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This Manual like its preceding editions, has been
prepared to assist those who work or experiment with
radio tubes and circuits. It will be found valuable by
radio servicemen, radio technicians, experimenters,
radio amateurs, and all others technically interested
in radio tubes.
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describad in this book
RCA Manvuracturing Company, INc.
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Structure ot 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 accomplishinents, are but dimly foreseen; for each
developnient 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 1s almost instantaneous in its action,
the radio tube can operate efticiently and accurately at electrical frequencies much
higher than those attainable with rotating machines.

ELECTRONS

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

Electron movement may be accelerated by the addition of energy. Heat isone
torm of energy which can be conveniently used to speed up the eiectron. 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
rediation and conduction from the heater.

~3—
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A filament, or directly heated cathode, may be further classified by identifying
the filament or electron-emitting material. The materials in regular use are tung-
sten, thoriated-tungsten, and metals which have been coated with alkaline-earth
oxides. Tungsten filaments are made from the pure metal. Since they must
operate at high temperatures (a dazzling white) to emit sufficient electrons, a
relatively large amount of filament power is required. Thoriated-tungsten fila-
ments are made from tungsten impregnated with thoria. [Due to the presence of
thorium, these filaments liberate electrons at a more moderate temperature of
about 1700°C (a bright yellow) and are, therefore, much more economical of fila-
ment power than are pure tungsten filaments. Alkaline earths are usually applied
as a coating on a nickel alloy wire or ribbon. This coating, which is dricg in a
relatively thick layer on the filament, requires only a very low temperature of about
700-750°C (a dull red) to produce a copious supply of electrons. Coated filaments
operate very efficiently and require relatively little filament power. However,

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

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

) 1H5-G, and 31. A-c operated types having directly heated fila-
Fig. 1 ment-cathodes are the 2A3 and 45.
CATHODE

An indirectly heated cathode, or heater-cathede, consists of
a thin metal sleeve coated with electron-emitting material. With- 5, a1e0
in the sleeve is a heater which is insulated from the sleeve. The  ngatee
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 clrcuit
through the heater-supply line. From the viewpoint of circuit design, the heater-
cathode construction offers advantages in connection flexibility, due to the electrical
separation of the heater from the cathode. Another advantage of the heater-
cathode construction is that it makes practical the design of a rectifier tube with
close spacing between its cathode and plate, and of an amplifier tube with close
spacing between its cathode and grid. In a close-spaced rectifier tube the voltage
drop in the tube is low and the regulation is, therefore, improved. In an amplifier
tube, the close spacing increases the gain obtainable from the tube. Because of
the advantages of the heater-cathode construction, almost all present-day receiving
tubes designed for a-c operation have heater cathodes.

GENERIC TUBE TYPES

Electrons are of no value in a radio tube unless they can be put to work. A
tube is, therefore, designed with the necessary parts to utilize electrons as well as
as to produce them. These parts consist of a cathode and one or more supple-
mentary electrodes. The electrodes are enclosed in an evacuated envelope with
the necessary connections brought out through air-tight seals. The air is removed
from the envelope to allow free movement of the electrons and to prevent injury
to the emitting surface of the cathode. When the cathode is heated, electrons leave
the cathode surface and form an invisible cloud in the space around it. Any posi-
tive electric potential within the evacuated envelope will offer a strong attraction
to the electrons (unlike electric charges attract; like charges repel).

—_—
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DIODES

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

lied by a suitable electrical source connected K

tween the plate terminal and a cathode
terminal. Under the influence of the positive PLATE
plate potential, electrons flow from the cathode
to the plate and return through the external carn-
plate-battery circuit to the cathode, thus com- ©°¢
pleting the circuit. This flow of electrons is
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
k) from the cathode to the plate but not from the plate
o to the cathode. If an alternating voltage is applied
§ to the plate, the plate is alternately made positive
g and negative. Plate current flows only during the
&/ eecrren ourpyrtime when the plate is positive. 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 oonvert a.c. to d.c. for sup-
plying “B,” “C,” and screen voltages to the other
l tubes in the receiver. Rectifier tubes may have

i one plate and one cathode. The 1-v and 12Z3 are
=] ! of this form and are called half-wave rectifiers,
:<>'. since current can flow only during one-half of the
H :>" NSTTTSETR alternating-current cycle. When two plates and
f— | voLTace ineur ONe or more cathodes are used in the same tube,
1 [ current may be obtained on both halves of the a-c
Fig. 4 cycle. The 5T4. 5Y3-G and 5Z3 are examples of
this type and are called full-wave rectifiers.

Not all of the electrons emitted by the cathode reach the plate. Some return
to the cathode while others remain in the space between the cathode and plate for
a brief period to form an effect known as space-charge. This charge has a repelling
action on other electrons which leave the cathode surface and impedes their passage
to the plate. The extent of this action and the amount of space-charge depend on
the cathode temperature and the plate potential. The higher the plate potential, the
less is the tendency for electrons to remain in the space-charge region and repel
others. This effect may be noted by applying increasingly higher plate voltages to
a tube operatin% 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,
emisgion. Tubes are sometimes tested by measurement
of their emission current. However, in this test it is .,
generally not feasible to measure the full value of 3
emission because this value would be sufficiently large
to cause chan%}e in the tube's characteristics, or to
damage the tube. For that reason, the test value of
current in an emission test is less than the full emission
current. However, this test value is larger than the
maximum value which will be required from the cathode
in the use of the tube. The emission test, therefore,
indicates whether the tube’s cathode can supply a it
sufficiently large number of electrons for satisfactory PLATE VOLTAGE —>
operation of the tube. 5 Fig. §

T 7
1 4 4 =
i

’ Saturation Point.
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NUMBER OfF ELECTR
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_ If space charge were not present to repel electrons coming from the cathode,
it follows that the same plate current could be produced at a lower plate voltage.
One way to make the effect of space charge small is to make the distance between
plate and cathode small. This means is used in rectifier types, such as the 83-v and
the 25Z5, having heater-cathodes. In these types the radial distance between
cathode and plate is only about two hundredths of an inch. Another means for
reducing space-charge effect is utilized in the mercury-vapor rectifier tubes, such as
the 83. This tube contains a small amount of mercury, which is partially vaporized
when the tube is operated.  The mercury vapor consists of mercury atoms permeat-
ing the space inside the bulb. These atoms ure bombarded by the electrons on their
way to the plate. If the electrons are moving at a sulficiently high speed the col-
lisions will tear off electrons from the mercury atoms. When this happens, the
mercury atom is said to be “ionized,” that is, it has lost one or more electrons and,
therefore, is charged positive. lonization, in the case of mercury vapor, is made
evident by a bluish-green glow between the cathode and plate. When ionization
due to bombardment of mercury atoms by electrons leaving the filament occurs,
the space-charge is neutralized by the positive mercury ions so that increased num-
bers of electrons are made available. A mercury-vapor rectifier has a small voltage
drop between cathode and plate (about 15 volts). This drop is practically inde-
pendent of current requirements up to the limit of emission of electrons from the
filament, but is dependent to some degree on bulb temperature.

An ionic-heated cathode rectifier tube is another type which depends for
its operation on gas ionization. The 0Z4 and 0Z4-G are tubes in this classification.
They are of the full-wave design and contain two anodes and a coated cathode
sealed in a bulb under a reduced pressure of inert gas. The cathode in each of these
types becomes hot during tube operation but the heating effect is caused by bom-
bardment of the cathode by the ions from within the tube rather than by heater
or filament current from an external source. The internal structure of the tube is
designed so that when sufficient voltage is applied to the tube, ionization of the gas
occurs between the anode which is instantaneously positive and the cathode. . Under
normal operating voltages, ionization does not take place between the anode that
is negative and the cathode. This, of course, satisfies the principle of rectification.
The mitial small flow of current through the tube is sullicient 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. 1’roper operation of these rectifiers requires
that a minimum load current always tflow in order to maintain the cathode at the
temperature required to supply suflicient emission. ’

TRIODES

When a third electrode, called the grid, is placed hetween the cathode and
plate, the tube is known as a triode, the family name for a three-clectrode 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 is to control the flow of plate current. When a tube is used as an ampli-
fier, a negative d-c voltage is usually applied to the grid. Under this condition the
grid does not draw appreciable current.

The number of electrons attracted to ELECTRON
the plate depends on the combined effect e ()—
of the grid and plate polarities. When the [ v
plate is positive, as is normal, and the CRIDPLATE CURRENT

A

d-c grid voltage is made nore 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- nea —‘
tive. the plate more readily attracts elec- < ll\ 8
trons to it and plate current increases. —pf At
Hence, when the voltage on the grid is
varied in accordance with a signal. the plate

6 —

CATHODE OUTPUT

L

Fig &
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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
caracitances are known as interelectrode capacitances. Generally, the capacitance
between grid and plate is of the most importance. In high-gain radio-frequency
amplifier circuits, this capacitance may act to produce undesired coupling between
the input circuit. the circuit between grid and cathode. and the output circuit, the
circuit between plate and cathode. This coupling is undesirable in an amplifier
because it may cause instability and unsatisfactory performance.

TETRODES

The capacitance between grid and plate can be made small by mounting an
additional elzctrode, calted the screen, in the tube. With the addition of the screen,
the tube has four electredes and is, accord-

ingly, called a tetrods. The screen is ELECgRoN

mounted between the grid and the plate f’ — (—
and acts as an electrostatic shield between PLATE PLATE T
them, thus reducing the grid-to-plate — \scReen  CURRENT
capacitance. The effectiveness of this - ]
shielding action is increased by connecting L Y SLAITlet 2ou1PnT
a byv-pass condenser between screen and BUTS HEATER \ %
cathode. I3y means of the screen and :

this by-pass cundenser, the grid-plate c A 3 !
capacitance of a tetrode is made very A= p——
small. In practice, the grid-plate capac- Fig. 7

itance is reduced from an average of 8.0
micremicrofarads (uuf) for a triode to 0.01 puf or less for a screen-grid tube.

I'hie 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. RBut because of
the comparatively large space between wires of the screen, most of the ekectrons
drawn to the screen pass through it to the plate. Ilence 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 lang as the plate voltage is higher than the screen voltage, plate currant
in a screen-grid tube depends to a great degree on the screen voltage and very little
on the plate voltage. The fact that plate current in a screen-grid tube is largely
independent of plate voltage makes it possible to obtain much higher amplification
with a tetrode than with a triode. The low grid-plate capacitance makes it possible
to obtain this high amplification without plate-to-grid feedback and resultant
instability. Representative screen-grid types are the 32 and 24-A.

PENTODES

In all radio tubes, electrons striking the plate may, if moving at sufficient
spesd, dislodge other electrons. In two- and three-electrode types, these dislodged
electrons usually do not cause trouble because no positive electrodz 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 cailed secondary emission because the effect is secondary to the
criginal cathode emission. In the case of screen-grid tubes, the proximity of the
positive screen to the plate offers a strong attraction to these sécondary électrons
and particularly so if the plate voltage swings lower than the screen voltage. This
eft’e:E1 lowers the plate current and limits the permissible plate-voltage swing for
tetrodes
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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
<2
PLATE PLATE
CURRENT

SUPPRESSOR SCREEN
-

<

§OUTPUT

INPUT

e ]
i
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 voltdge without serious ‘oss in signal gain capability. Representative
power-amplifier pentodes are the 1A5-G, 6F6. and 25A6; representative r-f amplifier
pentodes are the IN5-GG, 6]7, 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 m effects and to prevent stray
electrons from the plate from returning to the screen outside of the beam. A
feature of a heam 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
turm. 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
heam boundaries to prevent stray secondary electrons from returning to the screen
outside of the beam. The 6L6 and 61.6-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—
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INTERNAL STRUCTURE OF TYPE 6L6 BEAM POWER TUBE

BEAM-FORMING
PLATE s

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 tvpes as
the 6F6, 12SJ7, 6L7, and 6K8 Types of this class generally require more than
three electrodes to obtain the desired special characteristics and may be broadly
classed as multi-electrode types. The 6L7 is an especially interesting type in this
class. This tube has an unusually large number of electrodes. namely seven exclusive
of the heater. Plate current in the tube is varied at two different frequencies at
the same time. The tube is designed primarily for use as a mixer in superheterod:ne
receivers. In this use. the tube mixes the signal frequency with the oscillator
frequency to give an intermediate-frequency output.

Tubes of the multi-e'ectrode class often present interesting possibilities of
application besides the one for which they are primarily designed. The 6L7. for
insiance. 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 6L6’s.

The second class includes multi-unit tubes such as the duplex-diode triodes
IH6-G and 65SQ7. 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-urit 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 IA7-G and 12SA7.

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

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

Radio Tube Characteristics

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

. Tube characteristics are obtained from electrical measurements of a tube in
various circuits under certain definite conditions of voltages. Characteristics may
be further described by denoting the conditions of measurements. For example,
Static Characteristics are the values obtained with different d-c potentials applied
to the tube electrodes, while Dynamic Characteristics are the values obtained with
an a-c voltage on the control grid under various conditions of d-c potentials on the
electrodes. The dynamic characteristics, therefore, are indicative of the perform-
ance capabilities of a tube under actual working conditions.

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

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

The amplification factor, or 4, 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 reinains 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
currerit 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 i1esistance (rp) uf a radio tude is the resistance of the path between
cathode and plate to the flow of alternating current. It is the quotient of a small
change in plate voltage by the corresponding change in plate current and is expressed
in ohms, the unit of resistance. Thus, if a change of 0.1 milliampere (0.0001 ampere)
is produced by a plate voltage variation of 1 volt, the plate resistance is 1 divided
by 0.0001, or 10000 olims.

Conirol-grid —plate transconductance, or simply transconductance (gm), is a
factor which combines in one term the amplification factor and the plate resistance,
and is the quotient of the first by the second. This term is also known as mutual
conductance. Transconductance may bhe 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 ail other voltages remain unchanged.
Thus, if a grid-voltage change of 0.5 volt causes a platecurrent change of 1 mil-
liampere (0.U01 ampere), with all other voltages constant, the transconductance fs
0.001 divided by 0.5, or 0.002 mho. A “mho” is the unit of conductance and was
named by spelling ohm backwards. For convenience, a millionth of a mho. or a
micromho, is used to express transconductance. So, in the example, 0.002 mho
is 2000 micromhos.

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

Maximum peak inverse voltage characteristic of a rectifier tube is the highest
peak voltage that a rectifier tube can safely stand in the direction opposite to that
in which it is designed to pass current. In other words, it is the safe arc-back limit
with the tube operating within the specified temperature range. Referring to Fig. 12,
when plate A of a full-wave rectifier tube is
positive, current flows from A to C, but not from
3 to C, because B is negative. At the instant
plate A is positive, the nlanent is positive (at
high voltage) with respect to plate 13. The voltage
between the posmve filament and the negdtlve
plate B3 is in inverse relation to that causing
current flow. The peak value of this voltage is
limited by the resistance and nature of the path
between plate B and filament. The maximum
value of this voltage at which there is no danger
of breakdown of the tube is known as maximum
peak-inverse voltage. The relations between peak Fig 12
inverse voltage, rms value of a-c invut voltage,
and d-c output voltage depend largely on the
individual characteristics of the rectifier circuit and the power supply. The presence
of line surges or any other transient, or wave-form distortion may raise the actual
peak voltage to a value higher than that calculated for sine-wave voltages. There-
for, the actual inverse voltage. and not the calculated value, should be such as not
to exceed the rated maximum peak inverse voltage for the rectifier tube. A cathode-
ray oscillograpn 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 condenscr across the output, the peak inverse voltage on
a rectifier tube is approxiinately 1.4 times the rms value of tiie plate voltage applied
to the tube. In single- p!mse half-wave circuits with sine-wave input and with
condenser input to the fiiter the peak inverse voltage may be as high as 2.8 times
the rms vilue of the applied plate voltage. In polyphase circuits, mathematical
determination of peak inverse voltage requires the use of vectors.

Maximum peak plate current it the highest steady-state peak current that a
rectifier tube can safely stand in the dxrecnon in which it is designed to pass current.
The safe value of this peak current in haot-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
tpl;{:pgt t? the product of the average d-c plate voltage and d-c plate current at
ull signal, or

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

Plate efficiency (%) = X 100

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

power output watts
(input signal volts, RMS)?

Power sensitivity (mhos) =

Radio Tube Applications

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

AMPLIFICATION

The amplifying action of a radio tube was mentioned under TRIODES, page
7. This action can be utilized in radio circuits in a number of ways, depending
upon the results to be achieved. Four classes of amplifier service recognized by
engineers are covered by definitions standardized by the Institute of Radio Engineers.
This classification depends primarily on the fraction of input cycle during which
plate current is expected to flow under rated full-load conditions. The classes are
class A, class AB, class B, and class C. The term, cut-off bias, used in these defini-
tions is the value of grid bias at which plate current is some very small value.

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

Class AB Amplifier. A class AB amplifier is an amplifier in which the grid
bias and alternating grid 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 biae
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 ﬂlpevés 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
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 2 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
variation produced in the load resistance to the input signal voltage is the voltage

/l QUTPUT S|GNAL(0)

LOAD
RESISTANCE

INPUT |
SIGNAL ],H_J
A
< ]
=1l =1U00

Fig. 13 Fig. 14

ouTAPUT

R VOL TAGE

PLATE CURRENT

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

amplification factor X load resistance

Vol i ion = L A
oltage amplification load resistance + plate resistance

’

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

From the first formula, it can be seen that the gain actually obtainable from
the tube is less than the tube’s amphﬁcatxon 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.

—13—
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In a resistance-coupled amplifier, the load resistance of the tube is approximately
equal to the resistance of the plate resistor in parallel with the grid resistor of the
following stage. Hence, to obtain a large value of load resistance. it is necessary
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Fig. 15

to use a plate resistor and a grid resistor of large resistance. HHowever, 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 piate voltage on the
tube will be too small and the voltage output of the tube will be too small. Also,
the grid resistor of the following stage should not be too large, the actual maximum
value being dependent on the particular tube type. A higher value of grid resistance
is permissible when cathode bias is used than when fixed bias is used. When cathode
bias is used, a loss in bias due to grid-=mission 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 Al3, 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 A3, 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

igher 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
Wance may become low enough at very high radio frequencies to affect appre-
iably the gain and selectivity of a preceding stage. Tubes such as the Acorn®
t 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. Moduliation-distortion is a distortion of the modulated
carrier and appears as audio-frequency distortion in the output. This effect is
produced by a radio-frequency amplifier stage operating on an excessively curved

¢ Registered Trademark.
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characteristic when the grid bias has been increased to reduce volume. The offend-
ing stage for cross-modulation is usually the first radio-frequency amplifier, while
for modulation-distortion, the cause is usually the last intermediate-frequency stage.
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The characteristics of super-control types are such as to enable the tube to handle
both large and small input signals with minimum distortion over a wide range. A
cross-section of the structure of a 6K7, a typical super-control pentode. is shown in
Fig. 16. The super-control action is due to the structure of the grid which provides
a variation in amplification factor with change in grid bias. The grid is wound
with coarse spacing at the middle and with close spacing at the ends. Wiien 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 cathodc enclosed by
the ends of the grid is cut off. The plate current and other tube characteristics are
then dependent on the electron flow throuzh the coarse section of the grid. This
acticn 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 cutve for a type having a uniformly spaced grid. It will be noted that
while the curves are similar at small grid-bias voltages, thc plate current of the
super-controi tube drops quite slowly with large values of bias voltage. This siow
change makes it possibie for the tube to handie large signals satisfactorily. Since
super-controi types can accommodate large and small signals, they are particularly
suitable for use in sets having automatic vclume 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. I3eam power
tubes such as the 616 have a still higher power sensitivity and efficiency and have
a higher power output capability than triode or conventional pentode types.

A class A power amplifier is also used as a driver to supply power to a class
AB or a class B output stage. It is usually advisable to use a triode type, rather
than a pentode, in a driver stage because of the lower distortion of the triode.

e —
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Either push-pull or parallel operation of power tubes may be employed with
class A amplifiers to obtain increased output. The parallel connection (Fig. 18)
rovides twice the output of a single tube with the same value of grid-signal voltage.
he push-pull connection (Fig. 19) requires twice the input-signal voltage. but
has, in addition to an increase in power, a number of important advantages over
single-tube operation. Distortion due to even-order harmonics and hum due to
plate-supply-voltage fluctuations are either eliminated or decidedly reduced through
cancellation. Since distortion is less than for single-tube operation, appreciably
more than twice single-tube out put 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
undeili'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 is as follows: Draw a straight line XY through the points P and X on
the plate family of curves. P is known as the zero-signal bias point and may readily
be located by determining the zero-signal bias, Ec,, from the following formula:

0.68 X Ep
m

Zero-signal bias (P) =

where Eb is the chosen value of d-c plate voltage at which the tube is to be operated
and u is the amplification factor of the tube. X is a point on the d-c bias curve
at zero volts and is determined by the value of the maximume-signal plate current,
1 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
btiash shogled be increased by approximately one half the filament-voitage 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.—1 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 1 max.; during the negative swing, they reach values of
E max. and I min. Since power is the product of voltage and current, the average
power output, as indicated by a wattmeter, is given by

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

Power output =

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

In the output of a power amplifier triode, some distortion is present. This
distoft1on is predominately second-harmonic in single-tube amplifiers. The per-
centage of second-harmonic distortion may be calculated by the following formula:

I maz. + I min. _
2
1 max. - I min.

l.
X 100

% 2nd harmonic distortion =

where o is the zero-signal plate current in amperes.
—16 —
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sistance and undistorted power

Example: Determine the load re- Z
| tem 2210 <,
output of a triode operated at 250 1

volts on the plate, given its ampli-
fication factor of 3.5 and its plate
characteristics curves as shown in o
Fig. 20. 3
Procedure: Draw the load line 3
XY through the operating point 3**
(P) and the zero d-c grid bias ¢
point (X) 2

P - 9%0. ot ~48.5 volts )

X = 2 X 0.0335, or 0.067 ampere

0

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

(0.067 - 0.006) (357 - 118)

Power output = - 1.8 watts

8
The resistance of the load line XY is
357 - 118
m, or 3920 ohms

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

0.067 -20- 0.006 _ 0.0335
2nd harmonic distortion = C.067 0,006 X 100 = 4.99,

It is customary to make the selection cf load resistance such that the distortion
as calculated {rom the zbove 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 oulput 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 1 max. This es-
tablishes I max. Then,

1 max. X Eo
5

&

Power output =

PLATE  MILLIAMPERES (I, )
8

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

Fig. 21 illustrates the application of this
method to the case of two type 45's operated
at Eo = 250 volts.

[
[=]

te

Power output = AED PR Y 4.8 watts

Fig. 21 5

. The method for determining the proper load resistance for triodes in push-pull
is as follows: Draw a load line through I mrax. 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-06Eo 100

[>] -y = _ - -
Plate-to-plate load Timaz. X 4 0,096

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
Xill bel%ccompanied by rectification and will no longer be representative of a class
amplifier.

Power output for pen-
tode and for beam power
tubes as class A amplifiers
can be calculated in much
the same way as for triodes.
The calculations can be made
graphically from a special
plate family, as illustrated in
Fig. 22. From a point A just
above the knee of the zero-
bias curve, draw arbitrarily
selected load lines to the
zero plate-current axis. These
lines should be on both sides
of the operating point P whose
2 nosition is determined by the
o T ] 3 e desired operating plate volt-

Cu 4 TeE L0WTROL-GRD B AY .O.tAnt AT THE CUERAS 8G POINT age, Eo‘ and one half the max-

Fig. 22 imum-signal plate current.

Along any load line, say AA,,

measure the distance AO,. On the same line, lay off any equal distance O,A,.

For optimum operation, the change in bias from A to O, should nearly equal the

change in bias from O, to A,. If this condition cannot be met with one line, then

another line should be selected. When the most satisfactory line has been chosen.
its resistance may then be determined by the following formula.

PARET T

v

R ————— &

Load resistance (Rp) = EAmar EIEfmin: n.1in.
I max. — I min.
The value of Rp may then be substituted in the following formula for calculat-
ing power output.

[l max. - 1 min. 4+ 1.41 (Ix - ly)]? Rp

Power output =
L 32

For both of these formulas. if 1 is in amperes and E in volts, R, is in ohms and
power output is in watts

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

. . . 1 max. + 1 min. - 2 lo
7o 2nd harmonic distortion = -
% 1z} U ! e I max. ~ [ min. + 1.41 (l! - ly)

X 100

1 max. - I min. - 1.41 (Ix - ly)

% 3rd harmonic distortion = T max. =1 min. + 141 (z < Ip)

X 100

% total (2nd and 3rd) harmonic distortion = M(% 2nd har. dist.)? + (% Srd bar. dist.)?
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The conversion curves given in Fig. 23 apply to radio tubes in general but are
particularly useful for power tubes. These curves can be used for calculating
approximate operating conditions for a plate voltage which is not included in the
published data on operating conditions. For instance, suppose it is desired to
operate two 61.6's in class A, push-pull, fixed bias, with a plate voltage of 200 volts.
The nearest published operating conditions for this class of service are for a plate
voltage of 250 volts. The operating conditions for the new plate voltage can be
determined as follows: First compute the ratio of the new plate voltage to the
plate voltage of the published data. In the example. this ratio is 200/250 = 0.8.
This figure is the Voltage Conversion Factor, Fe. Multiply by this factor to obtain
the new values of grid bias and screen voltage. This gives a grid biag 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,

T B S B 5 2.0 2 multiply the published values by factors shown

—— ; on the chart as corresponding to a voltage
conversion factor of 0.8. In this chart,

Fi applies to plate current and to screen
current,

Fy applies to power output,
Fr applies to load resistance and plate
resistance,

Fgm applies to transconductance.

Thus, to find the power output for the new
conditions, determine the value of .Fp for a
voltage conversion factor of 0.8. The chart
shows that this value of Ip is 0.6. Multiply-
ing the published value of power output by
0.6, the power output for the new conditions is
14.5 X 0.6 = 8.7 watts,

A class AB power amplifier employs two
tubes connected in push-pull with a higher
negative grid bias than is used in a class A
stage. With this higher negative bias, the
plate and screen voltages can usually be made
higher than for class A because the increased
negative bias holds plate current within the
limit of the tube’s plate dissipation rating. As
a result of these higher voltages, more power
output can be obtained from class AB operation.

Class AB amplifiers are subdivided into
class Af3; 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

CONVERSIOM FACTORS Fy, Fp,Fr,Fem

O ve 68 A 5 I : therefore are not driven to a positive potential
VOLTAGE C'%VERSICN FACTOR (Fg) and do not draw grid current. In class AB,,
22C- 5399k e 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 A3, stage there is a loss of power
in the grid circuit. The sum of this loss and the loss in the input transformer is the
total driving power required by the grid circuit. The driver stage should be capable
of a power output considerably larger than this required power in order that dis-
tortion introduced in the grid circuit be kept low. The input transformer used
in a class AB, amplifier usually has a step-down turns ratio.

. Because of the large fluctuations of plate current in a class AB, stage, it is
important that the power supply should have good regulation. Otherwise the
Auctuations in plate current cause fluctuations in the voltage output of the power
supply. with the result that power output is decreased and distortion is increased.
To obtain satisfactory regulation it is usually advisable to use a choke-input filter.



RCA RECEIVING TUBE MANUAL

It is sometimes advisable to use a mercury-vapor rectifier tube rather than a vacuum
type because of the better regulation of the mercury-vapor type. In all cases, the
resistance of the filter chokes and power transformer should be as low as possible.

A class B power amplifier employs two tubes connected in push-pull, so biased
that plate current is almost zero when no signal voltage is applied to the grids.
Because of this low value of no-signal plate current, class B amplification has the
same advantage as class AB, that large power output can be obtained without
excessive plate dissipation. The difference between class B and class AB is that,
in class B, plate current is cut off for a larger portion of the negative grid swing.

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

Because a class I3 amplifier is usually operated at zero bias, each grid is at a
positive potential during the positive half-cycle of its signal swing and consequently
draws considerable grid current. There is, therefore, a loss of power in the grid
circuit. This imposes the same requirement on the driver stage as in a class AB,
stage; that is, the driver should be capable of considerably more power output than
the power required for the class B grid circuit in order that distortion be low. The
interstage transformer between the driver and class B stage usually has a step-
down turns ratio.

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

An inverse-feedback circuit, sometimes called a degenerative circuit, is one
in which a portion of the output voltage of a tube is applied to the input of the
same or a preceding tube in opposite phase to the signal applied to the tube. Two
important advantages of feedback are: (1) reduced distortion from each stage
included in the feedback circuit and (2) reduction in the variations in gain due to
changes in line voltage, possible differences between tubes of the same type. or
variations in the values of circuit constants included in the feedback circuit.

Inverse feedback is used in audio amplifiers to reduce distortion in the vutput
stage where the load impedance on the tube is a loudspeaker. Because the imped-
ance of a loudspeaker is not constant for all audio frequencies, the load impedance
on the output tube varies with frequency. When the output tube is a pentode or
beam power tube having high plate resistance, this variation in plate load impedance
can, if not corrected, produce considerable frequency distortion. Such frequency
distortion can be reduced by means of inverse feedback. Inverse feedback circuits
are of the constant voltage type and the constant-current type.

The application of the constant
voltage type of inverse feedback to a
power output stage using a single
beam power tube is illustrated
Fig. 24. In this circuit, R,, R,, and é
are connected across the output of
the 6.6 as a voltage divider. The
secondary of the grid-input trans-
former is returned to a point on this
voltage divider. Condenser C blocks

!
INPYT |
SIGNAL i

B the d-c plate voltage from the grid.

| However, a portion of the tube's a-f
== ‘e output voltage, approximately equal
Fig. 24 to the output voltage multiplied by

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

Fig. 25

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

istortion.

After the correction of distortion has been applied by inverse feedback, the
relations are as shown in the curve for i,. The dotted curve shown by i, is the
component of plate current due to the feedback voltage on the grid. The dotted
curve shown by i’, is the component of plate current due to the signal voltage on
the grid. The algebraic sum of these two components gives the resultant plate
current shown by the solid curve of i,. Since i’, is the plate current that would
flow without inverse feedback, it can be seen that the application of inverse feed-
back has reduced the irregularity in the output current. In this manner inverse
feedback acts to correct any component of plate current that does not corresponc
o the input signal voltage. and thus reduces d:stortion

From the curve for i, it can be seen thai, besides reducing distortion inverse
teedback also reduces the amplitude of the cutput current. Consequently. when
inverse feedback is applied to an amplifier there is a decrease in power output as
well as a decrease in distortion. However, by means of an increase in signal voltage.
the power output can be brought back to its full value. Hence. the application of
inverse feedback to an amplifier requires that more.-driving voltage be applied to
obtain full power output but this output is obtained with less distortion.

Inverse feedback may also be applied to resistance-coupled stages as shown
ir. Fig. 26. The circuit is conventional except that a feedback resistor, R,, is con-
nected between the plates of tubes T, and T.. The output signal voltage of T,
and a portion of the output signal voltage of T, appears across R;. Because the
distortion generated in the plate circuit of T, is applied to its grid out of phase
with the input signal. the distortion in the output of T, is comparatively low.
With sufficient inverse feedback of the constant-voltage type in a power-output
stage. it is not necessary to emplov a network of resistance and capacitance in the
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output circuit to reduce response at high audio freqencies. Inverse feedback cir-

cuits can also be applied to push-pull class A and class AB, amplifiers. When the

circult in Fig. 24 is used in push-pull, the input transformer must have a separate

secondary for each grid. Inverse feedback is not recommended for use in ampli-

fiers drawing grid power because of the resistance introduced in the grid circuit.
Constant-current inverse feedback is

usually obtained by omitting the by-pass B AN

] ]
condenser across a cathode resistor,  This ' Ry N
method decreases the gain and the dis- a +—k g
tortion but increases the plate resistance - % MY
R 2 | | H
1

of the tube. When the plate resistance
of an output tube is increased, the output
voltage rises at the resonant frequency of L > _
the loudspeaker and accentuates hang-over |
effects. c- BiCt

Inverse feedback is not generally ap- Fig. 26
plied to a triode power amplifier such
as the 2A3 because the variation in speaker impedance with frequency does not
produce much distortion in a triode stage having low plate resistance. It is some-
times applied in a pentode stage but is not always convenient. As has been shown,
when inverse feedback is used in an amplifier, the driving voltage must be increased
in order to give full power output. When inverse feedback is used with a pentode,
the total driving voltage required for fuil power output may be inconveniently
large. Because a beam power tube gives full power output on a comparatively
small driving voltage. inverse feedback is especially applicable to beam power
tubes. By means of inverse feedhack, 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
f(}und to be on the order of 0.05
ul.

A volume expander can be
used in a phonograph amplifier
to make more natural the re-
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 verv much higher than that of the
soft passages. When this music is recorded. it is not fcasible 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 thereforc monitored so that the
volume range of the original is compressed on the record. To compensate for this
compression, a volumne-expander amplifier has a variable gain which i 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 61.7 as an audio amplifier can be varied
by variation of the bias on the No. 3 grid. When the bias on the No. 3 grid is made
less negative, the gain of the 6L7 increases. In the circuit, the signal to be amplified
is applied to the No. 1 grid of the 6.7 and is amplified by the 61.7. The signal is
also applied to the grid of the 6C5, is amplified by the 6C5. and is rectitied by the
6H6. ‘The rectified voitage developed across R8, the load resistor of the GIIG. is
applied as a positive bias voltage to the No.3 grid of the GL.7. Then, when the
amplitude of the signal input increases, the voltage across RY increases, and the
bias on the No. 3 grid of the 61.7 is made less negative. [ecause this increases the
gain of the 61,7, 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 61.7 is a variable-mu grid and therefcre will produce
distortion if the input signal voltage'is too large. FFor that reason, the signal input
to the 6L7 should not exceed a peak value of 1 volt. This value is of the same
order as the voltage obtainable from the usual magnetic phonograph pick-up.
The no-signal bias voltage on the No. 3 grid is controlled by adjustment of contact
P. This contact should be adjusted initially to give a no-signal plate current of
0.15 milliampere in the 6L.7. No further adjustment of contact P is required if
the same GL7 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 616 piates 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 velume compression for mlcrophone 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
13 applied across potentiometer Ry, The arm and one side of R, is connected to
the d.p.d.t. switch S, to permit reversing of the polarity of the voltage taken from
Fa. The amount of d-c voltage across R, is dependent on the average signal level,
When the level tends to increase, the voltage across Rys increases; when the level
dacreases. the voltage decreases. The voltage taken from R.s is applied in series
with the control-bias of the master mixer tube. hen the switch is set to “expand.”
the voltage becomes opposite in polarity to the bias of the tube. This lowers the
bias and increases the amplification factor of the tube. When the switch is set
to ‘‘compress,” the two voltages are additive The negative bias is, therefore,
increased and the amplification factor is decreased.

A phase inverter is a circuit used to provide resistance coupling between the
output of a single-tube stage and the input of a push-pull stage. The necessity
for a phase inverter arises because the signal-voltage inputs to the grids of a push-
pu/l stage must be 180 degrees out of phase and approximately equal in amplitude
with respect to each other. Thus, when the signa! 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
phasge-inverter circuit to a single-stage triode T, Phase inversion in this circuit

_ 23 -



RCA RECEIVING TUBE MANUAL

is provided by triode Ts. The output voltage of T, is applied to the grid of T,. A
portion of the output voltage of T, is also applied through the resistors R; and R,
to the grid of Ty. 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 Ry 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 E,,
in the ratio of the voltage gain of
T, Under the conditions where
a twin-type tube or two tubes hav-
ing the same characteristics are
used at I, and T, R, should be equal to the sum of Ry and R,. The ratio of R, to
R; plus R, should be the same as the voltage gain ratio of T, in order to apply the
correct value of signal voltage to T.. The value of R, is, therelore, 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;, R, R; plus R;. and R, may be taken from the chart in the
RESISTANCE-COUPLED AMPLIFIER SECTION, In the practical application
of this circuit, it is convenient to use a twin-triode tube combining T, and T.. A
phase-inverter circuit using a 6N7 is shown in the CIRCUIT SECTION.

RECTIFICATION

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

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

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

HALr WAVE RECTITIER FuLL- WAVE RECTIFIER
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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. lLow plate current requires a high value; high plate current, a low
value. When the plates of mercury-vapor rectifier tubes are connected in parallel,
the corresponding filament leads should be similarly connected. Otherwise the
tube drops will be considerably unbalanced and larger stabilizing resistors will be
required Two or more high-vacuum rectifier tubes can also be connected in par-
allel to give correspondingly higher output current and, as a result of paralleling
their interna! resistances. give somewhat increased voltage output. With high-
vacuum types stahilizing 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 doubier

Ljn”\‘ is a rectifier circuit arranged so that the output

) _, I;Ja voltages of two half-wave rectifiers are in series.

The action of a voltage doubler is briefly as

o<, follows On the positive half-cycle of the a-c

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

L{ ) — 1" if input line is positive with respect to the lower
0" N side, the upper diode passes current and feeds
,“,2_ TS PN a pogitive charge into the upper condenser.  As
TRAMSFORMER #ND.NGS positive charge accumulates on the upper plate

Fig. 3! of the condenser, a positive voltage huilds 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 diocde passes current so that a negative voltage builds up across the lower
condenser. As leng 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
cendenser 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 helow 2IZ 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 reciifier passes current
to the load on each haif of the a-c input cvcle.

Two rectifier tvpes especially designed for use as voltage doublers are the
metal 2576 and the glass 25Z5. These tubes combine two separate diodes in one
tube. As voltage doublers, the tubes are used in “‘transformerless’ receivers. In
these receivers. the heaters of all tubes in the set are connected in series with a
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voltage-dropping resistor across the line. The connections for the heater supply
and the voltage-doubling circuit are shown in Figs. 32 and 33.

TYPE
2526
L] !

; 0-C tNPUT
ouTeyT

¢ et v L : .
- T_j C __T

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

RzPROTECTIVE RESISTOR

€,€C2 = CONDENSER

Fig. 32 Fig. 33

A-C
INPUT

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 oonnected in series with a resistance across the a-c line. Such a circuit arrange-
ment may cause hum because of the high a-c potential between the heaters and
cathodes of the tubes. The circuit in Fig. 33 overcomes this difficulty by making
one side of the a-c line common with the negative side of the d-c load circuit. In
this circuit. one halif 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-
glatll;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
a-f wave. The effect of modulation on the waveform of the r-f wave is shown in

- (1l

l |
‘ o5 Uit

UNMODUL ATED A-F MODULATING MODULATED
R-F CARRIER WAVE R-F wAVE
Fig. 34

In the receiver it is desired to reproduce the original a-f modulating wave from
the modulating r-f wave. In other words, it is desired to demodulate the r-f wave.
The receiver stage which performs this demodulation is called the demodulator or
detector stage. There are three different detector circuits in general use, the diode
detector, the grid-bias detector, and the grid-leak detector. These detector circuits
are alike in that they eliminate, either pcrtially 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 i8 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 cathcde 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

4 i
Wl

(i}

Fig. 36
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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 FFig. 36, is somewhat jagged. lowever, this jaggedness,
which represents an r-f component in the voltage across the condenser, is exaggerated
in the drawing. In an actual circuit the ~-f component of the voltage across the
condenser is negligible. Hence, when the voltage across the condenser is amplified,
the output of the ampl#fier 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 nalf-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 rectificr depends on the voltage of the a-c input,
the d-c voltage across C varies in accordance with the amplitude of the r-f carrier
and thus reproduces the a-f signal. Condenser C should be large enough to smooth
out r-f or i-f variations but should not be so large as to affect the audio variations.
Two diodes can be connected in a circuit similar to a full-wave rectifier to give
full-wave detection. However, in practicc, the advantages of this connection
generally do rot justify the extra circuit comnplication.

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. [t has the disadvantages that it does not
amplify the signal, and that it draws currenz from the input circuit and therefore
reduces the selectivity of the input circuit. IHowever, because the diode method of
detection procuces less distortion and because it permits the use of simpie avc
circuits without the necessity for an additional voltage supply, the diode method
of detection is most widelv used in broadcast receivers.

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

portion of the a-f voltage developed across this resistor is applied to the triode grid
through the volume control R,. In a typical cireuit, resistor R, may be tap, 80
that five-sixths of the total a- voltage across E., is applied to the volume control
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This tapped connection reduces the a-f voltage output of the detector circuit
slightly but it reduces audio distortion and improves the r-f filtering. D-c bias
for the triode section is provided by the cathode-bias resistor R, and the audio
by-pass condenser C;. The function of condenser C, is to block the d-c bias of the
cathode from the grid. The function of condenser C. is to by-pass any r-f voltage
on the grid to cathode. A duplex-diode pentode may also be used in this circuit.
With a pentode, the a-f output should be resistance-coupled rather than trans-
former-coupled.

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

However, there are restrictions on the use of the diode-biased circuit. Because
the bias voltage on the triode depends on the average amplitude of the r-f voltage
applied to the diode, the average amplitude of the voltage applied to the diode
should be constant for all values of signal strength at the antenna. Otherwise
there will be different values of bias on the triode grid for different signal strengths
and the triode will produce distortion. Since there is no bias applied to the diode-
biased triode when no r-f voltage is applied to the diode, sufficient resistance should
be included in the plate circuit of the triode to limit its zero-bias plate current to a
safe value. These restrictions mean, in practice, that the receiver should have a
separate-channel avc system. With such an avc system, the average amplitude
of the signal voltdge applied to the diode can be held within very close limits for
all values of signal strength at the antenna. The tube used in a diode-biased circuit
should be one which operates at a fairly large value of bias voltage. The variations
in bias voltage are then a small percentage of the total bias and hence produce small
distortion. Tubes taking a fairly large bias voltage are types such as the 6R7 or
1H6-G having a medium-mu triode. Tube types having a high-mu triode or a
pentode should not be used in a diode-biased circuit.

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

CATHODE ———
BIAS —
RESISTOR ==
8v-PASS ~
INPYUT
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I (TS OuTPUT
BY-PASS Q T T

|

+

s
CONDENSER | & A

l [ ®

o+
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Fig. 39 Fig. 40

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

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

AUTOMATIC VOLUME CONTROL

The chief purposes of automatic volume 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
1-F STAGE

AVC

8143 10 a-r at the antenna changes, the avc circuit reduces the
voLTace Te stast  resultant change in the voltage output of the last
v c2 i-f stage and consequently reduces the change in

Fig. 41 the speaker’s output volume.

The avc circuit reduces the r-f and i-f gain for a strong signal usually by
ircreasing the negative bias of the r-f, i-f, and frequency-mixer stages when the
signal increases. A simple avc circuit is shown in Fig. 41. On each positive
half-cycle of the signal voltage, when the diode plate is positive with respect to
the cathode, the diode passes current. Because of the flow of diode current through
R., there is a voitage drop across R, which makes the left end of R, negative with
respect to ground. This voltage drop across R, is applied, through the filter R,
an3 C, as negative bias on the grids of the preceding stages. Then, when the signal
strength at the antenna increases, the signal applied to the avc diode increases,
the voltage drop across R, increases, the negative bias voltage applied to the r-f
and i-f stages increases, and the gain of the r-f and i-f stages is decreased. Thus
the increase in signal strength at the antenna does not produce as much increase
in the output of the last i-f stage as it would produce without avc. When the
signial strength at the antenna decreases from a previous steady value, the avc
circuit acts. of course, in the reverse direction. applying less negative bias, permitting
the r-f and i-f gain to increase, and thus reducing the decrease in the signal output
of the last i-f stage. In this way, when the signal strength at the antenna changes,
the avc circuit acts to prevent change in the output of the last i-f stage, and thus
acts to prevent change in loudspeaker volume.

The filter, C and R,, prevents the avc
voltage from varying at audio frequency.
The filter is necessary because the voltage
drop across R; varies with the modulation o .
of the carrier being received. If avc volt- i T 2
age were taken directly from R, without of Last 4 &
filtering, the audio variations in avc voltage LBLA SIS g
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 I MEC.
taken from the condenser C. BBecause of oAVC
the resistance R, in series with C, the con- =3viMIND T
denser C can charge and discharge atonly CZ_T_ o A
a comparatively slow rate. The avc volt- =
age therefore cannot vary at frequencies Fig. 42
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as high as the audio range but can vary at frequencies high enough to compensate
for most fading. Thus the filter permits the avc circuit to smooth out variations
in signal due to fading, but prcvents the circuit from smoothing out audio modulation.

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

In the circuit shown in Fig. 41, a certain amount of avc negative bias is applied
to the preceding stages on a weak signal. Since it may be desirable to maintain
the receiver’s r-f and if 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 avc, or. davc
circuits. A davc circuit is shown in Fig. 42. In this circuit, the diode section D,
of the 6H6 acts as detector and avc diode. R, is the diode load resistor and R,
and C, are the avc filter. Because the cathode of diode D, is returned through a
fixed supply of -3 volts to the cathode of D, a d- current flows through R, and
R, in series with D,y. The voltage drop caused by this current places the avc 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 R, the bias applied to the controlled tubes stays constant at a value
giving high sensitivity. However, when the average amplitude of rectified signal
voltage across R; exceeds 3 volts, the plate of diode D, becomes more negative
than the cathode of Dy 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
ga'm for strong signals, but permits the gain to stay constant at a maximum value
or weak signals.

It can be seen in Fig. 42 that a portion of the -3 volts delay voltage is applied
to the plate of the detector diode D,, this portion being approximately equal to
R:/(R: 4+ R,) times -3 volts. [ence, 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

s - _—FLUGRESCENT  operates as a d-c amplifier and (2)
SHIELD XK S an electron-ray indicator which is
[ @S <33 | __RAY-CONTROL located in the bulb as shown in

‘,.t,\’ (frj, +— ELECTRODE Fig. 43. The target is :j)petx}'latetxif at

SRSl SN o a positive voltage an erefore
TARGET /s LSS . -,--f——gsfyoé attracts electrons from the cathode.

When the electrons strike the target

they produce a glow on the fluores-

/ cent coating of the target. Under

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

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

' target. When the potential of this

electrode is less positive than the target, electrons flowing to the target are repelled
by the electrostatic field of the electrode, and do not reach that portion of the tar-
get behind the electrode. Because the target does not glow where it is shielded from
electrons, the control electrode casts a shadow on the glowing target. The extent
of this shadow varies from approximately 100° of the target when the control
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electrode is much morc negative than tie target to 0” when the control electrode
is at approximately the same potential as the target

In the application of the clectron-ray cube, 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 trinde plate current through resistor R produces a voltage drop
which determines the potential of the cortrol electrode.  When the voitage of the
triode grid changes in tne positive direction, plate current increases, the potential
of the control electrode gocs down because of the increased drop across R, and the
shadow angie widens. When the potential of the tricde ¢rid changes in the negative
direction, the shadow angle narrows.

1vPE
T or 7 6AF6 G
Té ODE 4 —ANANAN——
INECTED T
5 R Al
O -— —
“ £t "
B Z7 Rey 1B . \.:H‘. l Y f
f[o A= — N |
varg, (M7 ls e+
L | 1 y
TO COHTROLLING [} R-TYPICAL VALUE 1S 0.5 MEGOHM
VOLTAGE +8
Fig. 44 Fig. 45

Another type of incicator tube is the SAFG-G. This tube contains only an
indicator unit but emplovs two rav-contiol clectrodes mounted on opposite sides
of the cathode and connected to individual base pins. It emplovs an external d-c
amplifier. See Fig. 45. Thus. two svimmcetiwally opposite shadow angles mayv be
obtained by connecting the two rav-contrel electrodes together or, two unlike
pattetns may be obtaincid by individual connection of each rav-control electrode
to its respective amplifier. !

In radio-receivers. ave voltage is applicd o the grid of the d-c amplifier. Since
ave voltage is at maxiimum when the set is tned to give maximum response to a
station, the shadow angle is at minimum when the receiver is tuned to resonance
with the desired station. The choice

CIRCUIT FOR WIDt ~ANGH L TUrIITG
between electron-ray tubes depends on

a weo.  BavTuu the ave characteristic of the receiver.

kA 7 [rem v The 6E5 contains a sharp cut-off triode

[ =N wh:ch closes the shadow angle on a com-

- ) : ("_) - parativelv low value of avc voltage. The
| AL SN OGNS and 6U5/6G5 cach have a remote

' [tV s cut-off triode which closes the shadow on

l’ | a larger value of ave voltage than the

BOALIRE | 6ES.  The 6AF6-G may be used in con-
2 sy junction with d-c amplifier tubes having

HeS either remote or sharp cut-off character-

[ 1 < istics. Examples showing how electron-

. L _ J v ray tubesare incorporated in receiver cir-

] cuite are given in CIRCUIT SECTION.

. The sensitivity indication of electron-

Al ray iubes can be increased by using a
separate d-c amplifier to conirol the action of the ray-control electrode in the tuning
incicator tube. This arrangement increases the maximum shadow angle from the
ustal 100° to approximately 180°. A circuit for obtaining wide-angle tuning is
shcwn in Fig. 46.

Ry ¢ Fot 16700 OHM®

OSCILLATION

As an oscillator, a radio tube can be emploved to gencrate a continuously
aiternating voltag2. In present-day radio broaccast receivers, this application is
limited practically to superhetercxlyne 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

d Pe bl
8- A= Bt 8- HEATER 8+
Ad TRANSFORMER

Fig. 47 Fig. 48

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

FREQUENCY CONVERSION

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

- two voltages of different frequency, the
Rl A j rnsﬁuﬁs;«cﬂ ouieur a1 r-f signal voltage and the voltage gen-

FREQUENCY M e R EOATE erated by the oscillator, are applied to
[ the input of the frequency mixer.
«|osc...moﬂ 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 ty‘;p:s of tubes employed and in the means of supplying input voltages to the
mixer tube.

A method widely used before the availability of tubes especially designed for
frequency-conversion service, employs as mixer tube either a triode, a tetrode, or
a pentode, in which oscillator voltage and signal voltage are applied to the same
gnd. In this method, coupling between the oscillator and mixer circuits is obtained

y means of inductance or capacitance.
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The second method employs a tube having an oscillator and fr quency mixer
combined in the same envelope. In one form of such a tube, coupling between
the two units is obtained by means of the electron stream within the tube. One
arrangement of the electrodes for this t is shown in Fig. 50. Since five grids
are used, the tube is called a pentagrid converter. Grids No. 1, No. 2 and the
cathode are connected to an external circuit to act as a triode oscillator. Grid No. 1
is the grid of the oscillator and grid No. 2 is the anode. These and the cathode
can be considered as a composite
cathode which supplies to the rest
of the tube an electron stream that [ e-f c'acuir !

varies at the oscillator frequency. |

This varying electron stream is fur- 5500 ¢ g TI [ RS

ther controlled by the r-f signal | Ny R |

voltage on_grid No. 4. Thus, the | - J-IE'?'E PO eas _1 i

variations in plate current are due T T7TCC 0 \ . VaeT . |
GRID T QAL TF outeur]

and the signal frequencies. The A ema l | LYQ'IE:_-I_, I

|

purpose of grids No. 3 and No. 5,
which are connected together with-
in the tube, is to accelerate the
electron stream and to shield grid
No. 4 electrostatically from the
other electrodes. The 6A8 is an
example of a pentagrid-converter Fig. 50
type.

Pentagrid-converter tubes of this design are good frequency-converting devices
at medium frequencies but their performance is better at the lower frequencies
than at the high ones. This is because the output of the oscillator drops off as the
frequency is raised and because certain undesirable eﬂ'ects 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 sxgnay grid also has little effect on the space
charge. The result is that r-f voltage on the signal grid produces little effect on the
cathode current. There is, therefore, little detuning of the oscillator by avc bias
because changes in avc bias produce little change in oscillator transconductance
or in the input capacitance of grid No. 1. Examples of the pentagrid converters
discussed in this paragraph are the single-ended types 1R5 and 6SA7.

to the combination of the oscillator 1<%, rir 5= %
T

e
1

Another method of frequency conversion utilizes a separate oscillator having
its grid connected to the No. 1 grid of a mixer hexode. A tube utilizing this con-
struction is the 6K8 and a top view of its electrode arrangement is shown in Fig 51.
The cathode, triode grid No. 1, and triode plate form the oscillator unit of the tube.
The cathode, hexode mixer grid
(grid No. 1), hexode double-
screen (grids No. 2 and 4).
INTERNAL SMIELD hexode mixer grid (grid No. 3)
-SMELL and hexode plate constitute the
mixer unit. The internal shields
are connected to the shell of the

HEXODE (m1vERY/ tube and act as a suppressor for

cRID N&1 "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 1n 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.

[osciCiatca | TYPE 6L7 It follows, therefore, that the variations
USINGT | (s SFeRdaann) T in plate current are due to the combina-
SERSRETE | |/ ——— outeur tion of the oscillator and signal frequencies.
proswratll NS PLATE [ CReurT | The arrangement of electrodes in a penta-

(T dsCILL ATORY L _GRIDS Ne2ta grid-mixer tube is shown in Fig. 52. The

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

[ T e arer and a plate. Grids No. 1 and 3 are
| cmeur [ X L caTuooe C(l)'nfir(t)] gn%s.N’l hle r:It: ;}gna}dvgltage is ap-
— e plied to grid No. 1. is grid has a remote
O cut-off characteristic and 1s 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
radio 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 (or some variation in the voltage and current
supplied to the filament or heater, but most satisfactory results are obtained from
operation at the rated values. When the voltage is low, the temperature of the
cathode is below normal, with the result that electron emission is limited. This
may cause unsatisfactory operation and reduced tube life. On the other hand,
high cathode voltage causes rapid evaporation of cathode material and shortens
life. To insure proper tube operation, the filament or heater voltage should be
checked at the socket terminals by means of an accurate voltmeter while the
receiver is in operation. In the case of series operation of heaters or filaments,
correct adjustment can be checked by means of an ammeter in the heater or fila-
ment circuit.

The filament or heater voltage supply may be a direct-current source (a battery
or a d-c power line) or an alternating-current power line, depending on the type
of service and tvpe of tube. Frequently, a resistor (either variable or fixed) is used
with a d-¢ 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 directiy
Svm the power line
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D-¢ filament or heater operation should be considered on the basis of the
source of power. In the ~ase of the battery supply for the new l.4-volt filament
tubes, it is unnecessary to use a voltage-dropping resistor in series with the filament
and a single dry-cell: the filiments of these tubes are designed to operate satis-
factorily over the range of voltage varintions 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 sterage cell or when the 6.3-volt series are operated
from a G-volt storage batterv In tne case of dry-battery supply for 2-volt filament
tubes, a variable resistor in series with the filament and the battery is required to
compensate for battery variations. It is also recommended that an accurate volt-
meter or milliammeter be permanently installed in the receiver to insure operation
of the tubes at their rated filainent 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 dryv-cells rises during off-periods. In the case of storage-battery
supply. air-cell-battery supply, or d-¢ power supply, a non-adjustable resistor of
suitable value may be used. It is well to check initial operating conditions, and
thus the resistor value, by means of a voltmeter or ammeter

The filament or heater resistor required when filaments and/or heaters are
operated in parallel can be determined easily by a simple formula derived from
Ohm'’s law.

. . supply volts — rated volts of tube t
Required resistance (ohms) = Wk — HLs

total rated filiment current (amperes)

Thus, if a receiver using thiee 32's, two 30's, and two 31's is to be operated from
dry batteries. the series resistor is equal to 3 volts (the voltage from two dry celis
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 ¢.. approximately 1.8 ohms.
since this resistor should be variable to aliow adjustment for battery depreciation,
it is advisable to obtain the niext larger conumercial 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 suiliciently 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 =
C.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 filuments 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

Required resistance (ohms) = rated amperes of tubes

Thus, it 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
amipere, or approximately 1.1.4 watts. A resistor having a wattage rating in excess
of this value should be chosen.

It will be noted in the example for series operation that all tubes have the same
current rating.,  If it is desired to connect in serics tubes having different heater-
or filament-current ratings, each tube of the lower rating should have a shunt
resistor placed across its heater or filament terminals to pass the excess current.
The value of this shunt resistor can be calculated from the following formula, where
tuhe A is the tube in the scries connection having the highest heater current rating
and tube B is any tube having a heater current rating lower than tube A.

Heater shunt resistance (ohms), tube B =
heater volts, tube B

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

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

6.3

o8 —03 ' 12.6 ohms.

Heater shunt resistance =

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

When the series-heater connection is used in a-c/d-c receivers. it is usually
advisable to arrange the heaters in the circuit so that the tubes most sensitive to
hum disturbances are at or near the ground potential of the circuit. This arrange-
ment reduces the amount of a-c voltage between the heaters and cathodes of these
tubes and minimizes the hum output of the receiver. The order of heater connec-
tion. by tube function, from chassis to the rectifier-cathode side of the a-c line is
shown in Fig. 53.

FIRST

— r
R-F [ VOLTAGE
H  a-F CONL AND 1-F GOWER BEGTI DROPPING
AMPLIFIER| | VERTER STAGES _{.‘MPUHCR FIER | | resiston

AUDIO
DETECTOR

= boow f

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
he taken to see that the line voltage is the same as that for which the primary of
the transformer is designed. The line voltage may be determined by measurement
with an a-c voltmeter (0-150 volts).

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

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

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

HEATER-TO-CATHODE CONNECTION

The cathodes of heater-type tubes, when operated from a.c.,, should be con-
nected either to the mid-tap on the heater-supply winding or to the mid-tap of a
50-ohm (approximate) resistor shunted across the winding. This practice follows
the general recommendation that the potential difference between heater and
cathode be kept low. In high-gain resistance-coupled circuits, it is suggested that
the heater be made 10 volts positive with respect to the cathode in order to prevent
emission from taking place from heater to cathode and producing hum. If a large
resistor is used between heater and cathode, it should be by-passed by a suitab
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filter network or objectionable hum may develop. 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 batterles, devices for recti-
fying a.c., direct-current power lines, and small local generators. Auto radios have
caused the commercial development of a number of devices for obtaining a high-
voltage d-c supply either from the car storage-battery or from a generator driven
by the car engine.

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

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

GRID VOLTAGE SUPPLY

The recommended grid voltages for different operating conditions have been
carefully determined to give the most satisfactory performance. Grid voltage may
be obtained from a separate C-battery, a tap on the voltage divider of the high-
voltage d-c supply, or from the voltage drop across a resistor in the cathode circuit.
This last is called the “cathode-bias,” or "self-bias” method. In any case, the
object is to make the grid negative with respect to the cathode by the specified
vcltage. When a C battery is used, the negative terminal is connected to the grid
return and the positive terminal is connected to the negative filament socket ter-
minal, or to the cathode terminal if the tube is of the heater-cathode type. If the
filament is supplied with alternating current, this connection is usually made to
the center-tap of a low resistance (20-50 ohms) shunted across the filament ter-
minals. This method reduces hum disturbances caused by the a-c supply. If
bias voltages are obtained from the voltage divider of a high-voltage d-c supply,
the grid return is connected to a more negative tap than the cathode.

The cathode-biasing method utilizes the voltage drop produced by the cathode
current flowing through a resistor connected between the cathode and the negative
terminal of the I3-supply. See Fig. 54. The cathode current is, of course, equal

Q0T

B- B¢

R = GRID-BIASING RESISTOR T= FngAMENT TRIANSFORMER 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
currerts 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.
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The size of the resistance for cathode-hiasing a single tube can be determined
from the following formula:

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

Resistance (ohms) =

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

By-passing of the cathode-bias resistor depends on circuit design requirements.
In r-f circuits the cathode resistor should always be by-passed. In a-f circuits the
use of an unby-passed resistor will reduce distortion by introducing degeneration
into the circuit. However, the use of an unby-passed resistor decreases power
sensitivity. When by-passing is used, it is important that the by-pass condenser
be sufficiently large to have negligible reactance at the lowest frequency to be
amplified. In the case of power output tubes of high transconductance such as
the beam power tubes, it may be necessary to shunt the bias resistor with a small
mica condenser (approximately 0.001 »f) 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 : re 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 GAB?.

Grid-bias variation for the r-f and i-f amplifier stages is a convenient and
frequently used miethod 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 potentiomwter 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 stup 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 resistince used for regulation.

VARIABLE |_‘

>
B- A~ As LA

VARIABLE

" Fig. 55 I'ig. 56

Where receiver gain is controlied by gnd-bius variation, it i3 advisable to have the
control voltages extend over a wide range in order to minimize cross-modulation
and modulation-distortion. A remote cut-off tyvpe of tube should, therefore, be
used in the controlled stages.

SCREEN VOLTAGE SUPPLY

The positive screen voltage for pentodes and beam power tubes may con-
veniendy be obtained from a high-voltage supply through a series resistor becausa
tubes having suppressor action provide high uniformity of the screen-current
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characteristic. Fig. 58 shows a pentode with its screen voltage supplied throt:ﬁh
a series resistor. The positive screen voltage for tetrodes (screen-grid tubes) should
be obtained from a proper voltage tap or from a potentiometer connected across
the B supply. It should not be obtained from a high-voltage supply through a
series resistor because of the characteristic screen-current variations in tetrodes.
Fig. 59 shows a tetrode with its screen voltage obtained from a potentiometer.
It is important to note that the plate voltage for tetrodes or pentodes should be
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.

VARIABLE

@
A+ A- 8- {ito

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
transconcuctance 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 screer voltage is varied. it is essential that the
screen voitage never exceed the rating cf the tube. This requirement can be met
by providing a fixed stop on the potenticmeter.

SHIELDING

In high-frequency stages having high gain, the output circuit of each stage
must be shielded from the input circuit of that stage. Each high-frequency stage
also must be shielded from the other high-frequency stages. Unless shielding is
employed, undesired feedback may occur and may produce many harmful effects
on receiver performance. To prevent this feedback, it is a widely followed practice
to shield separately each unit of the high-frequency stages. For instance, in a
superheterodyne receiver, each i-f and r-f coil may be mounted in a separate shield
can. Bafile plates may be mounted on the ganged tuning condenser to shield each
section of the condenser from the other sections. The oscillator coil may be
especially well-shielded by being mounted under the chassis. The shielding pre-
cautions required in a receiver depend on the design of the receiver and the layout
of the parts. In all receivers having high-gain high-frequency stages, it is necessary
to shield separately each tube in the high-frequency stages. When metal tubes.
and in particular the single-ended types. are used, complete shielding of each tuhe
is provided by the metal shell which is grounded through its grounding pin at the
socket terminal. The grounding connection should be short and heavv,

FILTERS

FFeed-back eftects also are caused in radio receivers by coupling between stages
thirough comnion voltage-supply circuits. Filters find an important use in minimiz-
ing such effects.  Theyv 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. IFig. 60 illustrates
several forms of filter dircuits. Condenser C forms the low-impedance path. while
the choke or resistor assists in diverting the signal through the condenser by offering
a high-impecance to the power-supply circait,

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

0-C D-C 0-¢ D-C
VOLTACE VOLTAGL VOLTAGL VOLTAGL
LEAD LEAD LEAD LEAD

B L L
T Toomed T Fro comece |
T0 CATHOOE TO CATHODE 10 CATHODE TO CATHOOE
RTAESISTOR  CrBY-PASS CONDENSER  LZA-F OR R-f CHOKE

Fig. 60

The minimum practical size of the condensers may be estimated in most cases
by the following rule: The impedance of the condenser at the lowest frequency
amplified should not be more than one-fifth of the impedance of the filter choke or
resistor at that frequency. Better results will be obtained in special cases if the
ratio is not more than one-tenth. Radio-frequency circuits, particularly at high
frequencies, require high-quality condensers. Mica condensers are preferable.
Where stage shields are employed, filters should be placed within the shield.

Another important 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 condenser is placed next to the rectifier tube. See Fig. 61.

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

CHOKE -INPUT TYPE FILTER CONDENSER-INPUT TYPE FILTER CONDENSER FILTER
—o 00 — v 5
L L L
FROM FRom ProMm
M L FROM - L JL
RECTIFIER c ¢ T oureur RECTIFIER T ¢ G SOl RECTIFIER & GG
Tuee TuBE TUBE
——— 4+
L=FILTER CHOKE  C=FIiLTER CONDENSER
Fig. 61

If an input condenser is used. consideration must be given to the instantaneous
peak value of the a-c input voltage. This peak value is about 1.4 times the RMS
value as measured by an a-c voltmeter. Filter condensers. therefore, especially the
input condenser. should have a rating high enough to withstand the instantaneous
peak value if breakdown is to be avoided. When the input-choke method is used.
the available d-c output voltage will be somewhat lower than with the input-
condenser method for a given a-c plate voltage. However, improved regulation
together with lower peak current will be obtained.

Mercury-vapor and gas-filled rectifier tubes occasionally produce a form of
local interference in radio receivers, through direct radiation or through the power
line. This interference is generally identified in the receiver as a broadly tunable
120cycle 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 millihenrv or more between
each plate and transformer winding and to connect high-voltage. r-f by-pass con-
densers between the outside ends of the transformer winding and the center tap.
See Fig. €2. The r-f chokes should be placed within the shielding of the tube. The
r-f by-pass condensers should have a voltage rating high enough to withstand the
peak voltage of each half of the secondary. which is approximately 1.4 times the
RMS value. Transformers having electrostatic shielding between primary and
secondary are not likely to transmit r-f disturbances to the line. Often the inter-
ference may be eliminated simply by making the plate leads of the rectifier extremely
short. In generai, the particular method- of interference elimination must be
selected by experiment for each installation.

TO
FILTER

ELECTROSTATIC
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-c plate current [rom the winding of an electro-
magnetic speaker and also to transfer power efficiendy from the output stage to a
loudspeaker of either the electro-magnetic or dynamic type.

PLATE 1€ 7 2-6pf

I T
L weur Ho-son g
[} > CHOKE
i 10 B+ <l LOUDSPEAKER
ANRUT IS Loubseeaker
® l——o
ér L EATHOOE

TRANSFORMER ME THOD CHOKE-COIL METHOD

Fig. 63

Output-coupling devices are of two types. (1) choke-condenser and (2) transformer.
The chok e-condgenser type consists of an iron-core choke with an inductance of not less
than 10 henrys which is placed in series with the plate and B-supply. The choke
offers a very low resistance to the d-c plate current component of the signal voltage
but opposes the flow of the Huctuating component A by-pass condenser of 2 to
6 uf supplies 2 path to the speaker winding for the signal voltage. The transformer
type is constructed with two separate windings a primary and a secondary wound
on an iron core. This construction permits of designing each winding to meet the
requirements of its posttion 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 ol we circuits given 1n 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. [t 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.

- B S . B
Cothade Velts| 14 | 20 | 25 5.0 63 1'1' $7" }
— - — - | — -+ -— y
DIODE DETECTORS & RECTIFIERS I I |
Detectars, twin | (6H6, 6H6.G) |
TAS
P I — j 4 S O S L. S—
(hali-wave 1v 1923 |
| 35Z3.L7 |
35Z4.GT |
3525-GT
I SRR SR S S i -7 4 51 |
|half-wave with beam | 70L7-GT
_fo_nro_v_czmpldig-: I R | -
half-wave with 12A7 1
Rectifiers power pentade L N 25A1-G
vacuum [ (54 (6X5, 6X5.G,
sU4.G, | 6X5-GT, 84),
5X4-G, 6Z2Y5.-G
| 523), 7Y4
i (5W4
} 5Y3.G,
full wave | s5Z4,
1 Y4 G
1 80),
| H(SVA.G,
] 83v) |
meicyv Y N _f___ L N . |
Lqus‘ - _L(cl_d-_(_ofhgd.; Types 024, 01‘3'6,_,_ ]
Rectfier-Daublers | [ | ] (2526
2526-
| 2526-G1
2575)
. I 11726-GT
DIODE DETECTORS with |
AMPLIFIERS
i with high-mu tnade 1H5.G,
- 1H5-GT
One | with high-my tnade and
Diade _t-f pentade ) 43_A8-GT_'4_
with mediym-my tnade,
and poyﬁpﬂﬂcde—_ I_DB-GT_ B
f mlh_penlode 155 !
‘ with mediym-mu tiiade (1Bs, | ss (6SR7, 6R7, | 125R7
| — S— lHé'G) i ! 6@' ,85) $
! with high-my tnode 2A6 | 6SQ7 (125Q7,
N 627, 6Q1.G, | 12Q7-GT)
| Diades 6Q1.61,611.6, |
| 6B6-G, 75)
{ ! | 7C6 1
B S SR S | < B S
{ with pentode iF7-GV, | 287 (088, 658-G, 12¢8
) ) o e o) | eBM) [
| COMNVERTERS & MIXERS | | |
| Pentagrid Canverters [1A1.6. 01016, [2a7 | | (6SA7, | (125A7
YAT G 16, | 6A8, 6A8.G, [12A8.Gf)
| ks ‘(nm-?, . ubAa.?T,lquE.G,
| 1A6 | { 6A7), 188-LM
Tnode-Herode Canverters : o 4 - ) _;_- | 6K8 12K8
Octode Canverters | TA8 ]
‘L Pentaand Nixers o l’ === T j [ (6L7, 61.7.G)

NOTE: This classification daes nat Include the fallawing ald 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 an thesc types, hawever, are given in subsequent pages.
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[ Cathode Voits| 1.4 20 | 25| 50 63 Ll
D —— 1
| VOLTAGE AMPLIFIERS
DEYECTORS, OSCILLATORS
1 wngle unit 1G4-G | (1H4.G, | 27, (6C5, 6C5-G), 1245-GT
i 30} 56 (65, 6]5-G,
6)5-G), 6L5.G,
76, 37, 6P5-G,
medium-my __6AE5-GT
i lwin unit - | 6C8-G, 6F8.G
A twin plu'e» N 6/\2}-9
i with power 6ADT-G
! pentode
Triodes with diode, 1D8.GT
power |
pentode o o S
single vmit t_ (6SFS, 6FS, (12SFS
\ 675.G, 6F5.GT), | 12F5.G1)
Lhigh-ru | B 6K5-G
twnont [ 1 65CT 125C7
with dicde, |3A8.GT* ]
- pentode -
. remcte cut-off 35
fetrodes {sﬂ;;._:t-oﬁ T T A e
remore cul-off 174 (1Ds.GP,! 58 (65K7, (195K7
1A4.P), oK, 6K7.G, | 12K7.Gh
34 6K1-GT, 718),
(657, 657-G),
(6U7-G, 6D6)
6W1-G, 39 44
TAT-LM, 787,
Penlodes | o | 4 __()f\37.,6/\(7.
I '] remote cut-off, | | 1 6F7
I _vath triode | |
shorp zut-off (INS.G, [(1E5.GP, | 57 b (657, 67, (12547,
i INS-GI)i 1B4.P), | 6)1-G, 6)7-G0), |12)1-G1)
T s ) 6Ce,[T1,0CT |
i Lsharw cut-off, with di- 13A8.GT*
PR ___ode, hghmutmode | |} | ’
POWER AMPLIFIERS
low-mu, “ingle umt 31 2A3, |
e i SN
Triades I’smglc— unit | 49 46 | 6ACS5-G 25 ACS-GT]
high-my< __ = — ._'._,_ I
Ctwin umt 1G6-G | (1J6-G, | 53 (6N7, 6N7-G,
o 119 | leae), 621.G, 19
without rectifier 1Q5.G1, | (6L6, 6L6-G), | (25L6
175.G1, [ (6V6, 6V6.G, | 25L6.G,
Beom 3Q5.GI* 6V6-Gl), 6Y6-G, 125L6-GT),
Power 7C5-LT 35AS5-LT,
Tubes 35L6-GT
o | R 50L6-G
with rechfie- | j 10L7.GT
single unit 145G, | (1F5-G, [2AS | (6F6, 6F6-G, 42), | (25A6
[ 1C5-G, | 1F4), | a1 | (6K6-G, 6K6-GT, [25A6-G,
154 (165G, | 59 | a1), 6G6.G, 38 43),
33, | l6A4, 89, 785 LT | 95B6-G
Pentcdes < twin umit 1£7.Gx |
with diogl_»,- and_ |no_d_r:_ 108.GT | I o
wnl‘h_mx:du-n-gu lgoflc [ o _‘_7 b 6ADI-G
with rectifer : - 12A7,
- N [ N N 25A71-G
vndeo T T T T eacie
Div_e_:!-gougled_.“« mpl: T_ o o _(6}35, 6N6-G)
I ELECIRON RAY |
i ¢ 6ABS 6NS,
) 4 o 1100 - 6US5 6GS
Indi- ! single w th skap cut- 6ES
cators < b cif mcde | o
) v, wima: igd s | 1 B 6AF6-G
LOAS THITDIS |Cald-Cethede, Statter-Anods Type: DA4-G.
* iwo 115G in oue bulb. ®Designed for television opphicotions.

*filoment a.conged for enther 1.4 volt ¢ 2.8-volt operotion.
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Interpretation of Receiving-Tube Ratings

A star before CHARACTERISTICS under any tube type indicates that the
maximum ratings for this type are to be interpreted in accordance with RMA
Standard M8-210. This standard establishes a new system of ratings in which the
meaning of maxsmum rating i3 changed from *“absolute maximum"” to “design
maximum.” This change has been made to take into account the normal voltage
varlations of the various power-supply sources used for modemn radio receivers.
The Standard M3-210° follows:

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

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

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

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

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

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

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

TYPICAL OPERATION — For many receiving tubes. the data show typical
operating conditions in particular services. These tvpical operating values are
given to show concisely some guiding information for the use of each tvpe. 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 Mapufacturers Assocuation
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Key tc Terminal Designations of Sockets

Alphobetical subscripts D, P, T, ond HX indicote, respectively, diode unit, pentode unit
triode unit, ond hexode unit in multl-unit types.

Numerical subscripts are used {1) In multi-grid types to Indicate relotive position of grids
to cothode or filament, ond (2) in multi-unit types to differentlate between two identical elec-
trodes which would otherwise hove the some designotion.

BP =Bayonet Pin HL =Top for Pane| Lamp S = Shell

BS =Bose Shell K =Cothode S1 =|(nterlead Shield
F =Filament NC = No Connection SL =Bose Sleeve

Fu =Filament Mid-Tap P =Plote {Anode) TA=Torget

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

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

Boticm views of sockets are shown throughout this book.

e o DETECTOR TRIODE

The OQ-A is a storage-battery triode of
the gas-filled type. Operating conditions as
grid-leak detector: mazximum plate volts of
45, grid leak of 2 to 3 megohms, grid con- OO-A
o o denser of 0.00025 uf, and grid return to (-)
r ] filament. Filament volts, 5; amperes, 0.25.
For dimensions, see Fig. 2-24., OUTLINES
SECTION. The OO'A is a discontinued
4D type; it i8 retained for reference only.

DETECTOR AMPLIFIER
TRIODE

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

GAS TRIODE
0A4-G

The 0A4-G is an onic-cathode, glow-dis
charge tube. It contains a plate (anode), a
grid (starter anode), and a cold cathode.
These electrodes are sealed in a bulb filled

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

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

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 impulee 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
PEAK POSITIVE STARTER-ANODE-BREAKDOWN VOLTAGE.......... 90 masx. Volts

StarTER-ANODE CurrgNT (For transition of discharge to anode at

140 vOItS DeaK) ... v vvveievronnenennssonaccosanss 0ooooaa 100 masx. Microamperes

STARTER-ANOLE DROP ... ...itiiiiiiienioeeisieionenononans 60 appros. Volts
AMODE DIROP .. . viiiinneieniiieeoeniiaonasaosionannnnans 70 approx. Volts
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MAXIMUM RATINGS and TYPICAL OPERATING CONDITIONS
Relay Service

Peax CATHODE CURRENT................

D-C CatHODE CURRENT. . .
Tyricat OPERATION WiTH A-C SuPPLY:

Anode-Supply Voltage (RMS) .........
oltage (Peak)......
R-F Starter-Anode Voltages (Peak) ..... ..
Sum of A-C and R-F Starter-Anodes Voltages (Peak)..........

A-C Starter-Anode

................... 100 max. Millinmperes
25 max. Milliamperes
44444444444444444444 105- 131 Volts
0000 ‘0 max Volts
............ 55 min Volts
110 min Volts

INSTALLATION and APPLICATION
The base of the OA4-G fits the standard octal socket which may be installed to hold the tube

in any position.

As a relay tube. the 0A4-G can be op-
erated in the circuit shown below. Pn
this circuit, the starter-anode is main-
tained at a potential just below that re-
quired for breakdown by meana of the
bleeder R1R;. When a carrier having the
frequency of the tuned circuit LC is im-
pressed on the power line, a resonant
voltage appears across L and C. The
effect of the voltage across the condenser
C is to increase the negative potential
peaks on the cathode and thus to in-
crease the potentials between cathode
and starter-anode. These peaks start a
discharge between cathode and starter-
anode. This discharge produces free ions
which enable the discgarge to transfer
to the anode if circuit values are such

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

when the carrier is removed.

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

Most of the voltage on the etarter-
anode required to cause breakdown is
supplied by the bleeder circuit. As a result,
the tuned circuit i8 required to supply
only the difference between breakdown
voltage and applied a-c voltage. Provi-
sion should be made, therefore, to supply
an r-{ starter-anode voltage having a
minimum peak value of 55 volts.

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

For physical characteristics of the 0A4-G, see Fig. 2-17, OUTLINES SECTION.
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oy

(s)

FULL-WAVE
GAS RECTIFIERS

NC ~C
The 0Z4 and 0Z4-G are full-wave,
key K gas-filled rectifiers of the cold-cathode OZ 4
4R type. They are used principally for
Type 0Z4 renewal in vibrator-type [-supply

units. The bases of these types fit the
stundliirg octfa{l l(sjock}:at whti)ch may be
installed to hold the tubes in any
position. For physical characteristics OZ A_G
of the 0Z4 and 0Z4-G, see Figs. 1-2
and 2-3, respectively, in the OUT-
~ LINES SECTION. The shell of the
Mo 9Z4 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 024-G
MAXIMUM RATINGS
STARTING-SUPPLY VOLTAGE PER PLATE .. 300 min. Peak Volts
PEAK PLATE-TO-PLATE VOLTAGE. ... .. 1000 max.  Volts
PEax PLaTE CURRENT . ... ... ... 200 max. Rlilllluunperes
. i 75 max. {illiamperes
D-C Output CURRENT .. ‘ 30 min.  Milliamperes
D-C OutpuT VOLTAGE . . .. ... . ... 300 max. Volts
AVERAGE Dynamic TuBe VOLTAGE Dror. ... . 21 Volts

Gy

SUPER-CONTROL R-F
AMPLIFIER PENTODE

The 1A4-P is a super-control pentode ] AA - P

of the 2-volt filament type for battery-

operated receivers. Its rating, char-

acteristics, and application are the

same as for the Type 1D5-GP, except

that the interelectrode capacitances are as shown below. Filament operation is
discussed under Type 1C7-G. The base of the 1A4-P fits the standard four-
contact socket which should be installed to hold the tube preferably in a vertical
position, but horizontal operation is permissible if pins 1 and 1 are in a vertical
pléne. I;?r physical characteristics of the 1A4-P, refer to IFig. 2-16, OUTLINES
SECTION.

Grip-PLaTE CaraciTance (With shield-can) .. 0.007 max.  pul
INPUT CAPACITANCE . . oo vivii e 5 upf
QuteuT CAPACITANCE . . ...... .. L 11 puf
Ga G
D POWER AMPLIFIER
@ PENTODE

N ’ The 1A5-G is a power-amplifier pen- ] AS - G

G " *  tode of the 1.4-volt filament type for
e use in the output stage of battery-
G-6x operated receivers. The filament is
designed for operation directly across
a 1.5-volt dry cell. Operation of the filament is discussed under Tvpe 1A7-(
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N. plete shielding of the 1A7-G and 1A7-GT is
necessaThryﬁtl.o prevenft intercoupling between its circuit ar’xd those7o? gt;:e%egfarggsy

e filament of either the 1A7-G or the 1A7-GT may b i
i . r . e connect
Zf}rltgs 134_1‘.,501:'03a t(izryvcg}bessinf)i rop_es;gtt)}on of ggedﬁlamenyi with thg ﬁ?gn?elrrxgtl));
. ) 3 mussible provided shunt resistors are employed
across certain filaments fo carrv the plate current i er tupe
tarough these filaments. The shunt resist gh e? o e from i
e e e, Shunt ors should be adjusted to maintain the
| C ) ted value of 1.4 volts under i i
tions. It is obvious that the shunt resistor can also be used to ad?\i)setrz;grng ﬁl?tr;grl
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* CHARACTERISTICS
FiLaMENT VoLTAGE (D.C.)................ 14
FILAMENT CURRENT . ..o vnnrnoonn 0.05
PLATE VOLTAGE ..........ovvenoo 85 '90
ScrEEN VoLTAGE (Grid No. 2) o oR an T

R CA RECEIVING TUBE

Volts
Ampere
Volts

vr s

M ANUAL

ence in filament-current ratings. Series-parallel operation of 1.4-volt types is not
recommended because fuilure 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-{ 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
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 2.1 milliamperes.
A resistance of at least one megohm should be in the control-grid return to the

because these tubes are not critical for frequencies up to 15 mega-cycles.

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 umportant to use a load
capacitance of sutficient 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 wpf. A typical converter circuit which
provides exceptionally uniform oscillator output over the entire grid-bias range

15 shown below

TYPICAL PENTAGFID CONVERTER CIRCUIT
_FOR FILAMENT-T PE TUBE N

SoF oL

300}

~n
»
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Al T
| TyPe VAI-GT P
oAt Lot

ogo

OPERATIGN CHARACTERISTICS
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J
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: HLEr [ soi .
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. 7 = CSCILLATOR GRID LEAR 4] OSCILLATOR-GRIO MILLIAMPERES
92C-6091
G
R-F AMPLIFIER PENTODE Cpy -8
The 1B4-1’ is a pentode of the fila-
ment tyvpe It is used primarily as a
I BA = P radio-frequency amplifier or detector
in battery-operated receivers. The
standard four-pin socket for the 1B4-P £
<hould be mounted to hold the tube pref- an

erably in a vertical position. Ilprizontal
operation is permissible if pins 1 and 4 arc in a vertical plane.

DUPLEX-DIODE TRIODE

] BS I25S The 1B5/25S is a filament 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-

— 50—

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.
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tery-operated receivers. The standard six-contact socket for the 1B5/25S should
be mounted to hold the tube preferably in a vertical position, Horizontal operation
is permissible if pins 1 and 4 are in a vertical plane. Filament operation is dis-
cussed under Type 1C7-G. Physical characteristics of the 1B5/255 are shown
in Fig. 2-19, OUTLINES SECTION. Fcr characteristics, see Type 116-G.

POWER AMPLIFIER
PENTODE

The 1C5-G is a power-amplifier ]CS_G

7'r~  pentode of the 1.4-volt filament type

“3  for use in battery-operated receivers
in which economy cf filament current
i1s important.
* CHARACTERISTICS

FiLaMENT VOLTAGE (D.C)....... ... 1.4 Volts
FiLAMENT CURRENT . ..ot vte oo e aeenses s 0.1 Ampere
PLATE VOLTAGE .......0.ovvurnnnn.. 000 83 90 max.  Volts
ScrEEN VoLTaGE (Grid No. 2) .......... 83 90 max. Volts
Grip VortaGeE (Grid No. 1)............. -7 -7.5 Volts
PLATE CURRENT. . ..ot ovieieeninennns 7 7.5 Milliamperes
SCREEN CURRENT . .. .o ovieneneennen 1.6 1.6 Milliamperes
Prate RESISTANCE (ApPpProx.) ........... 110000 115000 Ohms
TRANSCONDUCTANCE . o oiiiee . 1500 1550 Micromhos
LoAD RESISTANCE . .. ..ot iivinn ... 9000 8000 Ohuns
CATHODE RESISTOR ....ooiivvinn o 920 825 Ohms
Power OUTPUT® . ... ie i 200 240 Milliwatts

* 10, total harmonic distortion.

INSTALLATION and APPLICATION

The base of the 1C5-G fits the standard octal socket whict may be installed
to hold the tupe in any position. Physical cnaracteristics of the 1C5-G are shown
in Fig. 2-13, OUTLINES SECTION. The filament of the 1C5-G 1s designed so
that it may be operated directly from a L.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

v 1C5-G | | |
£471.3VOLTS DC. | |

— SCREEN VOLTS = 90 -- e
CONTRY

25

an vOLTS Eich
Rk

4

PLATE MILLIAMPERES

34 ! |
1% 1350 175 200

100 -
PLATE VOLTS 92C - 4997
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G2 G
PENTAGRID CONVERTER FERON
The 1C6 is a multi-electrode vacuum 63
tube of the 2-volt filament type de- °(2 Sas
] Cb signed to perform simultaneously the
functions of mixer and oscillator in p
superheterodyne circuits. For general AN s

discussion of pentagrid types, see Fre-

quency Conversion in RADIO TUBE sL
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.4toPlate .. .. ... ................... 0.3* upfl
Grid No.4toGrid No. 2 ....................... 0.3* uuf
Grid No.4toGrid No. 1 ....................... 0.15* upf
Grid No. 1toGrid No. 2 ........ .............. 15 unf
Grid No. 4 to All Other Electrodes (R F Input) . .. 10 upf
Grid No. 2 to All Other Electrodes (Osc Output) . . 6 uuf
Grid No. 1 to All Other Electrodes (Osc. Input) . . . 6 upf
Plate to All Other Electrodes (Mixer Output) .. .. 10 upf

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

PENTAGRID CONVERTER

The 1C7-G is a multi-electrode type

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

lator in superheterodyne circuits. This

tube is designed for use in battery-

operated receivers. It is especially use-

ful in multi-range receivers which are

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 Voutace (D.C) . ... oo L. R 2.0 Volts
FILAMENT CURRENT . .. ... 0.120 Ampere
DirecT INTERELECTRODE CAPACITANCES (Approx.):*
Grid No.4toPlate . ........................... 0.26 unf
Grid No.4toGrid No. 2 ........ ... ... ... .. .. 0.32 uuf
Grid No.4toGrid No. 1 ....................... 0.11 uul
GridNo 1toGridNo. 2 ... .................. 12 upl
Grid No. 4 to All Other Electrodes (R-F Input) ... 10 upf
Grid No. 2 to All Other Electrodes Except Grid
No. 1 (Osc.Output)..................ou. ... 5.5 upf
Grid No. 1 to All Other Electrodes Except Grid
No.2(Osc. Input) . ...............oiin... 4.8 upf
Plate to All Other Electrodes (Mixer Output) .. ... 14 uuf

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

Converter Service

PLATE VOLTAGE . ......... .. ... . ... 180 max. Volts
ScrREEN VOLTAGE (Grids No. 3and5).............. 67.5 max. Volts
SCREEN VOLTAGE SUPPLY . . ... ........iiiinnn... 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.
—52 —
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PLATE DISSIPATION . . ... ... ... ... ... 0.3 max. Watt
ScREEN DISSIPATION . ................ .. 0.2 max Watt
ANODE-GRID DissiPaTION .. .. ... .. B 0.4 max. Watt

ToraL CatBopE CURRENT .. ..... ... .. .. L 9 mar Milliamperes
TvypicaL OPERATION:

Plate Voltage . . ................... 135 180 Volts
Screen Voltage . ................... 67.5 67.5 Volte
Anode-Grid Voltage Supply. . . . .... .. 135°¢ 180° Volts
Control-Grid Voltage. ............... -3 -3 Volts
Oncillator-Grid Resistor (Grid No. 1). . 50000 50000 Ohms
Plate Current ....................... 1.3 1.5 Milliamperes
Screen Current ...................... 2.5 2 Milliamperes
Anode-Grid Current.................. 31 4 Milliamperes
Oncillator-Grid Current . .............. 0.2 0.2 Milliamperes
Total Cathode Current. . . ..... . ...... 7.1 7.7 Milliamperes
Plate Resistance (Approx.)......... 0.6 0.7 Megohm
Conversion Transconductance. ... .... 300 325 Micromhos
Conversion Transconductance (At ~14

volts on urid No. 4) (Approx.) ... 4 4 Micromhos

The transconductance of the oscillatur portion (noC oecillating) of the 1C7.G is 1000 micro
mhos under the following conditions: Plate voltage, 135 to 180 volts: screen voltage, 67 5 volts.
anode-grid voltage (no voltage-dropping resistor), 135 volts: and zero oscillator grid volta  Under
thase same conditions, the anode-grid current is 4 9 millramperes

* Applied through 20000-0hm dropping resistor, by-passed by 0.1 uf condenner

INSTALLATION and AFPLICATION

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. lHorizontal
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,
froin 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 voitage. 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
currerit returning from other tubes through these filaments. The shunt resistors
should be adjusted to maintain the filament voltage of each tube at its rated value
of 2.0 volts under operating conditions. It is obvious that the shunt resistor can
also be used to adjust for a difference in filament current ratings. Series-parailel
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 necassary 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 adjustmer:t 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 11)7-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 obtained with an oscillator-grid
current of slightly less than (.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}‘gnd [cak of 50000
ohms are used. [or details of oscillator-coil assemblies refer to Type 6A8

SUPER-CONTROL R-F
AMPLIFIER PENTODE

] D 5 = G P The 1D5-GP is a super-control pen-

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

CHARACTERISTICS
FiLaMent Vortace (D.C). ... ... ... .. ... ... 2.0 Volts
FILAMENT CURRENT ... ... ... i 0.060 Ampere
PLATE VOLTAGE ... ... o . 90 180 max. Volts
ScreEN Voutacge (Grid No. 2) ... ... . ... 67.5 67.5 max. Volts
Grin Vorract (Grid No. 1) ... ... .. 3 min. -3 min. Volts
PLaTE CURRENT . . ... ..., .. B 2% 2.3 Milliamperes
SCREEN CURRENT. ..., .. R 0.9 0.8 Milliampere
Prate Resistaxce (Approx) ... 0.6 1.0 Mejrohm
TRANSCONDUCTANCE . .. ..., .. .. . 720 750 Micromhos
TraNSCONDUCTANCE (At 15 volts bias) 15 15 Micromhos

INSTALLATION and APPLICATION

The base of the 1D5-GP fits the standard octal socket which should be installed
to hold the tube preferably in a verticul 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
ulr}:(é?g'll‘ype 1C7-G. Screen voltage may be obtained in the same way as for Type
1 510,

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

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

Owing to the fact that the supcer-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 settines. depending on recetver 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 desien arrangement of this kind the screen
voltage at decreased vaiues of plate current mav reach a value higher than 675
volts but should not exceed 100 volts [t should be recognized that under the
condition of screen voitage ubove 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 ] 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
FrILAMENT VOLTAGE (D.C.). ... ... .o it 2.0 Volts
FILAMENT CURRENT . ... ottiiineieeineenannnnnn 0.060 Ampere
DirecT INTERELECTRODE CAPACITANCES (Approx.):
Grid No. 4 to Plate (With shield-can) ............ 0.25 unl
Grid No. 4 to All Other Electrodes (R-F Input) ... 13 upf
Plate to All Other Electrodes (Mixer Qutput) .. ... 14 wufl
Converter Service
PLATE VOLTAGE . .. ..ottt 180 max. Volts
ScREEN VOLTAGE (Grids No.3and 5). .. ........... 67.5 max. Volts
ANODE-GrID VoLTAGE (Grid No. 2).. ... . ....... . 135 max. Volts
ANODE-GRID VOLTAGE SUPPLY*. .............. o 180 max. Volts
CoNTROL-GRID VoLTAGE (Grid No. 4)... .. o -3 min. Volts
TortaL CATHODE CURRENT . . . . ....vvun.n.... S 9 max. Milliamperes
Typical OPERATION:
Plate Voltage .. ....................... 135 180 Volts
Screen Voltage . ........... Lo 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 . ........................ 1.2 1.3 Milliamperes
ScreenCurrent ................... ... 2.5 24 Milliamperes
Anode-Grid Current.................... 2.3 2.3 Milliamperes
Oscillator-Grid Current. .. ... ... ... .. 0.2 0.2 Milliampere
Total Cathode Current. . ............... 6.2 6.2 Milliamperes
Plate Resistance. . .................... 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 ia 425 micromhos
under the follow.ng conditions: Plate voltage, 135 to 180 volts: screen voltage, 67.5 volts; anode-
grid voltage (no voltage-dropping resistor), 135 velts, and zero oscillator grid volts. Under these
same conditions the anode-grid current is 2.3 milliamperes.

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

INSTALLATION and APPLICATION

The base of the 11D7-G fits the standard octal socket which should be installed
to hold the tube preferably in a vertical position. [lorizontal operation is permis-
sible if pins 2 and 7 are in a vertical plane. Physical characteristics of the 1D7-G
are shown in Fig. 2-15, OUTLINES SECTION. Filament operation is discussed
under Type 1C7-G. Complete shiclding of thie 11D7-G is generally necessary to
prevent intercoupling between its circuits and those of other stages.

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

For the oscillator circuit, the coils may be constructed according to conver-
tional design, since the tube is not particularly critical for f{requencies 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 byv-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 recommended maximum value of 9 milliamperes.

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

int is proportionately less. The extended cut-off feature of the 11)7-G in com-
ination with the similar characteristics of super-control tubes can be utilized
advantageously to adjust receiver sensitivity.

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

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

Cap  Cip

DIODE-TRIODE OROMS
POWER AMPLIFIER PENTODE "+’

] D8- GT The 1D8-GT is a multi-unit tube F*(2

having a 1.4-volt filament for use in .

compact battery-operated receivers v\ ey

designed for it. This tube combines AT

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.

7)F-

% CHARACTERISTICS

FiLamMent VoLtace (D.C). ... 1.4 Voits

FrLaMENT CURRENT .. ...t 0.1 Ampere
Pentode Unit as Class A, Amplifier

PratE VorLTAaGE ... .. ... ... ... 45 67.5 90 max. Volts

ScreEN VoLTace (Grid No. 2) . ... 45 67.5 90 max. Volts

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

PLaTe CURRENT. ................ 1.6 3.8 5 Milliamperes

ScREEN CURRENT . ...o.ov.ena.. .. 0.3 0.8 1.0 Milliamperes

Prare RESISTANCE ... ... .. ... 0.3 0.2 0.2 Megohm

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

Loap RESISTANCE .. ............. 20000 16000 12000 Ohms

Total DISTORTION .............. 10 10 10 Per cent

Power Oureut. ... ... ... ..., 35 100 200 Milliwatts
Triode Unit as Class A, Amplifier

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

GRID VOLTAGE . ................. 0 0 0 Volts
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PLATE CURRENT. . . .............. 0.3 0.6 1.1 Milliamperes

AMPLIFICATION FAcTOR. .. ... . ... 25 25 25

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

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

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

INSTALLATION and APPLICATION

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

The diode may be used in conventional circuits as a detector and to supply
avc voltage to r-f, i-f, and mixer stages. The 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.

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

2 NC
OO
"G QC R-F AMPLIFIER PENTODE
The 1E5-GP is a pentode of the 2.0-
re(@) 7)e. volt filament type for use in battery- ] E5 - GP
¢3 operated receivers as a radio-frequency
e nzv~ c amplifier or as a detector.
G-5Y
CHARACTERIST'CS

FroamMent Voutace (D.C). ... . ... ....... .. 2.0 Volts
FriLaMENT CURRENT. ... ... ... ... .......... .. 0.060 Ampere
PLATE VOLTAGE .. .........cooivininn... 90 180 max. Volts
SckieEN VoLtaGE (Grid No. 2) ............ 67.5 max. 67.5 max. Volts
Grip VoLtaGE (Grid No. 1) . .............. -3 -3 Volts
PLATE CURRENT. . ....................... 1.6 1.7 Milliamperes
SCREEN CURRENT. .. ... .ot 07 0.6 Milliampere
PLATE RESISTANCE. . ..................... )| 1.5 Megohms
TRANSCONDUCTANCE . . ................... 600 650 Micromhos
GriL VOLTAGE® (Approx.) ................ -8 -8 Volts
Grip-PLaTE CapaciTance (With shield-can) 0.007 max. uuf
INPUT CAPACITANCE . ... ......coivvnnnnn. 5 uuf
OutPuT CAPACITANCE . . . ................. 11 nuf

¢ For plate current cut-off.

INSTALLATION and APPLICATION
Tt.e base of the 1ES-GP fits the standard octal socket which should be installed

to hold the tube preferably in a vertical position. FHorizontal operation is permis-
sible if pins 2 and 7 are in a vertical plane. Physical characteristics of the 1E5-GP
are given in Fig. 2-15 OUTLINES SECTION. . Filament operation is discussed

under Type 1C7-G

The screen voltage may be obtained from a tap on the B-supply battery or
from a bleeder circuit across the battery. as a whole or in part. Due to the screen
current characteristics of the 1E5-GP, a resistor ih series with the B-supply may
be emploved if desired. for obtaining the screen voltage, provided the maximum
voltage between screen and filament does not exceed 100 volts under conditions of
reduced piate current
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TWIN-PENTODE
POWER AMPLIFIER -

tp

The 1E7-G is a multi-electrode

] E7-G vacuum tube containing two power-
amplifier puxtodcs in one envelope.

This construction permits the use of

one tube in the final, push-pull stage : o2
of battery-operated receivers. G-8C
% CHARACTERISTICS
Fi.aMeNT VoLtaGe (D.C). .o oo 2.0 Volts
FILAMENT CURRENT . ... ...ttt 0.24 Ampere
AVERAGE CHARACTERISTICS OF SINGLE UNIT!
Plate Voltage .. ... .. ... .. ... ... .. ... ...... 135 Volts
Screen Voltage (Grid No. 2) .................... 135 Volts
Grid Voltage (Grid No. 1) ...................... -4.5 Volts
Plate Current ... ... ... .. ... . ... ... ... ..., 7.5 Milliamperes
Screen Current .. ... ... 2.2 Milliamperes
Plate Resistance (Approx.)...................... 0.26 Megohm
Transconductance ... .......... ... ... ... ... 1425 Micromhos

As Push-Pull Class A, Amplifier

Valves are for two units
PLate VOLTAGE .. .

135 max. Volts

SCREEN VOLTAGE . ...t 135 max. Volts

GRID VOLTAGE® .. .. . . U Volts

PEag A-F Grin-1o-GribD VOLTAGE . . .. ............. 1.5 Volts
ZERO-SIGNAL PLrate CURRENT (Approx.). .. .. o 7 Milliamperes
Max.-StonaL Prate CURRENT (Approx.) ... .. 10.5 Milllamperes
ZERO-SIGNAL SCREEN CURRENT (Approx.) .. ..... Y Milliamperes
MAX.-SIGNAL SCREEN CURRENT (Approx.) .......... 35 Milliamperes
Loap Resistance (Plate-to-Plate) . .. ... ... ... .. 24000 Ohms
ToraL HArRMONIC DisTORTION ... .0 .0 L 5.5 Per cent
Tuirp HarMoNIC DISTORTION . ... .0 ... ... 1.5 Per cent
Max.-SieNaL Power Ovreett o oo oo 0.575 Wart

t A power output of 1 0 watt with 10

total distortion can be obtained in class As operation

with a peak a-f gnd to-grid voltage of 21 volts
®* The d-c resistance in the grid aircuit should not exceed 1 0 megohm with cathode bias,
or 0 5 megohm with fixed bias.

INSTALLATION and APPLICATION

The base of the 1E7-G fits the standard octal socket which should be installed
to hold the tubc prdembly in a vertical posluun Ilorizontal operation is pcrmxs—
sible if pins 2 and 7 are in a vertical plane. Physical characteristics of the 117-G
are shown In Fig. 2-17, OUTLINES SECTION. Filament operation is discussed
under Type 1C7-GG The two units of the 117-G are used in the same manaer s
two separate tubes in conventional push-pull, audio-frequency amiplifier circuits.

POWER AMPLIFIER PENTODE

The 111 is a4 power-amplifier pen-
tode of the 2-volt filament type for use ----
in the output stage of batterv-oper- . &
ated receivers,  Its electricnl charac-
teristics are the same s those of the —
Trpe 1F3-G. The hase of the TH1 fits o 753
the standard five-contact socket which oK
should be installed to hold the tube
preferably ina vertical position with the base down.  Torizonta! operation is per-
nasdable 1 pins 1and 3 are in a vertical plane.  Physical eharacteristics of the Hed
are shown in Fig 2-25, OUTLINES SECTION. Filament operation is discuss (*
under Type 1C7-G Application is the same as for Type 1F5-G
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POWER AMPLIFIER PENTODE

The 1F5-G is a power-amplifier pen-
tode of the 2-volt filament type for use
in the output stage of battery-operated '| F5 G
receivers. Tius tube has low filament- =
and plate-cusent requirements, high
power sensitivity, and is capable of

delivering a :onsiderable amount of
audio power with low distortion.

* CHARACTERISTICS

FiLaMeNT VoLTaGge (D.C). ... ... ... .. ... ... ... 2.0 Volts

FILAMENT CURRENT ... ... oot 0.12 Ampere
As Single-Tube Class A, Amplifier

PLATE VOLTAGE . ... .. i 180 max. Volts

SCREEN VOLTAGE ... ... ittt 180 max. Volts

PLATE DISSIPATION . ... ... . ... .. ... 1 75 max. Watts

SCREEN DISSIPATION .. .......... e 0.75 max. Watt

TvypicaL OPERATION:

Plate Voltage .. ....................... 90 135 Volts
Screen Voltage (Grid No. 2)..... ....... 90 135 Volts
Grid Voltage (Grid No. 1) ........... ... 3 4.5 Volts
Peak A-F Grid Voltage . . ...... ... . . 3 1.5 Volts
Plate Current ........ . . e 4 8 Miiliumperes
Screen Current . .................. . 1.1 2.4 Millinmperes
Plate Resistance (Approx.) .. ... ...... 0.24 0.20 Megohm
Transconductance ... ........ . 1100 1700 Micromhos
Load Resistance. .. ............... . 20000 16000 Ohms
Cathode Resistor . ........... ... ... ... 588 432 Ohms
Total Harmonic Distortion............. 6 D) Per cent
Power Cutput. . ....................... 110 310 Milliwatts
As Push-Pull Class AB, Amplifier
Yalues ore fcr two tubes
FLATE VOLTAGE ... ... . ... ... .. o i, 180 max. Volts
SCREEN VOLTAGE . ... ... ........... ... .......... 180 max. Volts
PLATE DISSIPATION .. ... ... .. .......  ...... 1.75 max. Watts
ScrREEN DissiPArIoN ... ... ... e 0.75 max. Watt
TypicaL OPERATION:
Plate Voltage .. ......... ... . ..... . ..... ... ... 180 Volts
Screen Voltage . ...................... R 180 Volits
Grid Voltage . . .......... . .. ... . -7.5 Volts
Peak A-F Grid-to-Grid Voltagc ...... . o 15 Volts
Zero-Signat Plate Current......... .. e 19 Milliamperes
Max.-Signat Plate Current . .. ... .. ...... ... ... . 21 Milliamperes
Zero-Signal Screen Current. . ... ... R 55 Milliamperes
Max.-Signal Screen Current. . ... . R 7 Milliamperes
Load Resistance (Plate-to-piate) . ... .. o 20000 Ohms
Total Harmonic Distortion. . ... .. . o 1.5 Per cent
Max.-Signal Power Qutput .. ... ... L . 1.25 Watts

INSTALLATION and APPLICATION

The base of the 1F5-G fits the standird octal socket which should be installed
to hold the tube preferably in a vertical position with the base down.  Horizontul
operation is permissibie if pins 2 and 7 are in a vertical plane.  Phvsical character-
istics of the 1F3-G are siown in Fig. 2-21, OUTLINES SECTION.  Filament
opcration is discussed under Type 1C7-G.

For the power amplifier stave of radio receivers. the 1F5-47 is recommended
either singly or in push-pull nor.l\.n :ition More than one audio stage preceding
the 1F5-G 'is un-esirable beczos of the possivility of microphonic disturbances
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resulting from the high level of amplification. Transformer- or impedance-coupling
devices are preferable. If resistance coupling is employed, the d-c resistance in
the grid circuit should not exceed 1.0 megohm under cathode-bias conditions; with
fixed bias, the maximum value is 0.5 megohm.

G2p P02

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

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

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

Pentode: Grip-PLATE CAPACITANCE®. ... .. .. ..... .. 0.007 max. upf
INPUT CAPACITANCE. ... ................. 4 uuf
OuTtpPUT CAPACITANCE . .................. 9 uuf

¢ With shield-can.

Poa Po
DUPLEX-DIODE PENTODE
The 1F7-GV is a duplex-diode pen- "G &)
tode consisting of two diodes and a |
] F7.. GV pentode in a single bulb. It is recom- r+(2 )r-

mended for service as a combined / e 1

detector, amplifier (radio-, intermedi- e rer

ate-, or audio-frequency), and auto- ne

matic-volume-control tube in battery- Sa7a0
operated receivers. For diode detector and avc considerations, refer to the RADIO
TUBE APPLICATIONS section.

* CHARACTERISTICS
FiLaMenNT VoLTAGE (D.C.)......... ... ... ........ 2.0 Volts
FILAMENT CURRENT . ... .. ..., 0.06 Ampere
Pentode: GRID-PLATE CAPACITANCE®. ... ... ... .. .. 0.01 max. uuf
INPUT CAPACITANCE® . .. ... ............. 38 uuf
OuTtpPuT CAPACITANCE® .. ... ............. 95 upf

¢ With shieid-can connected to (-) filament.

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

PLATE VOLTAGE . ....... ... ..ot 180 max. Volts
ScreeEN VoLTAGE (Grid No. 2) ... ... .. ........... 67.5 max. Volts
GriD VoLTAGE (Grid No. 1) ... .................... -1.5 Volts
PLATECURRENT . . .. ... ... . i 2.2 Milliamperes
SCREEN CURRENT . . ..ottt 0.7 Milliampere
PLATE RESISTANCE (Approx.)  ........ ....... 1 Megohm
TRANSCONDUCTANCE . .. .. . ............. o 650 Micromhos
TRANSCONDUCTANCE (At —12 volts bias)§.. ... ... .. 20 Micromhos
Pentode Unit—As Resistance-Coupled A-F Amplifier
PLATE-SUPPLY VOLTAGE .. ... . ... .. 135 135 Volts
ScREEN-SUPPLY VOLTAGE . . .. .. .. 135 135 Volts
D-C Grip VOLTAGEY. ... .. ... .. 10 2.0 Volts
PEAK A-F GRID VOLTAGE. ... 064 0.62 Volt
ZERO-SIGNAL D-C PLATE CURRENT 0.42 0.42 Milliampere

§ For cathode current cut-ofl
$ If a grid-coupling resistor 1s uesed, 118 maximum vajue abould pot exceed 1.0 megohm.
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Max.-SigNaL D-C PLate Current . 0.34 0.34 Milliampere
PLATE RESISTOR. ................. 0.25 0.25 Megohm
SCREEN RESISTOR. ................ 1 0.8 Megohm
Loap RESISTANCE . . .............. o i

Gric Resistort. . ........... 1.0 0.5 1.0 0.5 Megohm
VOLTAGE AMPLIFICATION. .. ... 48 43 46 41

Totai. HARMONIC DISTORTION . 5 5 5 o) Per cent
Prak VortaGge Output . . ... 30.8 28 28 252 Volts

. ** The load resistance across which tnhe output voltage ie developed, consists of the piate
resistos, coupling condenser, and grid resistcr of the following tube.

t For the following tube.

Diode Units

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

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 1;31%
2-15, OUTLINES SECTION. The 1F7-GV is similar in application to Type 6B8.

DETECTOR AMPLIFIER

TRIODE 'I GA_G

The 1G4-G is a medium-mu triode
of the 1.4-volt filement type for use
as a detector or voltage amplifier.

G-5S5

% CHARACTERISTICS
FiLAMENT VOLTAGE (D.C.) .. ... ... .. ... ... .... 1.4 Volts
FILAMENT CURRENT . .......... ... it o, 0.05 Ampere
GRID-PLATE CAPACITANCE . ............ooiviin... 2.8 unf
GRID-F1LAMENT CAPACITANCE . . . . ................. 2.2 upfl
PLATE-FILAMENT CAPACITANCE. . . .. ............... 34 upf

As Class A, Amplifier
PLATE VOLTAGE ... ..... ... . . . i, 90 max. Volts
GRIDVOLTAGE . . ... .. it -6 Volts
PLATE CURRENT . . ... . .. it 2.3 Milliamperes
PLATE RESISTANCE. . ... .. ... 10700 Ohms
AMPLIFICATION FACTOR. ... ............... ....... 8.8
TRANSCONDUCTANCE . . .. ....0vuiteininannnn.. 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 filamert 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
1 .

— 61 —




RCA RECEIVING UBE M ANUAL

POWER AMPLIFIER :
PENTODE : /

]G5 G The 1G5-G i3 a power-amplifier
- pentode with a 2-volt filament for r. N\ A Dy -

use in  battery-operated receivers - Gy
whe'rc' economy of filament-current Né' vey SNC
drain is important. R
* CHARACTERISTICS
Fieament Vortace (D.C) ..o oo oL 2.0 Volts
FiaMeNTt CURRENT .. .. ... . 0.12 Ampere
As Class A, Amplifier
Prati VOLTAGE ... ... ... ... ... .. ... ... .. .. 135 max. Volts
SCREEN VOLTAGE ... .. o o 135 max. Volts
Prarte DisstpaTioN . . 0. . . 1.25 max. Watts
SCREEN IDISSIPATION .. . . o 0.6 max. Watt
TyricaL OPERATION:
Plate Voltage .. .. ... . . a0 124 135 Volts
Screen Voltage . ... .. R G0 124 135 Volts
D-C Grid Voltage. . .. S 6 11 135 Volts
Peak A-F Grid Voltage .. 6 a4 a2 Volts
Zero-Signal Plate Current . 85 10 S0 Milhamperes
Max.-Signal Plate Current . R 10.7 0y Milliumperes
Zero-Signal Screen Current. ... D 3 X Milliamperes
Max.-Signal Screen Current . 3 e[83 3.6 Milliamperes
Plate Resistance {(Approx.) 133000 145000 160000 Ohms
Transconductance .. 1560 1500 1550 Micromhos
Load Resistance. R500 8000 Q000 Ohms
Total Ilarmonic Distortion. 6 10.5 11 Per cent
Second 1armonic Distortion 3 7 8 Per cent
Third Harmonic Distortion 5) 7.5 7 Per cent
Max.-Signal Power Qutput . 250 vu0* 350** Milliwatts

* A power output of 550 nulliwatts with 137 total distortion (665 second, 117 third) can
be obtained with a peak a-f grid voltage of 11 volts

**A power output of 750 milliwatts with 18°% total distortion (4% second. 159, third) can
be obtained with a peak a-f grid voltage nf 13.5 volte

INSTALLATION and APPLICATION

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

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

CLASS B
TWIN AMPLIFIER

] Gé"G The 1G6-G combines in one bulb

two high-mu triodes designed for

class I3 operation. It is intended for

use in the output stage of battery-

operated reccivers and is capable of
supplving 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.

— 62—

G-7AB



RCA RECEIVING TUBE MANUAL

CHARACTERISTICS
FiLaMent VoLTacE (D.C) ..o oo Lol 1.4 Volts
Fi.AMENT CURRENT . ... ... ... ...... 0.1 Ampere
As Class B Amplifier
PLATE VILTAGE .. ... i R 110 max. Volts
Peax Prate Curkent (Ier plate) ... . ... 20 max. Milliamperes
TyricaL OPER\TION:
Unless otherweise specified, valices are for both units
Plate-Supply Impedance. .. ... ... ... 0 0 Ohms
Effective Grid-Circuit Impedance (Per umt) 0 2530 Ohms
Plate Voltage . ........... ... .. ... 90 90 Volts
D-C Grid Voltage. ..................... 0 0 Volts
Peak A-F Grid-to-Grid Voltage. . ........ 12 18 Volts
Zero-Signal D-C Plate Current ..., .. 3 Y Milliamperes
Max.-Signal D-C Plate Current. . ... .. .. 14 11 Milliamperes
Peak Grid Current (Per unit) . . .. 5 6 Milliamperes
Effective Load Resistance (I’l ite-to- pltm) 12000 12000 Ohms
Total Harmonic Distortion. ... ........ 3 4 Per cent
Power Quiput (Approx.) o 675 350 Milliwatts

INSTALLATION ana APPLICATION

The base of the 1G6-G fits the standard octal socket which may be installed
to hold the tube in any position. Physical characteristics of the 1G6-G are shown
in Fig. 2-13, OUTLINES SECTION. ‘The 1.1-volt filament is designed to operate
directly from a 1.5-volt dry batiery. Refer io Tvpe 1A7-G for further information
on filament operation.

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

In the conditions shown under TYPICAL OPERATION, the plate-supply
impedance of zero ohms indicates that battery supply is required for the plate.
The effective grid-circuit impedance of 2530 ohms is for a class I3 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 millhenrys. The driver stage should be
capable of supplving the grids of the class I3 stage with the specified values at low
distortion. Type 10:4-G is satisfactory for this service.

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

i ' DETECTOR AMPLIFIER
TRIODE

A ~ The 1114-G is a three-electrode tube ] H 4 = G

for usc as detector or ampiifier in bat-
r terv-operated receivers where economy

ey of filament-current drain is important.
G-5S
CHARACTERISTICS
Fiament Vorrtace (D.C.). . L 2.0 Volts
FiLAMENT CURRENT . ... .. . S . 0.060 Ampere
As Class A, Amplifier
IPLATE VOLTAGE ............ R 90 135 180 max. Volts
GRID VOLTAGE . ................. -4.5 -9 -135 Volts
PLATE CURRENT . . .. ... ......... 2.5 3.0 3.1 Milliamperes
PLATE RESISTANCE .. ....... o 11000 10300 10300 Ohms
AMPLIFICATION FacTtor. .. .. .. .. 9.3 .3 9.3
TRANSCONDUCTANCE .. .. .. . 850 900 900 Micromhos
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As Class B Amplifier

PLATE VOLTAGE . ... ... it 180 max. Volts
PEAR PLATE CURRENT .. ... ... ... .ciiiinenin... 50 max. Milliamperes
ZERO-S1GNAL CURRENT (Pertube) ................. 1.5 max. Milliamperes

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

Plate Voltage . .......coviiiioniiinennennnnn, 157.5 Volts

Grid Voltage. . ...........cooveiieiiiiiiin.. -15 Volts
Zero-Signal Plate Current (Per tube). ............ 10 Milliampere
Effective Load Resistance (Plate-to-plate) . ....... 8000 Ohms
Max.-Signal Driving Power ..................... 260 Milliwatts
Max.-Signal Power Output (Approx.)* ........... 2.1 Watts

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

INSTALLATION and APPLICATION

The base of the 1H4-G fits the standard octal socket which should be installed
to hold the tube preferably in a vertical position with the base down. Horizontal
operation is permissible if pins 2 and 7 are in a vertical plane. Cushioning of the socket
in the detector stage may be desirable if microphonic disturbances are encountered.
Physical characteristics of the YH4-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
FiLaMENT VoLTAGE (D.C.). ... it 14 Volts
FILAMENT CURRENT . ... iit it riierrinnieneenans 0.05 Ampere
Type 1H5-G Type IH5-GT

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

GRID-FILAMENT CAPACITANCE® . . 1.1 1.2 upf

PLATE-FILAMENT CAPACITANCE® . 5.8 5.0 puf

® Approximate.
Triode Unit—As Class A, Amplifier

PLATE VOLTAGE ... ... it iieii i Y0 max. Volts
GRID VOLTAGE . ... et 0 Volts
PLATE CURRENT . . .0ttt ttteie i 0.14 Milliampere
PLATE RESISTANCE . ... .. ih ittt i aeans 240000 Ohms
AMPLIFICATION FACTOR . . ..... ... ... iiiinn 65 .
TRANSCONDUCTANCE . . 0vinevureennnannsoooennns 275 Micromhos
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Diode Unit
Tte 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
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W P& DUPLEX-DIODE TRIODE
G) ' A .
The 1H6-G is a 2-volt filament type
of tube containing two diodes and a ] Hé G
r+(2 7jr- triode in a single bulb. It may be -

used as a combined detector, amplifier,
and automatic-volume-control tube in
battery-operated receivers. For dlode-

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 4 vertical position with,
the base down. Horizontal operation is permitted if pins 2 and 7 are in a vertical
glane. Physical characteristics of the 1H6-G are shown in Fi(g;'Z-l?. OUTLINES

ECTION. Filament operation is discussed under Type 1C7-G.

NGTREY e

% CHARACTERISTICS

FrLaMeNT VoLTaGE (D.C)......iooiiiiiia, 2.0 Volts
FiLaMENT CURRENT ... ..ot eennnn 0.06 Ampere
Triode: GRID-PLATE CAPACITANCE®............... 4.8 unf

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

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

* Approximate.
Triode Unit—As Class A, Amplifier

PLATE VOLTAGE ... ..iiiiiiiiiiiiiiinenenen 135 max. Volts
GRIDVOLTAGE . ... oiintiiiteanieeaeeennaes -3 Volts



RCA RECEIVING T UBE MANUAL

PLATE CURRENT . . ..ot s 0.8 Milliampere

PLATERESISTANCE............................... 35000 Ohms

AMPLIFICATION FACTOR . ........... .ot 20

TRANSCONDUCTANCE .. .. ..oivvrerininnnnnnnnnnnns 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.

G'rz GTI
CLASS B TWIN AMPLIFIER -0
T2 3 ]
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 r (2 Zr-
the output stage of battery-operated T 8)
receivers and is capable of supplying N REYFc
approximately 2 watts of audio power. G-7AB

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

* CHARACTERISTICS

FiLaMENT VoLTAGE (D.C.)............ooiit. 2.0 Volts
FiLAMENTCURRENT. ......... ... oot 0.24 Ampere
As Class B Power Amplifier
PLATE VOLTAGE .. ... ... ... . 000 iiiinniin.. 135 max. Volts
PEAR PLATE CURrReNT (Perplate) ................. 50 max. Milliamperes
TyricaL 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 outpit 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 1]6-G should be capable of
handling enough power to operate the class B amplifier stage. Allowance shoulc
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 I3 amplifier features is given in the RADIO
TUBE APPLICATION section

66 -
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R-F AMPLIFIER PENTODES

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

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

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

G-
% CHARACTERISTICS
FiLament VoLtage (D.C.)......... ... ... ... ..... 1.4 Volts
FILAMENTCURRENT. . ..........oiitiiit ., 0.05 Ampere
PLATE VOLTAGE ........ ... ... . i, 90 max. Volts
SCREEN VOLTAGE . ... ...t 90 max. Volts
GRID VOILTAGE . ... ittt 0 Volts
PLATE CURRENT. . . ... . i 1.2 Milliamperes
SCRREEN CURRENT . ... oot iiei i 0.3 Milllampere
PLATE RESISTANCE (ADprox.) ..................... 1.5 Megohms
TRANSCONDUCTANCE . ...ttt ee e 750 Micromhos
TrANSCONDUCTANCE {At -4 volts bias) . .... ... .. .. 5 Micromhos
Type IN5-G Type IN5-GT
GrRID-PLATE CAPACITANCE®. .. ... .. 0.007 max. 0.007 max. uuf
INPUT CAFACITANCE. ............. 32 3.2 uuf
OutPuT CAPACITANCE. . . ......... 11.0 10.0 uuf

* With shie.d-can

INSTALLATION and APPLICATION

The base of either the 1N5-G or the IN5-GT fits the standard octal socket
which may be mounted to hold the tube in any position. Physxca] 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 decigned to be operated with equal screen and plate voltages.
The operating conditions are given for maximum eificiency 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
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G2 G
BEAM POWER AMPLIFIER /? 0,
P
The 1Q5-GT is a power amplifier of )
] Q5 - GT the beam type having a 1.4-volt fila-

ment. It is designed for use in the “ £
u BF

OMO,

output stage of battery-operated re-

ceivers,
ne REY e
G-6AF
* CHARACTERISTICS

FiLAMENT VoLTAGE (D.C.)............. ... ... ... 14 Volts
FILAMENTCURRENT. . ...t .. 0.1 Ampere
PLATE VOLTAGE .......... ... ... . ciivuiiin.. 90 max. Volts
SCREEN VOLTAGE .. o\vteier i iiieieieennnnnnnnn.. 90 max. Volts
GRID VOLTAGE . ..ot —4.5 Volts
PEAR A-FGRIDVOLTAGE. ..............cvvu. .. 45 Volts
PLATECURRENT. . ... e 9.5 Milliamperes
SCREEN CURRENT ., ..ottt iiii et ee e 1.6 Milliamperes
TRANSCONDUCTANCE .. .......coiiiiiinnnnnn... 2100 Micromhos
LOAD RESISTANCE .. ............... .. 8000 Ohms
TotaL HarMONIC DISTORTION. ... ... ............ 75 Per cent
Power OUTPUT............ ... 0.27 Watt

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

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

of a mixer tube and of an oscillator

tube in superheterodyne circuits.

Through its use, the independent con-

trol of each function is made possible

within a single tube. The 1RS5 is designed with high operating efficiency especially
for compact, light-weight. portable equipment. The high operating efficiency even
with only a 45-volt B-supply has been attained by a new design which provides
the miniature size without decreasing the size of essential electrode parts. The
conventional base has been replaced with a glass button base. For general dis-
cussion of pentagrid types, see Frequency Conversion in RADIO TUBE APPLI-

TAT

CATIONS section.
* CHARACTERISTICS
FILAMENT VOLTAGE (D.C)........c.cvviin .t 14 Volts
FiLAMENT CURRENT . ... .. vtiiinnnnnennnnnnnns 0.05 Ampere
DiRECT INTERELECTRODE CAPACITANCES: {
Grid No. 3 to All Other Electrodes (R-F Input) ... 7.0 upf
Plate to All Other Electrodes (Mixer Output) ..... 7.0 uuf
Grid No. 1 to All Other Electrodes............... 3.8 i
Grid No.3toPlate ............................ 0.4 max. ppf
Grid No.1toGridNo.3 .................c.o.t. 0.2 max. uu
GridNo.1toPlate .....................ceuun. 0.1 max.

$ With no external shisld.
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Converter Service

PLATE VOLTAGE .........ccovvveiiiiinnnnnnnn, 90 max. Volts
ScrBeEN VoLTAGE (Grids No. 2 and No. 4) .......... 67.5 max. Volts
SCRBEN SUPPLY VOLTAGE . . .. ....coovvievnnnnnnnn. 90 max. Volts
CoNTROL-GRID VOLTAGE (Grid No. 3).............. 0 min. Volts
ToTAL CATHODE CURRENT. . .......vvuvnnnnnnnnn.. 5.5 max. Milliamperes
TYPICAL JPERATION:
Plate Voltage ....................... 45 90 90 Volts
Grids No. 2 and No. 4 Voltage ........ 45 45 675 Volts
Grid No. 3 Voltage . ............... . 0 0 0 Volts
Grid No. 1 Resistor. .. ............... 01 0.1 01 Megohm
PlateCuarrent ....................... 0.7 08 1.7 Milliampere
Grids No. 2 and No. 4 Current. . ...... 19 18 3 Milliamperes
Grid Nc. 1 Current .................. 0.15 0.15 0.25 Milliampere
Total Cathode Current............... 2.7 2.75 5 Milliamperes
Plate Resistance (Approx.)............ 06 075 05 Megohm
Conversion Transconductance. .. ...... 235 250 300 Micromhos
Conversion Transconductance (Approx.) 5* 5* 5ee Micromhos

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

* 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.
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POWER AMPLIFIER PENTODE

The 1S4 i3 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.
v It has the same structural features as
the 1RS5, e
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% CHARACTERISTICS
FLAMENT VOoLTAGE (D.C.)...............oiiinn. 14 Volts
FILAMENT CURRENT . ...\ iivttiinennnnneenennnnn 0.1 Ampere

As Class A, Amplifier
PLATE VOLTAGE . ... .. it 67.5 max. Volts
SCREEN VOLTAGE ... .itiee it 67.5 max. Volts
TotaL CATHODE CURRENT® .. ... .................. 11 max. Mlilliamperes

TotAL CatHODE CURRENT**

..................... 9 max. Milliamperes
TypricaL OPERATION:

Plate Voltage . ........................ 45 67.5 Volts
Screen Voltage . ....................... 45 67.5 Volts
Grid Voltage (Grid No. 1) .............. -4.5 -7 Volts
Peak A-F Grid Voltage. . ............... 45 7 Volts
Zero-Signal Plate Current............... 38 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 Output.............. 0.065 0.180 Watt

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

INSTALLATION and APPLICATION

The base of the 154 fits a button-base socket which may be installed to hold
the tube in any position. chysical characteristics of the 1S4 are shown in Fig.
2-2, QUTLINES 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-

'| S 5 electrode tube containing a diode and

an audio-frequency pentode in a single

bulb. The 1S5 is designed especially

for compact, light-weight, portable

equipment. It will provide high gain

even when operated with a B-battery

v?ltaﬁgelci{sonly 45 volts. The structural features of the 1S5 are the same as those
of the b

6AU

+ CHARACTERISTICS
FrLamMeNt VoLtaGE (D.C.)... ... .. ... ... ... 1.4 Volts
FILAMENT CURRENT .. ... \ii ittt 0.05 Ampere
AvVERAG CHARACTERISTICS OF PENTODE UNIT:
Plate Voltage . . ... ... ... ... ... ... .. ......... 67.5 Volts
Screen Voltage . ...... ...... ... . ... 67.5 Volts
Grid Voltage. . . ... .. . e 0 Volts
Plate Resistance. .. ... ... ... ....... ... o 0.4 Megohm
Transconductance . . .. B, 625 Micromhos
Plate Current . ..... .. e 2.3 Milliamperes
Screen Current ... ... e 0.6 Milliampere
Pentode Unit — As Class A, Amplifier
PLATE VOLTAGE .. ...t iiiiiiie i 90 max. Volts
SCREEN VOLTAGE ... ..ttt i s 90 max. Volts
GRID VOLTAGE .. .ttt iie it 0 min. Volts
ToTAL CATHODE CURRENT . . . .. oiitieiiennaeennnn 3.7 max. Milliamperes
TypicAL OPERATION AS RESISTANCE-COUPLED AMPLIFIER:
Plate-Supply Voltage........... 45 67:5 90 Volts
Screen-Supply Voltage....... .. 45 67.5 90 Volts
Grid Voltage . ........ o 0 0 0 Volts
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Plate Resistor. .. .........,.... 1 1 1 Megohm
Series Screen Resistor .......... 3 3 3 Megohms
Screea By-Pass Condenser .. . ... 0.1 0.1 0.1 K/ti

Grid Resastor. . ................ 10 10 10 egohms
Voltage Gain (Approx.)*........ 30 40 50

*Obtained when the grid of the pentode unit is fed {rom a source having an impadance o
1.0 megotm.
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 dase of the 1S5 fits a button-base socket which may be installed to hold
the tube in any position. Physical characteristics of the 1S5 are shown in Fig, 2-2,
OUTLINES SECTION. For filament operation, see Type 1A7-G.

AVERAGE PLATE CHARACTERISTICS
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SUPER-CONTOL R-F
AMPLIFIER PENTODE
The 1T4 is a miniature tvpe of super- ] TA'
e control pentode designed for use as a
Hele L radio-frequency or intermediate-fre-

6AR quency amplifier in compact. light-

weight. portable equipment. The
super-control feature is explained under Super-Control Amplifier in RADIO TUBE
APPLICATIONS section. The IT4 features internal shielding which eliminates
the need for an external buib 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 1T is the same as that of the 1R5

% CHARACTERISTICS
FrLaMENT VOLTAGE (D.C.). ... 1.4 Volts
FrLAMENT CURRENT . .. .. ...... .. e . 0.05 Ampere
GRriD-PLATE CAPACITANCE® . ... ... ... .. ... L 0.01 max. ppf
INEUT CAPACITANTE® ... ... ... .. . ... ... 35 unf
Ouvtput CAPACITANCE® ... . .. ... .. .. .. 73 unf

* With no external shield
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As Class A, Amplifier

PLATE VOLTAGE . ... 0oiieeernrinenncnnenennn, 90 max. Volts
ScrEEN VOLTAGE (Grid No. 2) . .................. 67.5 max. Volts
SCREEN SUPPLY VOLTAGE . . . ... . veeiiiiiiiinin s 90 max. Volts
Grip VoLTaGE (Grid No. 1).........cooovnnn 0 min. Volts
ToTAL CATHODE CURRENT . .« ..\ vveivninenanannn 5.5 max. Milliamperes
TyricAL OPERATION:
Plate Voltage ................. 45 90 90 Voits
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
of 10 micromhos. . ........... -10 -10 -18 Voits

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.

AVERAGF. PLATE CHARACTERISTICS
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G, Gy
BEAM POWER AMPLIFIER YOO
The 1T5-GT is a power-output am- Q‘
plifier of the directed-beam type for
]T 5_ GT use in batterv-operated radio receiv- ) )
ers. The 1T5-GT is used in applica- =N/~
tions where a moderate power output

is desired and very low filament-current NG KEY TN
drain is necessary. G-6X
% CHARACTERISTICS

FiLAMENT VOLTAGE (D.C)......oiviiiiiiiiiiaines 14 Volts
FiLAMENT CURRENT 0.05 Ampere
PLATE VOLTAGE . ......ccvvvvennnnn. 90 max. Volts
SCREEN VOLTAGE ....vvvvvevnnvrnnnnnns 90 max. Volts
GRID VOLTAGE . ..t ivivnnrernnnnansensnssenananen ) Volts
PrAK A-F GriD VOLTAGE 6 Volts
PLATE CURRENT. . .. iiiveernrannccrsannssasssnne 6.5 Milliamperes
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SCREEN CURRENT . .....ottnttrreenvnnnnaeennnnn 1.4 Milliamperes
TRANSCONDUCTANCE . ... .iiiienniennennnennennnns 1150 Micromhos
LOAD RESISTANCE .. ..vivintiieieeennennnnnnns 14000 Ohms
ToTaL HARMONIC DISTORTION . .. .....oivvinnnnnnn. 7.5 Per cent
POWER QUTPUT. .. ...t iiieneieannns 0.17 Watt

INSTALLATION and APPLICATION

The base of the 1T5-GT fits the standard octal socket which may be mounted
to hold tke tube in any position. Physical characteristics of the 1T5-GT are shown
in Fig. 28, OUTLINES SECTION. Filament operation is discussed under Type
1A7-G. Information on the value of resistance in the grid circuit is the same as
that given for Type 1Q5-GT.

HALF-WAVE RECTIFIER

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

* CHARACTERISTICS

HEATER VOLTAGE (AC.or D.C) ... ..ol i 6.3 Volts
HEATER CURERENT . ... . iiiiitinennnetnnnennnnnns 0.3 Ampere

PEAK INVERSE VOLTAGE. . ....cvvivnenrnnnnnnnnn. 1000 max. Volts
PeaR PLATECURRENT .. ... .....oviiiiineinnnn.. 270 max. Milliamperes
D-C HEATER-CATHODE POTENTIAL . ................ 500 max. Volts
TyricaL OpeERATION WITH CONDENSER-INPUT FILTER!

A-C Plate Voltage (RMS) ...... 117 150 325 max. Volts

Total Effective Plate-Supply

Impedancet................. 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 it 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 (et bv Eore3vors |
The base of the 1-v fits the standard four- T m;cnﬂ TOT.EFFECT.
contact socket which may be mounted to hold the [ cmves | comdenscr | bt
tube in any position. Physical characteristics i S LA -
of the 1-v are shown in Fig 2-19, OUTLINES HA8<0--
SECTION. For heater operation, see Type 6A8.

D-C QUTPUT VOLTS AT INPUT 1O FILTER

L 11 | ! ! 1
o 10 20 30 a0 , %0
D-C LOAD MILLIAMPERES
92C=5362R2
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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

2 A3 a-c¢ operated receivers. The ex-ep-
tionally large power-handling ahility
of the 2A3 is the resuit of its design
features. Among these are itsextremely

high transconductance and its lurge S
effective cathode area.
CHARACTERISTICS
F1LAMENT VoLTAGE (AC.or D.C) ... ... .. ... .. 2.5 Volts
FILaMENT CURRENT ... ..o i, 25 Amperes
Grip-PLatie Caracirance (Approx.). ... .......... 16.5 uuf
GRrID-F1LAMENT CAPACITANCE (Approx.). ........... 5] upf
PLATE-FILAMENT CAPACITANCE (Approx.)........... 5.5 puf
As Single-Tube Class A, Amplifier
FILAMENT VoLTAGE (A.C) . . .......  ..... e 25 Volts
PLATE VOLTAGE ... ... .. .. ... .. R R 250 max. Volts
GRID VOLTAGE® . ... . . . ... .. . 15 Volts
CATRODE Resistor ... .. . ... . ... .. R 750 Ohms
PLATE CURRENT .. ... ... ............ . R 60 Milliamperes
PLATE RESISTANCE. ... ... ... .. .. e 800 Ohms
AMPLIFICATION FACTOR B 12
TRANSCONDUCTANCE .. ... ....... .. ... .... . o 5250 Micromhos
LLOAD RESISTANCE .. ... ... .. .. .. 2500 Ohms
UNDISTORTED Power OuTerT. ... . .. ... .. 35 Watts
As Push-Pull Class AB, Amplifier {Two Tubes)
Fixed Bias Cathode Bias

FraMeENT VoLTAGE (AC) . ... ... .. ..., 2.5 2.5 Volts
PrateE VoLtaGE (Maximum). ... .......... 300 300 Volts
Grip VOLTAGE® .. ... o e 62 — Volts
CATHODE RESISTOR ... ... . ... ... ....... — 780 Ohms
ZERO-SIGNAL PLATE CURRENT . ............. 80 80 Miiliamperes
ErrFecTivE Loap REesisTancE (Plate-to-plate). 3000 5000 Ohms
Torar HarMoNIC DISTORTION . . ... ... ..., 2.5 5 Per cent
Power OutpuT. .. ... ... ... ... ...l 15 10 Watts

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

INSTALLATION and APPLICATION

The base of the 2A3 fits the standard four-contact socket which should be
installed to hold the tube preferably in a vertical position. Horizontal operation
is permissible if pins 1 and 4 are in horizontal position. Su!licient ventilation should
be provided to prevent overheating. Physical characteristics of the 2A3 are shown
in Fig. 2-27, OUTLINES SECTION.

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

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

When 2A3’s are operated in push-pull, it is desirable to provide means for
— 74 —
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adjusting independently the bias on each tube. This requirement is a result of the
very high transconductance of these tubes—5250 micromhos. This very high
value makes the 2A3 somewhat critical as to grid-bias voltage, since a very small
bias-voltage change produces a very large change in plate current. It is obvious.
therefore, that the difference in plate current between two tubes may be sufficient
to unbalance the system seriously. To avoid this possibility, simple methods of
independent cathode-bias adjustment may be used. such as (1) input transformer
with two independent secondary windings, or (2) filament transformer with two
independent filament windings. With either of these methods, each tube can be
biased separately so as to obtain circuit balance.

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

AVERAGE PLATE CHARACTERISTICS

25¢ ¥ I
TYPE ZAD
Egz2vOLISDC

AN . ‘ - - g + .%‘_. —

200

PLATE MILLIAMPERES

30

C-5233R1

POWER AMPLIFIER PENTODE

The 2A5 is a heater-cathode tvpe of pawe,-
amp’:tier pentade for nse in the audo-output
stage of a-c recervers. 1t s capable of giving 2A5
taige power output with a relatively small
ihput-signal voltage  Excepr for its heater
rating 2.5 volts, 1 75 smoerey, the 2A5 has
electrical characteristics identical with those
of the iF  Apphcauons, also. are the same
653 as for the 6F&.

The base of the 2A5 fits the standari siz-contact sncket which may be installed ta hold the
rube in any position.  Phvsical charactenistics of the 2\5 are shown in Fig 2 25, OUTLINES
SECTION. “The bulb of the 2A% will become very hot under certain conditions of operation
Sufficient ventilation should be provided to prevent overheating. I he heater uf this type is
designed to uperate at 2.5 volts  "T'he transformer winding sur.plving the heater circuit should
be designed to uperate the heater at thig revommentded value for fell load operating conditions at
average line voltaze  The cathode should preferably be conuected d-rectly to a nnd-tap on the
heater winding or to a center-tapped resistor acrose the hearer winding 1 this practice is hot
f.llowed, the potential dilerence between heater and cathode should be kept as low as possible.
Thie type is used principally for renewal purposes.

DUPLEX-DICDE
HIGH-MU TRIODE

The 2Af is a heater type of tube consisting 2A6
of two diodes and a high-inu trivde n a sinuie
bulb It is for use as a combined detector,
amplifier, and automatic-volume-control tube
in radio receivers designed for its character-
60 intica  Facept for its heater rating (2.5 volts,

~ 75—

P02 Py
(.
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0.8 ampere), the 2A6 has electrical characteristics identical with those of the 75. The base of

the 2A6 fita the standard mix-contact socket which may be installed to hold the tube in "III

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

PENTAGRID CONVERTER

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

2A7 of an oscillator tube in superheterodyne cir-

cuits  Except for its heater rating (2.5 volts,

0.8 ampere) and capacitances (same as for

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

tics identical with those of the GAR. The bhase

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

pin-circle diameter) socket which may be in-

stalled to hold the tube in any position.

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

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

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

DUPLEX-DIODE PENTODE 2 op

- Q ~Po
The 2B7 is a heater type of tube consisting \3)
of two diodes and a pentode in a single bulb. /
It is designed for service as a combined de-
2B7 tector, amplifier (radio-. intermediate-, or

audio-frequency), and automatic-volume-
control tube in radio receivers. Except for
its heater rating (25 volts 0.8 ampere’ and
capacitances (same as for GI37), the 2B7 has
clectrical characteristics identical with thuse
of the 6BR G. The base of the 2137 fits the 70
seven-contact (0.75-inch pia-cir.le diameter) i

socket which may he installed 1o hold the tube in any position. Physical characteristics of the

2B7 are shown in Fig. 216, OUTLINES SECTION. omplete shielding of detector circuits

em‘rloging the 2B7 is generally necessary to prevent r-f or i [ coupling between the diode_circuits

and the circuits of other stages., Refer to APPLICATION under Type 638. The 2137 is used

principally for renewal purposes.

BEAM POWER AMPLIFIER

The 3Q5-GT is a filament type of

power-amplifier tube which employs

3Q5 GT directed electron-beam principles, It
= is intended for use in a-c/d-c battery

receivers. The filament has a center

tap so as to permit of either a series-

filament or a parallel-filament arrange-

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

 CHARACTERISTICS
Sertes-Filament Parallel-Filament
Arrangement Arrangement
FiLaMeNT VoLTAaGce (D.C)........ 2.8 1.4 Volts
FiLAMENT CURRENT.............. 0.05 0.1 Ampere
PLATE VOLTAGE ................. 90 max. 90 max. Volts
ScreeN VoLTaGE (Grid No. 2) .... 90 max. 90 max. Volts
Grip VorTaGE (Grid No. 1)....... -4.5 -4.5 Volts
PLATE CURRENT. ................ 25 9.5 Milliamperes
ScrREEN CURRENT. ............... 1.0 1.6 Milliamperes
PLaTE RESISTANCE (Approx.) ..... 0.11 0.1 Megohm
TRANSCONDUCTANCE ............. 1800 2100 Micromhos
LoAD RESISTANCE . .............. 8000 8000 Ohms
ToraL HarMoNIC DISTORTION. .. .. 7.5 7.5 Per cent
Max.-SigNaL Power OuteuT ... .. 250 270 Milliwatts
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INSTALLATION and APPLICATION

Tre base of the 3Q5-GT fits the standard octal socket which may be mounted
to hold the tube in anv position. Physical characteristics of the 3Q3-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 twe dry cells in series or with the two sections in parallel across
one dry cell. With the series arrangement. the filament voltage is applied between
pins No. 2 /+) and No. 7 (-). Pin No. 8 is not used. With the parallel arrange-
ment, the filament voltage is applied between pin No. 8 (-) and Pins No. 2 and
No. 7 (+) connected together. For further information on filament operation,
see Type 1A7-G.

The 3Q3-GT may be operated as a single-tube class A, amplifier under con-
ditions given above. The type of input coupling used snould not introduce too
much resistance in the gnd 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 METSE
a-c receivers having high current re-
quirements.
% CHARACTERISTICS
FItAMENT VOLTAGE (A.C) . ..o, 5.0 Volts
FILAMENT CURRENT . . ...i ittt 20 Amperes
As Full-Wave Rectifier
Peax INVERSE VOITAGE . . .. ... ... ... 1550 max. Volts
Peak PrLaTE CURRENT PER PLATR . ... .., ... ... ... 675 max. Milliamperes
Tvyrical. OveraTioN wiTh CoxpeNseEr-INryT FiLTER:
A-C Plate Voltage per Plate (RMS) ............. 450 max. Volts
Total Eifective Plate-Supply Impedance per Plate}. 150 min. Ohms
D-COutput Current. . .. ......... ... ... 225 max. Milliamperes
Tyrical OrverarioNn witn Cuoke-Input FiLTER:
A-C Plate Voltage per Pilate (RMS)........ ... ... 550 max. Volts
Input-Choke Inductance........................ 3 min. Henries
D-COutput Current . .. ..............cc.o.uunn.. 225 max. Milliamperes

$When a filter-input condenser larger than 40 uf is used. it may be necessary to use more
plate-supply impecance 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. Ilorizontal 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 fillament of the 5T4 is
designed to operzte from tine a-c 'ine through a step-down transformer. The
voltage at the filament terminals should be 5.0 volts under operating conditions
at an average line voltage of 117 volts. Filters are discussed in the RADIO TUBE
APPLICATIONS section.
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OPERATION CHARACTERISTICS
CONDENSER INPUT TO FILTER

TeE 5Y4T T T |

_ €250 VOLTS AC. i 00k

CECONDENSER "PUT TO FILTEAR

700

€271

0-C OUTPUY VOLTS AT INPUT TO FILTER
D-C OUTPUT \VOLTS AT INPLUT TO F.LTER

[ J
100,
W06 S0 200 250 4
D-C LOAD MiLLIAMPERES
92C-47d)

FULL-WAVE HIGH-VACUUM

RECTIFIER

5U4'G The 5U4-G is a full-wave, high

vacuum rectifier of the filament type
for use in a-c¢ receivers having high

current requirements.

% CHARACTERISTICS

FILAMENT VOLTAGE (A.C.). ... .o
FILAMENT CURRENT. . ... ... ... .. iieieinnnann.

PEAK INVERSE VOLTAGE. . ... ...l
PeEAag PLATE CURRENT PER PLATE . ... ............
Tyreicar. OpErRATION WITH CONDENSER-INPUT FILTER:
A-C Plate Voltage per Plate (RMS) ... ..........
Total Effective Plate-Supply Impedance per Plate;.
D-COutput Current. .........................
Tyrical. OPERATION WITH CHOKE-INPUT FILTER:
A-C Plate Voltage per Plate (RMS)......... .
Input-Choke Inductance... ...................
D-COutput Current. . ....................0....

OPERATICN CHARACTERISTICS

CHOKE INPUT TO FILTER

Tipg 574

L EF =50 VOLTS AC.L..._ :J
CHOME =IO HENRIES
5 o g B —

4

i
S8,

1550 max.
675 max.

450 max.
75 min.
225 max.

550 max.
3 min.
225 max.

O «SLTS Ay 9'“ :D‘.nz.

-soo\.‘r——-

b

f

0 .

BT TI66 150 200 230
D-C LOAD FAILLIAMPERES
92C- 4782

Volts
Milliamperes
Volts

Ohms
Milliamperes

Volts
Henries
Milliamperes

$ When a filter-input condenser larger than 40 uf is used, it may be necessary to use more
plate-supply impedance than the miniinum 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. lorizontal operation is permis
sible if pins 1 and 4 are in a vertical plane. Physical characteristics of the 5U4-G
are shown in Fig. 2-26. OUTLINES SECTION. Filament operation and ventila
tion are discussed under Type 5T4. Information on filter circuits is given in t!

RADIO TUBE APPLICATIONS section.
— 18 —
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OPERATION CHARACTCRISTICS OPEQATION CHARACTERISTICS
TYPESU * % € sovous:«c TYPE 5V4-G
Soo@ =g E4= so\.ous .

S nergs rnr
ot CESNCR I (W ATR I

Czad L, 10T L FLCT. PLATL-SUPPLY
| s85p T ieLOANCL PER PLATE =
600| 5 !

]
1

D-C OUTPUT VOLTS AT INPUT TO FILTER

D-C OUTPUT VOLTS AT INPUT 10 FILTER
s

(3 |
f
100
© 50 100 150 200 2%0 o 50 100 150 200
D-C LOAD MILLIAMPERES D-C LOAD MILLIAMPERES
92¢-6071RI 92C-6090
PDE‘- FULL-WAVE HIGH-VACUUM
,g)"m RECTIFIER
' The 5V4-G is a fuil-wave, high- 5\/4 G
B vacuum rectifier of the heater-cathode T
H type capable of supplving large d-c
k).« currents. The close elecirode spacing
NC‘ el in this tube permits excellent voltage

G-5L regulation,

* CHARACTERISTICS

HEATER VoLTAGE (A.C.) .. ..o 5.0 Volts
HEATER CURRENT ... ... ..0iiiiiniiiiiannnnn. 20 Amperes
As Full-Wave Rectifier
PEARK INVERSE VOLFAGE. . .. ..... ... veuo... 1400 max. Volts
Peax PLATE CURRENT PER PLATE .. .. ............. 525 max. Milliamperes
TyricaL OperATION wiTh ConpeENsER-INPUT FiLTER:
A-C Plate Voltage per Plate (RMS).............. 375 max. Volts
Total Effective Plate-Supply Impedance per Plate;. 65 min. Ohms
D-COutput Current. ... ...................... 175 max. Milliamperes
Tyrica. OperaTiON WitH CHOKE-INPUT FILTER:
A-C Plate Voltage per Plate (RMS)............ .. 500 max., Volts
Input-Choke Inductance..................... .. 4 min. Henries
D-COutputCurrent. . ... ...........coivuunnn.. 175 max. Milliamperes

$ When a filter-input condenser larger than 40 uf is used. 't 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 APPLICAT'ON

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 hor during continuous opera-
tion and requires adequate ventilation to prevent overheating. Phvsical 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 voltaze of 117 volts. For information on filter circuits. refer to the RADIO
TUBE APPLICATIONS section. Operation curves for the 5V4-G are shown above
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FULL-WAVE HIGH-VACUUM Foz

RECTIFIER 0-
5W4 The 5W4fis a {)l;ll-vgave. highi
vacuum rectifying tube of the meta
METAL a Sblel 4 ,‘
()
F
T

type for use in a-c receivers having low

current requirements. 0
5 KEY

5

% CHARACTERISTICS

FiaMeENT VOLTAGE (A.C.) . ..o vevieiee e 50 Volts
FILAMENT CURRENT ...\ tiiiiiniannininrnannannns 15 Amperes
As Full-Wave Rectifier
PEAR INVERSE VOLTAGE. . .....coviivrninenenennn. 1400 max, Volts
PEAK PLATE CURRENT PER PLATE . ................ 300 max. Milliamperes
TyricaL OrERATION WITH CONDENSER-INPUT FILTER:
A-C Plate Voltage per Plate (RMS).............. 350 max. Volts
Total Effective Plate-Supply Impedance per Platet. 25 min. Ohms
D-COutput Current...........c.coeiieiirnnnnn 100 max, Milliamperes
TypicaL OrPERATION WITH CHokE-INPUT FILTER:
A-C Plate Voltage per Plate (RMS).............. 500 max. Volts
Input-Choke Inductance........................ 6 min. Henries
D-COutput Current . . . ....oviierennnneneenanns 100 max. Milliamperes

3 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

L2 6 ENTIES (VN
CONDENSER(C) INPYUT TO FILTER
C24aur, TOT EFFECT. PLATE-5UPALY]
IMPLOANCE PER PLATE = 25 OWMS
!

INSTALLATION and APPLICATION f”ﬁ‘jﬁ‘fmfgi sovouTs e
L]

The base of the 5W4 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 8 are in a vertical plane. Physical charac-
teristics of the 5W4 are shown in Fig 1-7. OUT-
LINES SECTION. Refer to Type 5T4 for
filament operation. Filter circuits are discussed
in RADIO TUBE APPLICATIONS section.

D-C OUTPUT VOLTS AT INPUT TO FILTER

o 4
0-C LOAD MILLIAMPERES
92C~-4584R2

FULL-WAVE HIGH-VACUUM ,,,
RECTIFIER

5X4-G The 5X4-G is a full-wave, high wc(®) €

vacuum rectifying tube of the filament

type for use in a-c receivers having high N REYE

current requirements. Its maximum

ratings and typical operating conditions 6-3Q
are the same as those for Type 5U4-G. The base of the 5X4-G fits the standard
octal socket which should be mounted to hold the tube preferably in a vertical
position. Horizontal operation is permissible if pins 2 and 7 are in a horizontal
glane. . é’Nhysical characteristics of the 5X4-G are shown in Fig. 2-26, OUTLINES
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FULL-WAVE HIGH-VACUUM
RECTIFIER

The 5Y3-G is a full-wave, high- 5Y3 G
vacuum rectifier of the filament type =
for use in a-c receivers of moderate
current requirements.

% CHARACTERISTICS

FiLaMeNT VOLTAGE (A.C.). ... i 5.0 Volts
FILAMENT CURRENT . .t vveevnneneenennneecnnnns 20 Amperes
As Full-Wave Rectifler

PRAR INVERSE VOLTAGE . . ....ooet i, 1400 max. Volts
Peax PLaTE CURRENT PER PLATE .. ............... 375 max. Milliamperes
Tyrical OperaTioN WiTH CONDENSER-INPUT FILTER:

A-C Plate Voltage per Plate (RMS) .............. 350 max. Volts

Total Effective Plate-Supply Impedance per Plate}. 10 min. Ohms

D-C Output Current. . .......... e, 125 max. Milliamperes
TyricaL OperaTioNn WiTH CHOKE-INPUT FILTER:

A-C Flate Voltage per Plate (RMS).............. 500 max. Volts

Input-Choke Inductance.................cvnnn 5 min. Henries

D-CCutput Current. .. .......coiviveirnnnnnnn 125 max. Milliamperes

$ When a filter-input condenser larger than 40 uf {s used, it may be necessary to wse more
pl-te-uu.;])ply impedance than the minimum value shown to limit the peak plate current te the
rated value.

INSTALLATION and APPLICATION

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

OPERATION CHARACTERISTICS OPERATION CHARACTERISTICS
CHOKE INPUT TO FILTER CONDENSER INFUT TO FILTER
— v T T T —T—
TYPE 5Y3-C TYeL 5Y3-G
L Ep=s.0 vouTs a.c. — |-€ ¢ w8.0 vOLTS A.C. .
e | INPUT CHCKE=S HENRIES (MIN.) INPUT CONDENSER®auf
\J §00p— i — & yool TOT.EFFECT, PLATE-SUPALY |
(3 | - | IMPEDANCE PER PLATC®
« o { | = ‘bl 30 OHMS
"50, t Iy ——'—'r —
e W—T o N ’s »,
400} — g4 — - L ATg —— * 200 M8 a
- ) [ % S »,
=) l ] r-“. | i | E En "L—‘I
& ',_4(;0 It= 4 «'— 3 —= 1 Are | |
£ ! z
% 3001330 | — ——— ¢ 300 —\L ™
P RN T
() [d
Il e R : TS
> 25 | | 2 ~
\ 200 N\ - 5 200, —- ——&: ——
5 | \‘ | 2 | -
[ -—— p o [ =4
oot —f—t -t 4 L L p 100 } 1
& P 1 e
S S | — S
IEREREE |
° 26 30 120 180 0 20 30 20 e
D-C LOAD MILLIAMPERES P-C LOAD MILLIAMPERES
92C-600% 0C- see”
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FULL-WAVE HIGH-VACUUM
RECTIFIER '

The 5Y4-G is a full-wave, rectifying
5Y4 G tube of the filament type for use in
- a-c receivers of moderate current re-
quirements. Its maximum ratings
and typical operating conditions are
the same as those for Type 5Y3-G. The 6-5Q

base of the 5Y4-G fits the standard octal .
socket which should be mounted to hold the tube preferably in a vertical position.
Horizontal operation is permissible if pins 2 and 7 are in a horizontal plane. Phys-
ical characteristics of the 5Y4-G are shown in Fig. 2-21, OUTLINES SECTION.

Filament operation and ventilation are the same as for Type 5T4.

FULL-WAVE HIGH-VACUUM
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. FHorizontal
operation is permissible if pins I and 4 are in a horizontal plane. Physical character-
istics of the 5Z3 are shown in Fig. 2-27. OUTLINES SECTION. Filament opera-
tion and ventilation are discussed under Type 5T4.

FULL-WAVE HIGH-VACUUM
RECTIFIER

52 4 The 5Z4 is a full-wave, high-vacuum
rectifying tube of the metal type
METAL with an indirectly heated cathode.
This tube is intended for supplying
rectified power to radio equipment
having moderate direct-current require-

ments.

* CHARACTERISTICS

HeaTer Vortace (A.C.) e e e 50 Volts
HEATER CURRENT ... ... ... ... ......oiiiieinn... 2.0 Amperes

PEAK INVERSE VOLTAGE. .. . ..................... 1400 max. Volts
PEak PLATE CURRENT PER PPLATE .. .. ... ....... 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
D-COutput Current. . . ........................ 125 max. Milliamperes
TyricaL OpERATION WiTH CHOKE-INPUT FILTER:
A-C Plate Voltage per Plate (RM&).............. 500 max. Volts
Input-Choke Inductance........................ 5 min. Henries
D-COutput Current. ... . ...................... 125 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.

R2
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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 524 are shown in
Fig. 1-7. OUTLINES SECTION. Heater operation and ventilation are discussed
under Type 5V4-G. For discussion o7 rectifiers and filter circuits, refer to RADIO
TUBE APPLICATIONS section,
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POWER AMPLIFIER PENTODE

The 6A4 is a power-amplifier pen- 6 A 4
tode of the 6.3-volt filament type for
use in receivers employving a six-volt

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

CHARACTERISTICS
FiamMent Voutace (A.C.or DC) ... ... . ... .. 6.3 Volts
FILAMENT CURRENT ... ...ttt ienin . s 0.3 Ampere
PLATE VOLTAGE ............. i 135 165 180 max. Volts
ScreieN VoLtace (Grid No 2). 100 135 165 180 max. Voits
Grid VorTace® (Grid No. 1) .. -6.5 -9 -11 -12 Voits
PLATE CURRENT . . ... ....... 9 14 20 22 Milliamperes
ScrREEN CURRENT. ..... ...... 1.6 25 3.5 39 Milliamperes
PLATE RESISTANCE (Approx.).. 83250 52500 48000 45500 Ohms
TRANSCONDUCTANCE .. ...... 1200 1900 2100 2200 Micromhos
LoAD RESISTANCE .. ........ 11000 9500 8000 8000 Ohms
CATHODE-BI1as RESISTOK . . ... 615 545 470 465 Ohms
Power Outeutt. ... ... .. ... 0.31 0.7 1.2 14 Watts

¢ Grid volts measured from n ﬁallve end of 4.c operated filament If the filament js a-c

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

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

INSTALLATION ond APPLICATION

The base of the 6A4 fits the standard five-contact socket which should be
mounted to hold the tube preferabiyv in a ve rtical poeition. Horizontal operation
is permissible if pins 1 and 5 are in a vertical piane. Physicai characteristics of
the 6A4 are shown in Fig 2- 25. OUTLINES :I‘CTIO\ The coated filament of
the 6A4 is primarily interded for operation irom a six-voit storage battery. Socket
terminal No. 1 shouid be connected to the positive battery terminal.

— 83 —
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CLASS B TWIN AMPLIFIER

The 6A6 is a heater-cathode type of
tube combining in one bulb two high-
6 Aé mu triodes designed for class B opera-
tion. The triode units have separate
terminals for all electrodes except
heater and cathode, so that circuit de-
sign is similar to that of class B am- 78
plifiers using two tubes. The 6A6 (with
the two units in parallel) may also he 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 616 fits the medium seven-contact (0.855-inch. pin-
circle diameter) socket which may be mounted to hold the tube in any position.
Physical characteristics of the 6A6 are shown in Fig 2-25, OUTLINES SECTION.
For heater operation and application, refer to Type 6N7 and to RESISTANCE-
COUPLED AMPLIFIER CHART.

PENTAGRID CONVERTER

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

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

of pentagrid types. see Frequency Con-

version under RADIO TUBE APPLI-

CATIONS. Except for capacitances,

which are given below, the electrical

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

DirecT INTERELECTRODE CAPACITANCES:

Grid No. 4 to Plate (With shield-can) ............ 0.3 unf
Grid No. 4 to Grid No. 2 (With shield-can) .. ... .. 015 upf
Grid No. 4 to Grid No 1 (With shield-can) . ...... 0.15 wuf
Grid No. ltoGridNo 2 ...................... 10 puf
Grid No. 4 to All Other Electrodes (R-F Input) ... 85 wuf
Grid No. 2 to All Other Electrodes (Osc. Output) . . 55 uuf
Grid No. 1 to All Other Electrodes (Osc. Input) ... 7.0 unf
Plate to All Other Electrodes (Mixer Qutput) .. ... 9.0 wuf

INSTALLATION and APPLICATION

The buse of the 6A7 fits the seven-contact (0.75-inch pin-circle dianmeter)
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 c°, o

6A8 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)
6A8 G tube and of an oscillator tube in super- *
= heterodyne circuits. Through the useof ...,
either type, the independent control of NEi8AR-cnev 4
each function i3 made possible within a 8A
single tube. For general discussion of
}I_elr(x)t;{gid types, refer to Frequency Conversion under RADIO TUBE APPLICA-
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% CHARACTERISTICS

Heater VoLTaGE (A.C.orD.C) ..o, 6.3 Volts
HEATEE CURKENT ... . ttenninniennnnneennnnn. 0.3 Ampere

Direct INTERELECTRODE CAPACITANCES:®

Grid No.4toPlate ..................., 0.03 0.26 uut
Grid No. 4 toGridNo. 2 ............... 0.1 0.19 upf
Grid No 4toGridNo 1............... 0.09 0.16 uufl
Grid No. 1toGrdd No. 2 ............... 0.8 1.1 unf
Grid No. 4 to All Other Electrodes

(R-FlInput)..............oceviueint. 125 95 uuf
Gnid No. 2 to All Other Electrodes Except

Grid No. 1 (Ose. Output)............. 5.0 4.6 upf
Grid No. 1 to Al Other Electrodes Except

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

Output) . ... e e 12.5 12 unf

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

As Frequency Converter

PLATE VOLTAGE . ... ... i, 300 max. Volts
ScreEEN VorTace (Grids No. 3and No.5).......... 100 max. Volts
SCREEN SUPPLY VOLTAGE . .. ... ... .............. 300 max. Volts
ANODE-GrID VouTtage (Grid No. 2) .. .............. 200 max. Voits
ANODE-GRID SupPPLY VOLTAGE . ................... 300 max. Volts
ContrOL-GrID VoLTAGE (Grid No. 1) . ............. 0 min. Volts
PLATE DissipaTION | L. o oo 1.0 max. Watt
SCcREEN DISsIPATION ... .. . 0.3 mav. Watt
ANODE-GRID DissIPATION . ... .o i 0.75 max. Watt
ToTaL CATHODE CURKENT .. 0. oot iinieennnns 14 max. Milliamperes
Tvricaw OrERATION:
Plate Voltage . ........................ 100 250 Volts
Screen Voltage . ... ... .. L 50 100 Volts
Anode-Grid Valtage ................... 100 250 Volts
Control-Grid Voltage ................ . -15 -3 Voits
Osciliator-Girid Resistor (Grid No. 1)..... 50000 50000 Ohms
Plate Current . ........................ 1.1 35 Milliamperes
Screen Current ... o 1.3 2.7 Milliamperes
Anode-Grid Current. . .................. 2 4 Milliamperes
Orscillator-Girid Current . ... ... .. ... 0.25 04 Mililampere
Total Catlode Current. .. .............. 4.6 106 Milliamperes
Plate Resictance (Approx.). ............ 0.6 0.36 Megohm
Conversior. Transconductance. ... ..... 360 530 Micromhos
Conversion Transconductance (Approx.). 3t 61t Micromhoe
t With control-grid hias of -20 volis ttWith control-grid bias of -35 volta.

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

INSTALLATION and APPUCATION

The base of either the 6AR or the 6A8-G fits the standard octal socket which
may be instal:ed 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 SECT!ON.

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
tor full-load operating conditions at average line voitage. For service in auto-
mobile receivers. these types should have their heater terminals connected directly
across a 6-volt battery. In receivers that emplov a series-heater connection, the
heater of either the 6A8 or 6A8-G may be operated in series with the heaters of
other tvpes 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 employving a 6-volt
storage battery for the heater supply, the cathode circuit is tied in either directly
or through bias resistors to the negative side of the d-c¢ plate supply which is fur-
nished either by the d-c power line or the a-c line through a rectifier. In circuits
where the cathode is not directly connected to the heater. the potential difference
between them should be kept as low as possible. 1f the use of a larye resistor is
necessary between the heater and cathode in some circuit designs, it should be
by-passed by a suitable filter network or obj=ctionable hum may develop.

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

For the oscillator circuit, the coi's 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 excesd 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 (ranslation 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 tp adjust receiver sensitivity.

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

Since the capacitance between grid No. 4 and plate is in a parallel path with
the capacitance and the inductance of the plate load, it is important to use a load
capacitance of sufficient size to limit the magnitude of the r-f voltage built up
across the load. 1f 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 uut.

OPFRATION CHARACTERISTICS
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TYPICAL PENTAGFID CONVERTER CIRCUIT
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PENTAGRID CONVERTER

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

ELECTRON-RAY TUBE

BARS/6NS is the new designation
for the electron-ray tube 6N5. See
type 6N5 for further data. Physical 6A 85/6N5
charagtermuq of the 6ABS/6N5 are
shown in Fig. 2-18, OUTLINES
SECTION.
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TELEVISION AMPLIFIER

PENTODE
6AB7 I] 853 The 6AB7 is a pentode of the single-
ended metal type for use in television
METAL receivers. Because of its extended cut-

off characteristic, it is recommended

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

pic ure amplifier of such receivers, par-

ticu larly those employing automatic

ocontrol. The 6AB7 ¢ an also be used as a mixer and makes a good oscillator in

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

) CHARACTERISTICS
HeaTeEr VOLTAGE (A.C.or D.C.) .....oiviiiiiinnes 6.3 Volts

. HEATER CURRENT ... .. iiitiiiiienennnneennnnns 0.45 Ampere
GRID-PLATE CAPACITANCE® . ... ... .covveniennnnn. 0.015 max. uuf
INPUT CAPACITANCE® . ...t itiiienieeeananens 8 upf
OUuTPUT CAPACITANCE® . ... ...t iiiiiienieeennnnn 5 unf

® With shell connected to cathode.

As Class A, Amplifier

PLATE VOLTAGE ... ...ttt iiiiiiiiiiineenennne 300 max. Volts
SCREEN VOLTAGE ........covtiiieieninnaaeeennnns 200 max. Volts
SCREEN SUPPLY VOLTAGE . . ... ..oervvnnnnneennnn 300 max. Volts
PLaTR AND ScrEEN DisstpaTioN (Total). ........... 4.4 max. Watts
SCREEN DISSIPATION .......otinrieneiennnnnenns 0.65 max. Watt
TyricaL OPERATION;
Condition I § Condition 11 1t
Plate Voltage . .................. 300 300 Volts
Suppressor Voltage............... 0 0 Volts
Screen Supply Voltage............ 200 300 Volts
Screen Series Resistor ............ - 30000 Ohms
Grid Voltage. . .................. -3 -3 Volts
Plate Resistance (Approx.)........ 0.7 0.7 Megohm
Transconductance ............... 5000 5000 Micromhoas
Grid Bias for Transcon- ’
ductance =50 micromhos ....... -15 =225 Volts
Plate Current ................... 12.5 12.5 Milliamperes
Screen Current ..........c00iiin.s 32 32 Milliamperes
3 With fixed screen supply. 13 With series screen resistor.

. * Screen supply voltagss in excess of 200 volts require the use of a ueries dropping resistor to
llthit the voltage at the screen to 200 volts when the plate current is at its normal value of 12.5
milliamperes.

INSTALLATION and APPLICATION

The base of the 6AB7 fits the standard octal socket which should be mounted
to hold the tube preferably in a vertical position. Horizontal operation is permis-
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 6AG7.

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

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

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

The d-c resistance in the 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 screen voltage may be obtained from a potentiometer, a bleeder across
the B-supply source, or through a series resistor. Use of the series screen resistor
(Condition 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 emploving automatic gain control.

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

1 H .
(2 1 % | x x E
INPUT ;'; # L 5, L j
& S I Ry ]
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() B | | S -J?.Eusv.
| ry |[“0=" 2T o
R L i.«NN _d
AUTOMATIC GAIN >
CONTROL VOLTAGE +300 V.

HIGH-MU
POWER AMPLIFIER TRIODE

The 6ACS5-G is a high-mu triode de- 6AC5 - G

signed for use in either single-ended or
push-pull audio-frequency power am-
plifiers. It is especiallv 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 employed.

CHARACTERISTICS

HeaTer VoLTAGE (A.C.orD.C)) ...l 6.3 Volts
HeATER CURRENT . ... oottt iinnnn. 04 Ampere
AvERAGE CHARACTERISTICS:

Plate Voltage...........oiiinniiiiii i, 250 Volts

Grid Voltage. ..... +13 Volts

Plate Resistance 367 Ohms

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

Transconductance .,...........coiiiininnnnnn, 3400 Micromhos

Flate Current.................ciiiiieininiann.. 32 Milliamperes

GridCurrent.. .......coivveiinenienennanennn. 5 Milliamperes



R CA RECEIVING TUBE M ANUAL

As Class B Power Amplifier

PLATE VOLTAGE .. ... ... ... i, 250 max. Volts
PeAk PLATE CURRENT (Pertube) . ................. 110 max. Milliamperes
AVERAGE PLATE DissiPATIiON ... .. ............... 10 max. Watts

TypicaL OPERATION:

Plate Voltage . ......... ..o . 250 Volts
Grid Voltage. .. ......... ... .oouvuea .. 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 Qutput (Approx.)* .................... 8 Watts

* With peak input of Y50 milliwatts applied between grids.

INSTALLATION and APPLICATION

The base of the 6ACS5-G fits the standard octal socket which may be installed
to hold the tube in any position. Physical characteristics of the 6AC5-G are shown
in Fig 2-17. OUTLINES SECTION. For heater operation, refer to Type 6k6-G.
Cathode connection is the same as that for T'ype 6A¥.

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

In direct-coupled power amplifier service, a single 6ACS5-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 shofld not exceed one
megohm. The main purpose of the -

25000-ohm resistor is to prevent a RUE olvoe
current surge occurring while the tube ——- IS TET
is warming up. In this service, the l J l
(28 ] —7)
_ +

maximum plate voltage is 250 voits. [V 1
the maximum average plate dissipa-

I
H

tion is 10 watts. the average piate "7 ¥

. Sho 25000 > PLATE
current is 32 milliamperes. and the oS i TG
average plate current of driver is 5.5 L 1 | 7
milliamperes. With an input signal e O

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

a load resistance of 7000 ohms, the power output is 3.7 watts with 109}, distortion.
When the driver tube is operated up to the grid-current p unt, a power output of
4.3 watts with approximately 16%, distortion may be obtained

TELEVISION AMPLIFIER

PENTODE
6’A‘(:7/ ] 85 2 The 6AC7 is a pentode of the single-
METAL ended metal tyvpe 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 as in

the first stages of the video amplifier.
The 6AC7 can also be used as a mixer and is a good oscii. tor in low-voltage
applications.

The 6AC7 has the same electrode assembly as the RCA-1851, but a special
shielded-lead construction has been emploved in the 6AC7, to permit bringing out
the control-grid lead to a base pin rather than to a pin cap, without increase in the
grid-plate capacitance. From a circuit standpoint. the proximity of grid pin to
cathode pin simplifies wiring and decreases the size of the inductance loop connect-
i1z the input circuit to the tube, These are features important at high frequencies
hecause they provide decreased feedback and improved circuit stability
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CHARACTERISTICS
HeaTER VOLTAGE (AC.or DC) ....... ... ... .. 6.3 Volts
HEATER CURRENT . ... ... .. ... iiniiiiinnnennnn. 0.45 Ampere
GRID-PLATE CAPACITANCE® . ... ... ... ... o vuin. 0.015 max. uuf
INPUT CAPACITANCE® . ... ... i 11 upf
OuTPuT CAPACITANCE® .. ... . i et 5 upuf

¢ 'V.th shell connected to cathode.

As Clcss A Amplifier

PLATE VOLTAGE ... ... ... ... ... i, 300 max. Volts
SCREEN VOLTAGE .. ... vttt 150 max. Volts
ScREEN SupPPLY VOLTAGE. . .. ... ... 300 max. Volts
PLace anD Scregn DissteatioN (Total). ........... 3.4 max. Watts
SCREEN INSSIPATION .. ... i 0.38 max. Watt

Tyrica. OPERATIGN:
Condition I*  Condition I1**

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

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

Screen Supply Voltage............ 150 300% Volts

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

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

Plate Resistance {Approx.)........ 075 0.75 Megohm

Transconductance .. ............. Q000 9000 Micromhos

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

Screen Current .................. 285 2.5 Milliamperes
* With fixed screen supply. ** With series screen resistor

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

INSTALLATION and APPLICATION

The base of the 6AC7 fits the stancard octal socket which should be installed
to hold the tube preferably in a vertical position. lHorizontal operation is permis-
sible if the socket is positioned so that pins No. 2 and 7 are in a vertical plane.
Physical characteristics of the 6AC7 are shown in Fig. 1-3. OUTLINES SECTION
For heater operation and cathode connection, refer to T'ype 6AG7.

Voltare supply considerations are similar to those for Tyvpe 6A137. In video
stages the cathode-bias resistor should not be by-passed if it is desired to have
degeneration and freedom from distortion. When, however, no degeneration and
maximum amplitude are desired, the cathode- bias resistor should be by-passed
with a large condenser (350 uf).

AVERAGE PLATE CHARACTERISTICS

o TrPe 6AC7/1852

€5 £ 6.3 YOLTS
SCREEN VOLTS =150

| 3¢F I

w
&
\;
|
J—

w
<3

[
t]

PLATE (15) OR SCREEN (1¢2) MILLIAMPERES

ap 560
00 492y

PLATE VCLTS
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As an amplifier, the 6AC?7 is especially suited for use in the r-f and i-f stages of
the picture amplifier of television receivers and may also be used in the first video
stages when several such stages are used. The use of the 6AC7 as a high-gain
audio amplifier is not recommended unless the heater is operated from a battery
source. Additional information on application of the 6AC7 is the same as shown
for Type 6AB7.

AMPLIFIER TRIODE

G
The AE5-GT is a low-mu amplifier ®
trode of the heater-cathode type in- *G)
tended for use in a-c/d-c receivers. The
AGAES-GT  base of the 6AE5-GT fits the standard
octal socket which may be mounted to H \ AL @l
hold the tube in any position. Physical OMO
characteristics of the 6AES-GT are N KEY
shown in Fig. 2-8, OUTLINES SEC- 6-6Q
TION. For heater operation and cath-
ode connection, refer to Type 6A8. The 6AE5-GT may be used as a driver for the
Type 25AC5-GT.

CHARACTERISTICS
HeaTeR VoLTAGE (A.C.orD.C) .................. 6.3 Volts
HEATER CURRENT ............oiieiiiniinnn s 0.3 Ampere
PLATEVOLTAGE ......... ...t 95 Volts
GRID VOLTAGE® . . ... ..ttt -15 Volts
PLATE CURRENT. . ....... ... i, 7 Miiliamperes
AMPLIFICATION FACTOR. . ......................... 4.2
PLATE RESISTANCE . .......... ..o ... 3500 Ohms
TRANSCONDUCTANCE .. ....ovvieienenenennnnnnnnn. 1200 Micromhos

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

ELECTRON-RAY TUBE

—~X
Twin Indicator Type RCuz
6AF6'G The 6AF6-G is a high-vacuum, e‘/ &)

heater-cathode type of tube designed OMO
to respond visually, by means of two NCTREY K
shadows on a fluorescent target, to 7A6G

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 tunin
of a receiver to the desired station. Features of the 6AF6-G are its small size an
its flexibility of application.

CHARACTERISTICS

HEeATER VOLTAGE (A.C.orD.C) ......ovvnnn... 6.3 Volts
HEATER CURRENT . ... .. 0iiieiiiiinnnnninnnnnnn.. 0.15 Ampere

As Tuning Indicator

135 max. Voits
TARGET VOLTAGE. . .............. ®D06060000006B0G { 90 min. Volts
Rav-CoNTROL ELECTRODE SUPPLY VOLTAGE. ........ 135 max. Volts
TypricaL OPERATION:
Target Voitage ..........oovveeeivnnnn. 100 135 Volts
Target Current®. ............ccovvvvnns 0.9 1.5 Milliamperes
Ray-Control Electrode Voitage (Approx.)t 60 81 Volts
Ray-Control Electrode Voltage (Approx.)? 0 0 Volts

® With 0 volts on ray-control electrode.
t For shadow angle of 0° produced by either ray-control electrode.
For shadow angle of 1 produced by either ray-control electrode.
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INSTALLATION and APPLICATION

The base of the 6AF6-G fits the standard octal socket which may be mounted
to holc the tube in any é)osition The piane 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 Type
6D8—g. For cathode connection, refer to Type 6A8.

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

ages required for control are supplied to the AVERAGE CHARACTERISTICS
6AF6-G through one or more voltage amplifier | TYPE6AF6-G  Eg=6.3 voLTS |
tubes. A typical citcuit for the 6AF6-G is shown _l_ cunve | TARGET
below. For further information on the perform- T e

ance of tuning indicators, refer to Type 6ES. = -=--1 00

" RAv-CONTROL (ARGET
£LECTROOES

"
e R
17 =
o] =
-l = —
8
] ! —— "
TYPE o Tt o
TYPE 6K7 6AF6-G o | | TaRGET |
TRIGDE VA ) E YN | peurrentT| 38
CONNECTED ' R < :/(, | 3
N f <
c i3 C -t 23
o 3 Elsl 3
< g
AVE 2 z AN T -
VOLTWGE ll - N g
o — BN <
- 'S
+ e i_ Lt ‘\\J \l -
o 20 40 60 80
R-TYPICAL VALUE 15 0.5 MEGOHM RavRCONTROME N e TROTE RV OITS
92¢~a909

VIDEO POWER
AMPLIFIER PENTODE

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

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

% CHARACTERISTICS
HEATER VOLTAGE (AC.orD.C) .................. 6.3 Volts
HEATER CURRENT . ........ccoviviininnnno ... 0.65 Ampere
DirecT INTERELECTRODE CAPACITANCES:
GridtoPlate................ ... ........... 0.06 max. uuf
Input ........................................ 12.5 yyf
Qutput. . ... ... 7.5 uuf
Grid to Screen (Approx.) ......... .............. 5.8 uuf
Grid to Cathode (Approx.).... . ................. 52 puf
Heater to Cathode (Approx.)... ........ .. ..... 10.7 puf
AVERAGE CHARACTERISTICS:
Plate Voltage ................ ... . ........... 300 Volts
Screen Voltage ................................ 300 Volts
oridVoltage. .. ........ ... ... ... .. ... ....... -10.5 Volts
Interlead Shield.................. .. e Connected to cathode at ground
Plate Registance .. ............................. 0.1 Megohm
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Transconductance .. ........................... 7700 Micromhos
Plate Current ...... ... . ... ... .. ... ........... 25 Milliamperes
Screen Current ........... ... 6.5 Milliamperes
As Video Voltage Amplifier — Class A,
PLATE VOLTAGE . ... ... ... ... 300 max. Volts
SCREEN VOLTAGE .. ... .. ... iiiinniiannn 300 max. Volts
PLATE DISSIPATION .. ... ... ... .. ... . ... cieiinn. 8.7 max. Watts
SCREEN INPUT ... ... i 2 max. Watts

TvypicaL OPERATION IN 4-Mc BANDWIDTH AMPLIFIER:
Grid-Leak Cathode

Bias} Bias
Plate-Supply Voltage............... 300 300 Volts
Screen Voltage . ................... 125° 125°° Volta
Grid Voltage. . .................... 0* -2 Volts
Grid Resistor. . .................... 0.25-0.5 R Megohm
Cathode Resistory! ................ e 57 Ohms
Interlead Shield. ................... Connected to ground
Grid Signal Swing (Peak to peak). .. 4 4 Volts
Plate Current ..................... 52°* 28 Milliamperes
Screen Current .................... 15¢ 7 Milliamperes
Load Resistance  ..... ........ .. .. 3500 3500 Ohms
Voltage Output (Peak to peak)...... 140 140 Volts

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

°Obhtained from supply having good regulation.

*°Obtained preferably from plate supply through eeries resistor.

*Zero-signal value

$11By-passed by 250 uf, approx.

INSTALLATION

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

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

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

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

The screen voltage for the 6AG7 operated with fixed bias or cathode-resistor
bias, should preferably be obtained through the use of a resistor in series with the
high-voltage B-supply. The use of a series screen resistor requires the use of a larFe
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 6 \G7 is obtained by the automatic background-control method. it is
recommended that the screen voltage be obtained from a source of good regulation,

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

(pin No. 2).
APPLICATION
As 4 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
extremely high transconductance and the large plate current of this tube make
possible relatively nigh voltage gain with the Jow load resistance needed to give
uniform output over the wide frequencv range. A typical circuit showing suitable
constants for a video amplifier is shown below.

TYPICAL VIDEQO VOLTAGE AMPLIFIER
HAVING BANDWIDIH OF 4 MEGACYCLES

" KINESCOPL

3 ( Cm i GRID
VS el . L1 t F%bb‘
P 1
— — ! IS L2
[_woso INPUT Ot ' Ry |
ANC A | L. L SRL
BIAS SUPPLY f | e, e
I_ ? GiF— 1 i
H ]
‘ = b
=
3 +125V. +2300V.

Ci = 4.5 yuf = Tube Capacitance + Socket Capacitance 4+ Wiring Capacitance +
Coil Capacitance

Gy = 19 yuf = Kinescope Capacitance + Socket Capacitance 4 Wiring Capacitance +
Coil Capacitance

L1 = 250 uh Filter Inductor R; = 20000-Ohm, Non-Reactive Resistor
L: = 125 uh Filter Inducto R: = 3500-Ohm, 10-Watt, Non-Reactive Resistor

AVERAGE PLATE CHARACTERISTICS
WITH EC; AS VARIABLE

TYrE 6AGT I J
€5 2 6.3VOLTS J'
SCREEN VOLTS =180
¢ || |
I T o s
3 | e d ! -
350 I ; 1 ! I
o ; [ 1 1 ]
¥ aol— . CONTROL ~GRID VOLTS EC = -2
z ) i ] I
g | »
BTN T T T —
g [ | | | |
~ 20} _§’<. N — S L + : = !
2 \-»-__1_ | .L eizo | |
e ) S -t of)
f | 1y | | ! : ECi=-6 i l
[ [ 1 1 1 | | |
100 200 300 400 300 600
PLATE VOLTS 92¢-6034
DIRECT-COUPLED
POWER AMPLIFIER
The 6B5 is a multi-electrode tube 685

of the heater-cathode type consisting

of two triodes in one buln and wused

chiefly for replacement i1 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 anv position. Physical characteristics of the 6135 are shown

m Fig. 2-25 OUTLINES SECTION. For heater operation. see Type 6N7
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DUPLEX-DIODE HIGH-MU
TRIODE

The 6B6-G is a heater-cathode type

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

for use as a combined detector, ampli-

fier, and automatic-volume-control

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

CATIONS section.
* CHARACTERISTICS
HEeATER VoLTAGE (A.C.orDC.) ...t 6.3 Volts
HEATER CURRENT . ... ..iiiiieniinennneinnennns 0.3 Ampere
Triode: GRID-PLATE CAPACITANCE® ... .............. 1.3 wuf
GRID-CATHODE CAPACITANCE®. . . ........... 2.7 puf
PLATE-CATHODE CAPACITANCE®. ............ 4.5 puf
* With close-fitting shield connected to cathode. Values are approximats.
Triode Unit — As Class A, Amplifier
PLATE VOLTAGE . ... ... iiiiiii e 250 max. Volts
GRID VOLTAGE . ..o\ttt eneiiiiienennns -2 Volts
PLATE CURRENT. . ..ottt e i iieeiin e 0.9 Milliampere
PLATE RESISTANCE. . .. .ot iieieeeiaeneens 91000 Ohms
AMPLIFICATION FACTOR . .. ............ ... .. ..t 100
TRANSCONDUCTANCE .« ovvvererernneennmnneconnnns 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 cathede connection
ggb glhe same as for Type 6A8. Application of the 6B6-G is similar to that of Type

DUPLEX-DIODE PENTODE

The 6B7 is a heater-cathode type of

6B7 tube consisting of two diodes and a

pentode in a single envelope. It is

used as a combined detector, amplifier

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

quency), and automatic-volume-control

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

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

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

detéctor 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.

— 96 —




RECEIVING

RCA

TUBE

MANUAL

AVERAGE CHARACTERISTICS

HALF-wav{ HECTIFICAT

ION-SINGLE 210DE UNIT

Tvre 687 i
- Ir(u.iv[-:ioA(‘) OF’ES—IS—YT)'R 7
Pentode Capacitances o 82 7]
Grio-PraTe® 0.007 max. upf o |
INver oo L 38 uuf T o
OuTPUT. ... i 9.3 unf B i * N B
¢ With shield can. N =9 o =—r— &
3 o r [ 3
. Ao . of; | - lzoé
2] ireR
IR S = 80 §
S i1 &
. 8 ! "l =
A PN | N
) e I a0 «
3
2.l 1™ I
HENN .
~a0 -30 -20 -10
0-C VOLTS DEVELOPED BY DIODE
92C~5278RI
DUPLEX-DIODE PENTODE
The 6B8 is a heater-cathode type of
metal tube consisting of two diodes
and a pentode in the same envelope. 688
It is recommende¢ for use as a com-
bined detector, amplifier (radio-, inter- METAL
mediate-, or audio-frequency). and
automatic-volume-control tube in a-c
receivers having a 6.3 volt heater sup-
ply. For diode-detector considerations, refer to RADIO TUBE APPLICATIONS
section.
* CHARACTERISTICS
Heater VoLTaGE (AC.or D.C) ... ... .. ... 6.3 Volts
HEATER CURRENT ... ... i, 03 Ampere
Pentode: Grip-P1LATE CAPACITANCE® .. ... ......... 0.005 max. uuf
INpUT CAPACITANCE®. ... ... ... ......... 6 uuf
Outrut CAPACITANCE® .. ....... ......... 9 uuf
* With shell connected to cathode.
Pentode Unit — As Class A, Amplifier
PLATEVOLTAGE ....... ... ... i, 300 max. Volts
ScrEEN VoLTage (Grid No. 2) . ................... 125 max. Volts
SCREEN SUPPLY VOLTAGE . . .. .................... 300 max. Volts
Grip VoLTAGE (Grid Na. 1) ... ........... ... . ... 0 min. Volts
PLATE DISSIFATION ........ ... . oo i, 2.25 max. Watts
SCREEN DISSIPATION . ... ... i 0.3 max. Watt
TyricaL OPERATION:
Plate Voltage .. ............................... 250 Volts
Screen Voltage ...... ........... .0 125 Volts
Grid Voltage®® ........ ... ... ..., -3 Volts
Plate Current .......... . ... .. ... ... ........ 10 Milliamperes
Screen Current ... . ..o 2.3 Milliamperes
Plate Resistance (Approx.).............. ....... 0.6 Megohm
Transconductance . .................... .ouan. 1325 Micromhos
Grid Bias Voltage (Approx)t .. ... ... .. ..... -21 Volts

t For cathode current cui-off.
¢® The d-c resistance in the grid circuit should no: 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 plute has its own base pin.  Operation curves for
the diode units are given under Type 6137,

INSTALLATION and APPLICATION

The base of the 6B38 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 saume as for Type 6A8.

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

For automatic volume control, a rectified voltage which is dependent on the
r-f or i-f carrier is usually emploved  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 APPLICA T'TONS section

For r-f or i-f amplification, the pentode unit of the 6BR mav be emploved in
conventional circuit arrangements 1t is designed so that its cut-off is somewhat
extended to permit of moderate gain control by arid-hins variation without intro-
ducing cross-modulation effects, The cut-off point and the abhility to handle the
larger signals may be altered by choice of screen voltage to suit the requirements ot
the circuit. For many tvpes 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
automaticitly an increase in the voltage avplicd to the screen as the grid-bias is
made more negative, with the result that tihe maximum signal-handling ability is
obtained.

For a-f amplification, the pentode unit of the 6133 mayv be used in 2 resistance-
coupled circuit arrangement to provide high gain under operating conditions given
in the Resistance-Coupled Amiplifier Chart.

Typical duplex-diode pentode circuits are shown in the CIRCUIT SECTION.
When the 6B3 is used in these circuits, its shell should be connected to ground.

AVERAGE Pt ATE CHARACTERISTICS

o—————— - - -+
Tret 6B8 | i - [}
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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 6B8_G
detector, amplifier (radio-, intermed-
iate-, or audio-frequency), and auto-
mutic-volume-control tube. For diode-
detector considerations. refer to RADIO
TUBE APPLICATIONS section.

* CHARACTERISTICS

HeaTer VoLTace (AC.or D.C) ... ... ... ... 6.3 Volts
HEATER CURRENT . ... .ttt e 0.3 Ampere
Pentode. Grip-PtaTeE CAPACITANCES ... ... . ....... 0.01 max. puf
INPUT CAPACITANCE] .. ... .. . R 3.6 puf
OuvtpuT CAPACITANCEY . ... . ... ... 9.5 ppf
¢ With closc-fitting shield connected to cathode.
Pentode Unit — As Class A; Amplifier

PLATE VOLTAGE ... ... . . . iiiieinnannn. 300 max. Volts
SereEN VoLTaGE (Grid N6. 2) ......... . 125 max. Volts
SCKEEN SUPPLY VOLTAGE . . . .......... e 300 max. Volts
Grip Voutace (Grid No. 1) ... o oo 0 min. Volts
PLATE DISSIPATION ... .o oo 2.25 max. Watts
ScREEN DISSIPATION . .. ... ... .. .o, 0.3 max. Watt
TypricaL OPERATION:

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

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

Grid Voltage®® .. ... ......... -3 -3 —’3 Volts

Plate Current ... ............. 5.8 6 Milliamperes

Screen Current . ............... 1.7 1.5 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

t For cathode current cut-off. L
s The value of Lhe resistance in the grid circuit should not exceed 1.0 megohm.

Diode Units
Two dinde plates are placed around a cathode. the sleeve of which is common
to the pertode unit. Each diode plate has its own base pin. Operation curves
for the diode units are given under Type 6137.

INSTALLATION and APPLICATION

The base of the 6138-G fits the standard octal socket which may be installed
to hold the tube in any position. Phjsical characteristics of the 6138-G are shown
in Fig 2-13, OUTLINES SECTION. I‘or heater operation and cathode connec-
tion, refer to Type 6A3.

Complzte shieiding of detector circuits employing the 6138-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

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

trode tubes of the heater-cathode type 6C 5 G
recommended for use as detectors, =
amplifiers, or oscillators. They have

a high transconductance together with

a comparatively high amplification factor. Except for capacitances. the electrical
characteristics of the two types are identical.
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* CHARACTERISTICS

Heater VOLTAGE (A.C.or D.C) ..o iitt 6.3 Volts
HEATER CURRENT ... ..ottt ininnannnnnns 0.3 Ampere
6C5*  6C5-G**
GRID-PLATE CAPACITANCE . ............... 2.0 2.2 uuf
GRID-CATHODE CAPACITANCE ............. 3.0 1.4 upf
PLATE-CATHODE CAPACITANCE . ............ 11 12 wuf
* With shell connected to cathode. ** With close-fitting shield connected to cathode
As Class A, Amplifier

PLATEVOLTAGE ......... ... 300 max. Volts
GRIDVOLTAGE . ...t e e 0 min. Volts
PLATE DISSIPATION ... .. ... ... 2.5 max. Watts
Typicat. OPERATION:

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

Grid Voltage ®® ... ... ... -8 Volts

Plate Current ........... ... ... ... . ... ...... 8 Milliamperes

Plate Resistance. . ...............c.oiieeennnn.. 10000 Ohms

Amplification Factor .......................... e

Transconductance .. ...................cvonnnn. 2000 Micromhos

® The d-¢ 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 nuhode
connection, refer to Type 6A8. Phyvsical characteristics of the 6C5 and 6C5-G
are shown in Figs. 1-2 and 2-17, respectively, in the QUTLINES SECTION.

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

As deteclors, 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 .f is satisfactory. For the grid-bias method of detection, a plate-
supply voltage of 250 volts may be used together with a negative gnd-bxas 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 CHARACTERISTLCS
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TRIPLE-CGRID 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 witiiin the tube.

* CHARACTERISTICS

Heater VoLTAGE (AC.orD.C) ... .ottt 6.3 Volts
HEBATER CURRENT . ..\ itr i veriianannerannnn 0.3 Ampere
PENTODRE CONNECTION:
Grid-Plate Capacitance®. .. ...........cooveuan.. 0.007 max. uuf
Input Capacitance. .. ... .. ....vuiirinnnnnnnn. 5 pufl
Output Capacitance, .........ovieeiiiiinnnn. 6.5 upf
Triong Coxnection-t
Grid-Plate Capacitance. . ............covvn ... 2 uuf
Grid Cathode Capacitance. .. ...... ............ 3 wpf
Plate-Cathode Capacitance ..................... 10.5 upf

* With close fitting shield connected to cathnde,
t Wita screen and suppressor conoected to plate.

Other characteristics of this type are the same as for Type 6J7

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.

5, (" TWIN-TRIODE AMPLIFIER

The 6C8-G is a multi-electrode type
of vacuum tube consisting of two high- 6C8 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 VorTacE (AC.or D.C) ..vvnot. ..., 6.3 Volts
HEATER CURRENT ... ... ..ttt iiiininnnnnnnns 0.3 Ampere
Triode Unit'1  Triode Unist 2
GriD-PLATE CAPACITANCE® . .......... 2.5 2.4 puf
GrID-CATHCDE CAPACITANCE®. ... ..... 3.4 2.5 uuf
PLaTE-CaTHODE CAPACITANCE®. ....... 315! 39 puf
GRID-GRID CAPACITANCE® .. .......... 0.1 nuf
PLATEB-PLATR CAPACITANCE® .......... 15 nuf
* Approximate.
Each Triode Unit — As Class A, Amplifier
PLATE VOLTAGE ........... ... ..cviiiiinnnnn... 250 max. Volts
GRID VOLTAGE . . ovttteiiie it ieeeeerennenns 0 msn, Volts
PLATE DissipATION . ....... .. .. .00uuns, 0688000 1.0 max. Watt
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TyricaL OPERATION:

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

Gnd Voltage. . . ..... .. e 45 Volts

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

Transconductance . . ... .. ... . ... .. ... .. ... 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. PPhysical characteristics of the 6C8-G are shown
in Fig. 2-15, OUTLINES SECTION. Ior heater operation and cathode con-
nection. refer to Type 6AE.

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
€ACH TRIODE UNIT

TYPE 6CB-G [ ] I
€4 = 6.3 VOLTS | ‘
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TRIPLE-GRID -0

SUPER-CONTROL AMPLIFIER e DI
6D6 The 6136 i3 a tripie-grid super-con

trol amplifier tube recommended for O \6)
service in the radio-frequency and " ‘
intermediate-frequency stages of radio

o o receivers desivned for its character-
istics. The ability of the tube to handle the usual signal voltages without cross-
moduiation and modulation distortion makes it adaptable to the r-f and i-f stages
of receivers employing automatic volume control.  The 606 is constructed with
an internal shield connected to the cathude within the tube. Except for capac-
itances, given below. the electrical characteristics of the D6 are identical with
those of the 6U7-G.

H
6F

GRID-PLATE CAPACITANCE .. ... .. B 0.007 max.* upuf

INPUT CAPACITANCE . . .............. ... . ... ... 4.7 wuf

DUTPUT CAPACITANCE . .. .oiv vt 6.5 suf
* With ciose-fitting shieid connected to cathode.
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INSTALLATION and APPLICATION

The base of the 66 fits the standard six-contact socket which may be instalied
to holc the tube in any positiun.  'hvsical characteristics of the 6136 are shown
in Fig. 2-20, OUTLINES SECT!ION. For heater operation and cathode connec-
tion, refer to Type 6A8. For control-¢rid bias, screen voltage, and suppressor
connection, refer to Type 65K7. Shielding of all stages is necessary if maximum
gain per stage is to be obtained. Refer to APPLICATION on Type 65K7.

PENTAGRID CONVERTER

The 61)8-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.

* CHARACTERISTICS

HEATER VoLTAGE (A.C.orDC)) ...... .. ... .... 6.3 Volts
HeaTER CURRENT . ... ... ... iininnnnnn. 0.15 Ampere
DIRECT INTERELECTRODE CAPACITANCES (Approx ):*
Grid No 4toPlate ....... ... ... ... ........ 0.2 wuf
Grid No.4toGrid No. 2 ... .. ... ... ..... 0.2 puf
Grid No.4toGridNo 1 .... .. .. ....... ... 0.16 puf
GridNo. 1toGridNo. 2 ... .. ... ........... 1.1 puf
Grid No 4 to All Other Electrodes (R-F Input) ... 8.0 wuf
Grid No. 2 to All Other Electrodes except Grid No. 1
(Osc Output) ........ ... ... .0, 4.6 up!
Grid No. 1 to All Other Electrodes except Grid No. 2
(()SC lnpu!) ................................ 55 ppf
Plate to All Other Electrodes (Mixer Qutput) ... .. 11.0 nasf
* With close-fitting shield connected to cathode.
As Frequency Converter
PLATE VOLTAGE ... ....... ... ... ... . ... .... 300 max. Voits
ScrEEN VoLTAGE (Grids No. 3and No. §). ......... 100 max. Voits
ScREEN SuprLy VOLTAGE. ... ... ...... ... ... ... 300 max. Volts
ANODE-GEID Vot TAGE (Grid No. 2) .. ... ... .. .. 200 max. Volts
ANOUE-GkID SuprLy Vortavet Lo o L. 300 max. Volts

ContoL-Grip VorTace (Grid No. 4). . ............. 0 min. Volts

PLATE DissipaTioN oo oo 1.0 max. Watt
SCREEN IMSSIPATION ... .. ... .. ... .. ... ... ... 0.3 max. Wart
ANODE-GKID DISSIPATION . ..., ... ... ... ......... 0 75 max. Watt

TotaL CATHODE CURRENT. . ... ..ot 13 max. Milliamperes
TyricaL OPERATION:

Plate Voltage . .................... ... 135 250 Volts
Screen Voltage . ....................... 67 5 100 Volts
Anode-Grid Supply Voltage. . ... ... .. 135 2501 Volts
Control-rid Voltage . ... ... ... ... .. -3 -3 Volts
Oscillator-Grid Resistor (Grid No. 1).. .. 50000 50000 Ohms
Plate Current ............ ... .......... 15 3.5 Milliamperes
Screen Current . ......... .. ... ... ... 1.7 2.6 Milliamperes
Anode-Grid Current. .. ... ... ...... .. .. 3 4.3 Milliamperes
Oscillator-Grid Current. . .. ... ... ..., 0.2 0.4 Milliamperes
Total Cathode Current. . . ... .......... 64 10.8 Milliamperes

_Anode grid supply voltages in excess of 200 volts require the use of 20000-ohm voltage-
dropping resistor by-passed by 0.1 uf condenser.

— 103 —



RCA RECEIVING TUBE MANUAL

Plate Resistance (Approx.).............. 06 04 Megohm
Conversion Transconductance. ... ... ... 529) 550 Micromhos
Conversion Transconductance (Approx ). . &K 61t Micromhos

The transconductance of the oscilllator portion fnot naciltating' of the DR G is 1200 micromhoa
under the foltuwing conditiona  plate veltage, 250 volts, screen voltage, 100 volts; anode gnid
voltage, 200 volts 1no voltage dropping resistor); and oscdlator grid voitage, 0 volts,

¢ With control-grid bias of -25 vuits. 13 With control grid bias of -35 volts.

INSTALLATION and APPLICATION

The base of the 61)8-G fits the standard actal socket which mayv be installed
to hold the tube in any position Physical characteristics of the 61)8-(; are shown
in Fig 2-15, OUTLINES SECTION.

The heater of the 61)8-G is designed to operate on ejther 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 value for full-load operating condi-
tions at average line voltage. For service in automobile receivers the heater term-
inals of the 61)8-G should be connected directly across a 6-volt battery.  In receivers
that emplov a series-heater connection, the heater of the 61)8-GG may he operated
in series with the heaters of other tvpes having 0 15.ampere rating, or in series
with the heaters of other types requiring more than 0.15 ampere if the 61)8-G
heater is shunted by a suitabie resistor to pass the current in excess of .15 ampere.
The current in the heater circuit of the 61)5-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 shiclding of the 6D5-(; is generally necessary to prevent
intercoupling between its circuits and the circuits of the other stages.

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

Ta

ELECTRON-RAY TUBE @
(indicator Type)

e an
6E5 The 6E5 is a high-vacuum, heater-

cathode type of tube designed to 9

indicate visually, by means of a ., -

fluorescent target, the etfects of a 6R

change in the controlling voltage.
The tube, therefore, is essentially a voltage indicutor 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 6155 is similar to the 6U5/6G5 except that the
6U5/6G5 triode unit is designed with a remate plate-current cut-off characteristic.
For discussion of Electron-Ray Tube considerations, refer to RADIO TUBE
APPLICATIONS section.

% CHARACTERISTICS

Heater VoLTaceE (A.C.or D.C) .................. 6.3 Volts
HEATER CURRENT .. ... ...t . 0.3 Ampere
As Tuning Indicator
PLATE-SUPPLY VOLTAGE ........ ... g‘ig max. go:ts
50 max. Volts
TARGET VOLTAGE. . ... ... ..oiiiiiiiain i {100 mint Volts
TypicaL OPERATION:
Plate- and Target-Supply Voltage 100 200 250 Volts
Series Triode-Plate Resistor. . ... 05 1 1 Megohm
Target Current (Approx.)....... 1 3 4 Milliamperes
Triode-Plate Current®. ......... 0.19 0.19 0.24 Milliampere
Triode-Grid Voltage (Approx.):
For Shadow Angleof 0° . ..... -3.3 -6.5 80 Volts
For Shadow Angle of 90° .. .., 0 0 0 Volts

¢ For zero triode-grid voltage.
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INSTALLATION and APPLICATION

The base of the 6E5 fits the standard six-contact socket which mav be installed
to hold the tube in anv position. For convenience, the tube is usually mounted
horizontally sc 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 hight reilections.  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
carrler. Exact tuning is indicated by the narrowest shaded angle that can be
obtained. The stronger the carrier, the narrower is the shadow.

The diagrams below show typical tuning-indicator circuits employing the
6E5. If the strongest carrier received produves sutficient ave voltage to exceed the
cut-off bias value of -8 volts, the shadow areu 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

- ne Teas G S0
e T i
4] & | Sei&s
‘H'A,;?v 7 o e
P o ' had v
te 10 & F I
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o) ]
' l; " <y
1+ e+
1Q Ca'-ODE-BIAS TO CATHODE-BIAS
pLS LTOR (Re) R 515 TGA (e )
CH GRLUND OR GHLUND
1.0 Megohm for B+ = 250 Volts Ry = R;
R = {95 Meypohm for B+ = 100 Volts Ri + R: =02 MeFohm
R: = 005 Meguhm (R-F Filter) Ql = 100 to 200 ug
Ry = 02 Megokm Ca1 = AVC Filter Condenser
Ri = Deierimmned by test. See text. Cv = 0.05to 1.0 uf
Ry = AVC Filter Resistor Ci = Ca

R, may easily be determined by applving a strong signal and adjusting R, until
the shadow-angle is nearly zero. If the resultant value of R, is so low as to reduce
the avc voltage zppreciably, the d-¢ controiling voltage for the 6ES5 should be
obtained from a tap on the diode load resistor as shown in the diagram at the right.

HIGH-MU TRIODES 6F5

The 6F5. 6F5-G. and 6F5.GT are METAL
high-mu triodes "designed for use in 6F5 G
H resistance-coupled amplifier circuits. -

«G

'Né'z{g () (o) Except for capacitances given below,
NCieFs-Gr "EY Tk the electrical characteristics of these 6F5 GT

5M tvoes are identicil with thuse of Type =

6SKE5.
Type 6F5* Type 6F5-G** Type 6F5-GT**

GRID-PLATE CAPACITANCE .... 23 26 2.8 uul
Griv-CaTHODE CAPACITANCE.. 5.5 2.2 2.2 unl
PLATE-CATHODE CAPACITANCE. 4.0 2.8 3.2 uuf

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

The base of each of these tubes fits the standard octal socket which may be
installed to hold the tube in any position. Physical characteristics of the 6F5,
6F5-G, and 61°5-Gl" are shown in Figs. 1-5, 2-15, and 2-5, respectively, in the
gUTlg}\%liS 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

6F6 PENTODES

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

6F6 G of a-c receivers. These types are ca-

- pable of giving large power output with

a relatively small input voitage. Be-

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

% CHARACTERISTICS
Heater VoLTAGE (AC.or D.C) .................. 6.3 Volts
HEATER CURRENT . ... ... .. .o, 0.7 Ampere
As Single-Tube Class A, Amplifier — Pentode Connection

PLATE VOLTAGE ... ... . it i 375 max. Volts
ScreEEN VoOL.TAGE (Grid No. 2) ... ...... .. . .. 285 max. Volts
PLATE DisstpATION . .. .. .o . 11 max. Watts
SCREEN DISSIPATION ... ... .. ... ... ... ... 3.75 max. Watts

TypicalL 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 Gnd Voltage ... 16.5 20 16.5 20 Volts
Zero-Signal Plate Current . . . 34 38 34 38 Milliamperes
Max.-Signal Plate Current .. 36 40 35 38 Milliamperes
Zero-Signal Screen Current . 65 7 6.5 7 Milliamperes
Max.-Signal Screen Current 10.5 13 9.7 12 Milliamperes
Plate Resistance (Approx.) 30000 78000 - - Ohms
Transconductance . ....... 2500 2550 - - Micromhos
Load Resistance . .. ........ T 7000 7000 7000 Ohims
Total Harmonic Distortion. . 8 9 85 9 Per cent
Max -Signal Power Qutput . . 3.2 4.8 31 1.5 Watts
As Single-Tube Class A, Amplifier — Triode Connectiont
PLATE VOLTAGE ... ittt it iieeaenaennns 350 max. Volts
PLATE anxD SCrREEN Dissreation (Total) . ... ... .. 10 max. Watts
TyricaL OPERATION:
Fixed Bias Cathode Bias
Plate Voltage . . ..................... 250 250 Volts
Grid Voltage (Grid No 1) . ... .. . -20 - Volts
Cathode Resistor .o oo - 650 Ohms
Peak A-F Grid Voltage. ...... .. ... ... 20 20 Volts
Zero-Signal Plate Current. . ... . 31 31 Milliamperes
Max.-Signal Plate Current. . ........ 34 32 Milliamperes

Screen cononected tu plate
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Plate Resistance. ... ... ............ 2600 - Ohms
Ampiification Factor ....... .. ... . 6.8 -
Transconductance . . ....... ...... 2600) - Micromhos
Load Ressstance. .. ... ... ... .. .. 4000 4000 Ohins
Total Harmonic Distortion. . . .. e 6.5 6.5 [Per cent
Max.-Signal Power Output. .. ... ... .35 08 Watt
As Push-Pull Class A, Amplifier — Pentode Connection
Prate VoLTaGge ... ... ... ... .. 370 mavx. Volts
SCREEN VOLTAGE . ........ ... o .. . 285 max. Volts
Prate DissipatioNn . . oL 11 max. Wutts
SCREEN DISSIPATION ... .. ............ ........ 3.75 max. Watts

TyricaL OPERATION: Vaiues are for tico ibes
Fixed Bias Cathode Bias

Plate Voltage .. .............. ...... 315 315 Volts
Screen Voltage .................. .. .. 285 285 Volts
Grid Voltage. .. ............... ... . -24 - Volts
Cathode Resistor . .............. ... - 320 Ohms
Peak A-F Grid-to-Grid Voltage. .. .. .. 48 58 Volts
Zero-Signal Plate Curent. ... .. ... .. 62 he Milliamperes
Max.-Signal Plate Current. .. . ... ... 80 73 Milliamperes
Zero-Signal Screen Current. ......... .. 12 12 Milliamperes
Max -Signal Screen Current. . ... ... ... 19.5 18 Milliamperes
Effective Load Resistance (Plate-
to-plate) . ................ ... .. 10000 10000 Ohms
Total Harmonic Distortion. . .. ... ... 4 3 Per cent
Max.-Signal Power Qutput............ 11 10.5 Watts
As Push-Pull Class AB, Amplifier — Pentode Connection
PLATE VOLTAGE . ........... .. . 375 max Volts
SCREEN VOLTAGE ............... ........... . 285 max. Volts
PLATE DISSIPATION ... ... .................... 11 max. Watts
SCREEN DISSIPATION ... ........................ 3.753 max. Watts

TyricaL OperaTION: Vaiues 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. .. .. 32 94 Volts
Zero-Signal Plate Current . . . . . . 34 51 Milliamperes
Max.-Signal Plate Current .. .| 82 77 Milliamperes
Zero-Signal Screen Current. .. ... .. 5] 8 Milliamperes
Max -Signal Screen Current. ... ... .. 19.5 18 Milliamperes
Eftective Load Resistance (Plate-

to-plate) . ... 10000 10000 Ohms
‘votal Harmonic Distortion. . ... R 3.5 5] Per cent
Max.-Signal Power Output.......... 18.5 19 Watts

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

As Push-Pull Clcss AB, Amplifier — Triode Connection?

PLATE VOLTAGE ... .. .. ... ... .. . . . . . . ... 350 max. Volts
PLATE AND ScrREEN DissipaTion (Total). . ... ... - 10 max. Watts
TyeicaL OPERATION: Values are for Lo lubes

Fixed Bias Cathode Bias

Plate Voitage .. .......... ........ 330 330 Volts
Grid Voltage. . . ................... -38 - Volts
Carhode Resistorr . ..., ... ........ - 730 Ohms
Peak A-F Grid-to Grid Voitage. . .. .. 123 132 Volts

1 Sc¢reen connected to plau:
¢ The value given for the cathode resistor is determined for a grid bias of -36.5 voits
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Zero-Signal Plate Current ... ... ... .. 48 50 Milliamperes
Max -Sienal Plate Current ..., L. Y2 61 AMilhiamperes
Effective Load Resistance (Plate-

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

INSTALLATION and APPLICATION

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

The heater in both tvpes 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 shouid be connected directly across a 6-volt batterv  In a series-heater
circuit employing several 6 3-volt types and one or more 6F6's or 61°6-(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-ainpere or 0.15-ampere heaters, a bleeder circuit
across these heaters is required to tuhe care of the additional heater current of the
6F6's or 6F6-G's. Each 6 3-vo!t tube of the 0 3-ampere type in the series circuit
should, therefore, be shunted by a bleeder resistance of 16 ohms. Similarly. each
?iBéVO})t tube of the 0.15-zmpere type should be shunted by a bleeder resistance of

.5 ohms.

For cathode connection, refer to Tvpe 6A8.

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

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

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

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

AVEPAGE PULATE CHARACTORISTICS
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recommended  When the grid circuit has a resistance not higher than 0 1 megohm,
fixed bias mav he used. lor higher values, cathode bias is required. With cathode
bias the gnid circuit mav have a resistance as high as. but not greater than. 05
megohm provided the heater voltage is not allowed to rise more than 10Y, above
rated vzlue under any condition of operation.

AVERAGE FL ATE CHARACTERISTICS
TR 200 COLUNECTHON
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o 00 To 300 als 500 3
PLATE VOLTS 92¢-4440

TRIODE-PENTODE

The 6F7 is a heater-cathode type ot
tube combining in one bulb a triode 6F7
and an r-f pentode of the remote cut-
cff tvpe. Since these two units are in-

dependent of each other except for the
common cathode, the 6F7 mavbe adapt-

e ed to circuit design in several ways.
CHARACTERISTICS |
Heater Voutace (A.C.orD.C) ..o, 6.3 Volts
HeATER CURRENT . .. .o it 0.3 Ampere
DirecT INTERELECTRODE CAPACITANCES:
Triode Unit—Grid to Plate . .................. 2.0 unf
GridtoCathode.................. 2.5 upf
Plate te Cathode ................ 30 upf
Pentode Unit—Grid to Plate (With shield-can) .. .. 0.008 max. uuf
Input . ........... . ... ... 3.2 upf
Qutput . ..o 125 yyr
As Class A, Amplifier
Triode Unit  Penlode Unilt
PLATE VOLTAGE ............. 100 max. 100 250 max. Volts
ScreeN Vortaar (Grid No. 2). — 100 100 max. Volts
Grip Vortace (Grid No. 1)... ~-3min. -3 min. -3 min. Volts
Piate Curkent. . ... ... ... 3.5 6.3 6.5 Milliamperes
SCREEN CURKENT. .........u. — 1.6 1.5 Milliamperes
AMPLIFICATION FACTOR....... 8 —_— —
Prate RFISTANCE ... .. ... 0.016 0.29 0.85 Megohm
TRANSCONDUCTANCE .. .\.. ... 500 1050 1100 Micromhos
TRANSCONDUCTENCE .........
(At -35 volts dias)......... — 9 10 Micromhos
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R CA RECEIVYING TUBE

INSTALLATION and APPLICATION

The base fits the standard small 7-pin socket which may be installed to hold
the tube in anv position. Physical characteristics of the 6F7 are shown in Iig
2-16, OUTLINES SECTION. For heater operation and cathode connection,
refer to Type 6\8.

TWIN-TRIODE AMPLIFIER

The 6F8-G is a multi-electrode tube
consisting of two mediuin-mu voltage
6 F 8 - G amplifier triodes in one bulb. Tt may be
used as a voltage amplifier or as a phuse
inverter. Except for the common heater,  *

each triode is independent of the other.

The heater rating and capacitances are

given below; other characteristics for

cach triode unit are identical with those of the 6J5.

* CHARACTERISTICS

HeaTer VoLTaGe (AC.or D.C) ............ ... .. 6.3 Volts
HEBATER CURRENT . .. ... ... . ... ... ........ 0.6 Ampere
DireECT INTERELECTRODE CAPACITANCES:®

Triode Unit 1 Triode Unit 2

L 4

GridtoPlate.................. 4.0 3.6 upf
Grid to Cathode. .. ... .. ... .. 32 3.0 puf
Plate to Cathode . ... .. ... .. 3.2 3.8 uul
GridtoGnrd ..... ...... ... ... 0.2 uuf
Plate to Plate .. .. .. .. ........ 04 upf
Grid of Unit 2 to Plate of Unit 1 0.1 uuf

* With cloee-fitting shield connected to cathode. Valucs are approxitnate.

INSTALLATION and APPLICATION

The base of the 6F8-G fits the standard octal socket which may be mounted
to hold the tube in anv position. Phvsical characteristics of the 6F8-G are shown
in Fig. 2-15, OUTLINES SECTION. For heater operation and cathode connec-
tion, refer to Type 6A8, but give consideration to the greater heater current of
the 6F8-G  As a phase inverter, the 61'8-G may be operated as shown in the RE-
SISTANCE-COUPLED AMPLIFIER CHART.

POWER AMPLIFIER PENTODE o (5
The 6G6-G is a power-amplifier .
pentode of the heater-cathode type :
666_6 for use in the output stage of radio

receivers. In applications where a mod- 5 ;

erate power output is desired, the 6(G:6-G " X n

is economical because of its low plate- i 4

power requirements and low heater e TTREY TGy

current. G-7S

* CHARACTERISTICS
HEeaTER VoLTacE (AC.or DCHt ... ... . ... .. 6.3 Volts
FIEATER CURRENT . . ... ... .. .. 0.15 Ampere
As Class A; Amplifier — Pentode Connection

PLATE VOLTAGE . ... ... . ... ... .. ... . ... 180 max. Volts
SCREEN VOLTAGE .. ...... ..o i .. 180 max. Volts
PLaTE DisstPATION ... ... L 2.75 max. Watts
SCREEN DISSIPATION . ... ... ... ... 0.75 max. Watt

t In oo case should the beater voltage fluctuate so that it exceeds 7.0 vaits.
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Tyrical OPERATION:

Plate Voitage .. ................. ... ... 135 130 Volts
Screen Voltage (Grid No. 2) ... ... ... 135 180 Volts

CGirid Voltage (Giid No. D) ... ... ... .. 6 -9 Volts

I’ml\ A-F (aid Volage ..o ooo 0oL 6 9 Volts
Zero-Signal Plate Current. .............. 115 15 Miluzimperes
Zero-Signal Screen Current. . ............ Z 25 NMilliamperes
Plate Resistance (Approx.)... .......... 017 0175 Megohm
Transconductance . . .. ............... 2100 2300 Alicromhos
Load Resistance .. ... ............. . 12000 10000 Ohms
Total Harmonic Distortion .. ... .. R 7.5 10 Per cent
Max.-Signal Power Qutput. ............ 0.6 1.1 Watts

* The d ¢ resistance in the gnid circuit may be as high as 05 megotims with cathode bias or
0.1 megohm with fized hias, provided the heater voltage 1s not allowed to rige more than 107,
above the rated value under any conditivn of vperation.

As Class A, Amplifier — Triode Connection
{Screen tied to plote)

PLATE VOLTAGE .. .. . ... ... ... .. ... ....... 18O max Volts
PLaTE IhissteaTiON ... L o . 2.5 max. Watts
Tvypicai. OPERATION:
Plate Voltage . ....... .. e C 180 Volts
Grid Voltage. . . . ..... e 12 Volts
Peak A-F Grid Voltage. . ... ... . ... ... .. 12 Volts
Zero-Signal Plate Current .. .. ... .. R 11 Milliamperes
Plate Resistance. ... ... ... ... ... ... . 4750 Ohms
Amplification Factor ... . ..... ... . e 915)
Transconductance . ... ........ . 2000 Micromhos
load Resistance. ..  .......... Ceees 12000 Ohms
Total Harmonic Distortion. .. ......... ... .. ... 5 [’er cent
Max.-Signal Power Output. ... ... ... ... ... .. V.25 Watt

INSTALLATION ond APPLICATION

The base of the 6G6-G fits the standard octal socket which may be instalied
to hold the tube in any position. Physical characteristics of the 6G6-G are shown
in Fig. 2-17, OUTLINES SECTION. Heater operation is sitnilar to that of the
6D8-G: for cathode connection, reter to Type GA8. Application of the 6G6-G is
similar to that of the 6K6-G.

"oe Pey
(53
vy D) TWIN DIODE 6H6
y The 6H6 and 6116-G are tubes of
) the heater<athode type containing METAL
W(2) « twodiodes in one envelope.  Except for

the common heater. the two units are 6H6 G
independent of each other. This ar- =
AL LR rangement offers tlexihility in design of

n 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

HeaTeEr VoLTaGE (A.C.orD.C.) ... e 6.
HeatER CURRBNT . ... ... ciiiiein 0.
Di1RECT INTERELECTRODE CAPACITANCES:

Tyvpe 6116* Type 6F16-G**

(i
S:BHE6 gy

Plate No. 1 to Cathode No. 1 ....... 30 3.1 unf
Plate No. 2 to Cathode No. 2 . ...... 34 4.0 i
Plate No. 1 to Plate No. 2. .. ....... 0.1 max. 01 max. ppf
With shell connected 10 cathode *¢ With close-fitting shield connected to cathode

-~ 111 —
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As Rectifier

A-C Piate Voutack Per Prate (RMS) ... .. 117 max. Voits
D-C Quteut CURReNT PER Prate ..o oo oL 4 max. Milliamperes

INSTALLATION ond APPLICATION

The base of either the 616 or 6H6-G fits the standard octal socket which may
be mounted to hold the tube in any position.  Physical claracteristics of the 6H6
and 6116-G are shown in Figs 1-1 and 2-17, respectively, in the OUTLINES
SECTION. For heater operation and cathode connection, refer to Type 6A8.

For detection, the diodes may be utilized
in a full-wave circuit or in a half-wave circuit. AVERAGL CHARACTLRISTICS
In the latter case, one plate only. or the two HALT waVE RECUTICRION SINGLE DIt
plates in parallel. may be employed. The use of L ours {100
the half wave arrangement will provide approx- e
imately twice the rectified voltage as conipared
with the full-wave arrangement.

For automatic-volume control, the 6116 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 616 and
6116-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 neces<ary to
provide gain by means of a supplementary tube. |
Types such as the 6C5. 65F5. 65]7. and bSK7
are very suitable for this purpose  Their use in ‘

- |e00

b
o
o
RECTIF £ MICROAMPERES

combination with the 6116 or 6116-G is similar L 2

to that of the amplifier sections of duplex-diode = em s O

triode or pentode types. ©-C€ VOLTS DEVLLOPLL By DICDE
92C - 4436

DETECTOR AMPLIFIER

6J5 TRIODES

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

triodes of the heater-cathode tvpe
6J5'G designed for use as detectors, ampli-
fiers, or oscillators. These tubes have 5
a high transconductance together with ne

6J5-GT a comparatively high amplification 6Q
factor.

+ CHARACTERISTICS
Heater Vortace (A.C.orD.C) ...........oooint 6.3 Volts
HEATER CURRENT . o .o eeeeinaeeennaancnnnans 03 Ampere
Type  Type  Type
6J5* 6J5-G** 6/5-GT
GriD-PLATE CaPACITANCE(Approx.)... 3.4 40 — upf
Grip-Cataope CapaciTaNce(Approx.). 3.4 4.2 —_ uuf
PLATE-CATHODE CAPACITANCE(Approx.) 3.6 50 —_ puf
* With shell connected to cathode. *» With close-fitting shield connected to cathode.
As Class A, Amplifier
Types 6]5, 6]5-G Type 6]5-GT
PLATE VOLTAGE ................. 300 max. 250 max. Volts
GRID VOLTAGE . .. .. oiiniinenn 0 min. 0 min. Volts
PLATE DISSIPATION .. ............ 2.5 max. 2.5 max. Watts
TyricaL OpPERATION (6]5, 6]5-G, 6]J5-GT):
Plate Voltage. ................. 90 250 Volts
Grid Voltage* . . ............... 0 -8 Volts
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Plate Current ................. 10 9
Plate Resistance. . ............. 6700 7700
Amplification Factor ........... 20

Transconductance . ............ 3000 2600

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

INSTALLATION and APPLICATION

Milliamperes
Ohms

Micromhos

The base of each type fits the standard octal socket which may be installed to

hold Lhe tube in any position.
6J5-GT are shown in Figs. 1-3,

Physical characteristics of the 6J5, 6J5-G, and
2-17 and 2-8, respectively, in the OUTLINES

SECTION. For heater operation and ('alhode connection, refer to Type 6A8.

For application, see Type 6C5,
AMPLIFIER CHART.

and Type 6F8-G in RESISTANCE-COUPLED

T T
TYPE 6J5
E ¢56,3 VOLTS
}

PLATE MILLIAMPERES
-

AVERAGE PLATE CHARACTERISTICS

l
SR

F— -+

TRIPLE-GRID
DETECTOR AMPLIFIERS 6/\43417

INTERNAL. o 47, ¢,

The 6]J7 and 6J7-G are triple-grid
tubes of the heater-cathode type rec- -
ommended for service as biased detec-

~ .
SHIELD - tors. In such service these tubes are

7R

capable of delivering a large audio-

frequency output voltage with relatively small input. Other applications include

their use as high-gain amplifiers,

* CHARACTERISTICS

HeaTter VoLrace (A.C. or D.C.)

HeATER CURRENT . ............

PENTODE CONNECTION:

Grid-Plate Capacitance. ... ..
Input Capacitance. ... ......
Qutput Capacitance. . .......

Triope CoNNEr11ON:

Grid Plate Capacitance . ... ...
Grid-Cathode Capacitance. . . ..
Plate-Cathode Capacitance . . .

® With shell connected to cathode.
° Without shield-can.

.................. 6.3 Volts

.................. Ampere
Type 6J7* Type 6]7 G

...... 0.005 max. 0.007 max.** puf

...... 7 4.6°* wuf
...... 12 124+ wuf
...... 2 1.8: puf
..... 13 ??o uu{
...... o frm

** With close-fitting shield connected to cathode
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As Class A Amplifier — Pentode Connection
PLaTE VoLTAGE . . A . 300 max. Volts
ScreeN Voutacr (Grid No. 2).. . L. 125 max. Volts
ScrEEN Svemy Vouracr . ... L - 300 max. Volts
Grmp Vorrace (Grid No. 1y, 0 oL 0 min. Volts
PLATE DissteaTioN .. .. R 0.75 max. Watt
SCREEN Dissipation | .. 0.1 max, Watt
TvyPICAL OPERATION:
Plate Voltage .. ... .. R 100 250 Volts
Screen Voltage . ... ... ... 100 100 Volts
Grid Voltaget ........ .............. . -3 3 Volts
SUpDIessOr. . ... ... Connected to cathode at socket
Plate Current ....................... . 2 2 Milliamperes
Screen Current ... ......... .. .......... 0.5 0.5 Milliampere
Plate Resistance. . ............... ... 10 T Megohm
T'ransconductance .. .. ... ... ... . 1185 1225 Micromhos
Grid Voltage (Approx.)®® ... ... ... .. -7 7 Volts
®® For cathode-current cut-off. 1 Greater than 1.0 megohm.
As Class A, Amplifier — Triode Connection
(Screen and suppressor tied to plate)
PLATE VOLTAGE .. .. ... ... . 250 max. Volts
GrID VOLTAGE .. ... .. ... 0 min. Volts
PLATE & ScrEEN DissivaTion (Total). .. ... ... ... 1.75 max. Watts
Tyrical. OPERATION:
Plate Voltage ....... .. .. ... ... o 180 250 Volts
Grid Voltaget ... .. FE -53 -8 Volts
Plate Current .... . .. e 5.3 6.5 Milliamperes
Plate Resistance. .. I, 11000 10500 Ohms
Amplification Factor .. ................ 20 20
Transconductance . . ................... 1800 1900 Micromhos

3 The d-c resistance in the grid circuit should not exceed 1.0 megohim.

INSTALLATION and APPLICATION

The base of either the 6J7 or 6]J7-G fits the standard octal socket which may
be instailed to hold the tube in any position. Physical characteristics of the 6]7
and the 6J7-G are shown in Figs 1-5 and 2-15. respectively, in the QOUTLINES
SECTION. For heater operation and cathode connection, refer to Type 6A8.

The screen voltage may be obtained from a potentiometer or bleeder circuit
across the B-supply source. Due to the screen-current characteristics of these tubes,
a resistor in series with the high-voltage supply may be emploved for obtaining the
screen voltage, provided the cathode-resistor method of bias control is used. This
mclathod, however, is not recommended if the high-voltage B-supply exceeds 300
volts.

As a biased detector, the 6J7 or 6]J7-G can deliver a large audio-frequency
output voltage of good quality with a fairly small radio-frequency signal input.
TyPical recommended conditions for either of these types a8 a biased detector are
as

ollows:
Plate Supply* ........... 100 100 250 250 Volts
Screen Voltage . ......... 12 30 50 100 Volits
Grid Voltage. . . ......... 1.16 -1.83 -2 -4.3 Volts
Cathode Resistor ........ 18000 10000 3000 10000 Ohms
Suppressor. .. .......... Connected to cathode at socket
Cathode Cur. (Zero Signal) 0.63 Q.183 065 043 Milliampere
Plate Resistor. . ......... 1.0 025 025 0.50 Megohm
Blocking Condenser. . . ... 0.01 0.01 0.03 0.03 uf
Grid Resistort .. ......... 1.0 05 025 0.25 Megohm
R-F Signal (RMS)** .. ... 1.05 16 1.18 1.37 Volts

* Voltage at plate will be PLATE-SUPPLY voltage less voltage drop in plate resistor caused
by piate current.
¥ For the following amplifier tube.
* With these signal voliages modulated 2077, the voltage output under each set of operatini
conditions 18 17 peak volts at the gnid of the following ampliber, a value sufficient to insure ful
audio output from a Type 6F6 at 250 volts on plate.
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Detector bias mav be obtained from a bleeder circuit, from a resistor in the
cathode circuit, or from a partial cathode-biasing crcuit.  The cathode-resistor
metnhod permits of hizher output at low percentage modulation, since the input
signal may be increased almost in inverse proportion to the modulation without
resuiting in objectionable distortion.

As audio-frequency amplifier pentodes in resistance coupled circuits, these
tubes may be operated as shown in the RESISTANCE-COUPLED AMPLIFIER
CHART.

As 2 radio-frequency amplifier pentode, the 6]7 or 6)7-G; mayv be used particu-
larly in applications where the r-f signal applied to the grid is relatively low, that
is. of the order of a few volts. In such cases either screen or control-grid voltage
(or both) may be varied to control the receiver volume. When larger signals are
involved, a super-control amplifier tube should be emploved to prevent the oecur-
rence of excessive cross-modulation and modulation-distortion.  Recommended
operating conditions for amplifier services are given under CHARACTERISTICS.

FAERACE P LTE o HARACCERIQT O
W T——(——‘ ——— - T e

T Tive 6I7 ) ’
DUPRAE NS Y VOLTY - a ‘$
Sk LN vOLTS T D : | l

0 {
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1
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511 {
— 1 ]
740 5 < L
PLATE  VOLTS el —atar

-©3 TRIPLE-GRID
DETECTOR AMPLIFIER

The 6)7-GT is a triple-grid detector 6J7_GT
amplifier of the heater tyvpe recom-

H . .
mended for service as a biased detector.
B " In such service it is capuable of deliver-
S s ing a large audio-frequency output
GT-7R (6J7-GT) voltage with relatively small input.
* CHARACTERISTICS
Heater Vortace (AC.or DC)) ... ... ... ... 6.3 Volts
HEATER CURRENT ... ... i 0.3 Ampere
Grip PLATE CAPACITANCE® . ... .. ... ... ......... 0.005 max. wppf
INPUT CAPACITANCE® . ... ... . . eei e 5.2 upf
OuTPUT CAPACITANCF® . ... ... ... ... ... 12 uuf
¢ With close-fitting shield connected to cathode. Values are approximate.
As Class A, Amplifier — Pentode Connection
PLATE VOLTAGE . ... ... i 250 max. Volts
SCREEN VOLTAGE ... ... ... i e 125 max. Volts
SCREEN SUPPLY VOLTAGE . . .. .......... .. ......... 250 max. Volts
GRID VOLTAGE © eivvveneeeneneiininannn 5 0 min. Volts
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PiLATE DissiraTioN |
SCREEN DIssIPATION .. .. ... ......
Tyricat. OFERATION:

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

As Class A, Amplifier — Triode Connection

(Screen and suppressor tied to plote)

0.75 max. Watt
0.1 max. Watt

Masximum ratings and typical operation are the same as for the Type 6]7.

INSTALLATION and APPLICATION

For installation, refer to Type 61D8G: and for application. to Type 6]7.
Physical characteristics of the 6§7-GT are shown in Fig. 2-6, OUTLINES SECTION.
Complete shielding of the 6J7-GT is generally necessary to prevent intercoupling

between its circuits and the ciurcuits of other stages.

HI-MU TRIODE

The 6K5-G is a high-mu triode of
the heater-cathode tvpe designed for
use as a voltage amplifier in receiver
circuits designed for its characteristics.

6K5-G

CHARACTERISTICS
HeaTtir VoLtacE (AC.or DC) ......ooiiL 6.3
HEATER CURRENT . ... ..o i e 03
PLate VOLTAGE ... .o it 100 250
GRID VOLTAGE . .. .. oot -15 -3
PLATE CORRENT v .o it iii i e ans 0.35 11
PLate RESISTANCE .. ... ... o 78000 50000
AmpLiFicaTioN Factor. ... ..o oL .. 70 70
TRANSCONDUCTANCE . . ..ot ivineneennnnn 900 1400
GRrID-PLATE CAPACITANCE® . ... .. . o v . 2.0
GrID-CATHODE CAPACITANCE® .. ... ... ..o vt 2.4
PLATE-CATHODE CAPACIIANCE® . ... ... oo 3.6

® \ith no shield. Values are approximate.

INSTALLATION and APPLICATION

Volts
Ampere
Volts

Volts
Milliampere
Ohms

Micromhos
puf
puf
wuf

The base of the 6K5-G fits the standard octal socket which may be mounted

to hold the tube in any position.

Physical characteristics of the 6K5-G are shown

in Fig. 2-15, OUTLINES SECTION. Heater operation and cathode connection

are the same as for Type 6A8.

As a class A, amplifier, the 6ix5-G may be operated in resistance-coupled
amplifier circuits. When the 6K5-G is used to amplifv the output of the 616 diode,

it is recommended that fixed bias be employed.

Diode-biusin

of the 6K5-G is

not suitable because of the probability of plate-current cut-off, even with small

signal voltages applied to the diode circuit.

POWER AMPLIFIER
PENTODE

The 6K6-G i3 a power-amplifier pen-
tode of the heater-cathode type for
use in circuitz designed for its char-
acterietics. It is capable of delivering
a moderate power output with a rel-
atively small input voltage.
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* CHARACTERISTICS

Heater VorTacE (AC.or DC) ... .ciiiinnn 63 Volts
HEATER CURRENT Lottt e e nanaens 0.4 Ampere
As Closs A, Amplifier
PLATE VOLTAGE ... ittt itiieeriiianaiaannnns 315 max. Volts
SCREEN VOLTAGE ... .t ieteniiesiininncannnnn 285 max. Volts
Pra1e Dissipation ... .. 10 000000G0EE 0000000000000 85 max. Watts
SeREEN DISSIPATION L. i i ittt iiicannn, 2.8 max. Watts
TypicaL OPERATION:
Plate Voltage .. ............... 100 250 315 Volts
Screer: Voltage . ......couvunnnn 100 250 250 Volts
Grid Voltage .. .............. -7 -18 =21 Volts
Peak A-F Grid Voltage ........ 7 18 21 Volts
Zero-Signal Plate Current....... 9 32 25.5 Milliamperes
Max .-~ignal Plate Current. .. ... 95 33 28 Milliamperes
Zero-Signal Screen Current. ... .. 1.6 55 4 Milliamperes
Max -Signat Sereen Current. . .. . 3 10 9 Milliamperes
Plate Resistance., . ............. 104000 68000 75000 Ohms
Transconductance . . ........... 1500 2300 2100 Micromhos
Load Resistance. . ............. 12000 7600 9000 Ohmas
Total Harmonic Distortion. .. ... i1 11 15 Per cent
Max.-Signal Power Output. ... .. 0.35 3.4 4.5 Watts

INSTALLATION ond APPLICATION

The nase of the 6K6-G fits the standard octal socket which may be installed
to hold the tube in any position. Heater operation 1s_the same as that for Type
6A8. excent for serizs operation. The heater of the 6K6-G may be operated in
series with the heaters of other types having lower hester-current ratings il the
heaters of these tvpes are shunted with suitable resistors to pass the current in
excess of that for which the tvpes 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 vither
singly or in push-pull combination. More than one audio stage preceding the
6K6-G is undesiruble because of the pessibility 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 bigh. Transformer- ot iinpedance-
coupling devices are recommended.  When the gnid circuit has a resistance not
higher thar 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 10¢; above the rated value under any condition of operation.

nCRCALA characteristica of the BK6-GT are
\ shown in Fig. 2-8. OUTLINES SEC-

2« POWER AMPLIFIER PENTODE
@ 2) The 6K6-GT is a power-amplifier
e [-:. \ ;I)enmde of the heater-cgthode type.
g t is similar to the 6K6-G but is con-
,‘;'.‘T’x ~ structed in a smaller bulb. Physical bKé- GT
no—Rer =8 TION. Installation and application
6-75 of the AK6-GT are the same as for the
Type 6K6-G.
CHARACTERISTICS
HeaTeER VOLTAGE (AC) .. .. it 6.3 Volts
HEATER CURRENT . .. ittietiiieeeaaanncanns s 0.4 Ampere
PLATE VOLTAGE .. ........... 180 250 max. 250 magx. Volts
SCREEN VOLTAGE ......cuuuns 180 250 max. 250 max. Volts
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GriD VOLTAGE . . ............ -135 -18 -16.5 Volts

Prate CURRENT. . ........... 185 32 34 Milliamperes
ScREEN CURRENT. ........... 30 oY) 5.7 Milliunperes
PrLaTe Resistance (Approx.) . 81000 68(XX) 63000 Ohms
TRANSCONDUCTANCE . ........ 1850 2200 2300 Micromhos
LoaDp RESISTANCE .. ......... 9000 7600 7 Ohms
ToraL HArMONIC DiSTORTION. 10 10 7 Per cent
Power OuTPUT.............. 1.5 34 3.2 Watts

TRIPLE-GRID
6K/ SUPER-CONTROL AMPLIFIER

The 6K7 and 6K7-G are triple-grid
super-control amplifiers of the heater-
cathode type recommended for service

6K7-G in the radio- or intermediate-frequency , 5
stages of radio receivers. The ability Ng;g:;_,}*vtv*’x
of these tubes to handle unusual signal ) 7R
voltages without cruss-modulation and

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

% CHARACTERISTICS
HeaTter Voutace (AC.or DC)) .. ... e 6.3 Volts
HEATER CURRENT . ... ... ... .. ... ... ... . . . ... .. 0.3 Ampere
Type 6K7° Type 6K7-G°°
Griu-PLATE CAPACITANCE . ... ... .. ... 0.005 max. 0.005 max. uuf
INPUT CAPACITANCE. .. ........... S 7 5 unf
OuUTPUT CAPACITANCE. . .. ............ 12 12 wuf

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

As Class A, Amplifier

PLATE VOLTAGE .. ........ . ... ... ... ..., 300 max. Volts
SCREEN VOLTAGE . ............... i, 125 max. Volts
ScrEEN SUPPLY VOLTAGE . . . . ... ........... ........ 300 mar. Volts
CONTROL-GRID VOLTAGE . ... ... ... ................ 0 min. Volts
PLaTE DISSIPATION .. .. ... ... . .. ... ... ... ... .... 2.75 max. Watts
ScREBN DISSIPATION ... ... .. ... .............. ... 0.35 max. Watt

TypricaL OPERATION:

Plate Voltage . . ..... ... ... %0 180 250 250 Voits
Screen Voltage . e 90 75 100 125 Voits
Grid Voltage. .. .. . .. ... -3 -3 -3 -3 Volts
Suppressor. . . ... . Connected to cathode at socket
Plate Current .. ...... .. ... 54 4.0 7.0 10.5 Milliamperes
Screen Current ....... .. ... 1.3 1.0 1.7 26 Milliamperes
Plate Resistance (Approx.) .. 0.3 1.0 0.8 0.6 Megohm
Transconductance .. . 1295 1100 1450 1650 Micromhos
Grid Voltage (Approx.) for

transcond. of 2 micromhos. -38.5 -32.5 -425 -525 Voits

INSTALLATION and APPLICATION

The base o! either the 6K7 or the 6K7-G fits the standard octal socket which
mav be installed to hold the tube in any position. Physical charactenstics of the
6K 7 and 6K7-G are shown in Figs. 1-5 and 2-15. respectively in the OUTLINES
SECTION. For heater operation and cathode connection, refer to Type 6A8.
Voltage supplies and applicaupns are the same as for Type 6SK7.
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TRIPLE-GRID
SUPER-CONTROL AMPLIFIER

The 6K7-GT is a triple-grid super-
control amplifier. It is similar in char-
acteristics. installation, and application

B 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

6K7-GT

HeaTer VoLTAGE (AC.or DC) .. ... . ... ... .. 6.3 Volts
HeEATER CURRENT .. ... 0.3 Ampere
GRID-PLATE CAPACITANCE® . ... .. ....... 0.005 max. puf
INPUT CAPACITANCE® . .. ... ..... ... .. ........ 4.6 uuf
OutpuTt CAPACITANCE® ... ... ... ................ 12 mi
* With close-fitting shield connected to cathode. Values are Approximate.
As Class A, Amplifier

PLATE VOLTAGE .. ... ... ... ... ......... 250 max. Volts
SCREEN VOLTAGE . ......... .. ......... 125 max. Volts
ScREEN SuPPly VOLTAGE. . .. .. ............ 250 max. Volts
CONTROL-GRID VOLTAGE . . 0 min. Volts
PLave DissipaTiON . ... ... ... 2.75 max. Watts
ScreEgN DissipaTiON ... . L. 0.35 max. Watt
TyricaL OPERATION:

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

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

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

Suppressor. ... ....... Connected to cathode at socket
Plate Current ...... 6.5 7.0 Millinmiperes
Screen Current .... ... .. e 16 1.7 Niihamperes
Plate Resistance (Approx.)........... ... 0.25 0.8 Megohm
Transconductance .. ................... 1325 1450 Micromhos
Grid Voltage (Approx.) for transcond. of

2micombos .......... ... ......... -385 -425 Valts
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TRIODE-HEXODE
CONVERTER

6K8

METAL

metal  construction consisting

The 6KK8 is a multi-electrode tube of
of a

triode oscillator and a hexode mixer

in a single envelope

The desim of

the 6K8 reduces interaction between
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

HeaTtex Vortace (A C.or D.C)
Heaterk CUrkeNT ||
Direct INTERELECTRODE CAPACITANCES (Approx.):°
Hexode Girid No 3 to Hexode Plate
Hexode Grid No 3 to Triode Plate .

Triode Grid and Hexode Grid No. 1 to Triode Plate
Triode Grid and Hexode Grid No 1 to Hexode Plate
Helxode Grid No. 3 to All Other Electrodes R-F
OPUL .
Triode Plate to All Other Electrodes except Triode
Grid and Hexode Grid No. 1 = Oscillator Output
Triode Grid and lexode Grid No. 1 to All Other
Electrodes except Triode Piate = Qsciliator Input
Hexode Plate to All Othier Electrodes = Mixer Out-
put

° With shell connected to cathode.

As Frequency Converter

Hexopg PLaTe VoLTtace
Hexope Screen Vortace (Grids No. 2 and 4)
Hexobe SCREEN SuprLy VOITAGE. .. ... ... ..., .
Hexong ControL-Grip VoLtage (Grid No. 3) . . .
Triope Pia1g VoLtace
Hexope Prate Dissieation
HEXODE SCREEN [)issipaTION
TriopE Prate Dissipation
TotaL CatropE CURRENT
TyricaL OPRERATION:

Hexode Plate Voltage .................. 100
Hexode Screen Voltage . ......... ... ... 100
Hexode Control-Girid Voltage ... ... .. ... -3
Triode Plate Voltage . . ... ..... . ... 100
Triode Grid Resistor . ........... .. .. .. 50000
Hexode Plate Resistance (Approx.) . ... .. 0.4
Conversion Transconductanve ... ... ... .. 325
Hexode Control-Grid Voltage (Approx.)

for conversion transconductance of 2

micromhos. .. ... ... =30
Hexode Plate Current. ... ........ ... .. 2.3
Hexode Screen Current. ... ........... .. 6.2
Triode Plate Current . .................. 3.8
Triode Grid and Hexode Grid No. 1 Current 0.15
Total Cathode Current. .. .............. 12.5

300
150
300
0
125
075
0.7
0.75
16

x Sinx
a1 5
' “3ax
u(\ 61°1
( 7
" 2 &
&)
5 wey TR
8K

Volts
Ampere

. pnf
. unf

. unf
. upf
unl
unl
unl

upf

Volts
Volts
Volts
Volts
Volts
Watt
Watt
Watt
Milliamperes

max.
max.
max.
min.
max.
max.
max

max.
max.

Volts

Volts

Volts

Volts
Ohms
Megohm
Micromhos

Volts
Milliamperes
Milliamperes
Milliamperes
Milliampere
Milliamperes

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

The base nf the 6K8 fits the standard octal socket which mav be installed
to hold the tube in any position. Physical characteristics of the 68 are shown
in Fig. 1-6. OUTLINES SECTION, Heater operation and ecathode 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 stahility 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 6K& 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-voit hexode-screen supply may be
taken from the same point in the power-supply
system as are the screen supplies for the r-f and
i-f tubes. In shunt-fed circuits, a resistor or
choke must be used in the oscillator-plate cir-
cuit. The cornmon point in the supply circuit
must be adequately by-passed to ground.

The recommended oscillator-grid current of
150 microamperes is obtained easily; a value be-
low 100 microamperes is not recommended. The
oscillator coils used with pentagrid converter
types mav not be suitable for the 6K8 due to
the possibility of over-exciting the oscillator unit.
Such coils may be used if the oscillator-plate
voltage is reduced, or if the number of tums on
the tickler coil or the mutual inductance be-
tween tickler and secondary coils is reduced.

The bias voltage applied to the hexode
control-grid may be varied from -3 volts to
cut-off to control the translation gain of the

OPFQATION CHARAZCERISTICS

H oLty 1N

Aai. s XX
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tube. The extended cut-off may be used in ¢ s
combination with that of super-control amplifier TR.SCE 08D 4 NEXODL GR D Nal

v I M LIaMPLRLS
9eC- aBBLRI

tubes to adjust receiver sensitivity.

G

®
G

DETECTOR AMPLIFIER TRIODE

The 61.5-G is a three-electrode tube
of the heater-cathode type for use as

6L5-G

G an amplifier, detector, or osciilator in
" circuits designed for its characteristics.
) The low heater current is a considera-
NE « tion in applications where economy of
G-6Q power is important,
CHARACTERISTICS
HeaTer VoLTAGE (A.C.or DC) .................. 6.3 Volts
HEaTER CURRENT . ... ....oiiiiinennnnn... 0.15 Ampere
PLATE VOLTAGE . ..........oo .. 135 250 max. Volts
GSID VOLTAGE . .............ciiiint, 5 9 Volts
PLATE CURRENT. . ..., ) 8 Milliamperes
PLATE RESISTANCE. . ..................... 11300 9000 Ohms
AMPLIFICATION FacTOR. ... .. .. ... ..., 17 17
TRANSCONDUCTANCE .. ..........ovvuunnn. 1500 1900 Micromhos
GRriID Bias VoLTAGE (Approx )°............ ~-11 -20 Volts
GRID-PLATE CAPACITANCE (APProx.)* ... ........... 2.7 wuf
GrID-CATHODE CAPACITANCE (Approx.)*. . ... ...... 3.0 wuf
PLATE-CATBODE CAPACITANCE (Approx.)®........... 5.0 uuf

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

The base of the 6L5-G fits the standard octal socket which may be mounted

to hold the tube in any position,

Physical characteristics of the 6L.5-G are shown

in Fig. 2-17, OUTLINES SECTION. Heater operation and cathode connection

are discussed under Type 6A8.
As a class A, amplifier, the 6L5-G may

be operated in resistance-coupled

circuits as shown in the RESISTANCE-COUPLED AMPLIFIER CHART.

BEAM POWER AMPLIFIERS

6L6

METAL

plifier tubes for use in the output stage
of radio receivers, especially those

The 6L6 and 6L6-G are power-am- G

G, C

oWo

designed to have ample reserve of »«C "
6L6_G power-delivering ability.  The 616 72)
and 61.6-G provide high power output 558 ~rev "By
sensitivity and high efliciency. The o
power output at all levels has low third
and negligible higher-order harmonic distortion. For discussion of beam power

amplifier considerations, refer to section on ELECTRONS and ELECTRODES.

* CHARACTERISTICS

Heater VoLtage (AC.orD.C) .........ccinnl..
HeaTeEr CURRENT

PLATE VOLTAGE . ... .ottt 360 max
SCREEN VOLTAGE .. ... . iiiiiiiieni e, 270 max
PLATE DISSIPATION .. ... ... ... i, 19 max
SCREEN DISSIPATION . ... ... .. .c.iiiiininennns 2.5 max
TvypricaL OPERATION:
Fixed Bias Cathode Bias
Plate Voltage . ............ 250 350 250 300
Screen Voltage . ........... 250 250 250 200
Grid Voltage. . ............ -14 -18 - -
Cathode Resistor . ......... - - 170 220
Peak A-F Grid Voltage. . ... 14 18 14 12,5
Zero-Signal Plate Current. .. 72 54 75 51
Max.-Signal Plate Current .. 79 66 78 545
Zero-Signal Screen Current . . 5 2.5 5.4 3
Max.-Signal Screen Current. 73 7 7.2 4.6
Plate Resistance. . ......... 22500 33000 - -
Transconductance . ........ 6000 5200 - -
Load Resistance........... 2500 4200 2500 4500
Total Harmonic Distortion. . 10 15 10 11
Max.-Signal Power Output . . 6.5 10.8 6.5 6.5

Volts
Ampere

. Volts
. Volts
. Watts
. Watts

Volts

Voits

Volts

Ohins

Volts
Milliamperes
Milliamperes
Milliamperes
Milliamperes
Ohms
Micromhos
Ohms

Per cent
Watts

As Single-Tube Class A, Amplifier — Triode Connection |

PLATE VOLTAGE

PLATE AND ScreeN Dissipation (Total)............. 10 nax.
TypicaL OPERATION:
Fixed Bias Cathode Bias
Plate Voltage ............. 250 250
Grid Voltage. ............. -20 -
Cathode Resistor . ......... - 490
Peak A-F Grid Voltage. . ... 20 20
Zero-Signal Plate Current ... 40 40
Max.-Signal Plate Current . . 44 42
Plate Resistance........... 1700 -

t Screen connected to plate.

250 max. Volts

Watts

Volts
Volts
Ohms
Volts
Milliamperes
Milliamperes
Ohms



RCA RECEIVING TUBE MANUA AL
Amplification Factor ....... 8 - )
Transconductance ......... 4700 - Micromhos
Load Resistance. ... ....... 5000 6000 Ohms
Total Harmonic Distortion. . 5 6 Per cent
Max -Signal Power Output . 1.4 1.3 Watts

As Push-Pull Class A, Amplifier

Prate Vorrage ... ... . .. .. o 360 max. Volts

SCREEN VOLTAGE ..............couiuiininnnnn. .. 270 max. Volts

PLATB DiSSIPATION . ... ... .......... ........... 19 max. Watts

SCREEN DISSIPATION . ............................ 2.5 max. Watts

Typical OPERATION: Values are for two tubes

Fixed Bias Cathode Bias

Plate Voltage .. ............... 250 270 270 Volts
Screen Voltage ................ 250 270 270 Voits
Grid Voltage. . . ............... ~16 -175 ~ Volts
Cathode Resistor .............. - - 125 Ohins
Peak A-F Grid-to-Grid Voltage. 32 35 40 Volts
Zero-Signal Plate Current . . .. . .. 120 134 134 Milliamperes
Max.-Signal Plate Cuwrrent. . . . . . 140 155 145 Milliamperes
Zero-Signal Screen Current . . . . .. 10 11 11 Milliamperes
Max.-Signal Screen Current . . ... 16 17 17 Milliamperes
Plate Resistance. . ............. 24500 23500 - Ohms
Transconductance .. ...... e 5500 5700 - Micromhos
Effective Load Resistance (Plate-

to-plate) . ................... 5000 5000 5000 Ohms
Total Harmonic Distortion. . . . .. 2 2 2 Per cent
Max.-Signal Power Qutput. . .. .. 14.5 175 185 Watts

As Push-Pull Class AB, Amplifier

PLATE VOLTAGE .......... ... .. ... ....... . ... . 360 max. Volts

SCREEN VOLTAGE . ...... 270 max. Voits

PLATE DIsstPaTION .. .. .. .. ... ... .. 19 max. Watts

SCREEN DISSIPATION . .............. ... ... ... ... 2.5 max. Watts

TypicaL OPERATION:  Values are for tuwo tubes

Fixed Bias Cathode Bias

Plate Voltage . ................ 360 360 360 Volts
Screen Voltage . ............... 270 270 270 Volts
Grid Voltage. .. ............ ... -225 -225 - Volts
Cathode Resistor . .... . ... .. - - 250 Ohms
Peak A-F Grid-to-Grid Voltage. . 45 45 57 Volts
Zero-Signal Plate Current. ... ... 88 88 88 Milliamperes
Max.-Signal Plate Current. .. ... 132 140 100 Milliamperes
Zero-Signal Screen Current. . . ... 5 5 5 Milliamperes
Max.-Signai Screen Current . . . .. 15 11 17 Milliamperes
Effective Load Resistance (Plate-

to-plate). ........... ....... 6600 3800 9000 Ohms
Total Harmonic Distorticn. . .. .. 2 2 4 Per cent
Max.-Signal Power Qutput. . . . .. 26.5 18 245 Watts

As Push-Pull Class AB, Amplifier

Prate Voutace ... ... ... ... . .. 360 max. Volts

SCREEN VOLTAGE ............c0ouueenno 270 max. Volts

PLATE DisstPaTioN ... .. ... ... . ... . .. . 19 max. Watts

SCREEN DISSIPATION .. ........... ... .. ... .. . 2.5 max. Watts

Tyeicar OrerATION:  Values are for two tubes

Fixed Bias
Plate Voltage . ................ ... . .. 360 360 Voits
Screen Voltage .......... ... .. ... .. .. 225 270 Volts
Grid Voltage. . ................... ... .. ~18  -225 Volts
52 72 Volts
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Zero-Signal Plate Current . . ............. 78 88 Milliamperes
Max.-Signal Plate Current ... ... ...... 142 205 Milliamperes
Zero-Signal Screen Current. . ... ... ... 3.5 5 Milliamperes
Max.-Signal Screen Current .. .......... 11 16 Milhamperes
Effective Load Resistance (Plate-to-plate). 6000 3800 Ohms

Peak Grid Input Power®* .. ... .......... 140 270 Miiliwatts
Total Distortion®® .................... 2 2 Per cent
Max -Signal Power Qutput ... .. ........ 31 47 Watts

* Driver stage should be capable of supplying the grids of the class ABs stage with the specified
peak values at low dmtortion The ellective resistance per grid circuit of the class AR stage
should be kept below 500 ohms and the effective impedance at the highest desired response fre-
quency should not exceed 700 ohms

*s 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% aund 3%, respectively.

INSTALLATION and APPLICATION

The base of either the 61.6 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 reconmended value
for full-load operating conditions at average line voltage. Under the maximum
screen and plate dissipation conditions. the heater voitage 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 61.6-G should be operated as shown
under CHARACTERISTICS. The values cover cathode- and fixed-bias operation
for both types where used as beam power tubes as well as where they are connected
as triodes, and have been determined on the basis that no grid current flows during
any part of the input signal swing. The second harmonics can easily be eliminated
by the use of push-pull circuits. In single-tube resistance-coupled circuits, the
second-harmonics can be minimized by generating out-of-phase second harmonics
in the pre-ampiifier.

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

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

As pasb-pull rla.~s AB,; power amplifiers, the 61.6 and the 61.6-G may be oper-
ated as shown under CHARACTERISTLICS. 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 616 or 6L.6-G, and
to the RADIO TUBE APPLICATIONS section for discussion of inverse-feedback
arrangements.

200

PLATL ML LIAMPERLS

PENTAGRID MIXER

AMPLIFIERS 6[.7

METAL
The 6L7 and 61.7-G are multi-elec-
trode vacuum tubes. Each tvpe is 6L7_ G
designed with two scparate control
grids shielded from each other. This
design permits each contro! grid to act
mdependemly on the eleciron stream. These tubes. therefore, are especially useful
as mixers in superheterodyne circuits having a separate oscillator stage. as well as
in other apphvatlons where dual control is desirable in a single stage. The design
of the tubes is such that coupling effects between oscillator and signal nrcuxts are
made very smail. This feature enables the 6.7 and 61.7-G to give hl?h gain in high-

frequency circuits. For general discussion of pentagrid types, see Frequency Con-
version in the RADIO TUBE APPLICATIONS section.
* CHARACTERISTICS
EEeATER VoLTaGE (A.C.orD.C.) .................. 6.3 Volts
HEATBR CURRENT . ... ... 0.iiiiriie e 03 Ampere
Di1RECT INTRRELECTRODE CAPACITANCES:
Type 6L7* Type 6L7-G°
Grid No, 1toGridNo. 3 ........... 0.2 max. 0.2 max. puf
Grid No. 1toPlate ................ 0.001 max. 0.005 max. uuf

® With shell connected to cachode. ® With close-fitting shield connected to cathode.
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Grid No.3toPlate ................ 0.1 0.24 puf
Grid No. | to All Other Electrodes. . . 75 6 uuf
Grid No. 3 to All Other Ilectrodes. .. 10 12 unf
11

Plate to All Other Electrodes . .. .. ... 10 auf
As Mixer
PrLate VOLTAGE. .. ... .. ... ... ... .. .. .. 300 max. Volts
ScrEEN VOLTAGE ((ynds No. 2 and No. 4). ..., 150 max. Volts
PLATE DiIssIPATION | Lo o 1.0 max. Watt
SCREEN DISSIPATION ... .. o .0 Lo 1.5 max. Watts
Tyrtcar OrERATION:
Plate Voltage ... .............. .. . 250 2501 Volts
Screen Voltage ... .. . ... ... 100 150t Volts
Signal-Grid Voltage (Grid No. 1) . . ... -3 min. 6 min.t Volts
Oscillator-Grid Voltage (Grid No. 3)* .. 10 -15 Volts
Peak Oscillator Voltage Applied to Grid
No.3 o e 12 min. 18 min. Volts
Plate Current ....................... 24 33 Milliamperes
Screen Current ... .. ... .. ... .. 7.1 9.2 Milliamperes
Plate Resistance. . ................... Greater than 1 Megohm
Conversion Transconductance. ... .. .. 375 350 Micromhos
Signal-Grid Voltage for Conversion Trans-
conduetance of 5 Micromhos .. .., . ... -30 -45 Volts

** The d ¢ resistance in oscliator-grid circuit should be hinited to 50000 chms.
t Recommended values for all-wave receivers.

As Class A, Amplifier

PLate VOLTAGE .. ... ... ... i 300 max. Volt
SCREEN VOLTAGE ... ... . i 100 max. Volts
Prate DisstpatioN o000 oo oo 1.5 max. Watts
SCREEN DISSIPATION .. ... . . . 1.0 max. Watt
TyricaL OPERATION:
Plate Voltage . . .. ... . . . i e, 250 Volts
Screen Voltage (Grids No 2and No. 1) ....... ... 100 Volts
Control-Grid Voltage (Grid No. 1), .. ............ -3 Volts
Control-Gnd Voltage (Grid No. 3). . ............. -3 Volts
Plate Current ... ... ... . ... i 53 Milliamperes
Screen Current ... ... ... i 6.5 Milliamperes
Plate Resistance (Approx.,). .................... 0.6 Megohm
Transconductance (Grid ~No. 1 to Platey.. .. . ... 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
6L.7 and the 61.7-G are shown in Figs. 1-5 and 2-15. respectively. in the OUTLINES
SECTION. For heater operation and cathode connection, refer to Type 6A8.

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

As radio-frequency or intermediate-frequency amplifiers, the 6L7 and 6L7-G
should be operated as shown under CHARACTERISTICS. In general, 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. l-plate capacitance of these
types is extremely small is advantageous in circuits where high attenuation is
required
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OPERATION CHARACTERISTICS
4500~

T T T T T T

TYPE 7 PLATL wNLTS =210 SICNAL - LRID N2I VOLTS = —6
£426.3 VLTS I SCHEEN VUL TS #1850 PEAK OSC. VOLTS - E 4
' 1 1 t ) | 1 1
TYPICA CURVE FOR e = |
CAPACITY-COUPLED CIRCUIT |
TYRPICAL CURMVE FOR
TREL TS LULPLE D CRCUITY

CONVERSION TRANSCCNDULTANCE {9c)M.CROMHOS

i
|
—

‘ A 1
30 2% =20 ) =10 -5
DSCILLATOR-GRID Ne3 VOLTS 92C-q445

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 controlling
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-Rav Tube considerations. see the RADIO
TUBE APPLICATIONS section. This type has been superseded by 6AB5/6N3.

* CHARACTERISTICS

Heatir VorTace (AC.or D.C) oo . 6.3 Volts
Heater Cuorrent .. o o 0.15 Ampere
PLaTe-SupeLy VOLTAGE . ... ... ......... ... ... .. 1830 max. Volts

180 max. Volts

................................ (180 ma. Vols
TypicaL OpPERATION:

TarGET VoLTAGE

Plate-and-Target Supnly. .. ... . . ... . . 135 135 Volts
Series Triode-Plate Resistor. . ............ ... 0.25 1.0 Megohm
Target Current t°. ... ... ... ... ... .. . L. 2 19 Milliamperes
Triode-Plate Current® ... ... ... ..... .. ... . 0.5 0.13 Milliampere
Triode-Grid Voltage (.-\poprox.):

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

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

t Subject to wide variations. * For zeru triode yrid voltage

INSTALLATION ond APPLICATION

The base of the 6N5 fits the standard 6-contact socket which may be installed
to hold the tube in any position. Physical characteristics of the 6N5 are shown
in Fig. 2-19, OUTLINES SECTION. ~Heater operation is similar to that of the
5D8-G: for cathode connection. see Type 6AS8.

Appiication 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
tmportant. The cut-off characteristic of the triode of the 6N5 is somewhat more
extended than that of the 6ES5.
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6N6-G

Heater Vortace (A.C.or D.C) ... vt

Heater CURKENT

Ouvtrur-Triope Peate (1) VOLTAGE ... ... ... ...
INvUT-Tr10DE PLATE (IP1)) VOLTAGE . ... ... ..
Inprr-Tr10pE Grip (GT,) VOLTAGE.

AVERSZE CL.TROL CHARACTERISTICS
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DIRECT-COUPLED
POWER AMPLIFIER

The 6N6-G is a multi-electrode tube
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

Peag A-F Grip (G1,) VOLTAGE . .......... ... .. ...

OuTPUT-TRIODE PLATE CURRENT .. ................

INPUT-TRIODE PLATE CUKRENT. . .. .. ... o viu...

PraTE RESISTANCE

TraNsCONDUCTANCE (GTyto P1y) ... ..o
AMPLIFICATION FACTOR. . ......... ... ... .

I.0AD RESISTANCE

ToraL HarMoNICc DISTORTION . . ... ...ttt

Power OuTPUT. . ..

The base of the 6N6-G fits ti

INSTALLATION and APPUCATION

6.3 Volts
............................. 0.8 Ampere
As Class A, Power Amplifier
300 mavx. Volts
..... 300 max. Volts
.............. 0 Volts
Vults
Milliamperes
¢ Milliamperes
.............................. 24000 Ohms
2400 Micromhos
............................. 7000 Ohms
Per cent
Watts

he 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
shiown under CHHARACTERISTICS. 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.

plate load resistance should be 10000 ohms.
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(:‘ (5';' CLASS B TWIN TRIODES
»(’ DR The 6N7 and 6N7-G are muiti-unit 6N7

types of tubes. Each type contains METAL

G 7). in one envelope two high-mu triodes
TN " designed for class I3 operation. The

3 aN? L’Ku triode units have separate terminals 6N7"G
RERS s for all electrodes except the cathodes and
88 heaters. The 6N7 and 6N7-G may also

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

* CHARACTERISTICS
Heargr VoLtage (AC.or D.CY ... ... ... ... .. . 6.3 Volts
Heater CURrReNT . ... .. ... . .. e 0.8 Ampere
As Class B Power Amphﬂer
PLAatE VOLTAGE .. ... ... .. ... . .......... . 300 max. Volts
PEAK PLaTe CURRENT (Per I’late) ......... - . 125 max. Milliamperes
AVERAGE PuaTE Dissieation (Per plate) ... . . . 5.5 mex. Watts
TyricaL OPERATION:
Unless otherwise specified, volues are for the two units
Plate-Supply Impedance................ 0 1000 Ohms
Effective Grid-Circuit lmpedance (Per umt) 0 516 Ohms
Plate Voltage .. .. ....... 300 300 Volts
Grid Voltage. .. .. . .. ... 0 0 Volts
Peak A-F Grid-to-Grid Volmgo . 58 K2 Volts
Zero-Signai D-C Plate Current o 35 35 Milliamperes
Max‘-Slgnal D-C Plate Current . . . . 70 70 Milliamperes
Peak Gnd Current (Per unit) .. ... ... . 20 22 Milliamperes
Effective Load Resistance (Pl.xte to- plate) 8000 R000 Ohms
Total [{armonic Distortion. . . ... 4 8 Per cent
Third Harmonic Distortion o 35 75 Per cent
Fifth [farmonic Distortion . .. 15 35 Per cent
Max.-Signal Power Qutput . . . 10 10 Watts
As Driver* — Class A, Amplifier
Prate Voutacet ... 250 294 Volte
GRID VOLTAGE . .. ... ... . ... .... o) 6 Voits
Fiate CURRENT ... ... .. . ... .... 6 7 Milliamperes
PLATE REsisraNce ... .. ... R . 11300 11000 Ohms
AMPLIFICATION Factor . .. ... . . 35
TRANSCONDUCTANCE . ............... .. 3100 '3"00 Micrombhos

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

INSTALLATION and APPLICATION

The base of zither the 5N7 or the 6NT7-G fits the standard octal <ocket which
mav be installed to hold the tube in any position. Physical characteristics of the
ggé’??g\?\h-(; are shown in Figs. 1-7 and 2-21. respectively. in the OUTLINES

The heater is designed to operate at 6.3 volts. In a series-heater circuit em-
ploying several 6.3 3-volt types and one or more 6N7's or 6N7-G’s, the heaters of
the 6N7's and 6N7-G’s should he 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 EN7-G's. Each 6.3-volt tube of the 0.3-ampere type in the series circuit should.
therefore, be shunted by a bleeder resistunce of 13 ohms. Cathode connection is
the same as for the 6A8,

As class B power amplificrs, the 6N7 and 6N7-G are used in circuits similar
in design to those utilizing individual tubes in the output stige Theyv 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 I3 amplifier design considerations.

Two 6N7's or 6N7-(3's can be operated in a class B output stage with the two
triode units of each tube connected in parallel to give a power output of 20 watts,
approximate, under conditions of 300 volts on the plates and of a 5000-ohm plate-
to-plate load.

In the second set of conditions shown under Typical Operation. the plate-
supply impedance of 1000 ohms indicates a value that is obtainable in a practical
design. The effective grid-circuit impedance of 516 ohmns is for a class 13 stage
in which the effective resistance per grid circuit is 500 ohins 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 triedes, the 6N7 and 6N7-(C 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. 7The load into which the driver works will
depend largely on the design factors of the class B amplifier. In general. however,
the load will be between 20000 and 40000 ohms. The d-c resistance in the grid
circuit of the 6N7 and 6N7-G when operated as a class A amplifier, may be as high
as 0.5 megohm with cathode bias. With fixed bias, however. the resistance should
not exceed 0.1 megohm. Typical operating values as resistance-coupled amplifiers
are given in the RESISTANCE-COUPLED AMPLIFIER CHART.

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

AVERAGE FLATE CHARACTERISTICS
EATH TRIOUE UNIT-CLASS B (PERATION _
St — T T

! ]
“Oraol , § | | R - ! 4 = -+ S
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B 320
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DETECTOR AMPLIFIER TRIODE

The 6P5-G is a triode of the heater-
- 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- e MY T w
tively high amplification factor 6-6Q
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* CHARACTERISTICS

HeaTER VoLTacE (AC. or D.C) ... ... 6.3 Volts
HeatBr CURRENT , . ... .. . . 03 Ampere
PLATE VoLTAGE . 100 250 max  Volts
GRID VOLTAGE® . . D) 13.5 Volts
PLATE CURRENT. 2.5 5 Milliamperes
PLATE RESISTANCE . . 12000 9500 Ohms
AMPLIFICATION Facrogr . 13 % 13.
TRANSCONDUCTANCE . . .. 1150 1450 Micrombhos
Grip-Prati Caracitance® 1280, uul
GrIp-CATHODE CAPACITANCE® 34 uul
PLATE-CATHODE CaAPACITANCE® 5.5 uufl

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

INSTALLATION and APPLICATION

The base of the 6P5-G fits the standard octal socket which may be mounted
to hold the tube in any position. Physicai characteristics of the 6F5-G are shown
in Fig. 2-17. OUTLINES SECTION. Heuter operation and cathode connection
are discussed under T'ype 6A8.

APPLICATION
As an amplifier, the 6P5-G is applicable either to radio-frequency or audio-

[requency circuits. Recommended operating conditions for service using trans-
former coupling are given under CIIARACTERISTICS. For operation as a
resistance-coupled amplifier, refer to the RESISTANCE-COUPLED AMPLIFIER

CHART.

As a detector, the 6P5-G may be of the grid-leak-and-condenser or grid-bias
type. The plate voltage for the erid-leak-and-condenser method should be about
45 volts. A grid leak of from 1 to 5 megohms with a grid condenser of 0 00025 uf
is satisfactory. For the grid-bias method of detection, 2 plate-supply voltage of
250 volts may be used together with a negative grid bias voltage of approximately
20 volts. The plate current should be adjusted to 0.2 milliampere, with no input
signal voltage. The grid-bias voltage may be supplied from the voltage drop in
a resistor between cathode and ground. “The value of this cathode resistor is not
critical, 30000 to 150000 ohms being suitable, The higher value will permit the
application of a larger input signal.

AVERAGE PLATE CHARACTERISTICS

T T
I TYee 6P5-G |
| €y - 63 VOLTS ]

AMPERES

[YRNY

PLATE

| |
—
L1

300 400 _J

PLATE VOLTS 32C-8092
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6Q7 DUPLEX-DIODE fA
HIGH-MU TRIODES i -
METAL The vQ7, 6Q7-G. and 6Q7-GT are ,

6@7-6 multi-unit types of tubes. Each type '/D
contains two diodes and a high-mu ~ { /\ B
triode in one envelope and is for use as N e)
6@7-GT combined detector, amplifier, and ,°:
automatic-volume-control tube in radio -7 5y
receivers designed for its characteris-
tics. For diode-detector considerations, refer to RADIO TUBE APPLICA-
TIONS section.
%* CHARACTERISTICS
HeaTter VoLTaGE (AC.or D.C) .. ... .. oL 6.3 Volts
HEATER CURRENT ... ................ ... ... ... 0.3 Ampere
Tvpe Tvpe Type
6Q7* 6Q7-G** 6Q7-GT

Triode: Grip-PLATE CAPACITANCE .... 1.5 1.7 — upf
Grip-CATHODE CAPACITANCE. . 55 2.2 — upf
PLate-CaTiHODE CAPACITANCE . 5 3.2 —— uuf

* With shell connected to cathode. Values are approximate.
** With no shield. Values are approximate.
Triode Unit — As Class A, Amplifier

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

Grinp VOLTAGE .. .................. -1.5 -3 Volts

Pr.a1e CURRENT. .. ... .. e 0.35 1.1 Milliamperes

Prate RESISTANCE.. ... ... ... ... ... ... 87500 58000 Ohms

AMPLIFICATION FACTOR . . e 70 n

TRANSCONDUCTANCE .. ... .. ....... L. 800 1200 Micromhos

Diode Units

The two diode plates are placed around a cathode, the sleeve of which is
common to the triode unit. Each diode plate has its own base pin. Operation
curves for the diode units are given under Type 6137.

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-

AVERELGE PLATE CH‘\RACT[RISTICS
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ively, in the OUTLINES SECTION. Heater and cathode considerations are
the same as for Tvpe 6A8.

Trese three types are in many respects similar to the 65Q7 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 ohtained
from a fixed source, such as a fixed-voltage tap on the d-c power supply or from
a cathode-bias resistor. It should not be obtained by the diode-biasing method
because of the probability of plate-current cut-off. even with relatively small signal
voltages applied to the diode circuit.

DUPLEX-DIODE TRIODES

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

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

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

APPLICATIONS section.

* CHARACTERISTICS

Heater VoLrtaGB (AC. or DC) ... .. ... . ... ... 6.3 Volts
HEATER CURRENT .. ... ... .................. 03 Ampere
Type Type

Triode: 6R7* 6R7-G**

Grip-PLatE CAPACITANCE (Approx.). . . . 2.2 2.4 wuf

Grip-CaTiODE CAPACITANCE (ADDrox.) . 5.0 2.6 wuf

PLATE-CATHODE CAPACITANCE (Approx.) . 32 5.2 wuf

* With shell connected to cathode. ®* With shield.
Triode Unit — As Class A, Amplifier
PLATE VOLTAGE .. ... .. ... ... ... ... . ... ... .. 250 max. Volts
GRID VOLTAGZ ... .. ... ... ... ... . ... .. ..... -9 Volts
PLate CURRENT. . ... . ... . ... .. ............. 95 Milliamperes
PLATE RESISTANCE. ... .. ... ... ... ... ... ... 8500 Ohms
AmpLiFicaTion Factor . ..o oL 16
TRANSCONDUCTANCE . .. .................. .. .... 1900 Micromhos
LoaD ReSISTANCE .. ... ....... .. e 10000 Ohms
Power QUTPUT ... ... .. ... ... ... . ciiiiuninn... 300 Mitliwatts
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 ot either the 6R7 or the 6R7-G fits the standard octal socket which
may be installed to hold the tube in any poeition. Physical characteristics of the
6K7 and 6R7-G are shown in Figs. 1-5 and 2-15, respectively, in the OUTLINES
gEgT[ON. Heater and cathode considerations are the same as those for Type

As transformer-coupled ampllfiers, 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 uncer 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.

AVERAGE PLATE CHARACTERISTICS

20

€ 6.3 VOLTS

Nl

TYPE ER7 I
|
+

]

PLTE MILLIAMPERES

|
I
|
|

TRIPLE-GRID 2 o
6S7 SUPER-CONTROL Gy
AMPLIFIERS
METAL

The 6S7 and 6S7-G are triple-grid H

6 S7 G super-control amplifier tubes of the (Y

- heater-cathode type designed for use . Z:82].. 7t

in radio- or intermediate-frequency IR
amplifiers. The ability of these tubes

to handle unusual signal voltages without cross-modulation or modulation distor-
tion makes them adaptable to receivers employing automatic volume control.
These tubes may be used to advantage in applications where economy of heater
power is important.

* CHARACTERISTICS
Heater VOLTAGE (A.C.or D.C) . ... ooiiiitt. 6.3 Volts
HEATER CURRENT .. ..ttt 0.15 Ampere
Type 657° Type 6S7-G**
GRID-PLATE CAPACITANCE ... ... .... 0.005 max. 0.008 max. puf
INPUT CAPACITANCE. ... ... ... .. 6.5 4.4 upf
OuTpPUT CAPACITANCE . .. ... ... ...... 10.5 8 upf
° With shell connected to cathode ** \With close-fitting shield connected to cathode
As Class A, Amplifier
PLATE VOLTAGE ... R 300 max. Volts
ScreeN Vourtace (Grid No. 2) R 100 max. Volts
ScrEEN SuppLy VOLTAGE . . . R 300 max. Volts
Grio VoLtage (Grid No. ). ... .. 0 min. Volts
Prate DissieaTion ... Lo 2.25 max. Watts
ScreEN DissteaTion . . L 0.25 max. Watt
TyeicaL OPERATION:
Plate Voltage .. 135 250 Volts
Screen Voltage . 67.5 100 Volts
Grid Voltage -3 -3 Volts



RCA RECEIVING TUBE MANUAL

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

10 micromhos ................... -25 -38.5 Volts

INSTALLATION and APPLICATION

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

AVERAGE FLATE CHARACTERISTICS
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PENTAGRID CONVERTER

The 6SA7 is a multi-electrode vacu-
um tube of the single-ended metal type
designed to perform simultaneously 6 S A7
the functions of a mixer (first detector)
tube and of an oscillator tube in super- METAL
heterodyme circuits, especially those of
B the all-wave tyéae. Utilizing a special
structure. the 65A7 has excellent os-
cillator frequency stability, and offers mechanical advantage from a circuit stand-
point as discussed under Application

* CHARACTERISTICS

HEATER VoLTAGE (A.C.or D.C) ......... ... ... . 6.3 Volts

HEATER CURRENT . ... ... ... .. . .. 0.3 Ampere

DIRECT INTERELECTRODE CAPACITANCES:
Grid No. 3 to All Other Electrodes = R-F Input® 9.5 puf
Plate to Ail Other Electrodes = Mixer Output® 12 pufl
Grid No. 1 to All Other Electrodes®. . ... .. .. 7 uuf
Grid No. 3 to Plate® .. ...... .. .. . 0.13 max. upf
Grid No. 1 to Grid No. 3° 0.15 max. uuf
Grid No. 1t Plate® .................. ... .. ... 0.06 max. puf
Grid No. 1 to All Other Electrodes Except Cathode 4.4 puf
Grid No. 1 to Cathode . .............. .. ... .. .. 2.6 puf
Cathode to All Other Electrodes Excent Grid No 1 5 uuf

° With shell connected to cathode
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As Frequency Converter

PLATE VOLTAGE .. ... ... .. i 300 max. Volts
Grips No, 2 and No. 4 VOLTAGE . .. .............. 100 max. Volts
Grips No. 2 and No. 4 SuppLy VOLTAGE .. ......... 300 max. Volts
GRIDNO.3VOLTAGE . ... ... ... it 0 min. Volts
PLate anDp Grips No. 2 and No. 4 Dissipation (Total) 2.0 max. Watts
Grips No. 2 and No. 4 DissIPATION ... .... R 1.0 max. Watt
ToraL CATHODE CURRENT .................. .. 14 max. Milllamperes
TypicaL 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. | Resistor .. .. .. A, 20000 20000 Ohnis
Plate Current ...t . 3.3 35 Milliamperes
Grids No 2 and No. 4 Current . 85 85 Milliamperes
Grid No. 1 Current ... .. 05 0.5 Milliampere
Total Cathode Current. . . . .. 12.3 125 Milliamperes
Plate Resistance (Approx.). . 0.5 1.0 Megohm
Conversion Transconductance. . .. .. .... 425 450 Micromhos
Conversion Transconductance (Approx.) t 2 2 Micromhos

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

The transconductance between grid No. 1 and grids No. 2 and No. 4 connected to plate (not
oacillating) 1s a )prnximalcl(( 4500 micromhos when gride No. 1, No. 2, No. 3, and sheil 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 anv position. Physical characteristics of the 65A7 are shown
in Fig. 13 OUTLINES SECTION. Heater operation and cathode connection
are the same as for Type 6A8.

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

Because of the special structural arrangement of the 6SA7, a change in signal-
grid voltage produces little change in cathode current. Consequently, an r-f
voltage on the signal grid produces little modulation of the electron current flowing
in the cathode circuit. This feature is important because it is desirable that the
impedance in the cathode circuit should produce little degencration 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 osctllator by ave bias.

A typical self-excited oscillater circuit for use with the 6SA7 is similar to that
shown for the 12SA7 in circuit 14-4 (CIRCUIT SECTION). For operation in
frequency bands lower than approximately 6 megacycles, the circuit should generally
be adjusted to provide, with recommended values of plate and screen voltage, a
value of Ek of approximnately 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. llowever, in the band covering frequencies higher than approx-
imately 6 megacycles, the tank-circuit impedance is generally so low that 1t is not
easy to obtain these oscillator conditions.  For optimum periformance 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 osciliator circuit to give a value
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of Ek 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.

OPERATION CHARACTERISTICS OPERATION CHARACTERISTICS
—

T 4 2 x i = ' - 'm l':- 2[Lf~[lcl" b
- ds TYPE 65A7
- TYPE 6SA7r 1° 3 L € Cants  PLATE vt ey —
[ £436.3 voLTS Js 2 Chigy el 8 ned voLTS
- PLATE vOLTS:2%0 B EY 14 OO R RN LN Coety oy za
[ 2ri0s ve2 8 Nea voLTS 100 3k & o 2. rams HE S s it don ]
TRID Nei RES1STOR -0rmS - 20000 e H ~-Lna |
- S5CILLATOR VOLTAGE ADJUSTEO t-{s © o I g o o g
'O GIVE GRID Nei NT 3 a
| BEeCID CURRL 4, 2 S 6oo| - © 4E,T08 VOLTS Rms
0 3l |
2 3 i
Al
—t 4 1008 S !
Pl >3 | .
y {6 o
T | Sz G 0o i ‘
A S R S A {3 8 a | ;
' |, @ z | |
it 3z 300 - 1
| 3 :
_, 12 & 2 I
&
z = 200
| | 3 " 1
;_ﬂ -Iao a H B g g I
3 o s |
. - 16 > a 1%+ l I T ' |
= 1 ki g H IR ' |
D i t 4 9 8
¢ | S S Y T
———— = o :To——é—l o 0.5 ) .5
R N R:
GRIC N23(CONTROL GRID) VOLTS CRIO NS MILLIAMBERES )

92C~4989

TWIN TRIODE AMPLIFIER

The 6SC7 is a twin-triode amplifier 65 C7

of the single-ended metal type intend-

ed primanly for phase-inveiter service METAL
Each triode unit i1s designed with a high

mu-factor to give high gain.

* CHARACTERISTICS

HEeater VoLTtaGE (AC.or D.C) . . .. . .. .. 6.3 Volts
HEATER CURRENT . ......... ...... B 0.3 Ampere

As Class A, Amplifier — Each Triode Unit
PLATE VOLTAGE ... ....................... ...... 250 max. Volts
GRID VOLTAGE . .. ... ... o . -2 Volts
PLATECURRENT . . ... ... 2 Milliamperes
PLATE RESISTANCE (APprox.) ............... ...... 53000 Ohms
AMPLIFICATION FACTOR . . ... ... ... ... ... .. ... .. 70
TRANSCONDUCTANCE (ADProx.) . .......... ........ 1325 Micromhos
GRID-PLATR (CAPACITANCE® . ... ... . R 2.4 uuf
GrID-CATHODE CAPACITANCE® .. . ... ... .. .. ... 3.0 uuf
PLATE-CATHODE CAPACITANCE® . ... ............... 4.0 i

® With sheli conpected to cathode. Values are approximate.

INSTALLATION and APPLICATION

The base of the 6SC7 fits the standard octal socket which mav 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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AVERANE PLATE CHARACTERISTICS
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HIGH-MU TRIODE

68 F5 The 6SF5 is a high-mu triode of the

METAL single-ended metal type for use in re
sistance-coupled amplifier circuits.

* CHARACTERISTICS

Heater VorTaGE (A.C.or D.C) .. .. .. L 6.3 Volts
HEATER CURRENT . ... . ... . R . 0.3 Ampere
PLATE VOLTAGE ..... ......... ..... L. AU 250 max. Volts

GRID VOLTAGE . ...... ....... o R -2 Volts
PLATE CURRENT. . .... ... ........... o o 09 Milliampere
PLATE RESISTANCE . ... ... ... . ... ....... ... 66000 Ohms
AMPLIFICATION FACTOR e R 100
TRANSCONDUCTANCE . ... ......... o L 1500 Micromhos
Grip-PLATE CAPACITANCE® . . o o 2.4 unf
GRID-CATHODE CAPACITANCE®. = . . 4.0 wuf

PLATE-CATHODE CAPACITANCE®
* With shell connected to cathode. Values are approximate

INSTALLATION and APPLICATION

The base of the 6SF5 fits the standard octal socket which may be mounted to
hold the tube in anv position. Physical characteristics of the 6SF5 are shown in
¥ir. 1-3, OUTLINES SECTION. "For heater operation and ecathode 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 a 6SF5 is used to amplify the output of the 6H6 diode, it is recommended
that fixed grid bias be emploved. 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
2. T T o (
€F=8.3 e

L5
"
&
&
3
<
210
=]
2
Wl
<
g

o5

° 5

PLATE vOLTS 92C - 4974
G, W

2 () TRIPLE-GRID

DETECTOR AMPLIFIER

6SJ7

The 68)7 is an r-f amplifier pentode METAL

(@ #) of the metal type featuring  single-
G peg FC ended construction with interlead
an shielding, described under Type 6SK7.

In comparison with capped types pre-

viously available, the 65]7 offers the circuit ndvantages of more stable amnlifier
operation, greater uniformity of gain in amplifiers. and higher gain. Because oi

its sharp cut-off characteristic. this
detector In such service the 6<]7

tvpe is also suitable for service as a biased
is capable of delivering large audio-frequency

output voltage with relatively small iniput voltage.

ITeaTer Vortace (A.C.or D.C.) .
HEeATER CrURRENT .
PENTODE CONNECTION:
Gnd-Plate Capacitance® . .
Input Capacitance® . . ..
Output Capacitance® . .
Triope ConNECTION T
Grid-Plate Capacitance® . . .
Gnid-Cathode Capacitance®*

* CHARACTERISTICS
5.3 Volts
0.3 Ampere
0.005 max. ppf
6 upd
7 upf
28 unf
3t upf
11 i

Plate-Cathode Caparitance* .
* With shell connected to cathode.

t With screen and suppressor connected to plate

As Class A, Amplifier — Pentode Connection

PLaTeE VoLTaGE .. ... ... ... . ..
ScreEN VoLTAGE (Grid No. 2) .
ScrREEN SUPPLY VOLTAGE. . . ..
Grip VoLTacE (Grid No. 1). ..
PrLATE DissieaTion | L
ScrEEN DissipaTion
TyPicaL OPERATION:
Plate Voltage .. .. ... . . ..
Screen Volrage .
Grid Voltage . .
Suppressor .

300 mavx. Volts
125 max. Volts
300 max. Volts

0 min. Volts
2.5 max. Watts
0.3 max. Watt

100 250 Volts
100 100 Volts
& -3 Volts
...... Connected to cathode at socket
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Plate Current .........cccevnivieinninnss 2.9 3.0 Milliamperes
Screen Current ........coiiiieiiens 0.9 08 Milliamperes
Plate Resistance. . ........ccveivernn. . 0.7 ' Megohm
Transconductance .. .......covuevunenn. 1575 1650 Micromhos
Grid Voltage tf. ..o oo -9 -9 Volts
$ Greater than 1.0 megohm. tt For cathode-current cut-off.
As Class A, Amplifier — Triode Connection
(Screen and suppressor tied to plate)
PLATE VOLTAGE ...t ve e eieceaiinennnneeaens 250 max. Volts
GRID VOLTAGE . .\t tetieeaecnneinnrnenecaens 0 min. Volts
PLATE DISSIPATION ... oivniieeurninnnronnanns 2.5 max. Watts
TyricaL OPERATION:
Plate Voltage .. ..........ocovieiaitn 180 250 Volts
Grid Voltage . . .......cooviiiinenn -6 -85 Volts
PlateCurrent ...... .....covrieiieene 6.0 9.2 Milliamperes
Plate Resistance. . ..............covurns 8250 7600 Ohms
Amplification Factor . .................. 19 19
Transconductance . ...........cooveennne 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 Tvpe 6A8.

As a class A; amplifier, the 6S]J7 may be operated either as a pentode or as a
triode. as shown under Characteristics. The screen voltage for the 65J7 operated
as a pentode may be obtained from a potentiometer or bleeder circuit across the
B-supply device. Due to the screen-current characteristics of the 6SJ7, a resistor
in series with the high-voltage supply may be employed for obtaining the screen
voltage, provided the cathode-resistor method of bias control is used. This method,
however, is not recommended if the high-voltage B-supply exceeds 300 volts.

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

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

AVERAGE PLATE CHARACTERISTICS
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L. TRIPLE-GRID SUPER-
CONTROL AMPLIFIER

ing single-ended construction with
interlead shielding. In comparison
with capped types previously avail-
B able, the 65K 7 offers the circuit advan-
tages of more stable amplifier operation,

The 6SK7 is a triple-grid super-con-
trol amplifier of the metal type featur- 65 K7

METAL

greater uniformity of gain in amplifiers, and higher gain. Because of its remote
cut-off characteristic, this type is able to handle unusual signal voltages without
cross-mcdulation or moduiation distortion. The 63K7 is recommended for use
in the r-f or i-f stages of receivers especiaily those employing automatic volume

cont;ol.

* CHARACTERISTICS

Heater Vortace (AC.or D.C) ... ... ... .. 6.3 Volts
HEATER CURRENT . ... ..o .. 0.3 Ampere
GRID-PLATE CAPACITANCE® .. .. .......... oo .... 0.003 max. wpuf
INPUT CAPACITANCE® . . .. ... ... . ouiuei e . 6 upf
OuTpPUT CAPACITANCE® .. ... ..., 7 puf
* Witk shell connected to cathode.
As Class A; Amplifier
PLATE VOLTAGE ... ... .o i 300 max. Volts
SCREEN VOLTAGE ..o ivt ittt e 125 mar. Volts
SCREEN SUPPLY VOLTAGE. . .. ..., 300 max. Volts
GRID VOLTAGE . ...ttt 0 man. Volts
PLATE DISSIPATION ... ... o 4 max, Watts
SCREEN DISSIPATION ... ... ... ... ............. 0.4 max. Watt
TyricaL CPERATION:
Plate Veltage .............. ... ... . ... ' 100 250 Volts
Screen Voltage . ................ ... ... 100 100 Volts
Grid Voltage. . ............ ... .. ... .. -3 -3 Volts
Suppressor. . ..... FE Connected to cathode at socket
Plate Current ...................... ... 8.9 9.2 Milliamperes
Screen Current ........................ 2.6 2.4 Milliamperes
Plate Resistance (Approx.).............. 0.25 0.8 Megohm
Transconductance .. ................... 1900 2000 Micromhos
Grid Bias for transconductance of 10
micromhos. . ...... ... -35 -35 Volts
INSTALLATION

and APPLICATION

The base of the 6SK7 fits the
standard octal socket which may be
installed to hold the tube in any
position. DPhysical characteristics of
the 6SK7 are shown in Fig. 1-3,
OUTLINES SECTION. For hieater
operation and cathede connection
refer to Type 6A8.

The interlead shielding within
the base of the 6SK 7 is accomplished
by means of a conical stem shield !
and a cylindrical base shield. The WAFFA BCTAL
metal cone is inserted through the BAaSE
hole in the stem where the exhaust
tube connecte. The core extends
some distance into the exhaust tube
and is connected to the common
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grounding pin (pin No. 1). The cvlindrical base shieid is positioned inside the locating
base plug, and is also connected to pin No. 1. The conical shield reduces the capac-
itance hetween leads in the glassof the stem: the cylindrical shield reduces the capac-
itance between those pins that are diametrically opposite each other. Since the grid
and the plate leads are diametrically opposite, the capacitance between them is kept
to a value comparable with that obtainable with top-cap construction.

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

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

The screen voltage may be obtained from a potentiometer or bleeder circuit
across the B-supply source. Due to the screen current characteristics of the 65K7,
a resistor in series with the high-voltage supply may be employed for obtaining the
screen voltage provided the cathode-resistor method of bias control is used. This
method, however, is not recommended if the high-voltage B-supply exceeds 300
volts. Furthermore, it should be noted that the use of a resistor in the screen
circuit will have an effect on the change in plate resistance with variation in sup-
pressor voltage in case the suppressor is utilized for control purposes.

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

As a radio-frequency amplifier, the 6SK7 is especially applicable to radio
receiver design because of its ubility to reduce cross-modulation effects, its remote
“eut-off” feature, and its tlexible adaptability to circuit combinations and to receiver
design. Recommended conditions for the 65K7 as an amplifier are given under
CHARACTERISTICS.

To realize the maximum benefit of the long "'cut-off”" feature of this tube, it is
necessary Lo 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 sutlicient amount to prevent damage to the tube, It
should be recognized in general that the series-resistor method of obtaining screen
voitage from a higher voltage supply necessitates the use of the variable cathode-
resistor method of controlling volume in order to prevent too high a voltage on the
screen.  When screen and control-grid voltage are obtained in this manner, the
remote “'cut-off” advantage of the 6SK7 may be fully realized

DUPLEX-DIODE
HIGH-MU TRIODE

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

metal type containing two diodes and STl

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 VoLTace (AC.or D.C) ... ... . . 6.3 Volts

HEATER CURRENT .. ...... ... . .. .. 0.3 Ampere

Triode: GripD-PLATE CAPACITANCE®. ... .. 1.8 unf
Grip-CATHODE CAPACITANCE® . . . . 36 wul
PLATE-CATHODE CAPACITANCE® . .. .. ....... 38 unf

* With shell connected io cathode. Values are approximate
\

PLATE VoLTAGE .. .. .. R e e . 250 max. Volts
2

GRID VOLTAGE ....... ... . .. . ... ... -2 Volts

PLATE CURRENT. . . .. e . . 0.9 Milliampere

PLATE RESISTANCE. . . . . e . 81000 Ohms

AMPLIFICATION FacTOR. . ... ... .. .. ... .. . R 100

TRANSCONDUCTANCE .. ..... ... ............. .~ 1100 Micromhos
Diode Units

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

INSTALLATION and APPLICATION

The base of the 6SQ7 fits the standard octal socket which may be mounted to
hold the tube in any position. Physical characteristics of the 65Q7 are shown in
Fig, 1-3. OUTLINES SECTION. ~Heater operation and cathode connection are
the same as for Type 6A8.

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

circuit.

As an amplifier in resistance-coupled a-f circuits. the 65Q7 may be operated

under the conditions given
CHART.

AVERAGE PLATE CHARACTERISTICS
TRIODE UNIT

in the RESISTANCE-COUPLED AMPLIFIER

T T
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DUPLEX-DIODE
HIGH-MU TRIODE

The 6T7-G is a heater-cathode type
of tube containing two diodes and a
high-mu tricde in one bulb. The
6T7-G is used as a detector, amplifier,
and automatic-volume-control tube.
The low heater current is a feature
important.
ATIONS section.

617-G

CHARACTERISTICS

HeaTER VoLTAGE (A.C.or D.C)) .................. 6.

HEATER CURRENT

Triode: GRID-PLATE CAPACITANCE®. . ..............
Grip-CatBODE CAPACITANCE®

PLATE-CaTHODE CAPACITANCE®

° With close-fitting shield connected to cathode.

Triode Unit — As Class A Amplifier

PLATE VOLTAGE .. .. ... . i 100 250 max.
GRID VOLTAGE . ... oo -1.5 -3
PLATE CURRENT . . . .. oo e 0.3 1.2
PLATE RESISTANCE . ..... ... ............. 95000 62000
AMPLIFICATION FacTOR . ....... ... ... ... .. 65 65
TRANSCONDUCTANCE . . . ... ... .o v oo 680 1050

Diode Units

AN
sV

Values are approximate.

560

G-7V

in applications where economy of power is
For diode-detector considerations, refer to RADIO TUBE APPLIC-

Volts
Ampere
unf

uuf

puf

Volts
Volts
Milliamperes
Ohms

Micromhos

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 anv 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 glvm in the RESISTANCE-COUPLED AMPLIFIER CHART.

ELECTRON-RAY TUBE
Indicator Type with Triode

The 6US/6G5 is a hignvacuum,  OUS[6GS

heater-cathode type of tube designed
to indicate visually, by means of a
fluorescent target, the effects of change

&R in controlling voltage. The tube,
therefore. is essentially a voltage indicator and as such is particularly useful as a
convenient and non-mechanical means to indicate accurate tuning of a radio
receiver. The 6U5/6GS supersedes both the 6US and the 6G5 and it may also be
used to replace the 6115 and the 6T5. For a discussion of Electron-Ray Tube
considerations, refer to the RADIO TUBE APPLICATIONS section

* CHARACTERISTICS

TA

HEATER VoLTAGE (AC.or D.C) ............... ... 6.3 Volts
HEATER CURRENT . ... . ......o.von . oiio... . 0.3 Ampere
PLATE-SUPPLY VOLTAGE .. . .......... .. ...... ... 250 max. Volts

TARGET VOLTAGE . . ... ... .......... ...

{250 max. Volts
TvypricaL OPERATION:

100 min. Volts

Plate- and Tar%et -Supply Voltage. . 100 200 250 Volts
Series Triode-Plate Resistor. . . ... 0.5 1 1 Megohm
Target Current®} ..... ... . .. .. 1 3 4 Milliamperes
Triode-Plate Current * . ... ... . 0.19 019 024 Milliampere
Triode-Grid Voltage (Approx ):

For shadow angle of 0° ..... ... -8 -185 -22 Volts

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

* For zero triode-grid voltage. 1 Subject to wide variations.

INSTALLATION and APPLICATION
Installation and application of the 6U5/6G5S are the same as for T
Physical characteristics of the 6U5/6(G5 are shown in Fig. 2-18, OU% INES
SECTION. The essential ditferences between the 6E5 and the 6U5/6G5 are that
the 6U5/6GS is constructed in a tubular bulb and has a remote plate-current cut-
off characteristic.
AVERAGE CONTRCL CHARACTERISTICS
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TRIPLE-GRID SUPER- B Lo
CONTROL AMPLIFIER .

The 6U7-G is a triple-grid super-
6U7_ G control amplifier tube recommended @) D
for service in the ruadio-frequency and " . n
intermediate-frequency stages of radio OMO)]
receivers designed for its character- t K
istics. ‘T'he ability of this tube to handle G-7R
the usual signal voltages without cross-
modulation and modulation distortion makes it adaptable to the r-f and i-f stages
of receivers employing automatic volume control, The 6U7-G5 is constructed with
an internal shield connected to the cathode within the tube.

* CHARACTERISTICS

HeaTER VoLTacE (A.C. or D.C. ) . . 6.3 Volts
IEaTER CURRENT ... .. .. . . 0.3 Ampere
GRID-PLATE CAPACITANCE®* . . 0.007 max. uuf
INnpPuT CaraciTance® 5 upf
OUTPUT CAPACITANCE® 9 puf
* With close-titting shield connecied to calhodc
As Class A, Amplnﬂer
PLate VOLTAGE .. ... . .. ... .. ... 300 max, Volts
SCREEN VOLTAGE ... .. R . 100 max. Volts
\uu EN SUPPLY VOLTAGL . . 300 max. Volts
GRID VOLTAGE .., ... .. 0 min. Volts
P’LATE 1JISSIPATION . .. . . . . 2.25 max, Watts
SCREEN DISSIPATION ... .. ... .. R 0.25 max, Watt
Tyricarl OPERATION:
Plate Voltage . . . 100 250 Volts
Screen Voltage . o . . 100 100 Volts
Grid Voltage. . ..... ... 3 -3 Volts
Suppressor. . .. . Connected to cathode at socket
Plate Current . . 8.0 8.2 Milliamperes
Screen Current . 2% 2:0 Miiliamperes
Plate Resistance (Approx ). 0.25 0.8 Megohm
Transconductance .. ... ... .. 1500 1600 Micronthos
Transconductance (At -50 voits bius) . ... 2 2 Micromhos

INSTALLATION and APPLICATION

The base of the 6U7-G fits the standard octal socket which may be installed
to hold the tube in any position. The maximum overall length of the 6U7-G is
47, in. and the maximum diameter is 1% in.. the tube has a small shell octal base
and a miniature cap. For heater omrdhon and cathode connection, refer to Type
6A8. For control-grid bias, screen voltave. suppressor connection, and applxcallon
refer to Type 65K7. Stage shielding enciosing the components of each stage is, in
general, necessary for muiti-stage ampiifier circuits.

G2 Gy
6V6 BEAM POWER AMPLIFIERS OM0
The 6V6 and 6V6-G are power am- P\",
METAL plifiers of tie beam type for use in the
output stage of radio reu.ners Thev .
6V6 G are particularly useful in automohlle " =/
- and other batterv-operated receivers . "8 ).
in which reduced plate-current drain  « i o T Per
is desirahle.A 7AC
* CHARACTERISTICS
HeaTer VoLtack (A.C.or D.C) ..., . - 6.3 Volts
HeaTeEr CURRENT . ... ... ... .. .. 0.45 Ampere
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As Single-Tube Class A, Amplifier

PLATE VOLTAGE .. .. ... . ... .. .. .... L. 315 max, Volts
ScrEEN VOLTAGE .. . . . 285 max  Volts
PrLaTe DissipaTiON . . . ... . L 12 max. Watts
ScreEEN DissiraTion . ... T 2 max. Watts
TypicaL OpERATION:
Plate Voltage .. .. .. AU 180 250 S5 Volts
Screen Voltage . 180 250 225 Volts
Grid Voltage... . . - 3.5 -125 -13 Volts
Peak A-F Grid Voltawe . ... . 85 12285 13 Volts
Zero-Signal Plate Current. . . .. 29 45 34 Milliamperes
Max.-Signal Plate Current . . 30 17 35 Milliamperes
Zero-Signal Screen Current. 3 t.5 2% Miiliamperes
Max.-Signal Screen Current 4 7 6 Milliamperes
Plate Resistance . . 58000 52000 77000 Ohms
Transconductance . 3700 14100 3750 Micromhos
Load Resistance . . . 5500 5000 8500 Ohms
Total Harmonic Distortion. .. . & 8 HeE Per cent
Max.-Signal Power Output . . . 2 4.5 55 Watts
As Push-Pull Class AB, Amplifier
PrLate Voutage .. ... . L 315 max, Volts
SCREEN VOLTAGE ... .. . 285 mavx, Volts
PLATE DissieatioN . 2 max. Watts
ScCREEN DissipaTioN . 2 mav. Watts

TypicaL OperaTION:  Valies are Jor tico tubes

Plate Voltage. .. ... ... .. e 250 285 Volts

Screen Voltage R - 25 285 Volts .
Grid Voltage . .. 15 -19 Volts

Peak A-F Grid-to-Cirid Voltage 30 38 Volts
Zero-Signal Plate Current. ... 0 70 Milliamperes
Max.-Signal Plate Current . .. 7Y 02 Milliamperes
Zero-Signal Screen Current . . R 4 Milliamperes
Max.-Signal Screen Current 13 13.5 Milliamperes
Effective Load Resistance (plate-to-plate) 10000 8000 Ohins

Total IHarmonic Distortion. ... .... ... 5 35 Per cent
Max.-Signal Powcr Output 10 14 Watts

INSTALLATION and APPLICATION

The base of either the 6V6 or 6V6-G fits the standard octal socket which may
be installed to hold the tube in any position. Phvsical characteristics of the 6V8
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 68,

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 10% 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 anyv 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 6V'6 and 6V6-G may be operated
as shown under CHARACTLERISTICS.  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 bias

is required.

Witn cathode bias, the grid circuit may have a resistunce as liugh as,

but not greater than, 0.5 megohm provided the heater voltage is not allowed to
rise more than 10¢% above the rated value under any condition of operation.
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BEAM POWER AMPLIFIER

The 6V6-GT is a beam power ampli-
fier designed for use in the cutput stage
of radio receivers, especially those
having limited space. Its electrical
characteristics are similar to those of
the 6V6 and 6V6-G.

6V6-GIT

CHARACTERISTICS
Heatir VoLtace (A.C.or D.C) ... ... 6.3 Volts
HEATER CURRENT . ..o e 0.45 Ampere
As Single-Tube Class A, Amplifier
PLATE VOLTAGE ... .. e 315 max. Volts
SCREEN VOLTAGE .. ....... .. . ........... 285 max. Volts
PLatE INSSIPATION. . ..o 12 max. Watts
SCREEN INSSIPATION ... vt 2 max. Watts
TyercaL OrERATION:
Plate Voltace. ........ ... 180 250 315 Volts
Screen Voltage .. ... ... 180 250 225 Volts
Grid Voltage ... .............. -85 -125 -13 Volts
Peak A-F Grid Voltage. . 85 12.5 13 Volts
Zero-Signal Plate Current. . 29 45 31 Milliamperes
Max.-Signal Plate Current ... ... 30 47 39) Milliamperes
Zero-Signal Screen Current . 3 45 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 Ohins
Total Harmonic Distortion . . 8 8 12 Per cent
Max.-Signal Power Output. . .. .. 2 45 5.5 Watts
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As Push-Pull Class AB, Amplifier

PLate VOLTAGE . . ..., .. .. . . .. 315 max. Volts
ScREEN VOLTAGE ... ... ... ... - 285 max. Volts
PLATE DISSIPATION ... ... .. tiiineiiinnnn .. 12 max. Watts
SCREBN DISSIPATION ... ... ieeiivnniinennnnn. 2 max. Watts
TypicaL OpErATION:  Values are for lwo lubes
Plate Voltage. . ........................ 250 285 Volits
Screen Voltage . ...... ................ 250 285 Volts
Grid Voltage ............oovinnnns -15 -19 Volts
Peak A-F Grid-to-Grid Voltage. . ... .. .. 30 38 Volts
Zero-Signal Plate Current. .. ... ... . .. 70 70 Milliamperes
Max.-Signal Plate Current ... ......... .. 79 92 Milliamperes
Zero-Siznal Screen Current. . ............ 5 4 Milliamperes
Max.-Signal Screen Current . ... ......... 13 13.5 Milliamperes
Effective Load Resistance (plate-to-plate) 10000 8000 Ohms
Total Harmonic Distortion. .. ........... 5 35 Per cent
Max.-Signal Power Qutput.............. 10 14 Watts

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

TRIPLE-GRID DETECTOR
AMPLIFIER

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

the heater-cathode type for use as an
amplifier and biased detector. In such
G-7R service, the 6W7-G is capable of deliv-
ering a large audio-frequency output
voltage with relatively small input. The low heater current is a feature in applica-
tions where economy of power is important.

% CHARACTERISTICS

HeATERr VoLTacE (AC.or D.C) ............... ... 6.3 Volts
HEATER CURRENT . ........... ... ... ... ......... 0.15 Ampere
GRr1D-PLATE CAPACITANCE® . ... . ... .. ... ........ 0.007 max. upf
INPUT CAPACITANCE® . . ... ... ... ... ..., B ppf
OuTPUT CAPACITANCE® .. ... ... .eiiiiiiinnnnn 8.5 upf

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

PLATE VOLTAGE .. .. ... it i 300 max. Volts
SCEEEN VOLTAGE . ..ottt 100 max. Volts
SchEEN SUPPLY VOLTAGE . . . .. ... ... ............ 300 max. Volts
GRID VOLTAGE . ... . e 0 min. Volts
PLaTE DISSIPATION . ... ... ... ................ 0.5 max. Watt
ScrREEBN DISSIPATION . ... ... ... ... .......... 0.1 max. Watt
TypicaL OPERATION:
Plate Voltage . . ........... ... ................. 250 Volts
Screen Voltage . ... ... ... ... ... ... 100 Volts
Grd Voltage. . . . ... ... ... -3 Volte
Suppressor..................... e Connected to cathode at socket
Plate Current ............................. ... 2.0 Milliamperes
Scrzen Current ......... ... L 0.5 Milliampere
Plate Resistance (Approx.). ..................... 1.5 Megohms
Transconductance ............... ...... ....... 1225 Micromhos
Grid Voltage (Approx.)®® ... . ... .. -7 Volts

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

The base of the 6\W7-G fts the standard octal socket which may be instailed
to hold the tube in any position.  Physical characteristics of the 6W7-G are shown
in Fig. 2-15, OUTLINES SECTION,  For heater operation and cathode connec-
tion, refer to Type 6D8-G and 0AB, respectively.  Application is similar to that
of the 65J7. Additional data are given in the RESISTANCE-COUPLED AM-
PLIFIER CHART.

6X5 FULL-WAVE HIGH-VACUUM PO
RECTIFIERS POz,

METAL 3
The 6X5, 6X5-G and 6X5-GT are

full-wave, high-vacuum rectifiers of the 5 9
6X5-G heater-cathode type.  They are in- " "

tended for use in  automobile-radio IO
receivers or in a-c operated receivers . C- rer
6X5-GT designed for their characteristics. a5

* CHARACTERISTICS

Heatir Vortace (AC.or DCY. ... oo 6.3 Volts
HeATER CURRENT . .. ... .. . i 0.6 Ampere
As Full-Wave Rectifier

Prak INVERSE VoLTAGE . ., ... ... .. e 1250 max. Volts
Perak Prate Curkenrt Per Prate. . 000 210 mavx. Nilllamperes
D-C HEATER-CATRODE POTENTIAL . oo\ oo 450 max. Volts
Tyricat Orveration Wity Coxvenser-INver Finreg:

A-C Plate Voltage per Plate (RNISY. ... o0 325 max. Volts

Total Effective Ilate-Supply Impedance per Plate; 150 min Ohms

D-C Output Current . ... ............ ......... 70 max. Nlilliamperes
Tyrican Orerartion Wirn Cuoke-Inver Frirek:

A-C Dlate Voltage per Plate \R\IS) . 450 mavx. Volts

Input-Choke Inductance. . & min. lennes

D-C Qutput Current . . ...... ..... . ... ... 70 max. Milliumperes

$ When a flter-input cnrvluv<rr Iarmr llnn 40 uf is used, 1t may be necessary to use more
plate- supply mmpedance than the minmmum value shown limit the peak plate current to the
rated value.

INSTALLATION and APPLICATION OPERATION CHARACTERISTICS

The base of either the 6X5, 6X5G, or MEED | BB T
6X5-GT fits the standard octal <ocket. The U e SR -
socket for the 6X5 should be installed to hold e %90 Lo
the tube preferably in a vertical position, £ :

Horizontal operation is permissible it pins 3 and
5 are in a horizontal plane. The 6X5-G and
6X5-GT may be operated in anv position.
Physical characteristics of the 6X3, 6X5-G, and
6X5-GT are shown in Figs. 1-7, 2-17, and 2-8,
respectively, in the OUTLINES SECTION.
Pin 1 of the 6N5-GT bas no connection,

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
RADIOQ TUDE APPLICATIONS SECTION.

D-C OUTPUT wOL'S AT ILFUT TO

o 20 a0 60 eo
D-C LOAD MILLIAMPERES
92C~4576R1
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BEAM POWER AMPLIFIER

The 6Y6-G is a power amplifier of
the beam type for use in the output 6Y6-G
stage of radio receivers designed for

its characteristics.

* CHARACTERISTICS

HEeATER VoLTAGE (A.C.orD.C) .................. 6.3 Volts
HEATER CURRENT . ..................cccooiunnin. 1.25 Amperes

As Class A, Amplifier

PLATE VOLTAGE ............ . A 200 max. Volts
ScrEEN VOoLTAGE (Grid No. 2) . . ... . R 135 max. Volts
PLATE DISSIPATION . ........ ... .. ... ... ...... .. 12.5 max. Watts

ScrEEN DISsIPATION . ... ..
TYPICAL OPERATION:

,,,,,,,, 1.75 max. Watts

Plate Voltage ......... .. o 135 200 Volts

Screen Voltage . ........... ... .... 135 135 Volts

Grid Volt,aée (Grid No. 1) ... .. .. -13.5 -14 Volts

Peak A-F Grid Voltage. .. ... o 13.5 14 Volts
Zero-Signal Plate Current . . . .. AP 58 61 Milliamperes
Max.-Signal Plate Current.. . . .. .. ... 60 66 Milliamperes
Zero-Signal Screen Current. .. .. .. .. ... 3.5 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 Output. .. ... . 36 6 Watts

INSTALLATION and APPLICATION

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

The heater is designed to operate at 6.3 volts for full-load operating 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 Tvpe 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 crcuit. Transformer- or impedance-coupling devices are recommended.
When the grid circuit has a resistance not higher than 0.1 megohm, fixed bias may
be used; for higher values, cathode bias is required. With cathode bias, the grid
circuit may have a resistance as high as, but not greater than, 0.5 megohm provided
the heater voltage is not allowed to rise more than 109, above the rated value
under any condition of operation.
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CLASS B TWIN TRIODE

The 6Z7-G is a power amplifier con-

taining two triodes in one envelope.

627_ G The two triodes, designed for class B
operation, have separate terminals for

all electrodes except the cathodes and

heaters.
CHARACTERISTICS
HeATER VoLTAGE (A.C.orD.C) ...... ... ...... 6.3 Volts
HEBATER CURRENT . .. ... ... 0.3 Ampere
As Class B Power Amplifier
PLATE VOLTAGE ....................... e 180 max. Volts
PeAR PLATE CURreNT (Per plate) . . . ... .. 60 max. Milliamperes
AVERAGE PLATE DissipaTiON ... ... ... ... . ... 8 max. Watts
TyricAL OPERATION:
Plate Voltage ............. 135 180 Volts
Grid Voltage. . ............ 0 0 Volts
Zero-Signal Plate Current
(Perplate). ............. 3 4.2 Milliamperes
Effective Load Resistance
(Plate-to-plate) . . ........ 15000 9000 20000 12000 Ohms
Max.-Signal Power Output
(Approx.) . ............ .. 1.5* 25t 2.2° 4.2 Watts

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

INSTALLATION and APPLICATION

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

As a class B power amplifier, the 6Z7-G is used in circuits similar in design to
those utilizing individual tubes in the output stage. It requires no grid bias, since
the high-mu feature of the triode units reduces the steady plate current at zero bias
to a relativelv low value. For general class 13 amphfier 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 HC

vacuum rectifier of the heater-cathode
type. Itisintended for use in applica-
tions where economy of power is im-

Poz

portant,
* CHARACTERISTICS
HeaTER VOLTAGE (A.C.or DC)) .. ... ... ... ... 6.3 Volts
HEATER CURRENT . ... ... .. ... .0 . 0.3 Ampere
As Full-Wave Rectifier
Peak INVERSE VOLTAGE. . ... ... .. ... ........ 1250 max. Volts
Peak PLATE CURKRENT PER PLATE. . .. . ... .. ... .. 120 max. Milliamperes
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D-C HEATER-CATHODE POTENTIAL. ... ............ 450 max. Volts
TvyricaL OperaTioN WiITH CONDENSER-INPUT FILTER:

A-C Plate Voltage per Plate (RMS) ............. 325 max. Volts

Total Effective Plate-Supply Impedance per Platet. 225 min. Ohms

D-C Qutput Current .. .. ......... e 40 max. Milliamperes
Tvrical Operation WiTH CHokE-INvUT FILTER:

A-C Plate Voltage per Plate (RMS).............. 450 max. Volts

Input-Choke Inductance... .................... 13.5 min. Henries

D-COQutput Current . .. ... ..........c.covuvnn. 40 max. Milliamperes

¢ When a filter-input condenser larger than 40 uf is used, it may be necessary to use more
plate-suﬁ)ply 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 anv position. Physical characteristics of the 62Y5-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.

Ne SRS TWIN DIODE
ONO) .
o N ~PD The 7A6 is a heater-cathode type
Dor N\ /\ ] o . . .
G 5) of tube containing two diodes in one
) bulb. Except for the common heater, 7 Ab
e ;)nol the two units are independent of each
e other. The 7A6 is employed in re-
(l W a) ceivers for detection, for low-voltage.
G S low-current rectification, or for auto-
7A matic volume control.
* CHARACTERISTICS
Heater Vortace (AC.or D.C) ... ... . ... ... 6.39 Volts
HEATER CURRENT .. ... o i i, 0.159¢ Ampere
9 Nominal value 1s 7 volts. €9 Nominal value is 0.16 ampere.
As Rectifier
A-C PLATE VOLTAGE Per Prate (RMS). .. ... ... 150 max. Volts
)-C Ouvrpur CURRENT v Prare. .. ... ... ... 8 max. Milliamperes

INSTALLATION and APPLICATION

The base of the 7A6 fits the lock-tvpe 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.

3~ ; TRIPLE-GRID
2 ﬁ_\ - SUPER-CONTROL AMPLIFIER
2iiz The 7AT-LM 1s a tnple-grid super-
\ Al ) ‘ control amplifier of the single-ended 7A7‘ LM
\\'/ metal type for use in the radio-fre- METAL
< quency and intermediate-frequency

stages of radio receivers. The 7A7-LM
6V is interchangeable with the 7A7

* CHARACTERISTICS

HeaTer VoLTagR (A.C.or D.C) ... . 6.37 Volts
HEaTBR CURRENT . ... . ... ... ... . ...t ... ....... 0.3999 Ampere
Grip-Prate CAPACITANCES .. .. .. ... ..... . 0005 ol
INeoT CAPACITANCE® . ... . . ... ... ... ... ...... 6 wuf
Ouiert CAPACITANCE® ... . 7 wuf

° With shell conrected to ciathode
7 Nomunal value 1s 7 volta ¢ €< Nominal value 1s 0 32 ampere.
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PLATE VOLTAGE ........ . T, 250 max. Volts
ScRBEEN VOLTAGE .. ... . . 100 max. Volts
GRrID VOLTAGE . ...... o -3 min. Volts
TyricaL OPERATION:
Plate Voltage .. .. .. . T, 250 Volts
Screen Voltage . . ..................... ... 100 Volts
Grid Voltage. .. ... ... .. ... .o Volts
Suppressor. . ...... . ..Connected to cathode at socket
Plate Current ... .. R 8.6 Milliamperes
Screen Current ... . . . . T, 2 Milliamperes
Plate Resistance. . ... . ... FE 0.8 Megohm
Transconductance . ........ .......... . ..... 2000 Micromhos
Transconductance (At -35 volts blas) ............ 10 Micromhos

INSTALLATION and APPLICATION

The base of the 7A7-LM fits the lock-type socket which
hold the tube in any position. Physical characteristics of the
in Fig. 1-4. OUTLINES SE CTION. For heater operation and

may be installed to
7A7-LM are shown
cathode connection.

refer to Type 6A8. Application is similar to that for Type 65K7.

OCTODE CONVERTER

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

G
4

8u
* CHARACTERISTICS
HiaTER VOLTAGE (A.C.or D.C) ..o 6.3¢ Volts
HeaTER CURKENT . .o . 0.159¢ Ampere
DIRECT INTERELECTRODE CAPACITANCES:
Grid No.4toPlate .............. .. 0.15 puf
Grid No. 4 to Grid No. 2 .. ... .. . 0.12 upf
Grid No. 1 to Grid No. 1 ..... 0.12 puf
Grid No. 1toGrid No. 2 ........... ...... 0.60 upf
Gnd No. 4 to All Other Electrodes (R F Input) 7.5 upf
Grid No. 2 to All Other Electrodes
Except Grid No. 1 (Osc. Output) ..... .. 34 unf
Grid No. 1 to All Other Electrodes
Ixcept Grid No. 2 (Osc. Input) . ......... 38 wuf
Plate to All Other I‘lectrodeq (Mixer Output) ... .. ] unf
¢ Nomnal value is 7 volts. <€ Nominal value is 0.16 ampere
As Frequency Converter
PLATE VOLTAGE .. ... ... i R 250 max. Volts
ScrEEN VoLTace (Grids No. 3 and No. 5) . . 100 max. Volts
Axope-Grip Suepry VorTtacr (Grid No. 2) 250 max. Volts
CoxtrorL-Grip VoLTaGe (Grid No. 4). -3 min. Volts
Tyrical, OPERATION:
Plate Voltage . . .......... ....... 250 Volts
Screen Voltage . ... ........... 100 Volts
Anode-Grid Supply Voltage. . . .. o 250 Volts
Control-Grid Voltage ............. -3 Volts
Oscillator-Grid Resistor (Grid No. 1) 50000 Ohms
Plate Current .. ............. . 3 Milliamperes
Screen Current .. ..... .. o 2.8 Milliamperes
Anode-Grid Current. . .......... 15 Milliamperes

¢ Applied through 20000-0chm voltage- droppmx resistnr hv passed by 0.1 uf condenser
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Oscillator-Grid Current.

Plate Resistance

RECEIVING T UBE M ANUAL
...................... 0.4 Milliamperea
............................. 0.7 Megohm
Conversion Transconductance. . . ... ...... .. 600 Micromhos
Conversion Transconductance with
Control-Grid Bias of -30 Volts . ..... ... . 2 Micromhos

INSTALLATION and APPLICATION

The base of the 7A8 fits the lock-type socket which may be installed to hold

the tube in any position.

Physical characteristics of the 7A8 are shown in Fig.

2-4. OUTLINES SECTION. For heater operation, refer to Type 6D8-G: for
cathode connection and application. to Type 6A8.

TRIPLE-GRID
SUPER-CONTROL AMPLIFIER

The 7R7 is a triple-grid super-control
amplifier for use in the radio-frequency

/B7

W ), and intermediate-frequency stages of
50k 35 radio receivers.
8v
* CHARACTERISTICS
HeaTer VoLTaGE (A.C.or D.C)) .. 6.3% Volts
HEATER CURRENT ... ..... 0.157% Ampere
GRID-PLATE CAPACITANCE . 0.005 max. uuf

INPUT CAPACITANCE. . .. 5 pmi
Output CAPACITANCE .. .. . ... .. ... . ..., 7 uuf
§ Nominal value is 7 volts €% Nominal value ia 0.16 ampere

As Class A, Amplifier

PLATE VOLTAGE . .
ScrREEN VOLTAGE

250 max. Volts
100 max. Volts

Grib VOLTAGE . .. .. 3 min. Volts
Tyrical OPERATION:
Plate Voltage . 250 Volts
Screen Voltage . 100 Volts
Grid Voltage . B g Volts
Suppressor . . Connected to cathode at socket
Plate Current . . 5 AMilliamperes
Screen Current . . 2 Milliamperes
Plate Resistance . . . 0.7 Megohm
Transconductance .. ...... ..... .. 1700 Micromhos
Transconductance (At - 40 volts bias) . . 10 Micromhos

INSTALLATION and APPLICATION

The base of the 7B7 fits the lock-type socket which mayv be installed to hold
the tube in any position. Physical characteristics of the 7137 are shown in Fig.
2-4, OUTLINES SECTION. For heater operation. refer to Tvpe 618-G: and for
cathode connection. to Type 6A8.  Application is similar to that for Type 6SK7.

F DUPLEX-DIODE
. B HI-MU TRIODE

The 7C6 is a multi-unit tube con-

7C6

D 3
i 4 taining two diodes and @ high-mu
SO\ triode in one bulb. It is intended for
Ay use as a combined detector, amplifier.

aw and automatic-volume-control tube
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* CHARACTERISTICS

HeaTer VoLTaGE (AC.or D.C) ....... ... .. . 6.3 Volts
HEATER CURRENT . ................coo. ... 0.15YY  Ampere
Triode: Grip-PLATE CaPACITANCE (Approx.) S 1.4 uuf
GripD-CATHODE CAPACITANCE (Approx.) . .. 24 uuf
PLATE-CATHODE CAPACITANCE (Approx.).. .. 3 uuf
AVERAGE CHARACTERISTICS — Tr1opeE UxrT:
Plate Voltage .. .............. . ................ ' 250 Volts
Grid Voltage. .. ............................. . -1 Volt
Plate Current ............... ... . ... .. ... ... 1.3 Milliamperes
Plate Resistance . . ............................. 0.1 Megohm
Amplification Factor . ........ ............. ... .. 100
Transconductance . ...........ccoveereenennnnn.. 1000 Micromhos
9 Nominal value is 7 volts. 99 Nominal value is 0.16 ampere.
Triode Unit — As Class A, Amplifier
PLate VOLTAGE ...... .. ... .. .. B 250 max. Volts
TvypicaL OPERATION:
Plate Supply Voltage .. ................. ....... 250 Volts
Load Resistance. . . ... ........ ... ... ........ 0.25 Megohm
Grid Resistor. .................. .. ..., 10 Megohms

Diode Units

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

INSTALLATION ond 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 g "

HIGH-VACUUM RECTIFIER "<,

7Y4 The 7Y4 is a full-wave, high-

vacuum rectifier of the heater-cathode nc n
type. It is for use in automobile radio
receivers and in compact a-c operated R S
receivers.
5A8
% CHARACTERISTICS
HeaTeEr VoLTAGE (A.C.or D.C)) .................. 6.37 Volts
HEATER CURRENT « . ..ottt ieieeaennens 0597  Ampere
9 Nominal value is 7 volts. €9 Nomina! value is 0.53 ampere.
As Full-Wave Rectifier
PEAR INVERSE VOLTAGE . . .. ..ov it oo 1250 max. Velts
PeEAK PLATE CURRENT PER PLATE . . .. .. ... .. .. . 180 max. l\;hlhamperes
D-C HEATER-CATHODE PoTENTIAL .. .. .. e 450 max. Volts
WitH CoNDENSER-INPUT FILTER:
A-C Plate Voltage per Plate (RMS) .............. 325 max. Volts

Total Effective Plate-Supply Impedance per Plate* 150 min. Ohms
D-COutput Current . . . .................... .. 60 max. Milliamperes
Withd CrokE-INrUT FiLTER:

A-C Plate Voltage per Plate (RMS) .. R 450 max. Volts
Input Choke Impedance .. ...... ...... R 10 min. Ohms
D-COutput Current. .. ...........ccocoieeronn.. 60 max. Mlilliamperes

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

The base of the 7Y 4 fits the lock-type socket which may be installed to hold
the tube in any position. Phvsical characteristics of the 7Y4 are shown in Fig
2-4, OUTLINES SECTION. For heater operation, sece Type 6X3.

POWER AMPLIFIER TRIODE

The 10 is a three-electrode, high-vacuum ]0
tube suitable for use as an audio-frequency

ampliier 1n eyuip:nent designed for its

characteristics.

4aC
CHARACTERISTICS

FILAMENT VOLTAGE (/\_C or D.C) .. 7.5 Volts
FILAMENT Cunnrxr 5000000000000 e 1.25 Amperes
PLATE VOLTAGE. 00 < 425 max. Volis
GRID VOLTAGE® ......... o .. g ;:;o Volts
CATHODE RESISTOR . .voovvvivnn .. 23° 2220 Ohms
PLate CURRENT............. .. X 18 Milliamperes
PLATE RESISTANCE .. ....viiiininnnnn 5000 Ohms
AMPLIFICATION IFACTOR .. ... ..ot 8 o3 .
TRANBCONDUCTANCE .. ...vviiinennennn. KX § 1600 Micromhos
LoAD RRSISTANCE .. .. ........ 10200 Ohms
UNDISTORTED POWER OUTPUT. 1.6 Watts

* (Grid voltages are given wnh 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 ond APPLICATION

The base of the 10 fits the standard four-contact socket which should be installed to hold
the tube in a vertical ition with the base down. Physical characternistics of the 10 are shown
in Fig. 2.28, OUTLINES SECTION.

DETECTOR 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 clectrical charactenistics of
each type are identical, and are as follows:
Filament volts, 1.1; amperes, 0.25; maximum
plate volts, 135; gn:l volts, ~-10 5: amnplifica-
tion factor, l)G plate resistance (ochms,, ]2
15000 lransc«)nduclance (micromhos), 440;
and plate milhamperes, 3. D’hysical charac-
tenistics 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
ty pes; they are retained for reference only

RECTIFIER-PENTODE

The 12A7 is a hecater-cathode type
of multi-unit tube which combines in
one bulb a half-wave rectifier and a
power-amplifier pentode. The heater ] 2A7
rating is 12.6 volts, 0.3 ampere.
RECTIFIER UNIT: Max. a-c plate
volts, 125: max. d-¢ output ma.. 30.
PENTODE UNIT: DMax. plate and
screen volts, 135; grid-bias volts, -13.5:
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load resistance. 13500 ohrns: plate resistance. 102000 ohms: transconductance, 975
micromhos: plate ma ¢ screen ma.. 2.5 and power output, 0.55 watt. The base
fits the standard 7-contact socket (0 75-inch pin-circle diameter) which may be
mounted to hold the tube in anv position. hysical characteristics of the 12A7
are shown in Fig. 2-16 OUTLINES SECTION. For heater operation and cathode
connection. refer to Types 12Z3 and 6A8. respectively

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

]2A8_GT verter of the heater-cathode tvpe.
Ioxcept 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 T'vpe 6A8-GT. Chia

The heater of the 12A8-GT is designed to operate on either a.c. or d.c. When
the heater is operated on ac. 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-G'T mayv be operated in series with the
heaters of the other tvpes having 0.15-ampere rating. or in series with the heaters
of other tyvpes 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
supplyv-line voltage. For cathode connection. refer to Type 6A8.

DUPLEX-DIODE PENTODE

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

the same envelope.  Except for its

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

METAL characteristics of the 12C3 are the same

as those of the Tvpe 638, For heater
operation and cathode connection, refer
to Tipes 12A8-GT and 6A8, respect-
ively.

HIGH-MU TRIODE

The 12F5-GT is a high-mu amplifier
triode of the heater-cathode tvpe. It

]2F5 GT is particularly useful in resistance-
= coupled  amplifier circuits.  Except

for its heater rating of 12.6 volts and
0.15 ampere. and the capacitances, the o T e
clectrical and phyvsical characteristics G-5M
are the same as those of the 6F3-GT.
The grid-plate capacitance 1s 2.8 uul; grid-cathode. 2.2 uuf: plate-cathode, 2.2 uuf
For heater operation and cathode connection, refer to Types 12A8-GT and 6AR
respectively "

DETECTOR AMPLIFIER TRIODE
The 12)3-GT is a wriode of the heat-
er-cathode tyvpe designed for use as
] 2J5 GT detector, amplifier. or oscillator. [t
= has a comparatively high amplifica- il
tion factor together with a high -
transconductance. Except for its heater G el
rating of 12.6 volts and 0.15 ampere, 6-6Q
the eclectrical and physical characteris-
tics of the 12]5-G'l are the same as those of the 6J5-GT. For heater operation
and cathode connection, refer to Type 12A8-GT and 6A8. respectively
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TRIPLE-GRID DETECTOR
AMPLIFIER

w(@) D The 12)7-G T is a triple-grid detector ] 2J7 - GT

amplifier of the heater-cathode type
ote ke Except for its heater rating of 12.6
volts and 0.15 ampere, the electrical
GT-7R(12J7-6T) and physical characteristics  of the
12J7-GT are the same as those of the 6J7-G'T. For heater operation and cathod:
connection, refer to Types 12A8-G'T" and 6A3, respectively

SL(,
" (nm\gu /

TRIPLE-GRID
SUPER-CONTROL AMPLIFIER

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

control amplifier of the heater-cathode

SoREY type. Except lor its heater rating of
GT-TRUI2KT-GT) 12.6 volts and 0.15 ampere, the elec-

trical and physical characteristics of

the 12K7-GT are the sume as those of the 6K7-GT. For heater operation and
cathode connection, refer to Types 12A8-GT and 6A8, respectively.

G244y '

Sapy

(a o TRIODE-HEXODE

6 CONVERTER -I 2K8

U The 12K8 is a multi-electrode tube

L} . P
~ of metal construction consisting of a METAY
5(' WEw S triode oscillator and a hexode mixer
oK in a single envelope. Except for its

heater rating of 12.6 volts and 0.15

ampere, the electrical and phvsical 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.

Ppho [3

S DUPLEX-DIODE

’ HIGH-MU TRIODE
nl ‘\L\‘.« The 12Q7-GT is a heater-cathode ]2Q7-GT
(7 type of tube containing two diodes and
p T = 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-G;'T. For heater
operation and cathede connection, refer to Types 12A8-GT and 6A8, respectively

G-7v

G
0‘2; Gy

ONO) PENTAGRID CONVERTER

LY
The 12SA7 is a multi-electrode vacu-
um tube of the single-ended metal type ] 2 S A7

w2 ’ designed to perform simultaneously
OSSN the functions of oscillator and mixer Sl

Ooh Gy in superheterodyne receivers. Except

o for its heater rating of 12.6 volts and

0.15 ampere, the electrical and physical
characteristics of the 125A7 are the same a those of the 65A7. For heater oper-
ation and cathode connection. refer to Types 12A8-GT and 6A8. respectively
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125C7

METAL

TWIN TRIODE AMPLIFIER

The 12SC7 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 12SC7 are the
same as those of the 65C7. For heater
operation and cathode connection, re-

fer to Types 12A8-GT and 6A8, respectively

125F5

METAL

connection,

1235J7

METAL

refer to

HIGH-MU TRIODE

The 12SF5 is a high-mu triode ot
the single-ended metal type for use
in resistance-coupled amplifier circuits.
Except for its heater rating of 12.6
volts and 0.15 ampere the electrical
and physical characteristics of the
12SF5 are the same as those of the
6SFS. For heater operation and cathode

Types 12A8-GT and 6A8, respectively.

TRIPLE-GRID
DETECTOR AMPLIFIER

The 12SJ7 is a single-ended metal
tube of the triple-grid type with a
sharp cut-off characteristic. Except
for its heater rating of 12.6 volts and
0.15 ampere, the electrical and physical

/\/ [
gy M
85
P
&
,(-3:\
e OF
SQ Kcv\‘ H
6AB

8N

characteristics of the 12S]7 are the same as those of the 6S]J7. For heater operation
and cathode connection, refer to Types 12A8-GT and 6A8, respectively.

125K7

METAL

TRIPLE-GRID
SUPER-CONTROL AMPLIFIER

The 12SK?7 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

Gy K
() (3)
N

PRY

8N

characteristics of the 12SK?7 are the same as those of the 65K7 For heater opera-
tion and cathode connection, refer to Types 12A8-GT and 6A8, respectively.

125Q7

MET AL

characteristics of the 125Q7 are
tion and cathode connection, re

DUPLEX-DIODE HIGH-MU
TRIODE

The 125Q7 is a single-ended metal
type of multi-unit tube containing two
diodes and a high-mu triode. Except
for its heater rating of 12.6 volts and
0.15 ampere, the electrical and physical
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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-c power from an a-c
power line. It is intended for use in

“transformerless” receivers of the “‘universal” (a.c.-d.c.) type. The adaptability
of the 12Z3 to such receivers is facilitated by the heater design which permits of
convenient series operation with other tube types.

4G

* CHARACTERISTICS

Heater VoLtace (A.C.or D.C) .................. 12.6 Volts
HBATBR CURRENT . . ... ... . iiiitennneennnnnnn 0.3 Ampere
As Half-Wave Rectifier
PEAR INVERSE VOLTAGE. . . ......covvivinninnnnn. 700 max. Volts
PEAR PLATE CURRENT . ... ... .. ..iiiiininnnnnnn 330 max. Milliamperes
D-C HEATER-CATHODE POTENTIAL. ... ............. 330 max. Volts
TyricaL OPERATION WiTH CONDENSER-INPUT F1LTER:
A-C Plate Voltage (RMS)......... 117 156 235 max. Volts
Total Effective Plate-Supply
Impedancef................... O min. 30 min. 75 min. Ohms
D-C Output Current............. 55 max. 55 max. 55 max. Milliamperes

3 When 2 filter-input condenser larger than 40 uf is used, it may be necessary to use more
pllte oq‘?ply impedance than the minimum value shown to limit the peak plate current to the

INSTALLATION and APPLICATION

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

to prevent overheating. OPERATICN CHARACTERISTICS

The 12.6-volt heater of the 12Z3is d ed " [Tvpe |273 L; 12 voLTs
to operate under the normal conditions of line- IR T LDt R
voltage variation without materially affecting . [omv. : |
the performance or serviceability of this tube. N i ]

For operation of the 12Z3 in series with the
heaters of other types having 0.3 ampere rating,
the current in the heater circuit should be ad-
justed to 0.3 ampere for the normal supply
voltage.

A filter of the condenser-input type is rec-
ommended for use with this tube in order to
obtain a d-c output voltage as high as possible.
A large input capacitance in the order of 16 uf

w
N
o

240

3
o

D-C OUTPUT VOLTS AT INPUT TO FILTER

# desirable. Typical output curves for several [
values of input condensers are shown in the ac- 80 {VoLrsznT - "l“*‘
companying diagram. As a supplement to the | [ I |
curves with an a-c input voltage, a curve is in- [ | | |
dluded to show the output when the receiver is %0 46 .
operated from a2 d-c power line. ERS B B
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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; screen cur-
rent, 0.3 milliampere; plate resistance, 0.63
megohm; transconductance, 750 micromhos.

The base of the 15 fits the standard five-pin socket which may be mounted to hold the tube

in any position.

Physical characteristics of the 15 are shown in Fig. 2-16, OUTL.INES SECTION

The heater-cathode potential should be kept as low as possible, but should never be greater than
22.6 volts. Application of the 15 is similar to that of Type 1E5-GP.

19

CLASS B TWIN AMPLIFIER

The 19 combines in one bulb two
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.
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
mazximum plate volts of 135, and grid-bias
volts of -22.5 are: plate current, 6.5 milli-
amperes, plate resistance, 6300 ohms; ampli-
fication factor, 3.3; transconductance, 5
micromhos; load resistance, 6500 ohms;
undistorted power output, 110 milliwatts.
Physical characteristica 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 emp'oying 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 gud-bias volts of -1.5 are: plate
current, 3.7 milliamperes; screen current, 1.3
milliamperes; plate resistance, 325000 ohms;
transconductance, 500 micromhos. Physical
characteristics of the 22 are shown in Fig. 2-22,
QUTLINES SECTION. The 23 is a discon-
tinued type; it is retained for reference only.
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SCREEN-GRID RADIO-FREQUENCY
AMPLIFIER

The 24-A is a screen-grid amplifier tube ol
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. ord.c.}
and 1.76 ampere. The maximum plate and
screen volts are 275 and 90, respectively
Characleristics_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 milliarnperes, plate resistance. 0.6 megohm;
transconductance, 1030 micromhos. Capacitances (with shield-can) are: grid plate 0.007 max.
uuf, input b.3 uuf; output, 10.5 uuf.

The base of the 24-A fite the standard five contact socket which maz be installed te held
the tube 'n any position. Physical characteristics of the 24-A are shawn in Fig 2-22, OUTLINES
SECTION or heater operation and cathode connection, refer to Type 245 The screen vnltage
for the 24-A may be obtained from a fixed or variable tap on a voliage divider across the hig
voltage supple', or across a2 portion of the supply. Complele shielding in all stages of the circuit
is necessary if maximum gain per stage is to be obtained.

Ga Gy

POWER AMPLIFIER

PENTODES 25A6

The 25A6 and 25A6-G are power- METAL
w amplifier pentodes of the heater-

) cathode type having 25-volt heaters 2 5 A 6 G
NEIZ3AE.REVTE S for operation on either a-c or d-c -
78 supply. They are especially useful in

. “'d-c power line” or “universal” type
receivers. In such zpplication, these tubes are capable of handling relatively large
audio power.

* CHARACTERISTICS

HEATER VoLTAGE (A.C.or D.C) ... .. ... 25 Volts
HEATER CURRENT . ... . ... . ... ... .. .. ... .. 0.3 Ampere

PratE VoLTaGe .. ... ... 160 max. Volts

SCREEN VOLTAGE .. ................ .. . 135 max. Volts
PLATE DissipATiON ... .. ... .. .. 5.3 max. Watts
SCREEN SISSIPATION . . . . 1.9 max. Watts
TyricaL OPERATION:
Plate Voltage .. . .. 5 135 160 Volts
Screen Voltage ... ... 95 135 120 Volts
Grid Voltage. . ... ... . . -15 -20 -18 Volts
Peak A-F Grid Voltage . 15 20 18 Volts
Zero-Sigral Plate Current . 20 7 33 Milliamperes
Max.-Signal Plate Current 22 39 36 Milliamperes
Zero-Signal Screen Current . 4 8 6.5 Milliamperes
Max.-Signal Screen Current 3 14 12 Milliamperes
Plate Resistance (Approx.) . .. 45000 35000 42000 Ohms
Transconductance , ........ .. 2000 2450 2375 Micromhos
Load Resistance. ... ...... .. 1500 4000 5000 Ohms
Total Harmonic Distortion . . . . 11 9 10 Per cent
Max.-Signal Power Qutput .. ... 0.9 2 22 Watts

INSTALLATION and APPLICATION
The base of either the 25A6 or 25A6-G fits the standard octal socket which
may be installed to hold the tube in any position. Physical characteristics of the
g%tGTqu(x)% 25A6-G are shown in Figs. 1-7 and 2-21, respectively, in the QUTLINES

The 25-volt heater is designed to operate under the normal conditions of line-
voltage variztion without materially atfecting the performance or serviceability

— 163 —



RCA RECEIVING TUBE MANUAL

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 25A6-G(’s) rather than on the 6.3-volt types.
This is accomplished by arranging the 25A6(’s) or 25A6-G(’s) on the side of the
supply line which is connected to the cathode of the rectifier, i.e., the positive
terminal of the rectified voltage supply. Between this side of the line and the
25A6§’e) 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-c power line or by the a-c line by means of a
rectifier. The potential difference thus introduced between heater and cathode of
the 25A6 or 25A6-G should not exceed 90 volts d.c.,, as measured between the
negative heater terminal and the cathode.

The cathode resistor should be shunted by a 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-¢ resistance in the grid circuit should not exceed 0.5 megohm with
cathode bias, or 0.5 megohm for the 95-voit condition and 50000 ohms for the 135-
volt and 160-volt conditions with fixed bias.

AVERAGE PLATE CHARACTERISTICS
sor—
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RECTIFIER-PENTODE

The 25A7-G is a heater-cathode
2 5 A7_ type of tube containing a half-wave,
high-vacuum rectifier and a power-
amplifier pentode in one envelope. It
is particularly useful in small receivers
of the “universal” type.
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CHARACTERISTICS
HeatEr VoLTAGE (A.C.0rD.C.) ................ .. 25 Volts
HEATER CURRENT ............................... 0.3 Ampere
Pentode Unit — As Class A, Amplifier
PLATE VOLTAGE ........c.oooviii i, 100 max. Volts
ScrEEN VOLTAGE (Grid No. 2) .............. ... ... 100 max. Volts
GRID VOLTAGE (Grid No. 1)....................... -15 Volts
PLaTE CURRENT. . .............. ... ... . . ... 20.5 Milliamperea
SCREEN CURRENT. ........vvieennnnnnnnnn, 4 Milliamperes
PLATERESISTANCE.. ... ........oivvenn, 50000 Ohms
TRANSCONDUCTANCE .. ................. .. ... ... 1800 Micromhos
LOAD RESISTANCE . . ...........ccoouunuinn 4500 Ohms
OUTPUT®. ..o e 0.77 Watt
® 9% total harmonic distortion.
Rectifler Unit
A-CPLATE VOLTAGE (RMS) . ................... .. 125 max. Volta
D-COUTPUT CURRENT ..o, 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. P}ﬁysical characteristics of the 25A7-G are shown
in Fig. 2-21, OUTLINES SECTION. For heater operation and cathode connec-

tion of the pentode unit, refer to Type 25A6.

HIGH-MU POWER AMPLIFIER
TRIODE

triode of the heater-cathode type for
use in the output stage of a~c/d-c radio

The 25AC5-GT is a power amplifier 25AC5 = GT

NC K receivers.
G-6Q
CHARACTERISTICS

HEATER VoLTAGE (AC.orD.C) ................ .. 25 Volts
HEATRR CURRENT ............................... 0.3 Ampere
AVERAGE CHARACTERISTICS:

Plate Voltage ............................... .. 110 Volts

Grid Voltage. . ............................. ... +15 Volts

Amplification Factor ....................... ... .

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

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

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

GridCurrent. ...................... .. ... . ... 7 Milliamperes

As Class B Power Amplifier
PLATR VOLTAGE . ..., 180 max. Volts
AVERAGE PLATE DissipATION .. ... ... ... .. ... 10 max. Watts
TyrICAL OPERATION:
Values are for two tubes

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

GridVoltage................................ 0 Volts

Peak A-F Grid-to-Grid Voltage............... ... 60 Volts

Zero-Signal D-C Plate Current .................. 4 Milliamperes

Effective Load Resistance (Plate-to-plate) . ....... 4800 ms

Power Qutput®....................co0vuini.... 6 Watts

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

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

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

In direct-coupled power-amplifier service, a single 25AC5-GT is preceded by
a driver tube in a dynamic-coupled amplifier circuit similar to that shown under
Type 6AC5-G. The only difference is that the 25000-ohm resistor is not required.
Bias voltage for both the 25AC5-GT and the driver is developed by the dynamic-
coupled connection shown in the circuit arrangement. The total d-¢ 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 6AES5-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; luad resistance, 2000 ohms: and power output, 2 watts with
109, distortion. Typical operating values with Type 6P5-G as driver are: plate-
supply volts. 180; av. plate ma., 27; av. plate ma. of driver, 4; input signal volts
(rms) to driver, 12; load resistance, 8000 ohms; and power output, 2 watts with
109, distortion. In these typical operating conditions, current does not flow in
the driver grid circuit during any part of the input cycle.

G2 Gy
POWER AMPLIFIER OO
PENTODE "G)
2 5 Bé G T}::j 25!?6—(& i?l a powehr(-)?jmpliﬁer
= pentode of the heater-cathode type "
for use in radio receivers of the “uni- e\‘r/ O
versal’” type where large power output KEYK
is desired. ne C3
G-7S
% CHARACTERISTICS
HeaTeEr VoLTagE (A.C.orD.C) .......ooiinvinnn 25 Volts
HEATER CURRENT . .ot veirienaeeenaninaennoeannns 0.3 Ampere
As Class A, Amplifier
PLATE VOLTAGE . .. .ot 200 max. Volts
ScreeN VOLTAGE (Grid No. 2) . ... .. ... ... 135 max. Volts
PLATE DISSIPATION ............ . 12.5 max. Watts
ScREEN DISSIPATION . . A . 2 max. Watts
TypricAL OPERATION:
Plate Voitage ........ ... .. 105 135 200 Volts
Screen Voltage . ............. 105 135 135 Volte
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
Max.-Signal Plate Current. . . ... 55 69 71 Milliamperes
Zero-Signal Screen Current. .. .. 2 25 1.8 Milliamperes
Max.-Signal Screen Current. . .. 10 14.5 13 Milliamperes
Plate Resistance. .............. 15500 15000 18000 Ohms
Transconductance . . ......... 4800 5000 5000 Micromhos
Load Resistance ........ . 1700 1700 2500 Ohms
Total Harmonic Distortion. 12.5 14 i5 Per cent
Second Harmonic Distortion . 7 8 85 Per cent
Third Harmonic Distortion . 10 11 11 Per cent
Max.-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 filament operation and cathode connec-
tion, refer to Type 25A6.
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BEAM POWER AMPLIFIERS 25'.6

The 25L6, 25L6-G, and 25L6-GT
are beam power amplifier tubes of the
heater-cathode type designed for use

. in the output stage of ‘‘transformer- 25L6_G
less™ (a.c.-d.c.) receivers. These tubes
ISt p provide high power output at the rela-
NE Sareis, &7 tively low plate and screen voltages 2 5L 6 GT
@ 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
HEATER VOLTAGE (A.C.or D.C) ........... ... . .. 25.0 Volts
Heater CURRENT .. ... ... .. ... .. ... . ... . 0.3 Ampere
As Class A, Amplifier
PLATE VOiLTAGE .. ........ .. T 117 max. Volts
ScrREEN VoLTaGE (Grid No. 2) e 117 max. Volts
PLATE DisstpaTioN . ... ... ... 4 max. Watts
ScREEN DissipATION ... ... . ... .. T 1.25 max. Watts
TypicAL OPERATION:
Plate Voltage . . .. R o 110 110 Volts
Screen Voltage . ........ .. .. . . 110 110 Voits
Grid Voltage (Grid No. 1) o . -7.5 ~-7.5 Volts
Peak A-F Grid Voltage. . . . . 7.5 75 Volts
Zero-Signal Plate Current. .. ... ... . 49 49 Milliamperes
Max.-Signal Plate Current!. .. ... . . 54 50 Milliamperes
Zero-Signal Screen Current .. . . 4 4 Milliamperes
Max.-Signial Screen Current . . . . - 9 11 Milliamperes
Plate Res:stance (Approx.). ... .. . .. 10000 10000 Ohms
TransconCuctance .. ....... .. . .. oo 8200 8200 Micromhos
Load Resistance....... ... .. . o 1500 2000 Ohms
Total Harmonic Distortion. . .. .. . 11 10 Per cent
Second Harmonic Distortion . . .. 10 35 Per cent
Third Harmonic Distortion .. . ... 4 8.5 Per cent
Max.-Signal Power Qutput. . ... .. 2.1 2.2 Watts

INSTALLATION and APPLICATION

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

The 2516, 25L6-G, and 25L6-GT should be operated as shown under CHAR-
ACTERISTICS. The values have been determined on' the basis that grid current
does not flow during any part of the input cvcle. The type of input coupling used
should not introduce too much resistance in the grid circuit. Transformer- or
impedance-coupling devices are recommended. When the grid circuit has a d-c
resistance not higher than 0.1 megohm, fixed bias may be used: for higher values.
cathode bias is required. With cathode bias, the grid circuit mav have a d-c
resistance as high as. but not greater than 0.5 megohm. provided the heater voltage
i® not aliowed to rise more than 10% above the rated value under any condition
of operation.
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AVERAGE PLATE CHARACTERISTICS

1 T
Tyre 2506

€ 4225 VOLTS
[~ SCREEN VOLTS 2150

e
/
1

A

_—-——"_
e ’ii—

cONTROL - GRID VOLTS €ci=-%

PLATE MILLIAMPERES

/‘
|1

\l\

/

|

Vi

S50 //
/]

o 50

2525
2526

METAL

2526-G
2576-GT

150
PLATE VOLTS

RECTIFIER-DOUBLERS

The 2525, 2526, 2526-G, and 25Z6-
GT are full-wave, high-vacuum rectifiers
of the heater-cathode type for use in
suitable circuits designed to supply
d power from an ac power line.
These tubes are well suited for *‘trans-
formerless” receivers of either the
“universal (a.c.-d.c.)” type or the *‘ac
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 b
the use of a separate base pin for eac!
of the two cathodes in the respective
t . For voltage-doubler considera-
tions, see RADIO TUBE APPLICA-

92C—4684R1

®p2 KDy

G —@
me/ \om
=
O
(13

Type 25Z5

5.2526
NC:2526°C
NC:2526-GT

Types 2626, 2626-G

TIONS eection. and 25Z6-GT
% CHARACTERISTICS
HEATER VOLTAGE (A.C.orD.C) .......oivvieitt 25 Volts
HEATER CURRENT ... ..cotveteevnanancecssnnnnnns 0.3 Ampere
As Rectifier or Doubler
PEAK INVERSE VOLTAGE . . . ...ovvvvinenanecnaennnns 700 max. Volts
PEAK PLATE CURRENT PER PLATE. ............ ... 450 max. Milliamperes
D-C HEATER-CATHODE POTENTIAL . . ... .cvvnnnnn 350 max. Volts
TypiCAL OPERATION AS HALF-WAVE RECTIFIER:®
A-C Plate Voltage per Plate (RMS) 117 150 235 max. Volts
Total Effective Plate-Supply
Impedance Platet . ....... 0 min. 40 min. 100 min. Ohms
D-C Output Current per Plate ... 75 max. 75 max. 75 max. Milliamperes

"l‘htwoulumybt-ud-wlwyahpunud.
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Tvyprcar OPERATION As VOLTAGE-DOUBLER:
Half-Wase Full-Waoe

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-COutputCurrent................... 75 max. 75 max. Milliamperes

$ When g filter-input condenser larger than 40 uf is used, it may be necessary to use more
plate aua?ply impedance than the minimum value shown to limit lbe peak plate current to the

INSTALLATION and APPLICATION

The base of the 25Z5 fits the standard six-contact socket whereas the base of
the 2526, 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, 2526, 25Z6-G, and 25Z6-GT are shown in Figs. 2-19,
1-7, 2-17, and 2-8, respectively, in the OUTLINES SECTION. Sufficient ventilation
should be provided to circulate air freely around these tubes to prevent overheating.

The heater in these types is designed to o te under the normal conditions
of line voltage variation without materially aftecting the performance or service-
ability of the tubes. The current in the heater circuit ghould be adjusted to 0.3
ampere for the normal supply voltage.

A filter of the condenser-input type is recommended for use with any of these
tubes in order to obtain a d-¢ output voltage as 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 CHARACTERIS”CS
- HALF -~ WAVE R[C7|7|E rULL WAVE VOLTAUE DOUBLE
rvm: 2526 Ce zs voLTS | TYPE 2526’ €, 225 voLTs|

N | ke B

INPUT VOLTS
(Ams)=nt

o
Sy
- R
' o €J+ {»
240 —— I~ Sen o
Teo

D-C OUTPUT VOLTS AT INPUT TO FILTER
D-C QUTPUT VOLTS AT INPUT TO FILTER

20 40 60 80
D=C LOAD MILLIAMPERES 0-C LOAO MILLIAMPERES
92C-4538RI1 92C- 4537RI

AMPLIFIER TRIODE

The 26 is an amplifier tube containing a
filament designed for operation on llternnun?
cux'replr}iv.e This lubeuf%r“\lne:‘;fm tfoni'a
amplifier in e pment gn or its char-
acteristics. T(Le 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
tube in a vertical position. Physical charac.
40 teristics of the 26 are shown in Fig. 2-25,
OUTLINES SECTION. The coated fila-
ment of the 26 should be operated at the rated voluge of 1.5 volte from the ac line througb »
step-dowa transformer.
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CHARACTERISTICS
FrLAMENT VoLTAGE (A.C.or D.CY ............ .. . 1.5 Volts
FiLAMENT CURRENT .. . . 1.05 Amperes
PLATE VOLTAGE. .. ....... W 135 180 max. Volts
GRID VOLTAGE® ......... . 7 -10 14.5 Volts
PLATE CURRENT. ... .. 2.9 5.5 5.2 Milliamperes
PLATR RESISTANCE ... . . 84900 7600 7300 Ohms
AMPLIFICATION FacTog - 8.3 8.3 8.3
TRANSCONDUCTANCE ... .... . R .. 935 1100 1150 Micromhos
* Grid voltage measured from mid-point of a<c operated filament
G
3
p(2 K
27 DETECTOR, AMPLIFIER O
The 27 in a three-electrode general purpoee ( 3
tube of the heatler-cathode type for use as an J);
an amplifier and detector in a ¢ receivers. H H
5A
CHARACTERISTICS
2.5 Voita
- ... 1.75 Amperes
PLATE VOLTAGE*. ... ........... 90 135 180 250 Volts
GRID VOLTAGEY ............... -6 - -13.5 -21 Volta
PLATE CURRENT........oonon... 2.7 4.5 5.0 5.2 Milliamperes
PLATE RESISTANCE ............. 11000 9000 9000 9250 Ohms
AMPLIFICATION FacTorR . ... ... 9 9 9
TRANSCONDUCTANCE ... ... .0vven 820 1000 1000 975 Micromhos
GRID-PLATE CAPACITANCE (APProX.). ... oooiiiiiiennnvnnnnn. 3.3 unf
GRID-CATHODE CAPACITANCE (APPIOX.) . ... .oviininninennn.nnn 3.1 unf
PLATE-CATHODE CAPACITANCE (APPIOX.). .o vviinvirareanann,s 23 wuf

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

INSTALLATION and APPLICATION

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

As an amplifier, the 27 is applicable to the audio- or the radio-fre uenc&slmgel of a receiver
Recommended plate and grid voltages are shown under CHARACTERISTICS.

As a2 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 voits. A grid leak of from 1 to 5
megohms used with a frid condenser of 0.00025 uf is suitable. For grid-bias detection, a plate
voltage of 275 volta or less may be used. The corresponding grid bias should be adjusted so that
the iial.e current, when no signal is being received, is approximately 0.2 milliampere. For the
cg(r)\ ition of 250 vnits on plate and transformer coupling, the grid bias will be approximately
-30 volts.

DETECTOR AMPLIFIER TRIODE

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,
which are shown below, the electrical charac-
teristics of the 30 are the same as those of
the 1H4-G. The base of the 30 fits the
standard four <ontact socket which should be 4D
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 30 are shown in Fi;z. 2-19, OUTLINES SECTION. For filament
aperaticn, reter to Type 1C7-G: for application, refer to Type 1H4.G.

GRID-PLATE CAPACITANCE (APPIOX.} . oot ivveinrennnnnnneenns 6.0 wul
Gam-FrLAMENT CAPACITANCE (Approx.) ... 3.0 uut
PLATE-FILAMENT CAPACITANCE (APProx.) . ....... ..... ...... 251} wal
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R
-
= 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]
- VAN drain is important
b¥/\4, The hlament voitage and current are 2.0
F —F volte td.c.) and 0.13 ampere. respectively

Characteristics_at maximum plate volte of
ap 180 and gnid-bias votts of -30 are: plate
current, 12.3 milliamperes. plate resistance,
4600 ohrs: amphiication factor, 3.8, transconductance, 1050 micromhos. load resistance, 5700
ohms; undistorted power output, 0375 watl. The base of the 31 fits the standard four-contact
socket which should be mounted 10 hold the tube pn-h-rahly in a vertical position tlonzontal
operation 18 permlssihlc if pins | and 4 are in a vertical plane. I'hvsient charactenstics of the 21
are shown in Fig 2-19, Ot TLINES SECT lON. For filament operation reter 10 Type 1CT-G.
As 3 power amplifier, the 31 should be operated as shown under Cll,\R.-\C'l'liRl:"l'lCS
Grid voltage may he obtained from 2 C battery, or by means of a cathude-has resistor connecte
in the negative plate-return lead. The latter method 18 required where 3 grid resistor (maginum
value 1 snegohm) e used. 1t more outpul 18 desired than can be obtaiaed from a single 31, two
31's may be operated either in paralicl of push-pull connection

SCREEN-GRID R-F AMPLIFIER

The 32 is a screen-grid tube prirnanly for
use as a radio frequency amphtier in hattery
operated recervers where economy of fitament-
current drain 13 important. For base and socket
mounting, see 1'ype 30- for ilament nperation, 3
see Type 1C7-G. Physical characlerstics of
the 32 are shown in Fig. 222, QUTLINES
SECTION. For screen-vultage supply. shicld-
ing, and application, sce Type 1ED ;. The

4K d-c resistance in the grid circutt of the 32

should not exceed 2 megohms

CHARACTER!ST!CS

FI.AMENT VOLTAGE IBYEY) o saoaseoacooooBons .. 0bo ac 2.0 Volts
FioaMENT CURRENT . .ooov .. Sop0000a0a00D 0on o 0030 Ampere
PLATE YOLTAGE. . . -.oi:-rg """ mosoconagaaos 135 180 max. Volts
SCREEN VOLTAGE (Grid No. 2). - - - honoo0aQna 67.5 max. 7.5 max Volts
Grip VoLTAGE (Grid INO. 1) veammmenrnnsmrss s -3 -3 Volts
PLATE CURRENT. ... ° opbopaoana . 1.7 1.7 Milliamperes
ScrEEN CURRENT (Maximum) ... .o Nboooaaac 0.4 0.4 Ailliampere
PLATE RESISTANCE ... .- . . 0.95 1.2 Megohme
TRANSCONDUCTANCE . . . - co0c0aaa 5 650 Micromhos
GRID-PLATE CAPACITANC 0.015 max. puf
INPUT CAPACITANCE . ... 5.3 puf
OuTtpul CAPACITANCE. . 10.5 wuf

,%'\ POWER AMPLIFIER PENTODE

_ The 33isa power-ampliﬁer pentode for use
in the outpul stage of battery-operated
receivers where economy of battery con-
sumption is important. T'he bage of the 33 fits 3 3
the standard five-contact socket which should
be installed to hold the tube in 2 vertical po-
aition. In some cases, cushioning  of the
aocket may be found desirable Physical char-

Ft v3
F- actenstics of the 33 are shown in Fig. 2-25.
5K QUTLINES SECTION. For filament opera
tion, refer o Type 1C7-G
CHARACTERISTIC

FiLAM2ZNT VOLTAGE 135 X of IR VTPRPFEEEEEEE R 5B00aaao 20 Volts
FuaMaNT CURRBNI . ..... . 0.260 Ampere
PLATE VOLTAGE. . . - - 1992895 a o g o 135 180 max. Vults
ScrREEN VOLTAGE (Grid No. 2) e 135 180 mazx. Volts
GrID VOLTAGE® (Grid No. 1)....-- Aoana -13.5 ~-18 Volts
PLaTe CURRBNT.....coovoooooor B0 a0pooa 145 22 Milliamperes
GCREBN CURREBNT . ooooocovoo” e 3 5 Milliamperes
PLATE RESISTANCE (Approx.). L . 50000 55000 Ohms
TRANSCONDUCTANCE . o.cvevroror oo . . 1450 1.00 \icromhos
LOAD RESISTANCE ........-- boo o0eoon 7000 HOV0 Ohn:s
CATHODE-B1ias RESISTOR ... . - - 000500 . ' 6.0 Ohms
Power OUTPLT (7% total harmonic distortion) . .. 0.7 1.4 Watte

™ ¢ D¢ resstance in the grid circuit sbould pot exceed 1.0 megobm under cathode-bias con-
ditions; without cathode bias, the maximum value is 0.5 megobm.
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POWER AMPLIFIER TETRODE

The 48 is a power amplifier tetrode which
has pentode characteristics when operated
at the recommended screen and piate volt
ages. It is for use in the audio out})ul staye

48 of receivers desi%ned to operate frum d-¢
power lines. The base of the 18 fits the stand-
ard six-contact socket which should be mount-
ed to hold the tube preferably in a vertical
position with base down Horizontal opera-
tion is permissible if pins 2and 5 are in a ver-
tical plane. PPhy le I 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 employiny one or more 4%'s, the heater(s) of the 48¢'s) should
be placed on the positive side of the line. l'he cathode circuit in d-c receivers is tied in either di.
rectly or through biasing resistors to the negative side of the heater circuit. The potential dif-
ference thus introduced between heater and cathode of the 4% should not exceed 90 volts, as
measured between the negative heater terminil and the cathode.

CHARACTERISTICS

HeATER VoLTAGE (D.C.) 30 Volts
HeaTER CURRENT. . s 0.4 Ampere
PLATE VOLTAGE. . . -0 .cnnin 96 125 max. Vols
ScrREEN VOLTAGE (Grid No. 2) 9 100 max. Voits
GRID VOLTAGE (Grid No. D3 -19 -20 Volts
CATHODE-BIAS RESISTOR .. .. 310 310 Ohme
PLAaTE CURRENT... ... . 52 56 Miliiamperes
ScREEN CURRENT . 4 9.5 Milliamperes
PLATE RESISTANCE . Subject 1o considerable variation
TRANSCONDUCTANCE . 3800 3900 Micromhos
LOAD RESISTANCE . .. AT AU 1500 1500 Ohms
POoWER QUTPUT* .. .. ... eiiiinnaian e 00 qgao0 2 25 Watts
+ The d-c resistance in the grid circuit should not exceed 10000 ohmes.
* 997, total harmonic distortion
[
DUAL-GRID POWER AMPLIFIER (3)
The 49 is a double-grid power amplifier
designed for use in battery-operated receivers
employing 2-volt tubes. In such service, it ZhG
49 may be used either as a class B output tube 3 2
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- & Nt
sition. Physical characteristics of the 49 are
shown in Fig. 2-25, OUTLINES SECTION. 5C
For filament operation, reler to Type 1C7-G.
% CHARACTERISTICS
FILAMENT VOLTAGE (D.C.) . . iiiiiveniiiineiaeeanns naao 2.0 Volts
FILAMENT CURRENT . . 00tttiunniaernannssasenesenmtassar sy 0.12 Ampere
As Class B Power Amplifier
Grids No. 1 and No. 2 connected togelher ot sacket
PLATE VOLTAGE . o ce e eveesm oo aatata e aa s 180 max. Volts
PEAK PLATE CURRENT PER TUBE .. .. .o.oviiiinnnnnnn . 5 S50 max. Milliamperes
TyricaL OPERATION:
Plate Voltage . 135 180 Volts
Grid Voltage . . .....ovuinennonnnnns 0 0 Volts
Peak A-F Grid-to-Grid Voltage 7 n Volts
Zero-Signal Plate Current .. ..... 2.6 4 Milliamperes
Effective Load Resistance (Plate-t 8000 12000 QOhms
Power Output (APProX.) .. ..coevraeer s - 2.3 3.5 Watts
As Driver — Class A, Amplifier
Grid No. 2 connected o plute at socket
PLATE VOLTAGE . o vttt eiennancceaansannn e comsnnneresss . 135 max. Volts
TypicaL OPERATION:
Plate VOILARE o oo ievennur o ieeananeseasomeaeeensesss 135 Volts
Grid VOILAEE . . o\t eiee e iaa it -20 Volts
Plate CUITENt. . ¢ oovheanenianon st e s 6.0 Milliamperes
Plate ReSISLANCE. .. oot ttr i nes o 4175 Obms
Amplification Facto 5 00000a0G000003000000006000000A0 4.7
Transconductance . ... 6000000000000000000600000aA0 1125 Micromhos
l.oad Resgistance....... 0 ee slealealale el all el 11000* Ohms
Power Output (Approx.) . B R R 0.170 Watt
B * Approximately twice this vaiue is recommended for load of this tube as driver for class
stage.
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6! &° 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 deliverin
) large undistorted power. The base of the 58
fits the atandard four-contact socket which
should be installed to hold the tube in a ver-
ap 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 ohma.

[ a
—

CHARACTERISTICS

FILAMENT VOLTAGE (A.C. or D.C) ... S R .. 7.5 Volts
FiLaMENT CURRENT 8858000000000000000000000800a0060008 1.25 Amperes
PLATE VOLTAGE. ... .. - - 350 400 450 max. Volts

GRID VOLTAGE* ... .. o . -63 -70 -84 Volts
CATHODE RESISTOR. . . . R 1400 1275 1530 Ohms
PLATE CURRENT...... PP .. 45 55 55 Milliamperes
PLATE RESISTANCE ... R 1900 1800 1800 hmes
AMPLIFICATION FacTor . .. 3.8 3.8 3.8
TRANSCONDUCTANCE ... . Lo R 2000 2100 2100 Micromhos
LOAD RESISTANCE ,....... PN 4100 3670 4350 Ohma
UNDISTORTED POWER OUTPUT .............. 2.4 3.4 4.6 Watts

BEAM POWER AMPLIFIER

The 50L6-GT is a power amplifier
of the heater-cathode type designed

for use in the output stage of a-c/d-c 5OL6-GT
" receivers. Except for its heater rating
of 50 volts and 0.15 ampere, the
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.

GTZC CLASS B TWIN AMPLIFIER
The 53 is a heater-cathode type of tube
con]binin? in one bulb two high-mu triodes
PT2 designed for class B operation. It is intended 53

primarily for use in the output stage of a-¢

operat. 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

AMPLIFIER CHART. The base of the 53 fits the seven-contact (0.855 inch pin-circle diameter)
socket which may be installed to hold the tube in any position. Physical characteristics of the
53 are shown in Fig. 2-25, OUTLINES SECTION. For heater operation and cathode connec-
tion, refer to Type 2A5.

P2 PDy DUPLEX-DIODE TRIODE

The 55 is an a-c heater type of tube con-
sisting of two diodes and a triode in a single
bulb. It is recommended for service as a
combined detector, amplifier, and automatic- 55
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 2AS5.
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DETECTOR AMPLIFIER TRIODE

The 56 is a three-electrode tube of the
heater-cathode t 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 conditions for the 56 as a resistance- N a
coupled amplifier are given in the RESIST-

ANCE-COUPLED AMPLIFIER CHART. 5A

HEATER VOLTAGE (A.C.ot D.C.). . ..ooiviii i
HEATER CURRENT. .. ...........
GRID-PLATE CAPACITANCE (APDIOX.) . .. 0vvr it iiinnanonnnocnen
GRID-CATHODE CAPACITANCE (Axprox.) .........................
PLATR-CATHODE CAPACITANCE (APPFOX.). ... .cocvvvirvvrivennnn

unf
TRIPLE-GRID DETECTOR c
AMPLIFIER , S

The 57 is a triple-grid tube recommended
especially for service as a biased detector in r (2 (&) x
57 a-c receivers. The 57 is constructed with an

internal shield connected to the cathode /\

within the tube. Except for its heater ratin o

and capacitances which are given below, the 5

has electrical characteristics identical with H H

those of Type 6)J7. Physical characteristics 6F

of the 57 are shown in Fig. 2-20, OUTLINES N
SECTION. The base of the 57 fits the standard six-contact socket which may be installed to
hold the tube in any ition. For heater operation and cathode connection, refer to Type 2AS.
For screen voltage and shielding requirements, see Type 6CG.

G
()

N
pivho;

HeaTER VOLTAGE (A.C.or D.C.). . ..o 25 Volts
HEATER CURRENT. . .. civvrnnnneennernnannaanannnenns .. 1.0 Ampere
PENTODE CONNECTION:
Grid-Plate Capucitance (With shield-can) 0.007 max. uuf
Input Capacitance. ... 5 uuf
Output Capacitance . . ... 6.5 wuf
TrIODE CONNECTION:
Grid-Plate Capacitance . .................cooiiivireearnn onn: 2 unf
Grid-Cathode Capacitance . ..............cooiiiiiininininnenn. 3 unf
Plate-Cathode Capacitance ...............cooiiiiiiiiineenn 10.5 puf

TRIPLE-GRID SUPER-CONTROL
AMPLIFIER

The 58 is a Lripleaztr;d super-control ampli-
fier tube recommen 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 heater rating and capacitances which are

given below, the 58 has electrical character- 6F

R 3 stics_identical with those of Tw 6U7-G.
Physical characteristics of the 58 are shown in Fig. 2-20, TLINES SECTION. The base of
the 58 fits the standard six-contact socket which may be installed to hold the tube in any position.
For heater operation and cathode connection, refer to Type 2A5. For control grid bias variation,
screen voitage, and suppressor connection, refer to Type 6SK7. Shielding requirements are
similar to thoee for Type 6C6.

HeatEr VortAGE (AC.or D.C))................. 25 Volts
HEATER CURRENT. .. ... oo .. 1.0 Ampere
0.007 [T
4.7
6.3

GRD-PLATE CAPACITANCE (With shield-can)
INPUT CAPACITANCE ....... e .
OQUTPUT CAPACITANCE . . .. .. vttt iiiiiiin e inarar e,

TRIPLE-GRID POWER AMPLIFIER

The 59 is a trigle-zrid 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-output
aeig‘t‘ode. and (3) a clam B power output
e,
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CHARACTERISTICS
HEATER VOLTAGE (A.C.or D.C)........ ...t 2.5 Volts
HEATER CURRBENT . ...t tiieiet e nnnsrcraneaonsiaassonsenns 2.0 Amperes
As Closs A; Power Amplifier
Triode Pentode
Connection®  Conneclion™
PLATE VOLTAGE. . ... ....... 250 max. 250 max. Volts
ScrEEN VoLTAaGE (Grid No. 2) — 250 max. Volts
G VoLrace (Grid No. 1) .. . -28 -18 Volts
CATHODE RESISTOR........ 0 1080 410 Obms
PLAaTE CURAENT.... 000 26 35 Milliamperes
SCREEN CURRENT ... .vviiiiennnieronncneceanenas — 9 Milliamperee
AMPLIFICATION FACTOR .. .... e 6 —
PLATE RESISTANCE . .. ..oiiiiireinionenonennnnnns 2300 40000 Ohme
TRANSCONDUCTANCE .. ..ivuveennennnerrnnsoconres 2600 2500 Micromhos
LOAD RESISTANCE .. .....iiiviiiiiirnnenneennnnns 5000° 6000 Obme
POWER QUTPUT ..t iiiiiiiiiiiierennnnecennnnns 1.25 3t Watte
As Closs B Power Amplifier — Triode Connection
Grids No. 1 and No. 2 tsed together, grid No. 3 tied 0 plate
PLATE VOLTAGE . .\ i iitttiien et inecnnornsonsconsosssassanes 400 maex. Volts
PRAE PLATE CURRENT ... .oittiiiiiinnnn vcennticenaneeenannsss 200 mox. Milliamperes
AVERAGE PLATE DISSIPATION . ... ... ..uuntii i iinnneeeenas 10 mex. Watts
AvERAGE Grm DissipaTioN (Grida No.1and No. 2) ............. 1.5 max. Watts
TYPICAL OPERATION:
Values are for two tubes

Plate Voltage . 0 300 400 Volte

Grid Voltage......... . . 0 0 Volts

Zero-Signal Plate Current . . . 20 26 Milliamperes

Effective Load Resistance (Pla . 4600 6000 Ohms

Power Qutput (Approx.) .. 15 20 Watts

® Grids No. 2 and No. 3 tied to plate; fﬁd No. 1 is control grid.
*° Grid Mo. 3 tied to cathode; grid No. 1 is control grid; grid No. 2 is screen.
* Optimum for maximum undistorted power output of 1.25 watts. Approximately twice
this value is recommended for load of this type as driver for class B stage.
t 7% to'al barmonic 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 gocition. Physical characteristics of the 59 are shown in Fig.
2-27, OUTLIMES SECTION. For heater operation and cathode connection, refer to T 2A5.
The d-¢ resistance in the grid circuit of the 59 operating as a class A amplifier (either with triode
or pentode comnection) should not exceed 0.5 megohm if cathode bias is used. With fizxed bias,
the resistance should not exceed 10000 ohms.

o POWER AMPLIFIER TRIODE

=/

'The 71-A is a power-amplifier tube of low-

output im nce for use in the output stage

of audio-frequency amplifiers. The base of
; . the 71-A fits the standard four-contact socket -A

Q Ta) which should be installed to hold the tube

= % in a vertical position. Physical characteristics

of the 71-A are shown in 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.) 5.0 Volts
FILAMENT CURRENT ............. 0. Ampere
PLATE VOLTAGE............... 180 max. Volts
GRID VOLTAGE® ............... ~40. Voits
CATHODE RESISTOR. .. .......00vvnnnn.n.nn 2150 Ohms
PLATE CURRENT. .........ovviiinieenen, 0 Q 20 Milliamperes
PLATE RESISTANCE ............0000nnnnnn 1750 Obms
AMPLIFICATION FACTOR ................... 3 3 3
SCONDUCTANTE . .oovvevennnreennn nnn 1700 Micromhoe

LoOAD RESISTANCE ........ooovvnennnnnnen, 3000 4800 Obms
UnpisTorTED POower OUTPUT.............. 0.125 0.4 0.79 Watt

¢ For operation on a-c filament supply, increase grid-bias voltage 2.5 volts. The d< resist-
ance o the grid circuit should not 0.5 megobm.



RCA RECEIVING TUBE MANUAL

DUPLEX-DIODE HIGH-MU P2 e,
TRIODE 21—

The 75 is a heater-cathode type ot tube .
consisting of two diodes and a high-mu triode 12260 D L
75 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 H

which are given below, the electrical charac- 6G

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 installed to hold the tube
in any position. Operating conditions for the triode unit as a resistance-coupled amplifier are
given in the RESISTANCE-COUPLED AMPLIFIER CHART.

N

Triode: GRID-PLATE CAPACITANCE (APPIOX.) ................... 1.7 nuf
GRID-CATHODE CAPACITANCE (Approx.). ..... 1.7 uuf
PLATE-CATHODE CAPACITANCE (APProx.}................ 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 ez /QK

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 (APPIOX.) . ..o it iiiin s anannnnnn
GRID-CATHODE CAPACITANCE (APPIOX.) ¢ ot vunn cvennnennnnniannn
PLATE-CATHODE CAPACITANCE (APDrOZ.) . . . .ottt ieinnnnn.

TRIPLE-GRID DETECTOR AMPLIFIER

The 77 is a triple-grid tube recommended

for service as a biased detector in radio re-

77 ceivers designed for its characteristics. In

such service, this tube is capable of deliver-

ing a large audio-frequency output voltage

with relatively small mful voltage. Other

applications of the 77 include its use as a low-

signal-input screen- fnd amplifier tube and

as an automatic-volume-control tube. The

base of the 77 fits the standard six-contact socket which may be installed to hold the tube in any

position. Physical characteristics of the 77 are shown in Fig. 2-16, OUTLINES SECTION. For

heater operation and eathode connection, refer to Type 6A8. Shielding and screen voltage
requirernents are similar to those for Type 6C6. For detector operation, see Type 6]7.

Y CHARACTERISTICS
HEATER VOLTAGE (A.C.or D.C) .. ... .. i 6.3 Volts
HEATER CURRENT ...t iniesuarrnnninanraaeeaans 0.3 Ampere
GRrID-PLATE CAPACITANCE (With shield can) ................. 0.007 max. u
INPUT CAPACITANCE . oovvteriemee it et 4.7 uuf
QUTPUT CAPACITANCE . . ... o iivn i e noo0ooo 11 nuf
As Class A; Amplifier
BLATEIVOLTAGEL T r e e e 300 max. Volts
ScrREEN VoLTAGE (Grid No. 2)................ e 100 max. Volta
SCREEN SUPPLY VOLTAGE . ... .vv vttt R 300 max. Volts
GRip VOLTAGE (Grid No. 1) .. .. ... ... ... ... . v 0 min. Volts
PLATE DISSIPATION . . ...t 0.75 max. Watt
SCREEN DISSIPATION, .., . it 0.1 max. Watt
TypricaL OPERATION:
Plate Voltage . . 600000000 100 250 Volts
Screen Voltage. - 60 100 Volts
Grid Voltage . ................. . 0 -1.5 -3 Volts
Suppressor., .......... Ga80a000DDD0OD0000ac0aaA0a Connected to cathode at socket
Plate Curtent. . . ...ouoresee ceraoroononnaaaa, 0o 1.7 2.3 Milliamperes
Screen Current. . ... i 0.4 0.5 Miltiamperes
Plate Resistance (Approx.) . ............. ... . .o... 1.6 + Megohm
TransconducCtance ... .. ..vovurrnrrunnerere e 1100 1200 Micromhoe
Grid Voltage (Approx.) for cathode-current cut-off . -5.5 -7.5 Voits

$ The d- resistance in the grid circuit shouid not ‘exceed 1.0 megohm.
t Greater than 1.0 megohm.
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AVERAGE PLATE CHARACTERISTICS
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TRIPLE-GRID SUPER-CONTROL
AMPLIFIER
The 78 is a triple-gzid super-control amph
fier tule recominended for service in the
radio-frequency and intermediate-frequency 78

amplifier stages of radio receivers. The

@ 7 &) internal shield around the plate of the 78 1s
connected to the cathode within the tube.

b L Except for capacitances which are shown
6F below, the electrical characteristics of the 78

are the same as those for the 6K7. The base
of the 78 fits the standard six-contact socket which may be instatled to hold the tube in an
osition. Phys-cal characteristics of the 78 are shown in Fig. 2-16, OUTLINES SECTIOI\K
?!eatcr operation and cathode connection are the satne as for the Type 6A8. Control-grid bias
variation, screen-voltage supply, and suppressor connection follow the methods given under
Type 68K 7. Shielding requirements are similar to those of Type 6C6.

GRID-PLATE CAFACITANCE®. 0.007 max. puf
INpUT CAPACITANCE® . ... 4.5 wuf
OutpuTr CAPACITANCE?® 11 i

® With close-fitting shield connected to cathode.

CLASS B TWIN AMPLIFIER

The 79 ie a heater-cathode type of tube
combining in one bulb two high-mu triodes
designed %or class B operation. It is intended 79
for use in the audio-output stage of radio
receivers with 6.3-volt heater supply. The
triode units have separate external terminals
for all electrodes except the cathode and
heater 80 that circuite employing the 79 are
similar to those of class B amplifiers utilizing
individual tubes in the output stage. The base of the 79 fits the standard six-contact socket
which may be installed to operate the tube in any position. Physical characteristics of the 79
are shown in Fig. 216, OUTLINES SECTION. For heater operation and cathode connection,
refer to Type 6A8, but give consideration to the greater heater current of the 79.

CHARACTERISTICS
HeaTER VoLTaGE (A.C. or D.CH 5 cooo 6.3 Volts
Heater CURRENT.  ...... 5 06 Ampere
TN IR ¥dA30 00 00600000000000006000000a0 HBoa0a000aa 250 max. Volts
PEAK PLATE CURRENT PER PLATE . 0000000000000 90 max. Milliamperes

AVERAGE PLATE DISSIPATION ... ... ... ... .... ..... 11.5 max. Watlts
TypPicaL OPERATION
Plate Voltage ....... ... ... ... 180 250 Valta
Grid Voltage. . ........ .. ... ... .. ....c00n 000 0ao 0 0 Voits
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Zero-Signal Plate Current . . .........c00vvnernnnn. 7.6 10.6 Milliamperes
Effective Load Resistance (Plate-to-plate). e 7000 14000 Ohms
Power Output (APProx.)® ... .iiiiiuuuusnsnnaraoses 5.5 8 Watts

th average power input of 380 milliwatts applied between grids.

FULL-WAVE HIGH-VACUUM 2 o
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 7
from the a-c supply line. Its maximum
ratings and typical operating condi- X
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 dpreferably in a vertical
position. Horizontal operation is permissible if pins 1 and 4 are in a horizontal
lane. Physical characteristics of the 80 are shown in Fig. 2-25, OUTLINES
ECTION. Filament operation and ventilation are the same as for Type 5T4.

F

HALF-WAVE HIGH-VACUUM P NE
RECTIFIER @ Q
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 bne. Full-
wave rectification may be accomplished by o*o
the use of two 81's. The base of the 81 fita F (3

the standard four-contact socket which
should be mounted to hold the tube prefer-
ably in a vertical position. Horizonta! opera- 48
A tion is permissible if pins 1 and 4 are in
vertical plane. Physical characteristics of the 81 are shown in Fig. 2- 29 OUTLINES SECTION.

CHARACTERISTICS
FILAMENT VOLTAGE (A.C.) ... ... it iiniiniiinannnn 7.5 Volts
FILAMENT CURRENT ... ...t iiiiiiietiionnnnneinonnnnnnns 1.25 Amperea
As Half-Wave Rectifier
PEAK INVERSE VOLTAGE .. ... .o0itinennnnnie e iennaniainnes 2000 max. Volts
PEAKE PLATE CURRENT ... 00vveetvnnnnocnsrnossnssosncnnsnnnns 500 maz. Milliamperes
TyricAL OPERATION WiTH CONDENSER-INPUT FILTER:
A-C Plate Voltage (RMS). . ..........cooiiiiiiiiaianeene, 700 max. Volts
D-COutput Current. . ... .....cututuueneeunnerranneannnns 85 max. Milliamperes
OPERATION CHARACTERISTICS OPERATION CHARACTERISTICS
CONDENSER INPUT TO FILTER CHO'KE I]NPU;I’ TOI FILTER
T
TV‘PE BII ! ! ! TVYPE 8t I
-€¢=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
4ac constant tube voltage drop for any current
drain up to the full emission of the filament.

+ CHARACTERISTICS
Tyge 82 Type 83
FILAMENT VOLTAGE (A.C) ... ...t .5 5 Volts
FILAMENT CURRENT ... ..o iiiiiiinnnun, 3 3 Amperes
As Full-Wave Rectifiers
PEAK INVERSE VOLTAGE..............ccuiieneenn.... 1550 max. 1550 max. Volts
PeAx PLATZ CURRENT PER PLATE. .. ... ... ... ... ... 345 max. 675 max. Milliamperes
CONDENSED-MERCURY TEMPERATURE RANGE . .. ....... 24 -60 20 -60 °C
TypicaL OPERATION WiTH CoNDENSER-INPUT FILTER:
A-C Plate Volitage per Plate (RMS) ................ 450 max. 450 max. Volts
Total Effective gla(e-Supply mpedance per Plate}. . . 50 min. 50 min. Ohms
D-COutput Current. ...........0ovevinnnnrnnnn. 115 max. 225 max. Milliamperes
TyricaL OpzrATION WITH CHOKE-INPUT FILTER:
A-C Plate Voltage per Plate (RMS) . ............... 550 max. 550 mazx. Volts
Input-Choke Inductance ................. ... ... .. 6 min. 3 min. Henries
D-COutput Current. .. ........................... 115 max. 225 max. Milliamperes
TuBE VOLTASE DROP (APProx.). ............ooooovii] 15 15 Volts

$ 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 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. Only a socket making very good
filament contact and capable of carrying 3 amperes continuously should be used. Poor contact
at the socket will cause overheating at the pins, Jowered filament voltage, and high internal drg
with consequent injury to the tube. Adequate natural ventilation should be provided for the
and 83, especially if shielding is used. P}}Iysical characteristics of the 82 and 83 are shown in
Fige. 2-25 and 2.27, respectively, in the GUTLINES SECTION.

The 82 and 83 have very low internal resistance. Therefore, current delivered by either type
depends on the resistance of the load and the regulation of the power transformer. Sufficient
protective resistance or reactance must always be used with these types to limit the current to
the recommended maximum values. If these values are exceeded, the tube voltage drop will
increase rapidly and the filaments may be damaged permanently.

The coatec 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 lne 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 all connections in the filament circuit be of low resistance and of adequate current-carrying
capacity.

The plate supply is obtained from a center-tapped high-voltage winding. The resistance
of the transformer windings should, of course, be low if full advantage of the excellent regulation
capabilities of taese 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. he return-lead from the plates,
i.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
operating temperature. Under normal operating conditions, the filaments heat quickly when
the set llt. “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, ma¥ be necessary to eliminate
objectionable noise. Refer tc Filters in the RADIO TUBE APPLICATIONS scction. A fuse
having a rating approximately 50% in excess of normal load requirements should be inserted in
the primary of the power transformer to prevent damage in case of excessive current which may
flow under abnormal conditions. [t ss recommended that the entire equipment be dssconmected Srom
the a-c power suppiy whenever the 82 and 83 are remored from or installed sn their sockets.

As'lmlr-wave rectifiers, the 82 and 83 may be operated with plates connected in paralle}
Two 82's or 83's s connected in a full-wave circuit can supply twice the output current of a single
:::b:d Both pl_;tee wu.l}.un tg: same tugg shguld beb:onnect;(‘i to the same ter;ninal lof the plate

ormer. Io equalize the current distribution between plates, a resistor o not less than §0
ohme should be connected in serios with each plate.
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FULL-WAVE HIGH-VACUUM
RECTIFIER

8 3 -V The 83-v is a full-wave rectifier tube
of the heater-cathode type intended
for use in suitable rectifying devices
designed to supply d-c power to re-

ceivers having large direct-current S0
requirements.  The excellent voltage-regulation characteristic of the 83-v is due
to the close spacing of the cathode and plate. Maximum ratings and typical oper-
ating conditions for the 83-v are the same as those for Type 5V4-G. The base of
the 83-v fits the standard four-contact socket which may be mounted to hold the
tube in any position. Physical characteristics of the 83-v are shown in Fig. 2-25.
E)hUTbIN('JES SECTION. Heater operation and ventilation are the same as for

e 5V4-G.

FULL-WAVE HIGH-VACUUM
RECTIFIER

84/624 The 84/6Z4 is a full-wave rectifier

of the heater-cathode type intended

for supplying rectified power to auto- G
mobile-radio equipment designed for " "
its characteristics. 50
* CHARACTERISTICS
Heater VoLtacE (A.C.or D.C) ..ot 6.3 Volts
HEATER CURRBENT . ..ottt 0.5 Ampere
As Full-Wave Rectifier
PEAK INVERSE VOLTAGE . . ...\ iiin v 1250 max. Volts
PeAR PLATE CURRENT PER PLATE .. ... ... ... ... 180 max. Milliamperes
D-C HEATER-CATHODE POTENTIAL . ... ..o 450 max. Volts
TypicaL OPERATION WITH CONDENSER-INPUT FILTER:
A-C Plate Voltage per Plate (RMS)............ 325 max. Volts
Total Effective Plate-Supply Impedance per Plate?. 125 min. Ohms
D-COutput Current. ... ... it 60 max. Milliamperes
TyeicaL OPERATION WITH CHOKE-INPUT FILTER:
A-C Plate Voltage per Plate (RMS)....... ...... 450 max. Volts
Input-Choke Inductance.................. ... ... 1) smin. 1lenries
D-COutput Current.. . ..............ooninn 60 max. Milliamperes

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

rated value.
OPERATION CHARACTERISTICS
INSTALLATION and APPLICATION TYPEBA | £.z6.3 VOLTS

The base of the 84/6Z4 fits the standard five-
contact socket which may be mounted to hold the
tube in any position. Physicai characteristics of
the 847/6Z4 are shown in Fig. 2-19, OUTLINES
SECTION. The heater is designed so that the
normal voltage variation of 6-volt automobile bat-
teries during charge and discharge will not materially
affect the performance or serviceability of this tube.
Under no condition of operation should the normal
operating heater voltage fluctuate to exceed a

ve . p
L e e LS AN
JURPYE TO FILTER

TAERC P ATE SUPPLY
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| 228 o ! 65 OFMS
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400
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O~C OUTPUT VOLTS AT INPUT TO FILTER

maximum of 7.5 volts. Adequate ventilation should L
be provided for cooling the tube by the use of Lo ]
chassis enclosures designed to radiate heat efficiently. 1001+ — b r -
Filters are discussed in the RADIO TUBE AP- T T ]
PLICATIONS section. [ C [
S -] - 26 40 . 60
0-C LOAD MILLIAMPERES
92C~-5441R2
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DUPLEX-DIODE TRIODE

The 85 is a heater-cathode type of tube
consisting of two diodes and a triode in a 85
single bulh for use as a combined detector,
amplifier and automatic-volume-control tube.

Q 6) For diode-detector considerations and for a
/ \ discussion of automatic volume con rol, refer
G H to RADIO TUBE APPLICATIONS section
6G
CHARACTERISTICS

HEATER VOLTAGE (A.C.or D.C). ... v v 6.3 Volte
HEATER CURRENT. .. ... .. .. i 03 Ampere
Triode: GRiD PLATE CAPACITANCE (APProx.) .......... ... .. 1.5 pnl

GRID-CATHODE CAPACITANCE (APProx.).............. 1.5 upl

PLaTE CATHODE CAPACITANCE {APProx.).............. 4.3 upf

Triode Unit — As Closs A, Amplifier
PLATE VOLTAGE. 8000000000000000 135 180 250 max. Volts
GRID VOLTAGE . . . e . -10.5 13.5 -20 Volta
AMPLITICATION FACTOR .. .. 8.3 8.3 8.3
PLATE RESISTANCE ........ . 11000 8500 7500 Ohma
TRANSONDUCTANCE . . ... a 975 1100 Micromhos
PrLate CURRENT. ... .. 3.7 60 &0 Milliamperes
LoAn RESISTANTE . B 25000 20000 20000 Ohms
Powek OutPur . 0.075 0.1v 0.35 Watt
Diode Units

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

INSTALLATION and APPLICATION

The base of the 85 fits the standard six-contact sockpt which may be installed to hold the
tube in any ition.  Physical characteristics of the 85 are shown in Fig. 2 16, OUTLINES
SECTION.  For heater operation and cathode connection. refer to Type 6A8. Complete shicld
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 eni.
ploytd only when at least 20000 ohms resistance is used in the plate circuit. Conditions for the
use cf 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 construction of this tube.
with external connections for each grid, makes
possible its aé)é)licalion as (1) a class A power-
amplifier triode, (2) a class A power-output
pentode, and (3) a clase B power-output

triode.
CHARACTERISTICS

HEATER VOLTAGE (A.C.or D.C). . ... 6.3 Volts
HEATER CURRENT. ... ... ... ... ... . . .. ... . oo 0.4 Ampere

Class A Power Amplifier — Triode Connection

Grids No. 2 and No. 3 tied to plate

PLATE VOLTAGE. .. .............0.v.0uun. 16 180 250 mazx. Volts
GRrm VOLTAGE (Grid No. 1) ... ... . R -20 -22.5 -31 Volts
CATHODE RESISTOR.. ....... e 1180 1125 970 Ohms
P_ATE CURRENT, .. R A 17 20 32 Milliamperes
AwmPLIFICATION FacCToR . 4.7 4.7 4.7
PLATE RESISTANCE . .. 3300 3000 26500 Ohms
TRANSCONDUCTANCE . 1425 1550 1800 Alicromhos
Loap RESISTANCE* T 6500 5500 Ohins
UNptsTorTED POWER OUTPUT 0.3 04 09 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. . ... e 100 135 180 250 max. Volts
ScrEEN VoLTAGE (Grid No. 2) 100 135 180 250 mazx. Volts
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Grip VoLTaGE (Grid No. 1) ..... -10 -13.5 -18 -25 Volta
CATHODE RESISTOR. . ........... 900 830 785 670 Ohms

PLATE CURRENT. .. .oovvvvnnnnns 9.5 14 20 32 Milliamperes
ScREEN CURRENT ... ....cocvcne 1.6 2.2 3.0 5.5 Milliamperes
PLATE RESISTANCE ........c000. 104000 92500 80000 70000 Ohme
TRANSCONDUCTANCE .. .coc0vvnes 1200 1350 1550 1800 Micromhos
LOAD RESISTANCE ...........0. 107 9200 8000 6750 Ohms
Powgr OUTPUT® .. ............. 0.33 0.75 1.5 34 Watts

#99, total harmonic distortion

Class B Power Amplifier — Triode Connection
Grids No. 1 and No. 2 tied together; grid No. 3 tied o plate
PLATE VOLTAGE . .. o0 iotvtcneonranasnscrananrancsns . 250 max. Volts
Prax PLatE CURRENT (Per 90 max. Milliampere
AVERAGE GRID DISSIPATION 0.35 max. Watt
TYPICAL OPERATION:

Plate Voltage .............co0unne 180 Volts

Grid Voltage . ... .......o.00nen . 0 Volts
Peak-A-F Grid-to-Grid Voltage . 68 Volts
Zero-Signal Plate Current . ..... Ceen 6 Milliamperes
Effective Load Resistance (Plate-to-plate 9400 Ohms

Total Harmonic Distortion . 56000000600000000000000 Per cent
Power Output (Approx.) .......... 3.5 Watts

INSTALLATION AND APPLICATION

Tbe base of the 89 fits the standard six-contact socket which may be instalied to hold the
tube in any ition. Physical characteristics of the 89 are shown in Fig. 2-16, OUTLINES
SECTION. Sufficient ventilation should be provided to circulate air freely around the tube to
prevent overheating. For beater operation and cathode connection, refer to Type 6K6-G.

The d-c resistance in the grid circuit of the 89 operating as a class A amplifier (either with
triode or pentode connection) may be as high as 1.0 megohm provided the heater voltage does
not rise more than 10% above rated value under any condition of operation.

DETECTOR AMPLIFIER TRIODES

The V99 and X99 are general-purpose
triodes designed for dry-cel! 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 volts of 45, grid lea of
1 to 5 megohma, grid condenser of 0.00025 uf,
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 FITI. 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 TRIODE

The 112-A is a general-purpose triode de-
signed for storage -batte operation and
used prchPally for renewal purpoees. Ofer-
ating conditions as amplifier: max. plate

]]2 A volts of 180, grid bias of -13.5 volts, load
- resistance of 10650 ohms, power output of
0.285 watt; as biased detector, plate volts of
180, bias of -21 approx. volts. Filament
volts, 5; amperes, 0.25. For dimensions, see
Fig. 2-25, OUTLINES SECTION. Phe 112-A 4D
is a discontinued type; it is retained for ref-
erence only.
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JUMPER

VOLTAGE REGULATOR

The 874 is a voltage-regulator tube de
signed to maintain constant d-c output from
rectifier devices for varying values of d< 874
load current. This type is used principally for
renewal purposes. The base of the 874 fits
the standard four-contact socket. Pins
No. 2 and No. 4 are connected together within
as the base; the connection is used as a link in
the primary circuit of the power transformer
to prevent the application of voltage when the 874 is removed from its socket. Physical char-
acteristice of the 874 are shown in Fig. 2 28, OUTLINES SECTION. Sufficient resistance must
always be used in series with the 874 to limit the current to 50 milliamperes when no load current
is being drawn from the rectifier.

CHARACTERISTICS
STARTING SUPPLY VoLTaGE (D.C.). 125 min. Volts
OpPERATING VoLTAGE (D.C) ..... 90 Volts
OpERATING CURRENT (D.C).......ooiviiiieennnnn 10 to 50 Milliamperes

ConNTINUOUS CURRENT (D.C) ..o, 50 max. Milliamperes

CURRENT REGULATORS

The 876 and 886 are, within their ranges of operation, constant- 876
current regulating devices. These two types are used principally for
renewal purposes. The bases of these types fit the standard mogul
screw socket which may be installed to hold the tubes in any position. 886
These tubes operate at a high bulb temperature and must be surrounded
by a metal ventilating stack The 876 and 886 are discontinued ty pes;
they are retained for reference only

CHARACTERISTICS
Type 876 Type 886
VOLTAGE RANGE . . ......civiviviinnnnnnnnn.. 40 to 60 40 to 60 Volts
OPBRATING CURRENT . . .....vuunnrennenn..... 1.7 205 Amperes
AMBIENT TEMPERATURE. . ... ovuvunnennnenn .. 150 150 °F
MaxiMUM OVERALL LENGTH. . ................ 8 8 Inches
MaxiMuMm DIAMETER . 2- 2- "‘! Inches
BASE . ... Mogul Screw Mogul Screw
G2 G3

D

8 TELEVISION AMPLIFIER
P

PENTODE
The 1851 is a pentode of the heater- ] 85 ]

cathode type for use in television re-
ceivers. Except for capacitances which
® are shown below, the electrical char-
7R acteristics of the 1851 are identical
with those of the 6AC7/1852. Physical characteristics of the 1851 are shown in
Fig. 1-8. OUTLINES SECTION,

KE'?

GRID-PLATE CAPACITANCE® . . ..................... 0.02 max. uuf
INPUT CAPACITANCE®. ... ........................ 11.5 uuf
OuTPUT CAPACITANCE® .. ... ......... ... .. 52 uuf

° With ehell connected to cathode.
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LAVA:MICA-TIN-SODIUM CARBONATE - MO N E L~ SILVER OXIDE

SODIUM ALUMINUM FLUORIDE - RESIN {SYNTHETIC -ETHYL ALCOHOL

MATERIALS USED IN RCA RADIO TUBES

LEAD ACETATE- MALACHITE GREEN-GLYCERINE - ZINC CHLORIDE - 1RON

MARBLE DUST-WOOD FiBER: STRONTIUM NITRATE - LEAD OXIDE - ZINC OXIDE

MISCH METAL + NIGROSINE - PORCELAIN-PETROLEUM JELLY « ZINC
BARIUM CARBONATE CALCIUM CARBONATE

ARSENIC TRIOXIDE
STRONTIUM CARBONATE
ISOLANTITE
MOLYBDENUM

AMMONIUM CHLORIDE
POTASSIUM CARBON ATE
BAKELITE
I;HOSPHORUS

SILICON

ALUMINA
—_— GRIDS PLATE _—
BOR A X Diameters Diameter SHELLAC
measured to auged to PPN
BARIUM 0001 inch 0o Tk, TUNGSTEN
COPPER TITANIUM
CARBON CATHODE - SLEEVE CATHODE COATING S1LICA
—_— WALL T weict : -_—

Weght variation
C_HROWUM Approximately less than GLASS
CALCIUM 0.002 inch thick 000007 oz. MAGNESIA
CAESIUM PLATINUM
AIR PRESSURE GRID WIRE

COBALT —— _— STRONTIUM
_— 1/100,000,000 that Diameter does _
M of atmospheric pres. not vary more than MAGNESIUM
:‘?Tokl AUT £ sure at sea level 0 00009 inch _
ROSI N
MERCURY BULE HEATER WIRE NICKEL
CALCIUM Inspected under Diameter does COBALT
OXI1DE polarized light not vary mora than OX1DE
_ for strains 0.00002 inch P —
BARIUM THORIUM
NITRATE

NITRATE

Gases Used in cManufacture

NEON — HYDROGEN — CARBON DIOXIDE — ILLUMINATING GAS
HELIUM — ARGON — NATURAL GAS — NITROGEN — OXYGEN

Elements Entering into the Manufacture
ARGON — ALUMINUM — BORON — BARIUM — CAESIUM — CALCIUM — COPPER — CARBON — CHROMIUM — CHLORINE

COBALT — HYDROGEN — HELIUM ~— IRIDIUM — IRON — LEAD — MAGNESIUM — MERCURY —— MOLYBDENUM
NICKEL — NEON — NITROGEN -— OXYGEN — POTASSIUM — PHOSPHORUS — PLATINUM — SODIUM — SILVER
SILICON — STRONTIUM — TUNGSTEN — THORIUM —— TANTALUM -— TITANI{UM -~ 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 operaticrﬁ
capabilities and design features of a tube are indicated and described by its electri
characteristics, a tube is tested by measuring its characteristics and comparing them
with representative values established as standard for that type. Tubes which read
abnormally high with respect to the standard for the type are subject to criticism
iust 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 tgreater than the accuracy of the correlation between test results and
receiver petformance, 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 ita
operating worth than are others. The cost of building a device to measure any one
of the more important characteristics may be considerably higher tfan that of a
device which measures a less representative characteristic. nsequently, three
methods of test will be discussed, ranging from relatively simple and inexpensive
equipment to more elaborate. more accurate, and more costly devices.

An_emission test is perhaps the simplest method of indicating a tube's condi-
tion. (Refer to DIODEg,e Page 5, for a discussion of electronic emissiong 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 value.
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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 plate and the electronic emission is
read on the meter. Readings which are well below the average for a particular
tube type indicate that the total number of available electrons has been sc reduced
that the tube is no longer able to function properly.

&—llolA.C -6

Fig. 64 Fig. 65

A transconductance test takes into account a fundamental operating principle
of the tube. (This will be seen from the definition of transconductance on page
11) It follows that transconductance tests when properly made, permit better
correlation between test results and actual performance than does a straight
emission test

There are two forms of transconductance test which can be utilized in a tube
tester In the first form (illustrated by Fig 66 giving a fundamental circuit with
a tetrode under test), appropriate operating voltages are applied to the electrodes
of the tube. A plate current depending upon the electrode voitages, 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 platecurrent reading is obtained. The difference
between the two plate-current readings is indicative of the transconductance of the
tube. This method of transconductance testing is commonly called the “grid-shift”
method, and depends on readings under static conditions. The fact that this form
of test is made under static conditions imposes limitations not encountered in the
second form of test made under dynamic conditions.

The dynamic transconductance test iliustrated in Fig. 67 gives a fundamental
circuit with a tetrode under test. This method is superior to the static transcon-
ductance test in that a-c voltage is applied to the gnd. Thus, the tube is tested

A-C

MILLIEMMETER

IDYNAMOME TER
TYPE)

1

1]

|
—_GMIIIl’—' L_ —_|||,0M‘————J

Fig 66 Fig. 67

under conditions which approximate actual operating conditions. The alternating
component of the plate current is read by means of an a-c ammeter of the dynamo-
meter type. The transconductance of the tube is equal to the a-c plate current
divided by the input-signal voltage. If a one-volt RMS signal is applied to the
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grid the plate-current-meter reading in milliamperes multiplied by one thousand
is t1e value of transconductance in micromhos

The power output test probably gives the best correlation between test results
ard 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-
tior. of tubes. The diagram illustrates the method for a pentode. The a-c output
roltage developed across the plate-load impedance (L) is indicated by the current
neter. The current meter is isolated as far as the d-c plate current is concerned
by the condenser (C). The power output can be calculated from the current
reading and known load resistance. In this way, it is possible to determine the
operating condition of the tube quite accurately.

Fig. 69 shows the fundamental circuit of a power output test for class B opera-
tion of tubes. With a-c voltage applied to the grid of the tube, the current in the
plate circuit is read on a d-c milliammeter. The power output of the tube is approx-
tmately equal to:

Power output (watts) = (d-¢ current in ampereoz;“))(s load resistance in ohms

D-C
()MILIAMMETER

a-c
INPUT & " £
U !
A-C o
o MILLIAMMETER A-C
= ¥ INPUT o
FOT—@—

e —
Fig. 68 Fig. 69

ESSENTIAL TUBE TESTER REQUIREMENTS

_ 1. It is desirable that the tester provide for a short-circuit test to be made
prior to measurement of the tube’s characteristics.

2. It is important that some means of controlling the voltages applied to the
electmdeq of the tube be provided. If the tester is a ¢ operated, a line-voltage
control will permit of supplying proper electrode voltages.

3. It is essential that the rated voltage applied to the filament or heater be
maintained accurately.

4. It is suggested that the characteristics test follow one of the methods
descrived. 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 18 a most helpful device for indicating the serviceability of a tube,
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C = Blocking Condenser (xf)

Cc = Cathode By-Pass Condenser (uf)
Ca = Screen By-Pass Condenser (uf)
Ebb = Plate-Supply Voltage (Volts)

Eo = Voltage Output (Peak Volts)

RESISTANCE-COUPLED AMPLIFIER CHART

2A6, 2B7: See 6SQ7 and 6BS8, respectively.

6A61, 6B6-G. 6B7: See 6N7, 65Q7, and 6B8, respectively.

6BS8, 6BS-G, 12C8, 6B7. 2B7:

Re
Rd
Rg
RL
V.G. = Voltage Gain

= Cathode Resistor (Ohms)

= Screen Resistor (Megohiqg)
= Grid Resistor (Megohms)

= Plate Resistor (Megohms)

Ebb? 90 180 300

Ru 0.1 025 | 05 0.1 0.25 0.5 0.1 035 | 05
Rg? 025 | 05 1 0.25 0.25 0.5 1 1 025 | 05 1
Rd 0.5 1.1 28 0.5 1.18 1.2 15 28 | 055 12 29
Re 2200 | 3500 | 6000 | 1200 1900 2100 2200 3500 | 1100 | 1600 | 2500
Cd 0.07 | 0.04 { 0.04 | 0.08 0.05 0.06 0.05 004 | 009 | 006 | 0.05
Ce 3 2.1 1.55 | 4.4 2.7 3.2 3 2 5 35 23
C 0.01 | 0.007 | 0.003 | 0.015 0.01 0.007 0.003 0.003 | 0.015 | 0.008 | 0.003
Eo? 28 33 29 52 39 55 53 55 89 100 120
V.G.4l 33 55 85 41 55 69 83 115 47 79 150

6C5, 6C5-G, (6C6, 6J7, 6J7-G, 6J7-GT, 6W7-G, 12J7-GT, 57 as tripdes):

Ebb! 90 180 300
RL 0.05 | 0.1 l 0.25 | 0.05 01 025 | 005 | 01 | 0.25
Rg' | 01 | 025 | 05 | 01 0.1 0.25 05 05 | 01 | 025 | 05
Rc 3400 | 6400 |14500 | 2700 3900 5300 6200 |12300| 2600 | 5300 |12300
Cc 162 | 084 | 04 | 21 17 1.25 1.2 055 | 23 | 1.3 | 059
Cc 0025 | 001 |0006 | 003 |0035 0015 0008 |0.008 | 0.04 |0.015 0008
Eo* 17 22 23 45 41 54 55 52 70 | 84 85
vgel o 11 12 11 12 12 13 13 11 13 14
6C6: As pentode see 6]7: as triode. see 6C5.
6C8-G (one triode unit)}:
Ebb! 90 180 300
Ru 0.1 | 025 | 05 | 0.1 I 0.25 05 | 0.1 | 0.25 | 0.5
Rg? | 025 | 05 1 | 026 025 0.5 1 1 | 025 | 05 1
Re 3700 | 7870 |15000 | 3080 5170 6560 7550 | 12500 | 2840 | 6100 |11500
Cc 1.48 | OB | 0.43 | 1.84 125 095 085 05 | 201 | 09 | 048
c 0.0115| 0.0065/ 0.0035{0.012 | 0.012 0007 0.0035 |0.004 0013 |0 0065 0004
Eo® 17 19 20 40 35 45 50 4“ 73 RO 83
vGel 20 | 23 24 22 24 25 26 26 23 26 27

12 The cathodes of the two units have separate terminals

For other notes, see page 203
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6F5, 6F5-G, 6F5-GT: See 6SF5.
6F8-G (one triode unit)}}, 6J5, 6J5-G, 6J5-GT, 12J5-GT:

C 0.029 | 0012 | 0.007 | 0.032 0.038 0012 0006 {0007 |0
Eo? 14 17 18 30 26 34 38 36
VG| 12 13 13 13 14 14 14 14

Ebb! 90 180 300

RL 0.05 I 0.1 l 025 | 005 I 0.1 0.25 | 0.05 I 0.1 | 025
Rg? 0.1 025 | 05 0.1 0.1 0.25 05 05 0.1 025 | 05
Rc 2070 | 3940 | Y760 | 1490 2330 2830 3230 7000 ( 1270 | 2440 | 5770

Ce 266 | 1.29 | 055 | 286 2.19 1.35 115 0.62 | 296 | 142 | 0.64
.034 |0.0125/0.0075

51 56 57
14 14 14

635, 6J5-G, 6J5-GT: See 6F8-G.

617, 6J7-G, 6J7-GT, 6W7-G, 12J7-GT, 6C6, 57: As triodes, see 6C5:

Ebb?! 90 | 180 300

RL 0.1 025 | 05 | 0.1 0.25 0.5 0.1 025 | 05
Rg? 025 | 05 I 0.25 0.25 0.5 1 1 025 | 05 1
Rd 044 | 118 | 26 0.5 1.1 118 14 2.9 0.5 118 | 29
Rc 1100 | 2600 | 5500 | 750 1200 1600 2000 3100 | 450 | 1200 | 2200

Cd 005 | 0.03 | 005 | 0.05 0.04 0.04 0.04 0.025 | 0.07 | 0.04 | 004

Ce 5.3 3.2 2 6.7 5.2 . 4.3 3.8 25 83 54 41
C 0.01 | 0.005 |0.0025| 001 0.003 0.005 0.0035 |0.0025( 0.01 | 0.005| 0.003
Eo? 22 32 29 52 41 60 60 56 81 104 97
VG 55 85 120 69 93 118 140 165 82 140 350
6L5-G:
Ebb? 4] 180 300
Ro 0.05 I 0.1 | 025 | 005 - 0.1 025 | 005 0.1 025
Rg? 0.1 0.25 0.5 0.1 0.1 0.25 0.5 0.5 0.1 0.25 05
Rc 2500 | 4620 | 10300 | 2240 3180 4200 4790 9290 | 2160 | 4140 | 9100
Ce 186 108 | 0.49 22 1.46 1.1 1 054 | 218 1.1 0.46
C 0.03 | 0.015 | 0.0085| 003 0.03 0.0145 0.009 0.009 | 0.032 | 0014 | 0 0075
Eo? 18 22 22 41 36 46 50 46 68 79 80

V.G¢| 10¢ 12¢ 12¢ 11¢ 12¢ 12¢ 12¢ 12¢

12¢ 13¢ 13¢

6N71, 6N7-G 1, 6A6, 53

Ebb* 90 180 300
RL 0.1 | 025 I 05 | 0.1 0.25 05 | 0.1 I 025 [ 0.5
Rg? f 025 | 058 1 025 025 05 1 1 025 | 05 1
Re* | 2250 | 4950 | 8500 [ 1700 2950 3800 4300 6600 | 1500 | 3400 | 6100
C 0.01 10.006 | 0.003 |0.015| 0.015 0.007 00035 |0.0035 0.015 | 0.0055| 0.003
Eo* 19 20 23 46 40 50 57 54 83 87 94
v.Gel 19 22 23 21 23 24 24 25 22 24 24

13 The cathodes of the two units have separate terminale.
For other notes. see page 203

— 199 —




RCA RECEIVING TUBE M ANUAL
6P5-G, 76, 56:
Ebb! 180 300
RL 0.25 l 0.1 1 0.25 | 0.05 0.1 0.25 | 0.05 ‘ 0.1 | 0.25
Rg? | 01 |025| 05 | 0.1 0.1 0.25 05 05 | 01 | 025 | 05
Re 3200 | 6500 | 15100 | 3000 4500 6500 7600 | 14700 | 3100 | 6400 | 15200
Ce 16 | 082 | 036 | 1.9 145 097 0.8 045 | 22 | 12 | 05
C 0.03 | 0015/ 0.007| 0035| 0035 0015 0008 |0007(0045]| 002 | 0009
Eo® 21 23 24 48 45 55 57 59 80 95 9%
voel 727 1 89 | 97 | 82 93 95 9.8 10 | 89 10 10
6Q7, 6Q7-G, 6Q7-GT, 12Q7-GT:
Ebb! 90 180
RL 0.1 | 025 | 05 | 01 0.25 0.5 [ 01 ]o.zs 085
Rg? | 0.25 | 05 1 | 025 0.25 0.5 1 1 |025| 05 1
Re 4200 | 7600 |12300 | 1900 3400 4000 4500 7100 | 1500 | 3000 | 5500
Ce 17 | 12 | 06 | 25 1.6 1.3 1.05 076 | 36 | 1.66 | 09
C 0.01 | 0.006 | 0.003| 0.01 001 0005 0003 |0003|0.015|0.007 | 0.004
Eo? 8 11 13 26 25 31 37 36 52 52 60
vGsl 280 | 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 | 025 | 005 | 0.1 | 0.25
Rg* | 01 | 025 | 05 | 0.1 0.1 0.25 05 05 | 01 | 025 | 05
Re 2600 | 4400 | 9800 | 2100 3000 4100 4600 8800 | 2000 | 3800 | 8400
Ce 1.7 | 09 | 0.42 | 1.9 1.3 0.9 0.8 0.4 2 11 | 05
C 0.03 | 0.01 | 0.007| 003 003 001 0006 [0006 | 0.03 [0.015|0.007
Eo? 18 19 18 40 35 3 46 40 62 68 62
vGel 9 10 11 9 10 10 10 10 9 10 11
687, 687-G:
Ebb! ) 180 300
R 0.1 | 025 | 05 | 0.1 0.25 05 | 01 | 025 05
Rg* | 025 | 05 1 | o025 0.25 0.5 1 1 | 025 ]| 05 1
Rd 065 | 1.6 | 35 | 0.68 1.6 18 1.9 36 | 067 | 195 | 3.9
Rc 900 | 1520 | 2800 | 540 850 890 950 1520 | 440 | 650 | 1080
cd | 0061|0044 003 | 007 0.05 0044 0.046 |0.037|0.071 | 0.057 | 0041
Ce 5 |323[195]| 69 46 4.7 44 3 8 58 | 3.9
C 0.01 |0.0055/00026) 0.01 | 0.0071 0005 00037 |0003| 001 |0.005]0.0029
Eo? 21 18 15 43 33 40 44 38 75 66 66
vl arc| 66 | 84c | 66¢ 79¢ 104¢  118¢ | 134¢ | 78¢ | 122¢1 162¢

For notes, see page 203.
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6SC7¢, 12S8C7¢:

Ebb* 90 180 300

Ry 0.1 Io.zs l 05 | 01 0.25 | 05 | 0.1 |o.25 ' 0.5
Rg? |025 | 05 1 | 025 0.25 0.5 1 1 |025 | 05 ] 1
Re* | 1960 | 3750 | 6300 | 1070 1850 2150 2400 3420 | 930 | 1680 | 2980
C 0.012| 0.006 | 0.003| 0.012| 0011 0006 0.003 | 0003|0014 0006|0003
Eo? 59 | 86 10 24 21 28 32 32 50 55 62
vVGel 230 | 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 Io.zs ' 05 | 01 | 0.25 05 | 0.1 '025 | 05
Rg? | 025 | o5 1 | o025 0.25 05 1 1 |o2s5| o5 1
Re 4800 | 8800 |13500 | 2000 3500 4100 4500 6900 | 1600 | 3200 | 5400
Ce 21 | 118 | 067 | 33 2.3 18 1.7 09 | 37 | 21 12
C 0.01 | 0.005|0.003|0015| 001 0006 0004 |0003| 0.01 |0.007| 0.004
Eo® 5 7 10 23 21 26 32 33 43 54 62
V.Ge| 34b| 43¢ | 46 44 48 53 57 63 49 63 70
6837, 128J)7:

Ebb! 90 180 300

RL 01 | 025 ) 05 | 0.1 0.25 05 | 01 | 025 | 05
Rg? | 025 | 05 1 | 025 0.25 05 1 1 | 025 | 05 1
Rd 029 [ 092 | 1.7 | 0.31 083 094 094 22 [ 037|110 | 22
Re 880 | 1700 | 3800 | 800 1050 1060 1100 2180 | 530 | 860 | 1410
Cd | 0.085] 0045 0.03 | 0.09 006 006 007 004 [ 009 | 0.06 | 0.05
Ce 74 | 45 | 24 8 6.8 6.6 6.1 38 | 109 74 | 58
C 0.016 | 0.005| 0.002]| 0.015| 0.001 0.004 0003 |0.002| 0016|0004 | 0.002
Eo? 23 18 22 60 38 47 54 4“4 96 88 79
VG*l 68 93 | 119 | 82 109 131 161 192 | 98 | 167 | 238
68Q7, 128Q7, 2A6, 6B6-G, 75:

Ebb! 90 180 300

Ru 0.1 | 0.25 I 05 | 0.1 0.25 05 | 0.1 ' 0.25 ' 0.5
Rg? | 0.25 | 05 1 | o025 0.25 0.5 1 1 | 025 | 05 1
Re 6600 |11000 | 16600 | 2900 4300 4800 5300 8000 | 2200 | 3900 | 6100
Cc 1.7 | 107 | 07 | 29 21 1.8 1.5 11 | 35 2 1.3
C 0.01 | 0.006 0.003| 0.015| 0015 0.007 0.004 |0.004| 0.015 | 0.007 | 0.004
Eo? 5 7 10 22 21 28 33 33 41 51 62
vG*! 2001 40c! 44 | 36 43 50 53 57 39 | §3 60

For notes. see page 203.
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6T7-G:
Ebb! 180 300
RL 0.1 | 0.25 ‘ 0.5 | 0.1 025 05 | 01 [ 025 | 05
Rg* | 025 | 05 1 | 025 0.25 0.5 1 1 | 025 | 05 1
Re 4750 | 8300 | 14200 | 2830 4410 5220 5920 9440 | 2400 | 4580 | 8200
Ce 15 1 06 | 225 1.5 1.25 1.11 0.74 | 255 | 1.35 | 0.82
C 0.012 | 0.0075| 0.0045/0.0135] 0.012 0.008 0005 |0.0045/0.0135| 0.0075/ 0.0055
Eo? 7.8 10 12 29 27 34 39 39 58 69 77
v.G*| 24P ]| 30¢| 33¢( 28 34¢ 36¢ 38¢ 41| 32¢ | 40° | 43¢
6W7-G: See 6]7 and 6CS.
6Z7-G:
Ebb! 90 180 300
RL- | 01 | 025 | 05 | 0.1 0.25 05 | 01 | 025 | 0.5
Rg’ | 025 | 05 1 | 025 0.25 0.5 1 1 | o025 ]| 05 1
Re* | 1760 | 3390 | 6050 | 1100 1820 2110 2400 3890 | 950 | 1680 | 3110
Ce 202 | 11 | 061 | 26 1N 1.38 1.1 0.703| 263 | 1.46 | 072
C 00115| 0.006 | 0003 [0.0115] 0012 0007 0.0035 |[0.0035/ 0.012 | O 006 |0.0035
Eo? 1 15 18 28 28 34 41 38 52 59 70
VG| 25 30 33 31 35 38 39 40 34 40 44

12C8, 12F5-GT, 12J5-GT: See 6B8, 6SF5, and 6F8-G, respectively.
12J7-GT, 12Q7-GT: See 6]J7 and 6C5, and 6Q7, respectively.
12SC7, 12SF5, 12877, 128Q7: See 65C7. 6SF5, 65]7, and 6SQ7, respectively.

53, 55, 56: See 6N7, 85, and 6P5-G, respectively.

57, 75, 76: See 6]J7 and 6C5, 6SQ7, and 6P5-G, respectively.

79%:
Ebb' | 180 [ 300
138 01 | 0.25 1 05 | 01 1 0.25 | 05 | 0.1 l 0.25 | 0.5
Rg? | 025 | 05 1 0.25 0.25 0.5 1 1 025 | 05 1
Re® | 2200 | 4250 | 6850 | 1250 2050 2450 2750 4100 | 1000 | 2050 | 3600
C 0015 | 0.006 | 0.004 | 0.02 0.02 0.01 0005 [0.0035 0.01 |0.0055| 0003
Eo® 84 9.7 12 27 26 34 40 39 57 66 75
vGel 29¢ | 33 38 31 37 41 42 44 34 42 46
85, 65:
Ebb! 90 180 300
RL 005 | 01 | 025 | 005 01! 025|005 | 01 | 0.26
Rg? 01 (025 05 | 01 0.1 0.25 0.5 05 | 01 | 025 | 05
Rc 4600 | 9000 | 20500 | 4100 6200 8700 10000 20000 [ 4100 | 8300 |19400
Cc 11 | 055|025 | 16 0.9 0.7 057 029 | 15 | 0.54 | 0.22
C 0.03 | 0.015| 0007 | 0045 0.04 0015 0.008 | 0.008 [ 0.045| 0.015 | 0.006
Eo? 19 22 23 44 37 47 50 48 74 82 84
vGtl 49 | 54 55 | 52 5.3 5.5 5.5 57 | 55 | 57 | 8.7

For notes. see page 203
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Voltsge at plate equals Plate-Sungy Volta,e minus vollage drop in RL and Rec. For other
supply voltages differing by as much as 509, from thosc listed, the values of resistors, condensers.
and gain are approximately correct. The value of voltage output, however, for any of these
other su| p_lg voltages equals the listed voitage output multiplied by the new plate-supply
voltage divided by the plate-supply voltage correspunding to the listed voltage output.

For following stage (see Circuit Diagrams). 2 Voltage across Rg at grid-current point
Voltage Gain at § 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.

$ The cathodes of the two units have a8 common terminal.

In the discussions which follow, fi is the fre-
quency at which the high-frequency response begins
to fall off. f, is the frequency at which the low-
(mauency response drops below a satisfactory value,
as discussed below. Decoupling filters are not neces-
sary for two stages or less. The highest permissible
value of Rg should always be used. A variation of
10% in_values of resistors and condensers has only
dlight effect on performance.

VOLTAGE OUTPUT (Eg)
m
o

| az0~ 2
FREQUENCY —=

RESISTANCE-COUPLED TRIODE AMPLIFIER

— Condensers C and Cc have been chosen to give output

voltages equal to 0.8 Eo for f; of 100 cycles. For any o(gq

value of f;, muitiply values of C and by 100/f;. "In the

case of condenser Cc, the values shown in the table are for an

€o amplifier with d-c heater excitation: when a.c. is used, depend-

ing on the character of the associated circuit, the gain, and

the value of f, it may be necessary to increase the value of

to minimize hum disturbances. It may also be desirable

to have a d-c potential difference of approximately 10 volts

between heater and cathode.

The voltaie output at fi of n like stages equals (0.8 Eo)n.

For an amplifier of typical construction, the value of fy s
well above the audio-frequency range for any value of RL.

RESISTANCE-COUPLED PENTODE AMPLIFIER

Condensers C, Cc, and Cd have been chosen to give

output voltages equal to 0.7 Eo for f; of 100 cycles.

T For any other value of fi multiply values of C, Ce,
and by 100/fi. In the case of condenser Cc, the

| values shown in the table are for an amplifier with d-¢

€o heater excitation; when a.c. is used, depending on the
character of the associated circuits, the gain, and the

Rg value of fi, it may be necessary to increase the value of
Cc to minimize hum disturbances. It may also be
desirable to have a d-¢ ﬂolenlial difference of approx-
imately 10 volts between heater and cathode. The volt-
age output at f; for n like stages equals (0.7 Eo)n.
For an am{pliﬁer of typical construction, approximate
values of fi for different values of RL are: 0.1 meg.,
20000 cps; 0.25 meg., 10000 cps; 0.5 meg., 5000 cps.

-

RESISTANCE-COUPLED PHASE INVERTER

Information given for triode amplifiers, in general,

applies also to this case. Condensers C have been
chosen to give output voltages equal to 0.9 Eo for
fi of 100 cycles. For other values, multiply values of
C by 100/f;.
R The signal input is supplied to grid of triode unit A.
p {9 Grid of triode unit B obtains ita signal from a tap (P)
on the grid resistor (Rg) in the output circuit of unit
A. The tap is chosen 80 a6 to make the voltage output
of the unit B equal to that of unit A. 1ts location is
determined by the volla&e gain values given in the
chart. For example, if VG. is 20 (from the chart),
P is chosen 80 as to aliapply 1/20 of the voltage acroes
Rg to the grid of unit

For phase-inverter service, the cathode resistor may
be left unby-passed unless 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 snd plate voltage
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Circuit Section

The circuit diagrams given on the following pages have been carefully chosen.
not necessarily to illustrate commercial practice. but rather to show many different
uses of radio tubes. All of the circuits are conservativelv designed to give reliable
and satisfactory performance Although relativelv 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.

SUPERHETERODYNE AUTOMOBILE RECEIVER

(14-1)

PLNTAGRD

Gl

(&l arin) Ty a
S
(=

g

1-F AUOLIFIER
TYPL 657-G

POWER
AMPL (FIER
TYPE 6F6

Ci Cit Ciy Co =0.05 uf paper

Cs Cyw=(anged tuning con-
densers, 365 uuf

CiCoCo Cio C12 Cis Ciy=0.1
ul paper

Ct - ‘I“‘

C¢ Ci1 =001 uf paper

Cy =Oncillator padding con-
denser

Cie =100 upf

Cis =10 uf electrolytic, 25 v.

Cu =0.25 uf paper, 400 v

Cun =25 uf electrolytic, 25 v.
C11 =0.005 uf paper, 600 v.

F =Ignition-interference filter
Ri Ry =100000 ohms, 0.5 watt
R1 =350 ohms, 0.5 watt

R Ris =50000 ohms, 0.5 watt
R¢ R =5000 ohms. 0.5 watt
Rea =15000 ochms, 0.5 watt
R = 30000 ohms, 1 watt

R« =50000 ohms, 0.5 watt

Re =400 ohms, 0.5 watt

R = 75000 ohms, 0.5 watt
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R11 = 1000 ohms, 0.5 watt
Ris =1 megohm, 0.5 watt

Ris Riz R =250000 ohms
0.5 watt

R1i =2500 ohms, 0.5 watt

Rie =1 megohm volume con
trol

R1» =30000 ohms, 0.5 watt

R =400 ohms, 1 watt

T1 Ty =11 transformer

Ti=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
TYP. 6SK7

PENTAGRID 'AXER
TYeE 6L

[-F Am € IER
Tyor now?

A

.@
— ]
-4

&
IIIT |
IR

; E
6 Co L'.,‘: :
e
L ]1] i T Il
i Sls L g;é"ﬂ—n—»eai' g
| ca ES To|| T3S <o |T | e
: ! C;{;z A [$ra] l.e‘u.,f P | | é N
i ? 3 %L_) (L _>.l_,_,~,_r;,_i_ .
¢ _lm‘ e — L S o g
R ‘* e CT g
Ten | -
OSCILLATIR —
TYPE 645
L

TUNING
I ATOR
TYOE U,/ RO
Tan e bory
’ TYRE m b E4

— i+ —
_ .
R2% |
é_:m |

Ci =50 to 200 uuf

Cs Ce Cnr -Gangrd
condensers, 365 y

Ca C1 Ln Cu Ca Cu =0.05 uf

Ca Cc Ln =0.25 uf
CiCiCuCiiCu=
Cui Ca: =100 upuf
Cu =Unmcillator  padding con-
denser
Cii C3 =0.01 u{
Cuis Cuu =50
Ci Cu Cor (u =8 uf electro-
lytic, 500 v.
Cn =10 uf eleclrolyuc. 25 v.
Cu -l u(‘?apcr 400
Cw =05 uf paper, 400 v.
Cu =25 4 electrolvtic, 25 v

tuning

aper
.1 uf paper

Ri Rs R4 = 100000 ohms, 0.5
walt

Ry Ry1 =2000 ohme, 0.5 watt

R4 =260 shms, 0.5 watt

R¢ = 330G ohms, 0.5 watt

Re R; Ri¢=50000 ohms, 0.5
watt

Re¢ Re 220000 ohms, 0.5 watt

Ri3 =2 megohms, 0.5 watt

Ris Ris Ryr =1 megohm, 0.5
watt

Ry =200000 ohms, 0.5 watt

R1s =27000 ohnis, 0.5 watt

Ruw=1 megohm volume con-
trol wi'h tap at 250000 vhms
for tone compensation

Ry =900 obms, 0.5 watt

R11 =2000 ohms, 0.5 watt
R = 90000 ohms, 0.5 watt
Ri11 = 10000 ohms, 0.5 watt
R34 =170 ohms, 2 watts
R14 = 20000 ohms, 5 watts
R1 =25 ohms, 0.5 watt
Li1=20 henries. 100 ohms,
120 ma.
L1 =500 ohm speaker field.
8 watts
Ti1 Ts; =I-f transformer
T =Input transformer
Te=Output transformer: pri
mary impedance, 2500 ohms
Ts =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

R-F AMPLIFIER

POWER AMPLIFIER
Class AB, 6L6’s

R-f AMPLIFIER

DIODE DETECTOR, AVC,

TYPE 6L7 TYPE 6L7 TYPE 6L7 AUDIO AMPLIFIER TYPE 6L
TYPE 6R7
< 20
SPINTIR
c21 A
2 - | Ri7S |2
e [ Inmn
.';’_—J c ()
= 201
5 5
Rar
552 3 [
T
i
v =5
R23
TYPE 6E3 3
— 324V,
w7
v

CREI
+ C1s Cw =Ganged tuning
lt:om!enlef-.l 365

Ci1 Ciy Cs Co C1s C1s Cv Cns
Cyy =0.05 uf paper
Ci Cs Coe Cu C1y Cts Cue Cir

Cun Cw» Cyi =0.1 uf paper
Cs1 Ca =100 uuf
Cu =10 uf electrolytic, 25 v.
Cu = Tone-compensation con-
denser, 0.01 uf

Ca =1 uf, 400 v.

Cs =See note

Cw =25 pf electrolytic, 25 v.
Ce Cu Csu Cus =8 uf electro-

tytic, 475 v.
R1 Rs Re Re Ry Riys = 100000
ohme, 0.5 watt

Rs Ry R1s =275 ohms, 0.5 watt

R« Rs Ri¢ = 10000 ohms, 1 watt

Rs R R =12000 ohms, 0.5
watt

Ris R =1 megohm, 0.5 watt

Ry = 50000 ohms, 0.5 watt

Ris =200000 ohms, 0.5 watt

R =640 ohms, 0.5 watt

Rs =1 megohm volume-con-
trol potentiometer with tap
at 250000 ohme for tone
compensation

Ru =Tone-compensation re-
sistor; 27000 ohms, 0.5 watt

R =5000 ohms, 1 watt

Rys Ri¢ =2 megohms, 0.5 watt

R Ryy »5000 ohms, 0.5 watt

R =200 ohms, 5 watte

Rw Rp =50000 ohms, 1 watt
Ra1 = 12500 ohms, 10 watts
sz-&z)o henries, 100 obms,

ma.

Ly =1500 ohm speaker field,
7 watts

Ti=Input transformer for
class AB: 6L6's with split

second for inverse feed-
back. atio pri. to M
sec. =1:1
Ty =QOutput transformer;
late-to-plate load,
8600 ohms

Ts =Power transformer,
425-0-425 v. RMS,
200 ma. d.c.

Notx: Condensers Cw may be required to suppress parasitics. Optimum value ranges from

0.00001 to 0.005 »f and sbould

determined by test.
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(14-4)

AC/DC SUPERHETERODYNE RECEIVER

PENTAGRID OIODE _DETECTOR,AVC, FOWER
CONVERTER I-F AMPLIFIER AUDIO_ AMPL IF IER AMPLIFIER
Y TYPE 12547 TYPE 125KT TYPE 125Q7 __y  TYPE 35L6-GT
ol i fngea:
Ci _L
Re lcﬁ

Cia
,.l

~u rﬂ_é%_.

PM
SPEAKER
RECTIFIER
TYPE 3524-GT
TYPE  TYPE TYPE o Ly
12SK7  35L6-GT 3524 GT ) + FUSE 4—@:‘,[_@:-
" = E3
Ri2 AL. OR £ “Tcir -Tcs
1peRy 12507 0 Tce _J
¥ s

Ci1 =500 uuf Ciri =0.025 uf Ru =150 ohms, 1 watt
Cs Cy=Can, tuning con- Ci_ Cio =40 uf electrolytic, Ris =Lamp-cord resistor;

neers, wul v. 73 ohms, 3 watts
Cs Ca C1i Cie -(“.l uf paper Ri Ry =250000 ohme, 0.5 watt  T; Ty =455 kc. i-f transformer
C4=0.25 af paper R1 =20000 ohms, 0.5 watt Te=Output transformer; pri-

s =50 4 Re =260 ohms, 0.5 watt mary impedance, 2500 ohms

Co =Oucillator padding con- R« =2 megohms, 0.5 watt L1 =200 ohm filter choke; in-

neer Ri Ry= ohms, 0.5 watt ductance as large as prac-
Cs =0.05 uf paper Re=250000 ohm potenti- tical
CwCus= uuf ometer S «S.P.S T.line switch, mount-
Ci13 =0.005 uf R+ =10 megohms, 0.5 watt ed on shaft of R,
Cus =0.01 uf paper R =0.5 megohm, 0.5 watt Fusg =125 volts, 0.3 ampere

(14-5)

NON-MOTORBOATING RESISTANCE-COUPLED AMPLIFIER
Voltage Gain, 9000

C1 Cy=8 uf electrolytic, 25 v

TYPE 6507 Cs Cy =0.06 uf, voltage rating
as high as voltage supply

S8 Co Cy =0.006 uf, voltage rating

as high as voltage supply

-

R o Ry =Volume-control potenti-
AMPLIFIER ometer
R3 Ry =600 ohms, 0.5 watt
Ry Rs Ry =500000 ohms, 0.5
watt
R4 Ry = 100000 ohms, 0 5 watt
v Ry = 500000 ohm volume-con
trol R)lemiomeler. ganged
with R,

+150 TO 450 v

F = Decoupling filter

NOTE: Values of resistance and capacitance shown in this circuit are taken from the chart
n the Resistance-Coupled Amplifier Section. The values in this chart are chosen to give a sharp
low-frequency cut-off and, thus, to minimize tendency of multiple stages to motorboat. Three
or more stages, including power stage, operated from a common B supply may require a decoup
ling filter in the plate-supply leads of one or more of the voltage ampriﬁer stages. The conetants
of pling 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

NTAGR DN DE TECTOR, AVC. POWELR
g)uvwn% 1-F AMPLIFIR AENY e u:. AMILIFIER
TYPE IRY TP ”4 Tybt 1o TYPL 154
1> l -
- } 4 1Ch,
EXTERNAL IR .
ANTENNA | - 4;( | 4
o—' . RSN

=l

LOOP ANTLNNA

gWSSI S

“a" Qa1 TEAY DRAINZ 250MA
“13' BAI TLRY DHAIN 8 SMA.(APPROX.)

C1 C¢ =0.00041 uf ganged tun-

Cii Cin =100 A;uf Ry = 50000 ohmet

ing condensers C1:=0.0025 u Ry =1 megohm potentiometer
E, =5 puf* C1s =0.0005 uf Rs =3 megohms}
s =50

Cie =0.002 uf

R:i Ry =100000 ohms}
R, =500 ohms}

R¢ =10 megohms}

Ri Ris =2 megohms?

Rs =1 megohm}
=Ganged D.P.S.T. switch
T.=Oulpul transformer: pri-
mary impedance, 8400 ohms

puf
C -420 uu( padder
Ce Cy Cie =0.1 uf paper
Cs Cu =0.05 uf paper
Cs =8 uf electrolytic, 50 v.

* C, is necessary only at fre

3uenc1ea higher than 5 Mec.
$ All resistors can be of the

5 watt type.

(14-7)

CLASS B AMPUFIER FOR PORTABLE USE
Power Output 10 Watts®

€LassS 8
DRIVER AMPLIFIER
TYPE 6N7 TYPE 6N7

TYPE 65F5

Ty

A-F
QUTPUT

it

Ci=5 uf electrolytic, 25 v.

Ci -4 ul electrolytic, 25 v.

Cs=0 u

Cs -25 uf electrolytic, 25 v.

R. =500 ohm wire-wound potentiometer
= 500000 ohm potentiometer

R. = 1300 ohme, 0.5 watt

R4 =100000 obms, 0.5 watt

® Peak signal input voitage to 65F5 gn

R, « 50000 ohms, 0.5 watt
Ry = 100000 ohms, 0.5 watt
R =900 ohms, 0.5 watt

M = Double-button microphone
9 Microphone and heater switch
Tr= Mrcmghone input transformet
Ty =Class B input transformer
Ta=Class B output transformer

d is 0.15 voit, tor full power output.
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BATTERY-OPERATED SUPERHETERODYNE RECEIVER
With AVC and Class B Audio Amplifier

PENTACRID
R-F AMPLIFIER cf,w[."m
TYPL 1IN G TYOL 1A7-G

DIOOE DETECTOR, AVC, AUDIO POWER
I-F AMPLIFIER AUDIO AMPLIFIER AMPLIFIER AMPLIFIER
TYPE INS-G TYPE 1H5G TYPL 164G TYPE 166G

Cy =0.0001 to 0.01 af

C3»CaCi1 mGanged tuning con-
densers, 365 uu

Cis Cy Ciy Ci1=0.05 uf paper

Ci Co T3 Coy C1a=0.1 uf paper

Cu = Oscillator padding con-
denser

Cis =5 upf

Cu CIU -100 yuf

Cis Cyz Caa =0.005 uf

Cu =250 uuf

C1 =8 u’ electrolytic, 100 v.

RiRy= ohms}

R3 = 100C0 ohmas}

R R¢ =100000 ohms?

R¢ =200000 ohms}

R = 700C0 ohms}

Ras Ri1 Ry =2 megohms?

Ry =50000 ohmas?

Ry =250000 ohm potenti-
ometer

3 Resistors are 0.5 watt size.

(14-9)

“ATBATTERY DRAIN S 350 MA.
"B'BATTERY DAAIN O 16 MA.
(APPROX)

48 -C +C

Ris =10 megohms}

Ry = ohms3

Ris =1 megohm3

T Ty =I-f transformer,
455 kc.

Ta=Claez B input transformer

Ti¢=Class B output trans-
former; piate-to-plate im-
pedance, 12000 ohms

S =Ganged D.P.S.T. switch

TWO-CHANNEL AUDIO MIXER
Voltage Gain From Each Grid of 6SC7 to Output is Approximately 15

INPUT Nty

INPUT N2 2

Ci =8 uf electrolytic, 25 v.
Cy =0 005 uf paper, 400 v.

TYPL 65C7

OUTPUT TO
GRID OF
NEXT STAGE

Ry =2009 ohms, 0.5 watt
R3s R =250000 ohms, 0.5 watt

+250 V.

R« Ry Re=1 megohm, 0.5 watt
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BATTERY-OPERATED SHORT-WAVE RECHVER

1.4-Volt Types

R-F AMPLIFIER
TYPE INS-G

DETLCTOR
TYre INS -G

ANTENNA
SYSTEM

POWER  AMPLIF IER
TYPE ICSG

Ci Cy =100 uuf midget
Cy Cr=35 dmf mid; el.

R, = 100000 ohms, 0.5 watt
Ri=2 to 5 megohms, 0.5 watt

CiCiC 1 =0.0! R; =0.25 megohm, 0.5 watt
CiCn =0 00025 uf R4 =0.5 megohm potenti-
Co=1 uf ometer

Cis -0 002 R; R; =50000 ohm potenti-

uf
Ciz =8 uf elecu'olyuc, 100 v. ometer

(14-11)
A-C OPERATED

R-F AMPLIFIER
TYPE 65K7?

OETECTOR
TYPE 65K7

A-F AMPLIFIER
TYPE 6CY

R¢ =600 ohms, 0.5 watt

Ry =30000 ohms, 0.5 watt

LiLy =8 mh. r-f choke

L =300 to 500 henry a-f choke

Ti=Output transformer; pri-
mary impedance, 9000 ohms

Sy =Ganged D.P.S.T. switch

REGENERATIVE SHORT-WAVE RECEIVER

POWER AMPLIFIER
TYPE 676

Cy Cy =35 uuf midget

R = 100000 ohms, 1 watt

Ca Ci =100 upt ml get R4 =60000 ohms, 1 watt

Cs Cy Cr =0. 6‘ R;s; =2 to 5 megohms, 0.5 watt
Cs =0.01 uf, 400 R =250000 chms, 1 watt

Cy Cu=0. 00025 uf mica Ry =1 megohm, 0.5 watt

Cu =1 uf, 200 Ry = 1000 ohms, 1 watt

Rs = 15000 chms, 5 watts
R = 50000 ohm potentiome-
ter, regeneration control
Ru1 =5000 ohms, 1 watt
Rj» = 500000 ohm volume
control

—.210 —

Cn~8 felectmlyuc 25 v.
Cu -l({‘ul electrolytic, 25 v.
Ri1~250 ohms, 0.5 watt
R =10000 ohm wire-wound
potentiometer

Ri2 =670 ohms, 1 watt

S1=S.P.S.T. switch

L: =8 mh. r-f choke

L3 =300 to 500 henry a-f choke

T1=Interstage a-f trans-

former

Ts=Output transformer; pri-
mary impedance, ohms

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 Watta*

C| Cy =0.006 uf
PHASE INVERTER L A C' :(2’5 i :l'“'ml"k‘ By
TYPE 12507 TR SBLer Ci=2 { pa
s =2 uf paper, 150 v

— S T 1 Co=2 uf elecu'olyuc. 150 v.

A-F R | Cy =4 uf electrolytic, 160 v.
meur % mo S L g 71 | wenes Ry 2500000 oo vorume
A\ A ~Na/ L ARy control
O—Aq z]
3
|
J'

, Rs =4000 ohms, 0.5 watt
Rs R( =250000 ohms, 0.5 watt
Ry = 475000 ohms, 0.5 watt

U Ry =16000 ohms, 0.5 watt
R1 =500000 ohms, 0.5 watt

o 1 Re=70 ohms, 1 watt
- by JF Ry = 4000 ohms, 2 watts
2 LISANILTS I 3 SPs BEAYM Pluca Rig =33 ohms, 1.0 watt

< AP IR L1 =Filter choke, 10 benries at
— L — % J”Pr weer 5 ma., 60 obhms
[ CE— = Ls -Speaker ﬁeld 115 volts
FUSE L L .IF T Rio . 50L6-CT s(r.bc.r -uT__ T gOutput transformer, plate-
dn— LA AT RS to-plate load 3000 ohms
j‘ 3 ST Cr
o——} L S *Signal voltage input for full
Cs 1= power output =0.25 volt
CHASSIS peak.

(14-13)

HIGH-POWER AUDIO-FREQUENCY AMPLIFIER
Class AB, 6L6s, Output 45 Watts

HIGH-POWER AUDIO-FREQUENCY AMPLIFIER
CLASS AB2 6L6'S, OUTPUT 55 WATTS

C- Cqy =25 uf eleclrolytu:. 25 v. R¢ =50000 ohms, 5 watta Ti=Input transformer for
C1=0.035 uf, 1000 v. Ry =3500 ohms, 30 watts clase ABy 6L6's

Csm1e uf electrolytic, 460 v. Rq =200 ohms, 5 watts Ts = Output transformer,

Cq Cq =8 uf electrolytic, 450 v. L1 =5 henries at 220 ma., plate-to-plate load

R; =0.5 megohm, 0.5 watt 60 ohms or lese ohms

Res =650 ohms, 0.5 watt L1 =20 henries at 150 ma., T T =Power transformer®

Ry =5000 ohms, 20 watts 100 ohmoe or less

*Ts = 440-0-440 volts RMS, 175 ma. d.c. *T¢=2315-0-315 volts RMS, 150 ma. d.c.

NOTE: Peak signal voltage (e) for maximum power output is 18 volts.
— 211 —
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(14-14)

A-F VOLTAGE AMPLIFIER WITH SIGNAL MIXER, MASTER MIXER
AND COMPRESSOR-EXPANDER

INPUT MIXER
TYPE 6L7 OR 1612

o—

{2
TO 29 Ra
PHONOC
PICKUP S3

OUTeUT OF OTHER
=INPUT MIXERS

i L e

<
200 P e
B Lo L
i
o< Ce i é
Ge |
- % ]

MASTER MIXER
TYPL 6L7 OR 1612 Cu

o] b

Ci Ci Co Cro Cii Cis Cuy Cue
Ci1 Cit Cw C91 =0.05 uf

Cs Cy=0.25 puf

CaCy Cy Ciam8 uf

Cy=0.0015 uf

Cis =05 uf

Cu=4uf

Csg=0.1 uf

R: =50000 ohms, 0.5 watt

Rs Ris=1.2 megohms, 0.5

watt
R:s Ry =820000 ohms, 0.5
watt

-8 +300v

Rs¢ Ris =250000 ohm potenti-
ometer

R¢ R =1000 ohms, 0 5 watt

R¢ Ry R Ri7 =30000 ohms,
0.5 watt

Rs R,s=150000 ohms, 1 watt

Re Ry Ra =300000 ohms, 0.5
watt

R0 Rw =50000 ohms, 0.5 watt

Ri: Ry =100000 ohms, 05
watt

R = 150000 chms, 0.5 watt

Ry =500 ohms, 0.5 watt

Ry = 40000 ohms, 0.5 watt

s _J
L\
S2
|
COMPRESS
1
I MYPE | o
[ 6H6 L che
-
S COMPRE SSOR-
EXPANDER i—\
R
1 28
Ry I | ’CWI
__l_L g

-
TC22
!

I
A

R3¢ = 1 megohm potentiometer

Ry =Bleeder resistor. Tapped
at 50 to 60 volts to provide
heater-circuit bias

R1s = 100000 ohms, 0.5 watt

Rw =5000 ohms, 0.5 watt

S1 =Music-speech switch,

Sy = Expand-compress swilch,
DPDT.

S3 =Phonograph switch; close
when phono is not in use
T, =Microphone input trans-

former

Note: Potentiometer R controls the bias on grid No. 1 of the input mixer stage and thus
controls the gain of this stage. When the contact is at the cathode end of Rq, gain is at maximum.
Because the leads to Re do not carry a-f voltage, R¢ can be connected to the circuit through a
long cable for remote control. Potentiometer Ris controls the no-signal gain of the master mixer
stage. When the circuit is to be used as a volume expander, the contact should be set at the
ground end of Ry; when it is to be used as a compressor, the contact should be set at the cathode
end of Ry,.. The degree of expansion or compression can be controlled by Ru. Maximum expan-
sion or compression is obtained with the contact at the positive end. Ris and Rae can also be
cennected to the circuit through cables for remote control.
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MICROPHONE AND PHONOGRAPH AMPLIFIER
With Phase Inverter and Vacuum-Tube Mixer*

TPE 647

Power Output, 10 Watts

e
—r T
—~f2 ]
— ]
gl ——r2 Loy -
=Y — 7 Tyt o1 t i r
-C Sl anoy ALTROLSN I
LINE g E i) lcCa 1 |
~ ¢ 430V - Lc,
> FMS ; I '+.C|o -l
= ~ } ) ' =Cg |
& o L GG, |
2 ye TSy A0B0D0 p 4
TR T2 00200000

Ci1 =10 uf electrolytic, 25 v.
Cy=.1 uf paper, 400 v.

Cs —0.06‘5 uf paper, 600 v.
Ci Ci1 =8 uf electrolytic,

V.

'Cs Ca =0.01 uf paper, 600 v.
Cy =350 uf electrolytic, 100 v.
Ce Cy =8 uf electrolytic, 250 v.
Cio =8 uf electrolytic, 475 v.
Cis =25 uf electrolytic, 25 v.
Ri=1 megohm potentiometer
R1:=0.5 megohm, 0.5 watt
R¢=20000 ohm potentiometer

= 12V v 100V, —ed

R4 =800 ohms, 0.5 watt

Ry =1.2 megohms, 0.5 watt

Re =0.25 megohm, 0.5 watt

R7 = 50000 ohms, 0.5 watt

Ry =0.5 megohm potenti-
ometsr

Ras =306) ohms, 0.5 watt

Rise Rt3 =0.1 megohm

Ris Riz = 0.27 megohm

R1¢=12000 ohms. 0.5 watt

Ry =730 ohms, 10 watts

R1s =20000 ohms, 15 watts

T1 =Power transformer;
400-)-400 v. RMS, 100 ma.

TYPE 2A3

| |
3

gﬂls

3

l+350 v.

T1=Output transformer; 5000
ohms plate-to-plate impe-
dance

Li =Filter choke; 12 henries,
120 ohms, 100 ma.

L: =Speaker field; 1000 ohma,
10 watts

JreJack for high-impedance
crgntal microphone input,
0.023 peak volt

Ja=Jack for high-impedance
crystal phono pickup input,
0.6 peak volt

X =Shielded lead

* Voltage gain of microphone channel up to 2A3 grids is better than 2700,
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(14-16)

SLIDE-BACK VACUUM-TUBE VOLTMETER
Ranges 0-25 V. and 0-250 V.

TYPE 954

TYPE 80 Fy F2

C?

Ci =4 uf paper, 400 v.
(low-leakase)

Cy Cy Cs =0.01 uf mica

Cy=0.25 uf paper, 200 v.

Cy =8 uf electrolytic, 350 v.

C1r =30 uf electrolytic, 450 v.

R1=2 megohms, 0.5 watt

Ry =2 ohms, 0.5 watt

R =500000 ohms, 0.5 watt

R4 =6000 ohms, 5 watts

R; =500 ohm wire-wound lin-
ear potentiometer, 2 watts

Ry= ohms, 1 watt

Ry =3000 ohm wire-wound lin-
ear potentiometer, 2 watts

Ry =22000 ohms, 5 wattz

Ry = 25000 ohm wire-wound
linear potentiometer,
4 watts

S =Gan, D.P.D.T. switch

Val -ohms-per-volt volt-
meter, 0-25 v. and 0-250 v.
scales

T =Midget power trans-

or mer
T =Midget filament trans-
former

Note: If the 954 is mounted at the end of a shielded *'goose-neck’ probe, C: can be mounted

on the main chassis

Ri, Cs, and Cs should be mounted close to the 954 socket.

For “zero”

adjustment of the 6ES, short the 954 input terminals, set Rr or Ry so that "V reads zero volts,

and adjust Ry until the GES “"eye™ is just closed. The d-¢
Then adjust Ry or Ry until the eye is just closed again.
The V-T voltmeter requires calibration only for

the eye to reopen.

the d-c or peak ac value of the input voltage.

very low values of a-¢ input voltage
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-c or a-¢ voltage to be measured will cause

“V* will then read
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Recently Added Types

POWER AMPLIFIER PENTODE

The 1A5-GT/1AS5-G is a power amplifier

ntode of the 1.4-volt ﬁlament ty for use

ﬁf the output su e of lzecr];uerau:d ]AS'GTI
receivers. he GT/lAS—G supersedes

both the 1A5-G and the 1A5-GT. It has ]A5 G
electrical characteristics identical to those of =

the 1A5G. Physical characteristics are

shown in Fig. 2-8. OUTLINES SECTION.

The tube may be mounted in any position.

PENTAGEID 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 ]B7- T
superheterodyne receivera. Physical charac-
teristics are sl wn in Fig. 2.5, OUTLINES
SECTION. The tube may be mounted in
any position.

CHARACTERISTICS

FiLAMENT VoLTage (D.C.) 1.4 Volts
FILAMENT CURRENT . 0.1 Ampere
- DIRECT INTERELECTRODE CAPACITANCE:
Gri 0. 4 to Plate 0.34 waf
Grid No. 4 to Grid No. 0.26 wuf
Grid No. 4 to Grid No. 1. 0.12 unf
Grid No. 1 to Grid No. 2. 0.9 wnf
Grid No. 1 to All Other Electrodes = R-F Inp t . 7 unf
O Gr(i)d No. )2 to All Other Electrodes Except Grid No. 1 (Oscillator e '
. sl
Grlnd No) 1 to All Other Electrodes Except Grid No.' 2 (Osclllator . .
nput) . sl
Plau To All Other Electrodes (Mixer Ourput) R 75 wuf
TyricaL OPERATION:
Plate Voltage . ............. 90 Volts
Screen Voltage 45 Volts
Anode-Grid oltage 9P Volts
Control-Grid Voltage (Gnd No. l) V] Volts
Oncillator-Grid (Gnd No. l) Reslstor P 0.2 Megohm
Plate Current. e 1.5 Milliamperes
Screen Current . F 1.3 Milliamperes
Anode-Grid Current . B 1.6 Milliamperes
Ovciilator-Grid Current . . R, 0.035 Milliampere
Plat= Resistance. .. .. . 0.35 Megohm
Conversion Transconductance .. 350 Micromhos
Conrol-Grid Biae for conversion transconductance of 2 mncromhoe
(approx.) . . 145 Volts
* With r.lo‘e-ﬁttnrg shxeld connccted to negative filament terminal.
POWER AMPLIFIER PENTODE
The 1C5-GT/1C5-G is a power amplifier
pentode of the 1.4-voit filament type for use
in the output stage of battery-operated ]C5'GT
receivers. he 1C5-GT/1C5-G supersedes
both the 1C5-GT and 1C5-G. Electrical ]C 5 G
characteristics are the same as foc the 1C5-G. =

Dimensions are shown in Fig. 2-8, OUT-
LINES SECTION. The tube may be
mounted in any position.
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1D5-GT

SUPER-CONTROL R-F AMPLIFIER
TETRODE

The 1D5-GT is a super-control r-f amplifier
tetrode of the 2.0-volt t pe for use in battery-
operated receivers. Physical characteristics
are shown in Fig. 2-15, OUTLINES SEC-
TION. Vertical mountmg is recommended;
horizontal operation is permissible if pins 2
and 7 are in a vertical plane

CHARACTERISTICS

FiLAMENT VoLTaGE (D.C.) .

FI1LAMENT CURRENT . . ..

DIRECT INTERELECTRODE CAPACITANCES:
Grid- Plale (thh shleld oan)

Input . 85
Outpu( -

As Closs A; Amplifier

PLATE VOLTAGE. ... .. .. .... 135
SCREEN VOLTAGE . . . .. .. ..ottt i e s 67.5
GRID VOLTAGE .. ... .. ..ottt i e -3
PLaTE CURRENT. 2.2
SCREEN CURRENT. e 0.7
PLATE RESISTANCE (Approx) PR 0.35
TRANSCONDUCTANCE ..t .ovivvn s 0 aoabapaapo 625
TRANSCONDUCTANCE (At - 15 volts bias) . . .. .. .. L 13

1J5-G

1LA4

1LA6

POWER AMPLIFIER PENTODE

The 1J5-G is a power amplifier pentode of
the 2.0-volt filament type for use in battery-
operated receivers. The filament current is
0.12 ampere. With 135 volts on both the
plate and screen and -16.5 volts bias, the
characteristics are: plate current, 7 ma.;
screen current, 2 ma.: transconductance, 950
micromhos. With a load resistance of 13500
ohms, the power output is 0.45 watt. Dimen-
sions are shown in Fig. 221, OUTLINES
SECTION. The tube should be mounted
vertically; horizontal operation is permissible
if the plane of the filament is vertical.

POWER AMPLIFIER PENTODE

The 11.A4 is a power amplifier pentode of
the 1.4-volt filament type for use in the out-
put stage of battery operated receivers. It
1s of the locking-base type and can be mounted
in any position. It isidentical to the 1A5-G
except for physical characteristics. Dimen-
sions are shown in Fig. 2-4, OUTLINES
SECTION

PENTAGRID CONVERTER

The 11.A6 is a multi-electrode tube of the
1.4-volt filament type. It is intended for use
as a combined mixer and oscillator in battery
operated receivers, It is of the locking-base

pe and can be mounted in ang position.
Iglmensxons are shown in Fig 4, OUT-
LINES SECTION. Installation dnd ap-
plication are the same as for the 1A7-G
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*CHARACTERISTICS

FiLaMaNT Vortage (D.C)) . 1.4 Volts

FIiLaAMENT CURRENT . . .. . 0.05 Ampere

DIRECT [> TERELECTRODE CAPACITANCES:*
Gid No. 4 to Plate. . ... .. 0.4 uuf
Grid No. 4 to grid No. 2. 0.3 upf
Grid No.4toGrid No. 1. . ... ... ...... ... ..... 0.15 puuf
Grid No. 1 to Grid No. 2. . .. ... . 0.6 aul
Grid No. 4 to All Qther Electrodes (R-F ln ay. . 7.7 puf
Grid No. 2 to All Other Electrodes Except Gnd No. 1 (Osc Omput) 3.3 puuf
Grid No. 1| to All Other Electrodes Except Grid No. 2 (Usc. lnput) 2.9 puf
Plate to All Other Electrodes (Mixer Qutput) . 8 upf

* With close-fitting shield connected to negauve ﬁlament

Converter Service

' Maxi num ratinge and typical operation for the 1LA6 are the same as for the 1A7-GT except
| that the plate resistance is 0.75 megohm, conversion transconductance for control grid bias of
-3 volts is 10 micromhes, and the series screen-voltage resistor is 45000 to 75000 ohms

INTERNAL N

CONNECTION ~NC
LSOO POWER AMPLIFIER PENTODE

(e © The 1LB4 is a power amplifier pentode of
= the 1.4-volt fﬁlgmem type (orduse in the oult-
ut stage of battery-operated receivers. It

5 ﬂ of the locking-base type and it can be ]L84
‘N mounted in any position. Physical charac.
teristics are shown in Fig. 2-4, OUTLINES
8 )r- SECTION. For electrical characteristics,
Bs _ ©3 refer to the data for the pentode section of

the 1D8-GT.

S oNoN DIODE HIGH-MU TRIODE

NC G The 1L14 is a multielectrode tube of the

\ & 1.4-volt flament type for use in battery-

operated receivers. It contains a single di

- and a high-mu triode, and is for use as a ]LH4
7 combined detector and amplifier. It is of

the locking-base type and can be mounted

AN @O IAE) in any position. Dimensions are shown in
e és\\/" Fig. 2-4, OUTLINES SECTION. Except
for capacitances, the electrical character-
* 5AG istics are the same a- for the 1H5-GT.

R-F AMPLIFIER PENTODE

The lLN5“is an r-f amrpliﬁer penr:ode of

the 1.4-volt filament type for use in battery-
operated receivers. It is of the locking-base ]LN 5

type and may be mounted in any position.

Physical characteristics are shown in Fig.

(8)r 24, OUTLINES SECTION. Installation

* e and application are similar to that of the

IN5-GT

7A0
Y CHARACTERISTICS
FILAMENT VOLTAGE (D.C.) .. .. ... ..o 1.4 Volts
FiLamMeNT CURRENT ... e 0.05 Ampere
GRmPursCuAcnr«czi e 0.007 max. uul
INPUT CAPACITANCES . e e 3.4 puf
OUTPUT CAPACITANCES . 8 suf

§ With close-fitting shxeld connected to negauve ﬁlament termmal
As Class A; Amplifier
50 05 On 00 08 08 6o 06 A8 6o & max. Volts

PLATE VOLTAGE. . .. . 110
110 max. Volts

SCREEN VOLTAGE.
TypicAL OPERATIO

Plate Voltage . . 90 Volts

Screen Voltage . .. ..... 90 Volts

Grid Voltage**. . . . 0 Volts

Plate Current . ... 1.6 Milliamperes
Screen Current . 0.35 Milliamperes
Plate Resistance (Approx ) 1.1 Megobms
Transconductance . F 800 Micromhos
Transconductance with —4.5 volt bias (Approx Yo 10 Micromhos

** Circuit returns to negative filament termmal
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DIODE-POWER AMPLIFIER

PENTODE
The IN6-G is a multi-electrode tube of the
6- 1.4-volt filament type containing a diode and
a power amplifier pentode in one envelﬂx.
Dimensions are shown in Fig. 2-13, OUT-
LINES SECTION. The tube may be
mounted in any position. NC T REY e
G-7AM
s CHARACTERISTICS
FiLaMeENT VoLTAGE (D.C)) .. .. L e 14 Volts
FIiLAMENT CURRENT .. .. .. 0.05 Ampere
Pentode Unit—As Class A, Amplifier
PLATE VOLTAGE . . e 110 max. Volts
SCREEN VOLTAGE. . . .. ..o iivier v ne ot 110 max. Volts
TotAL CATHODE CURRENT FOR ZERO SIGNAL. 6 Milliamperes
TyPICAL OPERATION. and CHARACTERISTICS:
Plate Voltage .. .. ............... ...... 90 Volts
Screen Voltage .. ........... 90 Volts
Grid Voltage. . ... .. R -4.5 Volts
Peak A-F Grid Voltage. .. .. ... 4.9 Volts
Zero-Signal Plate Current . 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.) .. .. . ... .. .. .vt i oninononn 0.3 Megobm
TransconduClanCe . . .. .. .. .. .. .. ..t uoerrvniere v n iane s e 800 Micromhos
d Resiatance .. . .............. 25000 Ohms [
Total Harmonic Distortion .. .. .. .. 7 Per cent
Max.-Signal Power Output. .. .. 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 1.4-volt

ﬁlamenttyreforusein attery-operated receiv-

]PS-GT ersasanr-fori-famplifier. Installation and ap-
lication 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.

% CHARACTERISTICS
FiLAMENT VoLTAGE (D.C)) 1.4 Volts
FILAMENT CURRENT . .. ... 0.05 Ampere
GRID-PLATE CAPACITANCE?® 0.007 max. wpuf
INPUT CAPACITANCE? 2.2 ™My

OUTPUT CAPACITANCE® | .. oo oo 10 uuf
* With close-fitting shield connected to negative filament terminal.

As Class A; Amplifier

PLATE VOLTAGE . . ... ... ittt tiinnnnarenens S 110 max. Volts
SCREEN VOLTAGE. . .. .. ...ttt ieiiiiaarantaneeeees 110 max. Volts
TyPICAL OPERATION:
Plate Voltage .. ....... ...t iiiinnnnnns 50050600000 90 Volts
NG 6600000000600000000000000600000060600000000600 90 Volts
Grid Voltage ol e e el el fe ool et e e oo Lo el e o F oo o ke 0 Volts
Plate Current. . . . ... ovrtivenreinonenernrronsaronreasosasns 23 Milliamperes
Screen CUrrent. . .. . ..o oo eniaio s aloalelalele s oaialaelabie iolels 0.7 Milliampere
Plate Resistance (Approx.) 0.8 Megohm
TranscoNdUCLANCE ... ...\ i vrvrrsennnnnsronosaronronsaanenan 750 Microm!
Transconductance with -12 volts bias 10 Micromhos
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BEAM POWER AMPLIFIER

The 1Q5-GT/1Q5-G is a power amglliﬁer of
the beam (ylpe having a 1.4-volt Glament.
The 1Q5-GT/1Q5-G supersedes both the
1Q5-GT and the 1Q5-G. It has electrical
and physical characteristics identical with
those of the 1Q5-GT.

GAS-TRIODE

The 2A4-G is a grid-controlled, gaseous-
dilcharse tube of the filament type. It is
intended for use in relay-control “equipment
designed for ita characteristics.  Physical
characteristics of the 2A4-G are shown in
Fig. 2-17, OUTLINES SECTION. The
2A4-G may be mounted in any position.

CHARACTERISTICS®

FrLAMENT VoLTAGE (A.C. or D.C.)
FrAMENT CURRENT

AVERAGE ANODE CURRENT (Averaged over any period of 45 seconds)
ANODE DROP........ii ittt

* Filament voltage should be applied for 2 seconds before current

ELECTRON-RAY TUBE

G TA
—o {Indicator Type)

The 2ES is a heater-cathode type of tube

PG YN designed to indicate visually, by means of

a fluorescent target, the effects of a control-
ling voltage. As such, it is useful as a con-
venient means of indicating accurate tuning
of a radio recéiver. Except for the heater
rating of 2.5 volts and 0.8 ampere, the 2E5
has the same characteristics as the 6ES.
Dimensions are shown in Fig. 2-19, OUT-
I.INES SECTION.

DIODE-TRIODE-
o R-F AMPLIFIER PENTODE

The 3A8-GT is a filament type of tube
| containing a diode, a voltage amplifier triode,
and an r-f amplifier pentode. ch unit is
independent of the others except for the

Ep. common filament. The filament is designed
NIEeaL T ey T 70 to be operated from either a dx:ﬁ}e drr cell
8AS (parallel arrangement) or two dry cells in

series (series arrangement).

% CHARACTERISTICS

FILAMENT VOLTAGE (D.C.) . ..., 1.4 (parallel) 2

FILAMENT CURRENT

Triode Unit—Grid to Plate (@pprox.) .........................

Grid to Filament (approx.)
Plate to Filament (approx.)

Pentode Unit—Grid to Plate

® With close-fitting shield connected to negative filament terminal
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............. 0.1 (parallel) 0.05 (series)

1Q5-GT/
1Q5-G

2A4-G

Volts
Amperes
Volts

. Volts

. Volta

. Amperes

0.10 max. Ampere
15 Volts

is drawn from the anode.

2E5

3A8-GT

.8 (series)  Voita
Ampere

2.0 wut
2.6 wuf
4.2 uuf
0.012 max. upf
3.0 i
10 waf
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MaxiMuM OVERALL LENGTH 35"
MaxiMum SEATED HEIGHT.. 214"
MaxiMUM DIAMETER .. .... 1 4*
BuLs................... . T9
CAP .............................................. . Skirted Miniature
.................................................. _Intermediate Shell Octal 8-Pin
Moummc POSITION . . . i ittt iiiiaianoenanascanaeanannn Any
Triode Unit os Closs A Amplifler
PLATE VOLTAGE . ... .. ot it it it it it it it oe teae e et e e e e an ae e 110 max. Volts
['vPtcAl OPERATION:
Plate VOIAKE .. .. oot o i it it it e e 90 Volts
Grid Voltage*. 4 Volts
Amplification Factor . 65
Plate Resnstance(/\pprox) 0.2 Megohm
Transconductance..... 325 Micromhos
Plate Current. 0.2 Milliampere

Pentode Unit as Class A; Amplifier

PLATE VOLTAGE . ... ................ 110 max. Volts

SCREEN VOLTAGE. . . .. .. .i it initieie e n e 110 max. Volts
TyPicAL OPERATION:
Plate VOMABE .. .. ou it it it te it it it it i i e e e e e 90 Volts
Screen Voltage .. ......... 90 Volts
Grid Voltage*. 0 Volts
PlateResnst,ance(Approx) ....... 0.8 Megohm
Tran\conduclance . . 750 Micromhos
Plate Current. 1.5 Milliamperes
Screen Current. .. .. ... .vn 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 cornmon 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
18 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 sujtable for use
with 90 volts on both the plate and screen,
and thus provides relatively high wer
output. The 3Q4 has a center-tap fila-
ment so that the tube may be use 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.

* CHARACTERISTICS
Series Filament Parallel Filament
Arrangement Arrangement
FiLAMENT VOLTAGE (D.C.) .. ... ... ... .. 2.8 1.4 Volts
FILAMENT CURRENT .. .c. .0 .vii it inonnnns 0.05 0.1 Ampere

As Class A; Amplifier

PLATE VOLTAGE. 90 max. 90 max. Volts
SCREEN VOLTAGE, . . . 90 00 00 00 56 03 80 o 90 max. 90 max.  Volts
ToTAL CATHODE CURRENT. . .. e 6 max. 12 max. Milliamperes

TvpicaL OPERATION and CHARACTER[STICS

Plate Voltage .. 90 85 90 Volts

Screen Voltage . 90 85 90 Volts

Grid Voltage. . .. -4.5 -5 -4.5 Volts

Peak A-F Grid Vohage 4.5 S 4.5 Volts
Zero-Signal Plate Current .. . ... .. . 7.7 6.9 9.5 Milliamperes
Zero-Signal Screen Current .. .. .......... .. 1.7 15 2.1 Milliamperes
P’late Resistance (Approx.} ................ 0.12 0.12 0.1 Megohm
TransconduCtancCe . .. ... ..o ovveenereen ot 2000 1975 2150 Micromhos
Load Resistance. . .. .. 10000 10000 10000 Ohms

Total Harmonic Distortion .. .. .. coovee e 7 10 7 Per cent
Mazx.-Signal Power Output .. .. ............ n.24 0.25 0.27 Watt
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TUBE

FiLaMeENT VoLTAGE (D.C.
Fr.aMeNT CURRENT . . .

PLATE VOLTAGE. ... ........

SCREEN VOLTAGE. .. ..

ToTAL CAT10DE CURRENT FOR MAXIMUM SIGNAL ., . . ...
ToraL CaTHODE CURRENT FOR ZERO SIGNAL. , . ........ .
TYPicaL OPERATION and CHARACTERISTICs—Class Ay Amplifier:

POWER AMPLIFIER PENTODE

The 354 is a miniature type of power
amplifier pentode designed for use in the out-
put stage of compact, light-weight, portable
e%%ipment. Construction is like that of the
1R5. The 354 has churacteristics similar to
those of the 154, 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 354 may be
mounted in any position.

354

CHARACTERISTICS

Series Filament Parallel
Arrangement  Arrangement
}) 0.0 ao an 06 oa aa a6 oo 06 00 00 0 bo 2.8 1.4 Volts
0.05 0.1 Ampere

As Class A, Amplifier

67.5 max. 67.5 max. Volts
67.5 max. 67.5 max. Volts
9.5 max.
7.5 max.

MANUAL

11 max. Milliamperes
9 max. Milliamperes

Plate Voitage .............. 67.5 67.5 Volta
Screen Voltage .. .. ..o iiitieitnninininnna, 67.5 67.5 Volts

Grid Voltage*, ... ... .. ... . ..c.ciiiiiiiit s, -7 -7 Volts
PeakA-F(EridVoltage............................ 7 7 Volts
Zero-Signal Plate Current ... ...................... 6 7.2 Milliamperes
Zero-Signal Screen Current .. ...................... 1.2 1.5 Milliamperes
Plate Resistance (Approx.) .................o.0.... 0.1 0.1 Megohm
Transcorductance . ..................ovunnun.n.. 1400 1550 Micromhos
Load Resistance. . .. .........ococov e, 5000 hms

Total Harmonic Distortion .. ...................... 12 10 Per cent
Mazx.-Signal Power Qutput . .. 00 00 0a 00 0.16 0.18 Watt

* For series filament arrangement, filament voltage is applied between pins 1 and 7; grid

voltage is referred to pin.l. For garallel filament arrangement, filament voltage is applied bet

pins 5 and pins 1 and 7 connecte

PD?

oy
2
;U

Ne T REYSZ
G-5T

4D

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
having low current requirements. Electrical
ratings are the same as those for the 5W4.
Dimensions of the 5W4-G are shown in Fig.
2-21, OUTLINES SECTION; those of the
5W4-GT are: maximum overall length, 33§
in., maximum seated height, 2¢ in., max.
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

SW4-G

SW4-GT

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
ita characteristics. The filament is rated at
6.3 volts and 1.0 ampere. In single-tube
class Ap 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
6A3 may be operated with either fixed or
cathode bias with a maximum plate voltage

6A3

of 325 volis. 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 lcad 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 characteristice. In general, the electrical
characteristice of the 6A7-S are similar to

those of the 6A7; however, the two types are
not usually interchangeable.

DIRECT-COUPLED POWER
AMPLIFIER

The 6AB6-G is a multi-electrode tube of
the heater-cathode ty?e consisting _of two
triodes in one bulb. ~ It is used principally
for replacement in receivers designed for its

A - characteristics. One triode, the driver, is
directly connected to the second, or output,
triode. Physical characteristics are: maxi-
mum overall length, 44} in; maximum
seated height, 3§ in.; maximum diameter,
14 in.; bulb, ST-12; base, small shell octal

7-pin. The tube may be mounted in any G-7AU
position.
CHARACTERISTICS
HEATER VOLTAGE (A.C.or D.C.). .. .. ..o 6.3 Volts
HEATER CURRENT .. .. .. o0 e vnvncnonon e 0.5 Ampere
As Class A, Amplifier
OuTPUT-TRIODE PLATE (PT2) VOLTAGE .. ...« .. ccoeiiie i onn 250 max. Volts
INPUT-TRIODE PLATE (PT1) VOLTAGE. ... .. .. .. .o i iiinnnn e 250 max. Volts
INPUT-TRIODE GRID VOLTAGE . 4. v 0 n e it ce cn oot et a e o ee 0 Volts
PEAK A-F GRID VOLTAGE .. «. et ot ot vt e ae or cane o me et s ae ee 25 Volts
OUTPUT-TRIODE PLATE CURRENT. .. .. .. .ttt itin it e e caar on v e 34 Milliamperes
INPUT-TRIODE PLATE CURRENT . ... ..o\ ot it e ie i it e ar ee 5 Milliamperes
PLATE RESISTANCE (ADDPIOX.) .00 it vtonie v ne cvae e aean e ee 40000 Ohms
TRANSCONDUCTANCE (GT. to PTs) .. .. .. ... ..o ciii v et 1800 Micromhos
LOAD RESISTANCE .. o. vttt ve o on o ce e onn e angee e ninenan s 8000 Ohms
HARMONIC DISTORTION . . o\ vt oot in e e it ce ca u e n maae a v en s 10 Per cent
POWER QUTPUT . . .. 0 it n it i ct tt iian e s e ae i on e ae e 35 Watts

HIGH-MU
POWER AMPLIFIER TRIODE

The 6AC5-GT/6ACS-G ia 2 high-mu triode
6AC5-G designed for use either in single-ended or
gush-pull audio-frequency amplifiers. The
AC5-GT/6AC5-G supersedes both the 6AC5-
6AC5- G and the 6AC5-GT. It has electrical char
acteristics identical to those of the 6AC5-G.
Dimensions are shown in Fi%. 2-8, OUT-
LINES SECTION. The 6AC5-GT/6AC5-G
may be mounted in any position.

ELECTRON-RAY TUBE

The 6AD6-G is a heater-cathode type of 5 3
tube designed to respond visually, by means WqpN
of two shadows on a fluorescent target, to
6AD6-G changes in voltages applied to the control (2 o

electrodes. This tube is intended for use as \ . /

a voltage indicator to indicate accurate " H
tuning of 2 receiver to the desired station. 0 o
The application of the 6AD6-G is similar to NCTTKEY g

that discussed under the 6AF6-G.
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CHARACTERISTICS
HEATER VOLTAGE (A.C.or D.C)o.vvuiiii e, 6.3 Volts
HEATER CURRENT . iiiive vttt 0.15 Ampere
MAXIMUM OVERALL LENGTH. .. . ... . o0vnnnnnnn i 2%:
MAXIMUM SEATED HEIGHT .. ..., ..., ... .. L i 24
MAXIMUM DIAMETER . ....ioiiiiiin i 1&*
BULB ... T-9 X
BASE. ..o e Small Wafer Octal 7-Pin, Sleev
MOUNTING POSITION . . . . .iuieiiiininnnnnnn e Any
As Tuning Indicator
TARGET \(’:ouAcs ............................................ 150 max. Voits
TvricaL CPERATION:
Target Voltage. . ... .................0 oo, 100 150 Volts
Target Current® . ...........iiiuininnnnnnn 1.5 3 Milliamperes
Target Current®® .. . .. . . o 00000l 1.0 2 Milliamperes
Target Current®* . ... . . . ... ..............00" 0.8 1.2 Milliamperes
Ray-Contro! Electrode Voltage (Approx.)*,..... . . . [ 45 75 Volts
Ray-Control Electrode Voltage (Approx.)*s .. ... . . .’ 0 8 Volts
Ray-Control Electrocle Voltage (Approx.)s** . .. .. | -23 -50 Volts

¢ For shadow angle of 0° produced by either ray-control electrode.
*¢ For shadow angle of 90° produced by cither ray-control electrode.
*** For shadow angle of 135° produced by either ray-contro! 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 6AD7-G
combination with a separate 6F6-G in a push-

pull amplifier; in this service, the triode unit

serves as the phase inverter. Curves shown

under the 6F apply to the pentode unit

of the 6AD7-G. Physical characteristica are

shown in Fig. 2-21, OUTLINES SECTION.

The tube may be mounted in any poeition.

Y CHARACTERISTICS
HEATER VOLTAGE (A.C. or D.C.) 6.3 Volts
HeaTeR CURRBNT ..., LI 0.85 Ampere
PLATE VOLTAGE. .. ... ... ... ... .. ... .. .. .. . . .. 80 285 max. Volts
PLATE DISSIPATION, . . ........... oo 1.0 max. Watts
CHARACTERISTICS—Clazs A, Amplifier
Plate Voltage..............0..0.. ... .. ... ... . . .. 250 Volts
Grid Voltage......... ... ... 0L 1 e . -25 Volts
Amplification Factor...... .. .. . 6
Plate Resistance (Approx.) ... .. . [ . [ttt . 19000 Ohms
Transcenductance ..., ... .. .l Ll Ll . 325 Micromhos
Plate Current. . ..... ... 0 [0l 10l ][] i 4 Milliamperes
Pentode Unit
Prate VoeraGe. ... oo oo . 375 max. Volts
SCREEN VOLTAGE. . ...... ... ........ ... b 285 max. Volts
PLATE DISSIPATION. .., .. .. ... .. .. . /7 """ 8.5 max. Watta
SCREEN LASSIPATION, . ... ... .. . . """ Doopooooog 2.7 max. Watta
TYPiCAL OPERATION and CHARACTERISTICS—Clags A1 Amplifi
Plate Voltage ...................0.0 . 0. 0T coa 250 Volts
Screen Voltage ............. .. . 1l il 250 Voits
Grid Voltage . ..........,.... ... .. 000G000000000000a00a -16.5 Volts
Peak A-F Grid Voltage, ... ... 00 [ /[l 1l 16.5 Volts
Zero-Signal Plate Current , . ... ... . ... [t 34 Milliamperea
Max.-Sgnal Plate Current. . ., ... [ 1[0 [[/ i 36 Milliamperes
Zero-Signal Screen Current . ... .0 []1] 1lTIiITiiiieeee 6.5 Milliamperes
Mazx.-Signal Screen Current. ... [ [l 10.5 Milliamperes
Plate Resistance (Approx.) ... .. . [l 1 it 80000 Ohms
Transconductance ........ ... ... .. 'l 550000000000000060a 00 2500 Micromhos
Load Resistance. ......... .00l 01 [ 11 7000 Ohma
Total Harmonic Distortion ... ... [ [ [ [ /[l 8 Per cent
Max.-Signal Power Output ... 0 [/ Il 3.2 Watts
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As Push-Pull Amplifier
Penlode Unit of 6 AD7-G and Separate 6F6-G

PLATE VOLTAGE . . . . ittt ittt e e ittt i et it aa e 375 max. Volits
SCREEN VOLTAGE . . .o itttie ittt ite et eiieaianaecanns 285 max. Volts
PLATE DISSIPATION. . . ...ttt iiiiinne i iineeannnnans 8.5 max. Watts
SCREEN DISSIPATION . . . ...ttt tinn e innennanannns 2.7 max. Watts

Tvpricar OPERATION WiTH CaTHOnE Bias—Class AB, Amplifier:
Values are for pentode unit of 6 A D7-G and 6 F6-G together

Plate Voltage ..............cciiiiinnnunnnnn 250 285 375 Volts

Screen Voltage ............c.coiiiiiiii.., 250 285 250 Volis
Cathode ResiBtor. . .. ...........ccvuuniinens 560 470 470 Ohms

Peak A.-F Grid-to-Grid Voltage............... 59 64 55 Volts
Zero-Signal Plate Current .. ................. 36 47.5 41 Milliamperes
Marx.-Signal Plate Current. .................. 41 54.5 50 Milliamperes
Zero-Signal Screen Current . ................. 6.7 8.2 6.7 Milliamperes
Mazx.-Signal Screen Current. ................. 11.7 13.5 ©92 Milliamperes
Effective Load Resistance (plate-to-plate) .. ... 14000 12000 16000 Ohms

Total Harmonic Distortion . ................. 4 4 2 Per cent
Mazx.-Signal Power Output . ................. 6 8.5 9 Walts

TWIN-PLATE CONTROL TUBE

The 6AE6-G 18 intended for use as a con-
trol tube for twin-type electron-ray tubes;
it provides in effect two triodes with different

6AE6 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, OUTLINES SECTION. The
tube may be mounted in any position.

CHARACTERISTICS
HeaTer VOLTAGE (A.C.or D.C.) .. ... ittt 6.3 Voita
HEATER CURRENT L ...ttt eiieanneinnoannnnnnsnn 0.15 Ampere
Remote Cut-Off Triode
(3N V%X 30 0 0 000 0000000000000000000000000000000000000000 250 max. Volis
CHARACTERISTICS:
Plate Voltage . 250 250 250 250 Volts
Grid Voltage. . ..... -35 -15 -6 -1.5 Volts
Amplification Factor .........c..oiiiiiiiiiiiiiiiiiiiiaan, 25
Plate Resistance (Approx . 25000 Ohms
Transconductance . 8000 1000 Micromhoe
PlateCurrent. . . ............... . 01 6.5 Milliamperes
Shorp Cut-Off Triode
PLATE VOLTAGE .« .t tittiiniietiitnnasesnnsnasennesnannnneans 250 max. Volts
CHARACTERISTICS:
Plate Voltage . ... ..ottt iniiiiiiinanannn 250 250 Volts
Grid Voltage. . ..ooviiiinniin ittt inaiaeanans -9.5 -15 Volts
Amplification Factor. .. ... .. .coiiiiiiiiiiiii it 33
Plate Resistance (Approx.) ...... 50000aA006000a0000a0 35000 Ohms
Transconduclance . ........c.coveuvennnennnnnnennnns 950 Micromhos
Plate Current. ... .....ovtuiuiiiiiennneinnennaeninn. 0.01 4.5 Milliamperes

TWIN-INPUT TRIODE AMPLIFIER

The 6AE7-GT is intended for usc as a
voltage amplifier triode or as a driver for two
type 6ACH-GT tubes in dynamic-coupled

6A E7- punh-gull 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 Fi%: 2-8, OUTLINES
SECTION. The 6AE7-GT may be mounted
in any position.

Y CHARACTERISTICS
HeATER VOLTAGE (A.C. or D.C) .. iitniiiiiniiiiniinennninnns 6.3 Valts
HBATER CURRENT . ..o vvriviesetsonecessossasasaasssscaaans VX 3 Ampaere
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As Class A; Amplifier
Both grids connected together al sockel; likewsise bolk cathodes

PLATE VOLTAGE. . ..o 300 mazx. Volts
PLATE Disstpation. ... (0 0010 llllIIIT S max. Watts
Tyricat OPERATION and CHARACTERISTICS:
Plate Voltage 250 Volts
Gnd Valtage. -13.5 Volts
Plate Current. . 10 Milliamperes
Plate Resistance 4650 Ohms
Amplification Factor 14
Transconductance Micromhos

As Driver for Two Type 6AC5-GT Tubes in Dynamic-Coupled
Push-Pull Amplifier

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

PLATE DISSIPATION. .. ... (000 [ [ [ 11 5 max. Watts

TYPICAL CPERATION:
Plate-Supply Voltaget.................................... . . 250 Voits
Grid Voltage. ...... 00000 R R I b Volts
Grid-to-Grid Input Signal to Drivers. /[ 1 /1 1t 44 rms  Volts
Zero-Signal Driver Plate Current, .. . .. . . [l e 10 Milliamperes
Max.Siznal Driver Plate Current .. .. . . [l /1l 19 Milliamperes
Zero-Signal Plate Current of 6AC5-GT's. .../ .l il 64 Milliamperes
Max.-Signal Plate Current of 6AC5-GT's. . 80000000 00 0 o o o 76 Milliamperes
Load Resistance (pla‘e-to-plate) (6AC5-GT's). ... 0. .. . " 10000 Obms
Harmonic Distortion (GACS-GT'8)........... ... ..o 10 Per cent
Power Cutput (6AC5-GT's)........ . [ [l 1l i e 9.5 Watte

1 Biax voltage for both the driver and the push-pull stage is developed by the dynamic-coupled

conrection. . . .
* Current does not flow in the driver grid circuit during any part of the input cycle.

() POWER AMPLIFIER TRIODE

P NC The 6B4-G is a low-mu triode 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 684-6
r+ F~ an octal base. Physical characteristics are
shown in Fig. 2-26, OUTLINES SECTION.
° 0 be tube should be mounted in a vertical
NeTFEY Tne ition; horizontal operation is permissible

G-58g { the plane of the filament is vertical.

DUPLEX-DIODE PENTODE

The 6}37-5 i:l :d multi;’elecuo?e tub;dcon-
sisting of two diodes and an r- ntode in
one envelope. This type is intended for use 6B7-S
as%a replacement in receivers deeigned for ite
characteristics. The characteristica 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 6CS5-GT is a triode of the heater-
cathode type designed for use as a detector,
amplifier,  or hosdl"atm&l 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 uuf;
plate-cathode, 12 uuf. Ph{sxcal character-
istics are: maximum over-all length, 3 % in.;
maximum seated height, 2

tn.; maximum

HIEEALTREY Ty diameter, 14 in.; bulb, T9; base, small
GT-6Q wafer octal 6-pin with metal sleeve; mounting
pogition, any
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6C7

6D7

6E6

DUPLEX-DIODE TRIODE

The 6C7 is a multielectrode tube consisting
of two diodes and a medium-mu triode in one
envelope. This type is intended for renewal
in receivers designed for its characteristics.
Characteristics are similar to those of the 85,
but the 6C7 is not interchangeable with it

TRIPLE-GRID DETECTOR AMPLIFIER

The 6D7 is a triple-grid tube designed for
use as a detector or amplifier. This type is
intended for replacement in receivers designed
for its characteristics. With plate volts of
250, screen volts of 100, and grid volts of -3,
the plate current is 2 ma., screen current is
0.5 ma., transconductance is 1225 micromhos.

TWIN-TRIODE POWER AMPLIFIER

The 6E6 is a heater-cathode type of tube
consisting of two low-mu triodes in one bulb.
The 6E6 is designed for use as a class A am-
i))liﬁer in either parallel or push-pull circuits.

imensions are shown in Fig. 2-25, OUT-
LINES SECTION, The tube may be
mounted in any position. The heater voltage
is 6.3 volts; current, 0,6 ampere. With plate
volts of 250, and grid volts of -27.5, the
characteristics for each unit are: plate cur-

€+ TERNAL
SHIELD

€XTERNAL
SHIELD

rent, 18 ma.; plate resistance, 3500 ohms; transconductance, 17! micromhos;_ampliﬁg:ation factor, 6.
With plate-to-plate load resistance of 14000 ohms, the power output for_two,tubes is 1.6 watts. _

6E7

6H6-GT

TRIPLE-GRID SUPER-CONTROL
AMPLIFIER

The 6E7 is a triple-grid amplifier designed
for use as an r-f or i-f amplifier. This t)g:ae
is intended for replacement in receivers de-
signed for its characteristics. With plate
volts of 250, screen volts of 100, and grid
volts of -3, the plate current is 8.2 ma.,; the
screen current is 2 ma., transconductance is
1600 micromhos.

TWIN DIODE

The 6H6-GT is a tube of the heater-
cathode ty containing two diodes in a
single envelope. Except for physical char-
acteristics, the 6H6-GT is identical to the
6H6. Physical characteristics are: maximum
overall length, 24 7; maximum seated hei%hl.
21%”; maximum diameter, 1 &7 bulb, T-9:
base, sinall wafer octal 7-pin, with sleeve;
mounting position, any.
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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 umt is designed to
serve as the oscillator and the heptode unit
as the detector in superheterodyne receivers.
Application is similar to that for citcuits 6]8-G
employing separate oscillator and detector. -
The control g:id of the triode is connected
within the tube to g1id No. 3 of the heptode
unit for efficient electron coupling. Physical”

5-8H characteristics of the 6J8-G are shown in
Z F'g. 2-16, OUTLINES SECTION. The
e 6J8-G may be mounted in any position.
CHARACTERISTICS
HuaTER VOLTAGE (A.C.orD.C.) .. .. .......... ... ... ... .. . 6.3 Volts
HeatrrCurrent .. .., . 0 L L0l 0.3 Ampere
DIRECT INTERELECTROLE CAPACITANCES:
Heptode Grid to Heptode Plate* . ... .. ... .. ... .. . .. . . . 0.01 max. uuf
Heptode Grid to Tricde Platex. ... . . 0 0 0.015 max. puf
Heptode Grid to Triode Grid* 0.13 upf
Triode Grid to Triode Plate. .. ... ... .. .. [/ "t 22 uuf
Heptode Grid to All Other Electrodes = R-F Input........... ... 4.4 puf
Triode Plate to All Other Electrodes = Osc. Qutput . ......... ... 5.5 unf
Triode Srid to All Other Electrodes =Osc. Input ...... ... .. .. .. 11.7 wisf
Heptode Plate to All Other Electrodes = Mizer Output . ..... ... . 8.8 uuf
¢ With shield-can
As Frequancy Converter
HEPTODE PLATE VOLTAGE .. ..................... .. ... .. 250 max. Volts
HEePToDE SCREEN VoLTAGE (Grids No. 2and 4) . '/ /7 100 max. Volts
TRIODE PLATE SUPPLY VOLTAGET. . ........... 9000060000 .. 250 max. Volta
TYricaL OPERATION:
Heptode Plate Voltage ... ............ .. 100 250 Volts
Heptode Screen Voltage. . ... .. .. '’ 100 100 Volts
Heptode Control-Gnd Voltage (Grid No. 1) -3 -3 Volts
Triode Plate Voltage. . ......... ... .. .. . . 100 2501 Volts
Triode Grid Resistor. .. ..... .. .. . | 50000 50000 Ohms
Heptode Plate Resistance (Approx.) . | .. 0.9 4 Megohms
Conversion Transconductance. . . ...... 250 290 Micromhos
eptode Control-Grid Voltage for conve
ductance of 2 mictomhos . ............... — -20 Voits
Heptode Plate Current .. ... ... 14 1.3 Milliamperes
Heptode Screen Current. . ... ... . 3 29 Milliamperes
Triode Plate Current.............. .. . 3 5 Milliamperes
Triode Grid and Hentode Grid No. 3 Current...... .. 03 04 Milliamperes

Characteristics of Triode Unit Only

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.

1 Applied through 20000-ohm voltage-dropping resistor.

gﬁ:: S;;m TRIODE-HEXODE CONVERTER
4 5?53”, The 6K8-G and 6K8-GT are multi-elec-

> ‘P trode tubes consisting of a triode oscillator
6,77 and a hexode mixer in a single envelope. Both 6K8-G
of these types are identical electrically to
{ the 6K8 except for the capacitances (given
7:,, below). Refer to the 6K8 for Installation
N and Application. Physical characteristics of 6K8_GT
okB-GiNCL ) 3) the 6K4-G are shown in Flg‘.Z-lS and of the
6KB-GI:SL ~ g y " K 6K8-GTin Fig. 2-6, OUTLINES SECTION.
Both types may be mounted in any position.
G-8K
% CHARACTERISTICS
HEATER VoLTAGE (A.C. or D.C.) 0 60 00 64 50 00 A 04 Oa a0 6.3 Volts
HEATER CURRENT 5 8 00 A 0o 0.3 Ampere
DIRECT INTERELECTRODE CAPACITANCES:
Hezxode Grid No. 3 to Hexode Plate .. . . .. e 0.08 max. uuf
Hexod: Grid No. 3 to Triode Plate . .. .. ... . . 0.00.09 00 0 0.05 uuf
Hexod: Grid No. 3 to Triode Grid No. 1 and Hexode Grid No. 1, 0.2 pisl
Triode Grid and Hexode Grid Na. 1 to Triode Plate . .. . T 1.8 wuf
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Triode Grid and Hexode Grid No. 1 to Hexode Plate ...........
Herode Grid No. 3 to All Other Electrodes=R-F Input.........
Triode Plate to All Other Electrodes Except Triode Grid and
Grid No. 1 w08C. QUEPUL. . . . o0 v ot is it atie e on e et oe
Triode Grid and Hexode Grid No. 1 to All Other Electrodes Except
Triode Plate mO8c. Input. . ..o ivveieeen crvnaeenne e s’
Hexode Plate to All Other Electrodes =Mixer Output. ..........

DETECTOR AMPLIFIER TRIODE

The 6P5-GT/6P5-G is a triode of the heater-
cathode type for use as detector, amplifier,
6P5-GT or oscillator. It is also used as a driver for
the 6AC5-GT/6AC5-G. Except for capac-
itances, the electrical characteristics of the
6P 5 - G 6P5-GT/6P5-G are the same as for the 6P5-G.
The caﬁacitancu are: grid-plate, 2.8 uul;
id-cathode, 3.5 uuf; platecathode, 2.5 upf.
la'mcal characteristics are shown in Fig. 2-8,
OUTLINES 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-offl type.
Electrical characteristics, (except for capac-
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: frid-

plate, 2 uuf: grid-cathode, 1.4 auuf; plate-

cathode, 2 uuf; and for the ntode unit;

grid-plate (with tube shield), .007 puf; in-

f: output, 11.5 uuf. Dimensions

.15 upl
48 e

3.4 puuf
6.5 wuf
4.8 wuf

d)ut. 2.8 puf,
are shown in Fig. 2-15, OUTLINES gECTI N. The tube may be mounted in any position.

DUPLEX-DIODE TRIODE

T The 6R7-GT is a multi-unit tube like
6R7" sze 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
T the single-ended t designed to perform
6SA7- simultaneously the functions of mixer (first
detector) and of an oscillator tube in guper-
heterodyne circuits. _Installation and a%ph-
cation of the 6SA7-GT are similar to those
for the 6SA7.

Jr CHARACTERISTICS

HEATER VOLTAGE (A.C.or D.C) .o vnviiiiiiiiieceeeniee e
HEATER CURRENT .. covtsrnrnvenecesansasenennsacemssrssteses
DireCT INTERELECTROOE CAPACITANCES:
Grid No. 3 to All Other Electrodes =R-FlInput* ...............
Plate to All Other Electrodes = Mixer Output® . ......oocovennn
Grid No. 1 to All Other Electrodes®............couereenneer

¢ With base shell connected to cathode.
— 9232 —
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6.3 Volts
0.3 Ampere
11 puf
12 muf
8 P
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Grid Ne.3toPlate*. .. .............. ... ... . ... ... 0.2 max. uuf
Grid Ne. 1 to Grid No. 3¢, .. ... .. .. """ 0.2 max. uuf
Grid No. 1 to Plate* . .. .. ... ... .. oo 0.2 max. uuf
Grid No. 1 to Shield and All Other Electrod s Except Cathode 5 wuf
Grid No. 1 to Cathode ............ ...... ... .. ... 3 wuf
Maxmqum OVERALL LENGTH. . .. ... .. . . . . 117t 3%”
Maxiumunm SEATED HEIGHT. ... ... ... ... [ . e 28”
MAXIMUM DIAMETER . ... ... ..oooe o, o 1&°
BuLe ... T-9 .
BaSE. ... Small Wafer Octal 8-Pin, Sleeve
MOUNTING POSITION. . ... ... ... ... .. . . il ™ Any

As Frequency Converter

TyPICAL OPERATION WITH SELF-EXCITATION:
Typical operation of the 6SA7-GT is the same as for the 6SA7.

P
5
0 HIGH-MU TRIODE
The 6SF5-GT is a high-mu triode of the
single-ended glass type for use in resistance-
K \1\" coupled amplifier circuits. Electrical char-

acteristics, except capacitances are the same
as for the 6SF5. Physical characteristica are
shown in Fig. 2.5, &TLINES 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.
The pentode unit is designed especially for
use as an i-f amplifier although it may also
be ueed as an a-t amplifier. imensions are
shown in Fig. 1.3, OUTLINES SECTION.
The 6SF7 may be mounted in any position.

Y CHARACTERISTICS

HeatER VoLTAGE (A.C.0r D.C)... .. ..
Heater Cumrmest .. ... [0
DIRECT INTERELECTRODE CAPACITANCES —Peatode Unit:*

Gridto Plate. .. ......... .0 .0 0 )

Grid to Diode Plate, .. ... /[ [

Plate 1o Diode Plate. ... .. . ... . e ee e aa e ee e s e ae e e e
* With shell connected to cathode.
Pentode Unit—As Class A, Amplifier
PLATE VoLTaAGE. . .. S ee o4 e e e e ea e ae e
SCREEN VOLTAGE. .. ...
SCREEN SUPPLY VOLTAGE
GRID VaLTack . .. .. .. ..
PrLATE DiassipaTION. . 60
ScREEN DissipaTION. | | R T T TS
TYpicaL OPERATION and Caa CTERISTICS—Class A: Amplifier:

Plate Voltage .. .. 56 100
Screen Voltage ... ... .. " 100
Grid Voltage. ... /"] -1
Plate Resistance (Approx.) .. 0.2
Transconductance . ..., . .... . /] 1975
Grid Voltage (Approx.) for transconductznce of 10 mj-
cromhoa -35
Plate Currept. ... .. ... ... . e 6 a0 a0 o 50 12
Su'eenCurrem 3.4

Ciode Unit
. The diode plate is placed around the ca:hode,
umit.

— 233 —

6SF5-GT

6.3 Volts
0.3 Ampere
0.004 mox. uuf
5.5 "
6.5 uuf
0.002 max. uuf
0.8 uuf
300 max. Volts
100 max. Volts
300 max. Volts
0 min. Volts
3.5 max. Watts
0.5 max. Watt
250 Volts
100 Volts
-1 Voits
0.7 Megohm
2050 Micromhos
~35 Volts
12.4 Milliamperes
3.3 Milliamperes

the sleeve of which is common to the pentode
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TRIPLE-GRID SUPER-CONTROL

AMPLIFIER

The 6SG7 is an r-f amplifier of the single-

ended metal t Xpe The high transconduct-

6SG7 ance, low grxo‘rlate capa cnance. and two
separate cathode termxnall are desirable

characteristics for the design of receivers in

hlgh—frequency and wide-band apphczuons

hysical characteristics are shown in Fig. 1

TLINES SECTION. The 6SG7 may be
mounted in any position.

Y CHARACTERISTICS
HeaTER VOLTAGE (A.C. or D.C). 6.3
HEeATER CURRENT ... 0.3
DirECT INTBRBLBCTRODE CAPAC!TANCES
GndtoPlate 0.003 max.
Input . . 8.5
Output 7.0
As Closs A; Amplifier
PLATE VOLTAGE. 300 max.
ScREEN VOLTAGE (Gnd ‘No. 2) 150 max
SCREEN SUPPLY VOLTAGE. 300 max.
GRID VOLTAGE (Gnd No 1) 0 min
PLATE DISSIPATION, 5 3 max
SCREEN DiSSIPATION . . 0.6 max.
TyricAL OPERATION and CuAnAcrzmsncq—Class Ar Am&)\ﬁer:
Plate Voltage . ... .... 250 250
ScreenVoItage... 100 125 150
Grid Voltage. . -1 -1 -2.5
Suppressor . b 0o DO A o Connected to cathode at socket
Plate Resistance (Approx) 6 0D 00 DO 00 04 D 0.25 0.9
Transconductance . 4100 4700 4

Grid Voltage (Approx ) for Transconductance =

40 micromhos. . . 1.5 -14 ~17.5
Plate Current. 8.2 11.8 9.2
SOrEen CULTENL «v v os vr v s tnern nevncnnnon s 3.2 4.4 34

t Greater than 1 megohm

TRIPLE-GRID DETECTOR AMPLIFIER

The 65J7-GT is a single-ended glass tube
of the '.nple-grxd type with a sharp cut-off
65]7 GT characteristic. Physical characteristica are:
= maximum_overall length 34 in.; maximum
seated helght 2% in.; maximum diameter,
14 in.; § base, small wafer octal
8-pin wnh metal aleeve. The tube may be
mounted in any position.

Volts
Ampere

puf
puf
upf

Volts

. Volts
. Volts
. Volts
. Watts
. Watt

Volts
Volts
Volts

Megohm
Micromhos

Volts
Milliamperes
Milliamperes

CHARACTERISTICS
HeaTER VoLTAGE (A.C. or D.C.). 6.3 Volts
HeATER CURRENT .. 0.30 Ampere
DIRECT lmznuzcrnopz CAPAC!TANCES:
Grid- Plate 0 0.005 max. puf
Input . FE O T LT 6.3 uf
Output 10 my
As Closs Ay Amplifier
PLATE VOLTAGE . . . . o0 vaeeonvnss s se anmo st anansnonsn e 100 250 max. Volts
SCRBBNVOLTAGB..................................... 100 100 max. Volts
GRID VOLTAGE -3 Volts
SUPPRESSOR . 5 00 DO 6O B0 0O DO 00 A0 0 . Connected to czthode at socket
PLATE RESISTANCE (Approx) 0.7 1.5 Megohms
TRANSCONDUCTANCE .. ... 1575 1650 Micromhoe
PLaTE CURRENT. 2.9 3 Milliamperes
ScanCunuN'r..................................... 0.9 0.8 Milliamperes
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TRIPLE-GRID SUPER-
CONTROL AMPLIFIER

The 6SK7-GT is a triple-grid super-controt 6SK7'GT

amplifier having single-ended construction
Installation and application of the 6SK7-GT
are the same as for the 6SK7.

GT-8N
* CHARACTERISTICS

HeatEr VaLtace (A.C. or D.C). e 6.3 Volts
Hearse CURRENT ... ..., . o il 0o 0.3 Ampere
GRID-PLATE CAPACITANCE® ... ... .. .. .. . o witeeeeees oo 0.005 max. uuf
INPUT CAPACITANCE® ..., .. .. . . 1 77 7eeeeseeee 6.3 puf
OUTPUT CAPACITANCE®, ..., ... ... . . .l 7 ntwiereee 10 upf
MAXIMUM OVERALL LENGTH. ... ............ .. . e 34
Maximus SEATED HEIGHT. ... ........... ... ... 0o 2%~
MAXIMUM DIAMETER . ..., ............ . oo 14”

L Any

As Class A; Amplifier
Mazximum ratings and characteristics for the 6SK.7-GT are the same as for the 6SK7

TWIN-TRIODE AMPLIFIER

The 6SN7-GT is a single-ended twin-triode
amplifier having separate cathode terminals 65 7 GT
for each unit. It is designed for use as a resist- -
ance-coupled amplifier and phase inverter.
(l;li?'sical characteristics are shown in Fig. 2-8,

TLINES SECTION. The tube may be
mounted in any position.

88D

F CHARACTERISTICS

HEATER VoLTAGE (A.C. oF DCHY. 6.3 Volts
Heater Curreny ., [ 7777 0.6 Ampere
DIRECT INTERELECTROD & CAPACITANCES (Approx.):§

Triode Unst T, Triode Unit T,
0o 4

GridtoPlate ............... .. .. . . 4 upf
Grid to Cathode. . .. 0 00 6o 00 0a b DA 0 Ao 06 0o sa 3.2 3.8 puf
Plate to Cathode ... . ./ 1l 34 2.6 wuf
Plate to'Plate. ., |’ FE 0.5 puf
Gridho Grid. . | | OB e ey B B s e A e s 0.034 uaf
Grid T :0 Plate T, . 0.12 e

§ Witk close-fitting shield connected to cathode.

As Class A; Amplifier—Each Unit

Maxirlurp ratings and characteristics for each unit are the same as those for the 6J5. Refer
also to the 6F8-G in the RESISTA NCE-COUPLED AMPLIFIER CHART

DUPLEX-DIODE
HIGH-MU TRIODE

The 65Q7-GT 13 a single-ended glass tube 65@7'GT

containing two dindes and a high-mu triode.
Installation and application are the same as
for the 65Q7.
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Y CHARACTERISTICS
Hzarer VoLTAaGE (A.C.oe D.C)........... 6.3 Volts
HEATER CURRENT .. ..cvocrveennnsonscos 0.3 Ampere
Triode: GRI-PLATE CAPACITANCE (Approx.)* . 1.8 wuf
GRID-CATHODE CAPACITANCE (Axprox.) 4.2 pof
PLATE-CATHODE CAPACITANCE (Approx 3.4 wuf
MaxiMus OVERALL LENGTH. o k¥
MaxiMum SEATED HEIGHT e 2%
MAXIMUM DIAMETER . .. vvvvvenerserooncrssrroscesasoasccesees 14"
BULB .. .....ovvte T-9
Basg......oc000tn Small Wafer Octal 8-Pin, Sleeve
MOUNTING POSITION....... Any

* With base sieeve connected to cathode.

Triode Unit—As Closs A, Amplifier
Maximum rating and typical operation for the 6SQ7-GT are the same as for Type 65SQ7.

DUPLEX-DIODE TRIODE

The 6SR7 is a metal tube of the single-
ended type containing two diodes and a
triode in a single envelope. It ia designed

for use as a combined detector. ampl!iﬁer, and

65 R7 sutomatic-volume-control tube. bhe plate
family for the 6SR7 is the same as that for

METAL the 6R7. Refer to T{dpe 6R7 in RESIST-
ANCE-COUPLED AMPLIFIER CHART

for operating conditions as a resistance-
coupled a.mli_liﬁer. Physical characteristics
are shown in Fig. 1-3, OUTLINES SECTION.
The 6SR7 may be mounted in any position.

Y CHARACTERISTICS
HeaTER VOLTAGE (A.C.or D.C) ... oviiieriiiiinincianninines 6.3 Volts
HEATER CURRENT ... .cvvreeeeeenasnressonnnaseesesasnnnnasans 0.3 Ampere
Tysode—Grid-Plate Capacitance (Approx.)®. ... ... .ovvuveneieens 24 ™
Grid-Cathode Capacitance (Approx.)® ..........ccoeeeen 3.0 wuf
Plate-Cathode Capacitance (Approx.)® ........cceeeeeeee 2.8 wuf
¢ With shell connected to cathode.
Triode Unit os Closs A; Amplifier
PLATE VOLTAGE. . .. cccvrornrens 50000000000000000000000000aa0a 250 mox. Volts
PLATE DISSIPATION. . ot cocovaraneroesnoeeesrasroasanasonunos 2.5 mox. Watts
TYricAL OPERATION WITH TRANSFORMER COUPLING:
Plate VOILARE . ..o vvvveennssnnonoasssosseceeenooeaassccions 250 Volts
Grid VOItBge . . .o oevneniniiansenarneracstcnstnnsnaaanenes -9 Volts
Amplification Factor 00 16
Plate Resistance. ......covvveveeeeencriieriaiaes .. 8500 Ohms
Transconductance 1900 Micromhos
Plate Current. . .o vvvvevevnnssecrensens 9.5 Milliamperes
Load Resistance. ........coveevrnernnes 10000 Ohms
Power Output........ B R R R R R .. 300 Milliwatts

Diode Unit
The diodes are independent of each other and of the triode unit except tor the common cathod,

TRIPLE-GRID SUPER-CONTROL
AMPLIFIER

The 6SS7 is a triple-srid super-control am-
gliﬁer of the single-ended metal type. Its
6557 .3-volt, 0.15-ampere heater facilitates the
design of equipment employing a seriea of
0.15-ampere tu such that the total heater
voltage will not exceed 117 volts. Ph ical
characteristics are shown in Fig. 1-3, OUT-
LINES SECTION. The tuhe may be mount-
ed in any position.

— 2% —
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K CHAFACTERISTICS

Hnrn\‘ot.nct(A.C.orD.C.).............................

Heatgr Cugeent ........ .. . . . . "

DireCT INTERELECTRODE CAPACITANCES:*
GridtoPlate .................... ... .. .. 0.004 max puf
lnput 5.5 upf
Output 7 nuf

* With shell connected to cathode.

6.3 Volts
0.15 Ampere

As Clos: A; Amplifier
PLATE VoLTAGE. . 000 00 00
SCREEN VOITAGH. .. ........
ScREEN SUPPLY VOLTAGE. .
GRID VOLTAGE . ...... ...
PLATE DissipaTION. . ..
SCREEN CISSIPATION.
TypricAL OPERATION:

300 max. Volts
100 max. Volts
300 max. Volts

0 min. Volts
2.25 max. Watts
0.35 max. Watt

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

Screen Voltage . .. . 100 100 Volts

Grid Voltage. . .. .. ... -1 -3 Volts
Suppressor. ...... ... .Connected to cathode at socket

Plate Current. . . . . . 12.2 9 Milliamperes
Screen Current. . . . 3.1 2 Milliamperes
Flate Resistance. . 0.12 1 Megohm
Transconductance 1930 1850 Micromhos
Grid Bias}. .. ............... -35 -35 Volts

% For transconduciance 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- 6V7-G
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.

PD2 r FULL-WAVE HIGH-VACUUM
o < RECTIFIER

— o Po T‘trlie 6Yf5 isa flilll-wave. high-vacuum

N 2 1 rectifier for replacement in receivers
wield designed for its characteristics. The 6Y 5

heater voltage is 6.3 volts: current, 0.8

ampere. The maximum a-c plate volt-

(—Te) age per plate is 350 volta (RMS), and

H “ the d-c output current is 50 ma. Pk;p-

ical characteristics are shown in ig.

6J 2-19, OUTLINES SECTION.

CLASS B TWIN AMPLIFIER

The 6Y7-G is a heater-cathode type of tube
combining in one bulb two high-mu triodes
designed for class B operation. Installation
and application are the same as for the 79, 6Y7-G
except that the 5Y7-G requires an octal
socket. Physical characteristics are shown
in Fi&. 2-17, OUTLINES SECTION. The
6Y7-G can be mounted in any position.
Refer to Type 79 for electrical characteristics.

237 —
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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 G
625 with a tap so that it may be operated with
the two sections in series on 12.6 volts and
0.4 ampere, or in parallel on 6.3 volts and
0.8 ampere. The maximum a-c plate voltage o
is 230 volts (RMS), and the maximum d-c
output current is ma. Physical charac-
teristics are shown in Fig. 2-19, OUTLINES 6K
SECTION.

DETECTOR AMPLIFIER TRIODE

The 7A4 is a three-electrode general-
purpoee tube of the heater-cathode type for
use as amplifier and detector. The base fits

7 A4 the lock-type socket which may be installed
to hold the tube in anX position. Physical
characteristics of the 7A4 are shown in Fig.
2-4, OUTLINES SECTION. For heater
0] tion and cathode connection, refer to

the 6A8.
*CHARACTERISTICS
HEATER VOLTAGE (A.C.or D.C.) ... .oviiiiiiiieinninnnes . 6.3§ Volts
HEATER CURRENT .. cvnvnaeenssotuaennsonsistosannserscntntes 0.313 Ampere
GRID-PLATE CAPACITANCE (APPIOX.)®. .. .0intevniniinrnnnnens 4
GRID-CATHODE CAPACITANCE (APDIOX.)® . .....cvoveninnnnenroeees 34 pupf
PLATE-CATHODE CAPACITANCE (APPIOX.)® ..ooviivvinnennnnennns 3

¢ With close-fitting shield connected to cathode.
$ Nominal value is 7 volts. 11 Nominal value is 0.32 ampere.

As Class A; Amplifier
Mazximum ratings and typical operation for the 7A4 are the same as for the 6]5.

BEAM POWER AMPLIFIER

7A5 The 7AS5 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.

# CHARACTERISTICS
HEATER VOLTAGE (A.C.or D.C) o iiveinieiniienenenaniannennes 6.3 Volts
HEATER CURRENT .. .....cc0ne 50D0000000000000000000 50 0.7 Ampere
MAXIMUM OVERALL LENGTH...... 00000000000000000
MAXIMUM SEATED HRIGHT........ 000000000000 25%4°
MAXIMUM DIAMETER ..... OhBBA6E00000000006 14°
ASE. .o coocraranannaners 5000B00 6000000000 Lock-t, 8-Pin
MOUNTING POBITION. . . cvcuiricanereetcnaunnennanes y
{ Nominal value is 7 volts. 1 Nominal value 18 0.75 ampere.
As Class Ay Amplifier
PLATE VOLTAGE . .+ o v vootonsanoassssssnnsasssatnonssnasescunes 125 maz. Volts
ScREEN VOLTAGE (Grid NO. 2) ..o.ivinininiiiiieninanineenenees 125 maxz. Volta
PLATE DISSIPATION. .. .. JR P ) 5.5 maz. Watts
SCREEN DISSIPATION. .. couvenensossnssosssnnssasssotetsonens 1.2 mex. Watts
TYPiCAL OPERATION:
Plate Voltage ..... se et anse s st sutassenctataeness 110 125 Voits
Screen VOILAE® .. ...ooviireniiininencniienens e 110 125 Vel
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Grid Volta&e éGrid No.D* ... =75
Peak A-F Grid Voltage.......... .00 1 e 75
Zero-Si Plate Current . . ..... ... .. ... 00000000 40
Max.-Signal Plate Carrent. ... ... .. . 2t 41
Zero-Signal Screen Current (Approx.) ..., .0 00 1 3
Max.-Signal Screen Current (Approx).............. ... 7
Plate Resistance (Approx.) 14000
Transconductance . 5800
Load Pesistance. .......... 2500
Total Harmonic Distortion 00 10
Max -Signal Power Qutput 1.5

21

2

Volts
Vaolte
Milliamperes
Milliamperes
Milliamperes
Milliamperea
hms
Micromhoe
Ohms
Per cent
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.

G)NC

INTERNAL
CONMECTION. ~
00 NOT USE (4

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
/% shown in Fig. 2-4, OUTLINES SECTION.
The tube may be mounted in any position.
Except as shown below, the electrical char-

G

7B4

GIN= ;s H acteriatics are the same as those for the 6SF5.
5AC2
CHARACTERISTICS
HEeATER VoLTAGE (A.C. or DCY.......... . 6.3% Volts
HEATERCURRBNT............................................ 0.3%* Ampere
DIRECT [INTERELECTRODE CapactTaNces—Triode Unit:
Grid 10 Plate ... 1.6 wuf
Grid to Cathode. 36 puf
Pla(etoCathode 34 nuf
* Nominal value is 7 volts. ** Nominal value is 0.32 ampere.
Triode Unit
PLATE YoLTAGE. ... ... .. ... .. ... DD DO 96 60 00 66 66 ba b9 250 maz. Volts
TyPicAL OPERATION and CHARACTERISTICS:
Values are the same as for the 6SFS.
POWER AMPLIFIER PENTODE
f'ltg:el7Bk5_-LT bai' a powfer amp!iﬁe;l pentode
o e locking-base type for use in the output
Lo stage of radio receivers designed for its char- 7B5-LT
Y oy acteristics. The 7B5-LT is interchangeable
with the 7B5. Physical characteriatics are
shown in Fig. 2.7, OUTLINES SECTION.
The tube may be mounted in any position,
Yr CHARACTERISTICS
HEATER VOLTAGE (A.C. or DCy........ 6.3 Volts

HEATER CURRENT ....... . .. . "
t Nominal value is 7 volts.

As Class A; Amplifier

0.412 Ampere

12 Nominal value is 0.43 ampere.

Maximnum ratings and typical operating conditions for the 7B5-LT are the same as for the

6K6-G.

DUPLEX-DIODE
HIGH-MU TRIODE

The 7B6-LM is a multi-unit tube of the
locking-base t. containing two diodes and
2 high-mu triode in one envelope. The 7B6.
LM 18 designed for use as a combined detector,
amplifier, and automatic-volume-control tube.
The triode unit is recommended for use in
resiatance-coupled amplifier service and may
be used under the same conditions as iven
Ee:)r the 6SQ7 in_the RESISTA Clhi

7B6-LM is interchangeable with the 7B6. Physical characteristics are shown in Fig. 1-4,

OUTLINES SECTION. The tube may be mounted in any position,
— 239 —
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Y CHARACTERISTICS
HEATER VOLTAGE (A.C.ot D.C) .. ..t iiiiiieaiineaenennns 6.3 Volts
HEATER CURRENT .. coeceevareaorrssasssssosssssssassesanonss 0.3 Ampere
$ Nomina! value is 7.0 volts. 11 Nominal value is 0.32 ampere.

Triode Unit
PLATE VOLTAGE . . . o ooooovosoooannssssssnaanuacaatcccascoosss 250 max. Volts
TYPICAL OPERATION and CHARACTERISTICS!
Values are the same as those for the 65Q7.

Diode Unit

tho’l“’he diode unite are independent of each other and of the triode unit except for the common
ca e.

PENTAGRID CONVERTER

The 7B8-LM is a multi-electrode tube of
the locking-base tyre designed to perform
uny

7B8 LM simultaneously the functions of a mixer (first
= detector) and of an oscillator in superheter-
METAL odb{ne circuits. The 7B8-LM is interchange-

able with the 7B8. The physical characteris-

tica 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. 0r D.C) .t titivnniiennaecnsiineennnns 6.33 Voits
HEATER CURRENT . v v v vvvennconscnnoasnensasssssassneesscesns 0.331 Ampere
DigEcT INTERELECTRODE CAPACITANCES:®
Grid NO. 4 tO Plate, . ...oovvivnnreaannnescnnnasscasnnansnncs 0.3 max. puf
Grid No. 4 to Grid NO. 2. . o ooieneniiiiiienenaeninennnnes 0.2 uuf
Grid No. 4 0 Grid No. 1. .. coevnunininnaruenneriinannennens 0.15 uuf
Grid No. 1 to Grid NO. 2. .. coiiveniaeraueioneanasensonnacnes 0.8 wuf
Grid No. 4 to All Other Electrodes =R-F Input . ............... 10 nuf
Grid No. 2 to All Other Electrodes Except Grid No. 1 =0Osc. Output 3 suf
Grid No. 1 to All Other Electrodes Except Grid No. 2 =Osc. Input 4.8 wufl
Plate to All Other Electrodes =Mixer Qutput . .......cconvveee 12 unf
* With shell connected to cathode.
t Nominal value is 7 volts. 33 Nominal value is 0.32 ampere.
As Frequency Converter
PLATE VOLTAGE. « . . cccosssssonoscssscosssassassossssssanasecs 250 maxz. Volis
SCREYN VOLTAGE (Grids No. 3and No. 5).....cevevvniinnnnnnnns 100 max. Volts
ANODE-GRID VOLTAGE (Grid NO. 2) .. .innrnneennnnnnrnennenns 200 maxz. Volts
ANODE-GRID SUPPLY VOLTAGEY . . ceoivrnnrnnienonesnienennees 250 mex. Volts
TOTAL CATHODE CURREBNT. . .0veveecocsoorssaannsssesnsonnncns 14 max. Milliamperes
TyPICAL OPERATION:
Plate VOItAge . ..oouvverenneanaescconsnnsanassocenss 100 250 Volts
Screen VOILAZE .ovvveeeriirnnnooessseoosasssnencces 50 100 Volts
Anode-Grid Voltage .. ....ovvrenneeriiineaa e 100 250 9 Volts
Control-Grid Voltage . .........cooiieeneeeeiriniaene -1.5 -3 Volts
Orcillator-Grid Remstance (Grid No. 1) ............... 50000 Ohms
Plate Resistance (APProX.) . ......cceeeresreneanecres 0.6 0.36 Megohm
Conversion TransconducCtanCe. . .....c.ooeeveesrenncess 360 550 Micromhos
Conversion Transconductance. .......ooeeevecrncenes: 3t 64 Micromhos
Plate CUITenl. . . coeccssocoosoaasssonsoanssassssoces 1.1 3.5 Milliamperes
Screen CUITENt. . . o.ooenneecorrrocsssaasssascees 1.3 2.7 Milliamperes
Anode-Grid Current .. ....coviciinraianncicnnns 2 4 Milliamperes
Oncillator-Grid Current . 0.25 0.4 Milliampere
Total Cathode Current. . .....cooeeercvnnerecncccnes 4.6 10.6 Milliamperes
9 Anode-grid supply voltages in excess of 200 volts require the use of a 20000-chm voltage-
dropping resistor by-| by a 0.1 4f condenser. .
? ith grid bias of ~20 volts. § With grid bias of ~35 voits.

BEAM POWER AMPLIFIER

The 7CS-LT is a beam power amplifier of
the locking-base type for use in the output
stage of radio receivers. The characteristics

7C5-LT of the 7CS.LT are similar to thse of the 6V6.
The 7C5-LT is interchangeable with the
Type 7C5. The physical characteristics of
the 7CS5-LT are shown in Fig. 29, OUT-
LINES SECTION. The tube may
mounted in any position.
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K CHARACTERISTICS
HEATER VOLTAGE (A.C.or D.C) .. oovvieiiieenn e, 6.3 Volts
HEATER CURRENT .....itvtevnnnnnnnnnnnsnnniii! 0.4588 Ampere
3 Nominal value is 7 volts. $! Nominal value is 0.45 ampere.

As Amplifier
The maximum ratings and typical operating conditions for 7CS5-LT are the same as the

6V6.

TRIPLE-GRID
DETECTOR AMPLIFIER
of the ocking hast 1306, remmmenied o 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.

% CHARACTERISTICS
HEATER VOLTAGE (A.C. 0t D.C). . ooviiiiiiie e, 6.3 Volts
HEBATER CURRENT .. ...ttt ieninniianinnnnnmimnn” 0.1 Ampere
GRID-PLATE CAPACITANCE® ... ... ouvonennnenneni 0 0.007 max. uuf
INPUT CAPACITANCE® . ..ottt 5.6 ual
OUTPUT CAPACITANCE®. .. ooiiitiinieinean it 6.5 waf
{ Nominal value is 7 volts. 31 Nominal value is 0.16 ampere

* With close-fitting shield connected to cathode.

As Cless Ay Amplifier

PLATE YVOLTAGE 300 max. Vol
SCREEN VOLTAGE Cetteesessassssssanaaes 100 max. Volis
SCREEN SUPPLY VOLTAGE. . ..o vnvnenarivnunnnnnninninnnin’ 300 msx. Volts
GRID VOLTAGE ..o otitiiitiinnnnnninnnnenenanoni 0 0 min. Voits
PLATE DISSIPATION . . .. oitiiiiiinvnnnnenannennnennniil? 1.0 max. Watt
ScrEEN DISSIPATION. 0.0900000000600000600000000006000 0.1 max. Watt
TYPICAL OPERATION and CHARACTERISTIC!
Plate Voltage ...................... 100 250 Voits
nVoltage .. ................ 100 100 Voits
Grid Voltage. ... ................. -3 -3 Voits
SUpPressor . ....... ittt .Connected to cathode at socket
Internal Shield .. ............................ Connected to cathode at socket
Plate Resistance (APProx.) .........ocvvuvrnnunnnnnn. 1.2 2 Megohms
Transconductance ...........o.vvvuvinnennnnnennnnnns 1225 1300 Micromhos
Plate Current. . . ...oiutiiiiiiiiiiiiinennnnnnn., 1.8 2 Milliamperes
Screen Current. . ...o.veiinnt i 04 0.5 Milliampere

DUPLEX-DIODE TRIODE

The 7E6 is a multi-unit tube which con-
tiaixp l‘{o h(:loldelk .mdb: medium-ndxu uiod:e.
tis of ¢t ocking-base t. and may
mounted in any position. he 7E6 is de-
signed for use as a combined detector, 7E6
amplifier, and automatic-volume-control tube
in radio receivers. Physical characteristics of
the 7E6 are shown in Fig. 2-4, OUTLINES

SECTION.
* CHARACTERISTICS
HzaTer VoLTAGE (A.C. or D.C) . 6.3t Volts
HeEA™8R CURRENT .......c..veuianennnnnnnnin, .. 0.3 Ampere
I Nominal value is 7 volts. 1! Nominal value is 0.32 ampere.

Triode Unit—As Class A, Amplifier
Mazximum ratings and typical operation for the 7E6 are the same as for the 6R7.
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DUPLEX-DIODE PENTODE

The 7E7 is a multi-electrode tube contain-

ing two diodes and a pentode in one bulb.

E 1t 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-, ot intermediate-fre-

uency), and automatic-volume-control tube.

hgsical characteristics of the 7E7 are shown

in Fig. 2-4, OUTLINES SECTION.
Y CHARACTERISTICS

HEATER VOLTAGE (A.C.or D.C) .. ... iiiiiieienens
HEATER CURRENT ..o ivevenncrronroscrooseancononsons
GRID-PLATE CAPACITANCE® .......covovevorcennonons
INPUT CAPACITANCE® . ..o cvevrroerervoononccennnns .
OUTPUT CAPACITANCE® . . . .0t ivvvvvrvnernonrosconoseoscnootenns

* With cloee-fitting shield connected to cathode.

1 Nominal value is 7 volts. 11 Nominal value is 0.32 ampere.

Pentode Unit—As Closs A; Amplifier
PLATE VOLTAGE. . . .. .ccovn.. .. 250 max. Volts

ScreeN VoLTAGE (Grid No. 2) . 100 max. Volts
TYPICAL OPERATION:
250 Volts
100 Volts
-3 Volts
7.5 Milliamperes
Screen CUITENt. . ... ovvveveeretrunnoernunnsasssnnnsaeoones 1.6 Milliamperes
Plate Resistance (APPrOX.) ... ....covunvessosronreceenuossnne 0.7 Megohm
TrADSCONAUCIANCE . .o oo oo oo v vnrsnnseonasaooassssonsononencs 1300 Micromhos
Grid Bias for transconductance of 2 mictomhos................. —42.5 Volts
GT2 GTy
TWIN-TRIODE AMPLIFIER
The 7F7 is a multielectrode tube of the 72 "T-
locking-base type emPloyin%etwo high-mu
triodes ip one bulb. It will found useful
7F7 as ap amplifier or a phase inverter. The two e
units are independent except for the common Kt ‘ gl
beater. Physical characterstics of the 7F7
are shown iu Fig. 2-4, OUTLINES SEC- (e
Tl(.)tNS. The 7F7 can be mounted in any H gs H
) position. BAC
Y CHARACTERISTICS
HEATER VOLTAGE (A.C.or D.C)........ocviiiiiiiinns e 6.3% Volts
HxzaTER CURRENT ..... 50000600000 00000000006000000000000000000 0.31¢ Ampere
1 Nominal value is 7 volts, 11 Nominal value is 0.32 ampere.
Eoch Triode Unit—As Closs A; Amplifier
PLATE VOLTAGE. . . .....vvvne 000000000000000000a00000000000000 250 max. Volts
GRID VOLTAGE 4vvvvvvooennsonoosnsnonnsaosssasnsasassosoensss 0 min. Volts
PLATE DISSIPATION. ..« cvvvvonntotrrrunnosoneanunssnasannsios 1.0 max. Watt
TYPICAL OPERATION:
Plate VOILAGE . .. covvrrnnnnvriroeneteeenonssanonnnsesioesens 250 Volts
G VOILARE . « o eveavvvereennenneaneeuseansaucnsaasosncans -2 Volts
Plate CUITEDt. . . o vveevvrranniorernasonsaseasinsonsasaosonns 2.3 Milliamperes
Plate RegiBtaANCE . .. ... covrrrrririrerunoicerttorniineaeooses 44000 Ohms
Amplification Factor. .. .....coeiiniiieroniiaiiiiiiiien., 70
TranscONAUCLANCE . .o vvvvrverrnrerrrresrooonsooarunnessseans 1600 Micromhos
TELEVISION AMPLIFIER
PENTODE
7G7 l 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. Physi char-
acteristics of the 7G7/1232 are shown in Fi"g.
2-4, OUTLINES SECTION. The 7G7/1232
can be mounted in any position.
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Y CHARACTERISTICS
HEATER VOLTAGE (A.C.or D.C.) ... ..o, 6.3% Volts
HEATER CURRENT ............ ... ... ... ... 0.4511 Ampere
GRID-PLATE CAPACITANCE® . ...t 0.007 max. uuf
INPUT CAPACITANCE® .. ............ .. ... ..... Goanacaacananaa 9 ppf
OUTPUT CAPACITANCE®. . . ... ... . ..o o 7 wnf
* With close-fitting shield connected to cathode.
$ Nominal value is 7 volts. 3! Nominal value is 0.48 ampere.
As Closs A, Amplifier
PLATE VOLTAGE. . . . oiititiieiiiiiiii i iniei e 250 max. Volts
ScrEEN VOLTAGE (Grid No. 2) .. 100 mex. Volts
ScrEEN SuPPLY VOLTAGE. . ... max. Volts
PLATE DMSSIPATION. . ... 0000000 oo 1.5 max. Watts
SCREEN DISSIPATION. ............... 6o 0.2 max. Watt
TyricaAL OPERATION:
Plate Voltage ................c.oooiuiniinn .. .. 250 Volts
Screen Voltage .....................o il ac 100 Volts
Grid Voltage (Grid No. 1) ... .. .. . ... ... ... .. -2 Volts
SUPPIesBOT. ..\ttt it e onnected to cathode at socket
Plate Current. .. ..............ooiivunnn o T 6 Milliamperes
Screem CUITent. . ....oovyiuinianonniiinnn 2 Milliamperes
Plate Resistance (Approx.) ... .............. ... . ..o 0.8 Megohm
Transconductance . .. ...........ooiiiieiiiinann 4500 Mictomhos
Grid Voltage® . ........... ... ... ... ...l -6 Volts
¢ For cathode current cut-off
TRIPLE-GRID SUPER-CONTROL
AMPLIFIER
The 7H7 is a triple-grid amplifier of the 7H7
locking-base type. Pll?aiul characteristics
are shown in Fig. 2-4, OUTLINES SECTION.
The tube may be mounted in any position.
F CHARACTERISTICS
HEATER VOLTAGE (A.C.Or D.C.). .. ..o . 6.31 Volts
HEBATER CURRENT .. .. ........cvvvvennn o, 0.31% Ampere
DmgcT INTERELECTRODE CAPACITANCES:*
IGl'id toPlate. ... ............cvuiii.. O%Og max, uu;
Output. . ....... 0o 00 00 00 0D 04 BA KA DA OO 86 6O 00 DO 00 00 00 A0 80 60 86 7.0 uuf
* With close-fitting shield connected to cathode.
$ MNominal valus is 7 volts. $tNominal value is 0.32 ampere.

As Class A, Amplifier
300 max. Volts
150 max. Volts
max. Volts
0 min. Volts
2.5 max. Watts
0.5 max. Watt

100 250 Volts
. 100 150 Volts
Connected to cathode at socket
.Connectled to c;t?ode at socket

PLATE VOLTAGE. ... .. ........
ScrEEr VOLTAGE (Grid No. 2)
SceEN SUPPLY VOLTAGE . . .
Grp VoLTaGE (Grid No. 1)
PLATE DISSIPATION. . ... ..
SCREEN DISSIPATION . . . op .00
TyrpicaL OPRRATION a3 Class A; Ampl
Plate Voltage .. ..................
Screen Voltage ... .......
Suppressor. .......................
Internal Shield. ........................

Grid Voltage. . ... ..oooovivivnni it et b Volts

Plate Current. . .. .....c.ooiiitviin e i e 8.2 9.5 Milliamperes
Screen Current. . . ....ouiiie i e e e e 3.3 35 Milliamperes
Plate Resistance (Approx.) .. .................o...... 0.25 0.8 Megohm
Transconductance .. .. .. .........c.ouruvuin e an., 3800 3800 Micromhos
GridfVoltage for Transconductance =35 micromhos. . . .. -12 -19 Volts

(93 62-4\(

Capx /7 Sane
(a) (5 )Gsﬂx

TRIODE-HEPTODE CONVERTER

\“
® ) HX
e — The 7J7 is a multi-electsode tube consisting
""" of a triode oscillator and a beptode mixer in a 7J7
— single bulb. It is of the locking-base type,
and can be mounted in any ition. Phys-
ical characteristics of the 7J7 are shown in
Fig. 2-4, OUTLINES SECTION.
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W CHARACTERISTICS
Heater VoLTace (A.C.or D.C). ... 6 0a 00 6a 06 A6 90 aa 6.3 Volts
HEATER CURRENT .. (i i0innrvnae aeae cnnn 0.31t Ampere
DIRECT INTERELECTRODE C APACITANCES!:
Heptode Grid No. 1 to Heptode Plate. .. 0 00 6 0o 0.01 max. ppf
Heptode Grid No. 1 to Triode Plate .. .. ........ . 0.1 max. uuf
Heptode Grid No. 1 to Triode Grid and Heptode Grid No. 3 0.2 max. wpuf
Triode Grid to Triode Plate .. ... ................ . . 1.0 wuf
Heptode Grid No. 1 to All Other Electrodes =R-F Input .. .. 55 upf
Triode Plate to All Other Electrodes Except Triode Grid No. 1
and Heptode Grid No. 3=0sc. Output .. ... ...oveine i . 2 nuf
Triode Grid and Heptode Grid No. 3 to All Other Electrodes
Triodel’late-Osc.lngut............ 8.5 i
Heptode Plate to All Other Electrodes = Mixer Qutput .......... 7.5 unf
** With close fitting shield connected to cathode.
t Nominal vlaue is 7 volts. tt Nominal value is 0.32 ampere.

As Frequency Converter

HEPTODE PLATE VOLTAGE . .. . it iu e seouonon ot nnanne o ancnan s 300 max. Volts
HepTonk SCREEN VOLTAGE (Grids No. 2,4and5).. ... .......... 10Q max. Volts
HEPTODE SCREEN SUPPLY VOLTAGE . ... ittt iiuiiannancncnanes 300 max. Volts
HepTopk CONTROL-GRID VOLTAGE (Grid No. 1) ... ..o ivv o 0 min. Volts
TR1ODE PLATE VOLTAGE. .. .. .. 150 max. Volts
Txi10DE PLATE SUPPLY VOLTAG! 300 max. Voits
HegPropE PLATE DISSIPATION .. 0.5 max. Watt
HePTODE SCREEN DISSIPATION . 0.3 max, Watt
Tr10DE PLATE DISSIPATION. 1.25 max. Watts
TotaL CaTHODE CURRENT. 14 max. Milliamperes
TypicaL OPERATION:

Heptode Plate Voltage .. 100 250 Volts
Heptode Screen Voltage. ... ... .....oiiiiiiienine s 100 100 Volts
Heptode Control-Grid Voltage . .. .. ......co.ocivnene -3 -3 Volts
Triode Plate Voltage. . .. ... coooii o 100 250* Volts
Triode Grid Resistor. . . . 50000 Ohms
Heptode Plate Resistance .. 0.3 1.5 Megohmes
Conversion Transconductance. 50 00 00 Q0 G0 00 06 A 04 260 300 Micromhos
Heptode Control-Grid Voliage for conversion transcon-

uctance of 2 micromhos .. ....... ..o -20 -20 Volts
Heptode Plate Current. 1.1 1.3 Milliamperes
Heptode Screen Curren 3.1 2.9 Milliamperes
Triode Plate Current .. .. .. . 6 00 0g 00 Ao 6o oa 9o 3.7 5.4 Milliamperes
Triode Grid and Heptode G N Current. ........ 0.3 0.4 Milliampere
Total Cathode Current. . ...... 8.2 10 Milliamperes

* Applied through 20000-ohm voltage-dropping resistor.
Char acteristics of Triode Unit Only

The transconductance of the triode unit, not oscillating, is approximately 1350 micromhos
when the plate voltage is 150 volta and the grid voltage is -3 volts.

PENTAGRID CONVERTER

The 7Q7 is a multi-electrode vacuum tube
of the locking-base type designed to -
form simultaneously the functions of a
7Q7 mizer (first detector) tube and of an osciliator
tube in superheterodyne circuits. Dimen-
sions of the 7Q7 are shown in Fig. 2-4, OUT-
LINES SECTION. The tube may be
mounted in any ition. Installation (ex-
cept for the socket) and application are
similar to that for the 6SA7.

A CHARACTERISTICS

HeaTEr VoLTaGE (A.C.or D.C))... .. .. 6.3* Volts
HEATER CURRENT .. ottt e unani ct v ieaeae teaean ot caunnsosaeosos 0.3+* Ampere
DirECT INTERELECTRODE CAPACITANCES:
Grid No. 3 to All Other Electrodes and Base Shell =R-F Input. .. 9 |
Plate to All Other Electrodes and Base Shell = Mixer Qutput. .. .. 9 wuf
Grid No. 1 to All Other Electrodes and Base Shell. . . ........... 7 wafl
Grid No. 3to Plate. .. .. oo vt iineononio et cnaeonioioonnen 0.2 max. puf
Grid No. 1 to Grid No. 3... ... 0.2 max. puf
Grid No. 1 10 PIate. .. oo oo ve v i i e ieeeosan e ae it ot s 0.15 max. wpa
Grid No. 1 to All Other Electrodes (Except Cathode) and Base
Grid No. 1 to Cathode .. .. ... iveiein o s oee i ieiins 2.2 wuf
Cathode to All Other Electrodes (Except Grid No. 1) and Base
Shell . ....0v0iven . 600 60 6a 00 AD OB 00 60 6 uul

t With close-fitting shield connected to cathode.
* Nominal value is 7 volts. ** Nominal value is 0.32 arpers.
— 244 —



RCA RECEIVING TUBE M ANUA AL

As Frequency Converter

PLATE VOLTAGE. 300 max. Volts

GrID No. 2 AND No. 4 VOLTAGE.. 100 max. Volts

Grips No. 2 AND No. 4 SuppLY VOLTAGE. . 300 max. Voits

GriD No. 3 VOLTAGE .. . 0 6o 60 g 0 min. Volts

PLATE AND GriDs No. 2 anp No. 4 stsmn'low (Total) 0000 ao 2 max. Watts

Grips No. 2 AND No. 4 DISSIPATION, 0 00 00 06 60 oo 1 max. Watt

TotAL CATHODE CURRENT. 0006 00 A0 6o 06 oG 00 0 06 0 Ao 14 max. Milliamperes

TyricaL OPERATION with Self-Excntauon
Plate Voltage .. ... 100 250 Volts
Grids No. 2andNo4Voltage 100 100 Volts
Grid No. 3 (Control) Voltage 0 [} Volts
Grid No. 5Voltage...... [} [} Volts
Grid No. 1 Resistor. 20000 Ohmas
Plate Current. 3.3 3.5 Milliamperes
Grids No. 2 and No. 4 Current 8.5 8.5 Milliamperes
Grid No. 1 Current . 0.5 0.5 Milliampere
Total Cathode Current . . 12.3 12.5 Milliamperes
Plate Resistance (Approx ) 0.5 1 Megohm
Conversion Transconductance. . 525 550 Micromhoe
Conversion Transconductance (Approx.)it 2 2 Micromhos

13 With grid No. 3 bias of ~35 volts.

POWER AMPLIFIER PENTODE

The 12A5 is a power amplifer pentode
designed for use in a-¢/d-c receivers or in
automobile reccivers. The heater is center- A5
tapped to provide for either series or parallel
operation. Physical characteristics are shown
in Fig. 2-19, OUTLINES SECTION. The
tube may be mounted in any position.

7F
*CHARACT ERISTICS
HEATER VOLTAGE (A, C. or D C ) 0 00 60 00 0o 6.3(parallel) 12.6(series) Volts
Hzater CURRENT .. .. 000 00 00 ao oo oa 0.6 0.3 Ampere
As Class A; Amplifier
PLATE VOLTAGE. ... .. .0ttt it ieeeeee e an e i eeanan s 180 max. Volts
ScuxNVoann..................................... 180 max.  Volts
PLATE DISSIPATION. 8.25 max. Watts
ScuxN DISSIPATION . 000 00 00 66 06 00 2.5 max. Watts
TYPICAL OPERATION and Cmncnmsncs
Plate Voltage . e Cieeaes 100 180 Volts
ScreenVoltage. 100 180 Volts
Grid Voltage. . ~15 -25 Vols
Peak A-F ndVoltage 15 25 Volts
Zero-Signal Plate Current . et ee e e ee e 17 45 Milliamperes
Mazx.-Signal Plate Current ... ovoiiii 0] 00 00 19 48 Milliampercs
Zero-Signal Screen Current .................. 3 8 Milliamperes
Mazx.-Signal Screen Current. e e 6.5 14 Milliamperes
Plate Resistance (Approx ) cieeeeseieeas. 50000 35000 Ohms
Transconductance .. .. 1700 2400 Micromhos
Loed Resistance . 4500 3300 Ohma
Total Harmonic Distortion . 00 00 G0 96 06 00 0o 12 11 Per cent
Mazx.-Signal Power Output . e 0.8 3.4 Watts

TRIODE-PENTODE

g‘ebe IZE&GT uha }?ealer-ao:’hode d(ype o£
tube combining 2 high-mu triode and an r-
ntode in one bulb. The triode may be
g:ed as @ detector and the pentode asan rf ]2 BS‘GT
or I-f amplifier. Heater operation is similar
to that of the 12A8-GT except for the differ-

ence in current rating. For cathode con-.
nection, refer to the 6A8.
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CHARACTERISTICS
HEATER VOLTAGE (A.C.or D.C) .o vvieieie it 12.6 Volts
HEATER CURRENT . . .ouueeeererrunonaoossssnenssessssnsosssns 0.3 Ampere
DIRECT INTERELECTRODE CAPACITANCES:
Triode Grid to Triode Plate. ... iniiiienennanonns 23 puf
Triode Grid to Triode Cathode. . .......c.iiieeiiinieeninnenes 5 suf
Triode Plate to Triode Cathode . ........c.ciiiiiiiiieeninne, 6.3 apl
Pentode Grid to Pentode Plate. . ... ...ciiiinnnnennniieneeeens 0.015 unf
Pentode INDUL . oo vetieninreniierioianesonnroeniasaniosacs 5.2 nuf
Pentode OQutput. .. . c....vivrvrrnissonssoasosasscesssssnssns 9.6 upf
Pentode Grid to Triode Grid. . ... .. iiiiieiieiineineennns 0.002 pul
Pentode Plate to Triode Grid . .. ... ... ccceitiiiincecnnene. 0.078 wuf
Pentode Grid to Triode Plate . ........oovniveeernneeeeien ns 0.003 unf.
MAXIMUM OVERALL LENGTE . ... .. . otiieieioeenceanencnnannns 3 1';'
MAXBMUM SEATED HEIOMT. ... iiiie it caceeennienienanns 3
MAXIMUM DIAMETER . ... ceveieeereonneessosoncscesasaoiassans 14&”°
BULB .. ovverenneianeaneanoanensssesinnsonssasascssancanncnns . T9 |
Lo R R R Skirted Miniature
BASE. .. ovveseueasasaaassaasonerossassnssrssasosensiosassans Intermediate Shell Octal 8-Pin
MOUNTING POSITION. . ..ottt ivar s ine e arosas Any

As Closs A; Amplifier
Triode Unit Pcnt&c)h Unit

PLATE VOLTAGE . . . ... . ..., b0000000D0000000G - 90 Volts
ScrBEN VoLTAGE (Grid N?5 2) . - 90 Volts

Grip VoLTaGE (Grid No 0 -3 Volts
PLATE CURRENT. .0 vvvvvernoccrocosossoscansansns 2.8 7 Milliamperes
SCREEN CURRENT. .o ccvcoecacerosasssoscnsccarans - 2 Milliamperes
AMPLIFICATION FACTOR. . covvvivviienrenannnnnnnnns 90 -
PLATE RESISTANCE . 37000 200000 Ohms
TRANSCONDUCTANCE . . 2400 1800 Micromhos
TRANSCONDUCTANCE Wi - 2 Micromhos
K02 Py
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
1 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 125F5.GT is a high-mu triode of the  (3)
heater-cathode type. Refer to the 6SF5 for
electrical characteristics except capacitances
]25F5_GT and heater rating. The heater is designed @
for operation at 12.6 volts and 0.15 ampere; K\ n
refer to the 12A8-GT for discussion of heater
operation. Dimensions are shown in Fig. o o
2-5, OUTLINES SECTION. The 12SF5-G NC ™"KEY™"H
may be mounted in any position. G-6AB
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DIODE SUPER-CONTROL
AMPLIFIER PENTODE

The 12SF7 is a metal tube of the sinﬁle-
ended type containing a single diode and a

super-control amplifier pentode. Except for ]2SF7
the heater rating of 126 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 1 2567

12.6 volts and 0.15 ampere, the electrical and
physical characteristics of the 12SG7 are the
same as those of the 6SG7. For heater
ogeration, refer to the 12A8-GT. The
125G7 may be mounted in any position.

TRIPLE-GRID DETECTOR AMPLIFIER

The 12SJ7-GT is a singlc-ended glass tube
of the triple-grid type with a gharp cut-off
characteristic. Except for the heater rating ]28_]7- T
of 12.6 volts and 0.15 ampere, the electrical
and physical characteristics of the 125J7-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. o=
Except for its heater rating of 12.6 volts and ] 2SK7 GT
0.15 ampere, the electrical and physical char-
acteristica 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-
u-iotclle ar;l‘gldiﬁer gaving sfepar;te }:erminals for
each cat e. vxcept for the heater ratin,
of 12.6 volts and (,,?; ampere, the electrica ]2SN7_GT
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 125Q7-GT is a single-ended glass tube
containing two diodes and a high-mu triode ]25@7 GT
in a single envelope. Except for its heater =
rating of 12.6 volts and 0.15 ampere, the
electrical and physical characteristica of the
128Q7-GT are the same as those of the

6 -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

R triode in a lingle envelope. Physical char-
acteristics are the same as those of the 65R7.

Except for the heater rating of 12.6 volta

METAL and 0.15 ampere, and the capacitances, the

electrical characteristics of the 12SR7 are the
same as those of the 6SR7. The capacitances
of the 12SR7 are: gnd-plate, 2.4 uuf; grid-
cathode, 3.6 uuf, plate-cathode, 2.8 upf.

TRIPLE-GRID SUPER-CONTROL
AMPLIFIER

The 14A7/12B7 is a super-control amplifier

'I Eenwde of the locking-base type. Except for
eater rating and capacitances, the electrical

characteristics are the same as those of the

B 6SK7. Grid-plate Cagacitance is 0.005 uuf:
input, 6 uuf; output, 7 wuf. 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
designed for use in “*d-c power line” or
25A 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

5A7- wer amplifier pentode in one envelope.
lectrical characteristica are the same as

those of the 25A7-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.

Y CHARACTERISTICS
HEATER VOLTAGE (A.C.or D.C.). ..ol vi i i iiie e eean 25.0 Voits
HEATER CURRENT .. .. o\ oo vutoaevn s aeanas sosnssansnssosanssas 0.3 Ampere
MaxtMum OVERALL LENGTH............ 500006006000060006000000000 443
MAXIMUM SEATED HEIGHT.. .. ... iviiiitiiiiiiieienennnans K3} 34
MaxiMuM DIAMBTER............... 000 00000000606000000060a00 0 18"
BULB ¢ 0 v v oueeneoronnnesouassasesessssssssassisssssssasssans ST-12
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As Closs A; Power Amplifier

OUTPUT-TRIODE PLATE i P’Ty) VOLTAGE .. ...............
INPUT-TRIODE PLATE (PT1) VOLTAGE. . ..
OuTPUT TkiopE PLATE DissipaTioN .. .
INPUT TRIODE PLATE DissiPaTION. . .. .
TyPicar OPERATION and CHARACTERISTIC!

1.1

180 max. Volts
180 max. Volts
8.5 max. Watts

max. Watts

Qutput-Triode Plate Voltage. . . ... 110 180 Volts
Input-Triode Plate Voltage .. ... 110 180 Volts
Input-Triode Grid Vdtage. .. .. .. 0 0 Volts

Peak A-F Grid (Gi) Voltage . . .. 29.5 29.5 Volts
Output-Triode Plate Current. .. .. . 45 46 Milliamperes
Input-Triode Plate Current. . .. ... 7 5.8 Milliamperes
Plate Resistance (A (Jprox.) ...... 11500 15000 Ohms
Transconductance f Ty to P1y) . 2200 2300 Micromhos
Load Resistance.............. 2000 4000 Ohms

Total Harmonic Distortion . . 9 9 Per cent
Power Qutput. ............. 2 3.8 Watts

TRIODE-PENTODE

The 25B8-GT is_a heater<athode type of
tube containing a high-mu triode and an r-f
pentode in one envelope. The triode unit
may be used as a detector or amplifier and the

of the 25A6 except for the difference in current
rating. Refer to the 25A6 for information
on cathode connection. Physical character-
istica of the 25B8-GT are shown in Fig. 2-5,
OUTLINES SECTION. The 25B8-GT can
be mounted in any pcsition,

pentode unit may be used as an r-f or i-f
amplifier. Heater operation is similar to that 25 BB'GT

CHARACTERISTICS

HEeATER VOLTAGE (AC.or D.C). o vvens e eeeaneeenn 25 Volts
Heater CURRENT ... ... .. ... ... ... ... 0.15 Ampere
DIRECT INTERELECTRODE CAPACITANCES:

Triode Grid to Triode Plate (Approx.) ........................ 2.2 wuf

Triode Grid to Triode Cathode (Approx.) 5 uuf

Triode Pate to Triode Cathode (Approx.) . 4.6 wuf

Pentode Grid to Pentode Plate. . ...................... o 0.02 my

Pentode Input ...............c.ovivrinennnnnnis . 5.5 puf

Pentode Qutput. . ........coivvinvinnnnnnnnnnnns o 10 wuf

Pentode Grid to Triode Grid. . .................... . 0.02 pal

Pentode Plate to Triode Plate.................. . 0075 puf

Pentode Grid to Triode Plate . ...................... 0.009 auf

As Closs A, Amplifier
Tréode Unit  Pentode Unit

PLATE VOLIAGE. .. .......o.iviunnnn.n.. 100 100 Volts
ScREEN VouTAGE (Grid No. 2) 100 Volts
GrID VOLTAGE (Grid No. 1) .. ................ d -3 Volts
PLATE CURRENT. .......vitiininennnnnnnnnn . 76 Milliamperes
SCREEN CURRENT.. ...ovvvrnnnnenennnnnnins 5 2 Milliamperes
AMPLIFICATION FACTOR. . ........................
PLATE RESISTANCE .. ..........cooinvnnnnn o) 185000 Ohms
TRANSCONDUCTANCE ... ...uvvsunnnnnn... 2000 Micromhos
TRANSCONDUCTANCE with -41 volta bias 2 Micromhos

BEAM POWER AMPLIFIER

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
8 SECTION. The tube may be mounted in

e ¢ /B any position. For electrical characteristics,
NC PaF refer to the 6Y6-G.
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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 25856 for electrical
characteristics. Physical characteristics are:
mazximum overall length, 44} in.; maximum
seated height, 34 in.; maximum diameter,
1¢ in.; bulb, ST-12; base, small shell octal
7-pin. The tube may be mounted in any
position.

RECTIFIER-DOUBLER

The 25Y5 is a high-vacuum rectifier which
is designed for hall-wave rectifier service on
a 220-volt supply. The heater voltage is 25
volts, heater current, 0.3 ampere; maximum

25Y5 heater-cathode potential, 350 volts; max-
imum peak inverse voltage, 700 volts; the
maximum d-¢ 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 iny 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< 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

32L.7.GT fits the standard octal socket which

may be installed to hold the tube in any

ition. Physical characteristics of the

21.7.GT are shown in Fig. 2-8, OUTLINES

SECTION.
CHARACTERISTICS
HEATER VOLTAGE (A.C.or D.C). ... .o
HEATER CURRENT ...\ttt iernnnnaeaanssoonnnsonassnssnsns
Beam Power Unit—As Class Ay Amplifier

PLATE VOLTAGE . . . . verionsrnnnnornnsrnsssnnsssnnnnnes

SCREEN VOLTAGE (Grid No. 2) .........c..vviinnnennn 90
GRID VOLTAGE (Grid No. 1) .. .....ccooninivnnnnaan -5
PLATE CURRENT. .. et vinevnnnnrnrnnnonnarnassnensosss 38
SCREEN CURRENT . .0 oouvursvornnnoranennsosaasonennns 3
PLATE RESISTANCE (APProx.) ......ccvvniivnrunnonnnenns 15000
TRANSCONDUCTANCE . .0vvvvrrnionnonnnnrsnsssneanonos 6000
LOAD RESISTANCE . . ovuvvvunennnonnronnranossssonsns 2600
ToTAL HARMONIC DISTORTION . . . ... .iveinnnennnnens 5.3
SEcOND HARMONIC DISTORTION ... ...vovnnrnnnnneenns 2.2
THIRD HARMONIC DISTORTION. . .. ...t ene s 4.6
POWEBR QUTPUT . oo eveiensvncnnennrannnonsannnnnsess 0.8

Rectifier Unit
A-C PLATE VOLTAGE. .

D-C OUTPUT. . ceveveerninrnrnnrasensonsssnsnnns 50000033000
HALF-WAVE HIGH-VACUUM
RECTIFIER
The 4523 is a miniature half-wave rectifier
4523 of the heater-cathode type. It is designed

for use in a-¢/d-c/battery-operated portable
receivers where small size and low heat dis-
sipation are important. Physical character-
istics are shown in Fig. 2-2, OUTLINES
SECTION. The tube may he mounted in
any position.
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325 Volts
0.3 Ampere
90 Volts
90 Volts
-7 Volts
7 Milliamperes
Milliamperes
17000 Ohms
4800 Micromhos
2600 Ohms
9 Per cent
6.5 Per cent
5.5 Per cent
1.0 Watt

125 max. Volts
60 max. Milliamperes

S5AM
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K CHARACTERISTICS
HEATER VOLTAGE (A.C.or D.C). .. ....................
HEATER CURRENT .. .. ............0.coion...

As Half-Wave Rectifier
PBAK INVEBFSE VOLTAGE. ..
PEAK PLATE CURRENT ............ . ...
D-C HEATER-CATHODE POTENTIAL .. .. ..

Wit ConDENSER INPUT FiLTER:
A-C Plate Voltage (RMS) . ..

Total Effective Plate Supply Impedance .
D-C Output Current. . ... .. .. .. .. ..
%D PDy
@G RECTIFIER-DOUBLER
Po / The 50Y6-G1 is a full-wave, high-vacuum
2 (3 rectifier of the heater-cathode type. This
tube may be used in “transformerless’ re-
: ceivers of the ‘“universal (a-c/d-c)’” type.
@) D « Reter to the 25A6 for heater operation and
) cathode connection, but note the difference
o e in heater rating. Physical characteristics of
KEYKp, the 50Y6-GT are shown in Fig._ 2-8, OUT-
NC ! LINES SECTION. The S0Y6-GT can be
G-7Q mounted in any position.
% CHARACTERISTICS
HEATER VOLTAGE (A.C.ar D.C.) . . ...............cuco . ...

HEaATBR CURRBNT ... ... ... . . . .. .. e

PEAK INVEFSE VOLTAGE. .. ....... .. ... ivieiuinennnn ..
PEAR PLATE CURRBENT PER PLATE . . .o.vnvenunn oo
D-C HBATER-CATHODE POTENTIAL. ... .0oeono
AS HALF-WavE RECTIFIER:*
A-C Plate Vollagel:?er Plate (RMS)....... 117 150
Total Effective Plate-Supply Impedance
perPlate ............... ... . ... .. 15 min. 40 min.
D-C Output Current per Plate . ... . | 75 max. 75 max.
As VoLTAGE DOUBLER:
Half-Wase
A-C Plate Voltage per Plate (RMS) P, 117 max.
Total Effective Plate-Supply Impedance per Platef . 30 min.
D-COutput Current................ . ........ .. 75 max.
* The two units may be used separately or in parallei.
RECTIFIER-DQUBLER

The 50Z7-G is a full-wave, high-vacuum
rectifier of the heater-cathode type for use
in “transformerless™ receivers of the *‘uni-
versal (a-c/d-c)” type. The heater is provided
with a tap for the operation of a é)anel lamp.
Dimensions are shown in Fig. 2-17, OUT-
LINES SECTION. The tube may be
mounted in any position.

K CHARACTERISTICS

HEATER VoLTAGE (A.C. or D.C))
Entire Heater (Pins No. 2and No.6). .. ... .............. ...
Panel- Lamp Section (Pins No. 6 and No. 7) with 0.15 ampere
flowing between pins No. 2and No. 6. .. ............ . .. ..
Heater Cuarent .. ... ... .. ... .. ... ...

As Rectifler or Doubler

PEAK INVERSE VOLTAGE. .. .............ooiiiiiiian .
PBAK PLATE CURRENT PER PLATE ... .. .. .. ... .. .. ...
D-C HxaTER-CATHODE POTENTIAL .. .. .. ..
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45 Voits
0.075 Ampere

350 max. Volts
390 max. Volts
175 max. Volts

117 max. Volts
15 min. Ohme
65 max. Milliamperes

50Y6-GT

50 Volts
0.15 Ampere

700 max. Volts
450 max. Milliamperes
350 max. Volts

235 max. Volts

100 min. Ohms
75 max. Milliamperes

Full- Wave
117 max. Volts
15 min. Ohms
75 max. Milliamperes

50Z7-G

50 Volts
2.5 Volts
0.15 Ampere

700 max. Voits
400 max. Milliamperes
350 max. Volts
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As HALF-WAVE RECTIFIER:*

A-C Plate Volulge per Plate (RMS) .. 117 235 mex. Volts
Total Effective Plate-Supply Impedance per Plalet .. 15 min. 15 min. Ohms
D-C Output Current per Plate .. ... 65 max. 65 max. Milliamperes
AS VOLTAGE DOUBLER!:
A-C Plate Voitage per Plate (RMS). 56 00 BB 0D 0o 0o 0o 117 max. Volts
Total Effective Phte-Supply Impedance per Plate .. .oovonnn 15 méx. Ohms
D-C Output Current. b0 00 06 00 DO 65 max. Milliamperes

® The two units may be used separately orin parallel.

RECTIFIER-BEAM POWER
AMPLIFIER
The 70L7-GT is a heatercathode type of
tube which combines in one bulb a haif-
70L7-GT wave rectifier and a beam power am hﬁer
It is designed for use in circuits em

heaters connected in_series. Ph 8iC.
acteristics are shown in Fi % UTLINES
may

SECTION. The 70L7-G be mountesd
in any position. 8AA
8 :=0EAM UNIT

Y CHARACTERISTICS

HeaTER VOLTAGE (A.C. Or D C ) 70 Voits
HxaTeR CURRENT .. ... 0.15 Ampere
Beam Power Amplifier Unit
PLATE VOLTAGE . . .« ov vt cv e st v o oo s suan o on oo ossnve e s s 117 max. Volts
SCREEN VOLTAGE . .o 0t ve te ve e vsonon ta v e se oo vees oo snas s s 117 max. Volts
PLATE DISSIPATION. o o o 5 max. Watts
SCREEN DISSIPATION . ceoes 1 max. Watt
TYPiCAL OPERATION and CaAnAcrnxsncs-—Class A: Amphﬁer:
Plate Voltage 0 . 110 Volts
Screen Volta 110 Volts
Grid Volta, -7.5 Volts
Peak A-F Grid Voltage 7.5 Voits
Zero-Signal Plate Current . 40 Milliamperes
Max.-Signal Plate Current. 43 Milliamperes
Zero-Signal Screen Current (Approx ) 3 Milliamperes
Max.-Signal Screen Current (Approzx.) 6 Milliamperes
Plate Resistance. 15000 Ohms
Transconductance . 7500 Micromhos
Load Resistance. ms
Total Harmonic Distortion’ 10 Per cent
Max..Signal Power Output 1.8 Watts

Rectifier Unit

350 max. Volta
450 mazx. Milliamperes
175 max. Volts

PxaAK INvERSE VOLTAGE.

PEAK PLATE CURRENT .

D-C HEATER-CATHODE ‘POTENTIAL .
Wite ConpENSER-INPUT FILTER:

A-C Plate Vaita gle(RMS 117 max. Volts
Total Effective te-Supply lmpedance 5 00 0O 00 0O G0 O 03 00 15 min. Ohms
D-C Output Current. 5aa0 70 max. Milliamperes

® When the grid cu'cun hu a resutance not higher 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'GT, The 117L7- GT/117M7~GT is a heater-

Y!pe of tube which combines in one
]]7M7 GT bulb a ha wave rectifier and a beam power
- amphﬁer The heater is designed for opera-

tion directly acroes a 117-volt line. Except for

the base connections. the electrical and nhysi-

cal characteristicsof the 117L7-GT/117TM7-GT
are the same as for the 117P7-GT.

8A0

B=0LAM UNIT

— 9252 —
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RECTIFIER-BEAM POWER
AMPLIFIER

The 117N7-GT is a heater-cathode ty ]]7N7'GT

of tube which combines in one bulb a half-
wave rectifier and a beam power amplifier.
The heater is designed for use directly across
the 117-volt supply line.

BAV
B:BLam UNIT
* CHARACTERISTICS
HEATER VOLTAGE (A.C.or D.C.). . ... .. 117 Volts
HEATER CURRENT ...ttt it eiiits e e ie e iiiiaaaannnnn 0.09 Ampere
MAXIMUM OVERALL LENGTH. . . . ... .ttt iinnanns 3;‘;'
MAXIMUM SEATBD HEIGHT .. .. ... ... it 248
MAXIMUM DIAMETER .. . 00t iittieiianieannenaneeernannnennas 14°
BULB ... e e, T-9
[¥¥T30000000000000060a00000000006000000a0000000000680000000a0a Intermediate Shell Octal 8-Pin
MOUNTING POSITION. . . ...ttt it isanasenonnnns Any
Beom Power Amplifier Unit

PLATE VOLTAGE. . ..ttt it i iis it i cna s enaennan, 117 max. Volts
SCREEN VOLTAGE . . . .\t tttt ittt ittt i e 117 max. Volts
PLATE DISSIPATION. . . . .ottt ie i e an 5.5 max. Watts
SCREEN DISSIPATION. .. ...ttt iean., 90000000 1.0 max. Watt
TyPICAL OPERATION and CHARACTERISTICS—Class Ay Amplifier:

Plate VOILAGE . ... o0ttt ittt it e tiiaeaoranns o 100 Volts

Screen VOB ... ...ttt it ittt i 100 Volts

Grid Voltage™, . . ... ..o e -6 Volts

Peak A-F Grid Voltage. ... ....... ... it iiiiiiininennn 6 Volts

Zero Signal Plate Current .. ............... ... ... ... o 51 Milliamperes

Zero-Signal Screen Current . ............ .. . 5 Milliamperes

Plate Resistance (APProx.) . . ......oviiinninennvnnnnnnn... 16000 Ohms

TranscONCUCLANCE . ...\ vttt aiseaneanasaneana. 7 Micromhos

Load ResmMtance. ...........oiviiriinnienniinienarnneaeuns 3000 Ohma

Total Harmonic Distortion . . ..., 6 Per cent

Max.-Signal Power Qutput ..............o0 i, 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 . ...\ttt iiiiiiieinnnnaannnns 350 max. Volts
PEAK PLATE CURRENT . .\.viiiiiniiitiineornanneainninsanrnnns 450 max. Milliamperes
D-C HEATER CATHODE POTENTIAL . ... 0vviieeviineriinnrsann, 175 max. Volts
WirB CoNpENsER-INPUT FriTER:
A-C Plate Voltage (RMS) .................... ..., 117 max. Volls
Total Effective Plate-Supply Impedance. . ..................... 15 min. Ohms
D-COutput Current. . ... .viiiiiiiiit i v ianaiaaaason 75 max. Milliamperes

RECTIFIER-BEAM POWER AMPLIFIER

The 117P7-GT is a heater-cathode type of
tube which combines in one bulb a halzwave ]]7P7-GT
rectifier and a beam power amplifier., The

heater is designed for use directly across a
117-volt supply line.

Y CHARACTERISTICS

Heater VoLTaGE (A.C.or DC.)... .. ....... 8 00 50 06 06 00 00 0o 117 Volts
Heater Current .., 0 0 000000 0.09 Ampere
Maximus OVERALL LENGTR. . ... ... ... ... .. . o 3h°
MaxiquM SEaTED HErGur. ..., .. .. ... . . 00 2&'
,ghxnwu DIAMETER ... ..ot i iiiie e e 147

ULB .. el

T-
Base.............. . ..., 1 di i
MouNTinG Posirion .:’nterme lat;ns;lell Octal 8-Pin
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Beom Power Amplifler Unit
PLATE VOLTAGE . . . v 0o vt e co s an vt insnan as sn e as s vananyos s 117 max. Volts
SCREEBN VOLTAGE .« . ce cnee e it o va e mn o ve ns on s e as s oe an s 117 max. Volts
PLATE DISSIPATION . . . o vt it ve ot o ie e ie n i ve snnan sn iy ae s 6 max. Watts
SCREEN DISSIPATION . . . o o0 it ot n it aeae an et c ae e e aean e s s 1 max. Watt
TYPICAL OPERATION:
Plate VOILAZE . .. .. oovi it i ie e e e inae as ceaeaean s o 105 Volts
Screen VOILARE « .. v oo er or e ie ot onio v v s oa s ceus e cnanas 105 Volts
Grid Voltagel . . . .o ve v v i et ci e e ee e i e e e e -5.2 Voits
Peak A-F Grid Voltage. .. .. ... oo iiiiie i in e oot iivnnnenones 5.2 Volts
Zero-SignalPlateCurrent................................... 43 Milliamperes
Max.-Signal Plate Current. .. ... ... cviiiiee it iniene e 43 Milliamperes
Zero-Signal Screen CurTent .. .. ....oooeine e niecnienenes 4 Milliamperes
Max.-Signal Screen Current. .. .....ooooiveeieoeieineeennnes 5.5 Milliamperes
Plate Resistance (APProx.) ... ... ..o veveioonvenonecoonanaens 17000 Ohms
TrADSCONAUCEATICE .. o\ oo o e o en vnon cnsnan e os s on s oovncecs 5300 Micromhos
Load ResiStance. . .. .. .. cv vt tn e v nesenrononocnstosssncesns 4000 hms
Total Harmonic Distortion .. .. .. .. .. covvrieinn viie e on e e S Per cent
Max.-Signal Power Output .. .. .. ..0iviiivritiiii e iie e 0.85 Watt
Ractifler Unit
PEAK INVERSE VOLTAGE. .. .\ .. tvvvvnoe co vrneovonncnenannecens e 350 max. Volts
PEAK PLATE CURRENT .. .00 veee cu oo oonecassansornsssrvenecaas 450 max. Milliamperes
D-C HEATER-CATHODE POTENTIAL .. .\ ovvvcvve it veean an e ve ns 175 max. Volts
WiTH CONDENSER-INPUT FILTER®
A-C Plate Voluﬂs (RMS) 117 max. Volts
Total Effective 15 min. Ohms

ate-Supply Impedance. .. .. .. .. 0. ... illl
D-COQutput Current. . ... .. ..oovrvevennnnnn

75 max.

Milliamperes

1 Type of input coupling 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 11726-GT is a full-wave high-vacuum
rectifier of the heatercathode type for use
in suitable circuits to supply d-c power {from
an a-c power line. The heater of the 117Z6-

- GT is designed for operation directly across
a 117-volt supply line. For voltage-doubler
considerations, see RADIO TUBE APPLIC-
ATIONS SECTIQN.F Phﬁcalo character-
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istics are shown in 61} UTLINES ne REY Ko,
SECTION. The 11726-GT may be mounted
in any position. G-7Q
Y CHARACTERISTICS
HEatsR VOLTAGE (A.C.or D.C). . ...oviiiiniinnnnnn 0000000000 117 Volts
HEATER CURRENT .. ..ccvvveneetaonnsasccssnasecsases 0000000 oo 0.075 Ampere
As Rectifier or Doubler
PEAK INVERSE VOLTAGE . .....cccocvuvenne 700 max. Volts
Pxax Prate CURRENT PER PLATE. . .. 360 max. Milliamperes
D-C Hea1ER-CATHODEB POTENTIAL. . .. 350 max. Volts
As HALP-WAVE RECTIFIER®
A-C Plate Voltage per Plate (RMS) ...... 17 150 235 max. Valts
Total Effective Plate-Supply Impedance
perPlate .......oiuieiiiiieiiieiiaans 15 min. 40 min. 100 min. Ohms
D-C Output Current per Plate ........... 60 max. 60 max. 60 max. Milliamperes
AS VOLTAGE DOUBLER:
Half-Wase Full-Wase
A-C Plate Voltage per Plate (RMS) ........... .. 117 max. 117 max. Volts
Total Effective Plate-Supply Im| nce per Plate .. 30 min. 15 min. Ohms
D-C QOutput Current..... 00000000000000000003 0o 60 max. 60 max. Milliamperes

* In half-wave service, the two units may be used separately or in parallel.
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POWER AMPLIFIER TRIODE

The 183/483 is a low-mu power amplifier
triode for replacement in receivers designed
for its characteristics. Dimensions are shown ‘I
in Fig. 2-25, OUTLINES SECTION. Elec-
trical characteristics are: filament voltage,
5.0 volts; current, 1.25 amperes; at plate
e volts of 250 and grid volts of -60, the plate 3
current is 30 ma.; plate resistance, 1750
ohms; transconductance, 1700 micromhos;
4D amplification factor, 3. With a load resist
ance of 5000 ohms, the power output is 1.8
watts. Th2 tube should be mounted in a vertical position, but horizontal operation is permissible
if the plane of the filament is vertical.

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, 485
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-

G
(3)

H H ductance, 1400 micromhos; amplification
factor, 12.5. The tube may be mounted in
5A any position,
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READING LIST

4o

The following list of radio references gives texts of both elementary and
advancecd character. Obviously, the list is not inclusive, but it will guide
the reader to other references.

ALBERT, A. L. Fundamental Electronics and Vacuum Tubes. The Mac-
Millan Co.

CHAFFEE,I E. L. Theory of Thermionic Vacuum Tubes. McGraw-Hill Book
., Inc.

DowS,OW. IG. Fundamentals of Enginsering Electronics. John Wiley and
ne, Inc.

EASTIMAN, A. V. Fundamentals of Vacuum Tubes. McGraw-Hill Book Co.,
nc.

Everitr, W. L. Communicatsion Engineering. McGraw-Hill Book Co., Inc.
Fink, D. G.  Engineering Electronics. McGraw-Hill Book Co., Inc.

GHIRARDL, ALFRED A. Modern Radsio Servicing. Radio and Technical Pub-
lishing Co., Inc.

GHIRARLL, ALFRED A. Radio Physics Course. Radio and Technical Publish-
ing Co., Inc.

HeNNEY, KEBITH. Electron Tubes in Industry. McGraw-Hill Book Co., Inc.
HeNNEY, KertB.  Principles of Radio. John Wiley and Sons, Inc.

HeNNEY, KEITH. Radio Engineering Handbook. McGraw-Hill Book Co., Inc.
KoLLEr, L. R. Physics of Electron Tubes. McGraw-Hill Book Co., Inc.

LAUI&::I:) Aim BrowN. Radio Engineering Principles. McGraw-Hill Book
. Inc.

McILwaAIN AND BRAINERD. High-Frequency Alternating Currents. John
Wiley and Sons, Inc.

Morecrort, J. H. Electron Tubes and Their Applications. John Wiley &
Sons, Inc.

Morecrorrt, J. H. Principles of Radio Communication. John Wiley and
Sons, Inc.

MoYER AND WOSTREL. Radio Receiving and Television Tubes. McGraw-
Hill Book Co., Inc.

PeNDER, HArOLD, Handbook for Elecirical Engineers—Communications and
Electronics. John Wiley and Sons, Inc.

Proceedings of the Institute of Radio Engineers (a monthly publication).
Ramsey, R. R. Experimental Radio. Ramsey Publishing Co.
Ramsey, R. R. Fundamentals of Radio. Ramsey Publishing Co.

Reicn, H. J. Theory and Applications of -Electron Tubes. McGraw-Hill
Bock Co., Inc.

TermaN, F. E.  Fundamentals of Radio. McGraw-Hill Book Co., Inc.
TerMaAN, F. E. Radio Engineering. McGraw-Hill Book Co., Inc.

The Radio Amateurs Handbook. American Radio Relay League.

The Radio Handbook. Radio, Ltd.

UnpErewL, C. R. Electrons at Work. McGraw-Hill Book Co., Inc.

VAN pER BijL, H. J. Thermionic Vacuum Tubes. McGraw-Hill Book Co., Inc.






