene e naeraaes e 0.2 max. “uuf
Grid No. 1 to Shield and All Other Electrodes Except Cathode. .. 5 o
Grid No. 1 to Cathode . .oveveinsrarnieeansansianrnonnaneenes 3 puf
MAXIMUM OVERALL LENGTH. . .+ vt vvrrrrennnrascransanenassss k3744
MAXIMUM SEATED HEIGHT......c.o0veene J P N 25%"°
MAXIMUM DIAMETER .. .0vvveensiornsrsoansnssnsssssnaoassnsns 15"
BULB ........ et earee et e enenesare ey T-9
BASE........ it rreeae e e Small Wafer Octal 8-Pin, Sleeve
MOUNTING POSITION . .+ cvvseenenrannnsarossesons PPN PN Any

As Frequency Converter

TypICAL OPERATION WITH SELF-EXCITATION:
Typical operation of the 6SA7-GT is the same as for the 6SA7.

HIGH-MU TRIODE

The 6SF5-GT is a high-mu triode of the
single-ended glass type for use in resistance- 6SF 5 GT
coupled amplifier circuits. Electrical char- -
acteristics, except capacitances 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 envelope. 65 F7
The pentode unit is designed especially for
use as an i-f amplifier althou%h it may also
be used as an a-f amplifier, imensions are
shown in Fig. 1-3, CUTLINES SECTION.
The 6SF7 may be mounted in any position.

Y CHARACTERISTICS

HeATER VOLTAGE (A.C.or D.C)... ..ottt 6.3 Volts
HEATER CURRENT .. 000 veonvuas se oo s v ae snos s oo ssannsneon 0.3 Ampere
DIrECT INTERELECTRODE CaPACITANCES—Pentode Unit:*
Grid to PIAEE. .. . vvveva v ve e cn it ie v eneer e ee e e 0.004 max. ppi
02 ST L T P TR T 5.5 pf
[0 T LR RLETETETET L 6.5 puf
Grid to Diode Plate. .. c.ovevv v ienanceeecncnaeannes. 0002 mazx. puf
Plate to Diode Plate. ... ..... 0.8 ppf

+ With shell connected to cathode.

Pentode Unit—As Class A; Amplifier )
e 300 max. Volts

PLATE VOLTAGE. . .. o0 .t et vt vn it enve e anae e e

SCREEN VOLTAGE. « + .t et cn vnoe on cn co seve an oot nn s v e s ouonon 100 max. Voits
SCREEN SUPPLY VOLTAGE . v o4 v4 ve v et vese oesuanancs snssanonncn s 300 max. Volts
GRID VOLTAGE . . 0 vttt ce vt ot on e vasaosanonossanesnonassens s 0 min. Volts
PLATE DISSIPATION . .00t tvcr vive cone e nnvnanoean e sens s 3.5 max. Watts

SCREEN DISSIPATION. .. .. .. ... 0.5 max. Watt

TypicaL OPERATION and CHARACTERISTICS—Class A A.mpliﬁei'.: T

Plate Voltage ....... Ve 100 250 Volts
Screen Voltage ... .o oiiiiiiiii it 100 100 Volts
Grid Voltage. .. ........c..ooiiiiiiiiniii i -1 -1 Volts
Plate Resistance (APProx.) . .ovvecovevevnrenernores s 0.2 0.7 Megohm
TranscoNdUCERNCE . .. .. o0 vurer e v sz vnnnsnon e seor oe 1975 2050 Micromhos
Grid Voltage (Approx.) for transconductance of 10 mi-

CrOMBOB . L. vttt ittt it it ettt ie h e et ~35 -35 Volts
Plate Current. ... .. oo oi ittt iiinian i s 12 12.4 Milliamperes
Sereen CUTTONL. . . .. vt vr ot it it ar ie ce e eh e s e 34 3.3 Milliamperes

Diode Unit

it The diode plate is placed around the cathode, the sleeve of which is common to the pentode
unjt.
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TRIPLE-GRID SUPER-CONTROL
AMPLIFIER

The 6SG7 is an r-f amplifier of the single-
ended metal type. The high transconduct-
6SG7 ance, low grid-plate capacitance, and two
separate cathode terminals are desirable
characteristics for the design of receivers in
high-frequency and wide-band applications.
Physical characteristics are shown in Fig. 1-3,
OUTLINES SECTION. The 6SG7 may be
mounted in any position.

Y CHARACTERISTICS
Heater VorTaGE (A.C. or D.C)). 6.3 Volts
HEATER CURRENT .. .. 0.3 Ampere
DireCT INTERELECTRODE CAPACITANCES
Grid to Plate. Cenes 0.003 max. puf
Input . 8.5 puf
Output 7.0 pupf
As Class A; Amplifier
PLATE VOLTAGE. 300 max. Volts
ScREEN VOLTAGE (Grid No. 2) 150 max. Volts
SCREEN SUPPLY VOLTAGE. . .. . ot ittt ittt it et vt taie e e et s e s 300 max. Volts

GRIDVOLTAGE(GrldNO 1) 0 min. Volts
PLATE DISSIPATION . . 3 max. Watts
SCREEN DISSIPATION. 0.6 max. Watt
TypicaL ODERATION and CHARACTERISTICS——C]aSS A; Amphﬁer

Plate Voltage . .. .. 100 250 250 Volts
ScreenVoltage 100 125 150 Volts
Grid Voltage. . ... ........co v iin. .. -1 -1 -2.5 Volts
Suppressor. .. .. e . .Connected to cathode at socket
Plate Resistance (Approx) J N 0.25 0.9 1 Megohm
Transconductance . . 4100 4700 4000 Micromhos
Grid Voltage (Approx) for Transconductance =

40 micromhos. . . . -11.5 -14 -17.5 Volts
Plate Current. e e . 8.2 11.8 9.2 Milliamperes
Screen Current.. .. .. ............ 3.2 4.4 34 Milliamperes

I Greater than 1 megohm

TRIPLE-GRID DETECTOR AMPLIFIER

The 6SJ7-GT is a single-ended glass tube
of the triple-grid type with a sharp cut-off
6SJ7_GT characteristic. Physical characterlstlcs are:
mazimum _overall length, 3 f5 in.; maximum
seated helght 23%{ in.; maximum diameter,
14 in.; bulb, T-9; base, small wafer octal
8—pin with metal sleeve. The tube may be
mounted in any position.

CHARACTERISTICS

Heater VorTaGE (A.C. or D.C.). 6.3 Volts
HraTerR CURRENT .. .. ceee . 0.30 Ampere
DIrRECT INTERELECTRODE CAPACITANCE

Grid-Flate . 0.005 max. puf

Input . . 6.3 upf

Output 10 puf

As Class Ay Amplifier

PLATE VOLTAGE. . . . .ttt ittt it ie s ce tv e insean as e o 100 250 max. Volts
SCREENVOLTAGE.............‘.......,............... 100 100 max. Volts
GRID VOLTAGE .. .. .. it in vt et tne v aeoecn i an anas -3 -3 Volts
SUPPRESSOR . . Connected to cathode at socket
PLATE RESISTANCE (Approx) 0.7 1.5 Megohms
TRANSCONDUCTANCE .. .. 1575 1650 Micromhos
Prate CURRENT. 2.9 3 Milliamperes
SCREEN CURRENT .« +v vv v aeos e e a0 0.9 0.8 Milliamperes
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are the same as for the 65K7.

+ CHARACTERISTICS

HEeATER VoLTAGE (A.C,or D.C))........ erenenean [P
HEATER CURRENT . .0iivvaennns tesasessssanaarnesaran RN
GRID-PLATE CAPACITANCE® (..covuvrinevannnaanaconns Ceenes
InruT CAPACITANCE¥ . ..,..... Ceaessassaerrenereanaoenans
QUTPUT CAPACITANCE®. . . i vtuviniaeerarvnnarorsateensosans
MAXIMUM OVERALL LENGTH. . . . vvvevivanenncrananasssnenns
MaxiMuM SEATED HEIGHT .. ....ccuvenn rreeearie e
MAXIMUM DIAMETER .. ovvvvvunrenone eenreses s
21 35 T R .

% With base sleeve connected to cathode.

As Class A; Amplifier

TRIPLE-GRID SUPER-
CONTROL AMPLIFIER

The 6SK7-GT is a triple-grid super-control 68 K7'GT

amplifier having single-ended construction.
Installation and application of the 6SK7-GT

6.3 Volts
. 0.3 Ampere
.. 0.005 max. py
6.3 nuf
10 upf
.. 34”7
Cees 28"
ceen 14"
cese T-9

Small Wafer Qctal 8-Pin, Sleeve

Any

Maximum ratings and characteristics for the 6SK7-GT are the same as for the 65K7.

mounted in any position.

Y CHARACTERISTICS

HEATER VOLTAGE (A.C. 0r D.C.) .t vvnrevvinnnnnnanenervanns

HreaTER CURRENT .
DIRECT INTERELECTRODE CAPACITANCES (Appro

GridtoPlate ... ........... il
Gridto Cathode. . ........coieiiiiinne . 32
Plate to Cathode ....................counas 3.4
Plate to'Plate. .. ...
Grid to Grid. .. . . oot e ieer e e e e e s
Grid T2 te Plate T1 . .. ..

§ With close-fitting shield connected to cathode.

As Class Ay Amplifler—Each Unit

TWIN-TRIODE AMPLIFIER

Tlll% GS?XI?—GT isa sir)gle—ez1%e<(':l1 twin-triodle
amplifier having separate cathode terminals
for each unit, It is designed for use as a resist- 68 7- T
ance-coupled amplifier and phase inverter.

P}tx}(sical characteristics are shown in Fig. 2-8,
OUTLINES SECTION. The tube may be

§
Triode Uzit T

0.5
0.034 uuf
0.12

. 6.3 Volts
0.6

Ampere
g
. s
6

puf

upf

Maximum ratings and characteristics for each unit are the same as those for the 6J5. Refer
also to the 6F8-G in the RESISTANCE-COUPLED AMPLIFIER CHART.

DUPLEX-DIODE
HIGH-MU TRIODE

for the 65Q7.
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The 6SQ7-GT 1s a single-ended glass tube 68@7-GT

containing two diodes and a high-mu triode.
Installation and application are the same as
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W CHARACTERISTICS
HeaTter Vortace (A.C.or D.C)........ Ceereiareanees e 6.3 Volts
HEATER CURRENT ..0.0uvurveoneccnss 0.3 Ampere
Triode: GRID-PLATE CAPACITANCE (Appro 1.8 puf
GRID-CATHODE CAPACITANCE (ADProx.)*. 42 unf
PLATE-CATHODE CAPACITANCE (Approx )* 3.4 puf

MaxmuM OVERALL LENGTH. v vvuues . 35"
MaximvmuMm SEATED HreiGHT .

MaxiMuM DIAMETER . ..
Burs
Base. .
MOUNTING POSITIO

* With base sleeve connected to cathode.

Triode Unit-—As Class A; Amplifier
Mazximum rating and typical operation for the 65Q7-GT are the same as for T'ype 65Q7.

DUPLEX-DIODE TRIODE Poa Poy
The 6SR7 is a metal tube of the single- (&) ()
ended type containing: two diodes and a K P
triode in a single envelope. It is designed e o T
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 Type 6R7 in RESIST- GT V H
ANCE-COUPLED AMPLIFIER CHART
for operating conditions as a resistance- 0 e
coupled amplifier. Physical characteristics S™KeyH
are shown in Fig. 1-3, OUTLINES SECTION.
The 6SR7 may be mounted in any position. 8Q
Y CHARACTERISTICS
Heater VortagE (A.C.or D.C). . ... et 6.3 Volts
HEATER CURRENT ... .veerevuenonarunasnaronnnsn PN P 03 Ampere
Triode—Grid-Plate Capacitance (Approx. )* ieassreesasenaan 24 P
Grid-Cathode Capacitance (Approx. )* e eeseeeaaeas 3.0 unf
Plate-Cathode Capacitance (ADProx.)* ............c00000n 2.8 unf

* With shell connected to cathode.

Triode Unit as Class A; Amplifier

PLATE VOLTAGE.
PLATE DISSIPATION.
TYPICAL OPERATION WITH TRANSFORMER COUPL G

250 max. Volts
2.5 max. Watis

saeen

Plate Voltage 250 Volts

Grid Voltage . -9 Volts
Amplification Facto 16

Plate Resistance. 8500 Ohms
Transconductance . 1900 Micremhos
Plate Current. . . 9.5 Milliamperes
Load Resistance . 10000 Ohms

Power Outpul. ... it iie ettt e e 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—contro! am-
plifier of the single-ended metal type. Its
6357 6.3-volt, 0.15-ampere heater facilitates the
’ design of equipment employing a series of
0.15-ampere tubes such that the total heater
voltage will not exceed 117 volts. Physical
characteristics are shown in Fig. 1-3, OUT-
LINES SECTION. The tube may be mount-
ed in any position.
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Y CHARACTERISTICS
HEATER VOLTAGE (A.C.or D.C) ... .. oo i i e 6.3 Volts
HEATER CURRENT .0 ot vt iy vt enne ot e e et et en e aeen e s 0.15 Ampere
DirECT INTERELECTRODE CAPACITANCES:#
GridtoPlate . ... .ovvvv it ieci e o 0.004 max uuf
Input .o e e e e 5.5 e
Output. . ..ot vt it i i e e e 7 wuf
#* With shell connected to cathode.
As Class Ay Amplifier
PLATE VOLTAGE. . .. .. .... 3060 max. Volts
SCREEN VOLTAGE. .. .. .. .0t in st 100 mex. Volts
ScREEN SUPPLY VOLTAGE. . ........ 300 max. Volts
GRID VOLTAGE . .\ ottt vt it i vt et et i ie it e e ae b et ie ee e v s 0 min. Volts
PLATE DISSIPATION . . oottt vt ih et vr e e vs et se et ie veee e an o 2.25 max. Watts
SCREEN DISSIPATION. . v vt vh vh e vt vevn s ve s 0.35 maex. Watt
TyricaL OPERATION:
Plate Voltage ........ .. ..ot it 100 250 Volts
Screen Voltage . .. .. .. oot ii it it i i e 100 100 Volts
Grid Voltage.. .. oo .o ci vt i e s -1 -3 Volts
SUPDPIESSOT. v vr vt v cive v iier v veen e e oo oo .o .. ..Connected to cathode at socket
Plate Current. ... .. .. ..ottt it e et e 12.2 9 Milliamperes
Screen CUurrent. .. .. oo e it it it e e e e 3.1 2 Milliamperes
Plate Resistance. .. ....... ... ... i 0.12 1 Megohm
Transconductance .. .......c. ot vi it iiirin e an e e s 1930 1850 Micromhos
Grid Biasf. . . ..ot ot i e e -35 -35 Volts

1 For transconductance of 10 micromhos (approx.}.

DUPLEX-DIODE TRIODE

The 6V7-G is a heater-cathode type of tube
consisting of two diodes and a triode in a
single bulb. Except for physical character-
istics, the 6V7-G is identical to the 85. Di-
mensions are shown in Fig. 2-15, OUTLINES
SECTION. The 6V7-G may be mounted in
any position.

P02 K FULL-WAVE HIGH-VACUUM
B~ RECTIFIER
o The 6Y5is a full-wave, high-vacuum
EXTERNAL (5) Fol rectifier for replacement in receivers
designed for its characteristics. The
‘ heater voltage is 6.3 volts; current, 0.8
ampere. The maximum a-c plate volt-
() age per plate is 350 volts (RMS), and
H H the d-¢ output current is 50 ma. Phys-
ical characteristics are shown in Fig.
6J 2-19, OUTLINES SECTION.
GT2 Ty

CLASS B TWIN AMPLIFIER

The 6Y7-G is a heater-cathode type of tube
combining in one bulb twe high-mu triodes
designed for class B operation. Installation
and application arc_the same as for the 79,
except that the 6V7-G requires an octal
socket. Physical 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 vacuum
rectifier for replacement in receivers designed
for its characteristics. The heater is designed

6Z 5 with a tap so that it may be operated with
the two sections in series on 12.6 volts and
0.4 ampere, or in parallel on 6.3 volts and
0.8 ampere. The maximum a-c plate voltage
is 230 volts (RMS), and the mazimum d-c
output current is 60 ma. Physical charac-
teristics are shown in Fig. 2-19, OUTLINES
SECTION.

DETECTOR AMPLIFIER TRIODE

The 7A4 is a three-electrode general-
purpose tube of the heater-cathode type for
use as amplifier and detector. The base fits

7A 4 the lock-type socket which may be installed
to hold the tube in any position. Physical
characteristics of the 7A4 are shown in Fig.
2-4, OUTLINES SECTION.  For heater
operation and cathode connection, refer to

the 6A8. -
Y CHARACTERISTICS

HEATER VOLTAGE (A.C.or D.C.). . ...ttt iirninnnnnannnenn. 6.31 Volts
HEATER CURRENT .. vvttn sttt ineieeenenannnannnanananes P 0.311 Ampere
GRID-PLATE CAPACITANCE (APPIox.)*. . .....0vvvvenn PN e 4 ng
GRID-CATHODE CAPACITANCE (ADPProx.)¥ . ....ccvvvenninnnn e 34 wuf
PLATE-CATHODE CAPACITANCE (APProx.)¥* .. .. ... .ivvrieravennnan. 3 unf

* With close-fitting shield connected to cathode.

1 Nominal value is 7 volts. 1} 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

7 A 5 The 7A5 is a beam power amplifier of the
locking-base type. It is for use in the power-
output stage of radio receivers designed for

its characteristics.

v CHARACTERISTICS
HeaTeER VOLTAGE (A.C. of DuCl) .t viiieiiviiinnansnassnesscasas 6.3§ Volts
HEATER CURRENT .. iovvnieenascnnsocancansnnans hesaas heeses . 0.71% Ampere
MaXIMUM OVERALL LENGTH. . .. vevvvneitvvsnvnnsnnnsannnnnnons 35"
MAXIMUM SEATED HEIGHT .10 vvtvvversieeneosennssonanassonns 254"
MAXIMUM DIAMETER .. oiiteaunantrssrienanronnsssaasanns 14"
BASE....... Cereeeseeraens eerenensatr ey feiriieeaaaes Lock-type 8-Pin
MOUNTING POSITION. ..... et aee e trec i es ey y
1 Nominal value is 7 volts. 1t Nominal value is 0.75 ampere.

As Class A; Amplifier

PLATE VOLTAGE. . ... e ety Ceeeeees e
ScREEN VOLTAGE (Grid N0. 2) ....ivvinviininiinnnrenennanonenns
PLATE DISSIPATION..... e eeeeasae et
SCREEN DISSIPATION. . ... N
TyricAL OPERATION:
Plate Voltage . .... eerasrearaaas PR ereeaeees 110
Screen VOILAge covvieeesietneneranassannsesoncananns 110

5
1

125 max. Volts
125 max. Volts

.5 max. Watts
.2 max. Watts

125 Vaolts
125 Volts
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Grid Voltage (Grid No. 1)* ............. Cerreseeanaas -7.5 -9 Volts

Peak A-F Grid Veltage. ......coviiiieraninns e 7.5 9 Volts
Zero-Signal Plate Current ...............c.c... P 40 44 Milliamperes
Max.-Signal Plate Current........... ereneean P, 41 45 Milliamperes
Zero-Signal Screen Current (Approx.) ...........iveuen 3 3.3 Milliamperes
Mazx.-Signal Screen Current (Approx.)...... e eeereseaes 7 9.5 Milliamperes
Plate Resistance (APProx.) ... cvvvienvenivnnenneeans 14000 17000 Ohms
TranscONAUCLANCE ... vvevererrenenenansanaseansssnnn 5800 6000 Micromhos
Load Resistance. ,..v....v.uues i R P 2500 2700 Ohms

Total Harmonic Distortion .......... e ieieaaera. 10 10 Per cent
Max.-Signal Power Output . .. ...oviienrnrnenraecans . 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
CONNECTION
DO NOT USE

NC

HIGH-MU TRIODE

The 7B4 is a high-mu triode of the locking-

base type for use in resistance-coupled am-
plifier circuits. Physical characteristics are 7B 4

% shown in Fig. 2-4, QUTLINES SECTION.

The tube may be mounted in any position.

Except as shown below, the electrical char-

acteristics are the same as those for the 6SF5.
5ACs
CHARACTERISTICS

HEATER VOLTAGE (A.C.or D.C). .. ..ttt e ve vt e n s 6.3* Volts
HEATER CURRENT .. 0 vt iaon su ce oo cuon te e ts et cn e s on vn va nans Q.3%x Ampere
DiRECT INTERELECTRODE CAPACITANCES—Triode Unit:

GridtoPlate . ... ..ottt ittt et e i i e ie e e e e 1.6 wuf

Grid to Cathode. ... .. oiviit it ittt i e vt e ce e e e 3.6 puf

Plate to Cathode .. ... ..ottt ii i ve e cnaens 34 uuf

* Nominal value is 7 volts. #* Nominal value is 0.32 ampere.

PLATE VOLTAGE. ... ...ttt ieie ce e en en e
Typical, OPERATION and CHARACTERISTICS:
Values are the same as for the 6SF5.

Triode Unit
250 max. Volts

POWER AMPLIFIER PENTODE

The 7B5-LT is a power amplifier pentode
of the locking-base type for use in the output
stage of radio receivers designed for its char- 7B5-LT
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.or D.Cl). ..ot iiiiiieiiiee s 6.31 Volts
HEATER CURRENT &4 tttoitttee et i anennnrnesnseseseeenns 0411 Ampere
1 Nominal value is 7 volts. 3t Nominal value is 0.43 ampere.

As Class A; Amplifier

SK“G I\GAaximum ratings and typical operating conditions for the 7B5-LT are the same as for the

DUPLEX-DIODE
HIGH-MU TRIODE
) {he {)BG-LM is a multi-unit t(lilbed of thg
ocking-base type containing two diodes and
a high-mu triode in one envelope. The 7B6- 7B6-LM
LM is designed for use as a combined detector,
amplifier, and automatic-volume-control tube. METAL

The triode unit is recommended for use in

resistance-coupled amplifier service and may

be used under the same conditions as given

for the 68SQ7 in the RESISTANCE-

R COUPLED AMPLIFIER CHART. The

7B6-LM is interchangeable with the 7B6. Physical characteristics are shown n Fig. 1-4,
OUTLINES SECTION. The tube may be mounted in any position.
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*CHARACTERISTICS
HEATER VOLTAGE (A.C.or D.C)....vviiiiviicnnnns PPN 6.3 Volts
HEATER CURRENT ... vvvverrrerrennnnnnnanns Cerrareees PR 0. 3it Ampere
t Nominal value is 7.0 volts. 3t Nommal value is 0.32 ampere.

Triode Unit
PLATE VOLTAGE. . . .4 iivcenninenennnnenns i aes e 250 max. Volts
TveicaL OPERATION and CHARACTERISTICS;
Values are the same as thoge for the 6SQ7.

Diode Unit

b ’I;ihe diode units are independent of each other and of the triode unit except for the common
cathode

PENTAGRID CONVERTER

The 7B8-LLM is a multi-electrode tube of
the locking-base type designed to perform

7B8 L M simultaneously the functions of a mixer (first
- detector) and of an oscillator in superheter-
METAL odyne circuits. The 7B8-LM is interchange-

able with the 7B8. The physical characteris-
tics of the 7B8-LM are shown in Fig. 1-4,
OUTLINES SECTION. The 7B8-LM may
be mounted in any position.

Y CHARACTERISTICS

HEATER VOLTAGE (A.C.or D.C). ...t iiiiiiiieaeeiines 6.3 Valts
HEATER CURRENT .t vetttinteannruonaassaaansseneeaneesnans 0.3t Ampere
DigECT INTERELECTRODE CAPACITANCES:®

Grid No.dtoPlate. . ... ... iiiiiiiiiiiiiiiiiiiannnnnans 0.3 max. ppf

Grid No. 4 to Grid No. 2. . . ..iviiiieiirnneennennnnns 0.2 upf

Grid No. 4 to Grid No. 1. .. coviineeinnierennnnnnnsaes evies 0.15 upf

Grid No. 1 toGrid No. 2. . . .. ivivrnicueeenennnnaan 0.8 ppf

Grid No. 4 to All Other Electrodes =R-F Input . caes 10 puf

Grid No. 2 to All Other Electrodes Except Grid No. 1 =Osc. Output 3 puf

Grid No. 1 to All Other Electrodes Except Grid No. 2 =Osc. Input 4.8 upf

Plate to All Other Electrodes = Mixer Output ......... O . 12 puf

° With shell connected to cathode. .
$ Nominal value is 7 volts. 1t Nominal value ig 0.32 ampere.
As Frequency Converter

PLATE VOLTAGE. « . .o ovvsvvrinnnrssnsnnnnnnnnaancsnss ereaes 250 max. Volts
ScREEN VoLTAGE (Grids No. 3 and No. [5) IR e besiar e 100 max. Volts
ANODE-GRrID VoLTaGE (Grid Y. S reveraes [ 200 maox. Volts
ANODE-GRID SUPPLY VOLTAGETI .................... Cerennerenas 250 max. Volts
TOTAL CATHODE CURRENT. ¢ vvvvverasnrvosconansaon [N 14 max. Milliamperes
TyricaL OPERATION:

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

Screen Voltage ............. 50 100 Volts

Anode-Grid Voltage........ 100 2509 Volts

Control-Grid Voltage en -1.5 -3 Volts

Oscillator-Grid Resistance (Grid No. 1) ieiiiiiiiinnen. 50000 50000 Ohms

Plate Resistance (APDrox.) ....ocvvvenne Citaaaeiaas 0.6 0.36 Megohm

Conversion Transconductance. ...voovsevsseaas . 360 550 Micromhos

Conversion Transconductance. .......ccvvvvvssn .. 3 6 Micromhos

Plate Current........ e 1.1 35 Milliamperes

Screen Current. . ....veeeenvneanns ereans Creeraaaaen 1.3 2.7 Milliamperes

Anode-Grid Current . Cereiesaneranes 2 4 Milliamperes

Oscillator-Grid Current. . ... ... e reessarecatasonasans 0.25 0.4 Milliampere

Total Cathode Current. ... .ovvviiiinriiininaneaenes 4.6 10.6 Milliamperes

9 Anode-grid supply voltages in excess of 200 volts require the use of a 20000-ohm voltage-
droppl% resistor by-pased by a 0.1 uf condenser,
ith grid bias of —20 volts. § With grid bias of -35 volts.

BEAM POWER AMPLIFIER

The 7C5-LT is a beam power amplifier of
the locking-base type for use in the output
- stage of radio receivers. The characteristics
7C5- I_T of the 7C5-L T are similar to those of the 6V6.
The 7C5-LT is interchangeable with the
Type 7C5. The physical characteristica of
the 7C5-LT are shown in Fig. 2-9, OUT-
LINES SECTION. The tube may be
mounted in any position.

— 240 —



R CA RECEIVING TUBE MANUAL

J CHARACTERISTICS
HeATER VOLTAGE (A.C.or D.C)........... . erreieeean 6.31 Voits
HEATER CURRENT .......... e terrtaeaa o e e 0.451% Ampere
1 Nominal value is 7 volts. 1t 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

The 7C7 is a triple-grid detector amplifier
of the locking-base type recommended for 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) .. ovi i iiiic i 6.3 Volts
HEATER CURRENT +4vvevnenn. et tetatetensen et e 0.1511 Ampere
GRID-PLATE CAPACITANCE* ,......... e teeeaneea et e, 0.007 max. puf
INPUT CAPACITANCE® . . vvetinvtiinnsinnesnstssnseeresasnnnesas 5.5 upf
OUTPUT CAPACITANCE®. , .. .0vvunennn eeeneaenee eeeaaen erees 6.5 wuf
{ Nominal value is 7 volts. 11 Nominal value is 0.16 ampere

* With close-fitting shield connected to cathode.

As Class Ay Amplifier

PLATE VOLTAGE .. ....uvnniiiiennnveasnsnnns PPN 300 max. Volts
SCREEN VOLTAGE. .+ ceveeunrserresnsrsnnsss Creeeesare e 100 max. Volts
ScrREEN SUPPLY VOLTAGE. . Ceieaseresesreananerrananay 300 max. Volts
GRID VOLTAGE ....0v0vueennns . 0 min. Volts
PLATE DISSIPATION. ... . 1.0 max. Watt
ScrEBN DISSIPATION. . .. vaes ee 0.1 max. Watt
Typicat OrERATION and CHARACTERISTICS:
Plate Voltage . ......... Cere e . eererreaees 100 250 Volts
Screen VOMAGE ..vvviviiiiiineasernvnnssanansaronns 100 100 Volts
Grid Voltage........ Chbeeaarreeean eerecsecrananans -3 -3 Volts
SUPDFESSOT . o . vveeeeerivonsnsnnsnannunssssnesssss. Connected to cathode at socket
Internal Shield ........ st feeeeaaes Connected to cathode at socket
Plate Resgistance (Approx.) . 1.2 2 Megohms
TranscoNAUCLANCE .+ . aveveraosvnornnsnnsssnssnsesnses 1225 1300 Mieromhos
Plate CUrrent. . . v osevsereernnnenenes ererserasae 1.8 2 Milliamperes
Screen Current. . ...ooevvevunnn e Cedereer e 0.4 0.5 Milliampere

DUPLEX-DIODE TRIODE

The 7E6 is a multi-unit tube which con-
tains two diodes and a medium-mu triode.
It is of the locking-base type and may be
mounted in any position. The 7E6 is de- 7E6
signed for use as a combined detector,
amplifier, and automatic.velume-control tube
in radio receivers. Fhysical characteristics of
the 7E6 are shown in Fig. 2-4, OUTLINES

SECTION.
Y CHARACTERISTICS
HeATER VOLTAGE (A.C.or D.C) .o tiiiveiieennernnen eresas ceas 6.3 Volts
HEATER CURRENT . e\ cvotrruresosnssenencncsssesarsnnnansosse . 0.31% Ampere
} Nominal value is 7 volts. 11 Nominal value is 0.32 ampere.

Triode Unit—As Class Ay Amplifler
Maximum ratings and typical operation for the 7E6 are the same as for the 6R7.
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DUPLEX-DIOCDE PENTODE

The 7E7 is a multi-electrode tube contain-
ing two diodes and a pentode in one bulb.
E It'is of the locking-base type, and can be
mounted in any position. The 7E7 is in-
tended for use as a combined detector,
amplifier (audio-, radio-, or intermediate-fre-
quency), and automatic-volume-contro! tube.
Physical characteristics of the 7E7 are shown
in Fig. 2-4, OUTLINES SECTION.

*CHARACTERISTICS
HEATER VOLTAGE (A.C.or D.C) . ..ottt iiiiiiiiei e ienns
HEATER CURRENT ¢ .vvvinverrnnnrrrannnnen
GRID-PLATE CAPACITANCE¥
INPUT CAPACITANCE* .. ...........

* With close-fitting shield connected to cathode. .
I Nominal value is 7 volts. 11 Nominal value is 0.32 ampere.

Pentode Unit—As Class A, Amplifier

PLATE VOLTAGE. « ¢ 1t ittt ittnnneeetnanaeasernnnnrsoennsanans 250 max. Volts
R SCREEN VOLTAGE (Grid NO. 2) ..iviiiiiiiniiiiiiiaiananaanns 100 max. Volts

Typicat. OPERATION:
Plate Voltage .............................................. 250 Volts
Screen VOITAge ..o ..vuniiinieinteneinetinnereannrannaronsann 100 Volts
Grid Voltage (Gnd 0 T 1 T -3 Volts
Plate Current. . . ..., oiiiiiiiinnnnans 7.5 Milliamperes
Screen Current. . .....ooviviveannn 1.6 Milliamperes
Plate Resistance (Approx) ...... 0.7 Megohm
Transconductance ,............. 1300 Micromhos
Grid Bias for transconductance of 2 micromho! ~42.5 Volts

GT2 Gty

TWIN-TRIODE AMPLIFIER

The 7F7 is a multi-electrode tube of the PT? PTI
locking-base type employing two high-mu
F triodes in one bulb. It will found useful
7 7 as an amplifier or a phase inverter. The two e o

units are independent except for the common Krp
heater. Physical characteristics of the 7F7

are shown in Fig. 24, OUTLINES SEC- 0 L o
TIONS. The 7F7 can be mounted in any H Bs H
position.
8AC
Y CHARACTERISTICS
HEATER VOLTAGE (A.C.or D.C.) ... iiiiiiiiiii it iiiiineannnns 6.31 Volts
HeATER CURRENT ..... U .. 0.3t Ampere
{ Nominal value is 7 volts 1t Nominal value is 0.32 ampere.
Each Triode Unit—As Class Ay Amplifier
PLATE VOLTAGE 250 max. Volts
GRID VOLTAGE ..uvuunniannseancnnnnnrneennnas e . 0 min. Volts
PLATE DISSIPATION 1.0 max. Watt
TypricAL OPERATION:
Plate Voltage ..........viviiiininannnnnn. . Volts
Grid Voltage....... . Volts
Plate Current...... Milliamperes
Plate Resistance. ... Ohms
Amplification Factor.
Transconductance . ... Micromhos

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 having high
transconductance is required. Physical char-
acteristics of the 7G7/1232 are shown in Fig.
2-4, OUTLINES SECTION, The 7G7/1232
can be mounted in any position.
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% CHARACTERISTICS
HeaTER VOLTAGE (A.C. or D L@ T U 6.31 Volts
HEATER CURRENT « ..t ovurtreesertonnonseeestssasneenaersensss 0. 4511 Ampere
GRID-PLATE CAPACITANCE* . i earirenenees i erreceeer e 0.007 max. ppf
INPUT CAPACITANCE® ........... e e e er e 9 puf
OUTPUT CAPACITANCE*. . .......... b e iees et ree e 7 pf
* With close-fitting shxeld connected to cathode
{ Nominal value is 7 volts. 1t Nominal value is 0.48 ampere.
As Class A; Amplifier
PLATE VOLTAGE. . o .\t itieinsnareserivinsestneransannsonnn Ve 250 max. Volts
SCREEN VOLTAGE (Grid NO. 2) . . . . oiiiitiinnneinennrernacenins 100 max. Volts
SCREEN SUPPLY VOLTAGE . . o vuutvnetenvanerrnassoaasrcannnns ves 250 max. Volts

PLATE DISSIPATION. . . . .0vvveennnnas e . 1.5 max. Watts
SCREEN DISSIPATION. « v ovutuntsseveesrsanessoinsnaassesnassons 0.2 max. Watt
TYPICAL OPERATION.‘

Plate Voltage . 250 Volts
Screen Voltage ........... . 100 Volts
Grid Voltage (Grld 5 T 1 TR .. -2 Voltg
U D DIEBS0L . & .ttt ve st esnnerassossctnronesnnrssansosasonnss Connected to cathode at socket
Plate Current............ Cereeranesscasserasenaieorsantann Milliamperes
Screen Curtent. .. .......... PP RPN e 2 Milliamperes
Plate Resistance (Approx) ............... e teacean e 0.8 Megohm
TranscondUCTANCE .. .vvivivtittrtsiiierisoaronnnnnnnannannns 4500 Micromhos
Grid Voltage® ... ity iiine et ineenreronannnsonennenns -6 Volts
¢ For cathode current cut-off.
TRIPLE-GRID SUPER-CONTROL
AMPLIFIER
The 7H7 is a trlple-grxd amplifier of the 7H7
locking-base type. ysical characteristics

are shownin Fig. 2-4, OUTLINES SECTION.
The tube may be mounted in any position.

*CHARACTERISTICS
Hrarter VoLrTacE (A.C. or D.C.)). . 6.3% Voits
HEeATER CURRENT .. .. e 0.31t Amper
DirECT INTERELECTRODE CAPACITANCES o
GndtoPlae I 0.007 max. puf
Input . 8.0 puf
Output 7.0 unf
* With close~ﬁttmg shleld connected to cathode
1 Nominal value is 7 volts. itNominal value is 0.32 ampere.
As Class Ay Amplifier
PLATE VOLTAGE. 300 7ax. Volls
SCREENVOLTAGE(GrldNO 2) 150 max. Volts
SCEEN SUPPLY VOLTAGE .. 300 max. Volts
GRIDVOLTAGE(GrIdNO 1) 0 min. Volts
PLATE DISSIPATION. . 2.5 max. Watts
SCREEN DISSIPATION . e e b e s 0.5 max. Watt
TypIcAL OPERATION as Class Ai Amphﬁer'
Plate Voltage ....... . 100 250 Volts
ScreenVoltage,................................... 100 150 Volts
Suppressor. .. ..Connected to cathode at socket
Internal Shleld N ..Connected to cathode at socket
Grid Voltage. . -1 -2.5 Volts
Plate Current. 8.2 9.5 Milliamperes
Screen Current . 3.3 35 Milliamperes
Plate Resistance (Approx ) 0.25 0.8 Megohm
Transconductance .. . 3800 3800 Micromhos
Grid Voltage for Transconductance =35 micromhos. -12 -19 Volts
< G2y
G3ix
- TRIODE-HEPTODE CONVERTER
Py IHx
The 7J7 is a multi-electrode tube consisting
of a_triode oscillator and a heptode mixerina 7J7
e  single bulb. It is of the locking-base type,
PHx X and can be mounted in any position. Phys-
ical characteristics of the 7]7 are shown in
= Fig. 2-4, OUTLINES SECTION.
BS
8AR
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*CHARACTERISTICS
HraTER VOLTAGE (A.C.or D.C). .. ... . 6.3t Volis
HEATER CURRENT .. .. 0.31% Ampere
DIRECT INTERELECTRODE CAPACITANCES #¥
Heptode Grid No. 1 to Heptode Flate. 0.01 max. uuf
Heptode Grid No. 1 to Triode Plate . 0.1 max. puf
Heptode Grid No. 1 to Triode Grid and Heptode Grid No. 8 0.2 max. puf
Triode Grid to Triode Plate . 1.0 puf
Heptode Grid No. 1 to All Other Electrodes =R-F Input . . 5.5 upf
Triode Plate to All Other Electrodes Except Triode Grid No. 1
and Heptode Grid No. 3 =0sc. Out 2 uuf
Triode Grid and Heptode Grid No. 3 to All ‘Other Electrodes Except
Triode Plate =Qsc. Input. 8.5 uuf
Heptode Plate to All Other Electrodes = Mixer Output 7.5 puuf
#¢ With close-fitting shield connected to cathode.
1 Nominal viaue is 7 volts. it Nominal value is 0.32 ampere.
As Frequency Converter
HEePTODE PLATE VOLTAGE . .. .. 300 max. Volts
HepPTODE SCREEN VOLTAGE (Gnds No. 2 4and 5) 100 max. Volts
HEPTODE SCREEN SUPPLY VOLTAGE. 300 max. Volts
HepropE CONTROL-GRID VOLTAGE (Gnd No. 1) Q min. Volts
TRIODE PLATE VOLTAGE, . e e e 150 max. Volts
TRIODE PLATE SUFPLY VOLTAGE®. . « .. oo vr oe s ieie e 300 max. Volts
HEPTODE PLATE DISSIPATION .. ... vt il ittt ie i v ae e s s 0.5 max. Watt
HEPTODE SCREEN DISSIPATION . .. oo vt vt i ci it cr ee e e ce e ee e s 0.3 max. Watt
TRIODE PLATE DISSIPATION . . .\ 00t vt e it i ot e e ve a e oo on an e 1.25 max. Watts
TOTAL CATHODE CURRENT . . . oht vt it iiie ot h e vt n e ve ahan e 14 max. Milliamperes
TypicAL OPERATION:
HeptodePlateVoItage.............................. 160 250 Volts
Heptode Screen Voltage . e e e e s 100 100 Volts
Heptode Control- Gr1d Voltage e e e e e -3 -3 Volts
Triode Plate Voltage. . e e e e e e e 100 250% Volts
Triode Grid Resistor. . et s aeiaaeee e -oee .. 50000 50000 Ohms
HeptodePlateReststance...‘....................... 0.3 1.5 Megohms
Conversion Transconductance. . .. 260 300 Micromhos
Heptode Control-Grid Voltage for ‘conversion transcon-
ductance of 2 micromhos .. ... e e e —20 -20 Volts
Heptode Plate Current. 1.1 1.3 Milliamperes
Heptode Screen Current . 3.1 2.9 Milliamperes
Triode Plate Current .. 3.7 54 Milliamperes
Triode Grid and Heptode Grid No.'3 Current . 0.3 0.4 Milliampere
Total Cathode Current. 8.2 10 Milliamperes

* Applied through 20000 ohm voltage droppmg resnstor.
Characteristics of Triode Unit Only

The transconductance of the triode unit, not oscillating, is approximately 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 designed to fper-
form simultaneously the functions of

7Q7 mixer (first detector) tube and of an oscillator
tube in superheterodyne circuits. Dimen-
sions of the 7Q7 are shown in Fig. 2-4, QUT-
LINES SECTION. The tube may be
mounted in. any position. Installation (ex-
cept for the socket) and application are
similar to that for the 6SA7.

*CHARACTERISTICS

6.3%
HEATER CURRENT .. .. 0.3%%
DIRECT INTERELECTRODE CAPACITANCE
Grid No. 3 to All Other Electrodes and Base Shell =R-F Input 9
Plate to All Other Electrodes and Base Shell = Mixer Output. 9
Grid No. 1 to All Other Electrodes and Bage Shell . 7
Grid No. 3 to Plate, .. .. 0.2 max.
Grid No. 1 to Gfld N 0.2 max.
Grid No. 1 to Plat 0.15 max.
Gré‘, 4 Iﬁlo 1 to All Other ‘Electrodes (Except Cathode) ‘and Base
5
Grid No. 1 to Cathode . 2.2
Castgolclle to All Other Electrodes (Except ‘G No 1) ‘and Base
el Ceeee s . [
1 With close—ﬁttmg shxeld connected to cathode
* Nominal value is 7 volts. #* Nominal value is 0.32 ampere.

HEATER VOLTAGE (A.C.or D.C)... ...
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As Frequency Converter

PLATE VOLTAGE. 300 max. Volts

GRID NO. 2 AND NO. 4 VOLTAGE . 100 mazx. Volts

GRIDS NO. 2 AND No. 4 SUPPLY VOLTAGE. . e b e e 300 max. Volts

GrIp No. 3 VOLTAGE . e e 0 min, Volts

PLATE aND GRIDS No. 2 aND No. 4 DISSIPATION (Total) PO 2 max. Watts

Grips No. 2 anp No. 4DISSIPAT!ON........ 1 maex. Watt

ToTAL CATHODE CURRENT. e e e e e e e 14 max. Milliamperes

TYPICAL OPERATION with Self- Excxtatxon
Plate Voltage .. e e 100 250 Volts
Grids No. 2 and No, 4Voltage 100 100 Volts
Grid No. 3 (Control) Voltage e e e e e 0 0 Volts
Grid No. 5 Voltage ...... 0 0 Volts
Grid No. 1 Resistor. . e e e ee ... 20000 20000 Ohms
Plate Current. e s 3.3 3.5 Milliamperes
Grids No. 2 and No. 4 Current.. e e 8.5 8.5 Milliamperes
Grid No., 1'Current. . . 0.5 0.5 Milliampere
Total Cathode Current . e e e e 12.3 12.5 Milliamperes
Plate Resistance (Approx) e e e e e e e 0.5 1 Megohm
Conversion Transconductance. . .. e 525 550 Micromhosg
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- 2 A5
tapped to provide for either series or parallel
operation. Ph(gsxcal characteristics are shown
in Fig. 2-19, OUTLINES SECTION. The
tube may be mounted in any position.

7F
Y CHARACTERISTICS,
HEeATER VoLTAGE (A.C.or D.C))... .. PR 6 3(parallel) 12.6(series) Volts
HEATER CURRENT . s vv v o oenn enninisinon s 0.3 Arpere

As Class A; Amplifier

PLATE VOLTAGE . 4 .4 0ottt ar et e e anaeans
SCREEN VOLTAGE. .. ...ccuvn s

PLATE DissipaTioN.
SCREEN DISSIPATION. .

180 max. Volts
180 max. Volts
8.25 max. Watts
2.5 mazx. Watts

TypicaL OpERATION and CHARACTERISTICS!
Plate Voltage .. ....... 10C 180 Volts
ScreenVoltage....‘............ s 100 180 Volts
Grid Voltage. PN -15 -25 Volts
Peak A-F Grid Voltage . 15 25 Volts
Zero-Signal Plate Current .. 17 45 Milliamperes
Mazx.-Signal Plate Current. .. ........cc.ovn .. 19 48 Milliamperes
Zero-Signal Screen Current . ... .ooovivr i vn o 3 8 Milliamperes
Max.-Signal Screen Current. .. .. .cov s veveonnn 6.5 14 Milliamperes
Plate Resistance (APprox.) .................. 50000 35000 Ghms
Transconductance .. .......oeioeeeiisear e 1700 2400 Micromhos
Load Resistance . e e 4500 3300 Ohims
Total Harmonic DiStortion . . .. .. .. .oueeron s 12 11 Per cent
Mazx.-Signal Power Qutput .. ................ 0.8 34 Walts

TRIODE-PENTODE

The 12B8-GT is a heater-cathode type of
tube combining a high-mu triode and an r-f
pentode in one bulb. The triode may be ]288 GT
used as a detector and the pentode as an r-f =
or i-f amplifier. Heater operation is similar
to that of the 12A8-GT except for the differ-
ence in current rating. For cathode con-
nection, refer to the 6A8.
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CHARACTERISTICS
HeaTer VoLTAGE (A.C. or D.C)). . . 12.6 Volts
HEATER CURRENT .. cinvraneenoansnnroacssnancassssssssasanans 0.3 Ampere
DirecT INTERELECTRODE CAPACITANCES:
Triode Grid to Triode Plate..................... e 2.3 upf
Triode Grid to Triode Cathode. . ... ....iiiiiiiinieninrinns. 5 upf
Triode Plate to Triode Cathode . ............ccoeiiiiiiiinnnt, 6.3 upf
Pentode Grid to Pentode Plate. . ... ...oiiiiiniiiiiiiiin,., 0.015 puf
Pentode Input . . ... ... . ittt it i it e e 5.2 upf
Pentode QUtPUL. . . ... .tii ittt iineeanunenectneocaaeaanann 9.6 upf
Pentode Grid to Triode Grid. . ..vvvviviinnennnnn, e 0.002 ppf
Pentode Plate to Triode Grid . ........... e rsreene e 0.078 upf
Pentode Grid to Triode Plate v vvuvevneiraarsnsrnonasessnans 0.003 ppf.
Maxmum OVERALL LENGTH. ... . N 35"
Maxmum SEATED HEIGHT. ... vivennvrnnns ebrrerreser e, 37
MaxiMUM DIAMETER .. ....0vvvvnvnnnne e itaeeseereieae e 15"
BULB .....o0vennnnn Ceesanereranenes R R . T9
CaP....... N Cerresensiea Skirted Miniature
BASE....... e Chrreaes eeraraeerae e e Intermediate Shell Octal 8-Pin
MounTinG PosiTion. . ......... e et i Any

As Class A; Amplifier
Triode Unit Pentgde Unit

PLATE VOLTAGE . . . .ttt isuiaronntonaenroseeaennnns 90 0 Volts
ScrREEN VOLTAGE (Grid No. 2) .....covvninvennnnnan - 20 Volts
GRrID VOLTAGE (Grid No. 1) . ......ocvuenn, eeeaees 0 -3 Volts
PLATE CURRENT. .... Ceeeeiean tereseenas eeeiees 2.8 7 Milliamperes
ScREEN CURRENT........ erseerraeanas Che e - 2 Milliamperes
AMPLIFICATION FACTOR 90 -
PLATE RESISTANCE . . 37000 200000 Ohms
TRANSCONDUCTANCE . ... Ceeaeneas . 2400 1800 Micromhos
TRANSCONDUCTANCE with Dvoltsbias ........... - 2 Micromhos
TWIN DIODE
The 12H6 is a metal tube of the heater-
cathode type containing two diodes in one
] 2H6 envelope. Except for the heater rating of

12.6 volts and 0.15 ampere, the electrical
characteristics are the same as those of the
6H6. Physical characteristics are shown in
Fig. 1-1, OUTLINES SECTION. The tube
may be mounted in any position.

PENTAGRID CONVERTER

The 12SA7-GT is a pentagrid converter of

the heater-cathode type. Except for its

] 2SA7_GT heater which operates at 12.6 volts and 0.15
ampere, and the interelectrode capacitances

the electrical and physical characteristics of

the 12SA7-GT are the same as those of the

6SA7-GT. For heater operation, refer to
the 12A8-GT.

HIGH-MU TRIODE

The 12SF5-GT is a high-mu triode of the
heater-cathode type. Refer to the 6SF5 for
electrical characteristics except capacitances

]25 FS_GT and heater rating. The heater is designed
for operation at 12.6 volts and 0.15 ampere;
refer to the 12A8-GT for discussion of heater
operation, Dimensions are shown in Fig.

2-5, QUTLINES SECTION. The 125F5-GT
may be mounted in any position.
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DIODE SUPER-CONTROL
AMPLIFIER PENTODE

The 12SF7 is a metal tube of the single-
ended type containing a single diode and a
super-control amplifier pentode. Except for
the heater rating of 12.6 volts and 0.15
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 12SG7 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
physical characteristics of the 125G7 are the
same as those of the 6SG7. For heater
operation, refer to the 12A8-GT. The
125G7 may be mounted in any position.

TRIPLE-GRID DETECTOR AMPLIFIER

The 125J7-GT is a single-ended glass tube
of the triple-grid type with a sharp cut-off
characteristic. Except for the heater rating
of 12.6 volts and 0.15 ampere, the electrical
and physical characteristics of the 125]J7-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.
Except for its heater rating of 12.6 volts and
0.15 ampere, the electrical and physical char-
acteristics of the 12SK7-GT are the same as
those 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
each cathode. Except for the heater rating
of 12.6 volts and 0.3 ampere, the electrical
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 6A8, respectively,
but give consideration to the greater heater
current of the 12SN7-GT.

DUPLEX-DIODE
HIGH-MU TRIODE

The 128Q7-GT is a single-ended glass tube
containing two diodes and a high-mu triode
in a single envelope. Except for its heater
rating of 12.6 wolts and 0.15 ampere, the
electrical and physical characteristics of the
12SQ7-GT are the same as those of the
6SQ7-GT. For heater operation, refer to
the 12A8-GT.
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DUPLEX-DIODE TRIODE

The 12SR7 is a metal tube of the single-

ended type containing two diodes and a

tricde in a single envelope. Physical char-

R acteristics are the same as those of the 6SR7.
Except for the heater rating of 12.6 volts

METAL and 0.15 ampere, and the capacitances, the
electrical characteristics of the 12SR7 are the

same as those of the 68R7. The capacitances

of the 128R7 are: grid-plate, 2.4 uuf; grid-
cathode, 3.6 puf; plate-cathode, 2.8 puf.

TRIPLE-GRID SUPER-CONTROL
AMPLIFIER

The 14A7/12B7 is a super-control amplifier

‘I 4 entode of the lacking-base type. Except for
eater rating and capacitances, the electrical

characteristics are the same as those of the

'I B 65K7. Grid-plate Capacitance is 0.005 uuf;
7 input, 6 weuf; output, 7 uuf. The heater is
designed to be operated at 12.6 volts and

0.15 ampere (nominal values are 14 volts,

0.16 ampere). Dimensions are shown in

Fig. 2-4, OUTLINES SECTION, The

14A7,12B7 may be mounted in any position.

POWER AMPLIFIER PENTODE

The 25A6-GT is a power amplifier pentode

demgned for use in ‘“d-c power line” or

2 5 A 6_GT “universal” type receivers. ‘The electrical
characteristics of the 25A6-GT are the same

as those 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

T tube containing a half-wave rectifier and a

5 - power amplifier pentode in one envelope.
Electrical characteristics are the same as

those of the 256A7-G. Dimensions are shown
in Fig. 2-8, OUTLINES SECTION. The

? 25A7-GT may be mounted in any position.
DIRECT-COUPLED POWER
AMPLIFIER
The 25B5 is a multi-electrode tube of the
2 5 B 5 heater-cathode type consisting of two triodes
in one bulb. It is used chiefly for replacement
in receivers designed for its characteristics.
One triode, the driver, is directly connected
to the second, or output, triode. The tube
may be mounted in any position.
*CHARACTERISTICS
Heater VoLTAGE (A.C. orDC) 25.0 Volts
Heater CURRENT ..... . 0.3 Ampere
Maximum OVERALL LENGTH............ e et riaaaen 4437
MAXIMUM SEATED HEIGHT. . .« o v teeroeruneeaaenriosnnaonennnon 333”
MAXIMUM DIAMETER........o0vvuiveiinnnnns e, . 15"
D235 78 - ST.12
2 7 Small §-Pin
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As Class A; Power Amplifier
OuTpUT-TRIODE PLATE (PT2) VOLTAGE .. .. .. cv v vnenron e 180 mex. Volts
INPUT-TRIODE PLATE (PTi) VOLTAGE., . c. o0 thvnvn vevranco vt o on s 180 max. Volts
QUTPUT TRIODE PLATE DISSIPATION .. .. ov v nvr oo nnneorsron e 8.5 max. Watts
INPUT TRIODE PLATE DISSIPATION. . .0 vv ot vt v ve ceioninon e o vn e 1.1 max. Watts
TypicaL OPERATION and CHARACTERISTICS:
Qutput-Triode Plate Voltage. .. .. .. ..o ov v nne 110 180 Volts
Input-Triode Plate Voltage .. .........coiuiienninrens 110 180 Volts
Input-Triode Grid Voltage. .. .. .. .. oo ov vt viaronaone e 0 0 Volts
Peak A-F Grid (Gti) Voltage .. .. ..o venve e cinnenee 29.5 29.5 Volts
Qutput-Triode Plate Current. .. .. ..o vv et ot never et 46 Milliamperes
Input-Triode Plate Current. ... oo oo vvve v s oncnen e 7 5.8 Milliamperes
Plate Resistance (ADProX.) . ..« oevese oo onanoeason s 11500 15000 Ohms
Transconductance (GTi toO PT2) . ..o vivecvverenr v 2200 2300 Micromhos
Load ReSIStAIICE, . oo v ev vt te cn av s nn oo e e vensoene 2000 4000 Ohms
Total Harmonic Distortion .. .o.. v v ee e ivie oo en 9 9 Per cent
Power Output. ............... 3.8 Watts

TRIODE-PENTODE

be mounted in any position.

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

HEATER CURRENT +.0vvvesenvsonrsossosessnns

DIRECT INTERELECTRODE CAPACITANCES:
“Triode Grid to Triode Plate (Approx.) . ...
Triode Grid to Triode Cathode (Approx.)..
Triode Plate to Triode Cathode (Approx.). ..

Pentode Grid to Pentode Plate. . ...........

Pentode Input ........ce..nn ereseasanaes

Pentode Output. . . .ovvivrsnerrooncsocenson

Pentode Grid to Triode Grid. . ........... ...

Pentode Plate to Tricde Plate. .............. .

Pentode Grid to Triode Plate . .........oeiiiiiiiennennieens

As Class A; Amplifier
Triode Unilt

PLATE VOLTAGE . . . . ccvvses oronserencssanes 100
SCcREEN VOLTAGE (Grid No. 2) .....cvvnn. -
GRID VOLTAGE (Grid No. 1) ............. . -1.0
PLATE CURRENT. .....0u0n Cerieeasaa e . 0.6
ScREEN CURRENT......... e aee i eeas vees -
AMPLIFICATION FACTOR. . cevvvivnnerrenes R §
PLATE RESISTANCE .. ........ et rseeeasseneearanees 75000
TRANSCONDUCTANCE . v vacveernsuossosananercensannns 1500
TRANSCONDUCTANCE with ~41 volts bias. ... ........... -

BEAM POWER AMPLIFIER

refer to the 6Y6-G.
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The 25B8-GT is a heater-cathode type of
tube containing a high-mu triode and an r-f
pentode in one envelope. The triode anit
may be used as a detector or amplifier and the
pentode unit may be used as an r-f or i-f
amplifier. Heater operation is similar to that
of the 25A6 except for the difference in current
rating. Refer to the 25A6 for information
on cathode connection. Physical character-
istics of the 25B8-GT are shown in Fig. 2-5,
OUTLINES SECTION. The 25B8-GT can

The 25C6-G is a beam power amplifier
of the heater-cathode type, similar to_the
6Y6-G except for its heater rating of 25
volts and 0.3 ampere. Physical character-
istics are shown in Fig. 2-21, OUTLINES
SECTION. The tube may be mounted in
any position. For electrical characteristics,

25B8-GT

Volts
Ampere

upf
upf
wuf
upf
puf
waf
upf
upf
uuf

Volts
Volts
Volts
Milliamperes
Milliamperes

Ohms
Micromhos
Micromhos

25C6-G



A RECEIVING TUBE

DIRECT-COUPLED POWER
AMPLIFIER

The 25N6-G is a multi-electrode type of
tube like the 25B5 consisting of two triodes
25N 6_G in one bulb. Refer to the 25B5 for electrical
characteristics. Physical characteristics are:
maxitnum overall length, 44 in.; maximum
seated height, 3§ in_; mazimum diameter,
12 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

2 5Y 5 heater-cathode potential, 350 volts; max-
imum peak inverse voltage, 70Q volts; the
maximum d-c¢ output current is 75 ma., and
the maximum a-c plate voltage (RMS) is
235 volts. Physical characteristics are shown
in Fig. 2-19, OUTLINES SECTION. The
tube may be mounted in any position.

RECTIFIER-BEAM POWER
AMPLIFIER

The 32L7-GT is a heater-cathode type of
tube containing a half-wave rectifier and a
beam power amplifier in one envelope. The
heater is designed for series operation in

32L7-GT a-c/d-c receivers, Heater operation and
cathode connection are the same as for
the 351.6-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
posxtlon Physical characteristics of the

32L7-GT are shown in Fig. 2-8, OUTLINES BEBEAM UniT
SECTION.
CHARACTERISTICS
HEeATER VOLTAGE (A.C.or D.C) .. oottt iiiie i 32.5 Volts
HEATER CURRENT . ttovtttttntrntetereroneeenonnnannreoeeneens 0.3 Ampere
Beam Power Unit—As Class A, Ampllﬂer
PLATE VOLTAGE . . . 4t onitvnenaorasonsnnaecnesoanrnnnns 90 Volts
ScREEN VOLTAGE (Grid No. 2) ..........c.cieiiienin.., 90 90 Volts
GRID VOLTAGE (Gnd No 1 -5 -7 Volts
PLATE CURRENT. . vvvuvunrennronnns e 38 27 Milliamperes
SCREEN CURRENT - s s s s s s ssnnsnnmnsrnmnna 00 3 2 Milliamperes
PLATE RESISTANCE (ADDIOX.) vvvvvvninnninnennennncanss 15000 17000 Ohms
TRANSCONDUCTANCE .« vtvrvuneterrnsronsanssnonnanens .. 6000 4800 Micromhos
LOAD RESISTANCE . . ivvvuiinertieeesennneeeerannannns 2600 2600 Ohms
- ToTAL HARMONIC DISTORTION ... .invniiiiienannnnn 53 9 Per cent
SECOND HARMONIC DISTORTION ... .coviiuiiniiii e, 2.2 6.5 Per cent
THIRD HARMONIC DISTORTION. .ot envrvirnennnnaens 4.6 55 Per cent
POWER OQUTPUT ..ot triivnnnerrnnnninersennanannnnns 0.8 1.0 Watt
Rectifier Unit
A~C PLATE VOLTAGE. . ... ...\ tititenneunnnonnronaarensossaans 125 max. Volts
D OUTPUT . & ittt ittt s tecnonnacnecerosassannssaeananan 60 max. Milliamperes
K NC
HALF-WAVE HIGH-VACUUM
RECTIFIER
The 45Z3 is a minjature half-wave rectifier
4523 of the heater-cathode type. It is designed

for use in a-c/d-c/battery-operated portable
receivers where small size and low heat dis-
51pat10n are 1mportant Physical character-
istics are shown in Fig. 2-2, OUTLINES
SECTION. The tube may be mounted in
any position.’
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e ) RECTIFIER-DOUBLER
. The 50Y6-GT is a full-wave, high-vacuum
2 rectifier of the heater-cathode type. This

cathode connection, but note the difference

H‘ A (7). Refer to the 25A6 for heater operation and

o e in heater rating. Physical characteristics of
KEY kg the 50Y6-GT are shown in Fig. 2-8, OUT-
NC ! LINES SECTION. The 50Y6-GT can be
G-7Q mounted in any position.
Y CHARACTERISTICS
HEATER VOLTAGE (A.C.or D.C.) . ... ittt e e anens 50
HEATER CURRENT .« 4t ttttttetnenennteenanennninentaneeeenans - 0.15

PEAX INVERSE VOLTAGE. ... o ittttiniiiinnonenaenaaeaneaanens 700 max.
PEAX PLATE CURRENT PER PLATE. ... i0iivueniiiiniaanannnnen, 450 max.
D-C HEATER-CATHODE POTENTIAL. «. . cvetetiaieneaninaaeannns 350 max.
As HALF-WAVE RECTIFIER:*
A-C Plate Voltage per Plate (RMS)....... 117 150 235 max.
Total Effective Plate-Supply I‘npedance
perPlate .................... 15 min. 40 min. 100 min.

D-C Qutput Current per Plate
As VOLTAGE DOUBLER:

75 max. 75 max. 75 max.

Half-Wave  Full-Ware
A-C Plate Voltage per Plate (RMS) .............. 117 max. 117 max.
Total Effective Plate-Supply Impedance per Plate] . 30 min. 15 min.
DCOutput Current...............ivveenvieen.. 75 max. 75 max.
* The two units may be used separately or in parallel.
RECTIFIER-DOUBLER

The H50Z7-G is a full-wave, high-vacuum
rectifier of the heater-cathode type for use

with a tap for the operation of a panel lamp.
Dimensions are shown in Fig. 2-17, OUT-
LINES SECTION. The tube may be
mounted in any position.

+% CHARACTERISTICS
HeaTeR VoLTAGE (A.C. or D.C)
Entire Heater (Pins No. 2 and No. 6). 50
Panel-Lamp Section (Pins No. 6 and No 7) "with 0.15 ampere
flowing between pins No 2 and No. 6. .
HEATER CURRENT .......... 0.15

As Rectifier or Doubler

PEAR INVERSE VOLTAGE . +\ .. vt vt vt ie e et e enee et e ve e e s 700 max.
PEAK PLATE CURRENT PER BLATE .\ . «n oo oevrs oooeoe o1 400 mazx.
D-C HEATER-CATHODE POTENTIAL 4 cuve vv ve vt e en e en veae anas 350 max.
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RCA RECEIVING TUBE M ANUAL
*CHARACTERISTICS
HeaTeER VorTaGE (A.C. or D.C. ) 45 Volts
HeATER CURRENT .. ... 0.075 Ampere
As Half-Wave Rectifier

PEAK INVERSE VOLTAGE. .. .. coov it ittt it it vs e e e e e 350 max. Volts
PEAK PLATE CURRENT .. .. 390 max. Volts
D-C HEATER-CATHODE POTENTIAL . e e e e e e e 175 max. Volts
Wit CONDENSER-INPUT FILTER:

A-C Plate Voltage (RMS) . 117 max. Volts

Total Effective Plate- Supply Impedance P 15 min. Ohms

D-C Output Current. e e e 65 max. Milliamperes

tube may be used in “transformerless” re-
ceivers of the “universal (a-c/d-c)” type. 5OY6_GT

Volts
Ampere

Volts
Milliamperes
Volts

Volts
Ohms
Milliamperes

Volts
Ohms
Milliamperes

in “transformerless” receivers of the “uni- 5OZ7 G
versal (a-cfd-c)”’ type. The heater is provided =

Volts

Volts
Ampere

Volts
Milliamperes
Volts



R CA RECEIVING TUBE MANUAL
As HaLr-WAVE RECTIFIER:*

A-C Plate Voltage per Plate (RMS) . .. 117 235 maex. Volts

Total Effective Plate-Supply Impedance per Plate+ T 15 min. 15min. Ohms

D-C Output Current per Plate .. ... P 65 max. 65 max. Milliamperes
As VOLTAGE DOUBLER:

A-C Plate Voltage per Plate (RMS). .. 117 max. Volts

Total Effective Plate—Supply Impedance per Plate .. . 15 min. Ohms
D-C QOutput Current. e 65 max. Milliamperes

* The two units may be used separately or in parallel

RECTIFIER-BEAM POWER
AMPLIFIER

The 70L7-GT is a heater-cathode type of
L T tube which combines in one bulb a half-
- wave rectifier and a beam power amplifier.
It is designed for use in circuits employing
heaters connected in series. Physical char-
acteristics are shown in Fig. 2-8, OUTLINES
SECTION. The 70L7-GT may be mounted
in any position.

*CHARACTERiSTICS

HEATER VOLTAGE (A.C. orDC) 70
HeAaTerR CURRENT .... .. 0.15

Beam Power Ampilifier Unit

PLATE VOLTAGE. . o4 v ittt vt iy enar seanan vt ae e nsnaasvaneneonon 117 max.
SCREENVOLTAGE............................................. 117 max.
PLATE DISSIPATION. . 5 max.
SCREEN DISSIPATION . ... 1 max.
Ty¥picAL CPERATION and CHARACTERISTICS—'ClaSS A1 Amphﬁer
Plate Voltage ..., .... . . . 110
Screen Voltage . 110
Grid Voltage*. . . . -7.5
Peak A-F ndVoltage 7.5
Zero-Signal Plate Current .. ... .. .. .ottt it vt it ercevenuinon 40
Max-SignalPlateCurrent 43
Zero-Signal Screen Current (Approx\ 3
Max.-Signal Screen Current (Approx ) .
Plate Resistance. . 15000
Transconductance ......... 7500
Load Resistance, . s 2000
Total Harmonic Distortion . 10
Mazx.-Signal Power Qutput . 1.8
Rectifior Unit
PEAK INVERSE VOLTAGE. 350 max.
PEAK PLATE CURRENT . . .. . 450 max.
D-C HeaTER-CATHODE POTENTIAL .. 175 max.
WitH CONDENSER-INPUT FILTER!
A-C Pilate Voltage (RMS) 117 max.
Total Effective Plate~Supp!y Impedance 15 min.
D-C OQutput Current. . 70 max.

8AA

B=BEAM UNIT

Volts
Ampere

Volts
Volts
Watts
Watt

Volts

Volts

Volts

Volts

Milliamperes

Milliamperes

Milliamperes

Milliamperes

Ohms

Micromhos
hms

Per cent

Watts

Voits
Milliamperes
Volts

Volts
Chms
Milliamperes

* When the grid c1rcu1t has a re51stance not hxgher than 0.1 megohm, fixed bias may be used;
with cathode bias, the grid circuit may have a resistance not higher than 0.5 megohm.

RECTIFIER-BEAM POWER
AMPLIFIER

]]7L7'GTI The 117L7-GT/117M7-GT is a heater-

cathode type of tube which combines in one

'!]7 M7 GT bulb a half-wave rectifier and a beam power
- amplifier. The heater is designed for opera-

tion directly across a 117-volt line. Except for

the base connections, the electrical and »hysi-

cal characteristics of the 117L7-GT/117M7-GT
are the same as for the 117P7-GT.
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RECTIFIER-BEAM POWER
AMPUFIER

The 117N7-GT is a heatepcz‘i)tulhgde lt‘yﬁ_e ] -i 7 N 7- GT

of tube which combineg in one

wave rectifier and a beam power amplifier.
The heater is designed for use directly across
the 117-volt supply line.

8AV
B=BEAM UNIT
Y CHARACTERISTICS
HeATER VOLTAGE (A.C.or D.C). ... ovi it 117 Volts
HEATER CURRENT ... tttninennnnreerananesunanonerannnnannnns 0909 Ampere
MaxmuM OVERALL LENGTH . 3 f“'
MaxiMuMm SEATED HEIGHT. . 2%
MaxiMmuM DIAMETER . 1&”
BuLs .. T-9
BASE e vttt te et ettt et e b Intermediate Shell Octal 8-Pin
MOUNTING POSITION. &+ ¢ ov vt evsvenenerannsnnnaannsnnssnnenses ny
Beam Power Amplifier Unit
PLATE VOLTAGE . .+« e v ettees tenseeanaenersesneanaaaneenns 117 max. Volts
SCREEN VOLTAGE . . .ttt ieoennrenneeraronnnonraroneanneneneeans 117 max. Volts
PLATE DISSIPATION. . . . vt vnnonvnneennrvnneenensnos 5.5 max. Watts

ScrREEN DISSIPATION 1.0 max. Watt

Tyrical OPERATION and CraracTERISTICS—Class A; Amplifier:

Plate VOltage .. .vuren i iir ittt i cii e tia i inen e 100 Volts

Screen VOHAZe .. oo iiv i i i e i 100 Volts

Grid VOlage®, . . i it ittt i i e i s -6 Volts

Peak A-F Grid Voltage. .......... 6 Volts
Zero-Signal Plate Current . .. 51 Milliamperes
Zero-Signal Screen Current . 5 Milliamperes
Plate Resistance (Approx.) 16000 *  Ohms
TransCOnAUCLATICE L1 vt it vt iine s aaaonnrsonsrarsonss 7000 Micromhos
Load Resistance. . ...t iiiriiasiiieuineronnecenronos 3000 Ohms

Total Harmonic Distortion © 6 Per cent
Max.-Signal Power Output 1.2 Watts

* With fixed bias the d-c resistance of the grid circuit should not exceed 0.25 megohm; with
cathode bias, 1.0 megohm.

Rectifier Unit

PEAK INVERSE VOLTAGE. s vttt ittt it iinineenrrnnnraennecnnns 350 max. Volts
PEAK PLATE CURRENT ....... . 450 max. Milliamperes
D-C HeaTerR CATHODE POTENTIAL. .. 175 maex. Volts
Wity CONDENSER-INPUT FILTER:

A-C Plate Voltage (RMS) ........... 117 max. Volls
Total Effective Plate-Supply Impedance. 15 min. Ohms
D-COutput Current. ... v i iii ittt eeernenanasonnen 75 max. Milliamperes

RECTIFIER-BEAM POWER AMPLIFIER

The 117P7-GT is a heater-cathode type of
tube which combines in one bulb a hali-wave ]]7P7-GT
rectifier and a beam power amplifier. The

heater is designed for use directly across a
117-volt supply line.

F CHARACTERISTICS
HeaTter VoLTAGE (A.C. orDC) 117 Volts
Heater CURRENT .. .. 0.09 Ampere
MaxiMuMm OVERALL LENGTH . . . 35"
MAXIMUM SEATED HEIGHT . 275"
MAXIMUM DIAMETER . 157
BULB ............. T-9
Bask. .Intermediate Sheli Octal 8-Pin
MOU‘NTINGPOSITION.............-n........u............... Any
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Beam Power Amplifier Unit

PLATE VOLTAGE. . .. o. ittt it it ittt e e tnae st e ie o e e os 117 max. Volts
SCREEN VOLTAGE. . . .0ttt it vt cn it as oo h vene s e e ae vnena o 117 max. Volts
PLATE DISSIPATION . . . .. ottt it it ittt cr ae cn e svon e ennon o on 6 max. Watts
SCREEN DISSIPATION . . o v vt vt ve vt vt vt ve e s onvs n e ae an annnan 1 max. Watt
TypicaL OPERATION:
Plate VOIAZE . oo . ittt i it it v it e e vt ve e et it e en cnan oa s 105 Volts
ScreenVoltage............................................. 105 Volts
Grid Voltage?. -5.2 Volts
PeakAFGrldVoltage 5.2 Volts .
Zero-Signal Plate Current ... .. o ou it it iy inve ve s enneeene e as 43 Milliamperes
Max.-Signal Plate Current. .« .o oo vu vt ve cn it ve it ie cn ce en e an s 43 Milliamperes
Zero-Signal Screen Current .. .ov. e vvnin inievncninaneeanin s 4 Milliamperes
Max.-Signal Screen Current. .. covve vt vt vt ve v ve crorcnar e aeen 5.5 Milliamperes
Plate Resistance (Approx) R I (114 ¢} Ohms
TransCONGUCLATICE .. ou vt vn vv ou trve ar ca tnvs os on s to v vaansens 5300 Micromhos
Load Resistance, 4000 Ohms
Total Harmonic DIStOrtion . . .. vvve v e s e ieoroean oo 5 Per cent
Max.-Signal Power Qutput .. .. .. ..ot it in it it i ie e an 0.85 Watt

Rectifier Unit

PEaX INVERSE VOLTAGE. e 350 max. Volts -
Peax PLATE CURRENT ... 450 max. Milliamperes
D-C HEATER-CATHODE DOTENTIAL | e e e e e 175 max. Volts
WitH CONDENSER-INPUT FILTER:

A-C Plate Voltage (RMS) . 117 max. Volts

Total Effective Plate-SuppIy Impedance e e e s 15 min. Ohms

D-C Output Current. . 75 max. Milliamperes

1 Type of input couphn% should not introduce too much resistance in the grid circuit. With
fixed bias, the resistance should not exceed 0.25 megohm; with cathode bias, 0.5 megohm.

’ RECTIFIER-DOUBLER

The 117Z6-GT is a full-wave high-vacuum _ o e
rectifier of the heater-cathode type for use "Dz e /
in suitable circuits to supply d-c power from
an a-¢ power line. The heater of the 117Z6-
]]72 - GT i¢ designed for operation directly across e
a 117-volt supply line. For voltage-doubler H \ . A / 0 H
conmderatlons, see RADIO TUBE APPLIC-
ATIONS SECTION. Physical character-

istics are shown in Fig. 2-8, OUTLINES NG KEY Ko,
SECTION. The 117Z6-GT may be mounted
in any position. G-7Q
YCHARACTERISTICS
HeateR VOLTAGE (A.C.or D.C) . . viiiiiiiiiiiiieuennesnnnens 117 Volts
HEATER CURRENT ....... 0.075 Ampere
As Rectifier or Doubler
PEAR INVERSE VOLTAGE. ¢t s cvtetventoeccrnsorencosssnnnenonans 700 max. Volts
PEAK PLATE CURRENT PER PLATE. . ... ... . .iiiiiiiiinennnnnns 360 max. Mllhamperea
D-C HEATER-CATHODE POTENTIAL. . o oo ivvinnnesnnnnecnns . 350 max. Volts
As HALF-WAVE RECTIFIER¥
A-C Plate Voltage per FPlate (RMS) ...... 117 150 235 max. Valts
Total Effective Plate-Supply Impedance
perPlate .......coiviiiviiiinnnas e 15 miin. 40 min. 100 min. Ohms
D-C Output Current per Plate ........... 60 mex. 60 max. 60 max. Milliamperes
As VOLTAGE DOUBLER:
Half-Wave Full-Wave
A-C Plate Voltage per Plate (RMS) ............ 117 max. 117 max. Volts
Total Effective Plate-Supply Impedance per Plate . 30 min. 15 mén. Ohms
D-COutput Current. ....coveeeuvnans ereaeen- .. 60 max. 60 max. Milliamperes

¥ In half-wave service, the two units may be used separately or in parallei.
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watts. The tube should be mounted in a vertical position,

POWER AMPLIFIER TRIODE

The 183/483 is a low-mu power amplifier
triode for replacement in receivers designed
for its characteristics. Dimensions are shown
in Fig. 2-25, OUTLINES SECTION. Elec-
trical characteristics are: filament voltage,
5.0 volts; current, 1.25 amperes; at plate
volts of 250 and grid volts of —60, the plate
current is 30 ma.; plate resistance, 1750
ohms; transconductance, 1700 micromhos;
amplification factor, 3. With a load resist-
ance of 5000 ohms, the power output is 1.8

if the plane of the filament is vertical.

G
©)

DETECTOR AMPLIFIER TRIODE

The 485 is a heater-cathode type of tube
intended for replacement in receivers de-
signed for its characteristics. Dimensions
are shown in Fig. 2-19, OUTLINES SEC-
TION. The filament voltage is 3 volts,
current, 1.25 ampere. At plate volts of 180
and grid volts of -9, the plate current is 5.8
ma.; plate resistance, 8900 ohms; transcon-
ductance, 1400 micromhos; amplification
factor, 12.5. The tube may be mounted in
any position.

183/
483

but horizontal operation is permissible

485
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READING LIST

)

The following list of radio references gives texts of both elementary and
advanced character. Obviously, the list is not inclusive, but it will guide
the reader to other references.

AvBeErT, A. L. Fundamental Electronics and Vacuum Tubes. The Mac-
Millan Co.

CHAIg(]):‘,E,I E. L. Theory of Thermionic Vacuum Tubes. McGraw-Hill Book
., Inc.

Dow, W. G. Fundamenials of Engineering Electronics. John Wiley and
Sons, Inc.

EASTIMAN, A. V. Fundamentals of Vacuum Tubes. McGraw-Hill Book Co.,
nc.

Everirr, W. L. Communication Engineering. McGraw-Hill Book Co., Inc.
Fing, D. G. Engineering Elecironics. McGraw-Hill Book Co., Inc.

GuirarDI, ALFRED A, Modern Radio Servicing. Radio and Technical Pub-
lishing Co., Inc.

GHIRARDL, ALFRED A. Radio Physics Course. vRadio and Technical Publish-
ing Co Inc.

Hexney, Kerra.  Electron Tubes in Industry. McGraw-Hill Book Co., Inc.
Hexney, KeitH. Principles of Radio. John Wiley and Sons, Inc.

Hen~ey, KE1TH. Radio Engineering Handbook. McGraw-Hill Book Co., Inc.
KoLLER, L. R. Physics of Eleciron Tubes. McGraw-Hill Book Co., Inc.

Lauer AIND BrowN. Radio Engineering Principles. McGraw-Hill Book
, Inc. :

Mcliwain AND Braingrp. High-Frequency Allernating Cwerents. = John
Wiley and Sons, Inc. ~

MorecrorT, J. H. Electron Tubes and Their Applications. John, Wiley &
Sons, Inc.

Morecror?t, J. H.  Principles of Radio Communicalign. John Wiley and

Sons, Inc.

Mover AND WosTREL. Radio Receiving and Television Tubes. McGraw-
Hill Book Co., Inc.

PenDER, HAROLD. Handbook for Electrical Engineers—Communications and
Electronics. John Wiley and Sons, Inc.

Proceedings of the Instiiute of Radio Engineers (a monthly publication).
Rausey, R. R. Experimerial Radio. Ramsey Publishing Co.
Ramsey, R. R. Fundamenials of Radio. Ramsey Publishing Co.

Reicy, H. J.  Theory and Applications of Eleciron Tubes. McGraw-Hill
Book Co., Inc.

TerMAN, F. E. Fundamentals of Radio. McGraw-Hill Book Co., Inc.
TerMAN, F. E. Radio Engineering. McGraw-Hill Book Co., Inc.
The Radio Amateurs Handbook. American Radio Relay League.
The Radio Handbook. Radio, Ltd.
' UnperaiLy, C. R, Electrons at Work. McGraw-Hill Book Co., Inc.
Vaw pER Bryr, H. J. Thermionic Vacuum Tubes. McGraw-Hill Book Co., Inc.
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