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RECEIVING TUBE 

MANUAL 
This Manual like its preceding editions, has been 

prepared to assist those who work or experiment with 
radio tubes and circuits. It will be found valuable by 
radio servicemen, rad:o technicians, experimenters, 
radio amateurs, and all others technically interested 
in radio tubes. 
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Structure of a Metal Radio Tube 
1 
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Electrons and Electrodes 

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

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

Ei.ECTRONS 

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

Electron movement may be accelerated by the addition of energy. Heat is one 
torm of energy which can be conveniently used to speed up the electron. For 
example, if the temperature of a metal is gradually raised, the electrons in the 
metal gain velocity. When the metal becomes hot enough to glow, some electrons 
may acquire sufficient speed to break away from the surface of the metal. This 
action, which is accelerated when the metal is heated in a vacuum, is utilized in 
most radio tubes to produce Vie 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 canjes the electron-emitting material on its outside surface and is heated by 
radiation and conduction from the heater. 
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A filament, or directly heated cathode, may be further classified by identifying 
the filament or electron-emitting material. The materials in regular use are tung-
sten, thoriated-tungsten, and metals which have been coated with alkaline-earth 
oxides. Tungsten filaments are made from the pure metal. Since they must 
operate at high temperatures (a dazzling white) to emit sufficient electrons, a 
relatively large amount of filament power is required. Thoriated-tungsten fila-
ments are made from tungsten impregnated with thoria. Due to the presence of 
thorium, these filaments liberate electrons at a more moderate temperature of 
about 1700°C (a bright yellow) and are, therefore, much more economical of fila-
ment power than are pure tungsten filaments. Alkaline earths are usually applied 
as a coating on a nickel alloy wire or ribbon. This coating, which is dried in a 
relatively thick layer on the filament, requires only a very low temperature of about 
700-750°C (a dull red) to produce a copious supply of 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. 

Directly heated filament cathodes require comparatively 
little heating power. They are used in almost all of the tube types 
designed for battery operation because it is, of course, desirable 
to impose as small a drain as possible on the batteries. Examples 
of battery-operated filament types are the 1A7-GT. 1H4-G. 
1H5-G. and 31. A-c operated types having directly heated fila-

Fig' I ment-cathodes are the 2A3 and 45. 

F ILA-
MEN T 

An indirectly heated cathode, or heater-cathode, consists of 
a thin metal sleeve coated with electron-emitting material. With-
in the sleeve is a heater which is insulated from the sleeve. The 
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. 

CATHODE 

,INSUL AT CO 
NEATER 

Fig. 2 

The heater-cathode construction is well adapted for use in radio tubes intended 
for operation from a-c power lines and from automobile batteries. The use of 
separate parts for emitter and heater functions, the electrical insulation of the 
heater from the emitter, and the shielding effect of the sleeve may all be utilized 
in the design of the tube to prevent the introduction of hum from the a-c heater 
supply and to minimize electrical interference which might enter the tube circuit 
through the heater-supply line. From the viewpoint of circuit design, the heater-
cathode construction offers advantages in connection flexibility, due to the electrical 
separation of the heater from the cathode. Another advantage of the heater-
cathode construction is that it makes practical the design of a rectifier tube with 
dose spacing between its cathode and plate, and of an amplifier tube with close 
spacing between its cathode and grid. In a close-spaced rectifier tube the voltage 
drop in the tube is low and the regulation is. therefore, improved. In an amplifier 
tube, the close spacing increases the gain obtainable from the tube. Because of 
the advantages of the heater-cathode construction, almost all present-day receiving 
tubes designed for a-c operation have heater cathodes. 

GENERIC TUBE TYPES 

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

—4— 
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DIODES 
The simplest form of radio tube contains two electrodes, a cathode and an 

anode (plate) and is often called a "diode", the family name for a two-electrode 
tube. In a diode, the positive potential is sup- ELECTRON 

plied by a suitabIe electrical source connected - between the plate terminal and a cathode r 
terminal. Under the influence of the positive PLATE 
plate potential, electrons flow from the cathode 
to the plate and return through the external Te- OuTPUT 

plate-battery circuit to the cathode, thus corn- coADE 
pleting the circuit. This flow of electrons is 
known as the plate current and may be meas- L,1,1 
ured by a sensitive current meter. 

Fig. 3 

If a negative potential is applied to the plate, the free electrons in the space 
surrounding the cathode will be forced back to the cathode and no plate current 

will flow. Thus, the tube permits electrons to flow 
from the cathode to the plate but not from the plate 
to the cathode. If an alternating voltage is applied 
to the plate, the plate is alternately made positive 
and negative. Plate current flows only during the 

REGTI-IED OUTPUT time wher 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 convert a.c. to d.c. for sup-
plying "B," "C." and screen voltages to the other 
tubes in the receiver. Rectifier tubes may have 
one plate and one cathode. The 1-v and 1213 are 
of this form and are called half-wave rectifiers, 
since current can flow only during one-half of the 

ALTERNATING alternating-current cycle. When two plates and 
VOLTAGE INPUT one or more cathodes are used in the same tube. 

current may be obtained on both halves of the a-c 
Fig 4 cycle. The 5T4. 5Y3-G and 513 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 
leas is the tendency for electrons to remain in the space-charge region and repel 
athers. This effect may be noted by applying increasingly higher plate voltages to 
a tube operating at a fixed heater or filament voltage. Under these conditions, the 
maximum number of available electrons is fixed, but increasingly higher plate 
voltages will succeed in attracting a, greater proportion of the free electrons 

Beyond a certain plate voltage, however, additional plate voltage has little 
effect in increasing the plate current. The reason is that all of the electronr emitted 
by the cathode are already being drawn to the plate. This maximum current is 
called saturation current (see Fig 5) and because it is an indication of the total 
number of electrons emitted, it is also known as the emission current, or, simply, 
emission. Tubes are sometimes tested by measurement 
of their emission current. However, in this test it is 1 1 

emission because this value would be sufficiently large P‘n — 
generally not feasible to measure the full value of 

Saturahon PoInt 

to cause change in the tube's characteristics, or to 
damage the tube. For that reason, the test value of :1' 
current in an emission test is less than the full emission o 
current. However, this test value is larger than the z 
maximum value which will be required from the cathode  -4 2 5) 

in the use of the tube. The emission test, therefore, D k 
cc indicates whether the tube's cathode can supply a Z 

sufficiently large number of electrons for satisfactory o PLATE VOLTAGE — I-
operation of the tube. Fig. 5 
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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 are bombarded by the electrons on their 
way to the plate. If /he electrons are moving at a sufficiently high speed ,the col-
lisions will tear off electrons from the mercury atoms. When this happens, the 
mercury atom is said to be "ionized," that is, it has lost one or more electrons and, 
therefore, is charged positive. Ionization, in the case of mercury vapor, is made 
evident by a bluish-green glow between the cathode and plate. When ionization 
due to bombardment of mercury atoms by electrons leaving the filament occurs, 
the space-charge is neutralized by the positive mercury ions so that increased num-
bers of electrons are made available. A mercury-vapor rectifier has a small voltage 
drop between cathode and plate (about 15 volts). This drop is practically inde-
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 OZ4 and 0Z4-G are tubes in this classification. 
They are of the full-wave design and contain two anodes and a coated cathode 
sealed in a bulb under a reduced pressure of inert gas. The cathode in each of these 
types becomes hot during tube operation but the heating effect is caused by bom-
bardment of the cathode by the ions from within the tube rather than by heater 
or filament current from an external source The internal structure of the tube is 
designed so that when sufficient voltage is applied to the tube, ionization of the gas 
occurs between the anode which is instantaneously positive and the cathode. . Under 
normal operating voltages, ionization does not take place between the anode that 
is negative and the cathode. This, of course, satisfies the principle of rectification. 
The initial small flow of current through the tube is sufficient to raise the cathode 
temperature quickly to incandescence whereupon the cathode emits electrons. 
The voltage drop in such tubes is slightly higher than that of the usual hot-cathode 
gas rectifiers because energy is taken from the ionization discharge to keep the 
cathode at operating temperature. Proper operation of these rectifiers requires 
that a minimum load current always flow in order to maintain the cathode at the 
temperature required to supply sufficient emission. 

TRIODES 

When a third electrode, called the grid, is placed between the cathode and 
plate, the tube is known as a triode, the family name for a three-electrode tube. 
The grid usually is a winding of wire extending the length of the cathode. The 
spaces between turns are comparatively large so that the passage of electrons from 
cathode to plate is practically unobstructed by the turns of the grid. The purpose 
of the grid 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 
the plate depends on the combined effect 
of the grid and plate polarities. When the 
plate is positive, as is normal, and the 
d-c grid voltage is made more and more 
negative, the plate is less able to attract 
electrons to it and plate current decreases. 
When the grid is made less and less nega- 

HEATER 

tive. the plate more readily attracts elec- I c e 
trons to it and plate current increases. _ 
Hence, when the voltage on the grid is 
varied in accordance with a signal. the plate 

ELECTRON 
FLOW 

GRID 

INPUT 

PLATE 
PLATE CURRENT 

CATHODE 

Fig 

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

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

TETRODES 

The capacitance between grid and plate can be made small by mounting an 
additional elxtrode, called the screen, in the tube. With the addition of the screen, 
the tube has four electrodes and is, accord-
ingly, called a tetrode. The screen is 
mounted between the grid and the plate 
and acts as an electrostatic shield between 
them, thus reducing the grid-to-plate GRID 

capacitance. The effectiveness of this 
shielding action is increased by connecting I, f2H oulput 
a by-pass condenser between screen and NPut HEATER 

cathode. By means of the screen and 
this by-pass condenser, the grid-plate 
capacitance of a tetrode is made very 
small. In practice, the grid-plate capac-
itance is reduced from an average of 8.0 
micremicrofarids (eq.,) for a triode to 0.01 ppf or less for a screen-grid tube. 

The screen has another desirable effect in that it makes plate current practically 
independent of plate voltage over a certain range. The screen is operated at a 
positive voltage and, therefore, attracts electrons from the cathode. But because of 
the comparatively large space between wires of the screen, most of the electrons 
drawn to the screen pass through it to the plate. Hence the screen supplies an 
electrostatic force pulling electrons from the cathode to the plate. At the same 
time the screen shields the electrons between cathode and screen from the plate so 
that the plate exerts very little electrostatic force on electrons near the cathode. 
Hence, as long as the plate voltage is higher than the screen voltage, plate current 
in a screen-grid tube depends to a great degree on the screen voltage and very little 
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. 

Fig. 7 

PENTODES 

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

SUPPRESSOR 

OUTPUT 

INPUT 

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 loss in signal gain capability. Representative 
power-amplifier pentodes are the 1A5-G. 6F6. and 25A6: representative r- f amplifier 
pentodes are the 1N5-G. 6J7, and 12SJ7. 

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 emgem beam-forming plates at cathode 
potential to assist in producing the desired effects and to prevent stray 
electrons from the plate from returning to the screen outside of the beam. A 
feature of a beam power tube is its low screen current. The screen and the grid are spiral 
wires wound so that each turn of the screen is shaded from the cathode by a grid 
turn. This alignment of the screen and grid causes the electrons to travel in sheets 
between the turns of the screen so that very few of them flow to the screen. Because 
of the effective suppressor action provided by space charge and because of the low 
current drawn by the screen, the beam power tube has the advantages of high 
power output, high power sensitivity, and high efficiency. 

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

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

BEAM- FORMING 
PLATE - 

CATHODE 

GR ID 

SCREEN 

Fig. 9 

MULTI- ELECTRODE and MULTI- UNIT TUBES 

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

Later and present trends of tube design are the development of "specialty" 
types. These types are intended either to give optimum performance in a particular 
application or to combine in one bulb functions which formerly required two or 
more tubes. The first class of tubes includes such examples of specialty types as 
the 6F6, 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 superheterodyne 
receivers. In this use, the tube mixes the signal frequency with the oscillator 
frequency to give an intermediate-frequency output. 

Tubes of the multi-electrode class often present interesting possibilities of 
application besides the one for which they are primarily designed. The 6L7. for 
instance, can also be used as a variable-gain audio amplifier in volume-expander 
and compressor application. The 6F6, besides its use as a power output pentode, 
can also be connected as a triode and used as a driver for a pair of 6L6's. 

The second class includes multi-unit tubes such as the duplex-diode triodes 
1H6-G and 6SQ7, as well as the duplex-diode pentodes 1F7-GV and 12C8 and the 
twin class A and class B types, 6C8-G and 688, respectively. In this class also is 
included the multi-unit type 1D8-GT. This tube combines in one bulb three 
units—a diode for use as detector and avc. a triode for use as the first audio-fre-
quency amplifier, and a power-output pentode. Related to multi-unit tubes are 
the electron-ray types 6E5 and 6N5. These combine a triode amplifier with a 
fluorescent target. Full-wave rectifiers are also multi-unit types. 

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

— 9— 
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These tubes are similar to the multi-electrode types in that they have seven eleg:-
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 Dy-narnic 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. 

L. 
. 

5? 
/ 

9 
L, 

,e 
50 100 ISO 

PLATE VOLIS 

Fig 10 

a. 

a 
e 

eL4 

—30 —20 —ió 
GRID VOLTS 

Fig. 11 

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

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

— 10 — 
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I. 

Plate iesistance (rp) of a radio tuOe is the resistance of the path between 
cathode and plate to the flow of alternating current. It is the quotient of a small 
change in plate voltage by the corresponding change in plate current and is expressed 
in ohms, the unit of resistance. Thus, if a change of 0.1 milliampere (0.0001 ampere) 
is produced by a plate voltage variation of 1 volt, the plate resistance is 1 divided 
by 0.0001, or 10000 ohms. 

Control-grid—plate transconductance, or simply transconductance (g.), 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 he more strictly defined as the ratio of a 
small change in plate current (amperes) to the small change in the control-grid 
voltage producing it. under the condition that all other voltages remain unchanged. 
Thus, if a grid-voltage change of 0.5 volt causes a plate-current change of 1 mil-
liampere (0.001 ampere), with all other voltages constant, the transconductanoe 
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 0002 mho 
is 2000 micromhos. 

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

Maximum peak inverse voltage characteristic of a rectifier tube is the highest 
peak voltage that a rectifier tube can safely stand in the direction opposite to that 
in which it is designed to pass current. In other words, it is the safe arc-back limit 
with the tube operating within the specified temperature range Referring to Fig. 12, 
when plate A of a full-wave rectifier tube is 
positive, current flows from A to C, but not from 
13 to C, because B is negative. At the instant 
plate A is positive, the nlament is positive (at 
high voltage) with respect to plate B. The voltage 
between the positive filament and the negative 
plate 13 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 
inverse voltage, rms value of a-c input voltage, 
and d-c output voltage depend largely on the 
individual characteristics of the rectifier circuit and the power supply. The presence 
of line surges or any other transient, or wave-form distortion may raise the actual 
peak voltage to a value higher than that calculated for sine-wave voltages. There-
for, the actual inverse voltage, and not the calculated value, should be such as not 
to exceed the rated maximum peak inverse voltage for the rectifier tube. A cathode-
ray oscillograph or a spark gap connected across the tube is useful in determining 
the actual peak inverse voltage. In single-phase, full-wave circuits with sine-
wave input and with no condenser across the output, the peak inverse voltage on 
a rectifier tube is approximately 1.4 times the rms value of the plate voltage applied 
to the tube. In single-phase, half-wave circuits with sine-wave input and with 
condenser input to the filter the peak inverse voltage may be as high as 2.8 times 
the rms value of the applied plate voltage. In polyphase circuits, mathematical 
determination of peak inverse voltage requires the use of vectors. 

Maximum peak plate current is the highest steady-state peak current that a 
rectifier tube can safely stand in the direction in which it is designed to pass current. 
The safe value of this peak current in frit-cathode types of rectifiers it a 

Fig 12 
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function of the available emission and the duration of the pulsating current flow 
from the rectifier tube during each half cycle. In a given circuit, the actual value 
of peak plate current is largely determined by filter constants. If a large choke is 
used in the filter circuit next to the rectifier tubes, the peak plate current is not 
much greater than the load current, but if a large condenser is used in the filter 
next to the rectifier tubes, the peak current is often many times the load current. 
In order to determine accurately the peak current in any circuit, the best procedure 
usually is to measure it with a peak-indicating meter or to use an oscillograph. 

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

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

The plate efficiency of a power amplifier tube is the ratio of the a-c power 
output to the product of the average d-c plate voltage and d-c plate current at 
full signal, or 

power output watts  
Plate efficiency (%) X 100 

average d-c plate volts X average d-c plate amperes 

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  
Power sensitivity (mhos) (I.  

nput signal volts, RMS) 

Radio Tube Applications 
The diversified applications of a radio tube may, within the scope of this 

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

AMPLIFICATION 

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

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

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

Class B Amplifier. A class B amplifier is an amplifier in which the grid bias 
is approximately equal to the cut-off value so that the plate current is approximately 
zero when no exciting grid voltage is applied, and so that plate current in a specific 
tube flows 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 10% 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. 1 his is accomplished by operating the tube at a suit-
able grid bias so that the applied grid-input voltage produces plate-current variations 
proportional to the signal swings. Since the voltage variation obtained in the plate 
circuit is much larger than that required to swing the grid, amplification of the 
signal is obtained. Fig 13 gives a graphical illustration of this method of amplifica-
tion and shows, by means of the grid-voltage vs. plate-current characteristics curve, 
the effect of an input signal (S) applied to the grid of a tube. 0 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 

INPUT 
SIGNAt. 

Fig. 14 

• 

OUTPUT 
R val.« 

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

Voltage amplification amplification factor X load resistance 
load resistance + plate resistance ce 

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

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

VOLTAGE AMPLIF:CATION vs LOAD RESISTANCE 

FOR tHEORE IC At IR,ODE HAVING: 

PL Alf RE SISTANCE .0000 OHMS 

PL triC,I ON !ACTOR.° 

RANSCONOUC TANG( .000 WIC ROUHOS 
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Fig. 15 

to use a plate resistor and a grid resistor of large resistance. However, the plate 
resistor should not be too large because the flow of plate current through the plate 
resistor produces a voltage drop which reduces the plate voltage applied to the tube. 
If the plate resistor is too large, this drop will be too large the plate voltage on the 
tube will be too small and the voltage output of the tube will he 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 highet value of grid resistance 
is permissible when cathode bias is used than when fixed bias is used. When cathode 
bias is used, a lcoss 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 AB, transformer-coupled audio 
amplifier, the loading imposed by the grid on the input transformer is negligible. 
The secondary impedance of a class A, or class AB, input transformer can, therefore. 
be made very high since the choice is not limited by the input impedance of the 
tube; however, transformer design considerations may limit the choice. At the 
higher radio frequencies. the input impedance may become very low even when the 
grid is negative, due to the finite time of passage of electrons between cathode and 
plate and to the appreciable lead reactance. This impedance drops very rapidly 
as the frequency is raised and increases input-circuit loading. In fact, the input 
impedance may become low enough at very high radio frequencies to affect appre-
ciably the gain and selectivity of a preceding stage. Tubes such as the Acorn' 
types have been developed to have low input capacitances, low electron transit 
time and low lead inductance so that their input impedance is high even at the 
ultra-high radio frequencies. 

A super-control amplifier tube is a modified construction of a pentode or a 
tetrode type and is designed to reduce modulation-distortion and cross-modulation 
in radio-frequency stages. Cross-modulation is the effect produced in a radio 
receiver by an interfering station "riding through" on the carrier of the station to 
which the receiver is tuned. Modulation-distortion is 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 

• 

• Reentered 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-clistortion, 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. When weak 
signals and low grid bias are applied to the tube, the effect of the non-uniform turn 
spacing of the grid on cathode emission and tube characteristics is essentially the 
same as for uniform spacing. As the grid bias is made more negative to handle 
larger input signals, the electron flow from the sections of the cathode enclosed by 
the ends of the grid is cut off. The plate current and other tube characteristics are 
then dependent on the electron flow through the coarse section of the grid. This 
action changes the gain of the tube so that large signals may be handled with 
minimum distortion due to cross-modulation and modulation distortion. Fig. 17 
shows a typical plate-current vs. grid-voltage curve for a super-control type compared 
with the curve for a type having a uniformly spaced grid. It will be noted that 
while the curves are similar at small grid- bias voltages, the plate current of the 
super-contr& tube drops quite slowly with large values of bias voltage. This slow 
change makes it possible for the tube to handle large signals satisfactorily. Since 
super-control types can accommodate large and small signals, they are particularly 
suitable for use in sets having automatic 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. Beam power 
tubes such as the 6L6 have a still higher power sensitivity and efficiency and have 
a higher power output capability than triode or conventional pentode types. 

A class A power amplifier is also used as a driver to supply power to a class 
AB or a class B output stage. It is usually advisable to use a triode type, rather 
than a pentode, in a driver stage because of the lower distortion of the triode. 
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Either push-pull or parallel operation of power tubes may be employed with 
class A amplifiers to obtain increased output. The parallel connection (Fig. 18) 
provides twice the output of a single tube with the same value of grid-signal voltage. 
The push-pull connection (Fig. 19) requires twice the input-signal voltage, but 
has, in addition to an increase in power, a number of important advantages over 
single-tube operation. Distortion due to even-order harmonics and hum due to 
plate-supply-voltage fluctuations are either eliminated or decidedly reduced through 
cancellation. Since distortion is less than for single-tube operation, appreciably 
more than twice single-tube output can be obtained by decreasing the load resistance. 
Should oscillations occur in the push-pull or parallel stages, they can often be 
eliminated by connecting a non-inductive resistor of approximately 500 ohms in 
series with each grid lead at the tube socket. 

Operation of power tubes so that the grids run positive is inadvisable except 
under 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 Eb 
Zero- signal bias (P) 

• 

where Eb is the chosen value of d-c plate voltage at which the tube is to be operated 
and j.‘ is the amplification factor of the tube. X is a point on the d-c bias curve 
at zero volts and is determined by the value of the maximum-signal plate current, 
1 max., which is equal to twice the zero-signal plate current, or 21o. In the case 
of filament types of tubes, the calculations are given on the basis of a d-c operated 
filament. When, however the filament is a-c operated. the calculated value of d-c 
bias should be increased by approximately one half the filament-voltage rating 
of the tube. 

Line XY is known as the load resistance line. Its slope corresponds to the value 
of the load resistance. The load resistance in ohms is equal to (E max.—E min.) 
divided by ( 1 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 

(1 max. - I min ) (E max. - E min.) 
Power output 

8 

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

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

I max. -1- I min. 

% 2nd harmonic distortion 2  X 100 
1 max. - 1 min. 

where lo is the zero-signal plate current in amperes. 
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Example: Determine the load re-
sistance and undistorted power 
output of a triode operated at 250 
volts on the plate, given its ampli-
fication factor of 3.5 and its plate 
characteristics curves as shown in 
Fig. 20. 

Procedure: Draw the load line 
XY through the operating point 
(P) and the zero d-c grid bias 
point (X) 

0.68 X 250 
or -48.5 volts 

3.5 

X 2 X 0.0335, or 0.067 ampere 

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

2 
PLATE VOLTS 

Fig. 20 

(0.067 - 0.006) (357 - 112) 
Power output w w 1.8 watts 

8 

The resistance of the load line XY is 

357 - 118  
. or 3920 ohms 

0.067 - 0.006 

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

2nd harmonic distortion w 

0.067 + 0.006 
2 0.0335 

10  C.067 - 0.006 X 0 w 

It is customary to make the selection of load resistance such that the distortion 
as calculated from the above equation does not exceed 5 per cent. When the method 
shown above is used to determine the slope of the load resistance line, 2nd harmonic 
distortion in the output of a triode power amplifier is generally less than 5 per cent. 
Ordinarily, the plate load resistance for a single-tube amplifier is approximately 
equal to twice the plate resistance. 
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Fig. 21 

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

1 max. X Eo 
Power output 5 

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. 

0.096 X 250 
Power output 4.8 watts 

5 

The method for determining the proper load resistance for triodes in push-pull 
is as follows: Draw a load line through I max. and through the Eo point on the 
zero-current ads. Four times the resistance represented by this load line is the 

--- 17 — 



RCA RECEIVING TUBE MANUAL 

plate-to-plate load for two triodes in a class A push-pull amplifier. From the curves 
in Fig. 21, we have 

Eo - 0 6 Eo 100  
Plate- to-plate load .» X 4 .• X 4 4160 ohms 

I max. 0.096 

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 
will be accompanied by rectification and will no longer be representative of a class 
A amplifier. 

r. 

„A-e`• e'D 

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 
i• Fig. 22. From a point A just ,. 
:  lo I above the knee of the zero-,.. ..... , . i bias curve, draw arbitrarily 

selected load lines to the ./ 1 1A0 zero plate-current axis. These 
lines should be on both sides 

2V of the operating point P whose 
position is determined by the 
desired operating plate volt-
age, Eo. and one half the max-

Fig. 22 imam-signal plate current. 
Along any load line, say AAI, 

measure the distance A01. On the same line, lay off any equal distance 01A1. 
For optimum operation, the change in bias from A to 01 should nearly equal the 
change in bias from Ot 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 he determined by the following formula. 

A, 

E „ 

• 

to t o ,, 
PLATE , ,,M.TS 
b AS VO• • AT Trot 1.0.00 

E max. - E min. 
Load resistance ( Rp) 

I max. - I min. 

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

Power output 11 max. - I min. + 1.41 (Ix - ly)1 , Rp 
32 

For both of these formulas, if I is in amperes and E in volts, R5 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 Io  % 2nd harmonic distortion X 100 
I max. - I min. + 1.41 (Ix - Iy) 

I max. - I min. - 1.41 (Ix - Iy) 
% 3rd harmonic distortion  max. - -I min. -I- 1.41 (Ix - X 100 Iy) 

% total (2nd and 3rd) harmonic distortion **/(% 2nd bar. dun.)1 + (% 3rd bar. diet.), 
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The conversion curves given in Fig. 23 apply to radio tubes in general but are 
particularly useful for power tubes. These curves can be used for calculating 
approximate operating conditions for a plate voltage which is not included in the 
published data on operating conditions. For instance, suppose it is desired to 
operate two 6L6's in class At push-pull, fixed bias, with a plate voltage of 200 volta. 
The nearest published operating conditions for this class of service are for a plate 
voltage of 250 volts. The operating conditions for the new plate voltage can be 
determined as follows: First compute the ratio of the new plate voltage to the 
plate voltage of the published data. In the example. this ratio is 200/250 0.8. 
This figure is the Voltage Conversion Factor, Fe. Multiply by this factor to obtain 
the new values of grid bias and screen voltage. This gives a grid bias of -16 X 0.8 
-12.8 volts, and a screen voltage of 250 X 0.8 200 volts for the new conditions. 

E 

o 

0.8— - 
Z 
0 0.7 

..C2 0.4 

0.5 
o 

CONVERSION FACTORS 
00.4 ,.4 0.9 . 0 ,.5 2.0 2 5 

To obtain the rest of the new conditions, 
multiply the published values by factors shown 
on the chart as corresponding to a voltage 

8 Jl conversion factor of 0.8. In this chart, 
Fi applies to plate current and to screen 

current, 
5 Fp applies to power output, 

Fr applies to load resistance and plate 
resistance, 

3 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 Fp 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 AB, and class AB:. In class AB, there is 
no flow of grid current. That is, the peak 
signal voltage applied to each grid is not greater 
than the negative grid-bias voltage. The grids 
therefore are not driven to a positive potential 
and do not draw grid current. In class ABs, 
the peak signal voltage is greater than the bias 

Fig 23 so that the grids are driven positive and draw 
grid current. 

Because of the flow of grid current in a class AB: stage there is a loss of power 
in the grid circuit. The sum of this loss and the loss in the input transformer is the 
total driving power required by the grid circuit. The driver stage should be capable 
of a power output considerably larger than this required power in order that dis-
tortion introduced in the grid circuit be kept low. The input transformer used 
in a class AB, amplifier usually has a step-down turns ratio. 

Because of the large fluctuations of plate current in a class AB, stage, it is 
important that the power supply should have good regulation. Otherwise the 
fluctuations in plate current cause fluctuations in the voltage output of the power 
supply, with the result that power output is decreased and distortion is increased. 
To obtain satisfactory regulation it is usually advisable to use a choke-input filter. 
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It is sometimes advisable to use a mercury-vapor rectifier tube rather than a vacuum 
type because of the better regulation of the mercury-vapor type. In all cases, the 
resistance of the filter chokes and power transformer should be as low as possible. 

A class B power amplifier employs two tubes connected in push-pull, so biased 
that plate current is almost zero when no signal voltage is applied to the grids. 
Because of this low value of no-signal plate current, class B amplification has the 
saine 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 13 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 A132 
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 output 
stage where the load impedance on the tube is a loudspeaker. Because the imped-
ance of a loudspeaker is not constant for all audio frequencies, the load impedance 
on the output tube varies with frequency When the output tube is a pentode or 
beam power tube having high plate resistance, this variation in plate load impedance 
can, if not corrected, produce considerable frequency distortion. Such frequency 
distortion can be reduced by means of inverse feedback. Inverse feedback circuits 
are of the constant voltage type and the constant-current type. 

The application of the constant 
voltage type of inverse feedback to a 
power output stage using a single 
beam power tube is illustrated IDy 
Fig. 24. In this circuit, RI, 122, and C 

WGNAC are connected across the output of 
the 6L6 as a voltage divider. The 
secondary of the grid-input trans-
former is returned to a point on this 
voltage divider. Condenser C blocks 
the d-c plate voltage from the grid. 
However, a portion of the tube's a- f 
output voltage, approximately equal 

Fig. 24 to the output voltage multiplied by 
the fraction R2/(R2 -I- R2), is applied 

to time grid. There results a decrease in distortion which can be explained by the 
cffrves of Fig. 25 
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Consider first the amplifier without the use of inverse feedback. Suppose that 
when a signal voltage e. is applied to the grid the a-f plate current i'„ has an irreg-
ularity in its positive half-cycle. This irregularity represents a departure from 
the waveform of the input signal and is, therefore. distortion. For this plate-current 
waveform, the a-f plate voltage has a waveform shown by e'„. The plate-voltage 
waveform is inverted compared to the plate-current waveform because % 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. 

9' lpf 

Fig. 25 

Now suppose that inverse feedback is applied to the amplifier. The distortion 
irregularity ni 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'.I. This voltage applied to trie grid produces a component of plate 
current It is evident that the irregular:ty in the waveform of this component 
of plate current would act to cancel the original irregularity and thus reduce 
distortion. 

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

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

Inverse feedback may also be applied to resistance-coupled stages as shown 
in Fig. 26. The circuit is conventional except that a feedback resistor, 112, is con-
nected between the plates of tubes T, and Ts. The output signal voltage of T, 
and a portion of the output signal voltage of T2 appears across 111. 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 T2 is comparatively low. 
With sufficient inverse feedback of the constant-voltage type in a power-output 
stage. it is not necessary to employ a network of resistance and capacitance in the 
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output circuit to reduce response at high audio freqencies. Inverse feedback cir-
cuits can also be applied to push-pull class A and class ABI amplifiers. When the 
circuit in Fig. 24 is used in push-pull, the input transformer must have a separate 
secondary for each grid. Inverse feedback is not recommended for use in ampli-
fiers drawing grid power because of the resistance introduced in the grid circuit. 

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

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

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

T` ) 0 first. when a 400-cycle signal is 
41.7 

0-- -F OUTPUT applied to the input, and second, 
A-r 

SNOUT when a 1000-cycle signal of the 
same voltage as the 400-cycle sig-

250v nal is applied to the input. The 
correct value of capacitance is 

y the one which gives equal output 
voltages for the two signal inputs. 
In practice, this value is usually 
found to be on the order of 0.05 
mf. 

A volume expander can be 
used in a phonograph amplifier 
to make more natural the re-
production of music which has Fig. 27 

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

A volume expander circuit is shown in Fig. 27. The action of this circuit 
depends on the fact that the gain of the 6L7 as an audio amplifier can be varied 
by variation of the bias on the No. 3 grid. When the bias on the No. 3 grid is made 
less negative, the gain of the 6L7 increases. In the circuit, the signal to be amplified 
is applied to the No. 1 grid of the 6L7 and is amplified by the 6L7. The signal is 
also applied to the grid of the 6C5, is amplified by the 6e5, and is rectified by the 
6H6. The rectified voltage developed across R8, the load resistor of the 6116, is 
applied as a positive bias voltage to the No.3 grid of the 6L7. Then, when the 
amplitude of the signal input increases, the voltage across R8 increases, and the 
bias on the No. 3 grid of the 6L7 is made less negative. Because this increases the 
gain of the 6L7, the gain of the amplifier increases with increase in signal amplitude 
and thus produces volume expansion of the signal. 

The No. 1 grid of the 6L7 is a variable-mu grid and therefcre will produce 
distortion if the input signal voltagels too large. For that reason, the signal input 
to the 6L7 should not exceed a peak value of 1 volt. This value is of the same 
order as the voltage obtainable from the usual magnetic phonograph pick-up. 
The no-signal bias voltage on the No. 3 grid is controlled by adjustment of contact 
P. This contact should be adjusted initially to give a no-signal plate current of 
0.15 milliampere in the 6L7. No further adjustment of contact P is required if 
the saine 6L7 is always used. If it is desired to delay volume expansion until the 
signal input reaches a certain amplitude, the delay voltage can be inserted as a 
negative bias on the 6H6 plates at the point marked X in the diagram. 

Another circuit using volume expansion is shown in CIRCUIT SECTION. 
This circuit can also be used to provide volume compression for microphone oper-
ation. Volume compression prevents overloading and blasting and compensates 
for differences in voice level produced by movements of the speaker at the micro-
phone. In this circuit the 6H6 is connected as a voltage doubler. The d-c output 
is applied across potentiometer R24. The arm and one side of R24 is connected to 
the d.p.d.t. switch S: to permit reversing of the polarity of the voltage taken from 
R:4 . The amount of d-c voltage across R20 is dependent on the average signal level. 
When the level tends to increase, the voltage across R26 increases; when the level 
decreases, the voltage decreases. The voltage taken from R26 is applied in series 
with the control-bias of the master mixer tube. When the switch is set to "expand." 
the voltage becomes opposite in polarity to the bias of the tube. This lowers the 
bias and increases the amplification factor of the tube. When the switch is set 
to "compress," the two voltages are additive The negative bias is, therefore, 
increased and the amplification factor is decreased. 

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

Fig. 28 shows a push-pull power amplifier, resistance-coupled by means of a 
phase-inverter circuit to a single-stage triode T, Phase inversion in this circuit 
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is provided by triode Ts. The output voltage of T1 is applied to the grid of Ts. A 
portion of the output voltage of T, is also applied through the resistors R, and R, 
to the grid of Ts. The output voltage of T2 is applied to the grid of T.. When the 
output voltage of T1 swings in the 
positive direction, the plate current 
of T. increases. This action in-
creases the voltage drop across the 
plate resistor RI and swings the 
plate of TI in the negative direction. NUT SIG 
Thus, when the output voltage of T, VOLTAGE 
swings positive, the output voltage 
of T, swings negative and is. there- OUTPUT 
fore, 180° out of phase with the out-
put voltage of T1. In order to ob-
tain equal voltages at E. and Eb, 
the signal applied to the grid of T, 
should be less than the voltage at El, 
in the ratio of the voltage gain of 
T2. Under the conditions where 
a twin-type tube or two tubes hav-
ing the same characteristics are 
used at T1 and T2. R. should be equal to the sum of R, and R.. The ratio of Rs to 
R8 plus Rb should be the same as the voltage gain ratio of TI in order to apply the 
correct value of signal voltage to T,. The value of Rb is, therefore, equal to R. 
divided by the voltage gain of T2; R3 is equal to R. minus Rb. 

Values of,R1, R2, R, plus Rb, and R4 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 Ti and T2 A 
phase-inverter circuit using a 6N7 is shown in the CIRCUIT SECTION. 

RECTIFICATION 

Fig. 28 

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. 
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FULL-WAVE RECTIFICATION 

Fig. 29 

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

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

HALF WAVE RECTIFIER 

Fig. 30 

FULL- WAVE RECTIFIER 

OUTPUT 
TO 

FILTER 

service but the total load-handling capability of the complete rectifier is approx-
imately doubled. When mercury-vanor rectifier tubes are connected in parallel, 
a stabilizing resistor of 50 to 10() ohms should be connected in series with each plate 
lead in order that each tube will carry an equal share of the load. The value of the 
resistor to be used will depend on the amount of plate current that passes through 
the rectifier. Low plate current requires a high value; high plate current, a low 
value. When the plates of mercury-vapor rectifier tubes are connected in parallel, 
the corresponding filament leads should be similarly connected. Otherwise the 
tube drops will be considerably unbalanced and larger stabilizing resistors will be 
required Two or more high-vacuum rectifier tubes can also be connected in par-
allel to give correspondingly higher output current and, as a result of paralleling 
their internal resistances, give somewhat increased voltage output. With high-
vacuum type; stabilizing resistors may or may not be necessary depending on the 
tube type and the circuit. 

A voltage-doubler circuit of simple form is shown in Fig. 31. The circuit derives 
its name from the fact that its d-c voltage output can he as high as twice the peak 

value of a-c input Basically, a voltage doubler 
is a rectifier circuit arranged so that the output 
voltages of two half-wave rectifiers are in series. 

A-C •E 
INPUT The action of a voltage doubler is briefly as 

D- C 
OUTPUT follows On the positive half-cycle of the a-c 

input, that is. when the upper side of the a-c 
o.CO ® input line is positive with respect to the lower 

side, the upper diode passes current and feeds 
a positive charge into the upper condenser. As 
positive charge accumulates on the upper plate 

Fig. 31 of the condenser, a positive voltage builds up 
across the condenser. On the next half-cycle of 

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

Two rectifier types especially designed for use as voltage doublers are the 
metal 25Z6 and the glass 257.5. 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 

T.,T2 r SCPARAT ,: FILAMENT 
TRANSFORmER viNO.NGS 
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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. 

R HEATERS or OTHER TUBES IN SERIES 
WITH VOLTAGE - DROPPING RESISTOR 

fl,= PROTECTIVE RESISTOR 

C,C,C2 = CONDENSER . 

D-C .NPUT Z 0-C 
OUTPUT 

OUTPUT 

Fig. 32 Fig. 33 

With the full-wave voltage-doubler circuit in Fig. 32, it will be noted that the 
d-c load circuit can not be connected to ground or to one side of the a-c supply line. 
This presents certain disadvantages when the heaters of all the tubes in the set 
are connected in series with a resistance across the a-c line. Such a circuit arrange-
ment may cause hum because of the high a-c potential between the heaters and 
cathodes of the tubes. The circuit in Fig. 33 overcomes this difficulty by making 
one side of the a-c line common with the negative side of the d-c load circuit. In 
this circuit, one half of the tube is used to charge a condenser which, on the following 
half cycle, discharges in series with the line voltage through the other half of the 
tube. This circuit is called a half-wave voltage doubler because rectified current 
flows to the load only on alternate halves of the a-c input cycle. The voltage reg-
ulation of this arrangement is somewhat poorer than that of the full-wave voltage 
doubler. 

DETECTION 
When speech or music is transmitted from a radio station, the station radiates 

a radio-frequency wave whose amplitude varies in accordance with the audio-
frequency signal being transmitted. The r-f wave is said to be modulated by the 
a- f wave. The effect of modulation on the waveform of the r- f wave is shown in 
Fig 34. 

î 
UNMODULATED 
R-r CARRIER 

A.F m000L.,r.NG 
WAVE 

Fig. 34 
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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 prxtially or completely, alternate half-cycles 
of the r-f wave. With the alternate half-cycles eliminated, the audio variations of 
the other half of the r-f wave can be amplified to drive a loudspeaker or headphones. 

A diode-detector circuit is shown in Fig. 35. The action of this circuit when a 
modulated r-f wave is applied is illustrated by Fig. 36. The r-f voltage applied to 
the circuit is shown in light line; the output voltage across condenser C is shawn 
in heavy line Between points (a) and (b) on the first positive half-cycle of the 
applied r-f voltage. condenser C charges up to the peak value of the r- f voltage 
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Then as the applied r-f voltage falls away from its peak value, the condenser holds 
the cathode at a potential more positive than the voltage applied to the anode. 
The condenser thus temporarily cuts off current through the diode. While the 
diode current is cut off, the condenser discharges from (b) to (c) through the diode 
load resistor R. When the r-f voltage on the anode rises high enough to exceed 
the potential at which the condenser holds the cathode, current flows again and 

Fig. 36 

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

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

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

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

Fig. 37 Fig. 38 

portion of the a-f voltage developed across this resistor is applied to the triode grid 
through the volume control 121. In a typical circuit, resistor R, may be tapped so 
that five-sixths of the total a-f voltage across R, is applied to the volume control 
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This tapped connection reduces the a- f voltage output of the detector circuit 
slightly but it reduces audio distortion and improves the r- f filtering. D-c bias 
for the triode section is provided by the cathode-bias resistor R, and the audio 
by-pus condenser Cs. The function of condenser C, is to block the d-c bias of the 
cathode from the grid. The function of condenser C, is to by-pass any r- f voltage 
on the grid to cathode. A duplex-diode pentode may also be used in this circuit. 
With a pentode, the a-f output should be resistance-coupled rather than trans-
former-coupled. 

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

However, there are restrictions on the use of the diode-biased circuit. Because 
the bias voltage on the triode depends on the average amplitude of the r-f voltage 
applied to the diode, the average amplitude of the voltage applied to the diode 
should be constant for all values of signal strength at the antenna. Otherwise 
there will be different values of bias on the triode grid for different signal strengths 
and the triode will produce distortion. Since there is no bias applied to the diode-
biased triode when no r-f voltage is applied to the diode, sufficient resistance should 
be included in the plate circuit of the triode to limit its zero-bias plate current to a 
safe value. These restrictions mean, in practice, that the receiver should have a 
separate-channel avc system. With such an avc system, the average amplitude 
of the signal voltige 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 
1116-G having a medium-mu triode. Tube types having a high-mu triode or a 
pentode should not be used in a diode-biased circuit. 

A grid- bias detector circuit is shown in Fig. 39. In this circuit, the grid is 
biased almost to cut-off, i.e., operated so that the plate current with zero signal is 
practically zero. The bias voltage can be obtained from a cathode-bias resistor, a 
C battery, or a bleeder tap. Because of the high negative bias, only the positive 
half cycles of the r- f signal are amplified by; the tube. The signal is, therefore. 
detected in the plate circuit. The advantages of this method of detection are that 
it amplifies the signal, besides detecting it, and that it does not draw current from 
the input circuit and therefore does not lower the selectivity of the input circuit 
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The grid-leak and condenser method, illustrated by Fig. 40, is somewhat more 
sensitive than the grid-bias method and gives its best results or weak signals. In 
this circuit, there is no negative d-c bias voltage applied to the grid. Hence, on 
the positive half-cycles of the r- f signal, current flows from grid to cathode. The 
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grid and cathode thus act as a diode detector, with the grid-leak resistor as the 
diode load resistor and the grid condenser as the r- f by-pass condenser. The voltage 
across the condenser then reproduces the a-f modulation in the same manner as 
has been explained for the diode detector. This voltage appears between the grid 
and cathode and is therefore amplified in the plate 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-

or LAST OUTPuT plish these purposes, an automatic volume control 
I- r STAGE circuit regulates the receiver's r-f and i-f gain so 

that this gain is less for a strong signal than for a 
AvCR2 weak signal. In this way, when the signal strength 
BIAS A- r at the antenna changes, the avc circuit reduces the TO  

ALTAGE STAGE resultant change in the voltage output of the last 
C2 i-f stage and consequently reduces the change in 

Fig. 41 the speaker's output volume. 

The avc circuit reduces the r-f and i-f gain for a strong signal usually by 
increasing the negative bias of the r-f, i-f, and frequency-mixer stages when the 
signal increases. A simple avc circuit is shown in Fig. 41. On each positive 
half-cycle of the signal voltage, when the diode plate is positive with respect to 
the cathode, the diode passes current. Because of the flow of diode current through 
R1, there is a voltage drop across R: which makes the left end of R, negative with 
respect to ground. This voltage drop across R1 is applied, through the filter RI 
and C. as negative bias on the grids of the preceding stages. Then, when the signal 
strength at the antenna increases, the signal applied to the avc diode increases, 
the voltage drop across R1 increases, the negative bias voltage applied to the r-f 
and i-f stages increases, and the gain of the r- f and i-f stages is decreased. Thus 
the increase in signal strength at the antenna does not produce as much increase 
in the output of the last i-f stage as it would produce without avc. When the 
signal strength at the antenna decreases from a previous steady value, the avc 
circuit acts, of course, in the reverse direction, applying less negative bin 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 R1 varies with the modulation 
of the carrier being received. If avc volt-
age were taken directly from R1 without 
filtering, the audio variations in avc voltage 
would vary the receiver's gain so as to 
smootn out the modulation of the carrier. 
To avpid this effect, the avc voltage is 
taken from the condenser C. Because of 
the resistance R: in series with C. the con-
denser C can charge and discharge at only 
a comparatively slow rate. The avc volt-
age therefore cannot vary at frequencies 
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as high as the audio range but can vary at frequencies high enough to compensate 
for most fading. Thus the filter permits the avc circuit to smooth out variations 
in signal due to fading, but prevents the circuit from smoothing out audio modulation. 

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

In the circuit shown in Fig. 41, a certain amount of avc negative bias is applied 
to the preceding stages on a weak signal. Since it may be desirable to 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 DI 
of the 6H6 acts as detector and avc diode. RI is the diode load resistor and R, 
and CI are the avc filter. Because the cathode of diode Ds is returned through a 
fixed supply of -3 volts to the cathode of DI, a d-c current flows through RI and 
R2 in senes with Ds. 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 RI does not exceed 3 volts, the 
avc lead remains at -3 volts. Hence, for signals not strong enough to develop 
3 volts across RI, 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 RI exceeds 3 volts, the plate of diode D, becomes more negative 
than the cathode of D, and current flow in diode D: ceases. The potential of the 
avc lead is then controlled by the voltage developed across RI. Therefore, with 
further increase in signal strength, the avc circuit applies an increasing avc bias 
'voltage to the controlled stages. In this way, the circuit regulates the receiver's 
gain for strong signals, but permits the gain to stay constant at a maximum value 
for weak signals. 

It can be seen in Fig. 42 that a portion of the -3 volts delay voltage is applied 
to the plate of the detector diode DI, this portion being approximately equal to 
RI/(RI + R2) times -3 volts. Hence. with the circuit constants as shown, the 
detector plate is made negative with respect to its cathode by approximately one-
half volt. However, this voltage does not interfere with detection because it is not 
large enough to prevent current flow in the tube. 

TUNING INDICATION WITH ELECTRON-RAY TUBES 

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

two main parts: ( 1) a triode which 
CATHODE FLUORESCENT operates as a d-c amplifier and (2) 
LIGHT --- 

an electron-ray indicator which is 
_RAY —CONTROL  located in the bulb as shown in 

SHIELD 

---- ELECTRODE Fig. 43. The target is operated at 
TARGET--- TRIODE a positive voltage and therefore 

--PLATE attracts electrons from the cathode. 
When the electrons strike the target 
they produce a glow on the fluores-
cent coating of the target. Under 

TRIODE ----CATHODE these conditions, the target appears 
Girtio---- as a ring of light. 

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

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

In the application of the electron-ray zube, the potential of the control electrode 
is determined by the \ oitage on the grid of the triode section. as can be seen in Fig. 
44. The flow of the triode plate current through resistor R produces a voltage drop 
which determines the potential of the coetrol electrode. When the voltage of the 
triode grid changes in the positive direction, plate current increases, the potential 
of the control electrode goes down because of the increased drop across R, and the 
shadow angle widens. When the potential of the triode grid changes in the negative 
direction, the shadow angle narrows. 

j i '''..-

TO CONTROLL ING 
VOLTAGE 

f I 
Rs, I 

Fig. 44 

14- TYPI CAL VALUE IS 0.5 M EGOHM 

Fig. 45 

Another type of indicator tube is the :3AF6-G. This tube contains only an 
indicator unit but employs two ray-control electrodes mounted on opposite sides 
of the cathode and connected to individual hase pins. It employs an external d-c 
amplifier. See Fig. 45. Thus. two synnneti icalle opposite shadow angles may be 
obtained by connecting the two rae-eontrci electrodes together or, two unlike 
pattens may be obtainezi by individual connection of each ray-control electrode • 
to its respective amplifier. 

In radio-receivers. avc voltage is applied lo the grid of the d-e amplifier. Since 
3VC voltage is at maximum when the set is tuned to give maximum response to a 
station, the shadow angle is at minimum wli2n the receiver is tuned to resonance 

with the desired station. The choice 
between electron-ray tubes depends on 

a r µ EE,. RS, tub( the avc characteristic of the receiver. 

ji  * - • Th.  6E5 contains a sharp cut-off triode 

I winch closes the shadow angle on a cm-
' t paratively low value of avc voltage. The 

6N5 and 6U5/6G5 each have a remote 
cut-off triode which closes the shadow on 
a larger value of aye voltage than the 

CONTROL L ,NG ()E5. The 6AF6-G may be used in con-
VOL AGE 

jum tion with d-c amplifier tubes having 

_ 

either remote or sharp cut-off character-
istic-3. Examples showing how electron-
ray :uhes are incorporated in receiver cir-
cuits are given in CIRCUIT SECTION. 

The sensitivity indication of electron-
Fig. 413 ray tubes can be increased by using a 

separate d-c amplifier to control the action of the ray-control electrode in the tuning 
indicator tube. This arrangement increases the maximum shadow angle from the 
usual 100° to approximately 180°. A circuit for obtaining wide-angle tuning is 
shown in Fig. 46. 
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OSCILLATION 

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

• 
- HEATER EIT 

TRANSFORNER 

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 

R- F SIGNAL 
PuT  AT FREQUENCY FREQUENC 

INIERMEC,A, 

OutPul AT r- f signal voltage and the voltage gen-iry  

erated by the oscillator, are applied to 
  FREQUENCy 

the input of the frequency mixer. 
OSCILLATOR These voltages beat, or heterodyne, 

within the mixer tube to produce a 
FREouENcy CONVERTER plate current having, in addition to 

Fig. 49 the frequencies of the input voltages, 
numerous sum and difference frequen-

cies. The output circuit of the mixer stage is provided with a tuned circuit which 
is adjusted to select only one beat frequency, i.e., the frequency equal to the differ-
ence between the signal frequency and the oscillator frequency. The selected out-
put frequency is known as the intermediate frequency, or 1.f. The output frequency 
of the mixer tube is kept constant for all values of signal frequency by tuning the 
oscillator to the proper frequency. 

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

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

A method widely used before the availability of tubes especially designed for 
frequency-conversion service, employs as mixer tube either a triode, a tetrode, or 
a pentode, in which oscillator voltage and signal voltage are applied to the same 
grid. In this method, coupling between the oscillator and mixer circuits is obtained 
by means of inductance or capacitance. 
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The second method employs a tube having an oscillator and 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 type is shown in Fig. 50. Since five grids 
are used, the tube is called a pentagrid converter. Grids No. 1. No. 2 and the 
cathode are connected to an external circuit to act as a triode oscillator. Grid No. 1 
is the grid of the oscillator and grid No. 2 is the anode. These and the cathode 
can be considered as a composite 
cathode which supplies to the rest 
of the tube an electron stream that 
varies at the oscillator frequency. 
This varying electron stream is fur- I 1NPuT S,GNAL i-r cmcurr 
ther controlled by the r-f signal 
voltage on grid No. 4. Thus, the 
variations in plate current are due roic - 1 L I 
to the combination of the oscillator CIRCon T OUTPDT I 
and the signal frequencies. The 
purpose of grids No. 3 and No. 5, 
which are connected together with-
in the tube, is to accelerate the 
electron stream and to shield grid 
No. 4 electrostatically from the 
other electrodes. The 6A8 is an 
example of a pentagrid-converter Fig. 50 
type. 

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

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

The cathode, hexode mixer grid 
nExoor(r.4.rER)PL•TE 

NE XODE GRIO NEA (grid No. 1), hexode 
SCREEN SECTION) 

double-
,.,xooc ( S.CNAL) screen (grids No. 2 and 4). 

GRID N23 iNTERNAL SNIELD hexode mixer grid (grid No. 3) 
INTERNAL SNIELD SNELL and hexode plate constitute the 

mixer unit. The internal shields 
cmiefre.ies'ÉPION) TR.ODE ( 05C > PLATE are connected to the shell of the 

TR.00E ( OSC.)GRID tube and act as a suppressor for 
NE ItOD( (bAsvER) 

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

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

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

TYPE 6L7 It follows, therefore, that the variations 
in plate current are due to the combina-
tion of the oscillator and signal frequencies. 
The arrangement of electrodes in a penta-

(TO OSCILLATOR) GRIDS Ne2 14 grid-mixer tube is shown in Fig. 52. The 
(SCREEN) tube contains a heater cathode, five grids, 

and a plate. Grids No. 1 and 3 are 
control grids. The r-f signal voltage is ap-cm) 

N2 I plied to grid No. 1. This grid has a remote 
s? GAL) i R- F cut-off characteristic and s 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. 
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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 inent information is given under 
each tube type and in the CIRCUIT SECTION. 

FILAMENT AND HEATER POWER SUPPLY 

The design of radio tubes allows for some variation in the voltage and current 
supplied to the filament or heater, but most satisfactory results are obtained from 
operation at the rated values. When the voltage is low, the temperature of the 
cathode is below normal, with the result that electron emission is limited. This 
may cause unsatisfactory operation and reduced tube life. On the other hand. 
high cathode voltage causes rapid evaporation of cathode material and shortens 
life. To insure proper tube operation, the filament or heater voltage should be 
checked at the socket terminals by means of an accurate voltmeter while the 
receiver is in operation. In the case of series operation of heaters or filaments, 
correct adjustment can be checked by means of an ammeter in the heater or fila-
ment circuit. 

The filament or heater voltage supply may be a direct-current source (a battery 
or a d-c power line) or an alternating-current power line, depending on the type 
of service and type of tube. Frequently, a resistor (either variable or fixed) is used 
with a d-c supply to permit compensation for battery voltage variations or to adjust 
the tube voltage at the socket terminals to the correct value. Ordinarily, a step-
down transformer is used with an a-c supply to provide the proper filament or 
heater voltage. Receivers intended for operation on both d-c and a-c power lines 
have the heaters connected in series with a suitable resistor and are supplied directly 
from the power line 
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ll-c filament or heater operation should be considered on the basis of the 
source of power. In the case of the battery supply for the new 1.4-volt filament 
tubes, it is unnecessary to use a voltage-dropping resistor in series with the filament 
and a single dry-cell: the filaments of these tubes are designed to operate satis-
factorily over the range of voltage variations that normally occur during the life 
of a dry-cell. Likewise, no series resistor is required when the 2-volt filament type 
tubes are operated from a single sterage cell or when the 6.3-volt series are operated 
from a 6-volt storage battery In tne case of dry-battery supply for 2-voltfilament 
tubes, a variable resistor in series with the filament and the battery is required to 
compensate for battery variations. It is also recommended that an accurate volt-
meter or milliammeter be permanently installed in the receiver to insure operation 
of the tubes at their rated filament voltage. Turning the set on and off by means 
of the rheostat is advised to prevent over-voltage conditions after an off-period, 
for the voltage of dry-cells rises during off-periods. In the case of storage-battery 
supply, air-cell-battery supply, or d-c power supply, a non-adjustable resistor of 
suitable value may be used. It is well to check initial operating conditions, and 
thus the resistor value, by means of a voltmeter or ammeter. 

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

supply volts — rated volts of tube type 
Required resistance (ohms) 

total rated filament current (amperes) 

Thus, if a receiver using three 32's. two 30's. and two 31's is to be operated from 
dry batteries. the series resistor is equal to 3 volts (the voltage from two dry cells 
in series) minus 2 volts (voltage rating for these tubes) divided by 0.56 ampere 
(the sum of 5 X 0.060 ampere + 2 x 0.130 ampere), i e.. approximately 1.8 ohms. 
Since this resistor should he variable to allow adjustment for battery depreciation, 
ut is advisable to obtain the next larger commercial size, although any value between 
2 and 3 ohms will be quite satisfactory. Where much power is dissipated in the 
resistor, the wattage rating should be sufficiently large to prevent overheating. 
The power dissipation in watts is equal to the voltage drop in the resistor multiplied 
by the total filament current in amperes. Thus, for the example above 1 X 0.56 = 
0.56 watt. In this case, the value is so small that any commercial rheostat with 
suitable resistance will be adequate. 

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

Required resistance (ohms) supply volts -- total rated volts of tubes 
rated amperes of tubes 

Taus, 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 
ampere, or approximately 14.4 watts. A resistor having a wattage rating in excess 
of this value should be chosen. 

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

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

rated heater amperes, tube A — rated beater 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  
Heater shunt remstance 0.8 — 0.3 , or 12.6 ohms. 

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

When the series-heater connection is used in a-c/d-c receivers, it is usually 
advisable to arrange the heaters in the circuit so that the tubes most sensitive to 
hum disturbances are at or near the ground potential of the circuit. This arrange-
ment reduces the amount of a-c voltage between the heaters and cathodes of these 
tubes and minimizes the hum output of the receiver. The order of heater connec-
tion, by tube function, from chassis to the rectifier-cathode side of the a-c line is 
shown tn Fig. 53. 
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A-c filament or heater operation should be considered on the basis of either a 
parallel or a series arrangement of filaments and/or heaters. In the case of the 
parallel arrangement, a step-down transformer is employed. Precautions should 
be taken to see that the line voltage is the same as that for which the primary of 
the transformer is designed. The line voltage may be determined by measurement 
with an a-c voltmeter (0-150 volts). 

If the line voltage measures in excess of that for which the transformer is 
designed, a resistor should be placed in series with the primary to reduce the line 
voltage to the rated value of the transformer pritnary. 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-transformes 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 une 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 lare 
resistor is used between heater and cathode, it should be by-passed by a suitable 
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filter network or objectionable hum may develop. The hum is due to the fact 
that even a minute pulsating leakage current flowing between the heater and 
cathode will develop a small voltage across any resistance in the circuit. This 
hum voltage is amplified by succeeding stages. When 6.3-volt heater-cathode types 
are operated from a storage battery, the cathodes are connected either directly or 
through biasing resistors to the negative battery terminal. When a series-heater 
arrangement is used, the cathode circuits should be connected either directly or 
through biasing resistors to the negative side of the d-c plate supply, which is 
furnished either by the d-c power line or by the a-c power line through a rectifier. 

PLATE VOLTAGE SUPPLY 

The plate voltage for radio tubes is obtained from batteries, devices for recti-
fying a.c., direct-current power lines, and small local generators. Auto radios have 
caused the commercial development of a number of devices for obtaining a high-
voltage d-c supply either from the car storage-battery or from a generator driven 
by the car engine. 

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

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

GRID VOLTAGE SUPPLY 

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

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

R. GRID - BIASING RESISTOR T FILAMENT TRANSFORMER C. BY-PASS CONDENSER 

Fig. 54 

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

desired grid- bias voltage X WOO  

Resistance (ohms) rated cathode current in milliamperes 

Thus, the resistance required to produce 9 volts bias for a triode which operates 
at 3 milliamperes plate current is 9 X 1000/3 = woo 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 iesistor with a small 
mica condenser (approximately 0.001 of) 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 6A137. 

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

• 

lg. 56 

• 

4-55e 
A- e. 

Fig. 57 

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

SCREEN VOLTAGE SUPPLY 

The positive screen voltage for pentodes and beam power tubes may con-
veniently be obtained from a high-voltage supply through a series resistor because 
tubes having suppressor action provide high uniformity of the screen-current 
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characteristic. Fig. 58 shows a pentode with its screen voltage supplied through 
a series resistor. The positive screen % oltage 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. 

A. A-

Fig. 59 

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

SHIELDING 

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

FILTERS 

Feed-back effects also are caused in radio receivers by coupling between stages 
tl trough common yoltage-supply circuits. Filters find an important use in minimiz-
ing such effects. They should be placed in voltage-supply leads to each tube in 
order to return the signal current through a low-impedance path direct to the tube 
cathode rather than by way of the voltage-supply circuit. Fig. 60 illustrates 
several forms of filter circuiti. Condenser C forms the low-impedance path. while 
the choke or resistor assists iii diverting the signal through the condenser by offering 
a high-impedance to the power-supply circuit. 
• The choice between a resistor and a choke depends chiefly upon the permissible 
d-c voltage drop through the filter. In circuits where the current is small (a few 
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milliamperes) resistors are practical; where the current is large, or regulation im-
portant. chokes are more suitable. 

D-C D- C D- C 0-C 
VOLTAGE VOLTAGE VOLTAGE VOLTAGE 
LEAD LEAD LEAD LEAD 

j_  000050 OdoDLOO 

—rc T c c —r —r c T c CT-
s TO C.AT NC« t To GATTIDDC t t TO CAITTGOE t TO C.ATIRCDE 

R T RESISTOR CT OT- PASS CONDENSER LT A, CA R- T CHOTT 

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 

0—retrr—crer`-•—• 

INPUT 
FROM 

RECTIFIER 
TUBE 

o CT OUTPUT 

CONDENSER- INPUT TYPE FILTER 

INPUT 
FROM 

RECTIFIER 
TUBE 

OUTPUT 

L = FILTER CHOKE C = FILTER CONDENSER 

Fig. 61 

CONDENSER FILTER 

INPUT 
FROM OUTPUT 

R EiEuTjér R c • 

e  

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

Mercury-vapor and gas-filled rectifier tubes occasionally produce a form of 
local interference in radio receivers, through direct radiation or through the power 
line. This interference is generally identified in the receiver as a broadly tunable 
120-cycle buzz ( 100 cycles for 50-cycle supply line. etc.). It is usually caused by 
the formation of a steep wave front when plate current within the tube begins to 
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TRANSFORMER METHOD 

flow on the positive half of each cycle of the a-c supply voltage. There are several 
ways of eliminating this type of interference. One is to shield the tube. Another 
is to insert an r- f choke having an inductance of one millihenry or more between 
each plate and transformer winding and to connect high-voltage, r- f by-pass con-
densers between the outside ends of the transformer winding and the center tap. 
See Fig. 62. The r- f chokes should be placed within the shielding of the tube. The 
r- f by-pass condensers should have a voltage rating high enough to withstand the 
peak voltage of each half of the secondary, which is approximately 1.4 times the 
RMS value. Transformers having electrostatic shielding between primary and 
secondary are not likely to transmit r-f disturbances to the line. Often the inter-
ference may be eliminated simply by making the plate leads of the rectifier extremely 
short. In general, the particular method- of interference elimination must be 
selected by experiment for each installation. 

IuSE 

TO A-C 
POWER LINE 

ELECTROSTATIC 
SHIELD 

C.R-F BT- PASS CONDENSER,MICA L R-F CHOKE 

Fig 032 

I TuDE SHIELD 

L 

TO 
FILTER 

OUTPUT- COUPLING DEVICES 

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

PL Al E 

CATHODE 
e  

CHOKE- COIL 

Fig. 63 

TO 
LOUDSPEAKER 

I • 

METHOD 

Output-coupling devices are of two types. (1) choke-condenser and (2) transformer. 
The choke-condenser type consists of an &on-core choke with an inductance of not less 
than 10 henrys which is placed in series with the plate and B-supply. The choke 
offers a very low resistance to the d-c plate current component of the signal voltage 
but opposes the flow of the fluctuating component A by-pass condenser of 2 to 
6 id supplies a 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 position in the circuit Typical arrangements of each type of 
coupling device are shown in Fig 63 Examples of transformers lor push-pull 
stages are shown in several ot use circuits given in the CIRCUIT SECTION 
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RCA Receiving Tube Classifications 
The following chart classifies RCA tubes according to their cathode voltages 

and their functions. It will assist the tube user in identifying type numbers and in 
choosing a tube type for an application. Types having similar characteristics are 
grouped in parentheses. 

r------
Cathode Volts 

DIODE DETECTORS L RECTIFIERS 

Detectors, twin 

Rectiftersi 

half -wove 

1 4 20 25 5.0 6.3 12.6 to 
117 

(6H6, 6H6-G) 
7A6 

1-v 12Z3 
35Z 3-LT 
35Z4-GT 
35Z5•GT 
45Z5-G1 

7017-GT hall-wane with boom 
power amplifier 

half-wove with 
power pentode 

full-wove 

Rectifier-Doublers 

12A7 
25A7-G 

vOCuurn (514, 

5U4-G, 

5X4-G, 

5Z3), 

(5W4, 
5Y3•G, 
5Z4, 

5Y4.ó, 
80), 

(5V4.G, 

mercury 89 I 83 

83-v) 

go, Cold-Cathode Type OZ4. 014-G 

(6X5, 6X5-G, 
6X5-GT, 84), 
6ZY5-G, 
7Y4 

(254, 
25Z6-G 
25Z6-GY, 
25Z5) 

117Z6-GT 
DIODE DETECTORS with 
AMPLIFIERS 

with high-mu triode 1H5.G, 
1H5•GT 

One with high- mu triode and 
Diode r-f pentode 

Two 
Diode 

3A8-GT• 

with medium-mu triode, 
and power pentode 

w•th pentode 

woh medium-mu triode 

108-GT 

1S5 

(185, 
'Ho-G) 

55 (6SR7, 6R7, 12SR7 
6R7-G, 85) 

with hrgh-mu rnode 2A6 

Lwith pentode (117-GV, 2137 
116) 

(6507, 
607 607-G, 

607•ÔT, 6T7-G, 
666-G, 75) 

7C6 

(12507, 
1207-GT) 

(6138, 6i313•G, 12C8 
667) 

CONVERTERS 16 MIXERS 

Pentagad Converters 

Triode-Hevode Converters 

Octode Converters 
L_Pentcyld 

(1A7-G, 
IA7.G1), 

1K5 

(1C7-G, 
1(its), 

(11)7•G, 
1A6) 

2A7 (6SA7, (12SA7, 
6A8 6A6-G, 12A8•GT) 

6A8-ÓT, 6D8-G, 
6A7), 7118-1M 

61(8 121(8 

7A8 

(6L7, 617.G) 

NOTE: This classification does not Include the following old types: 00-A, 01-A, 10, 11, 12, 20, 22, 26, 40, 48, 
50, 71-A, 81, 99, 112-A, 874, 876, and 886. Data on these types, however, are given in subsequent pages. 
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Cathode Volts 

VOLTAGE AMPLIFIERS 
DETECTORS, 05CILLATÓRS 

'single unit 

Triodes 

medium-mu 

L high-mu 

power 
pintade tsingle unit 

1.4 2.0 2.5 5.0 63 12.6 to 
117 

1G4.G (1H4-G, 
30) 

27, 
56 

(6C5, 6(5-G), 12J5-GT 
(6J5, 6J5-G, 

6J5-GT), 6L5.G, 
76, 37, 6P5-G, 
6AE5-GT 

win unit 

win plate 

with power 
pentode  

with diode, 

6C8-G, 6F8-G 

6AE6-G 

6AD7-G 

twin unit 

with diode, 
r-T Pentode 

IDe-GT 

(65F5, 6F5, ( 12SF5, 
6F5-G, 6F5-GT), 12F5-GT) 

6K5-G 

65C7 125(7 

3A8-GP 

r remote Tehode.cut-off  cut-off  

Pentodes 

lamas, cut-off 114 

3 

32 24A 

(1135-GP, 
1A4.P), 

34 

58 

36 

(6510, 
6K7, 610-G, 
61<1-GI, 78), 
(657, 657-G), 
(6U7-G, 6D6), 
6W7-G, 39 44, 
7A7-LM, 787, 

6AB7.1,6AC7111 

(12SKT, 
12K7-GT) 

remote eut-off, 
with triode 

sharp cut.off 

617 

(I N5.G, ES-GP, 57 
1N5-GT) 184 P), 

15 

Lshoio ut-off, with di- 13A8-G1' 
odq, high-mu triode 

POWER AMPLIFIERS 
low-mu, . ingle unit 

Triodes r single unit 
Lhigh•inu 

i.twin unit 

Beam 
Power 
Tubes 

31 2A3, 
45 

46 

(6517, 6J1, ( 12SJ7, 
6J7-G, J7-G1), 12J7-G1) 
6C6, 77, 7C7  

49 6AC 5-G 25 AC5-GT 

1G6-G (1J6-G, 
19) 

53 (6147, 6N7-G, 
6A6), 6Z7-G, 79 

(6L6, 6L6-G), 
(6V6, 6V6-G, 

6V6-GT), 6Y6-G, 
7C5-LT 

without recrifier 105-GT, 
ils-GI, 
305-GP 

(25L6, 
25L6-d. 
25L6-GT_), 
35A5-LT, 
35L6-GT, 
50L6-GI' 

70L7-GI 

(25A6, 
25A6-G, 

43), 
2586-G 

with rectifier 

single unit 1A5 G, 
I C5-G, 
1S4 

Pentodes twin unit 

(1 F5-G, 
1F4), 

165-G, 
  33,   

1E7-G* 

2A5 
47 
59 

(6F6, 6F6-G, 42), 
(6K6-G, 6K6-GT. 
41), 6G6-G, 30, 
6A4, 89, 785- LT 

with diode and triode 108•GT 

with medium-mu t'iode 

with rectif.er 

6A D 7 - G 
12A7 

25A7-G 

video 

Direct.Coupled 

I ELECT-RON -I-1A 
,.••note cut-

eff rinser: 

6AG7 • 
(685, 6N6-G) 

6AB5 6N5, 
6U5/6G5 

Indi- ( Single lwth eau:, cut- 6E5 
colors off tricde. 

tud 6AF6iG  

C-,A5.181:rEi5b Cald-Cciihode, Stotler Anod- Type: 0A4-G.  

* 'i.e.> il9.G on one bvlb. 118Designed for television applications. 

Filament adanged for either 1.4 volt cr 2.8- volt operation. 
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Interpretation of Receiving-Tube Ratings 
A star before CHARACTERISTICS under any tube type indicates that the 

maximum ratings for this type are to be interpreted in accordance with RMA 
Standard M8-210. This standard establishes a new system of ratings in which the 
meaning of maximum rating is changed from "absolute maximum" to "design 
maximum." This change has been made to take into account the normal voltage 
variations of the various power-supply sources used for modern 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: 

e 
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 90% 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 10%. 

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

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

• Used by permission of the Engineering Department of the Radio Manufacturers Aatioctation 
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Key to Terminal Designations of Sockets 
Alphabetical subscripts D, P, T, and MX Indicate, respectively, diode unit, pentode unit 

triode unit, and hexode unit in multi-unit types. 

Numerical subscripts are used ( I) In multi- grid types to Indicate relative position of grids 
to cathode or filament, and (2) in multi- unit types to differentiate between two identical elec-

trodes which would otherwise have the some designation. 

BP = Bayonet Pin 

BE. = Base Shell 
F. = Filament 

Fat = Filament Mid-Tap 
G = Grid 
H = Heater 

Bottom views 

HL = Tap for Panel Lamp 

K = Cathode 

NC = No Connection 
P = Plate (Anode) 
Pity- = Beam-Forming Plates 

RC = Ray-Control Electrode 

S = Shell 
SI = lnterlead Shield 

SL = Base Sleeve 
TA = Target 
U = Unit 
• Gas-Type Tube 

of sockets are shown throughout this book. 

DETECTOR TRIODE 
The 00-A is a storage- battery triode of 

the gas filled type. Operating conditions as 
grid leak detector maximum plate volts of 
45, grid leak of 2 to 3 megohms, grid con-
denser of 0 00025 pf, and grid return to (-) 
filament. Filament volts, 5; amperes. 0 25. 
For dimensions, see Fig. 2-24., OUTLINES 
SECTION. The 00 A is a discontinued 
type; it is retained for reference only. 

DETECTOR AMPLIFIER 

TRIODE 

The 01-A Is a storage- battery triode used 
chiefly for replacement in receivers designed 
for it. Operating conditions as grid leak 
detector are the sanie as for 00-A except that 
grid return is to ( -I-) filament; as biased de-
tector. maximum plate volts of 135, bias of 
-13.5 volts (approx); as amplifier, maximum 
plate volts of 135 bias of -9 volts. Filament 
volts, 5: amperes, 0 25 For dimensions. see 
Fig. 2-25. 0(11-LINES SECTION. The 01-A 
is a discontinued type; it is retained for ref-
erence only. 

GAS TRIODE 

The 0A4.G is an ionic- 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 
with an inert gas or vapor at reduced pres-
sure. In normal operation of the 0A4-G, a 

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

00-A 

01-A 

CHARACTERISTICS 

P AK ANODE BREAKDOWN VOLTAGE (Starter-anode tied to cathode) 

PEAK POSITIVE STARTER-ANODE-BREAKDOWN VOLTAGE  
STARTER-ANODE CURREN'S (For transition of discharge to anode at 

140 volts eak)  
STARTER-ANODE DROP   
ANODE DROP .   

0A4-G 

225 min. Volts 
70 min. Volts 

190 max. Volts 

100 maz. Microamperes 
60 approz. Volte 
70 approx. Volts 
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MAXIMUM RATINGS and TYPICAL OPERATING CONDITIONS 

Relay Service 

PEAK CATHODE CURRENT  100 max. Milliamperes 
D-C CATHODE CURRENT  25 max. Millie Were. 
TYPICAL OPERATION W ITH A-C SUPPLY: 

Anode-Supply Voltage (RN1S)   105-130 Volts 
A-C Starter-Anode Voltage (Peak)  max Volta 
R-F Starter-Anode Voltages (Peak)   55 min. Volts 
Sum of A-C and R-F Starter-Anodes Voltages (Peak)  110 min. Volts 

INSTALLATION and APPLICATION 

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

As a relay tube. the 0A4-G can be op-
erated in the circuit shown below. In 
this circuit, the starter-anode is main-
tained at a potential just below that re-
quired for breakdown by means of the 
bleeder RiRi. 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. 
cream 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 discharge 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 0A4-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 TvRC 044-G CAT ROOT TO 

voltage to a value under 60 volts (ex-
tinction voltage). This can be done • 
conveniently by opening the anode circuit. 

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

Typical breakdown characteristics of 
the 0A4-G are shown for conditions where - 0 20 40 
the starter-anode and anode are either 
positive or negative, respectively. The 
tube is designed to be operated so that 
the discharge takes place when the 
starter-anode and anode are both posi-
tive (first quadrant). Breakdown between 
cathode and starter-anode occurs when 
the starter-anode voltage reaches 85 volts 
approximately. This discharge initiates 
a discharge between cathode and anode, 
provided the anode potential is ade-
quate. The required anode potential is 
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-
anode. 

A- C LINE 
8,5V. 

ER, 

R I oA4-G 
TvRE I 

CONTROLLED 
CIRCUIT 

T RIGe-O TuNFO CIRCUIT FOR A.F SIGNAL 
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po' 

PD2 

KEY 

4 R 

Type 014 

Pot 

FULL-WAVE 

GAS RECTIFIERS 
NC • 

The OZ4 and 0Z4-G are full-wave. 
gas-filled rectifiers of the cold-cathode 
type. They are used principally for 
renewal in vibrator-type B-supply 
units. The bases of these types fit the 
standard octal socket which may be 
installed to hold the tubes in any 
position. For physical characteristics 
of the OZ4 and 0Z4-G, see Figs. 1-2 
and 2-3, respectively, in the OUT-
LINES SECTION. The shell of the 

N. OZ4 and the external shield required 
for the 0Z4-G should be grounded. 

NC KEY The use of filters may be necessary 
G-4R to eliminate objectionable noise. 

Type OZ4-G 

MAXIMUM RATINGS 

STARTING-SUPPLY VOLTAGE PER PLATE 
PEAK PLATE-TO-PLATE VOLTAGE  
PEAK PLATE CURRENT   

D-C OUTPUT CURRENT .. 

D-C OUTPUT VOLTAGE   
AVERAGE DYNAMIC TUBE VOLTAGE DROP  

GI 
2 SUPER-CONTROL R-F 

AMPLIFIER PENTODE 

The 1A4-P is a super-control pentode 1A4- P 
of the 2-volt filament type for battery-

G3 operated receivers. Its rating, char-
4 M acteristics, and application are the 

same as for the Type 1D5-GP, except 
that the interelectrode capacitances are as shown below. Filament operation is 
discussed under Type 1C7-G. The base of the 1A4-P fits the standard four-
contact socket which should be installed to hold the tube preferably in a vertical 
position, but horizontal operation is permissible if pins 1 and 4 are in a vertical 
plane. For physical characteristics of the 1A4-P, refer to Fig. 2-16. OUTLINES 
SECTION. 

GRID-PLATE CAPACITANCE (With shield-can) 0.007 max. ¡apt 

INPUT CAPACITANCE  5 eipt 
OUTPUT CAPACITANCE 11 umf 

OZ4 

0Z4-G 

300 min. Peak Volts 
1000 max. Volts 
200 max. Milliamperes 
75 max. Milliamperes 
30 min. Milliamperes 
300 mat. Volts 
24 Volts 

02 G, 

POWER AMPLIFIER 

PENTODE 

ft r- The 1A5-G is a power-amplifier pen- 1A5-G 
tode of the 1.4-volt filament type for 
use in the output stage of battery-
operated receivers. The filament is 
designed for operation directly across 

a 1.5-volt dry cell. Operation of the filament is discussed under T\ pe 1A74 

— 47 — 

NC K EY --NC 

G- 6X 

_ _ icapc,..tively. 111 we 
OUTLINES SECTION. Complete shielding of the 1A7-G and 1A7-GT is generally 
necessary to prevent intercoupling between its circuit and those of other stages. 

The filament of either the 1A7-G or the 1A7-GT may be connected directly 
across a 1.5-volt dry cell. Series operation of the filament with the filaments of 
other 1.4-volt battery types is permissible provided shunt resistors are employed 
across certain filaments to carry the plate current returning from other tubes 
through these filaments. The shunt resistors should be adjusted to maintain the 
filament voltage of each tube at its rated value of 1.4 volts under operating condi-
tions. It is obvious that the shunt resistor can also be used to adjust for a differ-
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* CHARACTERISTICS 
FILAMENT VOLTAGE (D.C.)  1.4 Volts 
FILAMENT CURRENT  0.05 Ampere 
PLATE VOLTAGE   85 90 max. Volts 
SCREEN VOLTAGE (Grid No. 21 QC Ctrs - 

R C A RECEIVING TUBE MANUAL 

t•IICt: in filament-current ratings. Series-parallel operation of 1.4-volt types is not 
:-ecornmended because failure of one tube may cause excessive voltage across other 
tubes. 

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

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

TYPICAL PENTAOPID CONVERTER CIRCUIT 
FOR FILAMENT UPE TUBE.t.. 

C, r 
t. AB. E CONE/U..5[AS 

. / 

. -•• 

2,0 Oil , 
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L? - to-na P.Uit 
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Pc, C5C1LLAT-04 GRID LEAK 
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r, 200 
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o 

"J 150 

Z .00 
o 

.j SO 

o 

• O 

yPt. I A 7- CT 

.02 .04 .06 08 O.. 

OSCILLATOR- GRID ANLL1A.PERES 

82C -6091 

R- F AMPLIFIER PENTODE 

The 1134-P is a pentode of the fila-
B 4B4- P ment type. It is used primarily as a 

radio-frequency amplifier or detector 
in battery-operated receivers. The 
standard four-pin socket for the 1B4-P 
should he mounted to hold the tube pref-
erably in a vertical position. Horizontal 4M 

operation is permissible if pins 1 and 4 are in a vertical plane. Filament operation 
is discussed under Type 1C7-G. Physical characteristics of the 1B4-P are shown 
in Fig. 2-16. OUTLINES SECTION. For characteristics, refer to Type 1E5-GP. 

el» POI 

1B5/25S 
DUPLEX-DIODE TRIODE 

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 hat- 61A 
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tery-operated receivers. The standard six-contact socket for the 1B5/25S should 

be mounted to hold the tube preferably in a vertical position. Horizontal operation 

is permissible if pins 1 and 4 are in a vertical plane. Filament operation is dis-

cussed under Type 1C7-G. Physical characteristics of the 1B5/25S are shown 

in Fig. 2-19, OUTLINES SECTION. For characteristics, see Type 1H6-G. 

POWER AMPLIFIER 

PENTODE 

The 105-G is a power-amplifier 

- pentode of the 1.4-volt filament type 

3 for use in battery-operated receivers 

in which economy of filament current 

is important. 

105-G 

*CHARACTERISTICS 

FILAMENT VOLTAGE (D.C.)  1.4 Volts 

FILAMENT CURRENT  0.1 Ampere 
PLATE VOLTAGE   83 90 max. Volts 

SCREEN VOLTAGE (Grid No. 2)   83 90 max. Volts 

GRID VOLTAGE (Grid No. 1)  -7 -7.5 Volts 

PLATE CURRENT  7 7.5 Milliamperes 

SCREEN CURRENT  1.6 1.6 Milliamperes 

PLATE RESISTANCE (Approx.)   110000 115000 Ohms 
TRANSCONDUCTANCE   1500 1550 Micromhos 

Loan RESISTANCE   9000 8000 Ohms 
CATHODE RESISTOR   920 825 Ohms 

,.. POWER OUTPUT*  200 240 Milliwatts 

• 10' : total harmonic distortion. 

INSTALLATION and APPLICATION 

The base of the 105-G fits the standard octal socket whicl ma) be installed 

to hold the tuoe in any position. Physical claracteristics of the 105-G are shown 

un Fig. 2-13, OUTLINES SECTION. The filament of the 105-G is designed so 

that it may be operated directly from a 1.5-volt dry battery. For further dis-

cussion of filament operation, see Type 1A7-G. Application of the 105-G is the 

same as for the Type 1F5-G. 

25 
AVERAGE PL ATE ACTE R 1ST IC S 

-yet ,GS-C. 

— SCREEN VOLTS 7 90 — 

20 

Er = 1.4 VOLTS 0 C. 

100 1:5 
PLATE VOLTS 

-15 

175 200 

02C - 4097 
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PENTAGRID CONVERTER 
G2 

G4 

The 106 is a multi-electrode vacuum G3 

.I C6 signed to perform simultaneously the 
tube of the 2-volt filament type de- Gs (2  

functions of mixer and oscillator in 
superheterodyne circuits. For general 
discussion of pentagrid types, see Fre-
quency Conversion in RADIO TUBE SL 

APPLICATIONS section. The electrical characteristics of the 106 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 
106 are shown in Fig. 2-16, OUTLINES SECTION. 

DIRECT INTERELECTRODE CAPACITANCES (Approx.): 
Grid No. 4 to Plate   0.3' mmf 
Grid No. 4 to Grid No. 2   0.3' 
Grid No. 4 to Grid No. 1   0.15' wif 
Grid No. 1 to Grid No. 2   1.5 puf 
Grid No. 4 to All Other Electrodes (R F Input)   10 pm f 
Grid No. 2 to All Other Electrodes (Ose Output).   6 mi.if 
Grid No. 1 to All Other Electrodes (Osc. Input)   6 41.if 

Plate to All Other Electrodes (Mixer Output) ..   10 mmI 
• With shield-can connected to (-) filament. 

G1 

PENTAGRID CONVERTER 

The 1C7-G is a multi-electrode type 1 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- NC K CY NC 

operated receivers. It is especially use- G-7Z 
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. 

* CHARACTERISTICS 
FILAMENT VOLTAGE (D.C.)  2.0 Volts 
FILAMENT CURRENT  0.120 Ampere 
DIRECT INTERELECTRODE CAPACITANCES (Approx.):' 
Grid No. 4 to Plate   0.26 mg f 
Grid No. 4 to Grid No. 2   0.32 up( 
Grid No. 4 to Grid No. 1   0.11 ma 
Grid No 1 to Grid No. 2   1.2 mill. 
Grid No. 4 to All Other Electrodes (R-F Input)   10 ¡Leif 
Grid No. 2 to All Other Electrodes Except Grid 
No. 1 (Osc. Output)  5.5 egmI 

Grid No. 1 to All Other Electrodes Except Grid 
No. 2 (Osc. Input)  4.8 miàf 

Plate to All Other Electrodes (Mixer Output)   14 mid 
• With shield-can connected to (-) filament. 

Converter Service 
PLATE VOLTAGE   180 max. Volts 
SCREEN VOLTAGE (Grids No. 3 and 5)  67.5 mar. Volts 
SCREEN VOLTAGE SUPPLY  180 max. VOILS 
ANODE-GRID VOLTAGE (Grid No. 2)  135 max. Volts 
ANODE-GRID VOLTAGE SUPPLY'  180 max. Volts 
CONTROL-GRID VOLTAGE (Grid No. 4)  0 mm Volts 

• Applied through 20000-ohm dropping resistor, by-passed by 0.1 id condenser. 
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PLATE DISSIPATION   0.3 max. Watt 
SCREEN DISSIPATION   0.2 max Watt 
ANODE-GRID DISSIPATION  0.4 max. Watt 
TOTAL CATHODE CURRENT .... .9 max Milliamperes 
TYPICAL OPERATION: 

Plate Voltage   135 180 Volts 
Screen Voltage   67.5 67.5 Volts 
Anode-Grid Voltage Supply  135 180' Volts 
Control-Grid Voltage.   -3 -3 Volte 
Oscillator-Grid Resistor (Grid No. 1) . . 50000 50000 Ohms 
Plate Current   1.3 1.5 Milliamperes 
Screen Current   2.5 2 Milliamperes 
Anode-Gild Current  3.1 4 Milliamperes 
Oscillator-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 
Tbe transconductance of the oscillator portion mot oscillating) of the IC:7-G is 1000 micro 

mhoe under the following conditions: Plate voltage. 135 to 180 volts: screen voltage. 67 5 volts; 
anode-grid voltage (no voltage-dropping resistor). 135 volts: and zero oscillator grid volts Under 
these sanie conditions, the anode-grid current is 4.9 milliamperes 

• Applied through 20000-ohm dropping resistor, by-passed by 0.1 mf condense 
' 

INSTALLATION and APPLICATION 

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

The coated filament of the 1C7-G may be operated conveniently from drv-cells, 
from a single lead storage-cell, or from an air-cell battery. For dry-cell operation. 
a filament rheostat may be used together with a permanently installed voltmeter to 
insure the proper filament voltage. For operation from a 2-volt lead storage-cell, 

• the 1C7-G requires no filament resistor. Operation from an air-cell battery requires 
a fixed resistor in the filament circuit. This resistor should have a value such that 
with a new air-cell battery, the voltage applied across the filament terminals will 
not initially exceed 2.15 volts. 

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

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

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

This tube, which is similar to the 1D7-G although not directly interchangeable 
with it, requires twice the filament current of the latter, but offers the feature of 
an extended operating range at the higher frequencies. This feature is of particular 
value in the design of multi-range receivers, since the oscillator section of the 1C7-G 
has sufficient transconductance to function at frequencies as high as 25 megacycles. 
In order to cover this same range of operation, the 1D7-G requires the use of a 
triode connected in parallel with the oscillator section for frequencies above 10 
niegacydes. 
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The maximum conversion transconductance is obtained with an oscillator-grid 
current of slightly less than 0.2 milliampere. The size, inductance, and coupling of 
the oscillator-grid and plate coils will determine this value. The coupling of these 
coils should be adjusted to make the oscillator-grid current the proper value (approx-
imately 0.2 milliampere) when a grid condenser of 250 jiiif and a grid leak of 50000 
ohms are used. For details of oscillator-coil assemblies refer to Type 6A8 

1D5- GP 

SUPER-CONTROL R- F 

AMPLIFIER PENTODE 

The 1D5-GP is a super-control pen-
tode of the filament type designed for 
use as a radio-frequency or intermed-
iate-frequency amplifier in battery-op-
erated receivers. 

CHARACTERISTICS 

G2 

P(-; 

NC 

c., 
G3 

Nr_ KEY - NC 

G- 5Y 

FILAMENT VOLTAGE (D.C.)  2.0 Volts 
FILAMENT CURRENT  0.060 Ampere 
PLATE VOLTAGE   90 180 max. Volts 
SCREEN VOLTAGE (Grid No. 2)   67.5 67.5 max. Volts 
GRID VOLTAGE (Grid No. 1)   -3 min. -. 3 min. Volts 
PLATE CURRENT  2.2 2.3 Milliamperes 
SCREEN CURRENT  0.9 0.8 Milliampere 
PLAIE RF:SISTANCE (Approx.) ...... 0.6 1.0 Megohm .. 
TRANSCONDUCTANCE   720 750 Mitzomhos 
TRANSCONDUCTANCE (At 15 volts bias) 15 15 Micromhos 

INSTALLATION and APPLICATION 

The base of the 1D5-GP fits the standard octal socket which should be installed 
to hold the tube preferably in a vertical position. Horizontal operation is permiss-
ible if pins 2 and 7 are in a vertical plane. Physical characteristics of the 1D5-GP 
are shown in Fig. 2.15, OUTLINES SECTION. Filament operation is discussed 
under Type 1C7-G. Screen voltage may be obtained in the same way as for Type 
1E5-GP." 

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

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

Owing to the fact that the super-control feature of the 1D5-GP requires a 
comparatively large grid-bias change, the screen and plate voltage may vary con-
siderably for various volume settings, depending on rettiver design. It is recom-
mended, therefore, that design features be incorporated in the receiver so that the 
screen voltage will not exceed 67 5 volts under conditions of minimum grid bias 
and maximum plate current. With a desitm arrangement of this kind the scrren 
voltage at decreascd values of plate current may reach a value higher than 67.5 
volts but should not exceed 100 volts It should be recognized that under the 
condition of screen voltage above 67.5 volts at low plate current, an increase in the 
grid-bias voltage supply must be provided for adequate volume control. 

4. 
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Ga G1 

N , KEY 

G-72 
NC 

PENTAGRID CONVERTER 

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

CHARACTERISTICS 

FILAMENT VOLTAGE (D.C.)  2.0 Volts 
FILAMENT CURRENT  0.060 Ampere 
DIRECT INTERELECTRODE CAPACITANCES (Approx.): 
Grid No. 4 to Plate (With shield-can)   0.25 ,441 
Grid No. 4 to All Other Electrodes (R-F Input)   13 ,u/..f 
Plate to All Other Electrodes (Mixer Output)   14 o f 

Converter Service 
PLATE VOLTAGE   180 max. Volts 
SCREEN VOLTAGE (Grids No. 3 and 5)  67.5 max. Volts 
ANODE-GRID VOLTAGE (Grid No. 2)  135 max. Volts 
ANODE-GRID VOLTAGE SUPPLY*  180 max. Volts 
CONTROL-GRID VOLTAGE (Grid No. 4)  -3 min. Volts 
TOTAL CATHODE CURRENT  9 max. Milliamperes 
TYPICAL OPERATION: 

Plate Voltage   135 180 Volts 
Screen Voltage   67.5 67.5 Volts 

t. 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 
Screen Current   2.5 2.4 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 Megolun 
Conversion Transconductance  275 300 Micromhos 
Conversion Transconductance (At -22.5 

volts on Grid No. 4)   4 4 Micromhos 
The transconductance of the oscillator portion (not oscillating) of the 107-G is 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 volts, 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 rà condenser. 

INSTALLATION and APPLICATION 
The base of the 1D7-G fits the standard octal socket which should be installed 

lo hold the tube preferably in a vertical position. Horizontal operation is permis-
sible if pins 2 and 7 are in a vertical plane. Physical characteristics of the 1D7-G 
are shown in Fig. 2-15, OUTLINES SECTION. Filament operation is discussed 
under Type 1C7-G. Complete shielding of the 1D7-G is generally necessary to 
prevent intercoupling between its circuits and those of other stages. 

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

For the oscillator circuit, the coils may be constricted according to conven-
tional design, since the tube is not particularly critical for frequencies up to 10 

1D7-G 
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megacycles. For higher frequencies the 1C7-G should be used. However, it 

should- be noted that the 1C7-G requires additional filament current. The voltage 

applied to the anode-grid (No. 2) of the 1D7-G should not exceed the maximum 

value of 135 volts, but should always be higher than the screen (grids No. 3 and 

No. 5) voltage. The anode-grid voltage may be obtained from a suitable tap on 

the B battery or from the plate-supply tap through a voltage-dropping resistor of 

20000 ohms shunted by a by-pass condenser of 0.1 W. 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 be varied from -3 to plate 
current cut-off (approximately -25 volts). With lower screen voltages, the cut-off 

point is proportionately less. The extended cut-off feature of the 1D7-G in com-

bination with the similar characteristics of super-control tubes can be utilized 

advantageously to adjust receiver sensitivity. 

Since the capacitance between grid No. 4 and plate is in a parallel path with the 

capacitance and inductance of the plate load, it is important to use a load capacitance 

of sufficient size to limit the magnitude of the r-f voltage built up across the load. 

if this is not done. r- f voltage feed-back will occur between plate and grid No. 4 to 

produce degenerative effects For this reason, the size of the load condenser in 
the plate circuit should be not less than 50 JAW. 

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 

1D8-GT 

DIODE-TRIODE 

POWER AMPLIFIER PENTODE Pp 

The 1D8-GT is a multi-unit tube 

having a 1.4-volt filament for use in 

compact battery-operated receivers 

designed for it. This tube combines 

in a single bulb three units—a diode 

for use as detector and avc, a triode for use as the first audio amplifier, and a power 
output pentode. 

* CHARACTERISTICS 

Ft 

NC 8 Pc, 

G-8AJ 

FILAMENT VOLTAGE (D.C.)  1.4 Volts 
FILAMENT CURRENT  0.1 Ampere 

Pentode Unit as Class A, Amplifier 
PLATE VOLTAGE   45 67.5 90 max. Volts 
SCREEN VOLTAGE (Grid No. 2)   45 67.5 90 max. Volts 

GRID VOLTAGE (Grid No. 1)  -4.5 -6 -9 Volts 

PLAIE CURRENT  1.6 3.8 5 Milliamperes 

SCREEN CURRENT.   0.3 0.8 1.0 Milliamperes 

PLATE RESISTANCE  0.3 0.2 0.2 Megohm 

TRANSCONDUCTANCE   650 875 925 Micromhos 

LOAD RESISTANCE   20000 16000 12000 Ohms 
TOTAI. DISTORTION  10 10 10 Per cent 

POWER OUTPUT  35 100 200 Milliwatts 

Triode Unit as Class A, Amplifier 
PLATE VOI.TAGE   45 67.5 90 max. Volts 
GRID VOLTAGE   O 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 filament, and is Independ-
ent of the triode and pentode units except for the common filament. 

INSTALLATION and APPLICATION 

The base fits the standard octal socket which may be 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. 

Gp NC 

G1 

Fi 

NC SE Y NC 

G- 5Y 

F - 
G3 

P- F AMPLIFIER PENTODE 

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

1E5- GP 

CHARACTERIST'CS 

e FILAMENT VOLTAGE (D.C.).   2.0 Volts 
FILAMENT CURRENT  0.060 Ampere 
PLATE VOLTAGE   90 180 max. Volts 
SCREEN VOLTAGE (Grid No. 2)   67.5 max. 67.5 max. Volts 
GRID VOLTAGE (Grid No. 1)  -3 -3 Volts 
PLATE CURRENT  1.6 1.7 Milliamperes 
SCREEN CURRENT  0 7 0.6 Milliampere 
PLATE RESISTANCE  I 1.5 Megohms 
TRANSCONDUCTANCE   600 650 Micromhos 
GRIL VOLTAGE* (Approx.)   -8 -8 Volts 
GRID-PLATE CAPACITANCE (With shield-can) 0.007 max. mid 
INPUT CAPACITANCE  5 »of 
OUTPUT CAPACITANCE  11 µof 

• For plate current cut-off. 

INSTALLATION and APPLICATION 

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

The screen voltage may be obtained from a tap on the B-supply battery or 
from a bleeder circuit across the battery, as a whole or in part. Due to the screen 
current characteristics of the 1E5-GP, a resistor ih series with the B-supply may 
be employed if desired, for obtaining the screen voltage, provided the maximum 
voltage between screen and filament does not exceed 100 volts under conditions of 
reduced plate current 
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1E7-G 

TWIN- PENTODE 

POWER AMPLIFIER 

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

* CHARACTERISTICS 

FILAMENT VOLTAGE (D.C.)  2.0 Volts 
FILAMENT CURRENT  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 
Values are for two units 

PLAIE VOLTAGE. 135 max. Volts 

SCREEN VOLTAGE   135 max. Volts 
GRID VOLTAGE*   -7.5 Volts 
PEAK A-F GRID-TO-GRID VOLTAGE  1.5 Volts 
ZERo-SIGNAL PLATE CURRENT (Approx.) 7 Milliamperes 
MAX.-SIGNAL PLATE CURRENT (Approx.)   10.5 Mill atriperes 
ZERu-SIGNAL SCREEN CURRENT (Approx.) 2 Milliamperes 
MAX.-S1GNAL SCREEN CURRENT (Approx.)   3.5 Milliamperes 

24000 LOAD RESISTANCE (Plate-to-Plate)  Ohms 
TOTAL HARMONIC DISTORTION  5.5 Per cent 
THIRD HARMONIC DISTORTION  4.5 Per cent 
MAX.-SIGNAL POWER OUTPUlt   0.575 Watt 

f A power output of 1.0 watt with 10 ; total distortion can he obtained in class Al operation 
with a peak a-f grid to-grid voltage of 21 volts 

• The d-c resistance in the grid circuit should not exceed 1 0 megolim with cathode bias, 
or 05 megolun with fixed bias. 

INSTALLATION and APPLICATION 
The base of the 1E7-G fits the standard octal socket which should be installed 

to hold the tube preferably in a vertical position. I lorizontal operation is pismis-
sible if pins 2 and 7 are in a vertical plane. Physical characteristics of the 1E7-G 
are shown in Fig. 2-17, OUTLINES SECTION. Filament operation is discussed 
under Type 1C7-G The two units of the 1E7-G are used in the same manner as 
tuo separate tubes in conventional push-pull, audio-frequency amplifier circuits. 

POWER AMPLIFIER PENTODE 

The 1F4 is a power-amplifier pen-
tode of the 2-volt filament type for use 
in the output stage of battery-oper-
ated receivers. Its electrical charac-
teristics are the same as those of the 
T>pe 1F5-(;. The base of the IF I tits 
the standard five-contact socket which 
should be installed to hold the tul )e 

preferably in a vertical position with the base down. Horizontal operation is per-
ria.:ible if pins 1 and 5 are in a vertical plane. Physical characteristics of the 11:4 
are shown in Fig. 2-25, OUTLINES SECTION. Filament operation is discusd 
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 
receivers. This tube has low filament-
and plate-current requirements, high 
power sensitivity, and is capable of 
delivering a considerable amount of 
audio power with low distortion. 

* CHARACTERISTICS 

FILAMENT VOLTAGE (D.C.)  2.0 Volts 
FILAMENT CURRENT  0.12 Ampere 

1F5- G 

As Single-Tube Class A, Amplifier 

PLATE VOLTAGE   180 net Volts 
SCREEN VOLTAGE   180 max. Volts 
PLATE DISSIPATION   1 75 max. Watts 
SCREEN DISSIPATION   0.75 max. Watt 
TYPICAL 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 4.5 Volts 
Plate Current   4 8 Milliamperes 
Screen Current   1.1 2.4 Milliamperes 
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 5 Per cent 
Power Output  110 310 Milliwatts 

As Push- Pull Class AB, Amplifier 
Values are for two tubes 

PLATE VOLTAGE   180 max. Volta 
SCREEN VOLTAGE   180 max. Volts 
PLATE DISSIPATION   1.75 max. Watts 
SCREEN DISSIPATION   0.75 max. Watt 
TYPIctui OPERATION: 

Plate Voltage   180 Volts 
Screen Voltage   180 Volts 
Grid Voltage  -7.5 Volts 
Peak A-F Grid-to-Grid Voltage  15 Volts 
Zero-Signal Plate Current  19 Milliamperes 
Max.-Signal Plate Current  21. Milliamperes 
Zero-Signal Screen Current  5.5 Milliamperes 
Max.-Signal Screen Current  7 Milliamperes 
Load Resistance (Plate-to-plate)  20000 Ohms 
Total Harmonic Distortion  4.5 Per cent 
Max.-Signal Power Output  1.25 Watts 

INSTALLATION and APPLICATION 

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

For the power amplifier stage of radio receivers, the 1F5-G is recommended 
either singly or in push-pull combination More than one audio stage preceding 
the 1F5-G is undesirable becain, of the posility of microphunic 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 megolun under cathode-bias conditions; with 
fixed bias, the maximum value is 0.5 megotun. 

DUPLEX-DIODE PENTODE 

The 1F6 is a duplex-diode pentode 1 F6 of the 2-volt filament type. Its elec-
trical characteristics are the same as 
those of the Type 1F7-GV, except for 
capacitances which are given below. G3p 

• 
The base of the 1F6 fits the standard F-

six-contact socket which should be in-
stalled to hold the tube preferably in a vertical position with the base down. Hori-
zontal operation is permissible if pins 1 and 6 are in a vertical plane. Physical 
characteristics of the 1F6 are shown in Fig. 2-16, OUTLINES SECTION. Filament 
operation of the 1F6 is discussed under Type 1C7-G. 

Pentode: GRID-PLATE CAPACITANCE*  0.007 max. lad 
INPUT CAPACITANCE  4 Aid 
OUTPUT CAPACITANCE   9 leaf 

• With shield-can. 

G2p 

PD2 

DUPLEX-DIODE PENTODE 

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

1 F7- GV tode consisting of two diodes and a 
pentode in a single bulb. It is recom- Ft F-

mended  for service as a combined G3, 
detector, amplifier (radio-, intermedi-

NC nY NC 
ate-, or audio-frequency), and auto-
matic-volume-control tube in battery-

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

6W 

Ft* 

Gip 

Pp 

* CHARACTERISTICS 

FILAMENT VOLTAGE (D.C.)  2.0 Volts 
FILAMENT CURRENT  0.06 Ampere 
Pentode: GRID-PLATE CAPACITANCE*  0.01 max. pp( 

INPUT CAPACITANCE*  3.8 pia 
OUTPUT CAPACITANCE*   9.5 mpf 

• With shied-can connected to (-) filament. 

Pentode Unit—As Class A, R-F or I- F Amplifier 
PLATE VOLTAGE   180 max. % LS 
SCREEN VOLTAGE (Grid No. 2)   67.5 max. Volts 
GRID VOLTAGE (Grid No. 1)  -1.5 Volts 
PLATE CURRENT  2.2 Milliamperes 
SCREEN CURRENT  0.7  Milliampere 
PLATE RESISTANCE (Approx.)   1 Megohm 
TRANSCONDUCTANCE   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 GRID VOLTAGE':  -1.0 -2.0 Volts 
PEAK A-F GRID VOLTAGE . .. .. 0.64 0.62 Volt 
ZERO-SIGNAL D-C PLATE CURRENT 0.42 0.42 Milliampere 

ll For cathode current cut-of! 
: II a grid-coupling resistor is used. na maximum value ahould not exceed 1.0 megobm. 
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G-5$ 

MAC.-SIGNAL D-C PLATE CURRENT 0.34 0.34 Milliampere 
PLATE RESISTOR  0.25 0.25 Megohm 
SCREEN RESISTOR  1 0.8 Megohm 
LOAD RESISTANCE   •• •• 
GRID RESISTORt  1.0 0.5 1.0 0.5 Megohm 
VOLTAGE AMPLIFICATION  48 43 46 41 
TOTAL HARMONIC DISTORTION  5 5 5 5 Per cent 
PEAK VOLTAGE OUTPUT   30.8 28 28 25.2 Volts 

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

f For the following tube. 

Diode Units 
The two diodes and the pentode are independent of each other except for the 

common filament The two diode units are placed at the negative end of the 
filament. Operation curves for diode units are given under Type 6B7. 

INSTALLATION and APPLICATION 

The base of the 1F7-GV fits the standard octal socket which should be installed 
to hold the tube preferably in a vertical position with the base down. Horizontal 
operation is permissible if pins 2 and 7 are in a vertical plane and the long leg of 
the filament is below the short leg. Information on filament operation is given 
under Type 1C7-G. Physical characteristics of the 1F7-GV are shown in Fig. 
2-15, OUTLINES SECTION. The 1F7-GV is similar in application to Type 688. 

DETECTOR AMPLIFIER 

TRIODE 

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

*CHARACTERISTICS 

1G4-G 

FILAMENT VOLTAGE (D.C.)  1.4 Volts 
FILAMENT CURRENT  0.05 Ampere 
GRID-PLATE CAPACITANCE   2.8 mm f 
GRID-FILAMENT CAPACITANCE  2.2 mgt. 
PLATE-F1LAMENT CAPACITANCE  3.4 µpt. 

As Class A, Amplifier 

PLATE VOLTAGE   90 max. Volts 
GRID VOLTAGE   -6 Volts 
PLATE CURRENT  2.3 Milliamperes 
PLATE RESISTANCE  10700 Ohms 
AMPLIFICATION FACTOR  8.8 
TRANSCONDUCTANCE   825 Micromhos 

INSTALLATION and APPUCATION 

The base of the 1G4-G fits the standard octal socket which may be installed 
to hold the tube in any position. The filament is designed to be operated directly 
from a 1.5-volt dry battery: other information on filament operation is given under 
Type 1A7-G. For physical characteristics of the 1G4-G, refer to Fig. 2-13, OUT-
LINES SECTION. 

The 1G4-G is similar in application to the 1H4-G except that it is not recom-
mended for class B service. The 1G4-G is especially useful as a driver for Type 
1G6-G. 
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1G5- G 

POWER AMPLIFIER 

PENTODE 

The 1G5-G is a power-amplifier 
pentode with a 2-volt filament for 
use in battery-operated receivers 
where economy of filament-current 
drain is important. 

* CHARACTERISTICS 

FILAMENT VOLTAGE (D.C.)  
FILAMENT CURRENT  

2.0 Volts 
0.12 Ampere 

r-
G3 

As Class A, Amplifier 

PLATE VOLTAGE   135 max. Volts 
SCREEN VOLTAGE ..... 135 max. Volts 
PLATE DISSIPATION . . 1.25 max. Watts 
SCREEN DISSIPATION .. 0.6 max. Watt 
TYPICAL OPERATION: 

Plate Voltage   90 124 135 Volts 
Screen Voltage   90 124 135 Volts 
D-C Grid Voltage  - 6 - 11 - 13.5 Volts 
Peak A-F Grid Voltage  6 9.9 9.2 Volts 
Zero-Signal Plate Current   8.5 it) 8.7 Milliamperes 
Max.-Signal Plate Curri•nt. 8.7 10.7 9.7 Milliamperes 
Zero-Signal Screen Current  2.5 3 2.5 Milliamperes 
Max.-Signal Screen Current. 3 4.3 3.6 Milliamperes 
Plate Resistance (Approx.) 1 33000 145000 160000 Ohms 
Transconductain-e .... 1500 1500 1550 Micromhos 
Load Resistance. 8500 8000 9000 Ohms 
Total Harmonic Distortion  6 10.5 11 Per cent 
Second Harmonic Distortion 3 7 8 Per cent 
Third Harmonic Distortion . 5 7.5 7 Per cent 
Max.-Signal Power Output ... 250 6(10* 550" Milliwatts 

• A power output of 1;50 inithwatts with Er; total distortion , ii% second. 11% third) can 
be obtained with a peak a- f grid voltage ( if II volts 

**A power output of 750 inilliwutte with 18''', total distortion i9.7«, second. 15% third) cart 
be obtained with a peak a- f grid voltage of 13.5 volts. 

INSTALLATION and APPLICATION 

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

Application of the 1G5-G is similar to that of the 1F5-G. Transformer- or 
impedance-coupling devices are recommended. When the grid circuit has a 
resistance not higher than 0.5 megolun 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. 

1G6-G 

CLASS B 

TWIN AMPLIFIER 

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

supplying considerable audio-frequency power. The two 
external terminals for all electrodes except the filaments, so 
similar to that of class B amplifiers using individual tubes. 

NC 

G- 7A8 

units have separate 
that circuit design is 
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CHARACTERISTICS 
FILAMENT VOLTAGE (D.C.)  1.4 Volts 
FILAMENT CURRENT  0.1 Ampere 

As Class B Amplifier 

PLATE VOLTAGE   110 max. Volts 
PEAK PLATE CURRENT (Per plate)   20 max. Milliamperes 
TYPICAL °PER ‘TION: 

Unless otherwise specified, values are for both units 
Plate-Supply Impedance  0 0 Ohms 
Effective Grid-Circuit Impedance (Per unit) 0 2530 Ohms 
Plate Voltage   90 90 Volts 
D-C Grid Voltage  0 0 Volts 
Peak A-F Grid-to-Grid Voltage  12 48 Volts 
Zero-Signal D-C Plate Cumin  2 2 Milliamperes 
Max.-Signal D-C Plate Current  14 11 Milliamperes 
Peak Grid Current (Per unit)   5 6 Milliamperes 
Effective Load Resistance (Plate-to-plate) 12000 12000 Ohms 
Total Harmonic Distortion... 3 4 Per cent 
Power Output (Approx.) 675 350 Milliwatts 

INSTALLATION 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 1.4-volt filament is designed to operate 
directly from a 1.5-volt dry battery. Refer to Type 1A7-G for further information 
on filament operation. 

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

In the conditions shown under TYPICAL OPERATION, the plate-supply 
impedance of zero ohms indicates that battery supply is required for the plate. 
The effective grid-circuit impedance of 2530 ohms is for a class 13 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 mill:henrys. The driver stage should be 
capable of supplying the grids of the class 13 stage with the specified values at low 
distortion. Type 1(;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 factor. 30: plate resistance. 45000 ohms: 
transconductance. 675 micromhos: plate current, 1 milliampere. These values are 
for each triode unit. 

DETECTOR AMPLIFIER 

TRIODE 

The 11-14-G is a three-electrode tubt 
for use as detector or amplifier in bat-
tery-operated receivers where economy 
of filament-current drain is important. 

CHARACTERISTICS 
FILAMENT VOLTAGE (D.C.)  
FILAMENT CURRENT   

1H4- G 

2.0 Volts 
0.060 Ampere 

As Class A, Amplifi?.r 

PLATE VOLTAGE   90 135 180 max. Volts 
GRID VOLTAGE   -4.5 -9 -13.5 Volts 
PLATE CURRENT.   2.5 3.0 3.1 Milliamperes 
PLATE RESISTANCE  11000 10300 10300 Ohms 
AMPLIFICATION FACTOR  9.3 9.3 9.3 
TRANSCONDUCTANCE   850 900 900 Micromhos 
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As Class B Amplifier 

PLATE VOLTAGE   180 max. Volts 
PEAK PLATE CURRENT   50 max. Milliamperes 
ZERO-SIGNAL CURRENT (Per tube)   1.5 max. Milliamperes 
TYPICAL OPERATION: 

Unless otherwise specified, values are for two tubes 
Plate Voltage   157.5 Volts 
Grid Voltage  -15 Volts 
Zero-Signal Plate Current (Per tube)  1 0 Milliampere 
Effective Load Resistance (Plate-to-plate)   8000 Ohms 
Max.-Signal Driving Power   260 Milliwatts 
Max.-Signal Power Output (Approx.)'   2.1 Watts 
• With one Type 1H4-G as driver operated under the following conditions: Plate voltage, 

157.5 volts; negative grid-bias voltage, 11.3 volts; plate load of approximately 18000 ohms; input 
transformer ratio (primary to one-half secondary), 1.165; and total distortion of 6 to 7% 

INSTALLATION and APPLICATION 
The base of the 1H4-G fits the standard octal socket which should be installed 

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

As a detector, the 1H4-G 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 jd 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. 

1H5-G 

1H5-GT 

DIODE HIGH-MU TRIODES 

The 1115-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 
use as a combined detector and ampli-
fier in radio receivers designed for its 
characteristics. 

*CHARACTERISTICS 

FILAMENT VOLTAGE (D.C.)  1.4 Volts 
FILAMENT CURRENT  0.05 Ampere 

Type 1H5-G Type 1H5-GT 
Triode: GRID-PLATE CAPACITANCE*   1.0 1.0 Plàf 

GRID-FILAMENT CAPACITANCE*. 1.1 1.2 ioàf 
PLATE-FILAMENT CAPACITANCE* 5.8 5.0 eieif 

• Approximate. 

Triode Unit—As Class A, Amplifier 
PLATE VOLTAGE   90 max. Volts 
GRID VOLTAGE   0 Volts 
PLATE CURRENT  0.14 Milliampere 
PLATE RESISTANCE  240000 Ohms 
AMPLIFICATION FACTOR  65 
TRANSCONDUCTANCE   275 Micromhos 
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Diode Unit 

Tie 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 11-15-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 IH5-G and 11-15-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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DUPLEX-DIODE TRIODE 

The 1H6-G is a 2-volt filament type 
of tube containing two diodes and a 1H6-G 

r*(2 - triode in a single bulb. It may be 
used as a combined detector, amplifier. 

NC and automatic-volume-control tube in 
nLY  

battery-operated receivers. For diode-
D-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 à vertical position with. 
the base down. Horizontal operation is permitted if pins 2 and 7 are in a vertical 
plane. Physical characteristics of the 1H6-G are shown in Fig. 2-17, OUTLINES 
SECTION. Filament operation is discussed under Type 1C7-G. 

*CHARACTERISTICS 

FILAMENT VOLTAGE "D.C.)  2.0 Volts 
FILAMENT CURRENT  0.06 Ampere 
Triode. GRID-PLATE CAPACITANCE*  4.8 meif 

GRID-FILAMENT CAPACITANCE*   4.0 mmf 
PLATE-FILAMENT CAPACITANCE*   2.6 med 

• Ar proximate. 
Triode Unit—As Class Ai Amplifier 

PLATE VOLTAGE   135 max. Volts 
GRID VOLTAGI   -3 Volts 

92C-5,0 
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PLATE CURRENT  0.8 Milliampere 
PLATS RESISTANCE  35000 Ohms 
AMPLIFICATION FACTOR  20 
TRANSCONDUCTANCE   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 
ve'égiven under Type 6B7. 

CLASS B TWIN AMPLIFIER 

The 1J6-G combines in one bulb 
1 J6 — G two high-mu triodes designed for class 

B operation. It is intended for use in r+ r-
the output stage of battery-operated 
receivers and is capable of supplying NC nCY NC 

approximately 2 watts of audio power. G- 7A8 
• 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.)  2.0 Volts 
FILAMENT CURRENT  0.24 Ampere 

As Class 8 Power Amplifier 
PLATE VOLTAGE   135 max. VORS 
PEAK PLATE CURRENT (Per plate)   50 max. Milliamperes 
TYPICAL OPERATION: 

Plate Voltage   135 135 135 Volts 
Grid Voltage  -6 -3 0 Volts 
Zero-Signal Plate Current 

(Per plate)  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 1.9 2.1 Watts 

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

Pr 

INSTALLATION and APPLICATION 
The base of the 1J6-G fits the standard octal socket which should be installed 

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

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

The type of driver tube chosen to precede the 1J6-G should be capable of 
handling enough power to operate the class B amplifier stage. Allowance should 
be made for transformer efficiency. It is most important, if low distortion is desired. 
that the driver tube be worked well below its class A undistorted-output rating. 
since distortion produced by the driver stage and the power stage will be present 
in the output. A discussion of class 13 amplifier features is given in the RADIO 
TUBE APPLICATION section 
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F - 

Gj 

R- F AMPLIFIER PENTODES 

The 1N5-G and 1N5-GT are r-f 
pentodes of the 1.4-volt filament type 
for use in battery-operated receivers. 
The two types are identical except for 
their capacitances and the smaller 
physical size of the 1N5-GT. 

* CHARACTERISTICS 

1N5-G 

1N5-GT 

FILAMENT VOLTAGE (D.C.)  1.4 Vat{ 
FILAMENT CURRENT  0.05 Ampere 
PLATE VOLTAGE   90 max. VOILE 
SCREEN VOLTAGE  90 max. Volte 
GRID VOL TAGE   0 VORA 
PLATE CURRENT  1.2 Milliamperes 
SCREEN CURRENT  0.3 Milliampere 
PLATE RESISTANCE (Approx.)   1.5 Megohms 
TRANSCONDUCTANCE  750 Micromhos 
TRANSCONDUCTANCE (At —4 volts bias)   5 Micromhoa 

Type 1N5-G Type 1N5-GT 

GRID-PLATE CAPACITANCES  0.007 max. 0.007 max. piif 
INPUT CAPACITANCE  3.2 3.2 pf 
OUTPUT CAPACITANCE  11.0 10.0 jamf 

• With '1m4-can 

INSTALLATION and APPLICATION 

The base of either the 1N5-G or the 1N5-GT fits the standard octal socket 
which may be mounted to hold the tube in any position. Physical characteristics 
of the 1N5-G and 1N5-GT are shown in Figs. 2-11 and 2-5, respectively, in the 
OUTLINES SECTION. Filament operation is discussed under Type 1A7-G. 

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

20 

I. 

0.4 

AVERAGE PLATE CHARACTERISTICS 

TV' E IN S-CT 
tr VOLTS D.C. 

- SCPEEN VOLTS 90 

60 SO 
PLATE VOLTS 
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105-GT 

BEAM POWER AMPLIFIER 

The 1Q5-GT is a power amplifier of 
the beam type having a 1.4-volt fila-
ment. It is designed for use in the 
output stage of battery-operated re-
ceivers. 

* CHARACTERISTICS 
FILAMENT VOLTAGE (D.C.)  
FILAMENT CURRENT  
PLATE VOLTAGE   
SCREEN VOLTAGE   
GRID VOLTAGE   
PEAK A-F GRID VOLTAGE  
PLATE CURRENT  
SCREEN CURRENT  
TRANSCONDUCTANCE   
LOAD RESISTANCE   
TOTAL HARMONIC DISTORTION  
POWER OUTPUT  

1.4 
0.1 
90 max. 
90 max. 

—4.5 
4.5 
9.5 
1.6 

2100 
8000 
7.5 

0.27 

F - 
PBF 

Volts 
Ampere 
Volts 
Volts 
Volts 
Volts 
Milliamperes 
Milliamperes 
Micromhos 
Ohms 
Per cent 
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 
in Fig. 2-8, OUTLINES SECTION. Filament operation is discussed under Type 
1A7-G. 

The 1Q5-GT may be operated as a single-tube class AI 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. 

1R5 

PENTAGRID CONVERTER 

The 1R5 is a miniature type of multi-
electrode vacuum tube designed to 
perform simultaneously the functions 
of a mixer tube and of an oscillator 
tube in superheterodyne circuits. 
Through its use, the independent con-
trol of each function is made possible 

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

* CHARACTERISTICS 
FILAMENT VOLTAGE (D.C.)  1.4 Volts 
FILAMENT CURRENT  0.05 Ampere 
DIRECT INTERELECTRODE CAPACITANCES: 

Grid No. 3 to All Other Electrodes (R-F Input) 7.0 1,44f 
Plate to All Other Electrodes (Mixer Output)   7.0 eimf 
Grid No. 1 to All Other Electrodes  3.8 pmf 
Grid No. 3 to Plate   0.4 max. milt 
Grid No. 1 to Grid No. 3   0.2 max. eLpf 
Grid No. 1 to Plate   0.1 max. maf 

With no external shield. 

7AT 
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7AV 

Converter Service 
PLATE VOLTAGE   90 max. Volts 
SCREEN VOLTAGE (Grids No. 2 and No. 4)   67.5 max. Volta 
SCREEN SUPPLY VOLTAGE  90 max. Volts 
CONTROL-GRID VOLTAGE (Grid No. 3)  0 min. Volts 
TOTAL CATHODE CURRENT  5.5 max. Milliamperes 
TYPICAL OPERATION: 

Plate Voltage   45 90 90 Volts 
Grids No. 2 and No. 4 Voltage   45 45 67.5 Volte 
Grid No. 3 Voltage   0 0 0 Volts 
Grid No. 1 Resistor  0.1 0.1 0.1 Megohm 
Plate Current   0.7 0.8 1.7 Milliampere 
Grids No. 2 and No. 4 Current  1.9 1.8 3 Milliamperes 
Grid Nc. 1 Current   0.15 0.15 0.25 Milliampere 
Total Cathode Current  2.75 2.75 5 Milliamperes 
Plate Resistance (Approx.)   0.6 0.75 0.5 Megohm 
Conversion Transconductance  235 250 300 Micromhos 
Conversion Transconductance (Approx.') 5* 5* 5" Micromhoe 
The trareconductance between grid No. 1 and grids No. 2 and No. 4 tied to plate (not oscil-

lating) 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. 

• With g-id No. 3 bias of -9 volts. •• With grid No. 3 bias of 45 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, OUTLINE'S SECTION For filament operation. see Type 1A7-G. 

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

OPERATION CHARACTERISTICS OPERATION CHARACTERISTICS 
e/TH SEPARATE OSCILLATOR EUCITATCN WITH SEPARATE OSCILLATOR EXCITATION 

TYPE I R5 
cr. 1.4 v3LTS D.C. 
PLATE VOLTS Y. { te, n: 

GRID N22 6 N24 VOLTS r 6$ 
GRID Nt i RESISTOR- 0/04.100000 
OSCILLATOR VOLTAGE ADJUSTED TO 
GIVE GRO N2I CURRENT OF ISO JJA. 

•uuuuuw'u. 

/ 

..,....., 

- - . 
GaiD NI, 3 (CDNTRQL GRID) VOLTS 

92C-6097 

O TY'PE I R5 ... 
-Ef91.4 VOLTS D.C. 

PLATE VOLTS (90 - 
4S OR 90  

GRIDS I922 & N29 V0(.1.59 .5 
_GRID N23 (CONTROL GRID)SOLTS• 0 

GRID ne,1 RESISTOR-OmMS T IC0002 
GRID N2I CURRENT VARIED BY 

- ADJUSTMENT or OSCILLATOR - 
VOLTAGE I I 

 RECOMMENDED 

heerc. 

  .... 

4 

3 e 

0.021 0.5 0.24 0.)2 

GRID N2I MILLIAMPERES(Ici) 

sac- 6096 

POWER AMPLIFIER PENTODE 
The 1S4 is a miniature type of 

power-output pentode designed with 
high efficiency and good power sensi-
tivity especially for compact, light-
weight, portable equipment operating 
with a B-supply battery of 45 volts. 
It has the same structural features as 
the IRS. 
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*CHARACTERISTICS 

FILAMENT VOLTAGE (D.C.) 
FILAMENT CURRENT   

1.4 Volts 
0.1 Ampere 

As Class A, Amplifier 
PLATE VOLTAGE   67.5 max. Volts 
SCREEN VOLTAGE   67.5 max. Volts 
TOTAL CATHODE CURRENT*   11 max. Milliamperes 
TOTAL CATHODE CURRENT"   9 max. Milliamperes 
TYPICAL OPERATION: 

Plate Voltage   
Screen Voltage   
Grid Voltage (Grid No. 1)   
Peak A-F Grid Voltage  
Zero-Signal Plate Current  
Zero-Signal Screen Current  
Plate Resistance (Approx.)  
Transconductance   
Load Resistance  
Total Harmonic Distortion  
Max.-Signal Power Output  
*Under maximum-signal conditions  

45 67.5 Volts 
45 67.5 Volts 
-4.5 -7 Volts 
4.5 7 Volts 
3.8 7.2 Milliamperes 
0.8 1.5 Milliamperes 
0.1 0.1 Megohm 

1250 1550 Micromhos 
8000 5000 Ohms 

12 10 Per cent 
0.065 0.180 Watt 

**Under no-signal conditions. 

INSTALLATION and APPLICATION 
The base of the 1S4 fits a button-base socket which may be installed 

the tube in any position. Physical characteristics of the 1S4 are shown 
2-2, OUTLINES SECTION. For filament operation, see Type 1A7-G. 
cation is similar to that for Type 1A5-G. 

1S5 

DIODE - PENTODE 
The 1S5 is a miniature type of multi-

electrode tube containing a diode and 
an audio-frequency pentode in a Single N 

WI. The 1S5 is designed especially 
for compact, light-weight, portable 
equipment. It will provide high gain 
even when operated with a B-battery 

voltage of only 45 volts. The structural features of the 1S5 
of the 1R5. 

* CHARACTERISTICS 

to hold 
in Fig. 
Appli-

G2 Pp p(z1  

F.- C) 
G3P 

Glp 

6AU 

are the same as those 

FILAMENT VOLTAGE (D.C.)  1.4 Volts 
FILAMENT CURRENT  0.05 Ampere 
AVERACI: CHARACTERISTICS OF PENTODE UNIT: 

Plate Voltage   67.5 Volts 
Screen Voltage .. 67.5 Volts 
Grid Voltage  0 Volts 
Plate Resistance. 0.4 Megohm 
Transconductance 625 Micromhos 
Plate Current   2.3 Milliamperes 
Screen Current   0.6 Milliampere 

Pentode Unit— As Class A, Amplifier 

PLATE VOLTAGE   
SCREEN VOLTAGE  
GRID VOLTAGE   
TOTAL CATHODE CURRENT  
TYPICAL OPERATION AS RESISTANCE-COUPLED AMPLIFIER: 

Plate-Supply Voltage  45 67f5 
Screen-Supply Voltage  45 67.5 
Grid Voltage  

90 max. Volts 
90 max. Volts 
0 min. Volts 

3.7 max. Milliamperes 

90 Volts 
90 Volts 
O Volts 
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TVITE 155 
1.4 VOLTS G C. 
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AVERAGE PLATE CHARACTERISTIC. 
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92C- 50990 

N 3 
SUPER-CONTOL R- F 

AMPLIFIER PENTODE 

The 1T4 is a miniature type of super- 1 1.4 
control pentode designed for use as a 
radio-frequency or intermediate-fre-
quency amplifier in compact, light-nan 
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 bulb shield, but a socket with shielding is essential if mini-
mum grid-plate capacitance is to be obtained. The general appearance and size 
of the 1T4 is the same as that of the 1R5 

Plate Resistor  1 1 1 Megohin 
Series Screen Resistor   3 3 3 Megohms 
Screen By-Pass Condenser   0.1 0.1 0.1 1.4f 
Grid Resistor  10 10 10 Megoluns 
Voltage Gain (Approx.)'  30 40 50 
*Obtained when the grid of the pentode unit is fed from a source having an impedance o 

1.0 megam. 

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 a nd APPLICATION 

The base of the 1S5 fits a button-base socKet which may be installed to hold 
the tube in any position. Physical characteristics of the 1S5 are shown in Fig. 2-2, 
OUTLINES SECTION. For filament operation. see Type 1A7-G. 
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As Class A1 Amplifier 

PLATE VOLTAGE   90 max. V011.3 
SCREEN VOLTAGE (Grid No. 2) 67.5 max. Volts 
SCREEN SUPPLY VOLTAGE  90 max. Volts 
GRID VOLTAGE (Grid No. 1)  0 min. Volts 
TOTAL CATHODE CURRENT  5.5 max. Milliamperes 
TYPICAL OPERATION: 

Plate Voltage   45 90 90 Volts 
Screen Voltage   45 45 67.5 Volts 
Grid Voltage  0 0 0 Volts 
Plate Current   1.9 2 3.7 Milliamperes 
Screen Current   0.7 0.65 1.25 Milliamperes 
Plate Resistance  0.35 0.8 0.5 Megohm 
Transconductance   700 750 900 Micromhos 
Grid Voltage for transconductance 

of 10 micromhos  -10 -10 -18 Volts 

INSTALLATION and APPLICATION 

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

AVERAGE PL ATE CHARACTERISTICS 
2.5 

2.0 

5 

0.5 

I I 
Trpc I T4 

_ E ,.. Id4 voos o.c. 
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SUORPLS OR VOLTS 
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0 CONTROL -GR 0 VOLTS Eci.0 
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1T5-GT 

P,ATC VO,1S 

BEAM POWER AMPLIFIER 
The 1T5-GT is a power-output am-

plifier of the directed-beam type for 
use in battery-operated radio receiv-
ers. The 1T5-GT is used in applica-
tions where a moderate power output 
is desired and very low filament-current 
drain is necessary. 

* CHARACTERISTICS 

12C-6101 

FILAMENT VOLTAGE (D.C.)  1.4 Volta 
FILAMENT CURRENT  0.05 Ampere 
PLATE VOLTAGE   90 max. Volts 
SCREEN VOLTAGE   90 max. Volts 
GRID VOLTAGE   -6 Volts 
PEAK A-F GRID VOLTAGE  6 Volts 
PLATE CURRENT  6.5 Milliamperes 

— 72 — 



RCA RECEIVING TUBE MANUAL 

4G 

SCREEN CURRENT  1.4 Milliamperes 
TRANSCONDUCTANCE   1150 Micromhos 
LOAD RESISTANCE   14000 Ohms 
TOTAL HARMONIC DISTORTION  7.5 Per cent 
POWER OUTPUT  0.17 Watt 

INSTALLATION and APPLICATION 

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

HALF-WAVE RECTIFIER 

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

1 - V 

* CHARACTERISTICS 
HEATER VOLTAGE (A.C. or D.0  )   6.3 Volts 
HEATER CURRENT   0.3 Ampere 

As Half-Wave Rectifier 
PEAK INVERSE VOLTAGE  1000 max. Volts 
PEAK PLATE CURRENT   270 max. Milliamperes 
D-C HEATER-CATHODE POTENTIAL  500 max. Volts 
TYPICAL OPERATION WITH CONDENSER-INPUT FILTER: 
A-C Plate Voltage (RMS)   117 150 325 max. Volts 
Total Effective Plate-Supply 

I mpedance#  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 of ir uaed, it may be neceasary to use more 

plaze-supply impedance than the minimum value shown to limit the peak plate current to the 
rated value. 

INSTALLATION and APPLICATION 

The base of the 1-v fits the standard four-
contact socket which may be mounted to hold the 
tube in any position. Physical characteristics 
of the 1-v are shown in Fig 2-19. OUTLINES 
SECTION. For heater operation, see Type 6A8. 

OPERATION CHARACTERISTICS 
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2A3 

POWER-AMPLIFIER TRIODE 

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

40 

CHARACTERISTICS 

FILAMENT VOLTAGE (A.C. or D.0  )  2.5 Volts 
FILAMENT CURRENT  2.5 Amperes 
GRID-PLATE CAPACITANCE (Approx.)  16.5 eu.if 
GRID-FILAMENT CAPACITANCE (Approx.)  7.5 ppf 
PLATE-FILAMENT CAPACUIANCE (Approx.)  5.5 emAI 

As Single-Tube Class A. Amplifier 
FILAMENT VOLTAGE (A.C.)   2 5 Volts 
PLATE VOLTAGE   250 mat. Volts 
GRID VOLTAGES ..... -45 Volts 
CATHODE RESISTOR .. 750 Ohms 
PLATE CURRENT  60 Milliamperes 
PLATE RESISTANCE ...... .. 800 Ohms 
AMPLIFICATION FACTOR 4.2 
TRANSCONDUCTANCE .. 5250 Micromhos 
LOAD RESISTANCE   2500 Ohms 
UNDISTORTED POWER OUTPUT  3.5 Watts 

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

FILAMENT VOLTAGE (A.C.)   2.5 2.5 Volts 
PLATE VOLTAGE (Maximum)  300 300 Volts 
GRID VOLTAGE*   -62 — Volts 
CATHODE RESISTOR   — 780 Ohms 
ZERO-SIGNAL PLATE CURRENT  80 80 Milliamperes 
EFFECTIVE LOAD RESISTANCE (Plate-to-plate). 3000 5000 Ohms 
TOTAL HARMONIC DISTORTION  2.5 5 Per cent 
POWER OUTPUT  15 10 Watts 

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

INSTALLATION and APPLICATION 
The base of the 2A3 fits the standard four-contact socket which should be 

installed to hold the tube preferably in a vertical position. Horizontal operation 
is permissible if pins 1 and 4 are in horizontal position. Sufficient ventilation should 
be provided to prevent overheating. Physical characteristics of the 2A3 are shown 
in Fig. 2-27, OUTLINES SECTION. 

As a power amplifier (Class A1). the 2A3 is usable either singly or in push-pull 
combination in the power-output stage of a-c receivers. Recommended operating 
conditions are given under CHARACTERISTICS. 

The values recommended for push-pull operation are different than the con-
ventional ones usually given on the basis of characteristics for a single tube. The 
values shown for Push-Pull Class A13, operation cover operation with fixed bias 
and with cathode bias, and have been determined on the basis of no grid current 
flow during the most positive swing of the input signal and of cancellation of second-
harmonic distortion by virtue of the push-pull circuit. The cathode resistor should 
preferably be shunted by a suitable filter network tú 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 
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adjusting independently the bias on each tube. This requirement is a result of the 
very high transconductance of these tubes-5250 micromhos. This very high 
value makes the 2A3 somewhat critical as to grid-bias voltage, since a very small 
bias-voltage change produces a very large change in plate current. It is obvious. 
therefore, that the difference in plate current between two tubes may be sufficient 
to unbalance the system seriously. To avoid this possibility, simple methods of 
independent cathode-bias adjustment may be used, such as ( 1) input transformer 
with two independent secondary windings, or (2) filament transformer with two 
independent filament windings. With either of these methods, each tube can be 
biased separately so as to obtain circuit balance. 

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

AVERAGE PLATE CHARACTERISTICS 

/VP( 2A3 
VOL 'S Cl. 

600 

POWER AMPLIFIER PENTODE 

The 2A5 is n heater-cathode type of powc. 
ampsitter pentode for ase in the audio output 
stage of a-e receivers. It ss capable of g: cinc 
laige power output with a relatively small 
input-signal voltage Except for its heater 
rating s2.5 volts, 1 75 ampere), the 2A5 hat 
electrical charatteristics identical with those 
of the 6E6 Applications, also, are the sante 

Si as for the 

The base of the 2A5 fits the standard six-contact socket which may he installed to hold the 
tube in any position. Physical characteristics of the 2 tri are shown in Fig 2-25, OUTLINES 
SECTION. The bulb of the 2A5 will become very hot under certain conditions of operation. 
Sufficient ventilation should he provided to prevent sweaty:siting. -I he heater of this type is 
designed tu operate at 2.5 volts. The transformer winding suisplying the heater circuit should 
be designed to operate the heater at this recommended value for full load operating conditions at 
average line voltage. The cathode should preferably lie connected d•rectly to a mai-tap on the 
heater winding or to a center- tapped resistor across the heater winding If this practice it not 
followed, the potential difference between heater and cathode should be kept as low as possible. 
This type is used principally for renewal purposes. 

F 

VC- 523351 

DUPLEX-DIODE 

HIGH-MU TRIODE 

The 2A1; is a heater type of tuhe consisting 
of two diodes and a high- mu triode , n a single 
bulb, It is for use as a combined detector, 
amplifier, and automatic-volume-control tube 
in radio receivers designed for its character-
iiitics Except for Its heater rating ( 2.5 volts. 

2A5 

2A6 

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

2A7 

PENTAGRID CONVERTER 

The 2A7 is a multi-electrode type of vacuum 
tube designed to perform simultaneously the 
functions of a mixer ( fit-st detector) tube and 
of an oscillator tube in superheterodyne cir-
cuits Except for its heater rating (2.5 volts, 
0.8 ampere) and capacitances frame al for 
the 6A7), the 2A7 has electrical characteris-
tics identical with those of the 6A8. The base 
of the 2A7 (its the seven-contact (0.75- inch 
pin-circle diameter) 'ocket which may be in- 7C 
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. 

62 

2B7 

DUPLEX-DIODE PENTODE 

The 2137 is a heater type of tube consisting 
of two diodes and a pentode in a single bulb. 
It is designed for service as a combined de-
tector, amplifier (radio-, intermediate-, or 
audio- frequency), and automatic- volume-
control tube in radio receivers. Except for 
its heater rating (2 5 volts 0.8 ampere' and 
capacitances tsame as for 61(7). the 2137 has 
electrical characteristics identical with those 
of the 6138 G. The base of the 211": fits the 
seven-contact (0.75-inch pii-ctr. te diameter) 

socket which may be installed to hold the tube in any position. Physical characteristics of the 
287 are shown in Fig. 2-16, OUTLINES SECTION. Complete shielding of detector circuits 
employing the 287 is generally necessary to prevent r- f or if coupling between the diode circuits 
and the circuits of other stages. Refer to APPLICATION under Type 6B8. The 2B7 is used 
principally for renewal purposes. 

PD2 

3Q5-GT 

BEAM POWER AMPLIFIER 

The 3Q5-GT is a filament type of 
power-amplifier tube which employs 
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- KEY Per 

F filament or a parallel-filament arrange- NC 

ment. For discussion of beam power G-7AQ 

amplifier considerations, refer to section on ELECTRONS and ELECTRODES. 

ii il 

7D 

f 

62 G 

* CHARACTERISTICS 
Series-Filament Parallel-Filament 
Arrangement Arrangement 

FILAMENT VOLTAGE (D.C.)  
FILAMENT CURRENT  
PLATE VOLTAGE   
SCREEN VOLTAGE (Grid No. 2) 
GRID VOLTAGE (Grid No. 1)  
PLATE CURRENT  
SCREEN CURRENT  
PLATE RESISTANCE (Approx.)   
TRANSCONDUCTANCE   
LOAD RESISTANCE   
TOTAL HARMONIC DISTORTION  
MAX-SIGNAL POWER OUTPUT  

2.8 
0.05 
90 max. 
90 max. 

—4.5 
..7.5 
1.0 

0.11 
1800 
8000 
7.5 
250 

1.4 
0.1 
90 max. 
90 max. 

—4.5 
9.5 
1.6 
0.1 

2100 
8000 
7.5 
270 

Volts 
Ampere 
Volts 
Volts 
Volts 
Milliamperes 
Milliamperes 
Megohm 
Micromhos 
Ohms 
Per cent 
Milliwatts 

- 
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INSTALLATION and APPLICATION 

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

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

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

PD2 
FULL- WAVE HIGH-VACUUM 

RECTIFIER 

• The 5T4 is a full-wave high vacuum 
rectifier of the metal type for use in 
a-c receivers having high current re-
quirements. 

514 
METAL 

* CHARAC1ERISTICS 
FILAMENT VOLTAGE (A.C.)   5.0 Volts 
FILAMENT CURRENT  2.0 Amperes 

As Full- Wave Rectifier 

PEAK INVERSE VOLTAGE  1550 max. Volts 
PEAK PLATE CURRENT PER PLATE   675 mar. Milliamperes 
TYPICAL OPERATION WITI1 CONDENSER-INPUT FILTER: 

A-C Plate Voltage per Plate ( RN1S)   450 max. Volts 
Total Effective Plate-Supply Impedance per Plate:  150 min. Ohms 
D-C Output Current  225 max. Milliamperes 

TvincAi.. OPERATION VI'ITIT CHOKE-INPUT FILTER: 
A-C Plate Voltage per Plate (RMS)  550 max. Volts 
Input-Choke Inductance  3 min. Henries 
D-C Output Current  225 max. Milliamperes 
:When a filter- input condenser larger than 40 a: is used, it may be necessary to use more 

plate-supply impedance than the minimum value shown to limit the peak plate current to the 
rated value. 

INSTALLATION and APPLICATION 

The base of the 5T4 fits the standard octal socket which should be installed 
to hold the tube preferably in a vertical position. Horizontal operation is permis-
sible if pins 2 and 4 are in a vertical plane. Physical characteristics of the 5T4 
are shown in Fig. 1-9. OUTLINES SECTION. Provision should be made for 
adequate ventilation to prevent overheating. The coated filament of the 5T4 is 
designed to operate from tue a-c line through a step-down transformer. The 
voltage at the filament terminals should be 5.0 volts under operating conditions 
at an average line voltage of 117 volts. Filters are discussed in the RADIO TUBE 
APPLICATIONS section. 
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OPE RAT ION CHARACTERISTICS 
CONDENSER INPUT TO FILTER 

y;on sr 
f = 5 0 VOLTS A.G. 

—• C C.1,DENSER INP,7 10 FILTER 

-r-
0 50 too 50 200 250 

DC LOAD NULL AMPE4C5 
92C- 47.3 

5U4-G 

650 

o 

500 

OPER AT ION CHARACTERISTICS 
(POKE INPUT TO FILTER 

TrIPF 54 ; 
VOLTS A.C. I__ 

C.OAC ,110 HENRIES 

' ; . . . • 550 430'5. PLFS Fruy ;FE t 

• 500 - • • 

t-n 400 - • 450 • -• • 

• 
à 20 

à 100 — 

too --Kb 2.6-0 
D•C LOAD MILL 1AMPEPE5 

92C- 4782 

FULL-WAVE HIGH-VACUUM 

RECTIFIER 

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

PD2 

* CHARACTERISTICS 

FILAMENT VOLTAGE (A.C.)  5.0 Volts 
FILAMENT CURRENT  3.0 Amperes 

As Full-Wave Rectifier 

PEAK INVERSE VOLTAGE  1550 max. Volts 
PEAK PLATE CURRENT PER PLATE   675 max. Milliamperes 
TYPICAL OPERATION WITH CoNDENSER-INPUT FILTER: 

A-C Plate Voltage per Plate (RIMS)  450 max. Volts 
Total Effective Plate-Supply Impedance per Plate; 75 min. Ohms 
D-C Output Current  225 max. Milliamperes 

TYPICAL OPERATION WITH CHOKE-INPUT FILTER: 
A-C Plate Voltage per Plate (RMS)  550 max. Volts 
Input-Choke Inductance  3 min. Henries 
D-C Output Current  225 max. Milliamperes 

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

INSTALLATION and APPLICATION 

The base of the 5U4-G fits the standard octal socket which should be installed 
to hold the tube preferably in a vertical position. Horizontal operation is permis  
sible if pins 1 and 4 are in a vertical plane. Physical characteristics of the 5U4-G 
are shown in Fig. 2-26. OUTLINES SECTION. Filament operation and ventila 
tion are discussed under Type 5T4. Information on filter circuits is given in t' 
RADIO TUBE APPLICATIONS section. 
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OPERATION CHARACTERISTICS 
TyPE 5U E 5.0 VOLTS A.C. 

600 

400 

8""..' 300 

o 

5 zoo 

o 
100 

O 
o 

Priz 

41 TO 
•...• ,,CCI P,A,( S{A.PLY 

q30 .606 eta v._ATC= 

50 I00 .50 200 250 
D-C LOAD MILLIAMPERES 

92C-607IRI 

OPERATION -. ARAC7ERIT , 

1VPE 5V4 

—3? 

- t°° • • ---------

0 50 100 150 200 
D- C LOAD MILLIAMPERES 

92C-6090 

FULL-WAVE HIGH-VACUUM 

RECTIFIER 

The 5V4-G is a fuil-wave. high-
vacuum rectifier of the heater-cathode 
type capable of supplying large d-c 
currents. The close electrode spacing 
in this tube permits excellent voltage 
regulation. 

HEATER VOLTAGE (A.C) 
HEATER CURRENT   

* CHARACTERISTICS 

As Full- Wave Rectif•er 
PEAK INVERSE VOLTAGE  
PEAR PleTE CURRENT PER PLATE   
TYPICAL OPERATION WITH CONDENSER-INPUT FILTER: 

A-C Plate Voltage per Plate ( RMS)  
Total Effective Plate-Supply Impedance per Plate  
D-C Output Current  

TYPICAL OPERATION WITH CHOKE-INPUT FILTER: 
A-C Plate Voltage per Plate.(RMS)  
Input-Choke Inductance  - 
D-C Output Current  

j When a filter-input condenser larger than 40 a is used. it 
plate-supply impedance than the minimum value shown to limit 
rated value. 

5V4- G 

5.0 Volts 
2.0 Amperes 

1400 max. 
525 max. 

375 max. 
65 min. 
175 max. 

500 max. 
4 min. 

175 max. 

Volts 
Milliamperes 

Volts 
Ohms 
Milliamperes 

Volts 
Henries 
Milliamperes 

may be necessary to use more 
the peak plate current to the 

INSTALLATION and APPLICATION 
The base of the 5V4-G fits the standard octal socket which may be mounted 

to hold the tube in any position. The bulb becomes hot during continuous opera-
tion and requires adequate ventilation to prevent overheating. Physical character-
istics of the 5V4- L are shown in Fig. 2-21. OUTLINES SECTION. The heater 
is designed to operate from the a-c line through a step-down transformer. The 
voltage at the heater terminals should be 5.0 volts under operating conditions at 
a line voltage of 117 volts. For information on filter circuits, refer to the RADIO 
TUBE APPLICATIONS section Operation curves for the 5V4-G are shown above 

— 79 



RCA RECEIVING TUBE MANUAL 

5W4 
METAL 

FULL-WAVE HIGH-VACUUM 

RECTIFIER 

The 5W4 is a full-wave, high-
vacuum rectifying tube of the metal 
type for use in a-c receivers having low 
current requirements. 

FILAMENT VOLTAGE (A.C.) 
FILAMENT CURRENT  

* CHARACTERISTICS 

As Full-Wave Rectifier 
PEAK INVERSE VOLTAGE  
PEAK PLATE CURRENT PER PLATE   
TYPICAL OPERATION WITH CONDENSER-INPUT FILTER: 
A-C Plate Voltage per Plate (RMS)  
Total Effective I'late-Supply Impedance per Plate  
D-C Output Current  

TYPICAL OPERATION WITH CHOKE-INPUT FILTER: 
A-C Plate Voltage per Plate (RMS)  
Input-Choke Inductance  
D-C Output Current  

j When a filter- input condenser larger than 40 uf is used, it 
plate-supply impedance than the minimum value shown to limit 
rated value. 

INSTALLATION and APPLICATION 

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. 

5X4-G 

:2 50 

4 

30 

6. 20 

o 

5.0 
1.5 

RD, 

ST 

Volts 
Amperes 

1400 max. Volts 
300 max. Milliamperes 

350 max. 
25 min. 
100 max. 

Volts 
Ohms 
Milliamperes 

500 max. Volts 
6 min. Henries 

100 max. Milliamperes 
may be necesaary to use more 
the peak plate current to the 

OPERATION CHARACTERISTICS 

YrPE SW4 
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L . 

—E0ROERSCP(C) 
o..,r 
PAPLO6..EC 

— t—  

(L) 
6 .( 6.P.(5 
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(....) 
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ror ErrEEr 
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.25 OroAS 

I 

I •33c1, 

,- 300 

Ps, .. , 
-,--T--..:, 

E 30 -1 7.--r 
—Éb......re,c, 

— soo-- 

— t--- Q- - 

OC LOAD LOAD M LL AMPERES 
ROC- 4544 52 

FULL-WAVE HIGH-VACUUM „, 

RECTIFIER 

The 5X4-G is a full-wave, high 
vacuum rectifying tube of the filament 
type for use in a-c receivers having high 
current requirements. Its maximum 
ratings and typical operating conditions 

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

Nc Poi 

\NC 

G-SQ 

KEY 
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Pc, FULL-WAVE HIGH-VACUUM 

RECTIFIER 

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

5Y3-G 

* CHARACTERISTICS 

FILAMENT VOLTAGE (A.C.)   5.0 Volts 
FILAMENT CURRENT  2.0 Amperes 

As Full-Wave Rectifier 

PEAK I,IVERSE VOLTAGE 1400 max. Volta 
PEAK PLATE CURRENT PER PLATE   375 max. Milliamperes 
TYPICAL OPERATION WITH CONDENSER-INPUT FILTER: 

A-C Plate Voltage per Plate ( RN1S)  350 max. Volts 
Total Effective I'late-Supply Impedance per Plate  10 min. Ohms 
D-C Output Current  125 max. Milliamperes 

TYPICAL OPERATION WITH CHOKE-INPUT FILTER: 
A-C Plate Voltage per Plate (R.N1S)  500 max. Volts 
Input-Choke Inductance  5 min. Henries 
D-C Output Current  125 max. Milliamperes 

j When a filter-input condenser larger than 40 f s used, it may be necessary to roe Mate 
plate- supply impedance than the minimum value shown to limit the peak plate current te te 
rated value. 

INSTALLATION and APPLICATION 

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

OPERATION C:-IARACTERI5TIC5 
CROOKE INPUT TO FILTER 

TYPE 5Y3- C,, E en5.0 VOLTS A.G. 

INPUT CUOITE - 5 HENRIES ( MIN.) 

500 1-4--

5o0 

0 

u 100 

dià 

40 III 20 160 
D-C LOAD hiLLIAMPERES 

sic-6095 

OPERATION CFLARACTCP15TTC3 
CONOENSER INPUT TO FrLIER 

TYPE 5Y3- Ç,, 
-E , . 5.0 VOLTS 
INPUT CONDENSER...1mf 

_ TOT. E FEET. 
I IMPEDANCE 

. l 

.. 

PLATE 

•.C. 

-SUPPLY 
PER 

' 
- 

_ 
P ATEs 
30 OHMS 

TV 

3°0 

ILL 

ejo 

Pee Ns.,  

..."................ 

o 40 80 

D- C LOAD LILLI 
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W- 11W 
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5Y4-G 

FULL-WAVE HIGH-VACUUM NC _PG1 

RECTIFIER PD‘ N 

The 5Y4-G is a full-wave, rectifying 
tube of the filament type for use in 
a-c receivers of moderate current re- N 

quirements. Its maximum ratings 
and typical operating conditions are 
the same as those for Type 5Y3-G. The 
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. 

5Z3 

FULL-WAVE HIGH-VACUUM 

RECTIFIER 

The 513 is a full-wave rectifier of 
the filament type intended for supply-
ing rectified power to radio equipment 
having very large direct-current re-
quirements. Its maximum ratings 

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

F. NC KEY 

G-5Q 

5Z4 
METAL 

FULL-WAVE HIGH-VACUUM 

RECTIFIER 
The 5Z4 is a full-wave, high-vacuum 

rectifying tube of the metal type 
with an indirectly heated cathode. 
This tube is intended for supplying 
rectified power to radio equipment 
having moderate direct-current require-
ments. 

HEATER VOLTAGE (A.C.) 
HEATER CURRENT   

* CHARACTERISTICS 

As Full- Wave Rectifier 
PEAK INVERSE VOLTAGE  
PEAK PLATE CURRENT PER PLATE   
TYPICAL OPERATION WITH CONDENSER-INPUT FILTER: 

A-C Plate Voltage per Plate (RMS)  
Total Effective Plate-Supply Impedance per Plater  
D-C Output Current  

TYPICAL OPERATION WITH CHOKE-INPUT FILTER: 
A-C Plate Voltage per Plate (RM6)  
Input-Choke Inductance  
D-C Output Current  

When a filter-input condenser larger than 40 uf is used, it 
plate supply impedance than the minimum value shown to limit 
rated value. 

4C 

PD2 

5.0 Volts 
2.0 Amperes 

1400 max. 
375 max. 

350 max. 
30 min. 
125 max. 

Volts 
Milliamperes 

Volts 
Ohms 
Milliamperes 

500 max. Volts 
5 min. Henries 

125 max. Milliamperes 
may be necessary to use more 
the peak plate current to the 
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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 5Z4 are shown in 
Fig. 1-7. OUTLINES SECTION. Heater operation and ventilation are discussed 
under Type 5V4-G. For discussion oí rectifiers and filter circuits, refer to RADIO 
TUBE APPLICATIONS section. 

OPERATIO.‘1 CHARACTERISTICS OPERATION C,-.APA( 
TER C,), DENSf p •c 
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POWER AMPL FIER PENTODE 

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

CHARACTERISTICS 

6A4 

FILAMENT VOLTAGE (A.C. Or D.0  )  6.3 Volts 
FILAMENT CURRENT  0.3 Ampere 
PLATE VOLTAGE   100 135 165 180 max. Volts 
SCREEN VOLTAGE (Grid No 2)  100 135 165 180 max. Volts 
GRID VOLTAGE. (Grid No. 1)   -6.5 -9 -11 -12 Volts 
PLATE CURRENT  9 14 20 22 Milliamperes 
SCREEN CURRENT  1.6 2.5 3.5 3.9 Milliamperes 
PLATE RESISTANCE (Approx.)  83250 52600 48000 45500 Ohms 
TRANSCONDUCTANCE ..   1200 l'400 2100 2200 Micromhos 
LOAD RESIST 4NCE   11000 9500 8000 8000 Ohms 
CATHODE-BIAS RESISTOR   615 545 470 465 Ohms 
POWER OUTPUTt  0.31 0.7 1.2 1.4 Watts 

• Grid volts measured from negative end of 4-c operated filament If the filament is 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 cl -c resistance in the grid circuit should not exceed 0.5 megohm 

t 9 per cent total harmonic distortion. 

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

mounted to hold the tube preferably in a vertical position. Horizontal operation 
is permissible if pins 1 and 5 are in a verti.7a1 plane. Physical characteristics of 
the 6A4 are shown in Fig. 2-25. OUTLINES SECTION. The coated filament of 
the 6A4 is primarily intended for operation fro-n a six- volt storage battery. Socket 
terminal No. 1 should be connected to the positive battery terminal. 
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CLASS B TWIN AMPLIFIER 

The 6A6 is a heater-cathode type of 
tube combining in one bulb two high-6A6 mu triodes designed for class B opera- p 
tion. The triode units have separate r2 
terminals for all electrodes except 
heater and cathode, so that circuit de-
sign is similar to that of class B am-
plifiers using two tubes. The 6A6 (with 

the two units in parallel) may also be used as a class A, amplifier to drive a 6A6 
as class B amplifier. Electrical characteristics of the 6A6 are the same as those of 
Type 6N7. The base of the 6A6 fits the medium seven-contact (0.855-inch, pin-
circle diameter) socket which may he mounted to hold the tube in any position. 
Physical characteristics of the 6M are shown in Fig 2-25, OUTLINES SECTION. 
For heater operation and application, refer to Type 6N7 and to RESISTANCE-
COUPLED AMPLIFIER CHART. 

612 GT1 

PENTAGRID CONVERTER 

7B 

62 

c 4G4 
The 6A7 is a multi-electrode type  G5• GI 

of vacuum tube designed to perform 6A7 simultaneously the functions of a mixer 
tube and of an oscillator tube in super- P 2 

heterodyne circuits. For discussion 
of pentagrid types. gee Frequency Con-
version under RADIO TUBE APPLI-
CATIONS. Except for capacitances, 
whii h are given below, the electrical 

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

DIRECT INTERELECTRODE CAPACITANCES: 
Grid No. 4 to Plate (With shield-can)   0.3 mi.if 
Grid No. 4 to Grid No. 2 ( W ith shield-can)   0 15 bimf 
Grid No. 4 to Grid No. 1 ( With shield-can)   0.15 µµ f 
Grid No. 1 to Grid No 2   1 0 P,a f 
Grid No. 4 to All Other Electrodes (R- F Input)   8.5 mmf 
Grid No. 2 to All Other Electrodes (Osc. Output)   5.5 m,.,f 
Grid No. 1 to All Other Electrodes (Osc. Input)   7.0 p;.‘f 
Plate to All Other Electrodes (Mixer Output)   9.0 isgf 

INSTALLATION and APPLICATION 

The base of the 6A7 fits the seven-contact (0.75-inch pin-circle diameter) 
socket which may be installed to hold the tube in any position. Physical charac-
teristics of the 6A7 are shown in Fig. 2-16, OUT1.INES SECTION. For heater 
and cathode operation, refer to Type 6A8. Complete sh elding 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. 

7C 

PENTAGRID CONVERTER 2? GI 

6A8 The 6A8 and 6A8-G are multi-elec- G4 
G2 

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- 1-1 
heterodyne circuits. Through the use of 
either type, the independent control of Ne:6A8-e tev 

each function is made possible within a 8A 
single tube. For general discussion of 

TfflIOtagrid types, refer to Frequency Conversion under RADIO TUBE APPLICA-
NS. 
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* CHARACTERISTICS 
HEATEP VourAcat (AC. or D.0  )  6.3 
HEATER CURRENT   0.3 

DIRECT INTERELECTRODE CAPACITANCES:* 

Grid No. 4 to Plate   0.03 0.26 it 

Grid No. 4 to- Grid No. 2   0.1 0.19 med. 
Grid No 4 to Grid No 1   0.09 0.16 miaf 

Grid No. 1 to Grid No. 2   0.8 1.1 umf 
Grid No. 4 to All Other Electrodes 

(R-F Input)  12.5 9.5 up( 
Grid No. 2 to All Other Electrodes Except 

Grid No. 1 (Osc. Output)  5.0 4.6 µid 
Grid No. 1 to Ail Other Electrodes Except 

Grid No 2 (Osc. Input)   6.5 6 mid 
Plate to 411 Other Electrodes (Mixer 
Output)   12.5 12 pmf 

Type 6A8 Type 6A8-G 

Volte 
Ampere 

With shell of 6A8 connected to cathode, and with c:oee-fitting shield on 6A8-G connected 
to cathode. 

As Frequency Converter 
PLATE VOLTAGE   

SCREEN VoLTAGE (Grids No. 3 and No. 5)  
SCREEN SUPPLY VOLTAGE  
ANODE-GRID VOLTAGq (Grid No. 2)  
ANODE-GRID SUPPLY VOLTAGE   

CONTROL-GRID VOLTAGE (Grid No. I)  
PLATE DISsIPATION   

SCREEN DIsbIPATION   

ANODE-GRID DISSIPATION  

TOTAL CATHODE CURRENT 

TYPICAL OVF:RATION: 

Plate Voltage   
Screen Voltage   

100 
50 

Anode-Griel Voltage  100 
Control-Grid Voltage   -1 5 
Oscillator-Grid Resistor (Grid No. 1)  50000 
Plate Current   1.1 
Screen Current   1.3 
Anode-Grid Current  2 
Oscillator-Grid Current  0.25 
Total Catrode Current  4.6 
Plate Resistance (Approx.).   0.6 
Conversion Transconductance  360 
Conversion Transconductance (Approx.) .   

t With control-grid bias of - 20 volts ft With control-grid bias of 

ea Anode-grid supply voltage applied through a properly by-passed 2 
dropping resistor. 

300 max. 
100 max. 
300 max. 
200 max. 
300 max. 
0 min. 

1.0 max. 
0.3 max. 

0.75 max. 
14 max. 

Volts 
Vol ts 
Vol ts 
Vol ts 
Volts 
Vol ts 
Watt 
Watt 
Watt 
Milliamperes 

250 Volts 
100 Volts 
250" Volts 
-3 Volts 

50000 Ohms 
3 5 Milliamperes 
2.7 Milliamperes 

4 Milliamperes 
0.4 Milliampere 
106 Milliamperes 
0.36 Megohm 
550 Micromhos 

611 Micromhot 
-35 volts. 

0000-ohm voltage-

INSTALLATION and APPLICATION 
The base of either the 6A8 or the 6A8-G fits the standard octal socket which 

may be instalied to hold the tube in any position. Physical characteristics of the 
6A8 and the 6A8-G are shown in Figs. 1-5, and 2-15, respectively, in the OUT-
LINES SECTION. 

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

As a frequency converter in superheterodyne circuits. the 6A8 or the 6A8-G 
can supply the local oscillator freouency ono at the same time mix it with radio-
input frequency to provide the desired intermediate frequency. For this service, 
design information is given under ClIARACTER ISTICS. 

For the oscillator circuit, the coils may be constructed according to conven-
tional design, since neither tube type is parti.7ularly critical. The supply voltage 
applied to the anode-grid No. 2 should not exceed the maximum value of 300 volts. 
In fact, from a performance standpoint. a lower value is to be preferred, because 
it will he adequate to provide for optimum translation gain. Under no condition 
of adjustment should the cathode current exceed a recommended maximum value 
of 14 milliamperes 

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

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

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

OPEP5T,ON CHAC,AC Tr. R, TICS 
W, 4 5q.450--444 o5C4A4- 4 ...,,,, Le.,, 

••-,i4 -i-„44.- - T- 1--C , Í 

›Ik; 
I 

e-
- : • 

CA 654 
05C 4.1.4-04-44 ié,c4c4v4, 4(5,1,0 

Ric -•se 

OPERATION CHARACTERISTICS 
H 50000-010A OSC.i Lat0O-OlOO LtAK 
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TYPICAL PENTAGRID CONVERTER CIRCUIT 

 _Le  

'r:  
()I 

1 -4-7_03 
S. CS C7 

/ ..--- 
l 3 ,t, ÉL 21 Ri7C5 rit k ,... . 
r c. • (_  

11--1: 'Ill 
e C 

,.,„. 4,,, 

(4. i 
GR,D N. 4 C.R ,E, NA 2 GR05 he 31,5 F.,,,..TE 

8 4'. 5PPLY SuPPL) SUPPLY SUPPLY 

COIL. - DE ejI.--_',N DE TAILS 
FT  

AC 015 TO 0 -10 0 SS 10 A 
L C I(..• S - 

A UAW, N. 
;Tvee,.. 

R- F COIL ,) 422 3e SSE IN 3 

• (Y3C 417,0 COIL ( • / .` • 98 3t SSE 80 • 

(3S.: PI._ AIL ( ((- ( 

:05(: ' ReeJ,P(.34(•.. CO'.. , 4 • .• • • 

1.1•LILAYFR Ci(`1 

).R ,C 

ATHOVE - 

CA ID A.2' j 

- 

CI 

E-1 

rr-

C GANGED TUNING CONDENSER 
(40 70 350 UPI') 

C,,C2,C.C6 .C, 7 0 tof 

C3 7 0 00025 14 f 
C.4 SEL TABLE BELOW 
17 1 7 250000 OHMS, 0 wATT 
R2 7 0000 - 50000 OHMS , 0.1 w47 T 
Ns = 05C1LL 470R -ANODE (04.0 Ne 2) 

VOLTAGE - DROPPING RESISTOR 

R.. ISO - 300 0.,45. 0 / wet T 
Ny7 SCREEN (GROS N. 365)Fs.TER RESISTOR 
L 60-mit L.HENRY R-F CHORE 

7 7 .465-0 t- r TRANSFORMER 

IS 1040 •( T0 10 (0 TO 25 

.• 
' ' ,.. ..'tR li,13,1-5; Wan* 

, ,. 4 126ENAM, 
• ,, , 4 3 i2OE NAM) 

'StS 4(4 R 'JS CA-A.7 

tie 

(1 3,1 er((t 

' 
- - 

° *1- GRID r•ez 

PENTAGRID CONVERTER 

02 The 6A8-G1' 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 general discussion of 
pentagrid converters. see Frequency 
Conversion under RADIO TUBE 

G- 8A APPLICATIONS. Physical charac-
teristics of the 6A8-GT are shown in Fig. 2-6, OUTLINES SECTION. Maximum 
Ratings and Typical Operation for the 6A8-GT are the same as for the 6A8. 

RI 

ELECTRON-RAY TUBE 

6AB5 '6N5 is the new designation 
for the electron-ray tube 6N5. See 
type 6N5 for further data. Physical 
characteristics of the 6AB5/6N5 are 
shown in Fig. 2-18, OUTLINES 
SECTION. 

6AB5/6N5 

6R 
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6AB7/1853 
METAL 

TELEVISION AMPLIFIER 

PENTODE 
The 6AB7 is a pentode of the single-

ended metal type for use in television 
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 8fq 

gain control. The 6AB7 c an also be used as a mixer and makes a good oscillator in 
low-voltage applications. The shielded-construction features of the 6AB7 are similar 
to those of the 6AC7/1852. 

EY 

CHARACTERISTICS 

HEATER VOLTAGE (A.C. or D.0  )  6.3 Volts 
HEATER CURRENT   0.45 Ampere 
GRID-PLATE CAPACITANCE°   0.015 max. ited 

INPUT CAPACITANCE°  8 amt. 
OUTPUT CAPACITANCE°   5 amf 

• With shell connected to cathode. 

As Class A, Amplifier 
PLATE VOLTAGE   300 max. Volts 
SCREEN VOLTAGE   200 max. Volts 
SCREEN SUPPLY VOLTAGE  300 max. Volts 
PLATE AND SCREEN DISSIPATION (Total)  4.4 max. Watts 
SCREEN DISSIPATION   0.65 max. Watt 
TYPICAL OPERATION: 

Condition I $ Condition II II 
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 Micromhos 
Grid Bias for Transcon-

ductance - 50 micromhos   -15 -22.5 Volts 
Plate Current   12.5 12.5 Milliamperes 
Screen Current   3.2 3.2 Milliamperes 

I With fixed screen supply. jj With aeries screen resistor. 
• Screen supply voltaes in excess of 200 volts require the use of a Ilene. dropping resistor to 

limit the voltage at the screen to 200 volts when the plate current is at its normal value of 12.5 
milliamperes. 

INSTALLATION and APPLICATION 

The base of the 6AB7 fits the standard octal socket which should be mounted 
to hold the tube preferably in a vertical position. Horizontal operation is permis-
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 /2.5 milliamperes, or from a fixed source, depending 
on the application. 

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

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

The d-c resistance in the 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 megolirn. 

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 employing automatic gain control. 

In circuits where changes of input capacitance and input conductance are not 
„minimized by a partially unhy-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 . 

LOAD 

c. 

Nc KEY 

INPUT 

t RI 

AUTOMATIC GAIN 
CONTROL VOLTAGE ..I. 300 V. 

HIGH-MU 

POWER AMPLIFIER TRIODE 

The 6AC5-G is a high-mu triode de-
signed for use in either single-ended or 
push-pull audio-frequency power am-
plifiers. It is especially useful in 

G-6Q direct-coupled circuits in which the 
driver tube develops positive grid bias for a single 6AC5-G. 
service, conventional zero-bias operation is employed. 

CHARACTERISTICS 
HEATER VOLTAGE (A.C. or D.0  )  6.3 Volte 
HEATER CURRENT   0.4 Ampere 
AVERAGE CHARACTERISTICS: 

?late Voltage  250 Volts 
Grid Voltage  +13 Volts 
Plate Resistance  367'00 Ohms 
Amplification Factor  125 
Transconductance   3400 Micromhos 
Elate Current  32 Milliamperes 
Grid Current  5 Milliamperes 

6AC5 - G 

In push-pull class B 
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As Class B Power Amplifier 
PLATE VOLTAGE   250 max. Volts 
PEAK PLATE CURRENT (Per tube)  110 max. Milliamperes 
AVERAGE PLATE DISSIPATION   10 max. Watts 
TYPICAL OPERATION: 

Values are for two tubes 
Plate Voltage   250 Volts 
Grid Voltage  0 Volts 
Peak A-F Grid-to-Grid Voltage  70 Volts 
Zero-Signal D-C Plate Current   5 Milliamperes 
Effective Load Resistance (Plate-to-plate)   10000 Ohms 
Power Output (Approx.)' 8 Watts 
• With peak input of 950 milliwatts applied between grids. 

INSTALLATION and APPLICATION 

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

In push-pull class B service, the 6AC5-G should be operated as shown under 
CHARACTER 1ST ICS. 

In direct-coupled power amplifier service, a single 6AC5-G is preceded by a 
Type 76 in the dynamic-coupled circuit shown below. Bias voltage for both tubes 
is developed by the elements of the circuit which are common to both tubes. The 
total d-c resistance in the grid circuit 
of the driver should not exceed one 
megohm. The main purpose of the 
25000-ohm resistor is to prevent a 7YPT 76 

current surge occurring while the tube 

maximum plate voltage is 250 volts. E is warming up. In this service, the 

t t 
the maximum average plate dissipa-
tion is 10 watts, the average plate MPUT 

current is 32 milliamperes. and the 
average plate current of driver is 5.5 
milliamperes. With an input signal 
to the driver of 16.5 volts (rms) and 
a load resistance of 7000 ohms, the power output is 3.7 watts with 10% distortion. 
When the driver tube is operated up to the grid-current p ,int, a power output of 
4.3 watts with approximately 16% distortion may be obtained 

TYPE 
6ACS.G 

TELEVISION AMPLIFIER 

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

METAL ended metal type for use in television 
receivers. It is recommended for use 
in the r-f and i-f stages of the picture 
amplifier of such receivers as well as in 
the first stages of the video amplifier. 

The 6AC7 can also be used as a mixer and is a good oscii 
applications. 

The 6AC7 has the same electrode assembly as the RCA-1851, but a special 
shielded-lead construction has been employed in the 6AC7. to permit bringing out 
the control-grid lead to a base pin rather than to a pin cap, without increase in the 
grid-plate capacitance. From a circuit standpoint, the proximity of grid pin to 
cathode pin simplifies wiring and decreases the size of the inductance loop connect-
tg the input circuit to the tube. These are features important at high frequencies 

because they provide decreased feedback and improved circuit stability 

c, 

oUTPU7 

PLATE 
SUPPLY 

o 

s(2-)ncy 

SN 

tor in low-voltage 
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CHARACTERISTICS 
HEATER VOLTAGE (A C. or D.0  )  6.3 Volts 
HEATER CURRENT   0.45 Ampere 
GRID-PLATE CAPACITANCE°   0.015 max. ma 
INPUT CAPACIT &TICE°  II pm( 
OUTPUT CAPACITANCE°   5 lijd 

' ,V;th shell connected tu cathode. 

As Clcss A Amplifier 

PLATE VOLTAGE   300 max. Volts 
SCREEN VOLTAGE   150 max. Volts 
SCREEN SUPPI.Y VOLTAGE  300 max. Volts 
PLAIE oND SCREEN DISSIPATION (Total)  3 4 max. Watts 
SCREPN DISSIPATION   0.38 max. Watt 
TYPICA'. OPERATION: 

Condition P Condition II" 
Plate Voltage   300 300 Volts 
Suppressor Voltage  0 0 Volts 
Screen Supply Voltage  150 300t. Volts 
Screen Series Resistor   - 60000 Ohms 
Cathode-Bias Resistor  160 min. 160 min. Ohms 
Plate Resistance (Approx.)  n 75 0.75 Megohm 
Transconductancr   9000 9000 hlicromhos 
Plate Current   .10 10 Milliamperes 
Screen Current   2.5 2.5 Milliamperes 

* With fixed screen supply. ** With series screen resistor 
Screen supply voltages in excess of 150 volts require use of a series dropping resistor to 

limit the voltage at the screen to 150 volts % hen the plate current is at its normal value of 10 
milliamperes. 

INSTALLATION and APPLICATION 

The base of the 6AC7 fits the standard octal socket which should be installed 
to hold the tube preferably in a vertical position. Horizontal operation is permis-
sible if the socket is positioned so that pins No. 2 and 7 are in a vertical plane. 
Physical characteristics of the 6AC7 are shown in Fig. 1-3. OUTLINES SECTION. 
For heater operation and cathode connection, refer to Type 6AG7. 

Voltage supply considerations are similar to those for Type 6AB7. In video 
stages the cathode-bias resistor should not be by-passed if it is desired to have 
degeneration and freedom from distortion. When, however, no degeneration and 
maximum amplitude are deired, the cathode-bias resistor should be by-passed 
with a large condenser (350 up. 

AVERAGE PLATE CHARACTERISTICS 
40 

TYPE 6AC7/1852 
z 6.3 VOLTS 

SC PEEN VOLTS v ISO 

- 

0 

CONTROL-GRID VOLTS EC, 

-2 5 

3.5 I 

o 
80 160 290 320 

PLATE VOLTS 
40 4Pt• S60 

9ZC 992! 
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As an amplifier, the 6AC7 is especially suited for use in the r- f and i-f stages of 
the picture amplifier of television receivers and may also be used in the first video 
stages when several such stages are used. The use of the 6AC7 as a high-gain 
audio amplifier is not recommended unless the heater is operated from a battery 
source. Additional information on application of the 6AC7 is the same as shown 
for Type 6AB7. 

AMPLIFIER TRIODE 
The ...tE5-GT is a low-mu amplifier 

triode of the heater-cathode type in-
tended for use in a-c/d-c receivers. The 

6AE5-GT base of the 6AE5-GT fits the standard 
octal socket which may be mounted to 
hold the tube in any position. Physical 
characteristics of the 6AE5-GT are 
shown in Fig. 2-8, OUTLINES SEC-
TION. For heater operation and cath-

ode connection, refer to Type 6A8. The 6AE5-GT may be used as 
Type 25AC5-GT. 

CHARACTERISTICS 

HEATER VOLTAGE (A.C. or D.0  )  6.3 Volts 
HEATER CURRENT   0.3 Ampere 
PLATE VOLTAGE   95 Volts 
GRID VOLTAGE*   -15 Vol ts 
PLATE CURRENT  7 Milliamperes 
AMPLIFICATION FACTOR.   4.2 
PLATE RESISTANCE  3500 Ohms 
TRANSCONDUCTANCE   1200 Micromhos 

• The d-c resistance in the grid circuit should not exceed 1 0 megohm. 

a driver for the 

RCUI 

ELECTRON-RAY TUBE 

Twin Indicator Type 

6AF6 -G The 6AF6-G is a high-vacuum, H 

heater- cathode type of tube designed 
to respond visually, by means of two NC 

shadows on a fluorescent target, to 
changes in the voltages applied to the 

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

CHARACTERISTICS 

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

TA 

RCU2 

7AG 

As Tuning Indicator 

T f135 max. Volts ARGET VOLTAGE  
1 90 min. Volts 

RAY-CONTROL ELECTRODE SUPPLY VOLTAGE  135 max. V0113 
TYPICAL OPERATION: 

Target Voltage   100 135 Volts 
Target Current'  0.9 1.5 Milliamperes 
Ray-Control Electrode Voltage (Approx.)t 60 81 Volts 
Ray-Control Electrode Voltage (Approx.) .1* 0 0 Volts 

• With 0 volts on ray-control electrode. 
f For shadow angle of 0* produced by either ray-control electrode. 
For shadow anode of 100° produced by either ray-control electrode. 
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INSTALLATION and APPLICATION 
The base of the 6AF6-C fits the standard octal socket which may be mounted 

to hold the tube in any position The plane through the ray-control electrodes 
passes through pins 3 and 7. Physical characteristics of the 6AF6-G are shown 
in Fig. 2-1, OUTLINES SECTION. Heater operation is the same as for 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 
6AF6-G through one or more voltage amplifier 
tubes. A typical circuit for the 6AF6-G is shown 
below. For further information on the perform-
ance of tuning indicators, refer to Type 6E5. 

TYPE 6R7 
TRIODE 

CONNECTED 

AVC 
VOLTAGE 

TYPE 
6A1-6-G 

R--TYPICAL. VALUE IS 0.5 MEGOHM 

HEY 

may also be used advantageously in 
ay 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. 

AVERAGE CHARACTERISTICS 

_TYPE 6AI:6-G if .6.3 VOLTS_ 

  cuRvc Tel;G:57   

100 

— 
s 

RAY-CONTROL TARGET --ELECTRODES 

7. 

o 
20 

SHADOW 
ANGLE 

I 

TARGET , 
CURRENT —  " 

2 
4 

2 d 

0 20 00 6.0 SO 
RAY- CONTROL ELECTRODE VOLTS 

12C-ROOR 

6AG7 

VIDEO POWER 

AMPLIFIER PENTODE 

RCA-6AG7 is a heater-cathode type 
of metal tube intended for use primar-
ily in the output stage of the video 
amplifier of television receivers. It 

* CHARACTERISTICS 
HEATER VOLTAGE (A.C. or D.0  )  6.3 Volts 
HEATER CURRENT   0.65 Ampere 
DIRECT INTERELECTRODE CAPACITANCES: 
Grid to Plate  0.06 max. gmf 
Input   12.5 pof 
Output  7.5 etpf 

Grid to Screen (Approx.)  • 5.8 pa 
Grid to Cathode (Approx.)  5.2 pmf 
Heater to Cathode (Approx.)  10.7 eted 
A;IMAGE CHARACTERISTICS: 

Plate Voltage   300 Volts 
Screen Voltage   300 Volts 
Grid Voltage  -10.5 Volts 
"nterlead Shield  Connected to cathode at ground 
Plate Resistance  0.1 Megohm 

—93— 



RCA RECEIVING TUBE MANUAL 

Transconductance   7700 Micromhos 
Plate Current   25 Milliamperes 
Screen Current   6.5 Milliamperes 

As Video Voltage Amplifier — Class A, 
PLATE VOLTAGE   300 max. VOILS 
SCREEN VOLTAGE   300 max. VOILS 
PLATE DISSIPATION   8.7 max. Watts 
SCREEN INPUT  2 max. Watts 
TYPICAL OPERATION IN 4-Mc BANDWIDTH AMPLIFIER: 

Grid-Leak Cathode 
Bias I Bias 

Plate-Supply Voltage  300 300 Volts 
Screen Voltage   125° 125" Volts 
Grid Voltage  0' -2 Volts 
Grid Resistor  0.25-0.5 .... Megohm 
Cathode Resistor It   .... 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 Voltt 
¡Intended for use where d c restoration is accomplished in the grid circuit of the 6AG7. 
'Obtained from supply having good regulation. 

•°Obtatned preferably from plate supply through series resistor. 
'Zero-signal value 
My-passed by 250 of, 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 10% from the normal value of 6.3 volts. 

The cathode when the 6AG7 is operated from a transformer, should be con-
nected through a bias source either to one side or to the electrical mid-point of the 
heater circuit. In the case of d-c operation from a 6-volt storage battery, the 
cathode circuit should be tied through a bias source to the negative battery terminal. 
The potential 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 w series with the 
high-voltage B-supply. The use of a series screen resistor requires the use of a large 
by-pass condenser in the screen circuit. The size of the by-pass condenser can be 
reduced if a suitable compensating filter is used in the plate circuit. When the 
bias for the 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 iiiterlead shield is connected within the tube to pin No. 3. This pin 
should be grounded at the socket to provide a shield between the grid and heater 
(pin No. 2). 

APPLICATION 
As a video amplifier. the GAG7 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 band width required for high-definition television reception. The 
extremely high transzonductance and the large plate current of this tube make 
possible relatively nigh voltage gain with the low load resistance needed to give 
uniform output over the wide frequency range. A typical circuit showing suitable 
constant-3 for a video amplifier is shown below. 

TYPICAL VIDEO VOLTAGE AMPLIFIER 
HAVING BANDI/v103H or 4 MEGACYCLES 

TYPE 6407 

L. -1-

1 

+125 V. 

1 

+ 300 V. 

Li 9.5 mot ••• Tube Capacitance Socket Capacitance + Wiring Capacitance + 
Coil Capacitance 

C, 19 mot -• Kinescope Capacitance + Socket Capacitance + Wiring Capacitance + 
Coil Capacitance 

L, 250 4h Filter Inductor 

Li 125 oh Filter Inductor 

6 

S 

40 

rit 3 

8 
20 

lo 

bAS 

Ri 20000-Ohm. Non-Reactive Resistor 

3500-Ohm, 10-Watt. Non-Reactive Resistor 

AVERAGE PLATE CHARACTERISTICS 
vier«, CC' AS VAA'AeLe 

rye(' 6AG7 
C r 6.3 vOLTS 

SCREEN VOLTS ,. ISO 

CCI. 

CON ROL -MO VOLIS CC'. -2 

-3 
2 

-3 

I tCt. - 31 

20 300 400 

Pt 4TC VOLTS 
SOO 000 

02C-0034 

DIRECT-COUPLED 

POWER AMPL'FIER 

The 6B5 is a multi-electrode tube 6B5 
of the heater-cathode type consisting 
of two triodes in one hula and used 
chiefly for replacement ia receivers 
designed for its characteri;tics. One 

triode, the driver, is directly connected within the tube to the second or output, 
triode. Electrical characteristics of the 6135 are identical with those of the 6N6-G. 

The base of the 6B5 fits the standard six-contact socket which may be mounted 
to hold the tube in any position. Physical characteristics of the 6B5 are shown 
in Fig. 2-25 OUTLINES SECTION For heater operation. see Type 6N7 
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666-G 

DUPLEX-DIODE HIGH-MU 

TRIODE 

The 6B6-G is a heater-cathode type 
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 

HEATER VOLTAGE (A.C. or D.0  )  6.3 Volts 
HEATER CURRENT   0.3 Ampere 
Triode: GRID-PLATE CAPACITANCE*  1.3 pa 

GRID-CATHODE CAPACITANCE*  2.7 paf 
PLATE-CATHODE CAPACITANCE*  4.5 apf 

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

Triode Unit — As Class A, Amplifier 

PLATE VOLTAGE   250 max. Volts 
GRID VOLTAGE   -2 Volts 
PLATE CURRENT  0.9 Milliampere 
PLATE RESISTANCE  91000 Ohms 
AMPLIFICATION FACTOR  100 
TRANSCONDUCTANCE   1100 Micromhoe 

Diode Units 

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

INSTALLATION and APPLICATION 

The base of the 6B6-G fits the standard octal socket which may be installed 
to hold the tube in any position. Physical characteristics of the 6B6-G are shown 
in Fig. 2-15, OUTLINES SECTION. Heater operation and cathode connection 
are the same as for Type 6A8. Application of the 6I16-G is similar to that of Type 
6SQ7. 

PD2 

DUPLEX-DIODE PENTODE 

The 6B7 is a heater-cathode type of 6B7 tube consisting of two diodes and a pp 

pentode in a single envelope. It is 
G3p 

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 6I38-G. Capacitances of the 6137 are given below. For diode-
detector considerations, refer to RADIO TUBE APPLICATIONS section. Instal-
lation is discussed under Type 6A8 and application under Type 6B8. Physical 
characteristics of the 6B7 are shown in Fig. 2-16, OUTLINES SECTION. 

Gip 
G2p 

70 

POI 
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AVERAGE CHARACTER ' C 
NALF-wavE ACE/trIcA, 0“-SIA.L, I DE UNIT 

Pentode Capacitances 
GRID-PLATE'  0.007 max. pf 
INPUT   3.5 oof 

OUTPUT  9.5 /AM f 
• With shield can. 

Pre 

r;1 

c„, LOAD 011.4 ,,SIsST OR 

sono>n 
1c, coo 

-.40 -30 -20 -10 
CI-C VOLTS DEvCLOPED BY DIODE 

92C-527651 

DUPLEX-DIODE PENTODE 
G2p 

The 6118 is a heater-cathode type of 

metal tube consisting of two diodes 

and a pentode in the same envelope. 6B8 
It is recommended for use as a corn-

bined detector, amplifier (radio-, inter- 
METAL 

s AL f o p mediate-, or audio- frequency). and 

8E 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. 

60 LA. 

3 
R. 

120 à 

4 

3 o 

* CHARACTERISTICS 

HEATER VOLTAGE (A.C. or D.0  )  6.3 Volts 

HEATER CURRENT   0.3 Ampere 

Pentode: GRID-PLATE CAPACITANCE*   0.005 max. ppf 
INPUT CAPACITANCE*  6 m,uf 
OUTPUT CAPACITANCE*   9 mmI 

• With shell connected to cathode. 

Pentode Unit — As Class A, Amplifier 
PLATE VOLTAGE   300 max. Volts 

SCREEN VOLTAGE (Grid No. 2)   125 max. Volts 

SCREEN SUPPLY VOLTAGE  300 max. Volts 

GRID VOLTAGE (Grid No. 1)  0 min. Volts 

PLATE DISSIPATION   2.25 max. Watts 

SCREEN DISSIPATION   02 max. Watt 
TYPICAL OPERATION: 

Plate Voltage   250 Volts 

Screen Voltage   125 Volts 

Grid Voltage"   -3 Volts 

Plate Current   10 Milliamperes 

Screen Current   2.3 Milliamperes 

Plate Resistance (Approx.)  0.6 Megohm 

Transcondurtance   1325 Micromhos 

Grid Bias Voltage (Approx.)t   -21 Volts 

t For cathode current cur-off. 
el, The d-c resistance in the grid circuit should not exceed 1.0 rtiegohnt. 
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Diode Units 

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

INSTALLATION and APPLICATION 

The base of the 6138 fits the standard octal socket which may be installed to 
hold the tube in any position Physical characteiistics of the (5138 are shown in 
Fig. 1-5, OUTLINES SECTION. Heater operation and cathode connection 
are the same as for Type 6A8. 

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

For automatic volume control, a rectified voltage which is dependent on the 
r-f or i-f carrier is usually employed. This voltage may he 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"l'IONS section. 

For r-f or 1-f amplification, the pentode unit of the 6118 may be employed in 
conventional circuit arrangements. It is designed so that its rut-off is somewhat 
extended to permit of moderate gain control by grid- bias variation withoot intro-
ducing cross-modulation effects. The cut-off point and the ability to handle the 
larger signals may be altered by choice of screen voltage to suit the requirements of 
the circuit. For many types of circuits a convenient and practical method of 
obtaining the desired benefit of the extended rut-off is to supply the screen voltage 
from a high-voltage tap through a series resistor. This arrangement provides 
automatically an increase in the voltage applied to the screen as the grid-bias is 
made more negative, with the result that the maximum signal-handling ability is 
obtained. 

For a-f amplification, the pentode unit of the 6118 may be used in a resistance-
coupled circuit arrangement to provide high gain under operating conditions given 
in the Resistance-Coupled Amplifier Chart. 

Typical duplex-diode pentode circuits are shown in the CIRCUIT SECTION. 
When the 6B8 is used in these circuits, its shell should be connected to ground. 

AVERAGE Pt ATE CHARACTER:571E-5 

16 
T1'.E 688 

Cf 6.3 VOLTS 

SCR! E1.1 VOLT5.1 
14 

•••• 

CONTR'11, . - C..R115 f 

5 

Pl.*TC 1.101;r5 92C- 445 
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pp 

NC. e - Y 

G-8E 

rm. 

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 

H detector, amplifier (radio-, intermed-
iate-, or audio- frequency), and auto-
matic-volume-control tube. For diode-
detector considerations, refer to RA1)10 
TUBE APPLICATIONS section. 

* CHARACTERISTICS 
HEATER VOLTAGE (A.C. or D.0  )  6.3 
HEATER CURRENT   0.3 
Pentode. GRID-PLATE CAPACITANCE:  0.01 max. 

INPUT CAPACITANCE:  3.6 
OUTPUT CAPACITANCE:   9.5 

: with close-fitting shield connected to cathode. 

Pentode Unit — As Class A, Amplifier 
PLATE VOLTAGE   300 max. VOIE8 
SCREEN VOLTAGE (Grid No. 2)   125 max. Volts 
SCREEN SUPPLY VOLTAGE  300 max. Volts 
GRID VOLTAGE (Grid No. 1)  0 min. Volts 
PLATE DISSIPATION   2.25 max. Watts 
SCREEN DISSIPATION   0.3 max. Watt 
TYPICAL OPERATION: 

Plate Voltage   100 250 250 
Screen Voltage   100 100 125 
Grid Voltage*   -3 -3 -3 
Plate Current   5.8 6 9 ' 
Screen Current   1.7 1.5 2.3 
Plate Resistance (Approx.)  0.3 0.8 0.6 
Transconductance   950 1000 1125 

.. Grid-Bias Volt. (APProx•)t  -17 -17 -21 

6B8-G 

Volts 
Ampere 
metf 
itetT 
metf 

Volts 
Volts 
Volts 
Milliamperes 
Milliamperes 
Megokuri 
Micromhos 
Volta 

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

Diode Units 
Two diode plates are placed around a cathode, the sleeve of which is common 

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

INSTALLATION and APPLICATION 
The base of the 6118-G fits the standard octal socket which may be installed 

to hold the tube in any position. Ph.) sial characteristics of the 6I38-G are shown 
in Fig 2-15, OUTLINES SECTION. For heater operation and cathode connec-
tion, refer to Type 6A8. 

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

C. 

Ck 

DETECTOR AMPLIFIER 

TRIODES 

The 6C5 and 6C5-G are three-elec-
trode tubes of the heater-cathode type 
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. 

— 9. -

6C5 
METAL 

6C5-G 
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* CHARACTERISTICS 

HEATER VOLTAGE (A.C. or D.0  )  6.3 Volts 
HEATER CURRENT   0.3 Ampere 

6C5* 6C5-G" 
GRID-PLATE CAPACITANCE   2.0 2.2 µµf 

GRID-CATHODE CAPACITANCE   3.0 4.4 µµf 

PLATE-CATHODE CAPACITANCE  11 12 µµf 
• With shell connected to cathode. el With close- fitting shield connected to cathode. 

As Class A, Amplifier 
PLATE VOLTAGE   300 max. Volts 
GRID VOLTAGE   0 min. Volts 
PLATE DISSIPATION   2.5 max. Watts 
TYPICAL OPERATION: 

Plate Voltage   250 Volts 
Grid Voltage °`'   -8 Volts 
Plate Current   8 Milliamperes 
Plate Resistance  10000 Ohms 
Amplification Factor   20 
Transconductance   2000 Micromhos 
" The d-c resistance in the grid circuit should not exceed 1 megohm. 

INSTALLATION and APPLICATION 
The base of either the 6C5 or the 6C5-G fits the standard octal socket which 

may be installed to hold the tube in any position. For heater operation and cathode 
connection, refer to Type 6A8. Physical characteristics of the 6C5 and 6C5-G 
are shown in Figs. 1-2 and 2-17, respectively, in the OUTLINES SECTION. 

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

As detectors, the 6C5 and 6C5-G may be of the grid-leak and condenser or 
grid-bias type. The plate voltage for the grid-leak-condenser method should be 
45 to 100 volts. A grid leak from 0.1 to 1.0 megohm with a grid condenser of 
0.00005 to 0.0005 pf is satisfactory. For the grid-bias method of detection, a plate-
supply voltage of 250 volts may be used together with a negative grid-bias voltage 
of approximately 17 volts. The plate current should be adjusted to 0.2 milliampere 
with no input signal voltage. The grid-bias voltage may be supplied from the 
voltage drop in a resistor between cathode and ground. 

AVERAGE PLATE GHARACTERISTiCS 

Is 

12 

ea 200 300 A00 
PLATE VOLTS 

SOO 

— 100 — 
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03 

TRIPLE-GRID DETECTOR 

AMPLIFIER 

The 6C6 is a triple-grid tube of the 
heater-cathode type recommended for 
service as a biased detector in radio 
receivers designed for its character-

6F istics. This tube is capable of deliver-
ing a large audio-frequency output voltage with relatively small input voltage. 
Significant among its electrical features are its sharp plate current "cut-off" with 
respect to grid voltage. The 6C6 is constructed with an internal shield connected 
to the cathode within the tube. 

* CHARACTERISTICS 

HEATER VOLTAGE (A.C. Of D.0  )  6.3 Volts 
HEATER CURRENT   0.3 Ampere 
PENTODF: CONNECTION: 

Grid- Plate Capacitance'  0.007 max. pe 
Input Capacitance  5 ppf 
Output Capacitance  6.5 orif 

TsionE CON NECTION 
Grid- Plate Capacitance  2 pe 
Grid Cathode Capacitance  3 ppf 

Plate-Cathode Capacitance   10.5 gut 
• With close fitting shield connected to cathode. 
t With screen and suppressor connected to plate. 

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

KT Gl i 

5 TWIN-TRIODE AMPLIFIER 

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

NC ., rt. Except for the common heater, each 
G-8G triode is independent of the other. 

* CHARACTERISTICS 
HEATER VOLTAGE (A.C. or D.0  )   6.3 Volts 
HEATER CURRENT   0.3 Ampere 

Triode Unit I Triode Unit 2 
GRID-PLATE CAPACITANCE*   2.5 2.4 MP f 
GRID-CATHODE CAPACITANCE*  3.4 2.5 i.iiif 
PLATE-CATHODE CAPACITANCE.  3.5 3.9 giàf 

GRID-GRID CAPACITANCE.   0.1 Fsm.f 
PLATE-PLATE CAPACITANCE*   1.5 eàmf 

• Approximate. 

Each Triode Unit — As Class A, Amplifier 
PLATE VOLTAGE   250 max. Volts 
GRID VOLTAGE   0 min. Volts 
PLATE DISSIPATION   1.0 max. Watt 

6C6 

6C8-G 
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TYPICAL OPERATION: 
Plate Voltage   250 Volts 
Grid Voltage  4.5 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 tits the standard octal socket which may be installed 
to hold the tube in any position. Physical characteristics of the 6C8-G are shown 
in Fig. 2-15. OUTLINES SECTION. For heater operation and cathode con-
nection, refer to Type 6:E. 

As a class AI 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 
EACN TINCIDE UN T 

a° 

TYPE 6C13- C. 
E f = 0.3 VOLTS 

v., 

;5 

. 

, 

r 
H_
_L
I 

100 1SO 2 0 250 
PLATE VOLTS 

3C0 350 

TRIPLE- GRID 

SUPER-CONTROL AMPLIÑER P 

6D6 The 61)6 is a tripie-grid super-con-
trol amplifier tube recommended for 
service in the radio-frequency and 
intermediate- frequency stages of radio 
receivers designed for its character-

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

GRID-PLATE CAPACITANCE   0.007 max.* aid 
INPUT CAPACITANCE  4.7 maf 
DUTPUT CAPACITANCE  6.5 mu. 

• With close-fitting shield connected to cathode, 

400 

92C 4957 

6F 
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INSTALLATION and APPLICATION 
The base of the 61)6 fits the standard six-contact socket which may be installed 

to hold the tube in any position Physical characteristics of the 61)6 are shown 
in Fig. 2-20. OUTLINES SECTION For heater operation and cathode connec-
tion. refer to Type 6A8. For control-grid bias, screen voltage, and suppressor 
connection, refer to Type 6SK7. Shielding of all stages is necessary if maximum 
gain per stage is to be obtained. Refer to APPLICATION on Type 6SK7. 

G 
G«, 

4 

G2 
6 ' 

PENTAGRID CONVERTER 

The 6D8-G is a multi-electrode tube 
designed to perform simultaneously the 
functions of a mixer (first detector) 
and of an oscillator tube in superheter-

( odyne circuits. The 6D8-G permits 
N economy in circuit design due to the 
08A low heater current of 0.15 ampere. For 

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

* CHARACTERISTICS 
HEATER VOLTAGE (A.C. or D.0  )  
HEATER CURRENT   
DIRECT INTERELECTRODE CAPACITANCES (Approx ):* 
Grid No 4 to Plate   
Grid No. 4 to Grid No. 2   
Grid No. 4 to Grid No 1   • 
Grid No. 1 to Grid No. 2   
Grid No 4 to All Other Electrodes (R-F Input)   
Grid No. 2 to All Other Electrodes except Grid No. 1 
(OK Output)   

Gral No. 1 to All Other Electrodes except Grid No. 2 
(Osc Input)   

Plate to All Other Electrodes (Mixer Output)   
• With close-fitting shield connected to cathode. 

6.3 
0.15 

0.2 
0.2 

0.16 
1.1 
8.0 

4.6 

5.5 
11.0 

6D8-G 

CONVERSION 

As Frequency Converter 
PLATE VOLTAGE   300 max. 
SCREEN VOLTAGE (Grids No. 3 and No. 5)  100 max. 
SCREEN SUPPLY VOLTAGE  300 max. 
ANODE-GRID Vol TAGE (Grid No. 2)  200 max. 
ANODE-GRID SUPPLY VOLTAGEt   300 max. 
CoNToL-GRID VOLTAGE (GT1c1 No. 4)  0 min. 
PLATE DISSIPATION   1.0 max. 
SCREEN DISSIPATION   0.3 max. 
ANODE-GRID DISSIPATION  0.75 max. 
TOTAL CATHODE CURRENT  13 max. 
TYPICAL OPERATION: 

Plate Voltage   135 250 Volts 
Screen Voltage   67 5 100 Volts 
Anode-Grid Supply Voltage  135 250t Volts 
Control-Grid Voltage  -3 -3 Volts 
Oscillator-Grid Resistor (Grid No. 1) ..   50000 50060 Ohms 
Plate Current   1.5 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  6 4 10.8 Milliamperes 

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

Volta 
Ampere 

zef 
,upf 
eimf 
eimf 
gel( 

411: 

P.M 

Volts 
Volts 
Volts 
Volts 
Volts 
Volts 
Watt 
Watt 
Watt 
Milliamperes 
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Plate Resistance (Approx.)  0.6 0 4 Megohm 
Conversion Transconductance  325 550 1),licromhos 
Conversion Transconductance (Approx)  5:. 6:I l‘licrnmhos 
The transconductance of the oscillator port inn (not osci!lating, of the 61.)6 G is 1200 inirrornhne 

under the following conditions plate voltage, 250 VI)ilt4. screen voltage, 100 volts; anode grid 
voltage, 200 voila no voltage dropping resistor); and oscillator grid voltage, 0 volts. 

j With control- grid bias of -25 volts. jj With control grid bias of - 35 volts. 

INSTALLATION and APPLICATION 

The bast of the 61/8-G fits the standard octal socket which may be installed 
to hold the tube in any position Physical characteristics of the 6D8-G are shown 
In Fig 2-15, OUTLINES SECTION. 

The heater of the 6D8-G is designed to operate on either a.c. or d.c. For 
operation on a.c. with a transformer, the winding which supplies the heater circuit 
should operate the heater at its recommended value for full- load operating condi-
tions at average line vo!tage. For service in automobile receivers the heater term-
inals of the 6D8-G should be connected directly across a 6- volt battery In receivers 
that employ a series- heater connection, the heater of the 61)8-G may be operated 
in series with the heaters of other types having 0 15-ampere rating, or in series 
with the heaters of other types requiring more than 0.15 ampere if the 61)8-G 
heater is shunted by a suitable resistor to pass the current in excess of (115 ampere. 
The current in the heater circuit of the 61)8-G should be adjusted to 0.15 ampere 
for the normal supply-line voltage. The cathode connection is the same as for 
Type 6A8. Complete shielding of the 61)8-G is generally necessary to prevent 
intercoupling between its circuits and the circuits of the other 

Application of the 6138-G is the same as for Type 6A8 

ELECTRON- RAY TUBE 
(Indicator Type) 

6E5 The 6E5 is a high-vacuum, heater-
cathode type of tube designed to 
indicate visually, by means of a 
fluorescent target, the effects of a 
change in the controlling voltage. 

The tube, therefore, is essentially a voltage indicator and as such is particularly 
useful as a convenient and non-mechanical means to indicate accurate tuning of a 
receiver to the desired station. The 6E5 is similar to the 6U5/6G5 except that the 
6U5/6G5 triode unit is designed with a remote plate-current cut-off characteristic. 
For discussion of Electron-Ray Tube considerations, refer to RADIO TUBE 
APPLICATIONS section. 

65 

* CHARACTERISTICS 

HEATER VOLTAGE (A.C. OT D.0  )  63 Volts 
HEATER CURRENT   0.3 Ampere 

As Tuning Indicator 
PLATE-SUPPLY VOLTAGE  250 max. Volts 

/250 max. Volta 
TARGET VOLTAGE  1100 min. Volts 
TYPICAL OPERATION: 

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

For Shadow Angle of 0°   -3.3 -6.5 -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 may be installed 
to hold the tube in any position. For convenience, the tube is usually mounted 
horizontally so that the fluorescent screen is readily visible when the receiver circuit 
is tuned. A small hood, placed over the dome and fluorescent target, will help to 
eliminate external light reflections. Physical characteristics of the 6E5 are shown 
in Fig. 2-19. OUTLINES SECTION. 

For heater operation and cathode connection, refer to Type 6A8. The bulb 
of this tube becomes hot under certain conditions of operation. Sufficient ventila-
tion should be provided to prevent overheating. 

The visible effect is observed on the fluorescent target located in the dome of 
the bulk. The pattern on the target varies from a shaded angle of 90° with zero 
bias (off tune) to a shaded angle of approximately 0° at resonance with a strong 
carrier. Exact tuning is indicated by the narrowest shaded angle that can be 
obtained. The stronger the carrier, the narrower is the shadow. 

The diagrams below show typical tuning-indicator circuits employing the 
6E5. If the strongest carrier received produces sufficient avc voltage to exceed the 
cut-off bias value of -8 volte. the shadow area of the fluorescent target will overlap. 
To overcome this effect resistor R a should be connected, as shown, between the 
triode-unit grid and cathode in order to reduce the control voltage. The value of 

CROIE rr 
,f cr,,.o Po TRI041 

-171:7 T, 
71 IF-

0. Re 

e.00r 
Sf ' t C 

ro It_T 
[ r,. 

— 

1 k. 

ca 

ti. 
TO CATROOr•41,44 

OR GRGUNO 

1.0 Megohm for B+ 250 Volts R• •• Ri 
R '' { 115 Megohm for 11+ 100 Volts R. + Rr - 02 Megohm 
Ri •• 0 05 Megohm (R-F Filter) Ct ,... 100 to 200 ma 
114 R. 02 Alegiihm CI •• AVC Filter Condenser 
R• •• Determined by test. See text. C. ... 0.05 to 1.0 al 
R4 AVC Filter Resistor C. «. CI 

Ra may easily be determined by applying a strong signal and adjusting Ra until 
the shadow-angle is nearly zero. If the resultant value of Rb is so low as to reduce 
the avc voltage appreciably, the d-c controlling voltage for the 6E5 should be 
obtained from a tap on the diode load resistor as shown in the diagram at the right. 

NC 
NC 

crs 
5•C, Y SFS-GT tt 

5M 

HIGH-MU TRIODES 

The 6F5. 6F5-G. and 6F5-GT are 
high-mu triodes deigned for use in 
resistance-coupled amplifier circuits. 
Except for capacitances given below, 
the electrical characteristics of these 
types are identical with those of Type 

6F5 

mTAI 6FG 
6F5--GT 

Type 6FC Type 6F5-G' Type 6F5-G7'** 
GRID-PLATE CAPACITANCE .... 2.3 2.6 2.8 iimf 
GRID-CATHODE CAPACITANCE.. 5.5 2.2 2.2 pot 
PLATE-CATHODE CAPACITANCE. 4.0 2.8 3.2 or, f 

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

The base of each of these tubes fits the standard octal socket which may be 
installed to hold the tube in any position. Physical characteristics of the 6F5, 
6F5-G, and 6F5-GT are shown in Figs. 1-5, 2-15, and 2-5, respectively, in the 
OUTLINES SECTION. For heater operation and cathode connection, refer to 
Type 6A8. 

Application of these tubes is similar to that of the 6SF5. The maximum d-c 
resistance in the grid circuit should not exceed one megohm. For additional data. 
see the RESISTANCE-COUPLED AMPLIFIER CHART. 

6F6 
POWER AMPLIFIER 

PENTODES 

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

pable of giving large power output with H 2 
6F6 G of a-c receivers. These types are ca-- 

a relatively small input voltage. Be- i.42 et G 
cause of the heater-cathode construction, uniformly low 
hum-level is attainable in power-amplifier design. 

62 

*CHARACTERISTICS 
HEATER VOLTAGE (A.C. or D.0  )  
HEATER CURRENT   0.7 Ampere 

As Single-Tube Class A, Amplifier — Pentode Connection 
PLATE VOLTAGE   375 max. Volts 
SCREEN VOLTAGE (Grid No. 2) 285 max. Volts 
PLATE DISSIPA HON   11 max. % WI 
SCREEN DISSIPATION   3.75 max. Watts 
TYPICAL OPERATION: 

Fixed Bias Cathode Bias 
Plate Voltage   250 285 250 285 Volts 
Screen Voltage   250 285 250 285 Volts 
Grid Voltage (Grid No. 1) . -16.5 - 20 - - Volts 
Cathode Resistor - - 410 440 Ohms 
Peak A.F Grid Voltage   16.5 20 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.). 80000 78000 - - Ohms 
Transconductance   2500 2550 - - Micromhos 
Load Resistance  7000 7000 7000 7000 Ohms 
Total Harmonic Distortion  8 9 8.5 9 Per cent 
Max -Signal Power Output  3.2 4.8 3.1 4.5 Watts 

As Single-Tube Class A, Amplifier — Triode Connection T 
PLATE VOLTAGE   350 max. VDUS 
PLATE AND SCREEN DISSIPATION (Total)  10 max. Watts 
TYPICAL OPERATION: 

75 

6.3 Volts 

Fixed Bias Cathode Bias 
Plate Voltage   250 250 Volts 
Grid Voltage (Grid No 1)   -20 _ Volts 
Cathode Resistor   - 650 Ohms 
Peak A-F Grid Voltage  20 90 Volts 
Zero- Signal Plate Current  31. 31 Milliamperes 
Max.-Signal Plate Current  34 32 Milliamperes 

Screen connected cu plate 
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Plate Resistance  
Amplification Factor   
Transconductance   
Load Resistance  
Total Harmonic Distortion  
Max.-Signal Power Output  

2600 
6.8 

2600 
4000 
6.5 

0.85 

4000 
6.5 
0.8 

Ohms 

Micromhos 
Ohms 
Per cent 
Watt 

As Push-Pull Class A, Amplifier — Pentode Connection 
PLATE VOLTAGE   375 mat. Volts 
SCREEN VOLTAGE   285 max. Volts 
PLATE DISSIPATION   11 max. 11d atts 
SCREEN DISSIPAI ION   3.75 max. Watts 
TYPICAL OPERATION: Values are jor two tubes 

Plate Voltage   
Screen Voltage   
Grid Voltage  
Cathode Resistor   
Peak A-F Grid-to-Grid Voltage  
Zero-Signal Plate Current  
Max.-Signal Plate Current  
Zero-Signal Screen Current  
Max -Signal Screen Current  
Effective Load Resistance (Plate-

to-plate)  
Total Harmonic Distortion  
Max.-Signal Power Output  

Fixed Bias Cathode Bias 
315 315 Volts 
285 285 Volts 
-24 Volts 

- 320 Ohms 
48 58 Volts 
62 62 Milliamperes 
80 73 Milliamperes 
12 12 Milliamperes 

19.5 18 Milliamperes 

10000 
4 

11 

10000 Ohms 
3 Per cent 

10.5 Watts 

As Push- Pull Class AB, Amplifie- — Pentode Connection 

PLATE VOLTAGE   
SCREEN VOLTAGE  
PLATE DISSIPATION   
SCREEN DISSIPATION   
TYPICAL OPERATION: Values are for two tubes 

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

to-plate)  10000 
Total Harmonic Distortion  3.5 
Max.-Signal Power Output  18.5 

• The value given for the cathode resistor is determined for a 

375 max 
285 max. 
11 max. 

3.75 max. 

Volts 
Volts 
Watts 
Watts 

10000 Ohms 
5 Per cent 
19 Watts 

grid bias of -21 volts 

As Push-Pull Class AB, Amplifier — Triode Connection t 

PLATE VOLTAGE   350 max. Volts 
PLATE AND SCREEN DISSIPATION (Total)  10 max. NVatts 
TYPICAL OPERATION: Values are for two tubes 

Fixed Bias Cathode Bias 
Plate Voltage   350 350 Volts 
Gral Voltage  -38 - Volts 
Cathode Resistor:   - 730 Ohms 
Peak A-F Grid-to Grid Voitage  123 132 Volts 

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

to- plate)   6000 10000 Ohms 
Total I larmonic Distortion  2 3 Per cent 
Max.-Signal Power Output  13 9 Watts 

INSTALLATION and APPLICATION 

The base of either the 6F6 or the 6F6-G fits the standard octal socket which 
may be installed to hold the tube in any position. Physical characteristics of the 
6F6 and 61:6-G are shown in Figs. 1-7 and 2-21, respectively, in the OUTLINES 
SECTION. 

The heater in both types is designed to operate on either a.c. or dc. When 
a-c operation with a transformer is used, the winding which supplies the heater 
should operate the heater at its recommended value for full load operating con-
ditions at average line voltage. In automobile receivers, the heater terminals of 
both types should be connected directly across a 6-volt battery In a series-heater 
circuit employing several 6 3-volt types and one or more 6F6's or 6F6-G's. the 
heaters of the 6F6's or 6F6-G's should be placed on the positive side. Furthermore, 
since most 6.3-volt types have 0.3-ampere or 0.15-ampere heaters, a bleeder circuit 
across these heaters is required to take care of the additional heater current of the 
6F6's or 61:6-G's. Each 6 3-voit tube of the 0.3-ampere type in the series circuit 
should, therefore, be shunted by a bleeder resistance of 16 ohms. Similarly. each 
6.3-volt tube of the 0.15-ampere type should be shunted by a bleeder resistance of 
11.5 ohms. 

For cathode connection, refer to Type 6A8. 
As class A, power-amplifier pentodes, the 6F6 and 6F6-G may be used either 

singly or in push-pull. Recommended operating conditions are given under 
CHARACTERISTICS. 

As class AI 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. Transformer- or impedance-coupling devices are 
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recommended When the grid circuit has a resistance not higher than 0 1 megohm, 
fixed bias may be used, for higher values, cathode bias is required. With cathode 
bias the grid circuit may have a resistance a? high as. but not greater than. 0 5 
megohni provided the heater voltage is not allowed to rise more than 10% above 
rated value under any condition of operation. 
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PL ATr vOLTS 

TR1ODE-PENTODE 
The 6F7 is a heater-cathode type ot 

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

HEATER VOLTAGE (A.C  
HEATER CURRENT   
DIRECT INTE g ELECTRODE 

Triode Unit—Grid to 
Grid to 
Plate to 

Pentode Unit—Grid to 
Input   
Output  

CHARACTERISTICS. 
or D.C)  

PLATE VOLTAGE   
SCREEN VOLTAGE (Grid No. 2)   
GR ID VOL TAGE (Grid No. 1)  
PLATE CURRENT  
SCREEN CURRENT  
Ani PI. IFICArtoN FACTOR  
Pa ATE RESISTANCE   
T kANt•CONDUCIANCE   
T R AN SCONO OCT A NCE   

CAPACITANCES: 
Plate   2.0 mmf 
Cathode  2.5 wif 

Cathode   30 µbd. 

Plate (With shield-can) 0.008 max. µµf 
3.2 mii.f, 

12.5 $441 

92C-4440 

6F7 

6.3 Volts 
0.3 Ampere 

As Class A, Amplifier 
Triode Unit Pentode Unit 

100 max. 100 250 max. Volts 
— 100 100 max. Volts 
-3 min. -3 min. -3 min. Volts 
3.5 6.3 6.5 Milliamperes 
— 1.6 1.5 Milliamperes 
8 — — 

0.016 0.29 0.85 Megohm 
500 1050 1100 Micromhos 

(At -35 volts bias)  9 10 Micromhos 
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INSTALLATION and APPLICATION 
The base fits the standard small 7- pin socket which may he installed to hold 

the tube in any position. Physical characteristics of the 6E7 are shown in Fig. 
2-16, OUTLINES SECTION. For heater operation and cathode connection. 
refer to Type 6A8. 

TWIN-TRIODE AMPLIFIER 

The 6F8-G is a multi-electrode tube 6F8-G consisting of two medium-mu voltage 
amplifier triodes in one bulb. It may be 
used as a voltage amplifier or as a phase 
inverter. Except for the common heater. 
each triode is independent of the other. 
The heater rating and capacitances are 
given below; other characteristics for 

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

* CHARACTERISTICS 
HEATER VOLTAGE (A.C. or D.0  )  6.3 Volts 
HEATER CURRENT   0.6 Ampere 
DIRECT INTERELECTRODE CAPACITANCES:* 

Triode Unit 1 Triode Unit 2 
Grid to Plate  4.0 3.6 £m( 
Grid to Cathode  3.2 3.0 µµf 

Plate to Cathode   3.2 3.8 mAI 
Grid to Grid   0.2 pp( 

Plate to Plate   0.4 meif 
Grid of Unit 2 to Plate of Unit 1 0.1 

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

INSTALLATION and APPLICATION 
The base of the 6F8-G fits the standard octal socket which may he mounted 

to hold the tube in any position. Physical charactet istics 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 6F8-G may be operated as shown in the RE-
SISTANCE-COUPLED AMPLIFIER CHART. 

6G6-G 

POWER AMPLIFIER PENTODE 
The 666-G is a power-amplifier 

pentode of the heater-cathode type 
for use in the output stage of radio 
receivers. In applications where a mod-
erate power output is desired, the 666-G 
is economical because of its low plate-
power requirements and low heater 
current. G-7$ 

*CHARACTERISTICS 
HEATER VOLTAGE (A.C. or D•C•)t   6.3 Volts 
HEATER CURRENT   0.15 Ampere 

As Class A, Amplifier — Pentode Connection 
PLATE VOLTAGE   180 max. Volts 
SCREEN VOLTAGE   180 max. Volts 
PLATE DISSIPATION   2.75 max. Watts 
SCREEN DISSIPATION   0.75 max. Watt 

t Is no cane should the beater voltage fluctuate so that it exceeds 7.0 volts. 
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TYPICAL OPERAThi N: 
Plate Voltage   135 180 Volts 
Screen Voltage (Grid No. 2)   135 180 Volts 
Grid Voltage (Grid No. 1)•   6 -9 Volts 
Peak A-F Grid Voltage  ti 9 Volts 
Zero-Signal Plate Current  11.5 15 1\ Illiamperes 
Zero-Signal Screen Current  2 2 5 Milliamperes 
Plate Resistance ( Approx.)   0.17 0.175 Nlegolim 
Transconductance   2100 2300 Nlicromlios 
Load Resistance  12000 100(X) Ohms 
Total Harmonic Distortion  7.5 10 Per cent 
Max.-Signal Power Output  0.6 1.1 Watts 
• The d c resistance in the grid circuit nay he as high as 0 S megaton with cathode bias or 

0.1 megohm with filed bias. provided the healer voltage is not allowed to rise more than PIZ 
above the rated value under any condition of operation. 

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

PLATE VOLTAGE   180 max Volts 
PLATE DISSIPATION   2.5 max. Watts 
TYPICAL OPERATION: 

Plate Voltage   180 Volts 
Grid Voltage  -12 Volts 
Peak A-F Grid Voltage  12 Volts 
Zero-Signal Plate Current  11 Milliamperes 
Plate Resistance  4750 Ohms 
Amplification Factor   9.5 
Transconductance   2000 Micromhos 
Load Resistance. 12000 Ohms 
Total Harmonic Distortion  5 Per cent 
Max.-Signal Power Output  0.25 Watt 

INSTALLATION and APPLICATION 

The base of the 6G6-G fits the standard octal socket which may be installed 
to hold the tube in any position. Physical characteristics of the 6G6-G are shown 
in Fig. 2-17, OUTLINES SECTION. Heater operation is similar to that of the 
6D8-G; for cathode connection, refer to Type 6A8. Application of the 6G6-G is 
similar to that of the 6K6-G. 

Pfl 

PD2„7 
TWIN DIODE 

The 6H6 and 6116-G are tubes of 
the heater-cathode type containing 

„ two diodes in one envelope. Except for 
the common heater, the two units are 

S:6H6 independent of each other. This ar-
"Di 

Vint' 6H"  rangement offers flexibility in design of 
7Q circuits using these types for detection, 

low-voltage rectification, or autrimatievolume control. For diode-detector con 
siderations, refer to RADIO TUBE APPLICATIONS section. 

* CHARACTERISTICS 

6H6 
META 

6H6-G 

HEATER VOLTAGE (A.C. or D.0  )   6.3 Volts 
HEATER CURRENT   0.3 AITIpore 
DIRECT INTERELECTRODE CAPACITANCES: 

Type 6116' Type 6116-G" 
Plate No. 1 to Cathode No. 1   30 3.1 mu f 
Plate No. 2 to Cathode No. 2   3.4 4.0 mid 
Plate No. 1 to Plate No. 2  0.1 max. 0 1 max. suf 

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

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

INSTALLATION and APPLICATION 
The base of either the 6116 or 6116-G fits the standard octal socket which may 

be mounted to hold the tube in any position. Physical characteristics 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. 
In the latter case, one plate only, or the two 
plates in parallel. may be employed. The Use of 
the half wave arrangement will providr• approx-
imately twice the rectified voltage as compared 
with the full-wave arrangement. 

For automatic-volume control. the 6116 and 
6116-G may be used in circuits similar to those 
employed for any of the duplex-diode types of 
tubes. The only difference is that the 6H6 and 
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 necessary to 
provide gain by means of a supplementary tube. 
Types such as the 6C5. 6SF5. 6SJ 7. and 6.SK7 
are very suitable for this purpose Their use in 
combination with the 6116 or 6116-G is similar 
to that of the amplifier sections of duplex-diode 
triode or pentode types. 

6J5 
MUM 

6J5-G 
6J5-GT 

AVERACC CHARACTCRISTICS 
1•141.r•Vven Pt( r CalION•6ING1..t COCO( 

• Tv4C 61.16 
L = 6.3. voos 700 

-40 - 30 - 23 

O- C .0t-75 DLYLLOPIL OY D,C0C 

92C • 4446 

DETECTOR AMPLIFIER 
TRIODES 

The 6J5, 6J5-G. and 6J5-GT are 
triodes of the heater-cathode type 
designed for use as detectors, ampli-
fiers, or oscillators. These tubes have 
a high transconductance together with 
a comparatively high amplification 
factor. 

.6 IS 
r.c.t-15 .C. 
Hr 6.J!..•Cd 

00 

CT 

6Q 

* CHARACTERISTICS 
HEATER VOLTAGE (A.C. or D.0  )   6.3 Volts 
HEATER CURRENT   0.3 Ampere 

Type Type Type 
6J5* 6J5-G" 6J5-GT 

GRID-PLATE CAPACITANCE(AppTOX.)... 3.4 4.0 — opf 
GRID-CATHODE CAPACITANCE(AppTOX.). 3.4 4.2 — ped 
PLATE-CATHODE CAPACITANCE(ApprOX.) 3.6 5.0 — µof 

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

As Class A, Amplifier 
Types 6J5, 6.15-G Type 6J5-GT 

PLATE VOLTAGE   300 max. 250 max. Volts 
GRID VOLTAGE   0 min. 0 min. Volta 
PLATE DISSIPATION   2.5 max. 2.5 max. Watts 
TYPICAL OPERATION (6J5, 6J5-G, 6J5-GT): 

Plate Voltage  90 250 Volts 
Grid Voltage'  0 —8 Volts 
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Plate Current   10 9 Milliamperes 
Plate Resistance  6700 7700 Ohms 
Amplification Factor   20 20 
Transconductance   3000 2600 Micromhos 
•The d-c resistance in the grid circuit should not exceed 1.0 megohm. 

INSTALLATION and APPLICATION 

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

AVERAGE PLATE CHARACTERISTICS 
It 

o 

trrc 6J5 
e , . 6.3 VOLTS 
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00 160 240 320 
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TRIPLE-GRID 

DETECTOR AMPLIFIERS 

H The 6J7 and 6J7-G are triple-grid 
tubes of the heater-cathode type rec-

5 6J7 
KE. ommencled for service as biased detec-1( 6J 7—G "..u.7,..,6•17'n  tors. In such service chase 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. 

02C- 4771 

6J7 
METAL 

*CHARACTERISTICS 

HEATER VOLTAGE (A.C. or D.0  )  6.3 Vo 
HEATER CURRENT   0.3 Ampere 
PENTODE CONNECTION: Type 6J7* Type 6J7-G 

Grid-Plate Capacitance  0.005 max. 0.007 max." mgt. 
Input Capacitance  7 4.6" ii4if 
Output Capacitance  12 12" $44d 

TRIODE CONNErl ION!: 
Grid Plate Capacitance  2 1.8° mt.tf 
Grid-Cathode Capacitance  5 2.6° umf 
Plate-Cathode Capacitance   14 1.7° gm f 
• With shell connected to cathode. 01 With close-fitting shield connected to cathode 
• Without shield-can. 
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PLATE VOLTAGE   
SCREEN VOLTAGE (Grid No. 2)... 
SCREEN SUPPLY VOLTAGE.... 
GRID Vol TAGE (Grid No. 1). . 
PLATE DISSIPATIoN   
ScREEN DisSIPA [ ION .... 
TYPICAL OPERATION: 

Plate Voltage   
Screen Voltage   
Grid Voltage:   
Suppressor  
Plate Current   
Screen Current   
Plate Resistance  
Transconductance -  
Grid Voltage (Approx.)**   

*" For cathode-current eut-off  

As Class A Amplifier - Pentode Connection 
300 mar. Volts 
125 max. Volts 
300 max. Volts 

0 min. Volts 
0.75 mar. Watt 
0.1 max. Watt 

PLATE VOLTAGE 
GRID VOLTAGE   
PLATE & SCREEN DISSIPATION (Total) 
TYPICAL OPERATION: 

Plate Voltage   180 
Grid Voltage:   -5.3 
Plate Current   5.3 
Plate Resistance  11000 
Amplification Factor   20 
Transconductance   1800 

t The d-c resistance in the grid circuit should not exceed 1.0 megohin. 

100 250 Volts 
100 100 Volts 
-3 -3 Volts 

Connected to cathode at socket 
2 2 Milliamperes 

0.5 0.5 Milliampere 
10 t Megohm 

1185 1225 Micromhos 
-7 --7 Volts 

t Greater than 1 0 megohm. 

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

250 max 
O mit:. 

Volts 
Volts 

1.75 max. Watts 

250 Volts 
-8 Volts 
6.5 Milliamperes 

10500 Ohms 
20 

1900 Micromhos 

INSTALLATION and APPLICATION 
The base of either the 6J7 or 6J7-G fits the standard octal socket which may 

be installed to hold the tube in any position. Physical characteristics of the 6J7 
and the 6J7-G are shown in Figs 1-5 and 2-15. respectively, in the OUTLINES 
SECTION. For beater operation and cathode connection, refer to Type 6A8. 

The screen voltage may be obtained from a potentiometer or bleeder circuit 
across the B-supply source. Due to the screen-current characteristics of these tubes, 
a resistor in series with the high-voltage supply may be employed for obtaining the 
screen voltage, provided the cathode-resistor method of bias control Is used. This 
method, however, is not recommended if the high-voltage B-supply exceeds 300 
volts. 

As a biased detector, the 6J7 or 6J7-G can deliver a large audio-frequency 
output voltage of good quality with a fairly small radio-frequency signal input. 
Typical recommended conditions for either of these types as a biased detector are 
as follows: 

Plate Supply*   100 100 250 250 Volts 
Screen Voltage   12 30 50 100 Volts 
Grid Voltage  -1.16 -1.83 -2 -4.3 Volts 
Cathode Resistor   18000 10000 3000 10000 Ohms 
Suppressor  Connected to cathode at socket 
Cathode Cur. (Zero Signal) 0.63 0.183 065 043 Milliampere 
Plate Resistor  1.0 0.25 0 25 0.50 Megohm 
Blocking Condenser  0.01 0.01 0.03 0.03 id 
Grid Resistort  1.0 05 0.25 0.25 Megohm 
R-F Signal (WS)**   1.05 1.6 1.18 1.37 Volts 
5 Voltage at plate will be PLATE-SUPPLY voltage less voltage drop In plate resistor caused 

by plate current. 
t For the following amplifier tube. 

4.* With these signal voltages modulated 20e, the voltage output under each set of operating 
conditions is 17 peak volts at the grid of the following amplifier. a value sufficient to insure full 
audio output from a Type 6F6 at 250 volts on plate. 
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Detector bias may be obtained from a blessder circuit, from a resistor in the 
cathode circuit, or from a partial cathode- biasing circuit. The cathode-resistor 
method permits of higher output at low percentage modulation, since the input 
signal may he increased almost in inverse proportion to the modulation without 
resulting in objectionable distortion. 

As audio-frequency amplifier pentodes in resistance- coupled circuits, these 
tubes may be operated as shown in the RESISTANCE-COUPLED AMPLIFIER 
CI IA 12 T. 

As a radio-frequency amplifier pentode. the 6J7 or 6J7-G may be used particu-
larly in applications where the r- f signal applied to the grid is relatively low, that 
is. of the order of a few volts. In such cases either screen or control-grid voltage 
(or both) may be varied to control the receiver volume. When larger signals are 
involved, a super-control amplifier tube should be employed to prevent the occur-
rence of excessive cross-modulation and modulation-distortion. Recommended 
operating conditions for amplifier services are given under CHARACTERISTICS. 

FO r • ' ,ARA,- • FP15,7 
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GT - 7R (6.17-GT) 

V ! YE 6J7 
-  Vnt n 
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r 

• 3 n • 

-40 

60 ,60 C40 320 4;a 460 
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'3 TRIPLE- GRID 

DETECTOR AMPLIFIER 

The 6J7-CT is a triple-grid detector 
amplifier of the heater type recom-
mended for service as a biased detector. 
In such service it is capable of deliver-
ing a large audio-frequency output 
voltage with relatively small. input. 

* CHARACTERISTICS 

HEATER VoLTAGE (A.C. Or D.0  )  6.3 VOID% 
HEATER CURRENT   0.3 Ampere 
GRID PLATE CAPACITANCE*   0.005 max. pmf 
INPUT CAPACITANCE*  5.2 pmf 
OUTPUT CAPACITANCE*   12 Pef 

6J7-GT 

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

As Class A, Amplifier — Pentode Connection 

PLATE VOLTAGE   250 max. Volts 
SCREEN VOLTAGE   125 max. Volts 
SCREEN SUPPLY VOLTAGE  250 max. Volts 
GRID VOLTAGE   0 min. Volts 
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PLATE DISSIPATION   0.75 mar. Watt 
SCREEN Dibsil'ATION   0.1 max. Watt 
TYPICAL OPERATION: 

Values are same as those shown for Type 6J7. 

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

Maximum ratings and typical operation are the same as for the Type 6J7. 

INSTALLATION and APPLICATION 

For installation, refer to Type 6D8-G: and for application. to Type 6J7. 
Physical characteristics of the 6.17-GT are shown in Fig. 2-6. OUTLINES SECTION. 
Complete shielding Of the tiJ7-GT is generally necessary to prevent intercoupling 
between its ciicuits and the circuits of other stages. 

6K5-G 
HI-MU TRIODE 

The 6K5-G is a high-mu triode of 
the heater-cathode t> pe designed for 
use as a voltage amplifier in receiver 
circuits designed for its characteristics. 

N. - 

NC nLY 

G- 5U 

CHARACTERISTICS 
HEATER VOLTAGE (A.C. or DC )   6.3 Volts 
HEATER CURRENT   03 Ampere 
PLA1 E VOLTAGE   100 250 Volts 
GRID VOLTAGE   -1 5 -3 Volts 
PLATE CURRENT. 6   0.35 11 Milliampere 
PLA1 E RESISTANCE  78000 50000 Ohms 
AMPLIFICATION FACTOR  70 70 
TRANSCONDUCTANCE   900 1400 Micromhos 
GRID-PLATI1 CAPACITANCE*   2.0 mof 
GRID-CATHODE CAPACITANCE*  2.4 mot" 
PLATE-CATHODE CA NACU ANCE*  3.6 efof 

• With no shield. Values are approximate. 

INSTALLATION and APPLICATION 

The base of the 6K5-G fits the standard octal socket which may be mounted 
to hold the tube in any position. Physical characteristics of the 6K5-6 are shown 
in Fig. 2-15, OUTLINES SECTION. Heater operation and cathode connection 
are the same as for Type 6A8. 

As a class Al amplifier. the 6K5-G may be operated in resistance-coupled 
amplifier circuits. When the 6K5-G is used to amplify the output of the 61-16 diode, 
it is recommended that fixed bias be employed. Diode- biasing of the 6K5-G is 
not suitable because of the probability of plate-current cut-off, even with small 
signal voltages applied to the diode circuit. 

6K6-G 

POWER AMPLIFIER 

PENTODE 

The 6K6-G is a power-amplifier pen-
tode of the heater-cathode type for 
use in circuits designed for its char-
acteristics. It is capable of delivering 
a moderate power output with a rel-
atively small input voltage. 

02 ci 

) ,13 
tqc KE , 63 

G-75 
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* CHARACTERISTICS 

HEATER VOLTAGE (A.C. or D.0  )  6 3 Volts 
HEATEbt CLRRENT   0.4 Ampere 

As Class A, Amplifier 
PLATE VOLTAGE   315 max. Volts 
SCREEN VOLTAGE   2R5 max. Volts 
PLATE DISSIPATION   85 max. Watts 
SCREEN DISsIPATION   2.8 mat. Watts 
TYPICAL OPERATION: 

Plate Voltage   100 250 315 Volts 
Screen Voltage   100 250 250 Volts 
Grid Voltage  -7 -18 -21 Volta 
Peak A-F Grid Voltage  7 18 21 Volts 
Zero-Signal Plate Current  9 32 25.5 Milliamperes 
Max.-Signal Plate Current  9.5 33 28 Milliamperes 
Zero-Signal Screen Current  1.6 5.5 4 Milliamperes 
Max.-Signal Screen Current  3 10 9 Milliamperes 
Plate Resistance  104000 68000 75000 Ohms 
Transconductance   1500 2300 2100 Micromhos 
Load Resistance  12000 7600 9000 Ohms 
Total Harmonic Distortion  11 11 15 Per cent 
Max.-Signal Power Output  0.35 3.4 4.5 Watts 

INSTALLATION and APPLICATION 
The base of the 6K6-G fits the standard octal socket which may be installed 

to hold the tube in any position. Heater operation is the same as that for Type 
6A8. except for series operation. The hearer of the 6K6-G may he operated in 
series with the heaters of other types havIng lower heater-current ratings if the 
heaters of these types are shunted with suitable resistors to pass the current in 
excess of that for which the types are rated. For cathode connection, refer to 
Type 6A8 Physical characteristics of the 6K6-G are shown in Fig. 2-17, OUT-
LINES SECTION 

For the power amplifier stage of receivers. the 6K6-G may be used either 
singly or in push-pull combination. More than one audio stage preceding the 
6K6-G is undesirable because of the possibility of microplionic disturbances result-
ing from the high level of amplification. 

Any conventional type of input coupling may be used provided the resistance 
added to tie grid circuit by this device is not too high. Transformer- or impedance-
coupling devices are recommended. When the gi id circuit has a resistance not 
higher than 0.1 megolim 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. 

POWER AMPLIFIER PENTODE 
The 6K6-GT is a power-amplifier 

pentode of the heater-cathode type. 
It is similar to the 6R6-G but is con-
structed in a smaller bulb. Physical 
characteristics of the 6K6-GT are 
shown in Fig. 2-8. OUTLINES SEC-
T ION. Installation and application 
of the 6K6-GT are the same as for the 
Type 66-G. 

CHARACTERISTICS 

C2 cl 

6K6-GT 

HEATER VOLTAGE (A.C)  6.3 Volts 
HEATER CURRENT   0.4 Ampere 
PLATE VOLTAGE   180 250 max. 250 max. Volta 
SCREEN VOLTAGE   180 250 max. 250 max. Volts 
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GRID VOLTAGE   
PLATE CURRENT  
SCREEN CURRENT.   
PLATE RESISTANCE (Approx.)   
TRANSCONDUCTANCE   
LOAD RESISTANCE   
TOTAL HARMONIC DISTORTION  
POWER OUTPUT  

6K7 
METAL 

6K7-G 

-13.5 -18 -16.5 Volts 
18.5 32 34 Miliiamperes 
30 5.5 5.7 Milliamperes 

81000 68000 65000 Ohms 
1850 22(X) 2300 Mic-romhos 
9000 7600 7000 Ohms 

10 10 7 Per cent 
1.5 3.4 3.2 Watts 

TRIPLE- GRID 

SUPER-CONTROL AMPLIFIER 

The 6K7 and 6K7-G are triple-grid 
super-control amplifiers of the heater-
cathode type recommended for service 
in the radio- or intermediate-frequency 
stages of radio receivers. The ability 
of these tubes to handle unusual signal 
voltages without cross-modulation and 

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

* CHARACTERISTICS 

G2 G3 

7R 

HEATER VOLTAGE (A.C. or I) C  )  6.3 Volts 
HEATER CURRENT   0.3 Ampere 

Type 6K7° Type 6K7-G°° 
GRID-PLATE CAPACITANCE   0.005 max. 0.005 max. eijif 
INPUT CAPACITANCE  7 5 etAif 
OUTPUT CAPACITANCE  12 12 pof 

• With shell connected to cathode. 
•• With close-fitting shield connected to cathode. The shield in the dome is connected 

Internally to the cathode. 

As Class A, Amplifier 

PLATE VOLTAGE   
SCREEN VOLTAGE  
SCREEN SUPPLY VOLTAGE  
CONTROL-GRID VOLTAGE  
PLATE DISSIPATION   
SCREEN DISSIPATION   
TYPICAL OPERATION: 

Plate Voltage   
Screen Voltage.   
Grid Voltage  
Suppressor  
Plate Current   
Screen Current   
Plate Resistance (Approx.)   
Transconductance   
Grid Voltage (Approx.) for 

transcond. of 2 micromhos. -38.5 -32.5 -42.5 -52.5 

300 max. Volts 
125 max. Volts 
300 mar. Volts 

0 min. Volts 
2.75 max. Watts 
0.35 max. Watt 

90 180 250 250 Volts 
90 75 100 125 Volts 
-3 -3 -3 -3 Volts 

Connected to cathode at socket 
5.4 4.0 7.0 10.5 Milliamperes 
1.3 1.0 1.7 2.6 Milliamperes 
0.3 1.0 0.8 0.6 Megohm 

1275 1100 1450 1650 Isilicromhos 

Volts 

INSTALLATION and APPLICATION 

The base o! either the 6K7 or the 6K7-G fits the standard octal socket which 
may be installed to hold the tube in any position. Physical characteristics of the 
6K7 and 6K7-G are shown in Figs. 1-5 and 2-15. respectively in the OUTLINES 
SECTION. For heater operation and cathode connection, refer to Type 6A8. 
Voltage supplies and applications are the saine 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-

KEY acteristics. installation, and application 
to the 6K7-G. but is somewhat smaller 

GT-7R (6K7-GT) in size. Physical characteristics are 
shown in Fig. 2-6, OUTLINES SECTION. 

92C- a742 

6K7-GT 

* CHARACTERISTICS 

HEATER VOLTAGE (A.C. Of D.C.) 6.3 Volts 
HEATER CURRENT   0.3 Ampere 
GRID-PLATE CAPACITANCE*   0.005 max. mmf 
INPUT CAPACITANCE*  4.6 umf 

OUTPUT CAPACITANCE*   12 µµf 

• 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 SUM Y VOLTAGE  250 max. Volts 
CONTROL-GRID VOLTAGE  0 min. Volts 
PLATE DISSIPATION   2.75 max. Watts 
SCREEN DISSIPATION   0.35 max. Watt 
TYPICAL 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 Millimnperes 
Screen Current   1.6 1.7 Nlilliarnperes 
Plate Resistance (Approx)   0.25 0.8 Nlegohm 
Transconductance   1325 1450 Micromhos 
Grid Voltage (Approx.) for transcond. of 
2 micromhoe   -38.5 -42.5 Volts 
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TRIODE-HEXODE 

6K8 CONVERTER 
The 6K8 is a multi-electrode tube of 

METAL metal construction consisting of a 
triode oscillator and a hexode mixer 
in a single envelope The design of 
the 6K8 reduces interaction between 

the oscillator and mixer sections of the tube. and thereby permits optimum 
formance at the high as well as the low radio frequencies. 

fIR 

*CHARACTERISTICS 

HEATER VOLTAGE (A C. or D.0  )  6.3 Volts 
HEATER CURRENT   0.3 Ampere 
DIRECT I NTERELECTRoDE CAPACITANCES (Approx.):° 

Ilexode Grid No. 3 to I lexode Plate  0.03 max. gm( 
Hexode Grid No. 3 to Triode Plate   0.02 max. gar 
Hexode Grid No. 3 to Triode Grid and Hexode 
Grid No 1  0.2 max. laid 

Triode Grid and Hexode Grid No. 1 to Triode Plate 1.1 ged 
Triode Grid and Hexode Grid No 1 to Ilexorie Plate 0.1 max. mi.if 
Hexode Grid No. 3 to All Other Electrodes = R-F 

Input   6.6 piaf 
Triode Plate to All Other Electrodes except Triode 
Grid and I lexode Grid No. 1 = Oscillator Output 3.2 

Triode Grid and Hexode Grid No. 1 to All Other 
Electrodes except Triode Plate - Oscillator Input 6.0 P4 1 

Hexode Plate to All Other Electrodes = Mixer Out-
put   3.5 toimI 

• With shell connected to cathode. 

per-

As Frequency Converter 

HEXODE PLATE VOLTAGE   300 max. Volts 
HEXODE SCREEN V01.1 AGE (Grids No. 2 and 4)  150 max. Volts 
HEXODE SCREEN SUPPLY VOI TAGE  300 max. Volts 
HEXODE CONTROL-GRID VOLTAGE (Grid No. 3) ...   0 min. Volts 
TRIODE PLATE VOI.TAGE  125 max. Volts 
HEXODE PLATE DISSIPATION   0.75 mar. Watt 
HEXODE SCREEN DISSIPATION   0.7 max. %t alt 
TRIODE PLATE DISSIPATION  0.75 max. Watt 
TOTAL CATHODE CURRENT  16 max. Milliamperes 
TYPICAL OPERATION: 
Hexode Plate Voltage   100 250 Volts 
Hexode Screen Voltage   100 100 Volts 
Hexode Control-Grid Voltage   -3 -3 Volts 
Triode Plate Voltage  100 100 Volts 
Triode Grid Resistor   50000 50000 Ohms 
Hexode Plate Resistance ( Approx.)   0.4 0.6 Megohm 
Conversion Transconcluctance  325 350 Micromhos 
Hexode Control-Grid Voltage ( Approx ) 

for conversion transconductance of 2 
micromhos  -30 -30 Volts 

Hexode Plate Current  2.3 2 5 Milliamperes 
Hexode Screen Current  6.2 6.0 Milliamperes 
Triode Plate Current  3.8 3.8 Milliamperes 
Triode Grid and Hexode Grid No. 1 Current 0.15 0.15 Milliampere 
Total Cathode Current  12.5 12.5 Milliamperes 
The transconductance of the triode section. not oscillating, of the 6K8 is approximately 3000 

mien:mhos when the triode plate voltage is 100 volts, and the triode grid voltage is 0 volts. 
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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 may not be suitable for the 6K8 due to 
the possibility of over-exciting the oscillator unit. 
Such roils may be used if the oscillator-plate 
voltage is reduced, or if the number of turns on 
the tickler coil or the mutual inductance be-
tween tickler and secondary coils is reduced. 

The bias voltage applied to the hexode 
control-grid may be varied from -3 volts to 
cut-off to control the translation gain of the 
tube. The extended cut-off may be used in 
combination with that of super-control amplifier 
tubes to adjust receiver sensitivity. 

INSTALLATION and APPLICATION 
The base of the 6K8 lits the sta•11:!rd octal socket which may he installed 

to hold the tube in any position. PII.sical characteristics of the 6K8 are shown 
in Fig. 1-6. OUTLINES SECTION. Heater operation and cathode connection 
are the same as for Type 6A8. 

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

The stability of operation of the 6K8 is due to the fact that the oscillator 
frequency is not critical to changes in oscillator-plate voltage or signal-grid bias. 
In some circuits, changes in these voltages are due to poor power-supply regulation 
and the normal action of the avc circuit. Operation of the 6101 with a hexode-
screen supply of 100 volts is recommended with a plate supply of either 100 or 250 
volts. In series-fed oscillator circuits. the 100-volt hexode-screen supply may be 
taken from the same point in the power-supply 
system as are the screen supplies for the r- f and 

CH  i-f tubes. In shunt-fed circuits, a resistor or OPF.PATN AR •': ,(0,5rCS 

to:: 61(8 I choke must be used in the oscillator-plate cir- r , z6.3 — • 

cuit. The common point in the supply circuit ••.••( •s 
must he adequately by-p:Plsed to ground. e 
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DETECTOR AMPLIFIER TRIODE 
The 6L5-G is a three-electrode tube 

of the heater-cathode type for use as 
an amplifier, detector, or oscillator in 6L5—G 

H circuits designed for its characteristics. 
The low heater current is a considera-
tion in applications where economy of 
power is important. 

CFIARACTERIST1CS 
HEATER VOLTAGE (A.C. OT D.0  )  6.3 Volts 
HEATER CURRENT   0.15 Ampere 
PLATE VOLTAGE   135 250 mar. Volts 
GRID VOLTAGE   -5 -9 Volts 
PLATE CURRENT  3.5 8 Milliamperes 
PLATE RESISTANCE  11300 9000 Ohms 
AMPLIFICATION FACTOR  17 17 
TRANSCONDUCTANCE   1500 1900 Micromhos 
GRID BIAS VOLTAGE (AppTOX.)°  -11 -20 Volts 
GRID-PLATE CAPACITANCE (Approx.) *   2.7 gimf 
GRID-CATHODE CAPACITANCE (Approx.) *  3.0 muf 
PLATE-CATRODE CAPACITANCE (Approx.) *  5.0 amf 

" For cathode current cut-off. • With close-fittinq shield connected to cathode 

G- 6Q 
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INSTALLATION cnd APPLICATION 

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

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

BEAM POWER AMPLIFIERS 

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

METAL of radio receivers, especially those 
designed to have ample reserve of 6L6-G power delivering ability. The 6L6 , 
and 6L6-G provide high power output per 

sensitivity and high efficiency. The 7AC 
power output at all levels has low third 

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

* CHARACTERISTICS 

HEATER VOLTAGE (A.C. Or DC)  6 3 Volt, 
HEATER CURRENT   0.9 Ampere 

As Single-Tube Class A, Amplifier 
PLATS VOLTAGE   360 max. Volts 
SCREEN VOLTAGE  270 max. Volts 
PLATE DISSIPATION   19 max. Watts 
SCREEN DISSIPATION   2.5 mar Watts 
TYPICAL OPERATION: 

Plate Voltage   
Screen Voltage   
Grid Voltage  
Cathode Resistor   
Peak A-F Grid Voltage  
Zero-Signal Plate Current  
Max.-Signal Plate Current   
Zero-Signal Screen Current  
Max.-Signal Screen Current  
Plate Resistance  
Transconductance   
Load Resistance  
Total Harmonic Distortion  
Max.-Signal Power Output  

Fixed Bias Cathode Bias 
250 350 250 300 Volts 
250 250 250 200 Voila 
-14 -18 - - Volts 
- - 170 220 Ohms 
14 18 14 12.5 Volts 
72 54 75 51 Milliamperes 
79 66 78 54.5 Milliamperes 
5 2.5 5.4 3 Milliamperes 

7.3 7 7.2 4.6 Milliamperes 
22500 33000 - - Ohms 
6000 5200 - - Micromhos 
2500 4200 2500 4500 Ohms 

10 15 10 11 Per cent 
6.5 10.8 6.5 6.5 Watts 

As Single-Tube Class Ai Amplifier — Triode Connection t 
PLATE VOLTAGE   250 max. Volts 
PLATE AN» SCREENI DISSIPATION (Total)  10 max. Watts 
TYPICAL OPERATION: 

Plate Voltage   
Grid Voltage  
Cathode Resistor   
Peak A-F Grid Voltage  
Zero-Signal Plate Current  
Max.-Signal Plate Current  
Plate Resistance  

t Screen connected to plate. 

Fixed Bias Cathode Bias 
250 250 Volts 
-20 - Volts 

- 490 Ohms 
20 20 Volts 
40 40 Milliamperes 
44 42 Milliamperes 
1700 - Ohms 
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Amplification Factor   8 - 
Transconductance   4700 - Micromhos 
Load Resistance  5000 6000 Ohms 
Total Harmonic Distortion. 5 6 Per cent 
Max -Signal Power Output 1.4 1.3 Watts 

As Push- Pull Class A, Amplifier 

PLATE VOLTAGE   360 max. Volts 
SCREEN VOLTAGE   270 max. Volts 
PLATE DISSIPATION   19 max. Watts 
SCREEN DISSIPATION   2.5 max. Watts 
TYPICAL OPERATION: Values are for two tubes 

Fixed Bias Cathade Bias 
Plate Voltage   250 270 270 Volts 
Screen Voltage   250 -70 270 Volts 
Grid Voltage  -16 -17.5 - Volts 
Cathode Resistor   - - 125 Ohms 
Peak A-F Grid-to-Grid Voltage. 32 35 40 Volts 
Zero-Signal Plate Current  120 134 134 Milliamperes 
Max.-Signal Plate Current  140 155 145 Milliamperes 
Zero-Signal Screen Current  10 11 11 Milliamperes 
Max.-Signal Screen Current  16 17 17 Milliamperes 
Plate Resistance  24500 23500 Ohms 
Transconductance   5500 5700 Micromhos 
Effective Load Resistance (Plate-

to-plate)  5000 5000 5000 Ohms 
Total Harmonic Distortion  2 2 2 Per cent 
Max.-Signal Power Output  14.5 17.5 18.5 Watts 

As Push- Pull Class AB, Amplifier 
PLATE VOLTAGE   360 max. Volts 
SCREEN VOLTAGE   270 max. VOILS 
PLATE DISSIPATION   19 max. Watts 
SCREEN DISSIPATION   2.5 max. Watts 
TYPICAL OPERATION: Values are for two tubes 

Fixed Bias Cathode Bias 
Plate Voltage   360 360 360 Volts 
Screen Voltage   270 270 270 Volts 
Grid Voltage  -22.5 -22.5 - Volts 
Cathode Resistor   - - 250 Ohms 
Peak A-F Grid-to-Grid Voltage  45 45 57 Volts 
Zero-Signal Plate Current  88 88 88 Milliamperes 
Max.-Signal Plate Current  132 140 100 Milliamperes 
Zero-Signal Screen Current  5 5 5 Milliamperes 
Max.-Signal Screen Current  15 11 17 Milliamperes 
Effective Load Resistance (Plate-

to-plate)  6600 3800 9000 Ohms 
Total Harmonic Distortion .... 2 2 4 Per cent 
Max.-Signal Power Output  26 5 18 24.5 Watts 

As Push- Full Class AB, Amplifier 
PLATE VOLTAGE   360 max. VOILS 
SCREEN VOLTAGE   270 max. Volts 
PLATE DISSIPATION   19 mar. Watts 
SCREEN DISSIPATION   2.5 mar. Watts 
TYPICAL OPERATION: Values are for two tubes 

Fixed Bias 
Plate Voltage   360 360 Volts 
Screen Voltage   225 270 Volts 
Grid Voltage  -18 -22.5 Volts 
Peak A-F Grid-to-Gild Voltage  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 Milliamperes 
Effective Load Resistance ( Plate-to-plate)  6000 3800 Ohms 
Peak Grid Input Power*  140 270 Milliwatts 
Total Distottion"   2 2 Per cent 
Max.-Signal Power Output  31 47 Watts 

0 Driver stage should be capable of supplying the grids of the class A131 stage with the specified 
peak values at low distortion The effective resistance per grid circuit of the class Aft, stage 
should be kept below 500 ohms and the effective impedance at the highest desired response fre-
quency ehould 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% and 3%. respectively. 

INSTALLATION and APPLICATION 
The base of either the 6L6 or the 6L6-G fits the standard octal socket which 

may be installed to hold the tube in any position. Physical characteristics of the 
6L6 and the 6L6-G are shown in Figs. 1-9 and 2-26, respectively, in the OUT-
LINES SECTION. 

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

In all services, precautions should be taken to insure that the dissipation 
rating is not exceeded with expected line-voltage variations, especially in the cases 
of fixed-bias operation. When the push-pull connection is used, fixed-bias values 
up to 10% of each typical screen voltage can be used without increasing distortion. 

As class AI power amplifiers, the 6L6 and 6L6-G should be operated as shown 
under CHARACTERISTICS. The values cover cathode- and fixed-bias operation 
for both types where used as beam power tubes as well as where they are connected 
as triodes, and have been determined on the basis that no grid current flows during 
any part of the input signal swing. The second harmonics can easily be eliminated 
by the use of push-pull circuits. In single-tube resistance-coupled circuits, the 
second-harmonics can be minimized by generating out-of-phase second harmonics 
in the pre-amplifier. 

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

AVERAGE PLATE CHARACTERISTICS 
WITH IC , AS VAR IABLE  

400 
r.RC 6L6 
r , 6 3 VOLTS 

SCREEN VOLTS r 250 

300 
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The type of input coupling used in class A, and class AB, service should not 
introduce too much resistance in the grid circuit. Transformer. or impedance-
coupling devices are recommended. When the grid circuit has a resistance not 
higher than 0.1 megohm. fixed bias may be used: for higher values, cathode bias 
is required. With cathode bias the grid circuit may have a resistance as high as, 
but not greater than, 0.5 megohm provided the heater voltage is not allowed to 
rise more than 10% above the rated value under any condition of operation. 

As pasli-pull class AB, power amplifiers, the 6L6 and the 616-G may be oper-
ated as shown under CHARACTERISTICS. The values cover operation with 
fixed bias and have been determined on the basis that some grid current flows 
during the most positive swing of the input signal. 

Refer to CIRCUIT SECTION for circuits employing the 616 or 6L6-G, and 
to the RADIO TUBE APPLICATIONS section for discussion of inverse-feedback 
arrangements. 

TyPE 

Cr. 6 3 YOL,S 
• 

0LA L 

PENTAGRID MIXER 

AMPLIFIERS 

The 6L7 and 6L7-G are multi-elec-
trode vacuum tubes. Each type is 6L7-G 
designed with two separate control 
grids shielded from each other. This 7T 
design permits each control grid to act 

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

6L7 
TAI 

* CHARACTERISTICS 
HEATER VOLTAGE (A.C. or D.0  )  6.3 Volts 
HEATER CURRENT   0.3 Ampere 
DIRECT INTERELECTRODE CAPACITANCES: 

Type 6L7* Type 6L7-G° 
Grid No. 1 to Grid No. 3   0.2 max. 0.2 max. gut 
Grid No. 1 to Plate   0.001 max. 0.005 max. eamf 

• With shall connected to cathode. • With close-fitting shield connected to cathode. 

— 125 — 



RCA RECEIVING TUBE MANUAL 

Grid No. 3 to Plate   0.1 0.24 
' Grid No. 1 to All Other Electrodes  7.5 6 

Grid No. 3 to All Other Electrodes  10 12 
Plate to All Other Electrodes  11 10 

12,À1 
4of 
muf 
elmf 

As Mixer 

PLATE VOLTAGE  300 max. Volte 
SCREEN VOLTAGE (Grids No. 2 and No. 4).  150 max. Volts 
PLATE DIssIPATION   1.0 max. Watt 
SCREEN DISSIPATION   1.5 max. Watts 
TYPICAL OPERATION: 

Plate Vol tage   250 250t Volts 
Screen Voltage   100 150t Volts 
Signal-Grid Voltage (Grid No. 1)   -3 min. -6 mail Volts 
Oscillator-Grid Voltage (Grid No. 3)**   -10 -15 Volts 
Peak Oscillator Voltage Applied to Grid 

No. 3   12 min. 18 min. Volts 
Plate Current   2.4 3.3 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-

conductance of 5 Micromhos  -30 -45 Volts 
** The d-c resistance in oscillator- grid circuit should be limited to 50000 ohms. 
t Recommended values fur all- wave receivers. 

As Class A, Amplifier 

PLATE VOLTAGE   300 max. Volt 
SCREEN VOI.TAGE   100 max. Volts 
PLATE DissipATioN   1.5 max. Watts 
SCREEN DISSIPATION   1.0 max. Watt 
TYPICAL OPERATION: 

Plate Voltage   250 Volts 
Screen Voltage (Grids No 2 and No. 4)   100 Volts 
Control-Grid Voltage (Grid No. 1)  -3 Volts 
Control-Grid Voltage (Grid No. 3)  -3 Volts 
Plate Current   5.3 Milliamperes 
Screen Current   6.5 Milliamperes 
Plate Resistance (Approx.)   0.6 Megohm 
Transconductance (Grid No. 1 to Plate)  1100 Micromhos 
Transconductance with 15 volts bias on Grid No. 1 5 Micromhos 
Transconductance with -15 volts bias on Grid No. 3 5 Micromhos 

INSTALLATION and APPLICATION 

The base of either the 6L7 or the 6L7-G fits the standard octal socket which 
may be installed to hold the tube in any position. Physical characteristics of the 
6L7 and the 6L7-G are shown in Figs. 1-5 and 2-15, respectively, in the OUTLINES 
SECTION. For heater operation and 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. 1-plate capacitance of these 
types is extremely small is advantageous in circuits where high attenuation is 
required. 
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ELECTRON- RAY TUBE 
Indicator Type 

The 6N5 is a high-vacuum heater-
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-Ray Tube considerations, see the RADIO 
TUBE APPLICATIONS section. This type has been superseded by 6AB5/6N5. 

92C-4445 

* CHARACTERISTICS 
HEATER VOLTAGE (A.C. Or D.0  ) 
HEATER CURRENT   
PLATE-SUPPLY VOLTAGE 

J 180 max. Volts TARGET VOLTAGE  
1100 min. Volts 

TYPICAL OPERATION: 
Plate-and-Target Supply  135 135 Volts 
Series Triode-Plate Resistor  0.25 1.0 Megohm 
Target Current r  2 1.9 Milliamperes 
Triode-Plate Current°  0.5 0.13 Milliampere 
Triode-Grid Voltage (Approx.); 

For shadow angle of 0°   -10 15.5 Volts 
For shadow angle of 90°   0 0 Volts 
t subject to wide variations. • For zero tnode grid voltage 

6N5 

6.3 Volts 
0.15 Ampere 
180 max. Volts 

INSTALLATION and APPLICATION 

The base of the 6N5 fits the standard 6-contact socket which may be installed 
to hold the tube in any position. Physical characteristics of the 6N5 are shown 
in Fig. 2-19, OUTLINES SECTION. Heater operation is similar to that of the 
6D8-G; for cathode connection, see Type 6A8. 

Appfication and circuits are similar to those for Type 6E5. The low heater 
current makes this tube useful in applications where economy of heater power is 
important. The cut-off characteristic of the triode of the 6N5 is somewhat more 
extended than that of the 6E5. 
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6N6-G 

TUBE MANUAL 

AVE RA".E. CHARACTERITICS 
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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 

'EATER VOLTAGE (A.C. or D.0  ) 
HEATER CURRENT   

As Class A, Power Amplifier 
OUTPUT-TRIODE PLATE (PTO VOLTAGE   
INPUT-TRIODE PLATE (P1 1) VOLTAGE  
INPUT-TRIODE GRID (GT1) VOLTAGE  
PEAK A-F GRID (GT1) VOLTAGE   
OUTPUT-TRIODE PLATE CURRENT   
INPUT-TRIODE PLATE CURRENT  
PLATE RESISTANCE  
TRANSCONDUCTANCE (GT1 to PT,)  
AMPLIFICATION FACTOR  
LOAD RESISTANCE   
TOTAL HARMONIC DISTORTION  
POWER OUTPUT  

G- 7AU • 

6.3 Volts 
0.8 Ampere 

300 mar. Volts 
300 max. Volts 
O Volts 
21 Volts 
42 Milliamperes 
9 Milliamperes 

24000 Ohms 
2400 Micromhos 
58 

7000 Ohms 
5 Per cent 
4 Watts 

INSTALLATION and APPLICATION 
The base of the 6N6-G fits the standard octal socket which may be mounted 

to hold the tube in any position. Physical characteristics of the 6N6-G are shown 
in Fig. 2-21. OUTLINES SECTION. Heater operation is the same as for Type 6N7. 

The 6N6-G may be operated as a class A, power amplifier under conditions 
shown under CHARACTERISTICS. The tube operates without external bias. 
but the input-triode grid does not draw current because a bias voltage for this grid 
is set up within the tube. If two 6N6-G's are operated in push-pull, the plate-to-
plate load resistance should be 10000 ohms. 
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C.T1 

88 

TUBE mANUAL 

CLASS B TWIN TRIODES 

P.T1 

The 6N7 and 6N7-G are multi-unit 
types of tubes. Each type contains 
in one envelope two high- mu triodes 

'* designed for class B operation. The 
triode units have separate terminals 
for all electrodes except the cathodes and 
heaters. The 6N7 and 6N7-G may also 

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

*CHARACTERISTICS 
HEATER VOLTAGE (A.C. Or D.0  )  6.3 
HEATER CURRENT . 0.8 

6N7 
METAL 

6N7-G 
a single 6N7 or 

Volts 
Ampere 

As Class B Power Amplifier 
PLATE VOLTAGE   300 max. Volts 
PEAK PLATE CURRENT (Per Plate)   125 max. Milliamperes 
AVERAGE PLATE DISSIPATION (Per plate) . 5.5 max. Watts 
TYPICAL OPERATION: 

Unless otherwise specilled, values ore for the two units 

Plate-Supply Impedance  0 1000 Ohms 
Effective Grid-Circuit Impedance (Per unit) 0 516 Ohms 
Plate Voltage   300 300 Volts 
Grid Voltage  0 0 Volts 
Peak A-F Grid-to-Grid Voltage  58 82 Volts 
Zero-Signal D-C Plate Current   35 35 Milliamperes 
Max.-Signal D-C Plate Current  70 70 Milliamperes 
Peak Grid Current (Per unit)   20 22 Milliamperes 
Effective Load Resistance (Plate-to-plate)  8000 8000 Ohms 
Total Harmonic Distortion  4 8 Per cent 
Third Harmonic Distortion   3.5 7 5 Per cent 

' Fifth Harmonic Distortion   1.5 3.5 Per cent 
Max.-Signal Power Output.   10 10 Watts 

As Driver* — Class A, Amplifier 
PLATE VOLTAGEt   250 294 Volte 
GRID VOLTAGE -5 -6 Volts 
PLATE CURREN1   6 7 Milliamperes 
PLATE RESISTANCE  11300 11000 Ohms 
AMPLIFICATION FACTOR  35 35 
TRANSCONDUCTANCE   3100 3200 Micromlios 

f Maximum plate voltage w 300 volts 
• Both grids connected together at socket: likewise both plates 

INSTALLATION and APPLICATION 
The base of either the 6N7 or the 6N7-G fits the standard octal socket which 

may be installed to hold the tube in any position Physical characteristics of the 
6N7 and 6N7-G are shown in Figs. 1-7 and 2-21. respectively, in the OUTLINES 
SECTION. 

The heater is designed to operate at 6.3 volts. In a series-heater circuit em-
ploying several 6.3-volt types and one or more 6N7's or 6N7-G's, the heaters of 
the 6N7's and 6N7-G's should 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 6N7-G's. Each 6.3-volt tube of the 0.3-ampere type in the series circuit should. 
therefore, be shunted by a bleeder resistance of 13 ohms. Cathode connection is 
the same as for the 6A8. 

As class B power amplifiers, the 6N7 and 6N7-G are used in circuits similar 
in design to those utilizing individual tubes in the output stage They require no 
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grid-bias, since the high-mu feature of the triode units reduces the steady plate 
current at zero bias to a relatively low value. Refer to RADIO TUBE APPLIC-
ATIONS section for general class 13 amplifier design considerations. 

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

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

As class AI amplifier triodes, the 6N7 and 6N7-G may be employed in the 
driver stage of class 13 amplifier circuits, and thus reduce the number of tube types 
necessary in a receiver. When operated in this way with a plate supply of 300 
volts and corresponding grid-bias, these tubes are capable of supplying a power 
output upwards of 400-milliwatts. The load into which the driver works will 
depend largely on the design factors of the class B amplifier. In general, however, 
the load will be between 20000 and 40000 ohms. The d-c resistance in the grid 
circuit of the 6N7 and 6N7-G when operated as a class A amplifier, may be as high 
as 0.5 megohm with cathode bias. With fixed bias, however, the resistance should 
not exceed 0.1 megohm. Typical operating values as resistance-coupled amplifiers 
are given in the RESISTANCE-COUPLED AMPLIFIER CHART. 

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

AvEPAGE PLATE CHARACTERISTICS 
1A.Out UNIT•CLASSp , PER.61.0N 

6P5-G 

60 2 J let) 
PLAT( VOLIS 

Aca 

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-
tively high amplification factor 
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* CHARACTERISTICS 

HEATER VOLTAGE. (A.C. or D.C ) 
HEATER CURRENT   
PLATE VOLTAGE . 
GRID VOLTAGE* . . 
PLATE CURRENT. 
PLATE RESISTANCE 
AMPLIFICATION FACTOR 
TRANSCONDUCTANCE . 
GRID-PLATE CAPACITANCE:* . 
GRID-CATHODE CAPACITANCE° 
PLATE-CATHODE CAPACITANCE° 

6.3 
0.3 

100 250 max 
- 5 - 13.5 
2.5 5 

12000 9500 
138 13.8 
1150 1450 

9.9 
3.4 
5.5 

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

Voits 
Ampere 
Volts 
Volts 
Milliamperes 
Ohms 

Nlicromlios 
imaf 
go( 
mat 

INSTALLATION and APPLICATION 

The base of the 6P5-G fits the standard octal socket which may be mounted 
to hold the tube in any position. Physical characteristics of the 6P5-G are shown 
in Fig. 2-17. OUTLINES SECTION. Heater operation and cathode connection 
are discussed under Type 6A8. 

APPLICATION 

As an amplifier, the 6I'5-G is applicable either to radio-frequency or audio-
frequency circuits. Recommended operating conditions for service using trans-
former coupling are given undo CHARACTERISTICS. 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 grid-leak-and-condenser method should be about 
45 volts. A grid leak of from 1 to 5 megohms with a grid condenser of 0 00025 pf 
is satisfactory. For the grid-bias method of detection, a plate-supply voltage of 
250 volts may be used together with a negative grid bias voltage of approximately 
20 volts. The plate current should be adjusted to 0.2 milliampere, with no input 
signal voltage. The grid-bias voltage may be supplied from the voltage drop in 
a resistor between cathode and ground. The value of this cathode resistor is not 
critical, 30000 to 150000 ohms being suitable. The higher value will permit the 
application of a larger input signal. 

119. 
MERAGE PLATE CF-tARAC UAW 'Es 

.LATIE vOLTS 
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-  

607 DUPLEX- DIODE 
HIGH-MU TRIODES 

The 6Q7, 6Q7-G, and 6Q7-GT are 6Q7-G multi-unit types of tubes. Each type 
contains two diodes and a high-mu 
triode in one envelope and is for use as 607-GT combined detector, amplifier, and 
automatic-volume-control tube in radio 
receivers designed for its characteris-

tics. For diode-detector considerations, refer to RADIO 
l'IONS section. 

J. 

TUBE APPLICA-

* CHARACTERISTICS 
HEATER VOLTAGE (A.C. or D.0  )  6.3 Volts 
HEATER CURRENT   0.3 Ampere 

Type Type Type 
6Q7* 6Q7-G 6Q7-GT 

Triode: GRID-PLATE CAPACITANCE .... 1.5 1.7 — 
GRID-CATHODE CAPACITANCE.. 5.5 2.2 — 
PLATE-CATHODE CAPACITANCE. 5 3.2 

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

mmf 
mmf 
mmf 

Triode Unit — As Class A, Amplifier 
PLATE VOLTAGE   100 250 max. Volts 
GRID VOLTAGE   -1.5 -3 Volts 
PLATE CURRENT  0.35 1.1 Milliamperes 
PI.ATE RESISTANCE  87500 58000 Ohms 
AMPLIFICATION FACTOR  70 70 
TRANSCONDUCTANCE   800 1200 Micromhos 

Diode Units 
The two diode plates are placed around a cathode, the sleeve of which is 

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

INSTALLATION and APPLICATION 
The base of either the 6Q7, the 6Q7-G, or the 6Q7-GT fits the standard octal 

socket which may be installed to hold the tube in any position. Physical character-
istics of the 6Q7, 6Q7-G, and 6Q7-GT are shown in Figs. 1-5. 2-15, and 2-6. respect-

AVERAGE PLATE CHARACTERISTICS 
11, 1C,DE 'St r /Inf. 

300 4 
PLAT( VOLTS 92C-4522R 
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ively, in the OUTLINES SECTION. Heater and cathode considerations are 
the same as for Type 6A8. 

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

Grid bias for the triode unit of the 6Q7, 6Q7-G, and 6Q7-GT may be obtained 
from a fixed source, such as a fixed-voltage tap on the d-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. 

Po, 

C.T 

DUPLEX-DIODE TRIODES 

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

7V erations, refer to the RADIO TUBE 
APPLICATIONS section. 

* CHARACTERISTICS 
HEATER VOLTAGE (A C. OF D C  )  6.3 
HEATER CURRENT   0.3 

3551 
NC:6R7-G K 

Triode: 
GRID-PLATE CAPACITANCE (Approx.)  2.2 
GRID-CATHODE CAPACITANCE (ApPrOX.) .   5.0 
PLATE-CATHODE CAPACITANCE (Approx.) 3.2 

• With shell connected to cathode. • With shield. 

Type 
6R7* 

• 

Type 
6R7-G" 

2.4 
2.6 
5.2 

6R7 
METAL 

6R7-G 

Volts 
Ampere 

I2Mt-
µµf 

Triode Unit — As Class A, Amplifier 
PLATE VOLTAGE   250 max. Volts 
GRID VOLTAGE   -9 Volts 
PLATE CURRENT  9.5 Milliamperes 
PLATE RESISTANCE  8500 Ohms 
AMPLIFICATION FACTOR  16  
TRANscououcTaNcE   1900 Micrornhos 
LOAD RESISTANCE   10000 Ohms 
POWER OUTPUT   300 Milliwatts 

Diode Units 
The two diode plates are placed around a cathode, the sleeve of which is com-

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

INSTALLATION and APPLICATION 
The base ot either the 6R7 or the 6R7-G fits the standard octal socket which 

may be installed to hold the tube in any position. Physical characteristics of the 
6R7 and 6R7-G are shown in Figs. 1-5 and 2-15, respectively, in the OUTLINES 
SECTION. Heater and cathode considerations are the same as those for Type 
6A8 

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

— 133 — 



RCA RECEIVING TUBE MANUAL 

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 

TYPE 

E f .6.3 

6133 

V01.35 

[ 

,, 

_ 1 

1...t. 

o 

Y 

_ 

/ 

/ 

,q. 
1 

100 

6S7 
MFTAI 

200 
1.,6fE VOLTS 

TRIPLE- GRID 
SUPER-CONTROL 

AMPLIFIERS 

The 6S7 and 6S7-G are triple-grid H 

6S7- G super-control amplifier tubes of the 
heater-cathode type designed for use N2V-c. E' K 

in radio- or intermediate-frequency 7R• 
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.0  )  
HEATER CURRENT   

52C-4539 

G3 

6.3 Volts 
0.15 Ampere 

Type 6S7° Type 6S7-G" 
GRID-PLATE CAPACITANCE   0.005 max. 0.008 max. pea 
INPUT CAPACITANCE  6.5 4.4 pm( 
OUTPUT CAPACITANCE  10.5 8 put' 

• With shell connected to cathode 4 • With close- fitting shield connected to cathode 

As Class A, Amplifier 

PLATE VOLTAGE   300 max. Volts 
SCREEN VOLTAGE (Grid No. 2) 100 max. Volts 
SCREEN SUPPLY VOLTAGE .. . 300 max. Volts 
GRID VOLTAGE (Grid No. 1) . 0 min. Volts 
PLATE DISSIPATION .... 2.25 max. Watts 
SCREEN DISSIPATION .. 0.25 max. Watt 
TYPICAL OPERATION: 

Plate Voltage 135 250 Volts 
Screen Voltage . 67.5 100 Volts 
Grid Voltage -3 -3 Volts 
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Suppressor  
Plate Current   
Screen Current   
Plate Resistance (Approx.). 
Transconductance   
Grid Voltage for transconductance of 

10 micromhos   

Connected to cathode at socket 
3.7 8.5 Milliamperes 
0.9 2 Milliamperes 
1.0 1.0 Megohm 

1250 1750 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 
6S7 and 6S7-G are shown in Figs. 1-6 and 2-15, respectively, in the OUTLINES 
SECTION. For heater operation and cathode connection, refer to Type 6D8-G. 
Voltage supplies and applications are similar to those discussed under Type 6SK7. 

P 

The 6SA7 is a multi-electrode vacu-
um tube of the single-ended metal type 
designed to perform simultaneously 
the functions of a mixer (first detector) 
tube and of an oscillator tube in super-
heterodyne circuits, especially those of 
the all-wave type. Utilizing a special 
structure, the 6SA7 has excellent os-

cillator frequency stability, and offers mechanical advantage 
point as discussed under Application 

* CHARACTERISTICS 
HEATER VOLTAGE (A.C. or D.0  )  6.3 Volts 
HEATER CURRENT   0.3 Ampere 
DIRECT INTERELECTRODE CAPACITANCES: 
Grid No. 3 to All Other Electrodes = R-F Input° 9.5 mi.f 
Plate to Ail Other Electrodes = Mixer Output° . . 12 mg f 
Grid No. 1 to All Other Electrodes°  7 milf 
Grid No. 3 to Platee   0.13 mar. mid 
Grid No. 1 to Grid No. 3°   0.15 max. iimf 
Grid No. 1 to Plate°   0.06 max. mid 
Grid No. 1 to All Other Electrodes Except Cathode 4.4 gm f 
Grid No. 1 to Cathode   2.6 med 
Cathode to All Other Electrodes Except Grid No 1 5 tout 

• with shell connected to cathode 

G2 

AVERAGE PLATE CHARACTERISTICS 

I 2 

CONTROL-GRID VOLTS cs= 0 

TYPE 657 

.6.1 VOLTS 
SCREEN VOLTS.I00 --
SUPPRESSOR VOLTS - 0 

- 5 

• 

-10 
- IS 

—20 

C.4 C I 

(71) (';) 

100 200 300 A00 
PLATE VOLTS 

500 

PENTAGRID CONVERTER 

• 

8R 

6SA7 
METAL 

from a circuit stand-

- 135 — 



RCA RECEIVING TUBE MANUAL 

As Frequency Converter 

PLATE VOLTAGE   300 max. Volts 
Gams No. 2 and No. 4 VOLTAGE   100 max. Volts 
GRIDS No. 2 and No. 4 SUPPLY VOLTAGE   300 max. Volts 

GRID No. 3 VOLTAGE  0 min. Volts 
PLATE AND GRIDS No. 2 and No. 4 DISSIPATION (Total) 2.0 max. Watts 
GEMS No. 2 and No. 4 DISSIPATION 1.0 max. Watt 
TOTAL CATHODE CURRENT   14 max. Milliamperes 
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 
Gild No. 1 Resistor  20000 20000 Ohms 
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 1.0 Megohm 
Conversion Transconductance .. . . ...... 425 450 Micromhos 
Conversion Transconductance (Approx.) t . 2 2 Micromhoe 

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

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

INSTALLATION and APPLICATION 

The hase of the 6SA7 fits the standard octal socket which may he installed 
to hold the tube in any position. Physical characteristics of the 6SA7 are shown 
in Fig. 1 3 OUTLINES SECTION. Heater operation and cathode connection 
are the same as for Type 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 degeneration or regeneration 
of the signal-frequency input and intermediate-frequency output. Another impor-
tant feature is that, because signal-grid voltage has little effect on the space charge 
near the cathode, changes in avc bias produce little change in oscillator trans-
conductance and in the input capacitance of the No. 1 grid. There is, therefore, 
little detuning of the oscillator by avc bias. 

A typical self-excited oscillator circuit for use with the 6SA7 is similar to that 
shown for the 125A7 in circuit 14-4 (CIRCUIT SECTION). For operation in 
frequency bands lower than approximately 6 megacycles, the circuit should generally 
be adjusted to provide, with recommended values of plate and screen voltage, a 
value of Ek of approximately 2 volts peak, and an oscillator-grid current of 0.5 
milliampere through a grid-leak resistance (Rg) of 20000 ohms. In the low-
and medium-frequency bands, the recommended oscillator conditions can be 
readily met. However, in the band covering frequencies higher than approx-
imately 6 megacycles, the tank-circuit impedance is generally so low that it is not 
easy to obtain these oscillator conditions. For optimum performance in this band, 
it is generally best to adjust the oscillator circuit for maximum conversion gain 
at the low-frequency end of the band. Maximum conversion gain at this end of 
the band is usually obtained by adjustment of the oscillator circuit to give a value 
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of Ea 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 CHARACTERISTIC _ .. IOW 
:TYPE 6SA7 

3 VOLTS 
-PL•TC VOLTs‘eso 
_..11,110S P422 T..e4 mOLIS..00 
C.RID Ne. RESISTOT, OnM5q.00U0 

-0SCoLLATOR vOLIACt 604001(0 
TO Glve CR ,D CuRRLNT 
Or 0.5 MA. 

-40 - 30 -20 
GRID NI3(CONTROL GRID) VOLTS 

92C-49139 

OPERATION EmARACTER ,ST iC5 
worm stu-Eliclunc.ry  

Tope 65A7 

o 

o 
600 

500 

;,..! 400 

2 300 

:1- 200 

.00 

o 

'" 
.t 

FL>. - • 
I 

" • Cy., C MOLTS IMAS 

1--
0 0.5 ,.0 

GM COI MILLIAMPERES lIc.) 

02C-4993 

TWIN TRIODE AMPLIFIER 

The 6SC7 is a twin-triode amplifier 
of the single-ended metal, type intend-
ed primarily for phase-invei ter service 
Each triode unit is designed with a high 
mu-factor to give high gain. 

* CHARACTERISTICS 
HEATER VOLTAGE (A.C. or D.0 
HEATER CURRENT   

6SC7 
Ai FT AL 

6.3 Volts 
0.3 Ampere 

As Class A, Amplifier -- Each Triode Unit 
PLATE VOLTAGE   250 max. Volts 
GRID VOLTAGE   -2 Volts 
PLATE CURRENT  2 Milliamperes 
PLATE RESISTANCE (Approx.)   53000 Ohms 

70 
TRANSCONDUCTANCE (Approx.)   1325 Micromhos 
GRID-PLATE CAPACITANCE.   2.4 Ja.t‘f 
GRID-CATHODE CAPACITANCE.   3.0 POhr 
PLATE-CATHODE CAPACITANCE.  4.0 out 

• With shell connected to cathode. Values are approximate. 

AMPLIFICATION FACTOR  

INSTALLATION and APPLICATION 

The base of the 6SC7 flts the standard octal socket which may be mounted 
to hold the tube in any position. Physical characteristics of the 6SC7 are shown 
in Fig. 1-3. OUTLINES SECTION. For heater operation and cathode connection. 
refer to Type 6A8. As a phase-inverter, the 65C7 may be operated as shown in 
the RESISTANCE-COUPLED AMPLIFIER CHART. 
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AVE4 A,,E. PLATE CHARACTERISTICS 

4 

5, 

o 

6SF5 
METAL 

puait VC:TS 

)00 350 40u 

92C- 609S 

HIGH-MU TRIODE 

The 6SF5 is a high-mu triode of the 
single-ended metal type for use in re-
sistance-coupled amplifier circuits. 

* CHARACTERISTICS 

6AB 

HEATER VOLTAGE (A.C. or D.0 ) . 6.3 Volts 
HEATER CURRENT   0.3 Ampere 
PLATE VOLTAGE   250 max. Volts 
GRID VOLTAGE   -2 Volts 
PLATE CURRENT  0.9 Milliampere 
PLATE RESISTANCE  66000 Ohms 
AMPLIFICATION FACTOR . . 100 
TRANSCONDUCTANCE   1500 Micromhos 
GRID-PLATE CAPACITANCE.   2.4 mid 
GRID-CATHODE CAPACITANCE.. 4.0 IÀFif 
PLATE-CATHODE CAPACITANCE` 3.6 mid 

• With shell connected to cathode. Value, are approximate 

INSTALLATION and APPLICATION 

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

When a 6SF5 is used to amplify the output of the 6H6 diode, it is recommended 
that fixed grid bias be employed. Diode-biasing of the 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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"tyt-t-P.c.E Pt ,t-rr CHARACTERS 

TRIPLE-GRID 

DETECTOR AMPLIFIER 

. The 6SJ7 is an r- f amplifier pentode 63.17 
of the metal type featuring single-

- ,‘ 2), ended construction with interlead 
' 8N shielding, described under Type 6SK7. 

In comparison with capped types pre-
viously available, the 6SJ7 offers the circuit advantages of more stable amplifier 
operation, greater uniformity of gain in amplifiers, and higher gain. Because or 

. its sharp cut-off characteristic, this type is also suitable for service as a biased 
detector In such service the 6SJ7 is capable of delivering large audio-frequency 
output voltage with relatively small input voltage. 

*CHARACTERISTICS 
HEATER VOLTAGE (A.C. or D.C.) • 6.3 Volts 
HEATER CI:RRFNT   0.3 Ampere 
PENTODE CONNECTION: 

Grid-Plate Capacitance'.. 0.005 max. pm f 
Input Capacitance'   6 pe 
Output Capacitance*.. 7 miLf 

TRIODE CONNECTION :t 
Grid-Plate Capacitance' . .. 2.8 ;nil. 
Grid-Cathode Capacitances .. 3 1 mmf 
Plate-Cathode Capacitance'  11 etmf 

• With shell connected to cathode. f With screen and suppressor connected to plat'. 

As Class A, Amplifier — Pentode Connection 
PLATE VOLTAGE   300 mat. Volts 
SCREEN VOLTAGE (Grid No. 2) 125 max. Volts 
SCREEN SUPPLY VOLTAGE  300 max. Volts 
GRID VOLTAGE (Grid NO. 1)  0 min. Volts 
PLATE DISSIPATION   2.5 max. Watts 
SCREEN DISSIPATION   0.3 max. Watt 
TYPICAL OPERATION: 

Plate Voltage   100 250 Volts 
Screen Voltage   100 100 Volts 
Grid Voltage. -3 -3 Volts 
Suppressor ....... Connected to cathode at socket 
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Plate Current   2.9 3.0 Milliamperes 
Screen Current   0.9 0.8 Milliamperes 
Plate Resistance  0.7 Megohm 
Transconductance   1575 1656 Micromhos 
Grid Voltage tt  -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   250 max. Volta 
GRID VOLTAGE   0 min. Volta 
PLATE DISSIPATION   2.5 max. Watts 
TYPICAL OPERATION: 

Plate Voltage   180 250 Volts 
Grid Voltage  -6 -8.5 Volts 
Plate Current   6.0 9.2 Milliamperes 
Plate Resistance  8250 7600 Ohms 
Amplification Factor   19 19 
Transconductance   2300 2500 Micromhos 

INSTALLATION and APPLICATION 

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

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

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

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

AVERAGE PLATE CHARACTERISTICS 
rye( 
Cf . 

_ scpcp, 

SUPPRESS°. 
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G, 
TRIPLE-GRID SUPER-
CONTROL AMPLIFIER 

The 6SK7 is a triple-grid super-con-

trol amplifier of the metal type featur- 6SK7 
ing single-ended construction with 

MET Al 
interle.ad shielding. In comparison 

s with capped types previously avail-

8N able. the 6SK7 offers the circuit advan-

tages of more stable amplifier operation, 

greater uniformity of gain in amplifiers, and higher gain. Because of its remote 

cut-off characteristic, this type is able to handle unusual signal voltages without 

cross-mcdulation or modulation distortion. The 6SK7 is recommended for use 

in the r-f or i-f stages of receivers especially those employing automatic volume 
control. 

* CHARACTERISTICS 
HEATER VOLTAGE (A.C. or D.0  )  6.3 Volts 

HEATER CURREN r   0.3 Ampere 

GRID-PLATE CAPACITANCE.   0.003 max pelf 
INPUT CAPACITANCES  6 An f 

OUTPUT CAPACITANCE 7 µµf 

I. With shell connected to cathode. ' 

As Class A, Amplifier 
PLATE VOLTAGE   300 max. Volts 

SCREEN VOLTAGE   125 max. Volts 
SCREEN SUPPLY VOLTAGE  300 max. W O 
GRID VOLTAGE   0 mtn. Volts 

PLATE DISSIPATION   4 max. Watts 
SCREEN DISSIPATION   0.4 max. Watt 
TYPICAL OPERATION: 

Plate Voltage   100 250 Volts 

Screen Voltage   100 100 Volts 

Grid Voitage  -3 -3 Volts 

Suppressor Connected to cathode at socket 

Plate Current   8.9 9.2 Milliamperes 

Screen Current   2.6 2.4 Milliamperes 

Plate Resistance (Approx.)  0.23 0.8 Megohm 

Transconductance   1900 2000 Micromhos 
Grid Bias for transconductance of 10 

micron-los  -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. Physical characteristics of 

the 6SK7 are shown in Fig. 1-3, 

OUTLINES SECTION. For heater 

operation and cathode connection 

refer to Type 6A8. 

The interlead shielding within 

the base of the 6SK7 is accomplished 

by means of a conical stem shield 

and a cylindncal base shield. The 

metal cone is inserted through the 

hole in the stem where the exhaust 

tube connects. The cone extends 

some distance into the exhaust tube 

and is connected to the common 

STAtIOARD 
veAFFR OCTAL 

OASE 
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grounding pin win No. 1). The cylindrical base shield is positioned inside the locating 
base plug, and is also connected to pin No. 1. The conical shield reduces the capac-
itance between leads in the glass of the stem: the cylindrical shield reduces the capac-
itance between those pins that are diametrically opposite each other. Since the grid 
and the plate leads are diametrically opposite, the capacitance between them is kept 
to a value comparable with that obtainable with top-cap construction. 

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

Conirol-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 I3-supply source. Due to the screen current characteristics of the 6SK7, 
a resistor in senes with the high-voltage supply may be employed for obtaining the 
screen voltage provided the cathode-resistor method of bias control is used. This 
method, however, is not recommended if the high-voltage B-supply exceeds 300 
volts. Furthermore, it should be noted that the use of a resistor in the screen 
circuit will have an effect on the change in plate resistance with variation in sup-
pressor voltage in case the suppressor is utilized for control purposes. 

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

As a radio-frequency amplifier, the tiSK7 is especially applicable to radio 
receiver design because of its ability to reduce cross-modulation effects, its remote 
"cut.off" feature, and its flexible adaptability to circuit combinations and to receiver 
design. Recommended conditions for the 6SK7 as an amplifier are given under 
CHARACTERISTICS. 

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

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

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

DUPLEX-DIODE 

HIGH-MU TRIODE 

6SQ7 The 6SQ7 is a multi-unit tube of the 
metal type containing two diodes and ,,ETAL 
a high-mu triode in one envelope The y 

8 Q 6SQ7 is designed for use as a combined 
detector, amplifier, and automatic-

volume-control tube. For diode-detector considerations see RADIO TUBE 
APPLICATIONS section. 

* CHARACTERISTICS 
HEATER VOLTAGE (A.C. or D.C.) .. 6.3 Volts 
HEATER CURRENT   0.3 Ampere 
Triode: GRID-PLATE CAPACITANCE*... 1.8 ,pf 

GRID-CATHODE CAPACITANCE*. . . 3.6 Ma 
PLATE-CATHODE CAPACITANCE*  3.2 mid 

• With shell connected to cathode. Values are approximate 

Triode Unit — As Class A, Amplifier 

PLATE VOLTAGE   250 max. VoltsVol ts 
GRID VOLTAGE . .. -2 
PLATE CURRENT . 0.9 Milliampere 
PLATE RESISTANCE  91000 Ohms 
AMPLIFICATION FACTOR  100 
TRANSCONDUCTANCE .. . ...... 1100 Micromhos 

Diode Units 

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

INSTALLATION and APPLICATION 

The base of the 6SQ7 fits the standard octal socket which may be mounted to 
hold the tube in any position. Physical characteristics of the 6SQ7 are shown in 
Fig. 1-3. OUTLINES SECTION. Heater operation and cathode connection are 
the same as for Type 6A8. 

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

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

AVERAGE PLATE CHARACTERISTICS 
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DUPLEX-DIODE 

HIGH-MU TRIODE 

6T7 -G The 6T7-G is a heater-cathode type 
of tube containing two diodes and a 
high-mu triode in one bulb. The FY 

6T7-G is used as a detector, amplifier, G - 7 V 

and automatic-volume-control tube. 
The low heater current is a feature in applications where economy of power is 
important. For diode-detector considerations, refer to RADIO TUBE APPLIC-
ATIONS section. 

CHARACTERISTICS 

HEATER VOLTAGE (A.C. Of D.0  )  6.3 Volts 
HEATER CURRENT   0.15 Ampere 
Triode: GRID-PLATE CAPACITANCE°  1.7 eipf 

GRID-CATHODE CAPACITANCE°   1.8 pjif 
PLATE-CATHODE CAPACITANCE°  3.1 µµf 

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

Triode Unit — As Class A Amplifier 
PLATE VOLTAGE   100 250 max. Volts 
GRID VOLTAGE   -1.5 -3 Volts 
PLATE CURRENT  0.3 1.2 Milliamperes 
PLATE RESISTANCE   95000 62000 Ohms 
AMPLIFICATION FACTOR  65 65 
TRANSCONDUCTANCE   680 1050 Micromhos 

Diode Units 

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

92C - 4975 

PD2 PD, 
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INSTALLATION and APPLICATION 
The base of the 6T7-G fits the standard octal socket which may be installed 

to hold the tube in any position. Physical characteristics of the 6T7-G are shown in 
Fig. 2-15. OUTLINES SECTION. Heater and cathode considerations are the 
same as for Type 6D8-G. For application refer to Type 6SQ7. Additional data 
are given in the RESISTANCE-COUPLED AMPLIFIER CHART. 

G TA 

ELECTRON-RAY TUBE 
Indicator Type with Triode 

The 6U5/6G5 is a high-vacuum, 
heater-cathode type of tube designed 
to indicate visually, by means of a 
fluorescent target, the effects of change 

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

* CHARACTERISTICS 
HEATER VOLTAGE (A.C. Or D.0  )  
HEATER CURRENT .   
PLATE-SUPPLY VOLTAGE  

TARGET VOLTAGE  

TYPICAL OPERATION: 
Plate- and Target-Supply Voltage.. 100 
Series Triode-Plate Resistor  0.5 
Target Current't   1 
Triode-Plate Current s 0.19 
Triode-Grid Voltage (Approx.): 

For shadow angle of 0° ..... 
For shadow angle of 90° ..... 
• For zero triode-grid voltage. 

6U5/6G5 

6.3 Volts 
0.3 Ampere 
250 max. Volts 
1250 max. Volts 
100 min. Volts 

200 250 
1 1 
3 4 

0.19 0.24 

-8 -18.5 -22 

t Subject to wide variations. 

Volts 
Megohm 
Milliamperes 
Milliampere 

Volts 
Volts 

INSTALLATION and APPLICATION 
Installation and application of the 6U5/6G5 are the same as for Type 6F,5. 

Physical characteristics of the 6U5/6G5 are shown in Fig. 2-18, OUTLINES 
SECTION. The essential differences between the 6E5 and the 6U5/6G5 are that 
the 6U5/6G5 is constructed in a tubular bulb and has a remote plate-current cut-
off characteristic. 

250 
AVERAGE CONTROL CHARAC TE P..51 ICS 

200 - 80 250 

100 

0 60 

SO- 20 

...i 6Lei.%6G5 i I I 

E .. 6.3 VOLTS;--- -- I 
1- - 1 

.1 cu .,,, ' ', ATE - SUPPLY ' SERIES PLATE RC - 
vOLTS(5.)  SISTORIRI-MEG. 

0.5 

o 

TO CONTROL-
LING VOLTAGE 

o 
- 25 - 0 - t0 -S 

CR.TT VOLYS 

— 145 — 
92C 462652 

i.0 



R C A RECEIVING 

6U7-G 

TUBE MANUAL 

TRIPLE- GRID SUPER-

CONTROL AMPLIFIER 
The 61j7-G is a triple-grid super-

control amplifier tube recommended 
for service in the radio- frequency and 
intermediate-frequency stages of radio 
receivers designed for its character-
istics. The ability of this tube to handle 
the usual signal voltages without cross-

modulation and modulation distortion makes it adaptable to the r- f and i-f stages 
of receivers employing automatic volume control. The 61_77-(; is constructed with 
an internal shield connected to the cathode within the tube. 

* CHARACTERISTICS 
HEATER VOLTAGE (A.C. or D.C.) . 
HEATER CURRENT   
GRID-PLATE CAPACITANCE* . 
INPUT CAPACITANCE*  
OUTPUT CAPACITANCE*   

• With close-litting shield connected to cathode. 

As Class A Amplifier 
PLATE VOLTAGE   
SCREEN VOLTAGE   
SCREEN SUPPLY VOLTAGE .. 
GRID VOLTAGE   
PLATE DISSIPATION . . 
SCREEN DISSIPATION 
TYPICAL OPERATION: 

Plate Voltage   100 250 Volts 
Screen Voltage   100 100 Volts 
Grid Voltage  -3 -3 Volts 
Suppressor ..  Connecttd to cathode at socket 
Plate Current ..  8.0 8.2 Milliamperes 
Screen Current   2.2 2.0 Milliamperes 
Plate Resistance (Approx.). 0.25 0.8 Megohm 
Transconductance   1500 1600 Micromhos 
Transconductance (At -50 volts bias) 2 2 Micromhos 

INSTALLATION and APPLICATION 
The base of the 6U7-G lits the standard octal socket which may be installed 

to hold the tube in any position. The maximum overall length of the 61.J7-G is 
478 in. and the maximtim diameter is 1 in., the tube has a small shell octal base 
and a miniature cap. For heater operation and cathode connection, refer to Type 
6A8. For control-grid bias, screen voltage. suppressor connection, and application, 
refer to Type 6SK7. Stage shielding encio,;ing the components of each stage is, in 
general, necessary for multi-stage amplifier circuits. 

6V6 
METAL 

6V6-G 

6.3 Volts 
0.3 Ampere 

0.007 max. µid 
5 aid 
9 inif 

300 max. 
100 max. 
300 max. 
0 min. 

2.25 max. 
0.25 max. 

BEAM POWER AMPLIFIERS 

The 6V6 and 6V6-G are power am-
plifiers of the beam type for use in the 
output stage of radio receivers. They 
are particularly useful in automobile 
and other battery-operated receivers 
in which reduced plate-current drain 
is desirable. 

* CHARACTERISTICS 
HEATER VOLTAGE (A.C. or D.C.) .... . 6.3 
HEATER CURRENT   0.45 

Volts 
Volts 
Vol ts 
Volts 
Watts 
Watt 

G2 

7AC 

Volts 
Ampere 
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As Single-Tube Class A, Amplifier 
PLATE VOLTAGE   315 flax. Volts 
SCREEN VOLTAGE ... 285 ,nax Volts 
PLATE DISSIPATION 12 max. Watts 
SCREEN DISSIPATION 2 max. Watts 
TYPICAL OPERATION: 

Plate Voltage   180 2.7, 315 Volts 
Screen Voltage 180 :..-,1, 225 Volts 
Grid Voltage  -8.5 1:2.5 -13 Volts 
Peak A-F Grid Voltage  85 12.5 13 Volts 
Zero-Signal Plate Current  29 45 34 Milliamperes 
Max.-Signal Plate Current... 30 47 35 Milliamperes 
Zero-Signal Screen Current. 3 1.5 9.9 Milliamperes 
Max.-Signal Screen Current 4 7 6 Milliamperes 
Plate Resistance  58000 520(() 77000 Ohms 
Transconductance   3700 4100 3750 1\ licromhos 
Load Resistance  55(() 5000 8500 Ohms 
Total Harmonic Distortion 8 12 l'er cent 
Max.-Signal Pewer Output - 4.5 5.5 Watts 

A≤ Push- Full Class AB, Amplifier 
PLATE VOLTAGE . 
SCREEN VOLTAGE .. 
PLATE DISSIPATION 
SCREEN DISSIPATION .. 
TYPICAL OPERATION: are jar 

Plate Voltage.. 
Screen Voltage 
Grid Voltage ... 
Peak A-F Grid- Co-( ; rid \ . Lige 
Zero-Signal Plate Current... 
Max.-Signal Plate Current .. 
Zero-Signal Screen Current.. 
Max.-Signal Screen Current 
Effective Load Resistance ( plate-to-p!ate) 
Total Harmonic Distortion  
Max.-Signal Power Output 

315 max. Volts 
285 mat. Volts 
12 max. Watts 
2 may, Watts 

285 Volts 
285 Volts 

-•15 -19 Volts 
30 38 Volts 
7; ) 70 Milliamperes 
7:i 92 Milliamperes 

4 Milliamperes 
13 13.5 Milliamperes 

10000 8000 Ohms 
5 3.5 Per cent 
10 11 Watts 

INSTALLATION and APPLICATION 

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

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

In all services precautions should be taken to insure that the dissipation rating 
is not exceeded with expected line-voltage variations, especially in the cases of 
fixed-bias operation. When the push-pull connection is used, fixed-bias values up 
to 10% of each typical screen voltage can be used without increasing distortion. 

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

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

The type of input coupling used in class A, and class AB, service should not 
introduce too much resistance in the grid circuit. Transformer- or impedance-
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coupling devices are recommended. When the grid circuit has a resistance not 
higher than 0.05 nnegolun. fixed bias may be used; for higher values, cathode bias 
is requited. With cathode bias, the grid circuit may have a rtsistance as high as, 
but not greater than. 0.5 megohm provided the heater voltage is not allowed to 
rise more than 10% above the rated value under any condition of operation. 

AVE R AC.E 

TYPE NV6 
r 1 6.3 .. OL”. 

— SC PL EN 00613 250 — 

I I 

I 

PLATE ( HAP ST I C 

6V6-GT 

I I 

00 300 400 

PL ATE VOLTS 92C —• 807 

BEAM POWER AMPLIFIER 

The 6V6-GT is a beam Power ampli-
fier designed for use in the output stage 
of radio receivers, especially those 
having limited space. Its electrical 
characteristics are similar to those of 
the 6V6 arid 6v6-G. 

COMPENSATE 
c.61 ION 

CHARACTERISTICS 

HEATER VOLTAGE (A.C. or D.0  )  6.3 Volts 
HEATER CURRENT   0.45 Ampere 

As Single-Tube Class A, Amplifier 
PLATE VOLTAGE   313 max. VOItS 
SCREEN VOLTAGE   285 max. Volts 
PLATE DISSII'ATION  12 max. Watts 
SCREEN DISSIPATION   2 max. Watts 
TYPICAL OPERATION: 

Plate Voltage.   180 250 315 Volts 
Screen Voltage 180 250 225 Volts 
Grid Voltage   -8.5 -12.5 -13 Volts 
Peak A-F Grid Voltage  8.5 12.5 13 Volts 
Zero-Signal Plate Current.. ... 29 45 34 Milliamperes 
Max.-Signal Plate Current   30 47 35 Milliamperes 
Zero-Signal Screen Current . 3 4.5 2.2 Milliamperes 
Max.-Signal Screen Current  4 7 6 Milliamperes 
Plate Resistance  58000 52000 77000 Ohms 
Transconductance  3700 4100 3750 Micromhos 
Load Resistance   5500 5000 8500 Ohms 
Total Harmonic Distortion  8 8 12 Per cent 
Max.-Signal Power Output  2 4.5 5.5 Watts 

— 148 — 



RCA RECEIVING TUBE MANUAL 

NC KEY p, 

G- 7R 

As Push- Pull Class AB, Amplifier 
PLATE VOLTAGE   315 max. Volts 
SCREEN VOLTAGE 285 max. Volts 
PLATE DISSIPATION   12 max. Watts 
SCREEN DISSIPATION   2 max. Watts 
TYPICAL OPERATION: Values are for Ile0 tubes 

Plate Voltage  250 285 Volts 
Screen Voltage   250 285 Volts 
Grid Voltage   -15 -19 Volts 
Peak A-F Grid-to-Grid Voltage  30 38 Volts 
Zero-Signal Plate Current  70 70 Milliamperes 
Max.-Signal Plate Current   79 92 Milliamperes 
Zero-Signal Screen Current  5 4 Milliamperes 
Max.-Signal Screen Current  13 13.5 Milliamperes 
Effective Load Resistance (plate-to-plate)  10000 8000 Ohms 
Total Harmonic Distortion  5 3.5 Per cent 
Max.-Signal Power Output  10 14 Watts 

INSTALLATION and APPLICATION 
The base of 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. 

02 G3 

CI TRIPLE- GRID DETECTOR 

AMPLIFIER 

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

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

* CHARACTERISTICS 
HEATER VOLTAGE (A.C. Or D.0  )  
HEATER CURRENT   
GRID-PLATE CAPACITANCE*   
INPUT CAPACITANCE*  
OUTPUT CAPACITANCE*   

• With close- fitting shield connected to cathode  

As Class A, Amplifier 

6W7- G 

6.3 Volts 
0.15 Ampere 

0.007 max. pp f 
5 ped 

8.5 med 

PLATE VOLTAGE  300 max. Volts 
SCREEN VOLTAGE   100 max. Volts 
SCREEN SUPPLY VOLTAGE  300 max. Volts 
GRID VOLTAGE   0 min. Volts 
PLATE DISSIPATION   0.5 max. Watt 
SCREEN DISSIPATION   0.1 max. Watt 
TYPICAL OPERATION: 

Plate Voltage   250 Volts 
Screen Voltage   100 Volts 
Grid Voltage  -3 Volts 
Suppressor Connected to cathode at socket 
Plate Current   2.0 Milliamperes 
Screen Current   0.5 MWiampere 
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 6W7-G fits the standard octal socket which may be installed 
to hold the tuhe 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 61)8-G and 6A8, respectively. Application is similar to that 
of the 6SJ7. Additional data are given in the RESISTANCE-COUPLED AM-
PLIFIER CHART. 

6X5 
MITAI 

6X5-G 
6X5-GT 

FULL-WAVE HIGH-VACUUM 
RECTIFIERS 

The 6X5, 6X5-G and (iX5-GT are 
full-wave, high-vacuum rectifiers of the 
heater cathode type. They are in-
tended for use in automobile-radio 
receivers or in a-c operated receivers 
designed fur their characteristics. 

* CHARACTERISTICS 

HEATER VOLTAGE (A.C. or D.C.)  6.3 Volts 
HEATER CURRENT   0.6 Ampere 

As Full-Wave Rectifier 

PEAK INVERSE VOLTAGE  1250 max. Volts 
PEAK PLATE CURRENT PER PLATE. 210 max. Milliamperes 
D-C HEATER-CATHODE PoTENTIAl.  450 max. Volts 
TYPICAL OPERATION VITlI CONDENSER-INPUT FILTER: 

A-C Plate Voltage per Plate ( RMS)  325 max. Volts 
Total Effective Plate-Supply Impedance per Plate:  150 min Ohms 
D-C Output Current  70 max. Milliamperes 

TYPICAL OPERATIoN W ITH CII(¡KE-INPUT 
A-C Plate Voltage per Plate tRNIS). 450 nat. Volts 
Input-Choke Inductance.   8 min. I lenries 
D-C Output Current  70 max. Milliamperes 

When a filter- input condenser larger than 40 ut 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 6X5, 6X5-G. or 
6X5-GT fits the standard octal socket. The 
socket for the 6X5 should be installed to hold 
the tube preferably in a vertical position. 
Horizontal operation is permissible if pins 3 and 
5 are in a horizontal plane. The 6X5-G and 
6X5-GT may be operated in any position. 
Physical characteristics of the 6X5. 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 6X5-GT has 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 
RADIO TUBE APPLICATIONS SECTION. 

o 
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BEAM POWER AMPLIFIER 

The 6Y6-G is a power amplifier of 
the beam type for use in the output 
stage of radio receivers designed for 
its characteristics. 

6Y6-G 

* CHARACTERISTICS 

HEATER VOLTAGE (A.C. or D.0  )  6.3 Volts 

HEATER CURRENT .   1.25 Amperes 

As Class A Amplifier 

PLATE VOLTAGE   200 max. Volts 

SCREEN VOLTAGE (Grid No. 2) 135 max. Volts 

PLATE DISSIPATION   12.5 max. Watts 
SCREEN DISSIPATION   1.75 max. Watts 
TYPICAL OPERATION: 

Plate Voltage   135 200 Volts 
Screen Voltage   135 135 Volts 
Grid Voltage (Grid No. 1) -13.5 -14 Volts 
Peak A-F Grid Voltage  13.5 14 Volts 
Zero-Signal Plate Current  58 61 Milliamperes 
Max.-Signal Plate Current  60 66 Milliamperes 
Zero-Signal Screen Current  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  3.6 6 Watts 

INSTALLATION and APPLICATION 

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

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

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

The type of input coupling used should not introduce too much resistance in 
the grid circuit. Transformer- or impedance-coupling devices are recommended. 
When the grid circuit has a resistance not higher than 0.1 megolim. fixed bias may 
be used; for higher values, cathode bias is required. With cathode bias, the grid 
circuit may have a resistance as high as, but not greater than, 0.5 megohm provided 
the heater voltage is not allowed to rise more than 10% above the rated value 
under any condition of operation 
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CLASS B TWIN TRIODE 

The 6Z7-G is a power amplifier con- PT2 

6 G The two triodes, designed for class B 
taming two triodes in one envelope. 

operation, have separate terminals for 
all electrodes except the cathodes and 
heaters. NC 

G-88 
CHARACTERISTICS 

HEATER VOLTAGE (A.C. OT D.0  ) 6.3 Volts 
HEATER CURRENT   0.3 Ampere 

As Class B Power Amplifier 
PLATE VOLTAGE   
PEAK PLATE CURRENT (Per plate) 
AVERAGE PLATE DISSIPATION   
TYPICAL OPERATION: 

Plate Voltage   135 180 Volts 
Grid Voltage  O O Volts 
Zero-Signal Plate Current 

(Per plate)  3 4.2 Milliamperes 
Effective Load Resistance 

(Plate-to-plate)  15000 9000 20000 12000 Ohms 
Max.-Signal Power Output 

(Approx.)  1.5* 2.5t 2.2* 4.2t Watts 
• With average input of 80 milliwatts applied between grids 
t With average input of 320 milliwatts applied between grids. 

INSTALLATION and APPLICATION 
The base of the 6Z7-G fits the standard octal socket which may be installed 

to hold the tube in any position. Physical characteristics of the 6Z7-G are shown 
in Fig. 2-17. OUTLINES SECTION. For heater operation and cathode connection. 
see Type 6A8. 

As a dus B power amplifier, the 67.7-G is used in circuits similar in design to 
those utilizing individual tubes in the output stage. It requires no grid bias, since 
the high-mu feature of the triode units reduces the steady plate current at zero bias 
to a relatively low value. For general class B amplifier design considerations. 
refer to RADIO TUBE APPLICATIONS section. 

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

CT2 

180 max. 
60 max. 
8 max. 

FULL-WAVE HIGH-VACUUM 

RECTIFIER 

6ZY5 - G The 62Y5-G is a full-wave, high 
vacuum rectifier of the heater-cathode 
type. It is intended for use in applica-
tions where economy of power is im- NC. ' El K 

portant. G-65 

* CHARACTERISTICS 

HEATER VOLTAGE (A.C. or D.0  )  6.3 Volts 
HEATER CURRENT   0.3 Ampere 

As Full- Wave Rectifier 

PEAK INVERSE VOLTAGE  1250 max. Volts 
PEAK PLATE CURRENT PER PLATE. 120 max. Milliamperes 

Volts 
Milliamperes 
Watts 

Poo 

•02 
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1)-C HEATER-CATHODE POTENTIAL  450 max. Volta 
TYPICAL OPERATION W ITH CONDENSER-INPUT FILTER: 

A-C Plate Voltage per Plate (RMS)  325 max. Volts 
Total Effective Plate-Supply Impedance per Plate:  225 min. Ohms 
D-C Output Current  40 max. Milliamperes 

TYPICAL OPERATION W ITH CHOKE-INPUT FILTER: 
A-C Plate Voltage per Plate (RMS)  450 max. Volta 
Input-Choke Inductance  13.5 min. Henries 
D-C Output Current  40 max. Milliamperes 

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

INSTALLATION and APPLICATION 
The base of the 6ZY5-G fits the standard octal socket which may be installed 

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

TWIN DIODE 
The 7A6 is a heater-cathode type 

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

* CHARACTERISTICS 
HEATER VOLTAGE (A.C. Or D.0  )   6.31 VORS 
HEATER CURRENT   0.151¡11 Ampere 

Nominal value is 7 volts. ¶ Nominal value is 0.16 ampere. 

As Rectifier 
A-C PLATE VOLTAGE PER PLATE (RMS)  150 max. Volts 
D-C OUTPUT CURRENT PPR I 'LA I E  

7A6 

8 max. Milliamperes 

INSTALLATION and APPLICATION 

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

TRIPLE- GRID 
SUPER-CONTROL AMPLIFIER 

The 7A7-LM is a tripie-grid super-
control amplifier of the single-ended 
metal type for use in the radio-fre-
quency and intermediate-frequency 
stages of radio receivers. The 7A7-LM 

6v is interchangeable with the 7A7 

*CHARACTERISTICS 
HEATER VOLTAGE (A.C. or D.0  )   6.31 Volts 
HEATER CURRENT   0.3111 Ampere 
(;Kru-PLATE CAPACITANCE 0 005 MU( 
INPUT CAPACITANCE°  6 Mi‘f 

OUTPUT CAPACITANCE°   7 med 
• ih :Lb shell connected to cathode. 

11 Nominal value is 7 volts '911 Nominal value is 032 ampere. 
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As Class A, Amplifier 
PLATE VOLTAGE   ... 250 max. Volts 
SCREEN VOLTAGE   100 max. VOILS 
GRID VOLTAGE   -3 min. Volts 
TYPICAL OPERATION: 

Plate Voltage   250 Volts 
Screen Voltage   100 Volts 
Grid Voltage  -3 Volts 
Suppressor Connected to cathode at socket 
Plate Current   8.6 Milliamperes 
Screen Current   2 Milliamperes 
Plate Resistance  0.8 Megohm 
Transconductance   2000 Micromhos 
Transconductance (At -35 volts bias)   10 Micromhos 

INSTALLATION and APPLICATION 
The base of the 7A7-LM fits the lock-type socket which may be installed to 

hold the tube in any position. Physical characteristics of the 7A7-LM are shown 
in Fig. 1-4. OUTLINES SECTION. For heater operation and cathode connection, 
refer to Type 6A8. Application is similar to that for Type 6SK7. 

7A8 
OCTODE CONVERTER 

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

* CHARACTERISTICS 
IIEATER VOLTAGE (A.C. or D.0  )   6.311 Volts 
HEATER CURRENT   0.15111! Ampere 
DIRECT INTERELECTRODE CAPACITANCES: 
Grid No. 4 to Plate   0.15 'nit 
Grid No. 4 to Grid No. 2   0.12 pmf 
Grid No. 4 to Grid No. 1   0.12 puf 
Grid No. 1 to Grid No. 2   0.60 mif 
Grid No. 4 to All Other Electrodes (R-F Input) 7.5 eimf 
Grid No. 2 to All Other Electrodes 

Except Grid No. 1 (Osc. Output) ....... 3.4 pia( 
Grid No. 1 to All Other Electrodes 

Except Grid No. 2 (Osc. Input)   3.8 ¡La 
Plate to All Other Electrodes (Mixer Output)   9 ouf 
1 Nominal value is 7 volts. el Nominal value is 0.16 ampere 

As Frequency Converter 
PLATE VOLTAGE   250 max. Volts 
SCREEN VOLTAGE (Grids NO. 3 and No. 5)   100 max. Volts 
ANODE-GRID SUPPLY VOLTAGE (Grid NO. 2) 250 max. Volts 
CONTROL-GRID VOLTAGE (Grid No. 4) . . . -3 min. Volts 
TYPICAL OPERATION: 

Plate Voltage   250 Volts 
Screen Voltage   100 Volts 
Anode-Grid Supply Voltage  2501 Volts 
Control-Grid Voltage  -3 Volts 
Oscillator-Grid Resistor (Grid No. 1) .   50000 Ohms 
Plate Current   3 Milliamperes 
Screen Current   2.8 Milliamperes 
Anode-Grid Current  4.5 Milliamperes 

• Applied through 20000-ohm voltage-dropping resistor by-passed by 0.1 a condenser 
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Oscillator-Grid Current  0.4 Milliamperes 
Plate Retdstance  0.7 Megohm 
Conversion Transconductance  600 Micromhoe 
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 he installed to hold 

the tube in any position. Physical characteristics of the 7A8 are shown in Fig. 
2-4. OUTLINES SECTION. For heater operation, refer to Type 6D8-G: for 
cathode connection and application. to Type 6A8. 

TRIPLE- GRID 

SUPER-CONTROL AMPLIFIER 

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

* CHARACTERISTICS 

HEATER VOLTAGE (AC. or D.C.) . 
HEATER CURRENT   
GRID-PLATE CAPACITANCE 
INPUT CAPACITANCE  
OUTPUT CAPACITANCE.   

Nominal value is 7 volts 

7B7 

6.311 Volts 
0.159 Ampere 

0.005 mar. i.tpf 
5 MPf 
7 MCI 

• • Nominal value is 0.16 ampere 

As Class A; Amplifier 
PLATE VOLTAGE .. 250 max. Volts 
SCREEN VOLTAGE . 100 max. Volts 
GRID VOLTAGE   - 3 min. Volts 
TYPICAL OPERATION: 

Plate Voltage .. 250 Volts 
Screen Voltage 100 Volts 
Grid Voltage. - 3 Volts 
Suppressor... Connected to cathode at socket 
Plate Current   8.5 Milliamperes 
Screen Current ... 2 Milliamperes 
Plate Resistance.. 0.7 Megohm 
Transconductance   1700 Micromhos 
Transconductance (At - 40 volts bias)   10 Micromhos 

INSTALLATION and APPLICATION 
The base of the 7137 fits the lock-type socket which may 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 Type 61)8-G: and for 
cathode connection. to Type 6/03. Application is similar to that for Type 6SK7. 

DUPLEX-DIODE 

HI-MU TRIODE 

The 7C6 is a multi-unit tube con-
taining two diodes and a high-mu 
triode in one bulb. It is intended for 
use as a combined detector, amplifier. 
and automatic-volume-control tube 

7C6 
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* CHARACTERISTICS 
HEATER VOLTAGE (A.C. or D.0  )  6.3 1. Volts 
HEATER CURRENT   0.151111 Ampere 
Ti-jode: GRID-PLATE CAPACITANCE (Approx.)   1.4 ¡pf 

GRID-CATHODE CAPACITANCE (Approx.)  2.4 i‘of 
PLATE-CATHODE CAPACITANCE (Approx.). . .   3 piàf 

AVERAGE CHARACTERISTICS — TRIODE UNIT: • 
Plate Voltage   250 Volts 
Grid Voltage  -1 Volt 
Plate Current   1.3 Milliamperes 
Plate Resistance  0.1 Megotun 
Amplification Factor   100 
Transconductance   1000 Micromhos 
, Nominal value ie 7 volts. 111 Nominal value is 0.10 ampere. 

Triode Unit — As Class A, Amplifier 
PLATE VOLTAGE   250 max. Volts 
TYPICAL 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 is 

common to the triode unit. Each diode has its own base pin. 

INSTALLATION and APPLICATION 
The base of the 7C6 fits the lock-type socket which may be installed to hold 

the tube in any position. Physical characteristics of the 7C6 are shown M 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 6S(27. 

7Y4 

FULL-WAVE 

HIGH-VACUUM RECTIFIER 

The 7Y4 is a full-wave, high-
vacuum rectifier of the heater-cathode 
type. It is for use in automobile radio 
receivers and in compact a-c operated 
receivers. SAB 

* CHARACTERISTICS 
HEATER VOLTAGE (A.C. or D.0  )   6.31 Volts 
HEATER CURRENT   0.51'111 Ampere 

I Nominal value is 7 volte. ¶ Nominal value is 0.53 ampere. 

As Full-Wave Rectifier 

PEAK INVERSE VOLTAGE  1250 max. Wits 
PEAK PLATE CURRENT PER PLATE. 180 max. Milliamperes 
D-C HEATER-CATHODE POTENTIAL.. 450 max. Volts 
W ITH CONDENSER-INPUT FILTER: 
A-C Plate Voltage per Plate (RMS)  325 max. Volts 
Total Effective Plate-Supply Impedance per Plate* 150 min. Ohms 
D-C Output Current  60 max. Milliamperes 

WITH CHOKE-INPUT FILTER: 
A-C Plate Voltage per Plate (RMS)  450 inox. Volts 
Input Choke Impedance  10 min. 'Ohms 
D-C Output Current  60 max. Milliamperes 
• When a filter input condenser larger than 40 pf is used, it may he necessary to use more 

plate-supply impedance than the value shown to limit the peek plate current to the rated value. 
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INSTALLATION and APPLICATI O N 
The base of the 71.4 fits the lock-type socket which may be installed to hold 

the tube in any position. Physical characteristics of the 71-4 are shown in Fig. 
2-4, OUTLINES SECTION. For heater operation, see Type 6X5. 

POWER AMPLIFIER TRIODE 

The 10 is a three-electrode, high-vacuum 
tube suitable for use as an audio-frequency 
amplitier in equipment designed for Its 
characteristics. 

10 

CHARACTERISTICS 

FILAMENT VOLTAGE (A_C. or D.C.)   7.5 Volts 
1.25 Amperes 

PLATE VOLTAGE  250 350 425 max. Volts 
GRID VOL1 AGE*   -23.5 -32 -ao volts 

2350 2000 2220 Ohms 

60010(1 5150 
16 

5000 
18 

Ohms 
Milliamperes 

8 8 .41 
TRANECONDUCTANCE   1330 1550 14;00 Micromhoe 
LOAD RESISTANCE   13000 11000 10200 Ohms 
UNDISTORTED POWER OUTPUT .   0.4 0.9 1.6 Watts 

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

FILAMENT CURRENT 

CATHODE RESISTOR   
PLATE CURRENT  
PLATE RESISTANCE   
AMPLIFICATION FACTOR 

INSTALLATION and APPLICATION 

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

4F 
Type 11 

7K 

DETECTOR AMPLIF IE R TRIO DES 

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

RECTIFIER-PENTODE 
The 12A7 is a heater-cathode type 

of multi-unit tube which combines in 
one bulb a half-wave rectifier and a 
power-amplifier pentode. The heater 
rating is 12.6 volts. 0.3 ampere. 
RECTIFIER UNIT: Max. a-c plate 
volts. 125; max. d-c output ma., 30. 
PENTODE UN IT: M ax. plate and 
screen volts, 135; grid-bias volts, - 13.5: 

— 157 — 

11 

12 

12A7 



RCA RECEIVING TUBE MANUAL 

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

C,, 

PENTAGRID CONVERTER 

The 12A8-GT is a pentagrid con-
12A8 - GT verter of the heater-cathode type. 

Except for its heater which operates 
at 12.6 volts and 0.15 ampere, the 
electrical and physical characteristics 
of the 12A8-GT are the same as those 
of the Type 6.18-GT. 

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

DUPLEX-DIODE PENTODE PD , 

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

1 2 C8 the same envelope. Except for its 
heater rating of 12.6 volts and Œl5 
ampere, the electrical and physical 

MT At characteristics of the 12C8 are the same 
as those of the Type 6B8. For heater 
operation and cathode connection, refer 
to Types 12A8-GT and 6A8, respect-
ively. 

GI 

HIGH-MU TRIODE 
The 12F5-GT is a high-mu amplifier 

triode of the heater-cathode type. It 

1 2 F5 — GT is particularly useful in resistance-
coupled amplifier circuits. Except for its heater rating of 12.6 volts and 

0.15 ampere, and the capacitances. the 
electrical and physical characteristics 
are the same as those of the 6F5-GT. 

The grid-plate capacitance is 2.8 i.mf; grid-cathode. 2.2 pmf: plate-cathode, 3.2 mgt. 
For heater operation and cathode connection, refer to Types 12A8-GT and 6A8. 
respectively. 

G- SA 

PO? 

t 
VKI:v 

8E 

DETECTOR AMPLIFIER TRIODE 
The l'415-GT is a triode of the heat-

2  type designed for use as 
2J 5 - GT detector, amplifier, or oscillator. It 

has a comparatively high amplifica-
tion factor together with a high 
transconductance. Except for its heater ..c 
rating of 12.6 volts and 0.15 ampere, G-6Q 
the electrical and physical characteris-

tics of the 1215-GT are the same as those of the 615-GT. For heater operation 
and cathode connection, refer to Type 12A8-GT and 6A8. respectively 

G-5141 
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G2 G3 

lea 

SK.CLO KEY 

SL 

GT-7R(I2J7-GT) 

TRIPLE- GRID DETECTOR 

AMPLIFIER 

The 12J7-GT is a triple-grid detector 
amplifier of the heater-cathode type 
Except for its heater rating of 12.6 
volts and 0.15 ampere, the electrical 
and physical characteristics of the 

12J7-GT are the same as those of the 6J7-GT. For heater operation and cathode 
connection, refer to Types 12A8-GT and 6A8. respectively 

G7 G3 

SL KEY K 

GT-7R(I2K7-GT) 

GI TRIPLE- GRID 

SUPER-CONTROL AMPLIFIER 

The 12K7-GT is a triple-grid super-
control amplifier of the heater-cathode 
type. Except for its heater rating of 
12.6 volts and 0.15 ampere, the elec-
trical and physical characteristics of 

the 12K7-GT are the same as those of the 6K7-GT. For heater operation and 
cathode connection, refer to Types 12A8-GT and 6A8. respectively. 

1 2J7-GT 

2kc r 

TRIODE-HEXODE 

CONVERTER 

The 12K8 is a multi electrode tube 
of metal construction consisting of a 
triode oscillator and a hexode mixer 
in a single envelope. Except for its 
heater rating of 12.6 volts and 0.15 

ampere, the electrical and physical characteristics of the 12N8 are the same as 
those of the 6K8. For heater operation and cathode connection, refer to Types 
12A8-GT and 6A8. respectively. 

Pnz Pr , 

1 2K7-GT 

DUPLEX- DIODE 

HIGH-MU TRIODE 

The 12Q7-GT is a heater-cathode 
type of tube containing two diodes and 
a high-mu triode in one bulb. Except 
for its heater rating of 12.6 volts and 
0.15 ampere, the electrical and ph> sical 

characteristics of the 12Q7-GT are the same as those of the 6Q7-GT. For heater 
operation and cathode connection, refer to Types 12A8-GT and 6A8, respectively 

1 2K8 
META! 

PENTAGRID CONVERTER 

The 12SA7 is a multi-electrode vacu-
um tube of the single-ended metal type 
designed to perform simultaneously 
the functions of oscillator and mixer 
in superheterodyne receivers. Except 
for its heater rating of 12.6 volts and 
0.15 ampere, the electrical and physical 

characteristics of the 12SA7 are the same a those of the 6SA7. For heater oper-
ation and cathode connection, refer to Types 12A8-GT and 6A8. respectively 
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TWIN TRIODE AMPLIFIER 

The 12SC7 is a twin-triode amplifier 12SC7 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 

METAL ampere, the electrical and physical 
characteristics of the 12SC7 are the 
same as those of the 6SC7. For heater 
operation and cathode connection, re-

fer to Types 12A8-GT and 6A8, respectively. 

HIGH-MU TRIODE 

The 12SF5 is a high-mu triode ot 12SF5 the single-ended metal type for use 
in resistance-coupled amplifier circuits. 
Except for its heater rating of 12.6 

METAL volts and 0.15 ampere the electrical 
and physical characteristics of the 
12SF5 are the same as those of the 
6SF5. For heater operation and cathode 

connection, refer to Types 12A8-GT and 6A8, respectively. 

TRIPLE- GRID c-, _ 
DETECTOR AMPLIFIER 

12SJ7 The 12SJ7 is a single-ended metal 
METAL tube of the triple-grid type with a 

sharp cut-off characteristic. Except s i'  e 

for its heater rating of 12.6 volts and 8N 

0.15 ampere, the electrical and physical 
characteristics of the 12SJ7 are the same as those of the 6SJ7. For heater operation 
and cathode connection. refer to Types 12A8-GT and 6A8, respectively. 

12SK7 
METAL 

TRIPLE- GRID 

SUPER-CONTROL AMPLIFIER 

The 12SK7 is a single-ended metal 
tube of the triple-grid type with a 
remote cut-off characteristic. Except 
for its heater rating of 12.6 volts and 
0.15 ampere, the electrical and physical 

characteristics of the 12SK7 are the same as those of the 6SK7 For heater opera• 
don and cathode connection, refer to Types 12A8-GT and 6A8, respectively. 

P C2 
4 ) ( S) 

DUPLEX-DIODE HIGH-MU 

12SQ7 The 12SQ7 is a single-ended metal 
METAL type of multi-unit tube containing two 

diodes and a high-mu triode. Except s rt 

for its heater rating of 12.6 volts and 
0.15 ampere, the electrical and physical 

characteristics of the 12SQ7 are the same as those of the 6SQ7. For heater opera-
tion and cathode connection, refer to Types 12A8-GT and 6A8, respectively. 
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p, HALF-WAVE 

HIGH-VACUUM RECTIFIER 

The 1213 is a half-wave, high-
vacuum rectifier of the heater-cathode 
type for use in suitable circuits de-
signed to supply d-c power from an a-c 

4G power line. It is intended for use in 
"transforrnerless" receivers of the "universal" (ac.-d.c.) type. The adaptability 
of the 1213 to such receivers is facilitated by the beater design which permits of 
convenient series operation with other tube types. 

1 2Z3 

* CHARACTERISTICS 

HEATER VOLTAGE (A.C. or D.0  )  12.6 Volts 
HEATER CURRENT   0.3 Ampere 

As Half-Wave Rectifier 

PEAK INVERSE VOLTAGE  700 max. Volts 
PEAK PLATE CURRENT   330 max. Milliamperes 
D-C HEATER-CATHODE POTENTIAL  350 max. Volts 
TYPICAL OPERATION W ITH CONDENSER- INPUT FILTER' 
A-C Plate Voltage (RIVE)  117 150 235 max. Volts 
Total Effective Plate-Supply 

Impedances  0 min. 30 min. 75 min. Ohms 
D-C Output Current  55 max. 55 max. 55 mar. Milliamperes 

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

INSTALLATION and APPLICATION 

The base of the 1213 fits the standard four-contact socket which may be 
installed to hold the tube in any position. Physical characteristics of the 1213 are 
shown in Fig. 2-19, OUTLINES SECTION. Sufficient ventilation should be 
provided to circulate air freely around the tube 
to prevent overheating. 

The 12.6-volt heater of the 1213 is designed 
to operate under the normal conditions of line-
voltage variation without materially affecting 
the performance or serviceability of this tube. 
For operation of the 1213 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 jàf 
•a desirable. Typical output curves for several 
values of input condensers are shown in the ac-
companying diagram. As a supplement to the 
curves with an a-c input voltage, a curve is in-
cluded to show the output when the receiver is 
operated from a d-c power line. 

E 400 
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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, OUTLINES SECTION 
The heater-cathode potential should be kept as low as possible, but should never be greater than 
22.5 volte. Application of the 15 is similar to that of Type 1E5-GP. 

5F 

GT2 

CLASS B TWIN AMPLIFIER 

The 19 combines in one bulb two 1 9 high-mu triodes designed for class B PT2 

operation. It is intended for use in 
the output stage of battery-operated 
receivers and is capable of supplying if 

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 0.26 ampere, the electrical characteristics of the 19 are the same 
as those of the 1J6-G. For filament operation, refer to Type 1C7-G. The base of 
the 19 fits the standard six-pin socket which should be mounted to hold the tube 
preferably in a vertical position with base down. Horizontal operation is permis-
sible if pins 1 and 6 are in a horizontal plane. Physical characteristics of the 19 
are shown in Fig. 2-19, OUTLINES SECTION. 

C3 

20 

22 

POWER AMPLIFIER TRIODE 

The 20 is a power-amplifier triode for dry-
battery-operated receivers employing 3.3 volt 
filament tubes. The filament rating is 0.132 
ampere at 3.3 volts (d.c.). Characteristics at 
maximum plate volts of 135, and grid-bias 
volts of -22.5 are: plate current. 6.5 milli-
amperes, plate resistance, 6300 ohms; ampli-
fication factor. 3.3; transconductance, 525 
micromhos; load resistance, 6500 ohms; 
undistorted power output, 110 rnilliwatts. 
Physical characteristics of the 20 are shown 
in Fig. 2-14. OUTLINES SECTION. The 20 
is a discontinued type; it is retained for ref-
erence only. 

SCREEN-GRID RADIO- FREQUENCY 
AMPLIFIER 

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

— 162 — 

6C 

4D 

cl 

41( 



R C A RECEIVING TUBE MANUAL 

SCREEN-GRID RADIO-FREQUENCY 

AMPLIFIER 

The 24-A is a screen-grid amplifier tube ot 
4 to% the heater-cathode type for use primarily as 

a radio-frequency amplifier in a-c operated 
receivers. 

The heater is rated at 2.5 volts (a.c. or dc. 
H and 1.76 ampere. The maximum plate and 

screen volts are 275 and 90, respectively. 
SE Characteristics at plate volts of 250, screen 

volts of 90, and grid- bias volts of -3 are: 
plate current, 4 milliamperes: screen current ( max.), 1.7 milliamperee, plate resistance. OA megohm; 
transconductance. 1050 micromhoa. Capacitances (with shield-can) are: grid- plate 0.007 max. 
omf; input 6.3 w.f. output, 10.5 oaf. 

The base of the 24-A fits the standard five contact socket which may be installed to hold 
the tube tn any position. Physical characteristics of the 24-A are shown In Fig 2-22, OUTLINES 
SECTION For heater operation and cathode connection, refer to Type 2AS. l'he screen voltage 
for the 24-A may be obtained from a fixed or variable tap an a voltage divider across the high-
voltage supply, or across a portion of the supply. Complete shielding in all stages of the circuit 
is necessary A' maximum gain per stage is to be obtained. 

Gi 

24-A 

POWER AMPLIFIER 

PENTODES 25A6 
The 25A6 and 25.A6-G are power- METAL 

ii amplifier pentodes of the heater-
cathode type having 25-volt heaters 

Num. nEe for operation on either a-c or d-c 25A6-G 
7s supply. They are especially useful in 

"d-c power line" or "universal" type 
receivers. In such application, these tubes are capable of handling relatively large 
audio power. 

* CHARACTERISTICS 
HEATER VOLTAGE (A.C. or D.0  )  
HEATER CURRENT 

25 Volts 
0.3 Ampere 

As Class A, Amplifier 
PLATE VOLTAGE   160 max. Volts 
SCREEN VOLTAGE   135 max. VOILS 
PLATE DISSIPATION   5.3 max. Watts 
SCREEN SISSIPATION  1.9 max. Watts 
TYPICAL OPERATION: 

Plate Voltage   95 135 160 Volts 
Screen Voltage ... 95 135 120 Volts 
Grid Voltage  -15 -20 -18 Volts 
Peak A-F Grid Voltage . .. 15 20 18 \ rol ts 
Zero-Signal Plate Current. 20 37 33 Milliamperes 
Max.-Signal Plate Current. 22 39 36 Milliamperes 
Zero-Signal Screen Current. 4 8 6.5 Milliamperes 
Max.-Signal Screen Current . . . 8 14 12 Milliamperes 
Plate Resistance (Approx.)  45000 35000 42000 Ohms 
Transconductance   2000 2450 2375 Micromhos 
Load Resistance  4500 4000 5000 Ohms 
Total Harmonic Distortion.... 11 9 10 Per cent 
Max.-Signal Power Output  0.9 2 2.2 Watts 

INSTALLATION and APPLICATION 
The base of either the 25A6 or 25A6-G fits the standard octal socket which 

may be installed to hold the tube in any position. Physical characteristics of the 
25A6 and 25A6-G are shown in Figs. 1-7 and 2-21, respectively, in the OUTLINES 
SECTION. 

The 25-volt heater is designed to operate under the normal conditions of line-
voltage variation without materially affecting the performance or serviceability 
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of these tubes. When the heater is operated in series with the beaters 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(%) or 25A6-G('s) rather than on the 6.3-volt types. 
This is accomplished by arranging the 25A6('s) or 25A6-G('s) on the side of the 
supply line which is connected to the cathode of the rectifier, i.e., the positive 
terminal of the rectified voltage supply. Between this side of the line and the 
25A6('s) or 25A6-G('s), any necessary auxiliary resistance and the heater of the 
25-volt heater type rectifier are connected in series. 

The cathode circuit in "d-c power line" or "universal" receivers is tied in either 
directly or through biasing resistors to the negative side of the d-c plate supply 
which is furnished either 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 saine stage is approximately one-half the value given for single-
tube operation. 

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

AVERAGE PLATE CHARACTERISTICS 
100 

SO 

11 60 

2 

, irr 
TYPE 

E 

25A6 
4 . 25 VOLTS 

VOLTS .135 

O 

SCREEN 

37 

OOo 
-20 

-GRID 

-25 

VOLTS CCl 30 
CONTROL - 

-35 

25A7-G 

PLATE VOLTS 

RECTIFIER-PENTODE 

The 25A7-G is a heater-cathode 
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. Or D.0  )  25 Volts 
HEATER CURRENT   0.3 Ampere 

Pentode Unit— As Class A, Amplifier 
PLATE VOLTAGE   100 max. Volts 
SCREEN VOLTAGE (Grid No. 2)   100 max. Volts 
GRID VOLTAGE (Grid No. 1)  -15 Volts 
PLATE CURRENT  20.5 Milliamperes 
SCREEM CURRENT  4 Milliamperes 
PLATE RESISTANCE  50000 Ohms 
TRANSCONDUCTANCE   1800 Micromhos 
LOAD RESISTANCE   4500 Ohms 
OUTPUT*  0.77 Watt 

• 9% total harmonic distortion 

Rectifier Unit 
A-C PLATE VOLTAGE (RMS)   125 max. Volts 
D-C OUTPUT CURRENT  75 max. Milliamperes 

INSTALLATION and APPLICATION 
Tbe base of the 25A7-G fits the standard octal socket which may be installed 

to hold the tube in any position. Physical characteristics of the 25A7-G are shown 
in Fig. 2-21. OUTLINES SECTION. For heater operation and cathode connec-
tion of the pentode unit, refer to Type 25A6. 

HIGH-MU POWER AMPLIFIER 

TRIODE 

The 25AC5-GT is a power amplifier 
triode of the heater-cathode type for 
use in the output stage of a-c/d-c radio 
receivers. 

CHARACTERISTICS 

25AC5-GT 

HEATER VOLTAGE (A.C. or D.0  )   25 Volts 
HEATER CURRENT   0.3 Ampere 
AVERAGE CHARACTERISTICS: 

Plate Voltage   110 Volts 
Grid Voltage  +15 Volts 
Amplification Factor  58 
Plate Resistance   15200 Ohms 
Transconductance   3800 Micromhos 
Plate Current   45 Milliamperes 
Grid Current  7 Milliamperes 

As Class B Power Amplifier 
PLATE VOLTAGE   180 max. Volta 
AVERAGE PLATE DISSIPATION   10 max. Watts 
TYPICAL OPERATION: 

Values are for two tubes 
Plate Voltage   180 Volts 
Grid Voltage  0 Volts 
Peak A-F Grid-to-Grid Voltage  60 Volts 
Zero-Signal D-C Plate Current   4 Milliamperes 
Effective Load Resistance (Plate-to-plate)   4800 Ohms 
Power Output'  6 Watts 

e With peak input of 810 milliwatts applied between grids  

— 165 — 



RCA RECEIVING TUBE MANUAL 

INSTALLATION and APPLICATION 

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

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

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

POWER AMPLIFIER 
PENTODE 

The 25B6-G is a power-amplifier 
pentode of the heater-cathode type 
for use in radio receivers of the "uni-
versal" type where large power output 
is desired. 

25B6- G 

G- 7S 

* CHARACTERISTICS 
HEATER VOLTAGE (A.C. or D.0  )  25 Volts 
HEATER CURRENT   0.3 Ampere 

As Class A, Amplifier 
PLATE VOLTAGE   200 max. Volts 
SCREEN VOLTAGE (Grid No. 2)   135 max. Volts 
PLATE DISSIPATION   12.5 max. Watts 
SCREEN DISSIPATION   2 max. Watts 
TYPICAL OPERATION: 

Plate Voltage   105 135 200 Volts 
Screen Voltage   105 135 135 Volts 
Grid Voltage (Grid No. 1) . -16 -22 -23 Volts 
Peak A-F Grid Voltage  16 22 23 Volts 
Zero-Signal Plate Current  48 61 62 Mililamperes 
Max.-Signal Plate Current  55 69 71 Milliamperes 
Zero-Signal Screen Current  2 2.5 1.8 Milliamperes 
Max.-Signal Screen Current  10 14.5 13 Milliamperes 
Plate Resistance  15500 15000 18000 Ohms 
Transconductance   4800 5000 5000 Micromhos 
Load Resistance  1700 1700 2500 Ohms 
Total Harmonic Distortion.. 12.5 14 15 Per cent 
Second Harmonic Distortion . 7 8 8.5 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 25136-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 

pc3y The 25L6, 25L6-G, and 25L6-GT 25L6 
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 

s 2sLe (!)„, , \I„,,, provide high power output at the rela-NC 251_6-C. 
NC 25L6-Gt tively low plate and screen voltages 

The high power output is obtained 25L6-GT 
available for transformerless receivers. 

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. 

7AC 

* CHARACTERISTICS 
HEATER VOLTAGE (A.C. or D.0  )  25.0 Volta 
HEATER CURRENT   0.3 Ampere 

As Class A, Amplifier 
PLATE VOLTAGE ..........., 117 max. Volts 
SCREEN VOLTAGE (Grid No. 2)   117 max. Volts 
PLATE DISSIPATION   4 max. Watts 
SCREEN DISSIPATION   1.25 max Watts 
TYPICAL OPERATION: 

Plate Voltage   110 110 Volts 
Screen Voltage   110 110 Volts 
Grid Voltage (Grid No. 1)   -7.5 - 7.5 Volts 
Peak A-F Grid Voltage  7.5 7.5 Volts 
Zero-Signal Plate Current  49 49 Milliamperes 
Max.-Signal Plate Current!. 54 50 Milliamperes 
Zero-Signal Screen Current  4 4 Milliamperes 
Max.-Signal Screen Current  9 11 Milliamperes 
Plate Resistance (Approx.).   10000 10000 Ohms 
Transconductance   8200 8200 Micromhos 
Load Resistance  1500 2000 Ohms 
Total Harmonic Distortion  11 10 Per cent 
Second Harmonic Distortion 10 3.5 Per cent 
Third Harmonic Distortion 4 8.5 Per cent 
Max.-Signal Power Output 2.1 2.2 Watts 

INSTALLATION and APPLICATION 

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

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

TYPE 
(4 

- !COUCH 

1 

25L6 

OS VOLTS 

VOLTS 

I 

- TO 

( Gt .-0 

50 

- 2.5 

100 

SO 

CONTROL- GRID VOL TS Eo, -5 

-10 

T 
.... . ... ....n 250 

25Z5 

25Z6 
METAL 

25Z6-G 

25Z6-GT 

1,y 
PLATE VOLTS 

RECTIFIER-DOUBLERS 

The 25Z5, 25Z6, 25Z6-G, and 25Z6-
GT are full-wave, high-vacuum rectifiers 
of the heater-cathode type for use in 
suitable circuits designed to supply 
d-c power from an a-c power line. 
These tubes are well suited for "trans-
forrnerless" receivers of either the 
"universal (ac.-d.c.)" type or the "a-c 
operated" type. In "universal" re-
ceivers, these tubes may be used as 
half-wave rectifiers. while in the "a-c 
operated" type, they may be used as 
voltage doublers to provide about twice 
the d-c output voltage obtainable from 
the half-wave arrangement. This two-
fold application is made possible by 
the use of a separate base pin for each 
of the two cathodes in the respective 
types. For voltage-doubler considera-
tions, see RADIO TUBE APPLICA-
TIONS section. 

*CHARACTERISTICS 

HEATER VOLTAGE (A.C. OT D.0  )  
HEATER CURRENT   

As Rectifier or Doubler 

PEAK INVERSE VOLTAGE  
PEAK PLATE CURRENT PER PLATE  
D-C HEATER-CATHODE POTENTIAL  
TYPICAL OPERATION AS HALF-W AVE{ RECTIFIER:* 

A-C Plate Voltage per Plate (RMS) 117 150 235 max. Volts 
Total Effective Plate-Supply 
Impedance per Plate:   0 min. 40 min. 100 min. Ohms 

D-C Output Current per Plate   75 max. 75 max. 75 max. Milliamperes 
• Tas two units may be used separately or in pandit'. 

I2C 

KI:12 

8E 
Type 25Z5 

PD2 

NC 
NC 

Ito. 2 

2526 
25Z6 -C. 
25Z6.GT 

KEY 

7Q 

Types 25Z6. 25Z6-G 
and 25Z6-GT 

KOi 

PDi 

ND, 

25 Volta 
0.3 Ampere 

700 max. 
450 max. 
350 max. 

Volts 
Milliamperes 
Volts 
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TYPICM, OPERATION As VocrAGE-DOUBLER: 
Half- Ware 

A-G Plate Voltage per Plate (RMS)  117 max. 
Total Elf. Plate-Supply Imped. per Plate: 30 min. 
D-C Output Current.   75 max 

When a filter- input condenser larger than 40 Id is used, it 
plate-supply impedance than the minimum value shown to limit 
rated value. 

INSTALLATION and APPLICATION 
The base of the 25Z5 fits the standard six-contact socket whereas the base of 

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

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

A filter of the condenser-input type is recommended for use with any of these 
tubes in crder to obtain a d-c output voltage as high as possible. A large input 
capacitance in the order of 16 if 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 
HALF-wAvE RECTIEIER 

320 
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32 
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124 

Full- Wave 
117 max. Volts 
0 min. Ohms 

. 75 max. Milliamperes 
may be necessary to use more 
the peak plate current to the 

OPERATION CHARACTERISTICS 
ruLL-wAn VOLTAGE DOUBLER 

TYPE 2'5Z6 Cq.20 VOLTS 
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112C-4557111 

AMPLIFIER TRIODE 
The 26 is an amplifier tube containing a 

filament designed for operation on alternating 
current. This tube is for use as an r- f or a-f 
amplifier in equipment designed for its char-
acteristics. The 26 is not ordinarily suitable 
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-

4 D teristics of the 26 are shown in Fig. 2-25, 
OUTLINES SECTION. The coated file. 

meat of the 26 should be operated at the rated voltage of 1.5 volts from the a-c line 
stap-dowa transformer. 

26 

tbrougb • 
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CHARACTERISTICS 

FILAMENT VOLTAGE (A.C. OT D.C.)   I.5 Volts 
FILAMENT CURRENT   ... 1.05 Amperes 
PLATE VOLTAGE. 'eJ 135 180 ma:. Volts 
GRID VOLTAGE*   - 7 -10 -14.5 Volt» 
PLATE CURRENT  2.9 5.5 6.2 Milliamperes 
PLATE RESISTANCE   8900 7600 7300 Ohms 
AMPLIFICATION FACTOR   8.3 8.3 8.3 
TRANSCONDUCTANCE   935 1100 1150 Micromhoe 

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

27 DETECTOR, AMPLIFIER 

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

5A 

CHARACTERISTICS 

HEATER VOLTAGE (A.C. OT D.C.).   2.5 Volts 
HEATER CURRENT  1.75 Amperes 
PLATE VOLTAGE*  90 135 180 250 Vol te 
GRID VOLTAGE}   -6 -9 -13.5 -21 Volt. 
PLATE CURRENT  2.7 4.5 5.0 5.2 Milliamperes 
PLATE RESISTANCE   11000 9000 9000 9250 Ohms 
AMPLIFICATION FACTOR   9 9 9 9 
TRANSCONDUCTANCE   820 1000 1000 975 Micromhos 
GRID-PLATE CAPACITANCE (Approx.).   3.3 ,if 
GRID-CATHODE CAPACITANCE (Approx.)   3.1 /Oil 
PLATE-CATHODE CAPACITANCE (Approx.)  2.3 iod 

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

INSTALLATION and APPLICATION 

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

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

As a detector, the 27 may be operated either with grid leak and condenser or with grid bias. 
The plate voltage for grid-leak-and-condenser detection is 45 volts. A grid leak of from 1 to 5 
megohms used with a grid condenser of 0.00025 id is suitable. For grid-bias detection, a plate 
voltage of 275 volts or less may be used. The corresponding grid bias should be adjusted so that 
the ate current, when no signal is being received, is approximately 0.2 milliampere. For the 
condition of 250 volts 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 Ion' -contact socket which should be 
mounted to hold the tube preferably in a 

vertical position. Horizontal operation is permissible if pins 1 and 4 are in a vertical plane. 
Physical characteristics of the 30 are shown in Fig. 2-19. OUTLINES SECTION. For filament 
aperation. reter to Type 1C7-G: for application, refer to Type 1H4-G. 

GRID-PLATE CAPACITANCE (Approx.)  
GRID-FILAMENT CAPACITANCE (Approx.)   
PLATZ-F :LAMENT CAPACITANCE (Approx.)   

4D 

ar) sal 
3.0 aril 
2.1 sel 
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POWER AMPLIFIER TRIODE 

'I he 31 is a power-amplifier tube of the 
three-electrode type for battery-operated 
receivers where economy of filament-current 

drain is important. 
The filament voltage and current are 2.0 

volts (d.e.) and 0.13 ampere, respectively. 
Characteristics at maximum plate volts of 

40 ISO and god-bias volts of -.e are: plate 
current. 12.3 milliamperes; plate resistance, 

3600 ohris; amplification factor, '3.8. transconcluctance, 1050 micromhos; load resistance. 5700 
ohms; undistorted power output. 0.375 watt. The base of the 31 fits the standard four-contact 
socket which should be mounted to hold the tube preferably in a vertical position Horizontal 
operation is permissible if pins 1 and 4 are in a vertical plane. Physical charactertstics of the 31 
are shown in Fig. 249, OUTLINES SECTION. For filament operation reter to ' Fyne 1C7-G. 

As a power amplifier, the 31 should be operated as shown under ClIARACUEPisTics 
Grid voltage may he obtained from a C- battery. in by means of a cathode-bias resistor connected 
in the negative plate-return lead. The latter method is required where a grid resistor tmaximum 
value 1 megohm) is used. It more output is desired than can be obtatied front a single 31, two 

31's may be operated either in parallel or push- Pull connection. 

SCREEN-GRID R-F AMPLIFIER 
The 32 is a screen-grid tube primarily for 

use as a radio frequency amplifier in battery-
operated receivers where economy of filament-
current drain is important. For base and socket 
mounting, see Type 30; for filament 6peration, 
see Type 1C7-G. Physica: characteristics of 
the 32 are shown in Fig. 2 22, OUTLINES 

. SECTION. For screen- voltage supply. shield-
ing, and application, see Type 1E5 GP. The 

4K dc resistance in the grid circuit of the 32 
ehould not exceed 2 meguhms. 

CHARACTERISTICS Volts 
FILAMENT VOLTAGE (D.C.) . ................................. 2.0 Ampere 

FILAMENT CURRENT ........................................ 
135 0.060 

PLATE VOLTAGE .... .. — ........................... ISO mas. Volts 
SCREEN VOLTAGE (Grit' . No. 2) ....................... 67.5 max. 67.5 ?MIX. VOILE 
GRID VOLTAGE (Grid No. I) ......................... Volts 
PLATE CURRENT .................................... 13 1.7 Milliamperes 
SCREEN CURRENT (Maximum) .......... . ........... . 0.4 0.4 N4illiampere 
PLATE RESISTANCE ................................. 0.95 1.2 NlegohrriS 
TRANSCONDUCIANCH ...... .... ...................... 640 650 Nlicroinho• 
Gam-PLATE CAPACITANCE (With shield-can). ................ 0.015 max. fimf 

INPUT CAPACITANCE . ................ ... .. .............. 5.3 µAsf 
OUTPUT CAPACITANCE.... .......... . ... .......... .. 10.5 eutf 

CI POWER AMPLIFIER PENTODE 

The 33 is a power-amplifier pentode for use 
in the output stage of battery-operated 

receivers where economy of battery con-
/ sumption is important. The base of the 33 fits 

the standard five-contact socket which should 
be installed to hold the tube in a vertical po-
sition. In sonic cases, cushioning of the 

f c.,3 socket may be found desirable. Physical char-
r- acteristics of the 33 are shown in Fig. 2-25. 

5K OUTLINES SECTION. For filament opera-
tion, refer to Type 1C7-G. 

CHARACTERISTICS 
FILAMPNT VOLTAGE ( D.C.) ... ............................... 2.0 Volts 
FILAMENT CURRENT ......... ................... . ......... 0.260 Ampere 
PLATE VOLTAGE 135 180 max. Volts 

Sargirst VOLTAGE (Grid No. 2) - • • . .............. 135 180 max. Volts 
GRID VOLTAGE* (GM No. 1) -13.5 -18 Volts PLATE CURRENT  14.5 22 NlilliamPeres 
SCREEN CURRENT   3 5 Milliamperes 
PLATE RESISTANCE (Approx .) ..................... 50000 Ohms 
TILANsCONDUCTANCX 1450 55100000 

Micromhos 

LOAD RESISTANCE   7000 6000 Ohms 
CATHODE-BIAS RESISTOR   770 6 it) Ohms 
Powxa Ourpcx (7% total harmonic distortion) .....   o - 1.4 Watts 

• D-c resistance in the grid circuit should not exceed 1.0 megohm under cathode-bias con-

ditioni: without cathode bisa, the maximum value is 0.5 megohm. 

__ 171 — 

31 

32 

33 

— 173— 

1.0 AJU volts 



RCA RECEIVING TUBE MANUAI. 

POWER AMPLIFIER TETRODE 
The 48 as a power amplifier tetrode which 

has pentode characteristica when operated 
at the recommended screen and plate volt-

48 aorar.eceIitveisrsfoàousrgoeino thteo aoudirootoeutrtuotmstaog,e 

power lines. The base of theP-te8 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 2 and 5 are in a ver- 6A 
tical plane. Phy-lc . 1 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 employin{ one or more ea's, the heater(s) of the 481s1 should 
be placed on the positive side of the line. rhe cathode circuit in d-c receivers is tied in either di-
rectly or through biasing resistors to the negative side of the heater circuit. The potential dif-
ference thus introduced between heater and cathode of the 48 should not exceed 90 volts, as 
measured between the negative heater termitril and the cathode. 

CHARACTERISTICS 

HEATER VOLTAGE (D.C.). 30 Volts 
BEATER CURRENT  0.4 Ampere 
PLATE VOLTAGE  96 125 max. Volts 
SCREEN VOLTAGE (Grid No. 2). 96' 100 max. Volt., 
GRID VOLTAGE (Grid No. In   -19 -20 Volts 
CATHODE-BIAS RESISTOR   310 310 Ohms 
PLATE CURRENT  52 56 Milliamperes 
SCREEN CURRENT   9 9.5 Milliamperes 
PLATE RESISTANCE  Subject to considerable variation 
TRANSCONDUCTANCR   3800 3900 Micromhoe 
LOAD RESISTANCE   1500 1500 Ohms 
POWER OUTPUT*   2 2.5 Watts 

: The d-c resistance in the grid circuit should not exceed 10000 ohmes. 
*9% total harmonic distortion. 

G5 

p@' 

49 

DUAL-GRID POWER AMPLIFIER 
The 49 is a double- grid power amplifier 

designed for use in battery-operated receivers 
employing 2- volt tubes. In such service, it 
may be used either as a class B output tube 
or, by a change of socket conditions, as a 
class A driver tube. The base of the 49 fits 
the standard five-contact socket which should 
be installed to hold the tube in a vertical po-
sition. Physical characteristics of the 49 are 
shown in Fig. 2-25, OUTLINES SECTION. 
For filament operation, refer to Type 1C7-G. 

*CHARACTERISTICS 

FILAMENT VOLTAGE (D.C.) • 
FILAMENT CURRENT   

2.0 Volts 
0.12 Ampere 

As Class B Rower Amplifier 

Grids No. I and No. Z connected together at socket 
PLATE VOLTAGE  180 max. 
PEAK PLATS CURRENT PER TUBE  50 max. 
TYPICAL OPERATION: 

Plate Voltage 
Grid Voltage  
Peak A-F Grid-to-Grid Voltage 70 
Zero-Signal Plate Current   2.6 8000 

2.3 

Values are for two tubes 

Effective Load Resistance (Plate-to- plate) 
Power Output (Approx.)   

PLATE VOLTAGE 
TYPICAL OPERATION: 

Plate Voltage   
Grid Voltage  
Plate Current  
Plate Resistance  
Amplification Factor  
Tranaconductance   
Load Resistance  
Power Output (Approx.) 

o Approximately twice this va:ue it recommended for load of this tube as driver for class 
stage. 

135 

As Driver — Class Ai Amplifier 

Grid No. 2 connected to plate at socket 

180 
o 
70 
4 

12000 
3.5 

02 

Volts 
Milliamperes 

Volts 
Volts 
Volts 
Milliamperes 
Ohms 
Watts 

135 max. Volts 

135 Volts 
-zo Volts 
6.0 Milliamperes 

4175 Ohms 
4.7 

1125 Micromhos 
11000* Ohms 
0.170 Watt 
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POWER AMPLIFIER TRIODE 
The 50 is a power-amplifier triode designed 

for use primarily in the output stage of an 
audio-frequency amplifier employing trans-
former coupling. It is capable of delivering 
large undistorted power. The base of the 50 
fits the standard four-contact socket which 
should be installed to hold the tube in a ver-
tical position with the base down. Physical 4D 
characteristics of the 50 are shown in Fig. 

2-29, OUTLINES SECTION. Any conventional type of input coupling may be used provided 
the resistance added to the grid circuit by this device does not exceed 10000 ohms. 

CHARACTERISTICS 
FILAMENT VOLTAGE (A.C. or DC)  
FILAMENT CURRENT   

50 

7.5 Volts 
1.25 Amperes 

PLATE VOLTAGE  350 400 450 max. Volts 
GRID VOLTAGE*   -63 -70 -84 Volts 

1400 1275 1530 Ohms 
45 55 55 Milliamperes 

1900 1800 1800 Ohms 
3.8 3.8 3.8 

TRANSCONDUCTANCE   2000 2100 2100 Micromhoo 
LOAD RESISTANCE   4100 3670 4350 Ohms 
UNDISTORTED POWER OUTPUT  2.4 3.4 4.6 Watts 

• Measured from mid-point of a-c operated filament. 

CATHODE RESISTOR. 
PLATE CURRENT  
PLATE RESISTANCE   
AMPLIFICATION FACTOR   

Par NC eL' 

G-7AC 

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 
receivers. Except for its heater rating 
of 50 volts and 0.15 ampere, the 
50L6-GT has electrical and physical 
characteristics identical with those of 
the 25L6-GT. For heater operation 

and cathode connection, refer to Type 25A6, but take into 
difference in heater rating. 

GT2 CT1 

PT2 TI 

CLASS B TWIN AMPLIFIER 

The 53 is a heater-cathode type of tube 
combining in one bulb two high-mu triodes 
designed for class B operation. It is intended 
primarily for use in the output stage of a-c 
operated receivers. Except for the heater 
rating of 2.5 volts and 2.0 amperes, the elec-
trical characteristics of the 53 are identical 
with those of the 6N7. Additional data is 

7B 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• 
ton. refer to Type 2A5. 

50L6-GT 

consideration the 

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-
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 2A5. 

53 

55 
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56 

DETECTOR AMPLIFIER TRIODE 

The 56 is a three-electrode tube of the 
heater-cathode type for use as a detector, 
amplifier, or oscillator in co-operated re-
ceivers. Except for ita heater rating and 
capacitances which are given below, the 56 
has electrical and physical characteristics 
identical with those of the Type 76. Operat-
ing conditions for the 56 as a resistance-
coupled amplifier are given in the RESIST-
ANCE-COUPLED AMPLIFIER CHART. 5A 

HEATER VOLTAGE (A.C. or D.C.).   2.5 VIALS 
HEATER CURRENT  1.0 Ampere 
GRID-PLATE CAPACITANCE (Approx.).   3.2 /tAil 
GRID-CATHODE CAPACITANCE (Approx.)   3.2 aid 
PLATE-CATHODE CAPACITANCE (APPT01)  2.2 aid 

TRIPLE-GRID DETECTOR 
AMPLIFIER 

The 57 is a triple-grid tube recommended 57 especially for service as a biased detector in 
s-c receivers. The 57 is constructed with an 
internal shield connected to the cathode 
within the tube. Except for its heater rating 
and capacitances which are given below, the 57 
has electrical characteristics identical with 
those of Type 6J7. Physical characteristics 6F 
of the 57 are shown in Fig. 2-20, OUTLINES 

SECTION. The base of the 57 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 screen voltage and shielding requirements, see Type 6C6. 

HEATER VOLTAGE (A.C. CIT D.C.)  2.5 Volts 
HEATER emtazirr  1.0 Ampere 
PENTODE CONNECTION: 

Grid-Plate Capacitance (With shield-can)   0.007 max. Mid 
Input Capacitance  
Output Capacitance   

TRIODE CONNECTION: 
Grid-Plate Capacitance   
Grid-Cathode Capacitance  
Plate-Cathode Capacitance 

62 63 

TRIPLE-GRID SUPER-CONTROL 
AMPLIFIER 

The 58 is a triple-grid super-control ampli-58 fier tube recommended especially for service 
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-
istics identical with those of Type 6U7-G. 

Physical characteristics of the 58 are shown in Fig. 2-20, OUTLINES SECTION. The base of 
the 58 fits the standard six-contact socket which may be installed to hold the tube in any position. 
For heater operation and cathode connection, refer to Type 2A5. For control grid bias variation, 
screen voltage, and suppressor connection, refer to Type 6SK7. Shielding requirements are 
similar to those for Type 6C6. 

HEATER VOLTAGE (A.C. or D.C.)  2.5 Volts 
HEATER CURRENT  1.0 Ampere 
GRID-PLATE CAPACITANCE ( With shield-cant   0.007 max. pod 
INPUT CAPACITANCE .   4.7 l4tf 
OUTPUT CAPACITANCE  6.3 .pf 

6.5 

2 
3 

10.5 

59 

TRIPLE-GRID POWER AMPLIFIER 
The 59 is a triple-grid power-amplifier tube 

of the heater-cathode type for use in the out-
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 clan A power 
amplifier triode, (2) a class A power-output 
pentode, and (3) a clan B power output 
triode. 

62 

6F 

GI 

63 

7A 
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CHARACTERISTICS 

HEATER VOLTAGE (A.C. OT D.C.)   2.5 Volta 
HEATER CURRENT  2.0 Amperes 

As Clou A1 Power Amplifier 

Triode Pentode 
Connaction° Connection`• 

PLATE VO-TAGE.   250 MIX. 250 max. Volte 
SCREEN VOLTAGE (Grid No. 2)  — 250 max. VOW) 
GRID VOLTAGE (Grid No. 1)   -28 -18 Volts 
CATHODE RESISTOR  1080 410 Ohms 
PLATE CUFRENT  26 35 Milliamperes 
SCREEN CURRENT   — 9 Milliamperes 
AMPLIFICA-ION FACTOR   6 — 
PLATE RESISTANCE .   2300 40000 Ohms 
TRANSCONLUCTANCE   2600 2500 Micromhos 
LOAD RESISTANCE   50008 6000 Ohms 
POWER OUTPUT   1.25 3f Watts 

As Clou II Power Amplifier — Triode Connection 

Grids No. I and No. 1 lied together, grid No. 3 tied to plate 

PLATE VOLTAGE  400 max. Volts 
PEAK PLATS CURRENT   200 max. Milliamperes 
AVERAGE PLATE DISSIPATION   10 max. Watts 
AVERAGE Gnm DISSIPATION (Grids No. 1 and No. 2)   1.5 max. Watts 
TYPICAL OPERATION: 

Values are for two tubes 
Plate Voltage   300 400 Volta 
Grid Voltage  0 0 Volt» 
Zero-Signal Plate Current   20 26 Milliamperes 
Effective Load Resistance (Plate- to- plate)  4600 6000 Ohms 
Power Output (Approx.)   15 20 Watts 

• Grids No. 2 and No. 3 tied to plate; grid No. 1 is control grid. 
•"' Grid No. 3 tied to cathode: grid No. 1 is control grid; grid No. 2 in screen. 
• Optimum for max'Imum undistorted power output of 1.25 watts Approximately twice 

this value in recommended for load of this type as driver for clue B stage. 
t 7% teal harmonic distortion. 

INSTALLATION and APPLICATION 

The base of the 59 fits the seven-contact (0.855- inch pin-circle diameter) socket which may 
be installed to hold the tube in any position. Physical characteristic, of the 59 are shown in Fla. 
2-27, OUTLINES SECTION. For heater operation and cathode connection, refer to Type 2A5. 
The d-c resistance in the grid circuit of the 59 operating as a class A amplifier (either with triode 
or pentode connection) should not exceed 0.5 rnegohm if cathode bias is used. With fixed bias, 
the resistance should not exceed 10000 ohms. 

POWER AMPLIFIER TRIODE 

The 71-A is a power-amplifier tube of low-
output impedance for use in the output stage 
of audio-frequency amplifiers. The base of 
the 71-A fits the standard four-contact socket 
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 
of the 71-A may be operated from a storage 

battery or from the a-c line through a step-down transformer. 

CHARACTERISTICS 

71-A 

FILAMENT VOLTAGE (A.C. Or D.C.)   5.0 Volta 
FILAMENT CURRENT   0.25 Ampere 
PLATE VOLTAGE.   90 135 180 max. Volta 
GRID VOLTAGE.   -16.5 -27 -40.5 Volts 
CATHODE RESISTCR  1600 1700 2150 Ohms 
PLATE CURRENT  10 17.3 ZO Milliamperes 
PLATE RESISTANCE   2170 1820 1750 Ohms 
AMPLIFICATION FACTOR   3 3 3 
TRANSCONDUCTAN2E   1400 1650 1700 Micromboe 
LOAD RESISTANCE   3000 3000 4800 Ohms 
UNDISTORTED POWER OUTPUT  0.125 0.4 0.79 Watt 

• For operation on a-c filament supply, increase grid-bias voltage 2.5 volts. The d-c realit-
age II the crid circuit should not exceed 0.5 megohm. 
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75 

DUPLEX-DIODE HIGH-MU 
TRIODE 

The 75 is a heater-cathode type ot tube 
consisting of two diodes and a high-mu triode 
in a single bulb. It is for use as a combined 
detector, amplifier, and automatic-volume-
control tube. For diode-detector considera-
tions, refer to RADIO TUBE APPLICA-
TIONS section. Except for capacitances 
which are given below, the electrical charac- 60 
teriatics of the 75 are the same as those of 

Type tiSQ7. 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. 

Triode: GRID- PLATE CAPACITANCE (Approx.)   1.7 
GRID-CATHODE CAPACITANCE (Approx.)  1.7 
PLATE-CATHODE CAPACITANCE ( Approx.)  3.8 

76 

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 
which are shown below, the electrical char-
acteristics of the 76 are the same as those of 
Type 6P5-G. The base of the 76 fits the 
standard five-contact socket which may be 
installed to hold the tube in any position. 
Physical characteristics of the 76 are shown 
in Fig. 2-19, OUTLINES SECTION. 

GRID-PLATE CAPACITANCE (Approx.).   
GRID-CATHODE CAPACITANCE (Approx.)   
PLATE-CATHODE CAPACITANCE (AWOL)  

77 

TRIPLE- GRID DETECTOR AMPLIFIER 

The 77 is a triple-grid tube recommended 
for service as a biased detector in radio re-
ceivers designed for its characteristics. In 
such service, this tube is capable of deliver-
ing a large audio-frequency output voltage 
with relatively small input voltage. Other 
applications of the 77 include its use as a low-
signal-input screen-grid amplifier tube and 
as an automatic-volume-control tube. The 

base of the 77 fits the standard six-contact socket which may be installed to hold the tube in any 
position. Physical characteristics of the 77 are shown in Fig. 2-16, OUTLINES SECTION. For 
heater operation and cathode connection, refer to Type 6A8. Shielding and screen voltage 
requirements are similar to those for Type 6C6. For detector operation, see Type 6J7. 

Pr 
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*CHARACTERISTICS 

HEATER VOLTAGE (A.C. or D.C.).   6.3 Volts 
HEATER CURRENT   0.3 Ampere 
GRID-PLATE CAPACITANCE (WW1 shield-can)  0.007 max. "Id 
INPUT CAPACITANCE   4.7 oaf 
OUTPUT CAPACITANCE  11 MIII 

As Clou Ai Amplifier 

PLATE VOLTAGE  
SCREEN VOLTAGE (Grid No. 2)  
SCREEN SUPPLY VOLTAGE  
GRID VOLTAGE (Grid No. 1) 
PLATE DISSIPATION  
SCREEN DISSIPATION  
TYPICAL OPERATION: 

Plate Voltage   
Screen Voltage  
Grid Voltage;  
Suppressor  
Plate Current  
Screen Current  
Plate Resistance (Approx.) 
Transconductance   1100 1200 
Grid Voltage (Approx.) for cathode-current cut-off  -5.5 -7.5 
:The d-e resistance in the grid circuit should not exceed 1..0 megolim. 
t Greater than 1.0 megohm. 

300 max. 
100 max. 
300 max. 

0 min. 
0.75 max. 
0.1 max. 

Volts 
Volts 
Volte 
Vol ts 
Watt 
Watt 

100 250 Volts 
so Loo Volts 
-1.5 -3 Volta 

Connected to cathode at socket 
1.7 2.3 Milliamperes 
0.4 0.5 Milliamperes 
5.6 + Megohm 

Micrombos 
Volta 
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AVERAGE PLATE CHARACTERISTICS 
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G3 TRIPLE-GRID SUPER-CONTROL 
AMPLIFIER 

The 78 is a triple-grid super-control ampli-
fier tube recommended for service in the 
radio- frequency and intermediate-frequency 78 
amplifier stages of radio receivers. The 

6 )  internal shield around the plate of the 78 is 
connected to the cathode within the tube. 
Except for capacitances which are shown 

6F below, the electrical characteristics of the 78 
are the tame as those for the 6K7. The base 

of the 78 fits the standard six-contact socket which may be installed to hold the tube in any 
position. Phystal characteristics of the 78 are shown in Fig. 2-16, OUTLINES SECTION. 
Heater operation and cathode connection are the same as for the Type 6A8. Control-grid bias 
variation, screen-voltage supply, and suppressor connection follow the methods given under 
Type 6SK7. Shielding requirements are similar to those of 'Type 6C6. 

GRID-PLATE CAPACITANCE*  0.007 max. yid 
INPVT CAPACITA:4CE* 4.5 aid 

OUTPUT CAPACITANCE*  11 Aid 

• With close-fitting shield connected to cathode. 

b60 

92C- I 279 

GT2 
(1.1 CLASS B TWIN AMPLIFIER 

'Die 79 is a heater-cathode type of tube 
PT2 «I.' combining in one bulb two high-mu triodes 

designed for class B operation. It is intended 79 
for use in the audio-output stage of radio 
receivers with 6.3- volt heater supply. The 
triode unite have separate external terminals 
for all electrodes except the cathode and 

6H heater so that circuits employing the 79 are 
similar to those of class It amplifiers utilizing 

individual tubes in the output stage. The base of the 79 fits the standard six-contact socket 
which may be installed to operate the tube in any position. Physical characteristics of the 79 
are shown in Fig. 2-16, OUTLINES SECTION. For heater operation and cathode connection, 
refer to Type 6A8, but give consideration to the greater heater current of the 79. 

HEATER VOLTAGE ( A.C. or D.C.) 
HEATER CURRENT.   

CHARACTERISTICS 

6.3 Volta 
06 Ampere 

As Class B Power Amplifier 

PLATE VOLTAGE  250 max. Volts 
PEAIC PLATE CURRE VT PER PLATE  90 max. Milliamperes 
AVERAGE PLATE DISSIPATION   11.5 max. Watts 

TYPICAL OPERATION. 
Values are for the two units 

Plate Voltage   180 250 Volta 
Grid Voltage  O O Volts 
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Zero-Signal Plate Current   7.6 10.6 Milliamperes 
Effective Lead Resistance ( Plate-to-plate)  7000 14000 Ohms 
Power Output (Approx.)*   5.5 8 Watts 

• With average power input of 380 milliwatts applied between grids. 

FULL-WAVE HIGH-VACUUM 

RECTIFIER 

80 The 80 Is a full-wave rectifying tube 
of the filament type for use in d-c 
power-supply devices which operate 
from the a-c supply line. Its maximum 
ratings and typical operating condi-

tions are the same as those for Type 5Y3-G. The base of the 80 fits the standard 
four-pin socket which should be installed to hold the tube preferably in a vertical 
position. Horizontal operation is permissible if pins 1 and 4 are in a horizontal 
plane. Physical characteristics of the 80 are shown in Fig. 2-25, OUTLINES 
SECTION. Filament operation and ventilation are the same as for Type 5T4. 

HALF-WAVE HIGH-VACUUM 
RECTIFIER 

The 81 is a half-wave rectifier of the fila-

81 operating from the a-c supply line. Full-
ment type for use in d-c power-supply devices 

wave rectification may be accomplished by 
the use of two 81s. The base of the 81 fits 
the standard four-contact socket which 
should be mounted to hold the tube prefer-
ably in a vertical position. Horizontal opera-
tion is permissible if pins 1 and 4 are in a 

vertical plane. Physical characteristics of the 81 are shown in Fig. 2-29, OUTLINES SECTION. 

4C 

CHARACTERISTICS 

FILAMENT VOLTAGE (A.C.) 
FILAMENT CURRENT   

48 

7.5 Volts 
1.25 Amperes 

As Half-Wave Rectifler 

PEAL INVERSE VOLTAGE  2000 max. VOID! 
PLAY PLATE CURRENT   500 max. Milliampere+ 
TYPICAL OPERATION W ITH CONDENSER-INPUT FILTER: 

A-C Plate Voltage (RMS)  700 max. Volts 
D-C Output Current  

OPERATION CHARACTERISTICS 
CONDENSER INPUT 70 FILTER 
1111 

TYPE 811 
-E , = 7.5 VOLTS A.C. 
—FULL. WAVE 
--- HALF WAVE - 
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FULL-WAVE MERCURY-VAPOR 
RECTIFIERS 

The 82 and 83 are full- wave mercury-vapor 
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-
cellent voltage-regulation characteristic of 
these tubes is due to the low and practically 
constant tube voltage drop for any current 
drain up to the full emission of the filament. 

*CHARACTERISTICS 

FILAMENT VOLTAGE (AC) 
FILAMENT CURRENT   

82 

83 

Type 82 Type 83 
2.5 5 Volta 

3 3 Amperes 

As Fulf-Wave Rectifiers 

PEAK INVERSE VOLTAGE 1550 max. 1550 max. Volts 
PEAK PLATE CURRENT PER PLATE  345 max. 675 max. Milliamperes 
CONDENSED-M ERCURY TEMPERATURE RANGE .   24 -60 20 -60 ''C 
TYPICAL OPERATION W ITH CONDENSER-INPUT FILTER: 

A-C Plate Voltage per Plate ( RMS)   450 max. 450 max. Volts 
Total Effective Plate-Supply Impedance per PlateL.. 50 min. 50 min. Ohms 
D-C Output Current.   115 max. 225 max. Milliampere' 

TYPICAL OPZRATION W ITH CHOKE-INPUT FILTER: 
A-C Plate Voltage per Plate ( RMS)   550 max. 550 max. Volts 
Input-Choke Inductance   6 min. 3 min. Henries 
D-C Output Current.   115 max. 225 max. Milliamperes 

TUBE VOLTA:01 DROP (Approx.)   15 15 Volts 
: When a filter-input condenser larger than 40 pf is used, it may be necessary to use more 

plate-supply impedance than the minimum value shown to limit the peak plate current to the 
rated 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 tzbe 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 enerheating at the pins, lowered filament véltage, and high internal drop 
with consequent injury to the tube. Adequate natural ventilation should be provided for the 82 
and 83, especially if shielding is used. Physical characteristics of the 82 and 83 are shown in 
Figs. 2-25 and 2-27, respectively, in the OUTLINES 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 resittance 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 
increaae rapidly and the filaments may be damaged permanently. 

The coateC filament to designed to operate from the a-c line through a step-down transformer. 
The voltage at the filament terminals should be the rated value under operating conditions with 
a line voltage eit 117 volts The high current taken by the filament and the possibility of danaage 
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 wmdings should, of course, be low if full advantage of the excellent regulation 
capabilitiea of tiese 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 tri the transformer and/or the filter windings. The 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 ia"turned on and are ready to supply full-load current before the tubes in the receiver 
require it. 

Shielding of this tube, particularly in sensitive receivers, may be necessary to eliminate 
objectionable noise. Refer tc Filters in the RADIO TUBE APPLICATIONS section. 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. // is recommended that the entire equipment be disconnected from 
the o-c power supp.y whenever the 82 and 83 are remored from 07 installed in their sockets. 

As half-wave rectifiers, the 82 and 83 may be operated with plates connected in parallel 
Two 82's or 83's SC connected in a full- wave circuit can supply twice the output current of a single 
tube. Both plates within the same tube should be connected to the same terminal of the plate 
transformer. To equalize the current distribution between plates, a resistor of not less than SC 
ohms should be connected in series with each plate. 
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83-v 

FULL-WAVE HIGH-VACUUM 
RECTIFIER 

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 

requirements. The excellent voltage-regulation characteristic of the 83-v is due 
to the close spacing of the cathode and plate. Maximum ratipgs 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, 
OUTLINES SECTION. Heater operation and ventilation are the same as for 
the 5V4-G. 190, 

84/6Z4 

FULL -WAVE HIGH -VACUUM 

RECTIFIER 

The 84/6Z4 is a full-wave rectifier 
of the heater-cathode type intended 
for supplying rectified power to auto-
mobile-radio equipment designed for 
its characteristics. 

* CHARACTERISTICS 
HEATER VOLTAGE (A.C. or D.0  )  6.3 Volts 
HEATER CURREXT   0.5 Ampere 

As Full-Wave Rectifier 
PEAK INVERSE VOLTAGE  1250 max. Volts 
PFAK PLATE CURRENT PER PLATE   180 max. Milliamperes 
D-C HEATER-CATHODE POTENTIAL  450 max. Volts 
TYPICAL OPERATION WITH CoNDENSER-INPUT FILTER: 

A-C Plate Voltage per Plate (RMS)  325 mar. Volts 
Total Effective Plate-Supply Impedance per Plate:  125 min. Ohms 
D-C Output Current  60 max. Milliamperes 

TYPICAL OPERATION WITH CHOKE-INPUT FILTER: 
A-C Plate Voltage per Plate (RMS)  450 max. Volts 
Input-Choke Inductance  10 min. Henries 
D-C Output Current  60 max. Milliamperes 

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

4AD 

INSTALLATION and APPLICATION 

The base of the 84/6Z4 fits the standard five-
contact socket which may be mounted to hold the 
tube in any position. Physical characteristics of 
the 84/6Z4 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 
maximum of 7.5 volts. Adequate ventilation should 
be provided for cooling the tube by the use of 
chassis enclosures designed to radiate heat efficiently. 
Filters are discussed in the RADIO TUBE AP-
PLICATIONS section. 
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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 
single bulb for use as a combined detector, 
amplifier and automatic-volume-control tube. 
For diode-detector considerations and for a 
discussion of automatic volume con rol, refer 
to RADIO TUBE APPLICATIONS section. 

CHARACTERISTICS 

85 

HEATER VOLTAGE ( A.C. Or (IC) •   6.3 Volts 
HEATER CURRENT  03 Ampere 
Triode. GRID PLATE CAPACITANCE (AWOL)   1.5 mid 

GRID- CATHODE CAPACITANCE (Approx.)   1.5 mid' 
PLATE CATHODE CAPACITANCE (Approx.)  4.3 ,,,ef 

Triode Unit— As Class Al Amplifier 

135 180 250 max. Volts 
-10.5 -13.5 -20 Volts 

AMPLIFICATION FACTOR   8.3 8.3 8.3 
PLATE RESISTANCE   11000 8500 7500 Ohms 
TRANS•ZONDUCTANCE  750 975 1100 Micromhos 
PLATE CURRENT  3.7 fi 0 80 Milliamperes 
LOAD RESISTANCE . 25000 20000 20000 Ohms 
Powse OUTPUT . 0.075 01m, 0.35 Watt 

Diode Units 

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

INSTALLATION and APPLICATION 

The base of the 85 fits the standard six-contact socket which may be installed to hold the 
tube in any position. Physical characteristics of the 85 are shown in Fig. 2-16, OUTLINES 
SECTION. For heater operation and cathode connection, refer to Type 6A8. Complete shield 
lag of detector circuits employing the 85 is generally necessary to prevent r- f or i-f coupling between 
the diode circuits and the circuits of other stages Diode biasing of the triode unit may be em-
ployed only when at least 20000 ohms resistance is used in the plate circuit. Conditions for the 
use a the triode unit as a resistance-coupled amplifier are given in the RESISTANCE-COUPLED 
AMPLIFIER CHART. 

PLATE VOLTAGE. 
GRID VOLTAGE. 

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. 
The triple-grid construction of this tube, 
with external connections for each grid, makes 
possible its application as ( 1) a class A power-
amplifier trio, (2) a class A power-output 
pentode, and (3) a class B power-output 
triode. 

CHARACTERISTICS 
HEATER VOLTAGE (A.C. or D.C.).   
HEATER CURRENT  

Class Ai Power Amplifier — Triode Connection 

Grids No. 2 and No. 3 tied lo plate 
PLATE VOLTAGE.   160 180 250 max. Volte 
Gam VOLTAGE (Grid No. 1)   -20 -22.5 -31 Volts 
CATHODE RESISTOR  1180 1125 970 Ohms 
KATE CURRENT  17 20 32 Milliamperes 
AMPLIFICATION FACTOR   4.7 4.7 4.7 
PLATE RESISTANCE   3300 3000 2600 Ohms 
rRANSCONDUCTANCE . . 1425 1550 1800 Micromhos 
LOAD RESISTANCES . . 7000 6500 5500 Ohms 
UNDISTORTED POWER OUTPUT . .... . 0.3 0.4 0.9 Watt 

• Optimum for maximum undistorted power output. Approximately 
given set of conditions is recommended for load of this tube when used as 

Class Ai Power Amplifier — Pentode Connection 

Grid No. 3 tied to cathode 
?LATE VOLTAGE  100 135 180 250 max. Volts 
SCREEN VOLTAGE (Grid No. 2) 100 135 180 250 max. Volta 
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GRID VOLTAGE (Grid No. 1)   -10 -13.5 -18 -25 Volts 
CATHODE RESISTOR  900 830 785 670 Ohms 
PLATE CURRENT  9.5 14 20 32 Milliamperes 
SCREEN CURRENT . 1.6 2.2 3.0 5.5 Milliamperes 
PLATE RESISTANCE   104000 92500 80000 70000 Ohms 
TRANSCONDUCTANCE   1200 1350 1550 1800 Micromhoe 
LOAD RESISTANCE   10700 9200 8000 6750 Ohms 
POWER OUTPUT.   0.33 0.75 1.5 3.4 Watts 

• 9% total harmonic distortion 

Class B Power Amplifier — Triode Connection 
Grids No. I and No 2 tied together; grid No. 3 tied to plate 

PLATE VOLTAGE  250 max. VOHS 
PEAL PLATE CURRENT (Per tube)   90 max. Milliampere 
AVERAGE GRID DISSIPATION (Grids No. 1 and No. 2)   0.35 max. Watt 
TYPICAL OPERATION: 

Values are for two tubes 
Plate Voltage   180 Volts 
Grid Voltage  0 Volts 
Peak-A-F Grid-to-Grid Voltage   68 Volts 
Zero-Signal Plate Current   6 Milliamperes 
Effective Load Resistance (Plate-to-plate)  9400 Ohms 
Total Harmonic Distortion   8 Per cent 
Power Output (Approx.) .   3.5 Watts 

INSTALLATION AND APPLICATION 

The base of the 89 fits the standard six-contact socket which may be installed to hold the 
tube in any position. Physical characteristics of the 89 are shown in Fig. 2.16, OUTLINES 
SECTION. Sufficient ventilation should be provided to circulate air freely around the tube to 
prevent overheating. For heater operation and cathode connection, refer to Type 6K6-G. 

The d-c resistance in the grid circuit of the 89 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. 

V99 

X99 

112-A 

DETECTOR AMPLIFIER TRIODES 

The V99 and X99 are general-purpose 
triodes designed for dry-cell operation, and 
used chiefly for renewal in receivers designed 
for them. The two types have different bailee. 
Operating conditions as amplifiers: max. plate 
volts of 90, grid bias of -4.5 volts; as grid-
leak detectors, plate volts of 45, grid leak of 
1 to 5 megohms, grid condenser of 0.00025 bi f. 
and grid return to ( filament: as biased 
detectora, max. plate volta of 90, bias of - 10.5 
volts. Filament volts, 3.0-3.3; amperes. 0 060-
0.063. For dimensions of the V99 and X99 
see Figs. 2-10 and 2-12, respectively in the 
OUTLINES SECTION. The V99 and X99 
are discontinued types; they are retained for 
reference only. 

DETECTOR AMPLIFIER TRIODE 
The 112-A is a general-purpose triode de-

signed for storage battery operation and 
used principally for renewal purposes. Oper-
ating conditions as amplifier: max. plate 
volts of 180, grid bias of - 13.5 volte, 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. The 112-A 
is a discontinued type; it is retained for ref-
erence only. 

40 

Type X99 

OP 

4E 

Type V99 

40 
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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-c 874 
load current. This type is used principally for 
renewal purposes. The base of the 874 flu 
the standard four-contact socket. Pins 
No. 2 and No. 4 are connected together within 

4S 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-
acteristics of the 874 are shown in Fig. 2 28, OUTLINE.8 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 
OPERATING VOLTAGE ( D.C.)   90 Volts 
OPERATIVG CURRENT (D.C.)   10 to 50 Milliamperes 

50 max. Milliamperes CONTINUOUS CURRENT (D.C ) 

CURRENT REGULATORS 

The 876 and 886 are, within their ranges of operation, constant. 
current regulating devices. These two types are used principally for 
renewal purposes. The bases of these types fit the standard mogul 
screw socket which may be installed to hold the tubes in any position. 
These tubes operate at a high bulb temperature and must be surrounded 
by a metal ventilating stack The 8.6 and 886 are discontinued types: 
they are retained for reference only 

876 

886 

CHARACTERISTICS 

Type 876 Type 886 
VOLTAGE ;( ANGE   et) to 60 40 to 60 Volts 
OPERATING CURRENT   1.7 205 Amperes 
AMBIENT TEMPERATURE  150 150 °F 
M AXIMUM OVERALL LENGTH  8 8 Inches 
M AXIMUM DIAMETER   2- /,4 2- T'g Inches 
BASH   Mogul Screw Mogul ..-crew 

G3 

TELEVISION AMPLIFIER 

PENTODE 

The 1851 is a pentode of the heater- 1 851 
cathode type for use in television re-
ceivers. Except for capacitances which s re-

t,  shown below, the electrical char-
7p acteristics of the 1851 are identical 

with those of the 6AC7/1852. Physical characteristics of the 1851 are shown in 
Fig. 1-8. OUTLINES SECTION. 
GRID-PLATE CAPACITANCE°   0.02 max. on ( 
INPUT CAPACITANCE'  11.5 gmf 
OUTPUT CAPACITANCE°   5 2 mid 

° With shell connected to cathode. 
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LAVA• MICA•TIN• SODIUM CARBONATE • MO N E L• SIL V ER OXI DE 

SODIUM ALUMINUM FLUORIDE • RESIN ( SYNTHETICI • ETHYL ALCOHOL 

MATERIALS USED IN RCA RADIO TUBES 
LEAD ACETATE • MALACHITE GREEN • GLYCERINE • ZINC CHLORIDE • IRON 

MARBLE DUST • WOOD FIBER• STRONTIUM NITRATE • LEAD OXIDE • ZINC OXIDE 

MISCH METAL • NIGROSI NE • PORCELAIN . PETROLEUM JELLY • ZINC 

BARIUM CARBONATE 

ARSENIC TRIOXIDE AMMONIUM CHLORIDE 

CALCIUM CARBONATE 

STRONTIUM CARBONATE 

ISOLANTITE 

MOLYBDENUM 

ALUMINA 

BOR A X 

BARIUM 

COPPER 

CARBON 

CHROMIUM 

CALCIUM 

CAESIUM 

COBALT 

SODIUM 

NITRATE 

MERCURY 

CALCIUM 

OXIDE 

BARIUM 

NIT RATE 

GRIDS 

Diameters 
measured to 
0 001 inch 

r-i00E • SLEEVE 
WALL 

Approximately 
0.002 inch thick 

PRESSURE 

V100,000,000 that 
of atmospheric pres-

sure at sea level 

BULB 

Inspected under 
polarized light 

for strains 

oases Used in eXanufacture 
NEON — HYDROGEN — CARBON DIOXIDE — ILLUMINATING GAS 

HEUUM — ARGON — NATURAL GAS — NITROGEN — OXYGEN 

POTASSIUM CARBON ATE 

PLATE 

Diameter 
gauged to 
0.002 inch 

CATHODE COATING 

Weight variation 
less than 

0.00007 oz. 

GRID WIRE  

Diameter does 
not vary more than 

0 00009 inch 

HEATER WIRE 

Diameter does 
not vary more than 
0.00002 inch 

BAKELITE 

PHOSPHORUS 

SILICON 

SHELLAC 

TUNGSTEN 

TITANIUM 

SILICA 

GLASS 

MAGNESIA 

PLATINUM 

STRONTIUM 

MAGNESIUM 

ROSI N 

NICKEL 

COBALT 

OXIDE 

THORIUM 

NITRATE 

Elements Entering into the Atanufacture 

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 — STRONTIUle — TUNGSTEN — THORIUM — TANTALUM — TITANIUM -- TIN — ZINC — RARE EARTHS 
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Radio Tube Testing 
The radio tube user — service man, experimenter, and non-technical radio 

listener — is interested in knowing the condition of his tubes, since they govern 
the performance of the device in which they are used. In order to determine the 
condition of a tube, some method of test is necessary. Because the operating 
capabilities and design features of a tube are indicated and described by its electrical 
characteristics, a tube is tested by measuring its characteristics and comparing them 
with representative values established as standard for that type. Tubes which read 
abnormally high with respect to the standard for the type are subject to criticism 
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 greater than the accuracy of the correlation between test results and 
receiver peiformance, and since certain fundamental characteristics are virtually 
fixed by the manufacturing technique of leading tube manufacturers, it is possible 
to employ a relatively simple test in order to determine the serviceability of a tube 

In view of these factors, dealers and service men will find it economically 
expedient to obtain 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 cir:uit is suitable for tetrodes and types having less than four electrodes, tubes 
of more electrodes may be tested by adding more indicator lamps to the circuit. 
Voltages are applied between the various electrodes with lamps in series with the 
electrode leads. Any two shorted electrodes complete a circuit and light one or 
more lamps. Since two electrodes may be just touching to give a high-resistance 
short, it is desirable that the indicating lamps operate on very low current. It is 
also desirable to maintain the filament or heater of the tube at its operating tem-
perature during the short-circuit test, because short-circuits in a tube may sometimes 
occur only when the electrodes are heated. 

SELECTION OF A SUITABLE CHARACTERISTIC FOR TEST 

Some characteristics of a tube are far more important in determining its 
operating worth than are others. The cost of building a device to measure any one 
of the more important characteristics may be considerably higher trtan that of a 
device which measures a less representative characteristic. Consequently, three 
methods of test will be discussed, ranging from relatively simple and inexpensive 
equipment to more elaborate, more accurate, and more costly devices. 

An emission test is perhaps the simplest method of indicating a tube's condi-
tion (Refer to DIODES, Page 5, for a discussion of electronic emission.) Since 
emission falls off as the tube wears out, low emission is indicative of the end of tube 
serviceability. However, the emission test is subject to limitations because it tests 
the tube under static conditions and does not take into account the actual operation 
of the tube. On the one hand, coated filaments, or cathodes, often develop active 
spots from which the emission is so great that the relatively small grid area adjacent 
to these ;pots 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 66 
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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 so reduced 
that the tube is no longer able to function properly. 

Fig. 64 Fig. 65 

A transeonduetance test takes into account a fundamental operating principle 
of the tube. (This will be seen from the definition of transconductance on page 
1 l 1 It follows that transconductance tests when properly made, permit better 
correlation between test results and actual performance than does a straight 
emission test 

There are two forms of transconductance test which can be utilized in a tube 
tester In the first form (illustrated by Fig 66 giving a fundamental circuit with 
a tetrode under test), appropriate operating voltages are applied to the electrodes 
of the tube. A plate current depending upon the electrode voltages, will then be 
indicated by the meter. If the bias on the grid is then shifted by the application 
of a different grid voltage, a new plate-current reading is obtained. The difference 
between the two plate-current readings is indicative of the trànsconductance of the 
tube. This method of transconductance testing is commonly called the "grid-shift" 
method, and depends on readings under static conditions. The fact that this form 
of test is made under static conditions imposes limitations not encountered in the 
second form of test made under dynamic conditions. 

The dynamic transconductance test illustrated in Fig. 67 gives a fundamental 
circuit with a tetrode under test. This method is superior to the static transcon-
ductance test in that a-c voltage is applied to the grid. Thus, the tube is tested 

DIRECT.. 
CURRENT 
MEIER 

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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(d-c current in amperes)2 X load resistance in ohms 

Fig. 68 

RC A ECEIVING TUBE MANUAL 

gild the plate-current-meter reading in milliamperes multiplied by one thousand 
is t'e value of transconductance in micromhos 

The power output test probably gives the best correlation between test results 
or.d actual operating performance of a tube. In the case of voltage amplifiers, the 
power output is indicative of the amplification and output voltages obtainable from 
the tube. In the case of power output tubes, the performance of the tube is closely 
checked. Consequently, although more complicated to set up the power output 
test will give closer correlation with actual performance than any other single test 

Fig. 68 shows the fundamental circuit of a power output test for class A opera-
tion of tubes. The diagram illustrates the method for a pentode. The a-c output 
roltage developed across the plate-load impedance (L) is indicated by the current 
fletes'. The current meter is isolated as far as the d-c plate current is concerned 
by the condenser (C). The power output can be calculated from the current 
reading and known load resistance. In this way, it is possible to determine the 
operating condition of the tube quite accurately. 

Fig. 69 shows the fundamental circuit of a power output test for class B opera-
tion of tubes. With a-c voltage applied to the grid of the tube, the current in the 
plate circuit is read on a d-c milliammeter. The power output of the tube is approx-
imately equal to. 

Power output (watts) •• 
0.405 

Fig. 69 

ESSENTIAL TUBE TESTER REQUIREMENTS 

I. 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 
electrodes of the tube be provided. If the tester is a c operated, a line-voltage 
control will permit of supplying proper electrode voltages. 

3. It is essential that the rated voltage applied to the filament or heater be 
maintained accurately. 

4. It is suggested that the characteristics test follow one of the methods 
described. The method selected and the quality of the parts used in the test will 
depend upon the requirements of the user 

TUBE TESTER LIMITATIONS 

A tube testing device can only indicate the difference between a given tube's 
characteristics and those which are standard for that particular type. Since the 
operating conditions imposed upon a tube of a given type may vary within wide 
limits, it is impossible for a tube testing device to evaluate tubes in terms of per-
formance capabilities for all applications. The tube tester, therefore, cannot be 
looked upon as a final authority in determining whether or not a tube is always 
satisfactory. Actual operating test in the equipment in which the tube is to be used 
will give the best possible indication of a tube's worth. Nevertheless, the tube 
tester is a most helpful device for indicating the serviceability of a tube. 
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RESISTANCE-COUPLED AMPLIFIER CHART 

C Blocking Condenser (11) 
Cc - Cathode By-Pass Condenser (P0 
Cd - Screen By-Pass Condenser (of) 
Ebb Plate-Supply Voltage (Volts) 
Eo = Voltage Output (Peak Volts) 

Rc = Cathode Resistor (Ohms% 
Rd Screen Resistor (Megoln-is) 
Rg = Grid Resistor (Megohms) 
RL Plate Resistor (Megohms) 
V.G. Voltage Gain 

2A6, 2B7: See 6SQ7 and 6B8, respectively. 
6A61. 6116-G. 687: See 6N7, 6SQ7, and 6B8, respectively. 

6B8, 6B8-G, 12C8, 6B7. 2B7: 

Ebb' 90 180 300 

Rt. 0.1 0.25 0.5 0.1 0.25 0.5 0.1 0.25 0.5 

Rg2 0.25 0.5 I 0.25 0.25 0.5 1 1 0.25 0.5 1 

Rd 0.5 1.1 2.8 0.5 1.18 1.2 1 5 2.8 055 1 2 2.9 

Rc 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 0.04 0.09 006 005 

Cc 3 2.1 1.55 4.4 2.7 3.2 3 2 5 3.5 2.3 

C 0.01 0.007 0.003 0.015 0.01 0.007 0003 0.003 0.015 0.008 0.003 

Eel 28 33 29 52 39 55 53 55 89 100 120 

V.G.' 33 55 85 41 55 69 83 115 47 79 150 

6C5, 6C5-G. (6C6, 6J7, 6.17-G, 6J7-GT, 6W7-G, 12J7-GT, 57 as triodes): 

Ebb' 90 180 300 

Kt 005 0.1 025 005 0 I 025 005 0.1 0.25 

Re 0.1 0.25 0.5 0.1 0.1 025 0 5 0.5 0.1 025 0.5 

Rc 3400 6400 14500 2700 3900 5300 6200 12300 2600 5300 12300 
0.59 

Cc 1.62 084 04 2 I 1 7 1.25 1.2 055 2.3 1.3 
0.008 

C 0.025 0.01 0.006 0.03 0 035 0 015 0.008 0.008 0.04 0.015 
85 

Ea' 17 22 23 45 41 54 55 52 70 84 

VG' 9 11 12 11 12 12 13 13 11 13 14 

6C6: As pentode see 6J7: as triode see 6C5 

6C8-G one triode unit)tt 

Ebb' 90 180 300 

Ri 0.1 0.25 0.5 0.1 0.25 0.5 0.1 0.25 0.5 

Re 025 05 1 0.25 025 0.5 I 1 0.25 05 1 
11500 

Rc 3700 7870 15000 3080 5170 6560 7550 12500 2840 6100 
0 48 

Cc 1.48 081 0.43 1 84 1 25 095 0.85 0.5 2.01 096 
0 004 

C 0.0115 0.0065 0 0035 0.012 0.012 0 007 0.0035 0.004 0.013 0 0065 
83 

Ed' 17 19 20 40 35 45 50 44 73 RO 
27 

V.G a 20 23 24 22 24 25 26 26 23 26 

22 The cathodes of the two units have separate terminale 

For other notes. see page 203 



RCA RECEIVING TUBE MANUAL 

6F5, 6F5-G, 6F5-GT : See 6SF5. 

6F8-G (one triode unit)fl. 615, 615-G, 615-GT, 1215-CT : 

Ebb' 90 180 300 
Rt. 0.05 0.1 025 0.05 0.1 0.25 0.05 0.1 025 

Re 0.1 0.25 0.5 0.1 0.1 0.25 0.5 0.5 0.1 025 0.5 Re 2070 3940 9760 1490 2330 2830 3230 7000 1270 2440 5770 Cc 266 1.29 0.55 286 2.19 1.35 115 0.62 2.96 1 42 0.64 C 0.029 0 012 0.007 0.032 0.038 0.012 0 006 0.007 0.034 0.0125 0.0075 Eol 14 17 18 30 26 34 38 36 51 56 57 V.G.' 12 13 13 13 14 14 14 14 14 14 14 

6J5, 6J5-G, 615-GT : See 6F8-G. 

637, 617-G, 617-CT. 6W 7-G, 1217-GT, 6C6, 57: As triodes, see 6C5: 

Ebb' 90 180 300 
RL 0.1 0.25 0.5 0.1 0.25 0.5 0.1 0.25 0.5 
Itg' 0.25 05 1 0.25 0.25 0.5 1 1 025 05 1 Rd 0.44 1.18 2.6 0.5 1.1 1.18 1.4 2.9 0.5 1 I 8 29 Re 
Cd 

1100 2600 5500 750 1200 1600 2000 3100 450 1200 2200 005 0.03 0.05 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 2.5 8 3 54 4 1 C 0.01 0.005 0.0025 001 0.008 0.005 0.0035 0.0025 0.01 0.005 0.003 Eo1 22 32 29 52 41 so so 56 81 104 97 V.G.' 55 65 120 69 93 118 140 165 82 140 350 

6L5-G : 

Ebb' 90 180 300 
RL 0.05 0.1 025 005 0.1 0.25 005 0 1 025 

Re' 0.1 0.25 0.5 0.1 0.1 0.25 0.5 0.5 0.1 0.25 05 Rc 2500 
Cc 

4620 10300 2240 3180 4200 4790 9290 2160 4140 9100 I 86 
C 

1 08 0.49 22 1.46 1.1 1 0.54 218 1.1 0.46 

Eos 
0.03 0.015 0.0085 003 0.03 0.0145 0.009 0.009 0.032 0 014 0 0075 18 22 22 41 36 46 50 46 68 79 80 V.G.' 10e 12e I2c II c I2c 12e 12e 12c 12e 13e 13° 

6N7 6N7-G , 6A6, 53: 

Ebb' 90 180 300 
Ri. 0.1 0.25 0.5 0.1 0.25 0.5 0.1 025 0.5 

Rig, 025 0.5 1 025 0 25 05 1 1 0.25 0.5 1 Re. 
C 

2250 4950 8500 1700 2950 3800 4300 6600 1500 3400 6100 

Eoi 
0.01 0.006 0.003 0.015 0.015 0.007 0 0035 0 0035 0.015 0.0055 0.003 19 20 23 46 40 50 57 54 83 87 94 V.G.' 19 22 29 21 23 24 24 25 22 24 24 

cathode, of the two units have separate terminals. 

For other notes, see page 203 
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6P5-G, 76, 56: 

Ebb' 90 180 300 

RI. 0.25 0.1 0.25 0.05 0.1 0.25 0.05 0.1 0.25 

Rg, 0.1 025 0.5 0.1 0 1 0.25 0.5 0.5 0 1 0.25 05 

Re 3200 6500 15100 3000 4500 6500 7600 14700 3100 6400 15200 

Cc 1 6 0.82 0.36 1.9 1.45 0.97 0.8 0.45 22 1.2 0.5 

C 0.03 0.015 0 007 0.035 0 035 0.015 0.008 0 007 0 045 002 0 009 

Eol 21 23 24 48 45 55 57 59 80 95 96 

V.G., 7.7 8.9 97 82 93 95 9.8 10 8.9 10 10 

6Q7, 6Q7-G, 6Q7-GT, 12Q7-GT: 

Ebb' 90 180 300 

Ri. 0.1 025 0.5 0.1 0.25 0.5 0.1 0.25 0.5 

Re 0.25 0.5 1 025 0.25 0.5 1 1 0.25 0.5 1 

Rc 4200 7600 12300 1900 3400 4000 4500 7100 1500 3000 5500 

Cc 1.7 1.2 06 2.5 1.6 1.3 1.05 0.76 3.6 1.66 0.9 

C 0.01 0.006 0.003 001 0.01 0 005 0 003 0 003 0.015 0 007 0.004 

Eoi 8 11 13 26 25 31 37 36 52 52 60 

V.C.' 28b 32 33 33 36 38 40 40 39 45 46 

6R7, 6R7-G: 

Ebb' 90 180 300 

RI. 0.05 0.1 0.25 0.05 0.1 0.25 005 0.1 0.25 

Re 0.1 025 0.5 0.1 01 0.25 0.5 0.5 0.1 0.25 0.5 

Re 2600 4400 9800 2100 3000 4100 4600 8800 2000 3800 8400 

Cc 1.7 0.9 0.42 L9 1.3 0.9 0.8 0.4 2 1.1 05 

C 0.03 0.01 0.007 003 0.03 001 0 006 0.006 0.03 0.015 0.007 

Ece1 18 19 18 40 35 43 46 40 62 68 62 

V.G.` 9 10 11 9 10 10 10 10 9 10 11 

687, 6S7-G: 

Ebb' ,.40 180 300 

Rt. 0.1 0.25 0.5 0.1 0.25 0.5 0.1 025 0.5 

Re 0.25 0.5 1 025 0.25 0.5 I 1 0.25 0.5 1 

Rd 065 1.6 35 0.68 1.6 1 8 1.9 3.6 067 1.95 3.9 

Rc 900 1520 MOO 540 850 890 950 1520 440 650 1080 

Cd 0 061 0 044 0.03 0.07 0.05 0.044 0.046 0.037 0.071 0.057 0 041 

Cc 5 3.23 1 95 6.9 4.6 4.7 4.4 3 8 5.8 3.9 

C 0.01 0.0055 0 0026 0.01 0.0071 0.006 0.0037 0 003 0.01 0.005 0 0029 

Ea' 21 18 15 43 33 40 44 38 75 66 66 

V.G' 47c 66e 84c 66c 79c 104c 118c 1340 78e 122c 162c 

Fos notes, see page 203. 
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6SC7T 12SC7T: 

Ebb' 90 180 300 

RL 0.1 0.25 0.5 0.1 0.25 0.5 0.1 0.25 0.5 

Rg2 025 0.5 1 0.25 0.25 0.5 1 1 0.25 0.5 1 
Re* 1960 3750 6300 1070 1850 2150 2400 3420 930 1680 2980 
C 0.012 0.006 0.003 0.012 0.011 0 006 0.003 0.0(13 0 014 0.006 0 003 
Eu" 5.9 8.6 10 24 21 28 32 32 50 55 62 
V G 4 23 b 30 33 29 35 39 41 43 34 42 48 

68F5, 12SF5, 6F5, 4F5-G, 6F5-GT, 12F5-GT: 

Ebb' 90 180 300 

RL 0.1 0.25 0.5 0.1 0.25 0.5 0.1 025 0.5 

Rg2 0.25 0.5 1 025 0.25 0.5 1 1 0.25 0.5 1 
Re 4800 8800 13500 2000 3500 4100 4500 6900 1600 3200 5400 
Ce 2.1 1.18 067 33 2.3 1.8 1.7 0.9 3.7 21 1.2 
C 0.01 0.005 0.003 0.015 0.01 0 006 0.004 0.003 0.01 0.007 0.004 
Es' 5 7 10 23 21 26 32 33 43 54 62 
V.G.4 34 b 43e 46 44 48 53 57 63 49 63 70 

69.17, 128.17: 

Ebb' 90 180 300 

RL 0.1 025 0.5 0.1 0.25 0.5 0.1 0.25 0.5 

Re 0.25 0.5 1 0.25 0.25 0.5 1 1 025 0.5 1 
Rd 0.29 0.92 1.7 0.31 0.83 0.94 0.94 22 037 1.10 2.2 
Rc 880 1700 3800 800 1050 1060 1100 2180 530 860 1410 
Cd 0.085 0.045 0.03 0.09 0.06 0.06 0.07 0.04 0 09 0.06 0 05 
Cc 7.4 4.5 2.4 8 6.8 6.6 6.1 3.8 10.9 7.4 5.8 
C 0.016 0.005 0.002 0.015 0.001 0.004 0.003 0.002 0.016 0 004 0.002 
Es' 23 18 22 60 38 47 54 44 96 88 79 
V.G 4 68 93 119 82 109 131 161 192 98 167 238 

68Q7, 12SQ7, 2A6, 6B6-G. 75: 

Ebb' 90 180 300 

RL 0.1 0.25 0.5 0.1 0.25 0.5 0.1 0.25 0.5 

Rigs 0.25 0.5 I 0.25 0.25 0.5 1 1 0.25 0.5 1 
Rc 6600 11000 16600 2900 4300 4800 5300 8000 2200 3900 6100 
Ce 1.7 1.07 0.7 2.9 2.1 1.8 1.5 1.1 3.5 2 1.3 
C 0.01 0.006 0.003 0.015 0.015 0.007 0.004 0.004 0.015 0.007 0.004 
Es' 5 7 10 22 21 28 33 33 41 51 62 
VG' 2ob 40e 44 36 43 50 53 57 39 53 60 

For noses. see page 203. 
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6T7-G: 

Ebb' so 180 300 

RL 0.1 0.25 0.5 0.1 025 0.5 01 0.25 0.5 

Re 0.25 0.5 1 0.25 0.25 0.5 I 1 0.25 0.5 1 

Re 4750 8300 14200 2830 4410 5220 5920 9440 2400 4580 8200 

Cc 15 1 06 2.25 1.5 1.25 1.11 0.74 2.55 1.35 0.22 

C 0.012 0.0075 0.0045 0.0135 0.012 0.008 0.005 0.0045 0.0135 0.0075 0.0055 

Eol 7.8 10 12 29 27 34 39 39 58 69 77 

V.G 4 24 b 30c 33e 28c 34e 36c 38e 4Ic 32e 40e 43e 

6W7-G: See 6J7 and 6C5. 
627-G +: 

Ebb' 90 180 300 

RL - 0.1 025 0.5 0.1 0.25 0.5 0.1 0.25 0.5 

Re 0.25 0.5 1 0.25 0.25 0.5 1 1 0.25 0.5 1 

Rce 1760 3390 6050 1100 1820 2110 2400 3890 950 1680 3110 

Cc 202 1 I 0.61 2.6 1 71 1.38 1.1 0.703 2.63 1.46 072 

C 00115 0.006 0003 0.0115 0 012 0.007 0.0035 0.0035 0.012 0 006 0.0035 

Eo' 11 15 18 28 Z8 34 41 38 52 59 70 

V G ' 25 30 33 31 35 38 39 40 34 40 44 

12C8, 12F5-GT, 12.15-GT: See 6B8. 6SF5, and 6F8-G, respectively. 
12J7-GT, 12Q7-GT: See 6J7 and 6C5, and 6Q7, respectively. 
12SC7, 12SF5, 128J7, 12SQ7: See 6SC7, 6SF5, 6SJ7, and 6SQ7. respectively. 
53, 55, 56: See 6N7. 85, and 6P5-G, respectively. 
57, 75, 76: See 6J7 and 6C5, 6SQ7, and 6P5-G, respectively. 
79 

Ebb' 90 180 300 

k,. 0 1 0.25 05 0.1 0.25 05 0.1 0.25 0.5 

Re 0.25 05 1 0.25 0.25 0.5 1 1 0.25 0.5 1 

Rt., 2200 4250 6850 1250 2050 2450 2750 4100 1000 2050 3600 

C 0 015 0.006 0.004 0.02 0.02 0.01 0 005 0.0035 0.01 0.0055 0 003 

1E0 8.4 9.7 12 27 26 34 40 39 57 66 75 

V.G.4 zs. 33 38 31 37 41 42 44 34 42 46 

85, 55: 

Ebb' 

005 

90 

0.1 025 

180 300 

Ri 005 01 0.25 005 0 I 0.25 

Riga 0 I 0.25 0.5 0 I 0.1 0.25 0.5 0.5 0.1 0.25 0.5 

Rc 4600 9000 20500 4100 6200 8700 10000 20000 4100 8300 19400 

Cc 1.1 055 0.25 1 6 0.9 0.7 057 0.29 1.5 0.54 0.22 

C 0.03 0.015 0.007 0 045 0.04 0.015 0.008 0.008 0.045 0.015 0.006 

Ecr' 19 22 23 44 37 47 50 48 74 82 84 

V.G.' 49 5.4 5.5 5.2 5.3 5.5 5.5 5.7 5.5 5.7 6.7 

For notes. see page 203 
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Ebb -Y 

Voltage at plate equals Plate-Supply Voltage minus voltage drop in Rt. and Rc. For other 
supply voltages differing by as much as 50% from those listed, the values of resistors, condenser,. 
and gain are approximately correct. The value of voltage output, however, for any of these 
other supply voltages equals the listed voltage output multiplied by the new plate-supply 
voltage divided by the plate-supply voltage corresponding to the listed voltage output. 

For following stage (see Circuit Diagrams). Voltage across Rg at grid-current point 

Voltage Gain at 5 volts (RMS) output unless index letter indicates otherwise. 
° At 3 volts (RMS) output. At 4 volts (RMS) output. 

• Vs/ues are for phase-inverter service: See NOTES under RESISTANCE-COUPLED PHASE-
INVERTER diagram. 

The cathodes of the two units have s common terminal. 

In the discussions which follow, fi is the fre-
quency at which the high-frequency response begins 
to fall off. fi is the frequency at which the low-
frequency response drops below a satisfactory value, 
as discussed below. Decoupling filters are not neces-
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 
slight effect on performance. O

L
T
A
G
E
 
O
u
i
 

420 ,, 

FREQUENCY -••• 

RESISTANCE-COUPLED TRIODE AMPLIFIER 

Condensers C and Cc have been chosen to give output 
voltages equal to 0.8 Eo for fi of 103 cycles For any otha 
value of fi, multiply values of C and Cc by 100/fi. In the 
case of condenser Cc, the values shown in the table are for an 
amplifier with d-c heater excitation; when a.c. is used, depend-
ing on :he character of the associated circuit, the gain, and 
the 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-c potential difference of approximately 10 volts 
between heater and cathode. 

The voltage output at fi of n like stages equals (0.8 Eo)n. 
For an amplifier of typical construction, the value of fi is 
well above the audio- frequency range for any value of Rt. 

RESISTANCE-COUPLED PENTODE AMPLIFIER 

Condensers C. Cc, and Cd have been chosen to give 
output voltages equal to 0.7 Eo for fi of 100 cycles. 
For any other value of fi multiply values of C. Ce, 
and Cd by 100/fi. In the cage of condenser Cc. the 
values shown in the table are for an amplifier with d-e 
heater excitation; when a.c. is used, depending on the 
character of the associated circuits, the gain, and the 
value of ( I. it may be necessary to increase the value of 
Cc to minimize hum disturbances. It may also be 
desirable to have a d-c potential difference of approx-
imately 10 volts between heater and cathode. The volt-
age output at fi for n like stages equals (0.7 Eci)n. 
For an amplifier of typical construction, approximate 
values of fi for different values of Rt. 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 aleo to this case. Condensers C have been 
chosen to give output voltages equal to 0.9 Eo for 
f, of 100 cycles. For other values, multiply values of 
C by 100/fi. 
The signal input is supplied to grid of triode unit A. 

p R 9. Grid of triode unit B obtains its signal from a tap ( P) 
on the grid resistor ( Rg) in the output circuit of unit 
A. The tap is chosen tio as to make the voltage output 
of the unit B equal to that of unit A. Its location is 
determined by the voltage gain values given in the 
chart. For example, if V G. is 20 (from the chart). 

Ebb Ebb P is chosen so as to supply 1/20 of the voltage across 
Rg to the grid of unit Lb 

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 assista in balancing the output voltages. The value of Rc is specified on the basis 
that both units are operating simultaneously at the same values of plate load and plate voltage 



Circuit Section 
The circuit diagrams given on the following pages have been carefully chosen. 

not necessarily to illustrate commercial practice, but rather to show many different 
uses of radio tubes. All of the circuits are conservatively designed to give reliable 
and satisfactory performance Although relatively few circuits are given it is 
often practical to use a portion of one circuit in combination with portions of other 
circuits to obtain a design meeting the desired requirements. Tuned-circuit con 
stants are omitted from the receiver diagrams because inductance and condenser 
values are usually subject to the individual requirements of the set builder. In 
addition, suitable, well-made tuned-circuit parts can generally be purchased at 
very reasonable cost. Information on the characteristics and the application 
features of each tube, given under each tube type, will prove of assistance in under. 
standing and utilizing the circuits. 

(14-1) 

SUPERHETERODYNE AUTOMOBILE RECEIVER 

124A 

Co Col Co Cote = 0.05 oof paper 
Ce C,—Ganged tuning con-

densera, 365 muf 
Ca Co Ce Coo CII CIO C1482.0.1 

121 paper 
C. =50 mut 
Cl Clf 2.0.01 uf paper 
Ci =Oscillator padding con-

denser 
Clé .. 100 MMI 
CIO 11:/ al electrolytic, 25 y. 
Co =0.25 paper, 400 y 

C28=25 Ad electrolytic. 25 v. 
C22=0.005 id paper. 600 v. 
F = Ignition-interference filter 
RI RO 100000 ohms. 0.5 watt 
Ri = 350 ohms. 0.5 watt 
Ri RIO = 50000 ohms. 0.5 watt 
R4 Ri = 5000 ohms. 0.5 watt 
RO. = 15000 ohms. 0.5 watt 
Ri = 30000 ohms, 1 watt 
Ri = 50000 ohms, 0.5 watt 
Ro = 400 ohms. 0.5 watt 

= 75000 ohms. 0.5 watt 

• 1000 ohms, 0.5 watt 
• megohm, 0.5 watt 
RI. Ru Ru s. 250000 ohms 

0.5 watt 
RIS =2500 ohms, 0.5 watt 
Ru megohm volume con 

trol 
• «830000 ohms, 0.5 watt 
Rio = 400 ohms, 1 watt 
T. T,-!-! transformer 
Tl Output transformer; pri-
mary impedance. 7000 ohms 
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(14-2) 

SUPERHETERODYNE RECEIVER FOR A-C OPERATION 

With Single-Tubc Inverse- Feedback Power Amplifier 

UNPE eEP 6,16.E.P D 
T Te, 6567 T VO( 617 

0—Ae. 

AC. 

Ci - 50 to 200 sud 
Cs Ca C,, =Ganged tuning 

condensera. 365 mut 
CR C, C,, Cup Cu Co =0.05 pf 

paper 
Ce Ce Cu =0.25 uf paper 
Cé Ce Cui C,, Csi = 0.1 uf paper 
Cu Ci, -100 /Ad 
Cle = Oscillator padding con 

denser 
CH Cté 0.ol I41 
CIO Ci. .. 50 pot 
Cie CSI Cal CD =8 f electro-

lytic, 500 v. 
Col = 10 uf electrolytic, 25 v. 
Cu uf paper. 400 v. 
Cr =05 uf paper. 400 v. 
Cui =25 u electrolytic. 25 

T61. 

-1 P 
T VI --

1 

OSCILEPTJA 

TYPE 6.,5 

PECT .14 P 
T ,Z4 

c33. 
C32 

1.2 

Rà 100000 ohms. 0.5 
watt 

RI Rii =2000 ohms. 0.5 watt 
RE =260 ohms, 0.5 watt 
R5=3300 ohms. 0.5 watt 
Re RI Rge .. 50000 ohms, 0.5 
watt 

Re Re =20000 ohms, 0.5 watt 
Ri, =2 megohms, 0.5 watt 
Ris Rit Ro megohm, 0.5 
watt 

Ri. — 200000 ohms, 0.5 watt 
=27000 ohms, 0.5 watt 

It., = I negohm volume con-
trol wi, h tap at 250000 ohms 
for tune compensation 

Ru = 900 ohms. 0.5 watt 

Stem 
GA",en 
Are, .11E6 

,v1.% ••,. 6 

• 153 V. 

• ?64  

Apt-, ... g a 
fl./5 

Rn =2000 ohms. 0.5 watt 
Rn =90000 ohms, 0.5 watt 
R2I1= 10000 ohms, 0.5 watt 
Rtgl = 170 ohms, 2 watts 
R25=20000 ohms, 5 watts 
Rte =25 ohms. 0.5 watt 
Li = 20 henries. 100 ohms. 

120 ma. 
Li = 500 ohm speaker field. 

8 watts 
TI Tt = 1-f transformer 
Ta = Input transformer 
Té = Output transformer; pri 
mary impedance, 2500 ohms 

TI =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 
POWER AMPLIFIER 

Class AB , 6L6's 

PE 6E5 

C = 50 to 200 pot 
CI CI CI4 Cu. — Ganged tuning 

condensers, 365 sot 
C, Ci CO C4 Cs4 CIO CID Cli 

C17 = 0.05 of Paper 
Cs CI C. Ca Ca. Cs, Coo Clt 
Co Cu. Coa of paper 

Cli Cie = 100 got 
C=10 of electrolytic, 25 v. 
C14 —Tone-compensation con-

denser. 0.01 pf 
C24 1 pf, 400 v. 
Cao —See note 
C. — 25 of electrolytic, 25 v. 
Coo Coo CL4 C14 a.8 electro-

lytic, 475 v. 
R, Re R. Ra Rli Rap...100000 
ohms, 0.5 watt 

Norm: Condensers Co, ma 
0.00001 to 0.005 4 and should 

,USC 

117V. 
a.0 

o 

t a 3 

5Ta 

.425 v 

32 

C35 

C34 R3, 

IPTNTIA 

T2 

Rs Ri Ru .. 275 ohms, 0.5 watt 
R4 Ra RI, = 10000 ohms, 1 watt 
R. Rill ,=12003 ohms, 0.5 

watt 
1214 RI/ megohm, 0.5 watt 
RII .a50000 ohms, 0.5 watt 
R9=200000 ohms, 0.5 watt 
R. = 640 ohms, 0.5 watt 
R. = I megohm volume-con-

trol potentiometer with tap 
at 250000 ohms for tone 
compensation 

R1I Tone-compensa t ion re-
sistor; 27000 ohms, 0.5 watt 

Rn «. 5000 ohms, 1 watt 
Rer 1114=.2 megohms, 05 watt 
Ris R..,5000 ohms, 0.5 watt 
R. =200 ohms. 5 watts 

y be required to suppress >Inuit.= 
be determined by teat 

Rao Rae 50000 ohms, 1 watt 
RI, a• 12500 ohms, 10 watts 
L, =.20 henries, 100 ohms, 
200 ma. 
a.1500 ohm speaker field. 
7 watts 

Ti = Input transformer for 
class AB, 6L6's with split 
secondary for inverse feed-
back. Ratio pta. to ;4 

T, = Output transformer; 
plate-to-plate load, 
6600 ohms 

Ti...Power transformer, 
425-0-425 v. RMS. 
200 ma. d.c 

Optimum value rangea from 
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(14-4) 

PENTAGR ID 
CONVERTER 
TYPE 12557 

AC/ DC SUPERHETERODYNE RECEIVER 

TYPE TYPE TYPE 
12557 35L6-6T 35Z4 -GT 

Ca ... SOO ppf 
Cs Cr .» Ca_rtged tuning con-

densers, 355 pp( 
Cs Ce pf paper 
Cd =0.25 id paper 
Ci 50 god 
Co — Oscillator padding con-

denier 

C, -0.05 pf paper 
Cis CH =250 ppf 
CI, .4.005 pf 
CIO ..0.01 af Paper 

(14-5) 

I-F AMPLIFIER 

TYPE 12557 

CHASSIS 

117 V 
AC. OR 

DIODE DETECTOR.AVC. POWER 
AUDIO AMPLIFIER AMPLIFIER 

TYPE 12SQ7 II TYPE 35L6-GT 

C13 

RECTIFIER 
TYPE 3514 -GT 

L 1 

 -r±911 
II • 
-TC17 -1"C IS 

Co .4.025 pf 
Co Cie 4c, pf electrolytic, 

150 v. 
RI R...250000 ohms. 0.5 watt 
12, 20000 ohms. 0.5 watt 
R. — 260 ohms, 0.5 watt 
R. •. 2 megohme, 0.5 watt 
R. 12,-.50000 ohms, 05 watt 
Rf 250000 ohm potenti-
ometer 

megohms, 0.5 watt 
Rii megohm, 0.5 watt 

73 

00000L 

PM 
SPEAKER 

Rit — 150 ohms, 1 watt 
R,, — Lamp-cord resistor; 

73 ohms, 3 watt, 
Ti T, - 455 kc. i-f transformer 
Ti = Output transformer; pri-
mary impedance, 2500 ohms 

Lt -. 200 ohm filter choke; in-
ductance as large as prac-
tical 

S T. line switch, mount-
ed on shaft of R. 

Fuse .. 125 volts, 0.3 ampere 

NON-MOTORBOATING RESISTANCE-COUPLED AMPLIFIER 

Voltage Gain. 9000 

CI C...8 pf electrolytic, 25 v 
TYPE 6.7 TYPE 5517 Ct C5 4.0.06 pf, voltage rating 

as high as voltage supply 
CI C. -,0.006 pf, voltage rating 

a-, as high as voltage supply INPuT 
Ri Volume-control potenti-
ometer 
RI R.-600 ohms, 0.5 watt 
R. R. R. -,500000 ohms. 05 
watt 

R. Re — 100000 ohms, 05 watt 
R..- 500000 ohm volume-con 

trol potentiometer, ganged 
with Ri 

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 amplifier stages The constants 
of deœupling filters depend on the design requirements of the amplifier. 

TO 450 V 

TO 
POWER 

Adedv-Ica 
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RCA RECEIVING TUBE MANUAL 

(14-6) 

MINIATURE-TUBE PORTABLE SUPERHETERODYNE RECEIVER 

Using 45- Volt "B" Supply 

EXTERNAL 
ANTENNA 

OR01.11, 

PENTAGR 11) 
co,..n.ruf ii 
T1PC 1148 

CHASSIS 

CI C, =0.00041 pf ganged tun-
ing condensers 

Cr = 5 rapt* 
Cs — 50 Mlbt 
C. = 420 rod padder 
C. CI Ci, = 0.1 e paper 
Cr Cie — 0.05 rd paper 
C. —8 pf electrolytic, 50 v. 

I -F »APIA' ILFI 
fTPC 04 

Cli Cil -. 100 µpi 
C11..0.0025 pf 
Clé =0.0005 rd 
CH =0.002 pf 
RI R2— 100000 ohms/ 
R2=500 ohms/ 
R4=10 megohms: 
Rb megohms: 

cent orricew. PVC . POWER 
A..010 A•.'1, 1LR AleAPter 1ER 
Tt 1..., TYPI. 184 

• Cr is necessary only at frequencies higher than 5 Mc. 
/ All resistors can be of the 0.5 watt type. 

(14-7) 

" A• 841 510y nRnIN 

•ijuAI 7 Le« Ul:AIN 8 MIA . (APPROX.) 

Rs = 50000 ohms/ 
122..1 megohm potentiometer 
Rs — 3 megohmat 

1 megohnit 
S — Ganged D.P.S.T. switch 
T, = Output transformer; pri-
mary impedance, 8400 ohms 

CLASS B AMPUFIER FOR PORTABLE USE 
Power Output 10 Watts* 

R2 

CI 

01)1VER 
IVRE 81X7 

TTFE eSI'S 

X X 

R3 
• 

5 4 

C2 

177,2 

CI =5 uf electrolytic, 25 v. 
CI =4 electrolytic, 25 V. 
Cs 025 st 
CI pf electrolytic. 25 v. 
Ri = 500 ohm wire- wound potentiometer 
RI 500000 ohm potentiometer 
RI = 1300 ohms, 0.5 watt 

100000 ohms. 0.5 watt 

(3 

R6 

Rs 

Ca 

RF 

Ç.LRSS 
àf' 1ER 

T YF't 6N7 

12 

300 

Rb .. 50000 ohms, 0.5 watt 
Rd — 100000 ohms. 0.5 watt 
Ri ... 900 ohms, 0.5 watt 
M = Double-button microphone 
S...Microphone and heater switch 
Ti = Microphone input transformer 
Ti Class B. input transformer 
Tr Class B output transformer 

le Peak signal input voltage to 6S1r5 grid is 0.15 voit, lot lull power output. 
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(14-8) 

BATTERY-OPERATED SUPERHETERODYNE RECEIVER 
With AVC and Class B Audio Amplifier 

Pt N TAGRID 
CONVERTER 
TY.E iA7-G 

CI .0.0001 to 0.01 pf 
Cie Co C ii ... Ganged tuning con-

deneera, 365 mu( 
C. CI CI, C11 0.05 of Paper 
C. C. C. C. C11..0.1 Mi paper 

Oscillator padding con-
denser 

CI, —50 put 
C.. C,...100 µid 
C. Ct.. 0.005 pf 

...2.30 opt 

Resistors are 0.5 watt size. 

(14-9) 

I- F AMPL'FIER 
TYPE 155-G 

01001E EIETIC (.6010 
AU010 AMPLIFIER AMPLIFIER 

TYPE 155-G TYPE IG4 -G 

01 pf 
C,1 electrolytic, 100 v. 
Ri R7=5000 ohms: 
R...10000 ohms: 

R. — 100000 ohms: 
R. — 200000 ohms: 
Rs 70000 ohms: 
Re Rii Rif megohms: 
R. 50000 ohms: 
R18..250000 ohm potenti-
ometer 

POWER 
AMPLIFIER 
TYPE 146-G 

R,,-10 megotirns: 
RI, = 250000 ohms: 
R,, I megotim: 
Tt Ti transformer, 

455 kc. 
Class B input transformer 

T. —Class B output trans-
former; plate- 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 

C. uf electrolytic, 25 v. 
C,..0 005 uf paper. 400 v. 

T yet ISSCI 

OUTPUT TO 
GRID OF 

NExT STAGE 

R-4..200.) ohms. 0.5 watt R. R. megobra. 0.5 watt 
RI Ri =250000 ohms, 0.5 watt 
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(14-10) 

BATTERY-OPERATED SHORT-WAVE RECEIVER 
1 4-Volt Types 

R- r aur• IFIER 

TYPE ,NS -G 

ANTENNA 

Cs Cs = 100 put midget 
Cs C7.035 ppf midget 
Cs Cs Cs CI a 0.05-pf 
Cs Co — 0.00025 pf 
C4 .« rd 
Cs, pf 

pf electrolytic, 100 V. 

•s;,,v 

DETECTOR 
TYPE vss-G 

R, 100000 ohms. 0.5 watt 
its is.2 to 5 megohms, 0.5 watt 
Rs —0 25 megohm, 05 watt 
RI —0 5 megohm potenti-
ometer 

R1 R, = 50000 ohm potenti-
ometer 

PONER AmPLIEIER 
T yPE ICSC 

 :E 

B- •90V 

RI .. 600 ohms. 0.5 watt 
RI 30000 ohms, 0.5 watt 
Lit., — 8 mh. r- f choke 
Ls — 300 to 500 henry a-f choke 
Ti — Output transformer; pri-
mary Impedance, 9000 ohms 

Si = Ganged D.P S.T. switch 

A-C OPERATED REGENERATIVE SHORT-WAVE RECEIVER 

0-r spei..rt. 
'yet 

Cs Cs ppf midget 
Cs CI 100 ppf midget 
Cs Cs C7 0.05 Mf 
Cs «.0.01 pf, 400 v. 
Cs Cu ..0.00025 sif mica 
Co — 1 pf, 200 v. 
CII =8 pf electrolytic. 25 V. 
Cis .. 16 pf electrolytic, 25 V. 
R. —250 ohms. 0.5 watt 
R,-10000 ohm wire-wound 

Potentiometer 

DETECTOR 
TYPE 65AT 

04-1. ANPI,ITIER 
TYPE BC! 

RI 100000 ohms, 1 watt 
Rs i•60000 ohms, 1 watt 
Rs to 5 megohms, 0.5 watt 
R...250000 ohms. 1 watt 
R7 1 megohm, 0.5 watt 
Rs 1000 ohms. 1 won 
Rs 1.5000 ohms. 5 watts 
RI... 50000 ohm potentiome-

ter, regeneration control 
RI, —5000 ohms, 1 watt 
RI, =i 500000 ohm volume 

control 

POWER AMPliFIER 
TYPE ere 

RI, ..670 ohms, 1 watt 
Si = S.P.S.T. switch 
LI mh. r-f choke 
La =300 to 500 henry a-f choke 
Ti .• Interstage a- f trans 

former 
Ts — Output transformer; pri-
mary impedance. 4000 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 Watts' 

(14-/3) 

PRASE INVERTER 
T YPE 12SC7 

Cr C•0.006 44I 
Ce =. 25 f electrolytk, 25 y. 
Ci 0.03.5 
Cr s.2 raf paper, 150 y. 
Ci st electrolytic, 150 y. 
CI 4.4 of electrolytic, 150 •. 
Ri s.500000 ohm volume 

control 
RI =. 4000 ohms, 0.5 watt 
Re R4 .. 250000 ohms, 0.5 watt 
Re 475000 ohms. 0.5 watt 
Re 16000 ohms, 0.5 watt 
Rr •• 500000 ohms, 0.5 watt 
Re .s70 ohms, 1 watt 
Ra 4000 ohms, 2 watts 
• .» 33 ohms, 1.0 watt 
Li .. Filter choke, 10 henries at 

125 ma., 60 ohms 
Li — Speaker field, 115 volts 

dc. 
T = Output transformer, plate-

to-plate load 3000 ohms 

*Signal voltage input for full 
power output 0.25 volt 
peak. 

HIGH-POWER AUDIO-FREQUENCY AMPLIFIER 

Class AB, 6L6's. Output 45 Watts 

HIGH - POWER AUDIO -FREQUENCY AMPLI F I ER 
CLASS A92 eues. OUTPUT 55 WATTS 

Cr C• — 25 al electrolytic, 25 v. 
Ci =0.)35 cf, 1000 y. 
Ci = 14 d electrolytic, 450 V. 
Ce Ci rif electrolytic. 450 y. 
Ri .4/.5 megohm, 0.5 watt 
RI .s650 ohms, 0.5 watt 
Ri .• 5000 ohms, 20 watts 

Rt 50000 ohms, 5 watts 
Re ss3500 ohms. 30 watts 
Re •• 200 ohms, 5 watts 

hem-les at 220 ma., 
50 ohms or leu 

L. = 20 henries at 150 ma., 
100 ohms or Ions 

Ti = Input transformer for 
class Allia 6L6's 

Ti — Output transformer, 
plate- to-plate load 3800 
ohms 

T. Te =Power transformer' 

*Ta •. 440-0-440 volts RMS, 175 ma. cl.c. •Tr = 315-0-315 volts RMS. 150 ma. d.c 
NOTE: Peak signal voltage ( e) for maximum power output Is 18 volts. 
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(14-14) 

A- F VOLTAGE AMPLIFIER WITH SIGNAL MIXER, MASTER MIXER 
AND COMPRESSOR-EXPANDER 

or 0,,P 
INPUT MIXER 

TYPE 61_7 OR 1612 ... MIXERS 
INPuT 

1E:71 
20 

C6 

TO 
PHONO 
PICKUP 

C1 C. C. CM Cli C14 CI. CIO 
C17 C C111 C11 =0.05 ..f 

C. Cs = 0.25 ..f 
C. C7 Ce C11=8 uf 
C1=0.0015 #21 
C.» =0.5 uf 
Cle = 4 id 
C2. =0.1 id 
121=50000 ohms, 0.5 watt 
R. R..=1.2 megOhrnef, 0 5 
watt 

R. R18=820000 ohms, 0.5 
watt 

R. R14=250000 ohm potenti-
ometer 

R. ft.. = 1000 ohms, 05 watt 
R. R7 R14 R17 30000 ohms. 

0.5 watt 
R. R....150000 ohms, 1 watt 
R. Ro R.4=300000 ohms, 0.5 

watt 
Ro 11 21 50000 ohms, 0.5 watt 
RI, Ru = 100000 ohms, 0.5 

Watt 
R., = 150000 ohms, 0.5 watt 
1211 = 500 ohms, 05 watt 
R21 = 40000 ohms. 0.5 watt 

MASTER MIXER 
TYPE 6L7 OR 1612 

1211 megohm potentiometer 
R27 = Bleeder resistor. Tapped 

at 50 to 60 volts to provide 
heater-circuit bias 

R11 = 100000 ohms, 0.5 watt 
Ito = 5000 ohms, 0.5 watt 
Si = Music-speech switch, 

S.P.S.T. 
= Expand-compress switch, 
D.P.D.T. 

S1 = Phonograph switch; close 
when phono is not in use 

Ti =Microphone input trans-
former 

Norm: 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 R., gain is at maximum. 
Because the leads to R4 do not carry a-f voltage, R4 can be connected to the circuit through • 
long cable for remote control. Potentiometer R14 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 R14; when it is to be used as a compressor. the contact should be set at the cathode 
end of 1.1,4. The degree of expansion or compression can be controlled by RIM. Maximum expan-
sion or compression is obtained with the contact at the positive end. R14 and Ref can also be 
connected to the circuit through cables for remote control. 
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(14-15) 

I17— V. 
AC 
LINE 

MANUA L 

MICROPHONE AND PHONOGRAPH AMPLIFIER 

With Phase Inverter and Vacuum-Tube Mixer' 
Power Output, 10 Watts 

1.PE 6.17 

6 3V 

27.it 

• 472V 

Cs •• 10 pf electrolytic, 25 v. 
Ci ••0.1 pf paper. 400 Y. 
Ce . 0.005 uf paper. 600 v. 
Ci Cil id electrolytic, 

450 v. 
if paper, 600 y. 

Cr 50 of electrolytic, 100 v. 
Cs Ce .. 11,,f electrolytic, 250 v. 
Ci. —8 pf electrolytic, 475 v. 
Cri 25 pf electrolytic. 25 v. 
R, megohm potentiometer 
Ra .»0.5 megohm, 0.5 watt 
Ro .•20000 ohm potentiometer 

514 

12 V 100 V. 

Ri 800 ohms, 0.5 watt 
Rs = 1.2 megohms, 0.5 watt 
R, 0.25 megohm, 0.5 watt 

50000 ohms. 0.5 watt 
Ri megohm potenti-
ometer 

Re .. 3000 ohms, 0.5 watt 
Rio megohm 
121, RIO = 0.27 megohm 
RI4 = 12000 ohms, 0.5 watt 
Rii ,.. 7A0 ohms. 10 watts 
Rie 20000 ohms, 15 watts 
Ti Power transformer; 

400-3-400 v. RMS, 100 ma. 

TYPE 2A3 

T2 

TO 
I.. SPEAKER 

VOICE 
COIL 

616 

*160 V. 

T, ... Output transformer; 5000 
ohms plate-to-plate impe-
dance 

L, Filter choke; 12 bennes, 
120 ohms. 100 ma. 

LI —Speaker field; 1000 ohms. 
10 watts 

Ji ...rack for high-impedance 
crystal microphone input. 
0.023 peak volt 

J, ... 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 

(7) 

CI =4 uf paper, 400 y 
(low -leakage) 

CI Ci C. — 0.01 af mica 
C4 0.25 uf paper, 200 v. 
C.- 8 f electrolytic, 350 v. 
Ct uf electrolytic, 450 V. 
Ri megohms, 0.5 watt 

...200000 ohms, 0.5 watt 
R,-500000 ohms. 0.5 watt 

) 60 --

0000Q00 uuH.Q.Q2 _  
noon-0    
325 v. 325V. 5 V. 
RMS RUS 

FUSE 

250V 

C7 

R4 —6000 ohms. 5 watts 

144...500 ohm wire- wound potentiometer.lin-
e.a.rc.;l watt watts R. 

Fit 3000 ohm wire- wound lin-
ear potentiometer, 2 watts 

R. — 22000 ohms. 5 watts 
R4-25000 ohm wire-wound 

linear potentiometer. 
4 watts 

6.3V 6.5V. 
Ft F2 

S Canged D.P.D.T. switch 
V .. 1000-ohms-per-volt volt-

meter, 0-25 v. and 0-250 v. 
scales 

Ti ... Midget power trans-
former 

Tt ... Midget filament trans-
former 

Nota: If the 954 is mounted at the end of a shielded "goose-neck" probe, CI can be mounted 
on the main chassis It,, C4, and C. should be mounted close to the 954 socket. For "zero" 
adjustment of the 6E5, short the 954 input terminals. set 127 or R. so that "V" reads zero volts, 
and adjust 124 until the 6E5 "eye" is jus: closed. The d-c or a c voltage to be measured will cause 
the eye to reopen. Then adjust 121 or R. until the eye is just closed again. "V" will then read 
the d.c or peak a-c value of the input voltage. The V-T voltmeter requires calibration only for 
very low values of a-c input voltage 
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Outlines— Glass Tubes ( Continued) 

FIG. 2-1I 

FIG. 2-21 

FIG. 2-12 

nc, 2-22 

FIG. 2-13 

FIG. 2-23 

FIG. 2-19 

FIG. 2-24 

FIG. 2-13 

FIG. 2-20 

FIG. 2-25 

FIG. 2-26 FIG. 2-27 
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INDEX 

Paga Pegg 
Amplification Factor   
Amplifier: 

audio-frequency  12, 15 
audio mixer   
clean A  12,13, 15 
class AB  12, 19 
class B  12, 20 
class C   12 
dc  31 
Parallel   16 
phase-inverter   23 
push-pull   16 
radio-freçuency 12, 14 
super-control   14 
voltage   13 
volume-compressor  23 
volume-expander  22 

Anode  5 
Anode-Grid   33 
Arc-Back Limit  11 
Automatic Volume Control (AVC)   29 

Beam Power Tube Considerations  

battery   37 
cathode  37 
diode  28 
grid-leak   29 

Calculation of: 
amplification factor    10 
cathode (self bias) resistor  38 
control-grid—plate transconductance  11 
filament resistor power dissipation  35 
filament (or heater) resistor value .. 35. 36 
harmonic distortion  16, 18 
load resistance  17 
operating conditions from conversion 

CUrVell  19 
peak inverse voltage  11 
plate efficiency  12 

• plate resistance.  11 
power output   16 
power sensitivity  12 
transconductance   11 
voltage amplification (gain)   13 

Cathode: 
bias.  37 

38 by-passing   
connection   36 
current   37 
directly heated   4 
Indirectly heated  4 
resistor   37 
types   3 

Characteristics: 
amplification factor   10 
control- grid—plate transconductance. 11 
conversion transconductance .   11 
dynamic   10 
plate resistance   11 
static.   10 

Charts and Tables 
outline drawings chart  215 
resistance-coupled amplifiers  198 
structure of metal tube   2 
tube classification by use and by 
cathode voltage 42. 43 

materials chart   194 
Choke- Input Filter   40 
Circuit Diagram of: 

audio mixer  209, 212, 213 
avc  29 
class I. amplifier   207, 211 
class AEI amplifier     213 
class ABi amplifier  211 
class E amplifier   208 
dove   29 

10 diode detector   27 
duplex-diode tnode  27 
electron-ray tube  31 
grid- bias detector   28 
grid leak and condenser detector  28 
full-wave rectifier   25 
half-wave rectifier  25 
high-gain a-f amplifier  207, 213 
high-power a- f amplifier ....... 211 
inverse feedback 20. 22, 24 
microphone and phonograph 

preamplifier   213 
noise filter ..   41 
oscillator   32 
pentagrid converter   33 
phase inverter   24 
r- f filter  40, 41 
resistance-coupled amplifier .  22. 24 
short-wave regenerative receiver   210 
superheterodyne receiver 

204, 205. 207, 208, 209 
tuned r- f receiver  206, 210 
voltage-doubler rectifier   — 25. 26 
vacuum-tube voltmeter   214 
volume compressor-expander  212 
volume expander  22 

Condenser-Input Filter   40 
Conversion Curve. Use of  19 
Conversion Transconductance   11 
Corrective Filter  22 
Cross-Modulation 14.38 
Current: 

cathode  37 
grid  13- 20 
peak plate   1 l 
plate   5 

Cut- Off  12 

D-C Amplifier   31 
Degeneration (see Inverse Feedback) 
Delayed Automatic Vol. Control (DAVC) 30 
Demodulation   26 
Detection: 
diode  26 
full-wave diode   27 
grid-bias  28 
grid-leak and condenser  28 

Diode: 
biasing   28 
considerations   5 
detection  26 
load resistor  27 

Driver  15. 19, 20 
Duplex Diode: 

pentode  9 
triode 9 27 

Dynamic Characteristics  10 

Electron: 
considerations   3 
secondary  7. 8 

Electron-Ray Tubes  30 
Emission: 

current   5 
secondary 7 8 
test   5 

Feedback: 
inverse  20. 24 
undesired   39 

Filament (also see Heater and Cathode): 
operation 3 34 
resistor   35 
series operation  3$ 
shunt resistor.   as 
supply voltage   34 
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Power Supply    37 
Gain   13 Push-Pull Operation  I 6 
Grid: 

anode   33 
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current   13 
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Grid-Plate Capacitance  7 
Grid-Plate Transconductance  

Harmonic Distortion  
Heater• 
cathode  4 
cathode bias  36 
cathode connection  36 
resist or   35 
series operation 35, 36 
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supply voltage  34 
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Intermediate Frequency, production of   32 
I nverse- Feedback   .20, 21 
Ionization  6 

11 

16, 18 

Load: 
resistance 13, 17 
resistance line   16, 17 

Mercury-Vapor Rectifier-
considerations of  6 
interference from  40 

Mho  11 
Micromho  11 
Mixer: 
audio  209, 212, 213 
herode  33 
pentagrid   34 

Modulated Wave  26 
Modulation    26 
Modulation Distortion  14, 38 
Multi-Electrode Tubes  9 
Multi-Unit Tubes  9 
Mutual Conductance 

(see Transconductance) 

Oscillator   31 
Output-Coupling Devices   14 

Parallel Operation  16 
Parasitic Oscillations   16 
Peak Inverse Voltage   11 
Peak Plate Current   11 
Pentagrid Converter . 9 33 
Pent-avid Mixer  23. 34 
Pentode Considerations  7 
Phase Inverter  23 
Plate: 

current   
dissipation 12 

Radio-Frequency: 
amplifier  12, 14 
filter   39 
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half-wave 5, 24 
ionic-heated cathode  6 
parallel operation of ........ . 24 
voltage-doubler  25 

Remote Cut-Off Tubes 
(see Super- Control Tubes) 

Resistance Coupling  14 
Resistance Coupled Amplifier  21, 23 
Resistor 
cathode (self- biasing)   37 
center- tap  37 
filament   35 
filter   39 
grid   14 
plate load  13 
screen   38 

Sataration Current  
Screen: 

considerations   7 
dissipation   12 
voltage supply   38 

Secondary Emission  7 
Secondary Electrons  7, 8 
Self- Bias   37 
Shielding  39 
Socket Terminal Designation Key  45 
Space Charge  5, 8 
Static Characteristics   10 
Super-Control Tube  14 
Suppressor   

Tables and Charts 
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conversion   II 
grid-plate   11 

Triode Considerations   6 
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doubler rectifier  25 
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automatic  29 
by grid-voltage variation  38 
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Volume- Erpander  22 
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Recently Added Types 

C. 3 

POWER AMPLIFIER PENTODE 

The 1A5-GT/IA5-G is a power amplifier 
pentode of the 1.4- volt filament type for use 
in the output stage of battery-operated 
receivers. The 1A5-GT/1A5-G supersedes 
both the 1A5-G and the 1A5-GT. It has 
electrical characteristics identical to those of 
the 1A5.G. Ph fsical characteristics are 
shown in Fig. 2-8. OUTLINES SECTION. 
The tube may be mounted in any position. 

PENTAGF ID CONVERTER 

The IB7-GT is a multi-electrode tube of 
the 1.4-volt filament type designed for use as 
a combined first detector and oscillator in 
superheterodyne receivers. Physical charac-
teristics are shown in Fig. 2-5, OUTLINES 
SECTION. The tube may be mounted in 
any position. 

CHARACTERISTICS 

1A5-GTi 
1A5-G 

1B7-GT 

FILAMENT VOLTAGE ' D.C.) 1.4 VOW' FILAMENT CURRENT   0.1 Ampere 

DIRECT INTERELECTRODE CAPACITANCES:* 
Grid No. 4 to Plate ................... . . 0.34 iimf 
Grid No. 4 to Grid No. 2  0.26 iimf 
Grid No. 4 to Grid No. 1   0.12 mid 
Grid No. 1 to Grid No. 2.. . ................ ............... 0.9 out 
Grid No. Ito All Other Elect rodeo .. R-F Input 7 mid 
Grid No. 2 to All Other Electrodes Except Grid NO..1 .(ChiCilia.tOr 
Ot tput)  4.2 mot 

Grid No. 1 to All Other Electrodes Except Grid No. 2 (Oscillator 
4 gmf 

Plate To All Oilier Electrodes (Mixer Output) . 7.5 mpf 
TYPICAL OPERATION: 

Plate Voltage ...... 90 Volta 
Screen Voltage .... .. .. .... 45 Volts 
Anode-Grid Voltage . .... .. . .. .. .. . 90 Volts 
Control-Grid Voltage (Grid No. I) . . .. . 0 Volts 
Oscillator-Grid (Grid No. 1) Resistor .... 0.2 Megohm 
Plate Current ..... ................. 1.5 Milliamperes 
Saeen Current 1.3 Milliamperes 
Anode-Grid Current . ... 1.6 Milliamperes 
Oecilator-Grid Current .... 0.035 Milliampere 
Plate Resistance .... .. .. .. ......... 0.35 Megohm 
Conversion Transconductance.. .. .. .. . ....... .... .. ... .. 350  Micromhoe 
Control-Grid Bias for conversion transcoruluctance of 2 micromhos 

(approx.)   14.5 Volts 

• With close-fittirg shield connected to negative filament terminal. 

G. 

(5) POWER AMPLIFIER PENTODE 

G- 6 x 

The 1C5-GrIC5-G is a power amplifier 
pentode of the 1.4-volt filament type for use 
in the output stage of battery-operated 
receivers. The 1C5-GT/1C5-G supersedes 
both the 1C5-GT and 105-G. Electrical 
characteristics are the same as for the 105-G. 
Dimensions are shown in Fig. 2-8, OUT-
LINES SECTION. The tube may he 
mounted in any position. 

1C5-GT/ 
105-G 
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1D5-GT 

SUPER-CONTROL R- F AMPLIFIER 

TETRODE 
The 1 05-GT is a super-control r- f amplifier 

tetrode of the 2.0-volt type for use in battery-
operated receivers. Physical characteristics 
are shown in Fig. 2-15. OUTLINES SEC-
TION. Vertical mounting is recommended: 
horizontal operation is permissible if pins 2 
and 7 are in a vertical plane 

CHARACTERISTICS 
FILAMENT VOLTAGE (D.C.) . ..... 2.0 VOILS 
FILAMENT CURRENT ..... ..... . 0.06 Ampere 
DIRECT INTERELECTRODE CAPACITANCES: 

Grid- Plate ( with shield can) . . . .... . . . 0.01 t,f 
Input 4.4 mm f 
Output 10.8 tott 

As Class Ai Amplifier 

PLATE VOLTAGE  135 180 Voltz 
SCREEN VOLTAGE 67.5 67.5 Volts 
Gato VOLTAGE -3 -3 Volts 
PLATE CURRENT 2.2 2.2 Milliamperes 
SCREEN CURRENT 0.7 0.7 Milliamperes 
PLATE RESISTANCE (Approx.) .... ..................... 0.35 0.6 Megohm 
TRANSCONDUCTANCS   625 650 Micromhos 
TRANSCONDUCTANCE (At - 15 volts bias) . 15 15 Micromhos 

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 r 
micromhos. With a load resistance of 13500 
ohms, the power output is 0.45 watt. Dimen-
sions are shown in Fig. 2-21. OUTLINES 
SECTION. The tube should be mounted 
vertically; horizontal operation is permissible 
if the plane of the filament is vertical. 

POWER AMPLIFIER PENTODE 
The 1LA4 is a power amplifier pentode of 

the 1.4-volt filament type for use in the out-
put stage of battery-operated receivers. It 
is of the locking-base type and can be mounted 
in any position. It is identical to the 1A5-G 
except for physical characteristics. Dimen-
sions are shown in Fig. 2-4. OUTLINES 
SECTION 

PENTAGRID CONVERTER 

The 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-babe 
type and can be mounted in any position. 
Dimensions are shown in Fig. 2-4, OUT-
LINES SECTION. Installation and ap-
plication are the same as for the 1A7-GT. es 

7AK 

r-
G3 

G4 

NC 

- 220 - 



RCA RECEIVING TUBE MANUAL 

* CHARACTERISTICS 
FILAMENT VOLTAGE (D.C.) • - • • • • • • • • • • • • 1.4 Volts 
FILAMENT CURRENT ..... . .. .. .. .. .. .. .. 0.05 Ampere 
DIRECT 1NTERELECTRODE CAPACITANCES:' 
Cid No. 4 to Plate.. .... .. .. .. .... .. .. .. ................... 0.4 put 
Grid No. 4 to grid No. 2   0.3 MP f 
Grid No. 4 to 0.15 um( 
Grid No. 1 to Grid No. 2  0.6 mi.( 
Grid No. 4 to All 9ther Electrodes ( R-F Input)  7.7 uuf 
Grid No. 2 to All Other Electrodes Except Grid No. 1 (Osc. Output) 3.3 ggf 
Grid No. I to All Other Electrodes Except Grid No. 2 (Osc. Input) 2.9 smf 
Plate to All Other Electrodes (Mixer Output) .................. 8 i‘id 

• With close-fitting shield connected to negative filament. 

Converter Service 
Maxi num ratings and typical operation for the ILA6 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 micromhos, and the series screen-voltage resistor is 45000 to 75000 ohms 

INTERNAL 
CONNECT.ON 
CIO NOT USE ( 4 

G2 

F+ 

PD 

NC 

Py 

8 r-

51:50 

NC 

BS 

5AD2 

POWER AMPLIFIER PENTODE 
6 e, The 1L134 is a power amplifier pentode of 

the 1.4-volt filament type for use in the out-
put stage of battery-operated receivers. It 
is of the locking-base type and it can be 
mounted in any position. Physical charac-
teristics are shown in Fig. 2-4, OUTLINES 

r- SECTION. For electrical characteristics. 
Ga refer to the datá for the pentode section of 

the 1D8-GT. 

DIODE HIGH-MU TRIODE 

The 1L114 is a multielectrode tube of the 
L4-volt filament type for use in battery. 
operated receivers. It contains a single diode 
and a high-mu triode, and is for use as a 
combined detector and amplifier. It is of 
the locking-base type and can be mounted 
in any position. Dimensions are shown in 
Fig. 2-4. OUTLINES SECTION. Except 
for capacitances, the electrical character-
istics are the same a, for the 1H5-GT. 

R-F AMPLIFIER PENTODE 
The 1LN5 is an r- f amphlier pentode of 

the 1.4-volt filament type for use in battery-
operated receivers. It is of the locking-base 
type and may be mounted in any position. 
Physical characteristics are shown in Fig. 
2-4, OUTLINES SECTION. Installation 
and application are similar to that of the 
1 N5-GT. 

*CHARACTERISTICS 

FILAMENT CURRENT   

1LB4 

1LH4 

1LN5 

1.4 Volts 
0.05 Ampere 

0.007 max. med 
3.4 Pa 

OUTPUT CAPACITANCE4  8 put 
¡ With close- fitting shield connected to negative filament terminal. 

As Class Ai Amplifier 
PLATE VOLTAGE  110 max. VOILE 
SCREEN % OLTAGE... ........... 110 max. Volts 
TYPICAL OPERATION: 

Plate Voltage 90 Volts 
Screen Voltage ..................................... • • • • • . - 90 Volta 
Grid 0 Volts 
Plate Current  . . 1.6 Milliamperes 
Screen Current 0.35 Milliamperes 
Plate Resistance (Approx.)   1.1 Megobms 
Transconductance .. ... , . . . .. 800 Micromhos 
Transconductance with -4.5 volt ( A P. P-r 0" i ..) . : : : : : : : : : : : : : : : : 10 Micromhos 

**Circuit returns to negative filament terminal. 
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1N6-G 

DIODE-POWER AMPLIFIER 
PENTODE 

The 1N6-G is a multi-electrode tube of the 
1.4- volt filament type containing a diode and 
a power amplifier pentode in one envelope. 
Dimensions are shown in Fig. 2-13. OUT-
LINES SECTION. The tube may be 
mounted in any position. 

*CHARACTERISTICS 

FILAMENT VOLTAGE ( I) C ) 
FILAMENT CURRENT   

1.4 Volta 
0.05 Ampere 

Pentode Unit—As Class Ai Amplifier 

PLATE VOLTAGE.. ..... . . .. .. . ...... . ... 110 max. Volts 
110 max. VOIL8 

TOTAL CATHODE CURRENT FOR ZERO SIGNAL 6 Milliamperes 
TYPICAL OPERATION and CHARACTERISTICS: 

Plate Voltage ................... .......................... 90 Volts 
Screen Voltage 90 Volts 
Grid Voltage  -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.)   . 0 3 Megohm 
Transconductance 800 Micromhos 
Lewd Resistance . ... ........... .. .................... .. 25000 Ohms 
Total Harmonic Distortion .................................. 7 Per cent 

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 

1P5-GT 

R- F AMPLIFIER PENTODE 

The 1P5-GT is a pentode of the 1.4- volt 
filament type for use in battery-operated receiv-
ers as an r- f or i-f amplifier. Installation and ap-
plication are the same as for the INS-GT. 
Physical 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 VO1U1 
FILAMENT CURRENT   0.05 Ampere 
GRID-PLATE CAPACITANCE*   0.007 man. amf 
INPUT CAPACITANCE*   2.2 opt 
OUTPUT CAPACITANCE*  10 aid 

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

F-
G3 

Al Class A1 Amplifier 

PLATE VOLTAGE  110 max. VOILS 
SCREEN VOLTAGE  110 max. VOILIP 
TYPICAL OPERATION: 

Plate Voltage   90 Volts 
Screen Voltage   90 Volts 
Grid Voltage  o Volts 
Plate Current  2.3 Milliamperes 
Screen Current  0.7 Milliampere 
Plate Resistance ( Approx.)   0.8 Megohm 
Tranaconductance   750 Micromhos 
Traneconductance with - 12 volts bias  10 Mieromhos 
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e 

6R 

8A5 

BEAM POWER AMPLIFIER 

The 1Q5-GT/1Q5-G is a power amplifier of 
the beam type having a 1.4-volt filament. 
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-I RIODE 

The 2A4-G is a grid-controlled, gaseous-
discharge tube of the filament type. It is 
intended for use in relay-control equipment 
designed for its characteristics. Physical 
characteristics of the 2A4-G are shown in 
Fig. 2-17, OUTLINES SECTION. The 
2M-G may be mounted in any position. 

CHARACTERISTICS. 

1Q5-GT/ 
1Q5-G 

2A4-G 

FILAMENT VOLTAGE (A.C. Or D.0  )  2.5 Volts 
FILAMENT CURRENT   2.5 Amperes 
PEAK INVERSE ANODE VOLTAGE  200 max. Volta 
PEAK FORWARD ANODE VOLTAGE  200 max. Volta 
PEAK VOLTAGE BETWEEN ANY TWO ELECTRODES  250 max. Volts 

1.25 MOX. Amperes PEAK ANODE CURRENT 
AVERAGE ANODE CURRENT (Averaged over any :)eriod of 45 seconds) 0.10 max Ampere 
ANODE DROP  15 Volte 

• Filament voltage should be applied for 2 seconds before current is drawn from the anode. 

ELECTRON -RAY TUBE 

(Indicator Type) 
The 2E5 is a heater-cathode type of tube 

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 receiver. Except for the heater 
rating of 25 volts and 0.8 ampere, the 2E5 
has the same characteristics as the 6E5. 
Dimensions are shown in Fig. 2-19, OUT-
LINES SECTION 

DIODE- TRIODE-

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 )entode. Each unit is 
independent of the others except for the 
common filament. The filament is designed 
to be operated from either a single dry cell 
(parallel arrangement) or two dry cells in 
series (aeries arrangement). 

FILAMENT VOLTAGE (D.C) 

2E5 

3A8-GT 

*CHARACTERISTICS 

1.4 ( parallel) 2.8 (series) 
FILAMENT CURRENT  0.1 (parallel) 0.05 (series) 
DIRECT INTERELECTRODE CAPACITANCES:* 

Triode Unit—Grid to Plate (approx.) 

Volta 
Ampere 

2.0 toxf 
Grid to Filament (approx.)   2.6 itut 
Plate to Filament (approx.)  4.2 mmf 

Pentode Unit—Grid to Plate   0 012 max apt 
Input  3.0 mot 
Output  10 aaf 

• With close-fitting shield connected to negative filament terminal 

223 



RCA RECEIVING TUBE MANUAL 

MAXIMUM OVERALL LENGTH  
MAXIMUM SEATED HEIGHT  2% . 
MAXIMUM DIAMETER   1 h' 
BULB  T-9 
CAP  Skirted Miniature 
BASE Intermediate Shell Octal 8- Pin 
M OUNTING POSITION  Any 

Triode Unit as Class A1 Amplifier 

PLATE VOLTAGE  110 max Volts 
1 YPICAL OPERATION: 

90 Volts 
Grid Voltage*  . 0 Volts 
Amplification Factor ..... ......................... • • • • • • • • • • 65 
Plate Resistance (Approx.)   . . 0.2 Megohm 
Transconductance 325 Micromhos 
Plate Current  . 0.2 Milliampere 

Pentode Unit as Class Ai Amplifier 

PLATE VOLTAGE ... .. ......................................... 110 max. Volts 
110 max. Volts 

TYPICAL OPERATION: 
90 Volts 
90 Volts 
O Volts 

Plate Resistance (Approx.)   0.8 Megohm 
750 Micro in hos 

Plate Current  1.5 Milliamperes 
0.5 Milliampere 

Diode Unit 

The diode unit is located at the negative end of the filament and is independent of the triode 
and pentode except for the common filament. 

• Grid voltage for the parallel- filament arrangement is referred for both triode and pentode 
to pins 2 and 7 connected together; for the series- filament arrangement, grid voltage for the triode 
is referred to pin 7 and for the pentode to pin 1. 

3Q4 

POWER AMPLIFIER PENTODE 
The 3Q4 is a miniature type of power 

amplifier pentode which is suitable for use 
with 90 volts on both the plate and screen, 
and thus provides relatively high power 
output. The 3Q4 has a center-tapped fila-
ment so that the tube may be used with a 
1.4-volt battery supply or in series with other 
miniature tubes having 0.05-ampere fila-
ments. Physical characteristics are shown 
in Fig. 2-2, OUTLINES SECTION. The 
tube may be mounted in any position. 

7EIA 

*CHARACTERISTICS 

Series Filament Parallel Filament 
Arrangement Arrangement 

FILAMENT VOLTAGE (D.C.) .. ............. • . 2.8 
0.05 

1.4 
0.1 

Volts 
Ampere 

As Class A1 Amplifier 

PLATE VOLTAGE  90 max. 90 max. Volts 
SCREEN VOLTAGE 90 max. 90 max. Volts 
TOTAL CATHODE CURRENT.. ............• • . • 6 max. 12 max. Milliamperes 
TYPICAL OPERATION and CHARACTERISTICS: 

Plate Voltage ............................ 90 85 90 Volts 
Screen Voltage 90 85 90 Volts 
Grid -4.5 -5 -4.5 Volts 
Peak A-F Grid Voltage. ................. • • 4.5 5 4.5 Volts 
Zero-Signal Plate Current ... ............. 7.7 6.9 9.5 Milliamperes 
Zero-Signal Screen Current ................ 1.7 1.5 2.1 Milliamperes 
Plate Resistance (Approx.) ..... ........... 0.12 0.12 0.1 Megohm 
Transconductance 2000 1975 2150 Micromhos 
Load 10000 10000 10000 Ohms 
Total Harmonic Distortion .............. . 7 10 7 Per cent 
Mas.-Signal Power Output . ....... 9.24 0.25 0.27 Watt 
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78A 

POWER AMPLIFIER PENTODE 
The 3S4 is a miniature type of power 

amplifier pentode designed for use in the out-
put stage of compact, light-weight, portable 
equipment. Construction is like that of the 
IRS. The 3S4 has characteristics similar to 
those of the 184, but it has a filament which 
permits operation with either aeries connec-
tion on 2.8 volts or parallel connection on 
1.4 volts. Dimensions are shown in Fig. 2-2. 
OUTLINES SECTION. The 3S4 may be 
mounted in any position. 

3S4 

CHARACTERISTICS 

Series Filament Parallel 
Arrangement Arrangement 

FIi,.MgNT VOLTAGE (D.C.) 2.8 1.4 Volts 
FILAMENT CURRENT   0.05 0.1 Ampere 

As Class A1 Amplifier 

PLATE VOLTAGE  67.5 max. 67.5 max. 
SCREEN VOLTAGE 67.5 max. 67.5 mos. 
TOTAL CAT-IODE CURRENT FOR MAXIMUM SIGNAL ... 9.5 max. 11 max. 
TOTAL CATHODE CURRENT FOR ZERO SIGNAL . . ........ 7.5 max. 9 max. 
TYPICAL OPER.ATION and CHARACTERISTICS—Class As Amplifier: 

Plate Voltage 67.5 
Screen Viltage 67.5 
Grid Voltages  -7 
Peak A-F Grid 7 
Zero-Signal Plate Current ... 6 
Zero-Signal Screen Current .. ...................... 1.2 
Plate Resistance (Approx.)   0.1 

1400 
Load 5000 
Total Hermonic Distortion .. ...................... 12 
Max.-Signal Power Output ........................ 0.16 

67.5 
67.5 
-7 
7 

7.2 
1.5 
0.1 

1550 
5000 

10 
0.18 

Volts 
Volts 
Milliamperes 
Milliamperes 

Volts 
Volta 
Volta 
Volts 
Milliamperes 
Milliamperes 
Megohm 
Micromhos 
Ohms 
Per cent 
Watt 

*For series filament arrangement, filament voltage is applied between pins 1 and 7; grid 
voltage is ruferred to pin . 1. For parallel filament arrangement, filament voltage is applied between 
pins 5 and pins 1 and 7 connected together; grid voltage is referred to pin 5. 

PD2 

NC KEY F 

G-5T 

FULL-WAVE HIGH-VACUUM 

RECTIFIER 
Poi 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, 3% 
in., maximum seated height, 2 fi in., max-
imum diameter, 1A, in, bulb, T-9, base, 
intermediate shell octal 5-pin. Horizontal 
operation of both types is permissible if pins 
2 and 7 are in a horizontal plane 

POWER AMPLIFIER TRIODE 

The 6A3 is a three-electrode type of power 
amplifier tube designed for use in the power-
output stage of radio receivers designed for 
its characteristics. The filament is rated at 
6.3 volts and 1.0 ampere. In single-tube 
class Ai 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 A131 service. the 

41) 6A3 may be operated with either fixed or 
cathode bias with a maximum plate voltage 

of 325 volts. With cathode resistor of 850 ohms: plate-to- plate load resistance, 5000 ohms; zero-
signal plate current 80 milliamperes; power output, 10 watts. With fixed bias of -68 volts; plate-
to-plate load resistance, 3000 ohms; zero-signal plate current, 80 milliamperes; power output. 
15 watts. 

Physical characteristics are the same as for the 2A3. If it is necessary to mount the 6A3 in 
a horizontal position, the plane of the filament should be vertical. 

5W4-G 

5W4-GT 

6A3 
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G2 

6A7-S 

6AB6-G 

PENTAGRID CONVERTER 

The 6A7-S is a pentagrid converter for use 
as a replacement in equipment designed for 
its characteristics. In general, the electrical 
characteristics of the 6A7-S are similar to 
those of the 6A7; however, the two types are 
not usually interchangeable. 

DIRECT-COUPLED POWER 
AMPLIFIER 

The 6AB6-G is a multi-electrode tube of 
the heater-cathode type consisting of two 
triodes in one bulb. It is used principally 
for replacement in receivers designed for its 
characteristics. One triode, the driver, is 
directly connected to the second, or output, 
triode. Physical characteristics are: maxi-
mum overall length, 4{4 in.; maximum 
seated height, 3 it in.; maximum diameter. 
1 ei in.; bulb. ST- 12; base, small shell octal 
7-pin. The tube may be mounted in any 
position. 

CHARACTERISTICS 

7C 

6.3 Volts 
0.5 Ampere 

As Class Ai Amplifier 

OUTPUT-TRIODE PLATE (PTIVOLTAGE . .... .......• • • • • • • • • • • • • 250 max. Volta 
INPUT-TRIODE PLATE (Pit) VOLTAGE .. .. .. .• • • • • • • • . • • • • • • • • • • 250 max. VOILE 
INPUT-TRIODE GRID VOLTAGE  0 VOILE 
PEAK A-F GRID VOLTAGE 25 Volts 
Ou-rpur-TRIoDE PLATE 34 Milliamperes 
INPUT-TRIODE PLATE CURRENT   . . . 5 Milliamperes 
PLATE REsISTANcE (Approx.) 40000 Ohms 
TRANSCONDUCTANCE ( T, to PTs) ................• .............. 1800 Micromhos 
Lo-s.s, RESISTANCE 8000 Ohms 
HARMONIC DISTORTION 10 Per cent 
POWER OUTPUT 3.5 Watts 

6AC5-GTi 
6AC5-G 

6AD6-G 

HIGH-MU 

POWER AMPLIFIER TRIODE 
The 6AC5-GT/6AC5-G is a high-mu triode 

designed for use either in single-ended or 
push-pull audio-frequency amplifiers. The 
6AC5-GT/6AC5-G supersedes both the 6AC5-
G and the 6AC5 GT. It has electrical char-
acteristics identical to those of the 6AC5-G. 
Dimensions are shown in Fig. 2-8, OUT-
LINES SECTION. The 6AC5-GT/6AC5-G 
may be mounted in any position. 

ELECTRON-RAY TUBE 

The 6A 06-G is a heater-cathode type of 
tube designed to respond visually, by means 
of two shadows on a fluorescent target, to 
changes in voltages applied to the control 
electrodes. This tube is intended for use as 
a voltage indicator to indicate accurate 
tuning of a receiver to the desired station 
The application of the 6A06-G is similar to 
that discust-,ed under the 6AF6-G 

j. 3 

NC KEY it 

G-6Q 

RCui TA 
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CHARACTERISTICS 
HEATER VOLTAGE (A.C. or D.C.)  6.3 Volts 
HEATER C JRRENT   0.15 Ampere 
MAXIMUM OVERALL LENGTH  234' 
MAXIMUM SEATED HEIGHT  2 • 
MAXIMUM DIAMETER   1 TV 
Bute   T-9 
BASE Small Wafer Octal 7-Pin, Sleev 
MOUNTING POSITION  Any 

As Tuning Indicator 

e 

8AY 

TARGET VOLTAGE 150 max. Volta TvPICAL CPERATION: 
Target Voltage  100 150 Volts 
Target Current*   1.5 3 Milliamperes 
Target Current** 1.0 2 Milliamperes 
Target Cw-rent***   0.8 1.2 Milliamperes 
Ray-Control Electrode Voltage (Approx.)•  45 75 Volts 
Ray-Control Electrode Voltage (Approx.)**  0 8 Volts 
Ray-Control Electrode Voltage (Approx.)***  -23 -50 Volts 

• For shadow angle of 0° produced by either ray-control electrode. 
** For shadow angle of 90° produced by either ray-control electrode. 
*** For shadow angle of 1350 produced by either ray-control electrode. 

TRIODE-POWER AMPLIFIER 

PENTODE 

The 6A07-G contains a voltage amplifier 
triode, and a power amplifier pentode similar 
to the 6F6-G. It -I of the heater-cathode 
type. The 6A07-G is especially useful in 
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 6F6-G apply to the pentode unit 
of the 6AD7-G. Physical characteristics are 
shown in Fig. 2-21, OUTLINES SECTION. 
The tube may be mounted in any position. 

6AD7-G 

fir *CHARACTERISTICS 
HEATER VOLTAGE (A.C. or D.0  )  6.3 Volta 
HEATER CURRENT   

0.85 Ampere 

Mode Unit 
PLATE VOLTAGE 
PLATE DziSIPATION  285 max. Volta 
CHARACTERISTICS—C1S= Ai Amplifier LO max. Watts 

Plate Voltage  
Grid Voltage  250 Volts 
Amplification Factor  -25 Volts 
Plate Resistance (A 6pprox.)   19000 Ohms 
Transccnductance   

325 Plate Current  Micromhoe 
4 Milliamperes 

Pentode Unit 
PLATE VOLTAGE  

3 SCREEN VOLTAGE  75 max. Volta 
PLATE DISSIPATION  285 max. Volt/ 
SCREEN DISSIPATION  8.5 max. Watts 
TYPICAL OPERATION and CHAR.ACTERISTICS--Cla138 Ai Amplifier: 2.7 max. Watt» 

Plate Voltage   
25 Screen Voltage   0 Volta 
250 Volts Grid Voltage  

Peak A-F Grid Voltage  -16.5 Volta 
16.5 Volta Zero-Signal Plate Current   34 Milliamperes 

Max.-S.gnal Plate Current  36 Milliamperes 
Zero-Signal Screen Current   6.5 Milliamperes 
Max.-S goal Screen Current  10.5 Milliamperes 
Plate Resistance ( Approx.) 80000 Ohms 
Traneconductance   
Load Resistance  2500 Micromhos 
Total Harmonic Distortion   7000 Ohms 

8 Per cent Max.-Signal Power Output   3.2 Watts 
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As Push- Pull Amplifier 

Pentode Unit of 6 A D7-G and Separate 6F6-G 

PLATE VOLTAGE  375 max. VOILE 
SCREEN VOLTAGE  285 max Volts 
PLATE DISSIPATION  8.5 max. Wafts 
SCREEN DISSIPATION  2.7 max. Watts 
TYPICAL OPERATION W ITH CATHODE BIAS— Class AB , Amplifier: 

Values are for pentode unit of 6A D7-G and 6F6-G together 
Plate Voltage   250 285 375 Volts 
Screen Voltage   250 285 250 Volts 
Cathode Resistor  560 470 470 Ohms 
Peak A.F Grid-to-Grid Voltage  59 64 55 Volts 
Zero-Signal Plate Current   36 47.5 41 Milliamperes 
Max.-Signal Plate Current  41 54.5 50 Milliamperes 
Zero-Signal Screen Current   6.7 8.2 6.7 Milliamperes 
Max.-Signal Screen Current  11.7 13.5 ' 9.2 Milliamperes 
Effective Load Resistance (plate- to- plate)   14000 12000 16000 Ohms 
Total Harmonic Distortion   4 4 2 Per cent 
Max.-Signal Power Output   6 8.5 9 Watts 

6AE6-G 

TWIN-PLATE CONTROL TUBE 
The 6AE6-G is intended for use as a con-

trol tube for twin- type electron-ray tubes; 
it provides in effect two triodes with different 
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 

P 

5,1APP 

7AH 

HEATER VOLTAGE (A.C. Of D.0  )  6.3 Vol [a 
HEATER CURRENT   0.15 Ampere 

Remote Cut-Off Triode 

PLATE VOLTAGE  250 max. Volts 
CHARACTERISTICS: 

Plate Voltage   250 250 250 250 Volts 
Grid Voltage  -35 -15 -6 -1.5 Volts 
Amplification Factor   25 
Plate Resistance ( Approx.)   25000 Ohms 
Transconductance   1000 N1icromhos 
Plate Current  0.01 0.8 2.8 6.5 Milliamperes 

Sharp Cut-Off Triode 

PLATE VOLTAGE  250 max. VORIS 
CHARACTERISTICS: 

Plate Voltage   250 250 Volta 
Grid Voltage.   -9.5 - 1 5 Volts 
Amplification Factor. 33 
Plate Resistance (Approx.)   35000 Ohms 
Transcor.ductance   950 Micromhos 
Plate Current  0.01 4.5 Milliampere', 

6AE7-GT 

TWIN-INPUT TRIODE AMPLIFIER 

The 6AE7-GT is intended for use as a 
voltage amplifier triode or as a driver for two 
type 6ACS-GT tubes in dynamic-coupled 
push-pull amplifiers. In the latter service, 
the 6AE7-GT takes the place of the two tubes 
ordinarily required as drivers. Physical char-
acteristics are shown in Fig. 2-8, OUTLINES 
SECTION. The 6AE7-GT may be mounted 
in any position. 

*CHARACTERISTICS 

7AX 

  VOLTAGE (A.C.; or D.C.)  6.3 V004 
HEATER CURRENT   0.5 Ampere 
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As Class Ai Amplifier 

Bola grids connected together at socket; likewise both cathodes 
PLATE VOLTAGE  aoo max. Volta PLATE DISSIPATION .   

5 max. Watts TYPICAL OPERATION and CHARACTERISTICS: 
Plate Voltage   

250 Volts Grid Voltage  
-13 5 Volts Plate Current  

10 Milliamperes Plate Resistance  
4650 Ohms Amplification Factor   

14 Transconductance   
3000 Micromhce 

As Driver for Two Type 6AC5-GT Tubes in Dynamic-Coupled 

Push- Pull Amplifier 
PLATE VOLTAGE 

300 max. VOILE PLATE DISSIPATION  
5 mat. Watts TYPICAL OPERATION: 

Plate-Supply Voltagef  
250 Volts Grid Voltage  

Volts Grid-to- Grid Input Signal to Driver*  44 rms Volta 
Zero-Signal Driver Plate Current..   10 Milliamperes 

Max.-Signal Driver Plate Current   19 Milliamperes Zero-Signal Plate Current of 6AC5-GT's  64 Milliamperes 

Max.-Signal Plate Current of 6AC5 ,GT's.   76 Milliamperes 
Load Resistance ( pla'.e-to:plate) (6AC5-GT's)  10000 Obrns 
Harmonic Distortion (6AC5-GT's)   10 Per cent 
Power Output (6AC5-GT's)  9.5 Watts 

Bias. voltage for both the driver and the push-pull stage is developed by the dynamic-coupled 
cone ection. 

• Current does not flow in the driver grid circuit during any part of the input cycle. 

02s 

Ne i•EY NC 
G-5$8 

P-D2 

(4') GIP ppi 

I 3 

GT- 60 

POWER AMPLIFIER TRIODE 
The 6B-4-G is a low-mu triode designed for 

the output stage of radio receivers. The 
electrical characteristics are the saine as those 
of the 6A3, but the 6B4-G is provided with 
an octal base. Physical characteristics are 
shown in Fig. 2-26, OUTLINES SECTION. 
The tube should be mounted in a vertical 
position; horizontal operation is permissible 
if the:-plane of the filament is vertical. 

DUPLEX-DIODE PENTODE 

The 6B7-S is a multi-electrode tube con-
sisting of two diodes and an r-f pentode in 

6 n one envelope. This type is intended for use 
- c,3F. as replacement in receivers designed for its 

characteristics The characteristics of the 
6137-S are similar to those of the 6137; how-
ever. the two types are not usually inter-
changeable. 

DETECTOR AMPLIFIER TRIODE 
The 6C5-GT is a triode of the heater-

cathode type designed for use as a detector, 
amplifier, or oscillator. Except for the 
capacitances, the electrical characteristics are 
the same as those for the 6C5. Capacitances 
are: grid- plate, 2.2 ccpf; grid-cathode, 4.4 pf; 
plate-cathode, 12 caci. Physical character-
istics are: maximum over-all length, 3 i1 
maximum seated height, 2e4.' in.; maximum 
diameter, IA in.; bulb. T 9; base, small 
wafer octal 6-pin with metal sleeve; mounting 
position. any 

6B4-G 

6B7-S 

6C5-GT 
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Po2 

6C7 

6D7 

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. 
hut 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. 6E6 The 6E6 is designed for use as a class A am-
plifier in either parallel or push-pull circuits. T2 Pri 
Dimensions are shown in Fig. 2-25. OUT-
LINES SECTION. The tube may be 
mounted in any position. The heater voltage 
is 6.3 volts; current, 0.6 ampere. With plate 
volts of 250, and grid volts of -27.5, the 
characteristics for each unit are: plate cur-

rent, 18 ma.; plate resistance, 3500 ohms; transconductance, 1700 micromhos; amplification factor, 6. 
With plate-to-plate load resistance of 14000 ohms, the power output for„twd„tubes is 1.6 watts._ 

7G 

G3 

7H 

G72 Cri 

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 type 
is intended for replacement in receivers de-
signed for its characteristics. With plate 
volts of 250, screen volts of 100. and grid 
volts of -3, the plate current is 8.2 ma.; the 
screen current is 2 ma.. transconductance is 
1600 micromhos. 

TWIN DIODE 

The 6H6-GT is a tube of the heater-
cathode type containing two diodes in a 
single envelope. Except for physical char-
acteristics. the 6H6-GT is identical to the 
6H6. Physical characteristics are: maximum 
overall length, 2 te: maximum seated height, 
2%•; maximum diameter, 1 ei"; bulb, T-9; 
base, small wafer octal 7-pin, with sleeve: 
mounting position, any. 

7B 

G3 
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G- 8H 

TRIODE-HEPTODE CONVERTER 
The 6J8-G is a multi-unit tube consisting 

of a triode unit and a heptode unit in one 
envelope. The triode unit is designed to 
serve as the oscillator and the heptode unit 
as the detector in superheterodyne receivers. 
Application is similar to that for ciicuits 

employing separate oscillator and detector. 
The control grid of the triode is connected 
within the tube to grid No. 3 of the heptode 

unit for efficient electron coupling. Physical' 
characteristics of the 6J8-G are shown in 

Fie 2-15. OUTLINES SECTION. The 
6J8-G may be mounted in any position. 

CHARACTERISTICS 

HEATER VOLTAGE (A.C. Or D.0  )  
HEATER CURRENT . 

DIRECT INTERELECTRODE CAPACITANCES: 

6.18-G 

6.3 Volts 
0.3 Ampere 

Heptode Grid to Heptode Plate*   0.01 max. oaf 
Heptode Grid to Triode Plate*  
Heptode Grid to Triode Grid*  0.015 max. iotf 

0.13 if Tnode Grid to Triode Plate  2.2 iimi 

Heptode Grid to All Other Electrodes - R-F Input  4.4 wif 
Triode Plate to All Other Electrodes .. 0sc. Output   5.5 upf 
Triode :.";rid to All Other Electrodes - Chic. Input   11.7 ad 

Heptode Plate to All Other Electrodes Mixer Output   8.8 iiaf 

• With shield-can 

As Frequiincy Converter 

HEPTODE PLATE VOLTAGE   
250 max. Volt.» 

HEpTODE SCREEN VOLTAGE (Grids No. 2 and 4)  100 max. VOILE 
TRIODE PLATE SUPPLY VOLTAGE f  250 max. VOHS 
TYPICAL OPERATION: 

Heptode Plate Voltage   100 250 Volts 

Heptode Screen Voltage  100 100 Volts 
Heptode Control-Grid Voltage (Grid No.   -3 -3 Volta 
Triode Plate Voltage  100 2501' Volta 

. Triode Grid Resistor. 50030 50000 Ohms 
lieptode Plate Resistance ( Approx.)   0.9 4 Megohms 
Conversion Transconductance  250 290 Micromhos 
Heptode Control-Grid Voltage for conversion transcon-

ductance of 2 miciomhos   — -20 Volts 
Heptode Plate Current   1.4 1.3 Milliamperes 

• Heptode Screen Current  3 2.9 Milliamperes 
Triode Plate Curren'   3 5 Milliamperes 
Triode Grid and lieptode Grid No. 3 Current  0.3 0.4 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. 

f Applied through 20000-ohm voltage-dropping resistor. 

SRS-G:NC: , el 
6K8-GI:SL - y K 

G-8K 

TRIODE-HEXODE CONVERTER 
The 6K8-G and 6K8-GT are multi-elec-

trode tubes consisting of a triode oscillator 
and a hexode mixer in a single envelope. Both 

of these types are identical electrically to 
the 6K8 except for the capacitances (given 
below). Refer to the 6K8 for Installation 
and Application. Physical characteristics of 
the 6K8-G are shown in Fig.2-15 and of the 
6K8-GT in Fig. 2-6, OUTLINES SECTION. 
Both types may be mounted in any position. 

*CHARACTERISTICS 

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

DIRECT INTERELECTRODE CAPACITANCES: 

Hexock Grid No. 3 to Hexode Plate   0.08 max. apf 
Hexoda Grid No. 3 to Triode Plate . .... • ._ • . 0.05 mid 
Hezode Grid No. 3 to Triode Grid No. I and Hexode Grid No. 1. 0.2 opf 

Triode Grid and Hexode Grid No. 1 to Triode Plate . ....... 1.8 seed 

6K8-G 

6K8-GT 

6.3 Volts 
0.3 Ampere 

- 231 --



RCA RECEIVING TUBE MANUAL 

Triode Grid and Hexode Grid No. 1 to Hexode Plate ... .. .. . 0.15 mid 
Hexode Grid No. 3 to All Other Electrodes .* R-F Input.. ... .. .. 4.6 pf 
Triode Plate to All Other Electrodes Except Triode Grid and 

Grid No. 1....0sc. Output  3.4 mmf 
Triode Grid and Hexode Grid No. 1 to All Other Electrodes Except 

Triode Plate — Osc. 6.5 muf 
Hexode Plate to All Other Electrodes .* Mixer Output  4.8 sod 

6P5-GT/ 
6P5-G 

DETECTOR AMPLIFIER TRIODE 
The 6P5-GT/6P5-G is a triode of the heater-

cathode type for use as detector, amplifier. P 

or oscillator. It is also used as a driver for 
the 6AC5-GT/6AC5-G. Except for capac-
itances, the electrical characteristics of the 
6P5-GT/6P5-G are the same as for the 6P5-G. H 

The capacitances are: grid-plate, 2.8 »mt. 
grid-cathode, 3.5 sid: plate-cathode, 2.5 sid. 
Physical 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-off type. 
Electrical characteristics, (except for capac-

6P7—  G 6P7-G are the same as for the 6F7 but the 
itances), installation and application for the 

6P7-G is equipped with a standard octal base. 
Capacitances of the triode unit are: grid-
plate, 2 suf.: grid-cathode, 1.4 plate-
cathode. 2 mid: and for the pentode unit: NC K EY 

grid- plate (with tube shield), 0.007 mid: in- 71.) 
put, 2.8 pid; output, 11.5 puf. Dimensions 

are shown in Fig 2-15, OUTLINES SECTION. The tube may be mounted in any position. 

6R7-GT 

6SA7-GT 

DUPLEX-DIODE TRIODE 

The 6R7-GT is a multi-unit tube like 
Type 6R7 in electrical characteristics. 
Physical characteristics of the 6R7-GT are 
shown in Fig. 2-6, OUTLINES SECTION. 
The 6R7-GT may be mounted in any position. 

PENTAGRID CONVERTER 

The 6SA7-GT is a multi-electrode tube of 
the single-ended type designed to perform 
simultaneously the functions of mixer (first 
detector) and of an oscillator tube in super-
heterodyne circuits. Installation and appli-
cation of the 6SA7-GT are similar to those 
for the 6SA7. 

HEATER VOLTAGE (A.C. or D.C.) 
HEATER CURRENT 
DIRECT INTERELECTRODE CAPACITANCES: 

Grid No. 3 to All Other Electrodes — R-F Input* 
Plate to All Other Electrodes ... Mixer Output*   
Grid No. 1 to All Other Electrodes*  

• With base shell connected to cathode. 

* CHARACTERISTICS 

Po, 

6.3 Volts 
0.3 Ampere 

11 puf 
12 iisf 
8 ssf 

PT 
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G- 6A5 

Grid Nc. 3 to Plate*  0.2 max. Ma 
Grid Nc. 1 to Grid No. 3*  0.2 max. ,if 
Grid No. 1 to Plate*  0.2 max. mid 
Grid No. I to Shield and All Other Electrodm Except Cathode  5 mist 
Grid No. 1 to Cathode   3 mbit 

M AXIMUM OVERALL LENGTH  3)W• 
M AXIMUM SEATED HEIGHT  2 A' 
M AXIMUM DIAMETER   1 A ' 
Buts   

T-9 
BASE Small Wafer Octal 8- Pin, Sleeve 
M OUNTIN; POSITION. Any 

As Frequency Converter 
TYPICAL OPERATION W ITH SELF-EXCITATION: 

Typical operation of the 6SA7-GT is the same as for the 6SA7. 

HIGH-MU TRIODE 

The 6SF5-GT is a high-mu triode of the 
single-ended glass type for use in resistance-
coupled amplifier circuits. Electrical char-
acteristics, except capacitances are the same 
as for the 6SF5. Physical characteristica are 
shown in Fig. 2-5, OUTLINES SECTION. 

C.2pc:;) ()PD 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 used as an a-f amplifier. Dimensions are 
shown in Fig. 1-3, OUTLINES SECTION. 
The 6SF7 may be mounted in any position. 

*CHARACTERISTICS 

DIRECT INTERELECTRODE CAPACITANCES— Pc -1L04àe Unit:* 

6SF5-GT 

6SF7 

6.3 Volts 
0.3 Ampere 

0.004 max. post 
5.5 meif 
6.5 um( 

0.002 max. µµf 
Plate to Diode Plate ..... ........... .. . ................. 0.8 med 

• With shell connected to cathode. 

Pentode Unit—As Class A1 Amplifier 

PLATE DISSIPATION  
SCREEN DISSIPATION... ................. . 
TYPICAL OPERATION and CHARACTERISTICS-0E8R Ai Amplifier: 

300 max. Volts 
100 max. Volts 
300 max. Volts 

0 min. Volts 
3.5 max. Watta 
0.5 max. Watt 

100 250 Volts Sa-een Voltage ... .....Grid ............................ 100 100 Volts 
-1 -1 Volts 

Plate Resistance (Approx.;  . . 0.2 0.7 Megohm 
Tranaconductance ................................... 1975 2050 Micromhoe 
Grid "Voltage (Approx.) for transconducance of 10 mi-

-35 -35 Volts Plate Current  
12 124 Milliamperes 

3.4 3.3 Milliamperes 

Diode Unit 

The diode plate a placed around the ca.hode, the sleeve of which is common to the pentode unit. 
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6SG7 

TRIPLE-GRID SUPER-CONTROL 
AMPLIFIER 

The 6SG7 is an r- f amplifier of the single-
ended metal type. The high transconduct-
ance, low grid-plate capacitance, and two 
separate cathode terminale are desirable 
characteristics for the design of receivers in 
high-frequency and wide-band applications. 
Physical characteristics are shown in Fig. 1-3, 
OUTLINES SECTION. The 6SG7 may be 
mounted in any position. 

*CHARACTERISTICS 

DIRECT INTERELECTRODE CAPACITANCES: 

As Class A1 Amplifier 

8BC 

6.3 Volts 
0.3 Ampere 

0.003 max. eif 
8.5 Plif 
7.0 paf 

PLATE VOLTAGE . ......................... ..... 300 max. Volts 
SCREEN VOLTAGE (Grid No. 2) 150 max. Volts 

300 max. Volts 
0 min. Volts 
3 max. Watts 

0.6 max. Watt SCREEN DISSIPATION ..... . .... ...... .... ........ .. ... ..... .......... .. .. 
TYPICAL OPERATION and ClIARACTERISTICS—uass Ai Amplifier: 

Plate Voltage 100 250 250 Volts 
Screen Voltage 100 125 150 Volts 
Grid -1 -1 -2.5 Volts 
Suppressor. ............ , • • ................. Connected to cathode at socket 
Plate Resistance (Approx.) ..... ........... • • 0.25 0.9 Megohm 
Transconductance .......... • • • • • • • • • • • • • . • • 4100 4700 400(i Micromhcr3 
Grid Voltage ( Approx.) for Transconductance .. 40 micromhos  . . -11.5 -14 -17.5 Volts 
Plate Current......................... 8.2  11.8 9.2 Milliamperes 

3.2 4.4 3.4 Milliamperes 

Greater than 1 megohm 

6SJ7-GT 

TRIPLE-GRID DETECTOR AMPLIFIER 
The 6SJ7-GT is a single-ended glass tube 

of the triple-grid type with a sharp cut-off 
characteristic. Physical characteristics are: 
maximum overall length, 3 in.; maximum 
seated height, 2.14 in.; maximum diameter, 
1 in.; bulb. T-9; base, small wafer octal 
8-pin with metal sleeve. The tube may be 
mounted in any position. 

CHARACTERISTICS 

DIRECT INTERELECTRODE CAPACITANCES: 

As Class A1 Amplifier 

G 

GT -8N 

6.3 Volts 
0.30 Ampere 

0.005 max. µmi 
6.3 waf 
10 abif 

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

-Galo VOLTAGE 3 -3 Volts 
SUPPRESSOR .. .. .. .. .. • • • • • • • • • • .. • ...... .. .. .. .. .... Connected to cathode at socket 
PLATE RESISTANCE (Approx.) 0.7 1.5 Megohms 1575 1650 Micromhoe 
TRANsCONDUCTANCE PLATE CURRENT 2.9 3 Milliamperes 

0.9 0.8 Milliamperes 
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GT-8N 

88D 

DIRECT IN- ERELECTRODE CAPACITANCES (Approx.):§ 

Triode Unit T, Triode Unit TI 
Grid to PlateGrid to  • • • • • - • • - • • • • • • • - • 4 4 sissf 
Plate to Cathode 3.2 3.8 Aid 
Plate to 3.4 2.6 Ad 

0.5 sod Grid•to Grid  . ................. 0.034 imf 
Grid Ti 10 Plate Ti ................... • • 0.12 mid 

I With close-fitting shield connected to cathode. 

TRIPLE-GRID SUPER. 

CONTROL AMPLIFIER 

The 68K7-GT is a triple-grid super-control 
amplifier having single-ended construction 
Installation and application of the 6SK7-GT 
are the same as for the 681(7. 

*CHARACTERISTICS 

6SK7-GT 

HEATER VOLTAGE (A.G. Or D.C.)  6. Volts 
HEATER CLRRIINT   0.3 Ampere 
GRID-PLATE CAPACITANCE*   0.005 max. µof 
INPUT CAPACITANCE*   6.3 puf 
Oureirr CAPACITANCE*  10 

qd 
MAXIMUM OVERALL LENGTH  3 At• 
MAximum SEATED HEIGHT  2§§" 
MAXIMUM DIAMETER   1 A . 
BULB   

T-9 BASE  
Small Wafer Octal 8- Pin, Sleeve 

MOUNTING POSITION Any 
• With base sleeve connected to cathode 

Ai Class A1 Amplifier 

Maximum ratings and characteristics for the 6SF: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 
for each unit. It is designed for use as a resist-
ance-coupled amplifier and phase inverter. 
Physical characteristics are shown in Fig. 2-8, 
OUTLINES SECTION. The tube may be 
mounted in any position. 

6SN7-GT 

*CHARACTERISTICS 
HEATER VOLTAGe(H.C. or D.C.)  6.3 Volta 
HEATER CURRENT 

0.6 Ampere 

As Class A1 Amplifier— Each Unit 

Maximum ratings and characteristics for each unit are the same as those for the iiJ5 Refer 
also to the 6F8-G in the RESISTANCE-COUPLED AMPLIFIER CHART. 

G 

DUPLEX-DIODE 

HIGH-MU TRIODE 

The 65Q7-GT is a single-ended glass tube 
containing two diodes and a high-mu triode. 
Installation and application are the same au 
for the 6SQ7, 

6SQ7-GT 
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*CHARACTERISTICS 

H VOLTAGE (A.C. Or D.C.)  6.3 Volts 
HEATER CURRENT   0.3 Ampere 
Triode: GRID-PLATE CAPACITANCE (Approx.)*   1.8 pm( 

GRID-CATHODE CAPACITANCE (Approx.)•  4.2 isid 
PLATE-CATHODE CAPACITANCE (Approx.)•  3.4 ,, „f 

MAXIMUM OVERALL LENGTH  3 f if ' 

MAXIMUM SEATED HEIGHT  24 
MAXIMUM DIAMETER   1 1,.• 
BuLa.   T-9 
BASE Small Wafer Octal 8- Pin, Sleeve 

MOUNTING POSITION  Any 
• With base sleeve connected to cathode. 

Triode Unit—As Class A, Amplifier 
Maximum rating and typical operation for the 6SQ7-GT are the same as for Type 6SQ7. 

6SR7 
METAL 

DUPLEX-DIODE TRIODE 
The 6SR7 is a metal tube of the single-

ended type containing two diodes and a 
triode in a single envelope. It is designed 
for use as a combined detector, amplifier, and 
automatic-volume-control tube. The plate 
family for the 6SR7 is the same as that for 
the 6R7. Refer to Type 6R7 in RESIST-
ANCE-COUPLED AMPLIFIER CHART 
for operating conditions as a resistance-
coupled amplifier. Physical characteristics 
are shown in Fig. 1-3, OUTLINES SECTION. 
The 6SR7 may be mounted in any position. 8Q 

*CHARACTERISTICS 

HEATER VOLTAGE: (A C. Or D.C.)  6.3 Volta 
H Caution.   0.3 Ampere 
Ttiode—Grid-Plate Capacitance (Approx.)•  2.4 sod 

Grid-Cathode Capacitance (Approx.)*   3.0 me 
Plate-Cathode Capacitance ( Approx.) •   2.8 tiof 

• With shell connected to cathode. 

Triode Unit as Class A, Amplifier 

PLATE VOLTAGE  25,0 max. VOHS 
PLATE DISSIPATION  2.5 max. Watt» 
TYPICAL OPERATION W ITH TRANSFORMER COUPLING: 

Plate Voltage   250 Volta 
Grid Voltage  -9 Volta 
Amplification Factor  16 
Plate Resistance  8500 Ohms 
Transconductance   1900 Micromhos 
Plate Current  9.5 Milliamperes 
Load Resistance  10000 Ohms 
Power Output  300 Milliwatts 

Diode Unit 

The diodes are independent of each other and of the triode unit except tor the common cath 

6SS7 

TRIPLE-GRID SUPER-CONTROL 
AMPLIFIER 

The ESS7 is a triple- grid super-control am-
plifier of the single-ended metal type. Its 
6.3-volt, 0.15-ampere heater facilitates the 
design of equipment employing a series of 
0.15-ampere tubes such that the total heater 
voltage will not exceed 117 volts. Physical 
characteristics are shown in Fig. 1-3, OUT-
LINES SECTION. The tube may be mount-
ed in any position. 

8N 
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* CHARACTERISTICS 

DIRECT 11,TERELECTRODE CAPACITANCES:* 

• With shell connected to cathode. 

As Clasi A1 Amplifier 

6.3 Volts 
0.15 Ampere 

0.004 max ad 
5.5 ma 
7 »mf 

300 max. Volts 

SCREEN SjppLy VOLTAGE 100 max. Volts 
Gain VOLTAGE 300 max. Volts 

0 min. Volts 
PLATE DISSIPATION  . . ... ... ... 2.25 max. Watts 
SCREEN DISSIPATION 0.35 max. Watt 
TYPICAL OPERATION: 

Plate Voltage Screen Voltage 100 250 Volts 
100 100 Volts 
-1 -3 Volts 

Suppressor. ... • .. .. .. .... .. .. . • • • • • • • • • • . . ..... _ Connected to cathode at socket 
Plate Current  12 2 9 Milliamperes 
Screen Mate 3.1 2 Milliamperes 

Transconductance 0.12 1 Megohm 
Grid Bia 1930 1850 Micrornhos 

-35 -35 Volts 
; For transconductance of 10 micromhos (approx.). 

PD2 

EXTERNAL 
SNIELO 

CT.? 

6J 

CTI 

DUPLEX-DIODE TRIODE 
The 6V7-G is a heater-cathode type of tube 

consisting of two diodes and a triode in a 
single bulb. Except for physical character-
istics, the 6V7-G is identical to the 85. Di-
mensions are shown in Fig. 2-15, OUTLINES 
SECTION. The 6V7-G may be mounted in 
any position. 

PD, 

FULL-WAVE HIGH-VACUUM 
RECTIFIER 

The 6Y5 is a full-wave, high-vacuum 
rectifier for replacement in receivers 
designed for its characteristics. The 
heater voltage is 6.3 volts; current, 0.8 
ampere. The maximum a-c plate volt-
age per plate is 350 volts (RMS), and 
the d-c output current is 50 ma. Phys-
ical characteristics are shown in Fig. 
2-19, OUTLINES SECTION. 

CLASS B " WIN 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. 
except that the 3Y7-G requires an octal 
socket. Physical characteristics are shown 
in Fig. 2-17. OUTLINES SECTION. The 
6Y7-G can be mounted in any position. 
Refer to Type 79 far electrical characteristics. 

6V7-G 

6Y5 

6Y7-G 
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6Z5 

7A4 

FULL-WAVE HIGH-VACUUM 
RECTIFIER 

The 625 is a full-wave, high vacuum 
rectifier for replacement in receivers designed 
for its characteristics. The heater is designed 
with a tap so that it may be operated with 
the two sections in series on 12.6 volts and 
0.4 ampere, or in parallel on 6.3 volts and 
0.8 ampere. The maximum a-c plate voltage 
is 230 volts (RMS), and the maximum d-c 
output current is 60 ma. Physical charac-
teristics are shown in Fig. 2-19, OUTLINES 
SECTION. 

DETECTOR AMPLIFIER TRIODE 

The 7A4 is a three-electrode general-
purpose tube of the heater-cathode type for 
use as amplifier and detector The base fits 
the lock-type socket which may be installed 
to hold the tube in any position. Physical 
characteristics of the 7A4 are shown in Fig. 
2-4, OUTLINES SECTION. For heater 
operation and cathode connection, refer to 
the 6A8. 

*CHARACTERISTICS 

HEATER VOLTAGE (AC. or D.C.)  
HEATER CURRENT  
GRID-PLATE CAPACITANCE (Approx.)•  
GRID-CATHODE CAPACITANCE (ADM'OZ.)*   
PLATE-CATHODE CAPACITANCE (Approx.)   

• With close-fitting shield connected to cathode  
/ Nominal value is 7 volts. jj Nominal value is 0.32 ampere. 

N 

6.3: Volts 
0.3U Ampere 
4 ad 

3.4 mid 
3 “mf 

As Class A1 Amplifier 

Maximum ratings and typical operation for the 7A4 are the same as for the 635. 

7A5 

BEAM POWER AMPLIFIER 

The 7A5 is a beam power amplifier of the 
locking-base type. It is for use in the power-
output stage of radio receivers designed for 
its characteristics. 

HEATER VOLTAGE (A.C. or D.C.) 
HEATER CURRENT 

SEATED HEIGHT  MAXIMUNI 2e• 
M AXIMUM OVERALL LENGTH  

Maxtstvm Duasersit   1 iie• BASE  Lock-type 8-Pin 

MOUNTING POSITION  Any 
j Nominal value is 7 volts. U Nominal value is 0.75 ampere. 

*CHARACTERISTICS 

PLATE VOLTAGE 
SCREEN VOLTAGE (Grid No. 2) 
PLATE DISSIPATION 
SCREEN DISSIPATION 
TYPICAL OPERATION: 

Plate Voltage   
Screen Voltage   

As Class A. Amplifier 

6.3j Volta 
0.7t Ampere 

125 max. Volts 
125 max. Volts 
5.5 max. Watts 
1.2 max. Watts 

110 125 Volta 
110 125 Valle 
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6AE 

Grid Voltage (Grid No. 1)•   -7.5 -9 Volts 
Peak A-F Grid Voltage  7.5 9 Voles 
Zero-Signal Plate Current   40 44 hlilliamperee 
Max.-Sgnal Plate Current  41 45 Milliamperes 
Zero-Signal Screen Current (Approx.)   3 3.3 Milliamperes 

Max.-Signal Screen Current (Approx.)  7 9.5 Milliamperes Plate Resistance (Approx.)   14000 17000 Ohms 

Transconductance   5800 6000 Micromhoe 
Load Resistance  2500 2700 Ohms 
Total Harmonic Distortion   10 10 Per cent 
Max.-Signal Power Output   1.5 2.2 Watts 

• The d-c resistance in the grid circuit should not exceed 0.1 megolim with fixed bias, or 0.5 
inegohm with cathode bias. 

HIGH-MU TRIODE 

The 784 à 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-
acteristics are the same as those for the 6SF5. 

CHARACTERISTICS 

DIRECT INTERELECTRODE CAPACITANCES_ Triode Unit: 

7B4 

6.3* Volts 
0.3** Ampere 

1.6 
3.6 opf 
3.4 

• Nominal value is 7 volts. •4, Nominal value Is 0.32 ampere. 

Triode Unit 
PLATE VOLTAGE  

250 max. VOILS TYPICAL OPERATION and CnAnAcrggrrucs: 
Values are the same as for the 6SF5. 

POWER AMPLIFIER PENTODE 

The 7B5-LT is a power amplifier pentode 
of the locking-base type for use in the output 
stage of radio receivers designed for its char-
acteristics. The 7B5-LT is interchangeable 
with the 7B5. Physical characteristics are 
shown in Fig. 2-7, OUTLINES SECTION. 
The tube may be mounted in any poeition. 

7B5-LT 

*CHARACTERISTICS 
HEATER VOLTAGE (A.C. Or D.C.)  

6.31 Volts HEATER CURRENT  
0.47: Ampere 

Nominal value is 7 volts. f7 Nominal value is 0.43 ampere. 

As Class A1 Amplifier 
6K6-G. 

Maximum ratings and typical operating conditions for the 7B5-LT are the same as for the 

DUPLEX-DIODE 

HIGH-MU TRIODE 
te ) The 7136-LM is a multi-unit tube of the 

locking-base te containing two diodes and 
a high-mu triode in one envelope. The 7B6- 7B6-LÀ4 
LM is designed for use as a combined detector, 
amplifier, and automatic-volume-control tube. METAL 
The triode unit is recommended for use in 

H On Os resistance-coupled amplifier service and may 
be used under the same conditions as given 

8W for the 6SQ7 in the RESISTANCE. 
COUPLED AMPLIFIER CHART. The 

786-LM is interchangeable with the 786. Physical characteristics are ahown in Fig 1-1. 
OUTLINES SECTION. The tube may be mounted in any position. 
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HEATER VOLTAGE (A.C. or D.C.) 
HEATER CURRENT   

/ Nominal value is 7.0 volts. 

*CHARACTERISTICS 
6.3: Volta 
0.3:j Ampere 

22 Nominal value is 0.32 ampere. 

Triode Unit 

PLATE VOLTAGE  
TYPICAL OPERATION and CHARACTERISTICS: 

Values are the same as those for the 6SQ7. 

250 max. Volts 

Diode Unit 

The diode unite are independent of each other and of the triode unit except for the common 
cathode. 

788-LM 
METAL 

PENTAGRID CONVERTER 

The 7B8-LM is a multi-electrode tube of 
the locking-base type designed to perform 
simultaneously the functions of a mixer (first 
detector) and of an oscillator in superheter-
odyne circuits. The 7B8 LM is interchange-
able with the 788. The physical characteris-
tics of the 7B8-LM are shown in Fig. 1-4, 
OUTLINES SECTION. The 788-LM may 
be mounted in any position. 

8X 

*CHARACTERISTICS 
HEATER VOLTAGE (A.C. or D.C.)  6.3 Volta 

HEATER CURRENT   0.3:: Ampere 
DIRECT INTERELECTRODE CAPACITANCES:* 
Grid No. 4 to Plate  0.3 max. opt 
Grid No. 4 to Grid No. 2  0.2 pmf 
Grid No. 4 to Grid No. 1   0.15 aaf 
Grid No. 1 to Grid No. 2  0.8 if 
Grid No. 4 to All Other Electrodes .. R-F Input   10 ppf 
Grid No. g to All Other Electrodes Except Gnd No. 1 .. 0sc. Output 3 ad 
Grid No. 1 to AU Other Electrodes Except Grid No. 2 ... 0sc. Input 4.8 oaf 
Plate to All Other Electrodes Mixer Output   12 suif 

• With shell connected to cathode. 
: Nominal value is 7 volts. jj Nominal value is 0.32 ampere. 

As Frequency Converter 
PLATE VOLTAGE  250 max. Volt* 
SCRESN VOLTAGE (Grids No. 3 and No. 5)  100 max. Volts 
ANODE-GRID VOLTAGE (Grid No. 2)  200 max. VIALS 
ANODE-GRID SUPPLY VOLTAGE1  250 max. VOILE 

TOTAL CATHODE CURRENT  14 max. Milliamperes 
TYPICAL OPERATION: 

Plate Voltage   100 250 Volts 
Saeen Voltage   50 100 Volts 
Anode-Grid Voltage  100 250 1 Volts 
Control-Grid Voltage   -1.5 -3 Volta 
Oscillator-Grid Resistance (Grid No. 1)   50000 50000 Ohms 
Plate Resistance ( Approx.) 0.6 0.36 Megohm 
Conversion Tranaconductance  360 550 Micrornho• 
Conversion Transconductance  3t 6t Micromhos 
Plate Current  1.1 3.5 Milliamperes 
Screen Current  1.3 2.7 Milliamperes 
Anode-Grid Current   Milliamperes 
Oscillator-Grid Current  0.25 0.4 Milliampere 
Total Cathode Current  4.6 10.6 Milliamperes 

1 Anode-grid supply voltages in excess of 200 volts require the use of a 20000-ohm voltage. 
dropping resistor by-passed by a 0.1 pf condenser. 

I. With grid bias of -20 volts. I With grid bias of -35 volts. 

7C5-LT 

BEAM POWER AMPLIFIER 

The 7C5-LT is a beam power amplifier of 
the locking-base type for use in the output 
stage of radio receivers. The characteristics 
of the 7C5-LT are similar to the of the 6V6. 
The 7C5-LT is interchangeable with the 
Type 7C5. The physical characteristics of 
the 7C5-LT are shown in Fig. 2-9, OUT-
LINES SECTION. The tube may be 
mounted in any position. 
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*CHARACTERISTICS 
HEATER VOLTAGE (A.C. Or D.C.)  6.3j Vat. 

HEATER CURRENT   0.45:: Ampere 
j Nominal value is 7 volte. :: Nominal value is 0.45 ampere. 

As Amplifier 

The maximum ratings and typical opersting conditions for 7C5-LT are the same as the 
6V6. 

TRIPLE-GRID 

DETECTOR AMPLIFIER 

The 7C7 is a triple-grid detector amplifier 
of the locking-ham type recommended for 
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. 

7C7 

*CHARACTERISTICS 
HEATER VOLTAGE (A.C. or D.C.)  6.3: Volts 
HEATER CURRENT   0.15U Ampere 
GRID-PLATE CAPACITANCE*   0.007 max. ma( 
INPUT CAPACITANCE*   5.5 ssicf 
OUTPUT CAPACITANCE*  6-5 oaf 

: Nominal value is 7 volts. U Nominal value is 0.16 ampere 
• With close- fitting shield connected to cathode. 

As acts At Amplifier 

PLATE VOLTAGE   300 max. V01 -..8 

SCREEN VOLTAGE  100 max. V0111 
SCREEN SUPPLY VOLTAGE  300 max. Volts 
GRID VOLTAGE   0 min. M LR 
PLATE DISSIPATION  1.0 max. WHIN 

SCREEN DISSIPATION. 0.1 max. Watt 
TYPICAL OPERATION and CHARACTERISTICS: 

Plate Voltage   100 250 Volt» 
Screen Voltage   100 100 Volta 
Grid Voltage  -3 -3 Volts 
Suppressor Connected to cathode at socket 
Internal Shield   
Plate Resistance tApprox.)  Connected to cathode at socket 

1.2 2 Megolcuna 
Trarsconductance   1225 1300 Mcrornhoe 
Plate Current  1.8 2 Milliamperes 
Screen Current  0.4 0.5 MELliatnpere 

DUPLEX-DIODE TRIODE 

The 7E6 is a multi-unit tube which con-
tains two diodes and a medium-mu triode. 
It ia of the locking- base type and may be 
mounted in any position. The 7E6 is de-
signed for use as a combined detector. 
amplifier, and automatic-volume-control tube 
in radio receivers. Physical characteristics of 
the 7E6 are Shown in Fig. 2-4, OUTLINES 
SECTION. 

7E6 

*CHARACTERISTICS 
HEA7ER VOLTAGE (A.C. OT D.C.)  63: VOIDI 

HEA'7ER CURRENT   0.3U Ampere 
Nommai value is 7 volts. fl Nominal value is 0.32 ampere. 

Triode Unit—As Clem At Amplifier 
Maximum ratings and typical operation for the 7E6 are the same as for the 61ri. 
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7E7 

DUPLEX-DIODE PENTODE 

The 7E7 is a multi-electrode tube contain-
ing two diodes and a pentode in one bulb. 
It is of the locking-base type, and can be 
mounted in any position. The 7E7 is in-
tended for use as a combined detector, 
amplifier (audio-, radio-, or intermediate-fre-

quency), and automatic-volume-control tube. 
Physical characteristics of the 7E7 are shown 
in Fig. 2-4. OUTLINES SECTION. 

*CHARACTERISTICS 
HEATER VOLTAGE (A.C. Or D.C.)  
HEATER CURRENT  
GRID-PLATE CAPACITANCE*   
INPUT CAPACITANCE*   
OUTPUT CAPACITANCE* .   

• With close-fitting shield connected to cathode  
: Nominal value is 7 volts. Nominal value is 0.32 ampere. 

Pentode Unit—As Class A1 Amplifier 
PLATE VOLTAGE  
SCREEN VOLTAGE (Grid No. 2) 
TYPICAL OPERATION: 

Plate Voltage   250 Volts 
Screen Voltage   100 Volts 
Grid Voltage (Grid Ne. 1)  -3 Volts 
Plate Current  7.5 Milliamperes 
Screen Current  1.6 Ivlilliamperee 

Plate Resistance ( Approx.)   0.7 Megohm 
Transconductance   1300 Mirzoinhos 

Grid Bias for transconductance of 2 micromhos  -42.5 Volte 

H BS 

8AE 

H 

6.3: volt. 
0.3:: Ampere 

0.005 max. mid 
4.6 
4.6 uuf 

7F7 

TWIN-TRIODE AMPLIFIER 

The 7F7 is a multi-electrode tube of the 
locking-base type employing two high-mu 

triodes in one bulb. It will be found useful 
as an amplifier or a phase inverter. The two 
units are independent except for the common 

heater. Physical characteristics of the 7F7 
are shown in Fig. 2-4, OUTLINES SEC-
TIONS. The 7F'7 can be mounted in any 

position. 

HEATER VOLTAGE (A.C. Or D.C.) 

HEATER CURRENT  

: Nominal value is 7 volts. :/ Nominal value is 0.32 ampere. 

Each Triode Unit—As  Clam A, Amplifier 
PLATE VOLTAGE  250 max. Volta 
GRID VOLTAGE   0 min. Volts 
PLATE DISSIPATION  1.0 max. Watt 
TYPICAL OPERATION: 

Plate Voltage   250 Volts 
Grid Voltage  -2 Volts 
Plate Current  2.3 Milliamperes 

Plate Resistance  44000 Ohms 

Amplification Factor  70 
Transconductance .   1600 Micromhos 

*CHARACTERISTICS 

250 max. Volta 
100 max. Volts 

GT2 GT1 

PT2 BT1 

P'T2 2 AA 
RT1 

H BS H 

BAC 

7G7/ 
1232 

6.3: Volts 
0.3t..: Ampere 

TELEVISION AMPLIFIER 
PENTODE 0, 

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 

other applications where a tube having high 
tranaconductance is required. Physical char-
acteristics of the 7G7/1232 are shown in Fig. 
2-4, OUTLINES SECTION. The 7G7/1232 

can be mounted in any position. 

03 

S OR SS 
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*CHARACTERISTICS 
HEATER VOLTAGE (A.C. or DC.)  6.3t Volta 
HEATER CURRENT   0.458 Ampere 
GRID-PLATE CAPACITANCE*   0.007 max. 
INPUT CAPACITANCE*   9 µid 
OUTPUT CAPACITANCE*  7 upf 

• With close- fitting shield connected to cathode. 
I Nominal value is 7 volts. tt Nominal value is 0.48 ampere. 

As Class Ai Amplifier 
PLATE VOLTAGE  250 max. Volts 
SCREEN VOLTAGE (Grad No. 2)  100 max. Volts 
SCREEN SUPPLY VOLTAGE  250 max. Volts 
PLATE DISSIPATION  1.5 max. Watts 
SCREEN DISSIPATION  0.2 max. Watt 
TYPICAL OPERATION: 

Plate Voltage   250 Volts 
Screen Voltage   100 Volts 
Grid Voltage (Grid No. 1)  -2 Volts 
Suppressor  Plate Current Connected to cathode at socket 

6 Milliamperes 
Screen Current  2 Milliamperes 
Plate Resistance (Approx.)   0.8 Megohm 
Transconductance   4500 Miaomhos 
Grid Voltage°   -6 Volts 

• F3r cathode current cut-off 

TRIPLE-GRID SUPER-CONTROL 
AMPLIFIER 

The 7H7 is a triple-grid amplifier of the 
locking-base type. Physical characteristica 
are shown in Fig. 2-4, OUTLINES SECTION. 
The tube may be mounted in any position. 

*CHARACTERISTICS 

DIRECT INTERELECTRODE CAPACITANCES:* 

• With close-fitting shield connected to cathode. 
t Nominal value is 7 volts. ttNominal value is 0.32 ampere. 

As Clow At Amplifier 

PLATE VOLTAGE SCREEi. VOLTAGE (Grid No. 2) . 300 mar. Volts 
150 max. Volts 

SCIEN SUPPLY VOLTAGE 300 max. Volts 
Gam VOLTAGE (Grid No. 1) ................................... 0 min. Volts 
PLATE DISSIPATION 2.5 max. Watts 
SCREEN DISSIPATION  0.5 max. Watt 
TYPICAL OPERATION as Class Ai Amplifier: 
Put, Voltage 100 250 Volts 
Scrern Voltage 100 150 Volts 
Suppressor . .. .. .. .. .. .. .......• • ..... .... ...... .. .. Connected to cathode at socket 
Inter nal Shield  ............................. Connected to cathode at socket 
Grid Voltage -1 -2.5 Volts 
Plate Current .... . ................................. 8.2 9.5 Milliamperes 
Screen 3.3 3.5 Milliamperes 
Plate Resistance ',Approx.)   0.25 0.8 Megohm 

3800 3800 Micromhoe 
GriddVoltage for Transconductance .-35 micromhos  -12 -19 Volts 

7H7 

6.3j Vol ta 
0.38 Ampere 

0.007 max. up( 
8.0 rod 
7.0 rid 

PH% 

as 

8AR 

Gr 02 
," .3FIX 

G5,-, x TRIODE-HEPTODE CONVERTER 

The 7J7 is a multi-electrode tube consisting 
of a triode oscillator and a beptode mixer in a 

D. and can be mounted in any position. Phys-
single bulb. It is of the locking-bass type, 

ical characteristics of the 7J7 are shown in 
Fig. 2-4, OUTLINES SECTION. 

7J7 
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*CHARACTERISTICS 

H CURRENT 
DIRECT INTERELECTRODIt ëAPACITANCIL.Si*;* 
Heptode Grid No. 1 to Heptode Plate. .. ........ .... • • • • • • 
Heptode Grid No. 1 to Triode Plate .. . „._.. • ▪ • • • • • 
Heptode Grid No. 1 to Triode Grid and Heptode Grid No. 3 ..... 
Triode Grid to Triode Plate ........ . . ........ 
Heptode Grid No. 1 to All Other Electrodes - R-F Input .. 
Triode Plate to All Other Electrodes Except Triode Grid No. 1 
and Heptode Grid No. 3 wOsc. Output .. ▪ . • . 

Triode Grid and Heptode Grid No. 3 to All Other Electrodes Except 
Triode Plate wOec. Input ._. • • • • . • • • • • • • • • • 

Heptode Plate to All Other Electrodes wpdixer Output 
•• With close-fitting shield connected to cathode. 
j Nominal vlaue is 7 volts. jj Nominal value is 0.32 ampere. 

As Frequency Converter 

6.3: Volts 
0.3:: Ampere 

0.01 max. op f 
0.1 max. 
0.2 max. med 
1.0 um( 
5.5 guf 

2 

8.5 eimf 
7.5 mAif 

300 max. Volta 
HEPTODR SCREEN VOLTAGE (Grids 1%io. i, «4 and 5).. .............. 100 max. Volta 
HIPTODE SCREEN SUPPLY VOLTAGE .,... N.,... • • • • • • • • • • • • • • • • • • • • • 300 max. Volta 
HEPTODE CONTROL-GRID VOLTAGE (uric o. 1) ..... ......... • • • • 0 min. Volts 

15TRIODE PLATE 0 max. Volta'' 
TRIODE PLATE SUPPLY VOLTAGE'. . . .. . • • • • • • • • • • • • ............. 300 max Volta 
HEPTODE PLATE DISSIPATION 0.5 max. Watt 
Hspîoos SCREEN DISSIPATION 0.3 max. Watt 
TRIODE PLATE DISSIPATION.. .... • . ............................ 1.25 max. Watts 

14 max. Milliamperes 

TYPICAL OPERATION: 
Heptode Plate Voltage .. .. .... .. .. . • • • • • • • • • • • • • • • • • 100 250 Volts 
Heptode Screen Voltage  . . . 100 100 Volts 
Heptode Control-Grid Voltage ....................... -3 -3 Volts 
Triode Plate Voltage.. .. ..   .. .. .. ...• • • • • • • • • • • • • • . 100 250* Volts 
Triode Grid Resistor  . . 50000 50000 Ohms 
Heptode Plate Resistance ... .. .. ........ .. . • • • • • • • • • 0.3 1.5 Megohms 

. Conversion Transconductance... ....................  260 300 Micromhos 
Heptode Control-Grid Voltage for conversion transcon-
ductance of 2 micromhos .. .............. .. • • • • • • • • -20 -20 Volta 

Heptode Plate Currtnt  1.1 1.3 Milliamperes 
Heptode Screen Current ............. .....• • • • • • • • • • • 3.1 2.9 Milliamperes 
Triode Plate Current .... , ... , „..,' , • • • • • • • • • • • • • • . • 3.7 5.4 Milliamperes 
Triode Grid and Heptode Grid No. 3 Current  0.3 0.4 Milliampere 
Total Cathode Current.. .. .. .. .... .. .. • • • • • • • • • • • • • • 8.2 10 Milliamperes 

• Applied through 20000-ohm voltage-dropping resistor. 

Characteristics of Triode Unit Only 

The transconductance of the triode unit, not oscillating, is approximately 1350 micromhe• Y 

when the plate voltage is 150 volts and the grid voltage is -3 volts. 

7Q7 

PENTAGRID CONVERTER 

The 7Q7 is a multi-electrode vacuum tube 
of the locking-base type designed to per-
form simultaneously the functions of a 
mixer (first detector) tube and of an oscillator 
tube in superheterodyne circuita. Dimen-
sions of the 7Q7 are shown in Fig. 2-4, OUT-
LINES SECTION. The tube may be 
mounted in any position. Installation (ex-
cept for the socket) and application are 
similar to that for the 6SA7. 

*CHARACTERISTICS 

BS 

SAL 

6.3* Volta 
0.3** Ampere 

DIRECT INTERELECTRODR CAPACITANCES:cif 
Grid No. 3 to All Other Electrodes an Base Shell - R-F Input. .. 9 ;ref 
Plate to All Other Electrodes and Base Shell •• Mixer Output . .... 9 Pal 
Grid No. 1 to All Other Electrodes and Base Shell... .... .. ... .. 7 rid 

Grid No. 3 to 0.2 max.Grid No. 1 to Grid No.  mat 0.2 max. Aid 
Grid No. 1 to 0.15 max. ard 
Grid No. 1 to All Other Electrodes (Except Cathode) and itinie 

5 rief 
Grid No. 1 to Cathode 2.2 mid 
Cathode to All Other Electrodes (Except Grid No. 1) and Base 

Shell 6 SW 
t With close-fitting shield connected to cathode. 
• Nominal value is 7 volts. ** Nominal value is 0.32 ampere. 
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As Frequency Converter 

PLATE VOLTAGE  . . . . .. . . 300 max. VOILA 
Gain No. 2 AND No. 4 VOLTAGE .. ............................ .. 100 max. VOILE 
GRIDS NO. 2 AND NO. 4 SUPPLY VOLTAGE.. ...................... 300 max. Volts 
Gaso No. 3 VOLTAGE . . .. .. .. .. .. .. .. 0 min. VOIG 
PLATE AND GRIDS NO. 2 AND No. 4 DISSIPATION (Total) .. ........ 2 max. Wattà 
Gains No. 2 AND No. 4 DISSIPATION 1 max. Watt 
TOTAL CATHODE CURRENT .. .. .... ......... ....... • ............ 14 max. Milliamperes 
TYPICAL OPERATION with Self-Excitation:Plate Voltage   

............... 100 250 Volts 
Grids No. 2 and No. 4 Voltage ...... ................. 100 100 Volts 
Grid No. 3 (Control) VoltaGrid No. 5 Voltage ge ........................ 0 0 Volts 

0 0 Volts 
Grid No. I 20000 20000 Ohms 
Plate 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 MilliamperesPlate Resistance (Approx.) .... ............... _ .... 0.5 1 Megohm 

Conversion Tranaconductance.. ...................... 525 550 Micromhoe 
Conversion Tranaconductance (Approx.) ............. 2 2 Micromhos 

tt With grid No. 2. bias of -35 volts. 

POWER AMPLIFIER PENTODE 

The I2A5 is a power amplifier pentode 
designed for use : n a-c/d-c receivers or in 
automobile receivers. The heater is center. 
tapped to provide for either series or parallel 
operation. Physical characteristics are shown 
in Fig. 2-19. OUTLINES SECTION. The 
tube may be mounted in any position. 

12A5 

*CHARACTERISTICS 

HEATER VOLTAGE (A.C. or D.C.)... 6.3(parallel) 12.6(series) Volts 
HEATER CURRENT 0.6 0.3 Ampere 

As Class A1 Amplifier 

PLATE VOLTAGE  180 max. Vol ts 
SCREEN VOLTAGE 180 max. Vol ts 
PLATE DISSIPATION  8.25 max. Watts 
SCREEN DISSIPATION   ............................. 2.5 max Watts 
^'IrPicitt OPERATION and CHARACTERISTICS: 

slate Voltage 100 180 Volts 
Screen Voltage 100 180 Volts 
Grid -15 -25 Volts 
Peak A-F Grid Voltage...................... 15 25 Volts 
Zero-Signal Plate Current ................... 17 45 Milliamperes 
Max.-Signal Plate Current.................. 19 48 Milliamperes 
Zero-Signal Screen Current .................. 3 8 Milliamperes 
Max.-Signal Screen Current. ................. 6 5 14 Milliamperes 
Plate Resistance (Approx.)   . . 50000 35000 Ohms 
Tranaconductance 1700 2400 Micromhoe 
Load Resistance 4500 3300 Ohms 
Total Harmonic Distortion .................. 12 11 Per cent 
Max.-Signal Power Output .................. 0.8 3.4 Watts 

TRIODE-PENTODE 

The 12B8-GT is a heater-cathode type of 
tube combining a high-mu triode and an r- f 
pentode in one bulb. The triode may be 
used as a detector and the pentode as an r-1 
i-f amplifier. Heater operation is similar 

to that of the 12.A8-GT except for the differ-
ence in current rating. For cathode con. 
nection, refer to the 6A8. 

12 B8-GT 

8T 
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CHARACTERISTICS 
HEATER VOLTAGE (A.C. OT D.C.)  12.6 Volta 
HEATER CURIRENT   0.3 Ampere 
DIRECT INTERELECTRODE CAPACITANCES: 

Triode Grid to Triode Plate  2.3 ymf 
Triode Grid to Triode Cathode  s PiPf 
Triode Plate to Triode Cathode   6.3 rid 
Pentode Grid to Pentode Plate  0.015 sod 
Pentode Input 5.2 10.f 

Pentode Output  9.6 eijat 
Pentode Grid to Triode Grid  0.002 »oaf 
Pentode Plate to Triode Grid   0.078 offlf 
Pentode Grid to Triode Plate   0.003 gid. 

M AXIMUM OVERALL LENGTE  3 rir • 
M AXIMUM SEATED HEMET  e 
M AXIMUM DIAMETER   1 i'g• 
Buce   T-9 
CAP  Skirted Miniature 
BASE Intermediate Shell Octal 8-Pin 
M OUNTING POSITION  Any 

As Clou A1 Amplifier 

Triode Una Peraode Una 
PLATE VOLTAGE A 90 90 Volta 
SCREEN VOLTAGE (Grid No. 2)   - 90 Volta 
GRID VOLTAGE (Grid No. 1)   0 -3 Volta 
PLATE CURRENT  2.8 7 Milliamperes 
SCREEN CURRENT  2 Milliamperes 
AMPLIFICATION FACTOR  go _ 
PLATE RESISTANCE   37000 200000 Ohms 
TRANSCOSIDUCTANCE   2400 1800 Micromhoe 
TRANSCONDUCTANCE with -42.5 volta bias   - 2 Mieromhos 

12H6 

12SA7-GT 

12SF5-GT 

TWIN DIODE 

"rhe 121-16 is a metal tube of the heater- ( 
cathode type containing two diodes in one 
envelope. Except for the heater rating of 
12.6 volts and 0.15 ampere, the electrical 
characteristics are the same as those of the 
6116. 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 
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 
65A7-GT. For heater operation, refer to 
the 12A8-GT. 

HIGH-MU TRIODE 
The 12SF5-GT is a high-mu triode of the 

heater-cathode type. Refer to the 6SF5 for 
electrical characteristics except capacitances 
and heater rating. The heater is designed 
for operation at 12.6 volts and 0.15 ampere; 
refer to the 12A8-GT for discussion of heater 
operation. Dimensions are shown in Fig. 
2-5. OUTLINES SECTION. The 125F5-GT 
may be mounted in any position. 

7Q 
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7AZ 

GT-8N 

GT-8N 

KT, 

PT2 

GT2 

Po, 

PT 
6) 

SL KEY H 

6T-8Q 

Po 

The 12SF7 is a metal tube of the single-
ended type containing a single diode and a 
super-control amplifier pentode. Except for 

H the heater rating of 12.6 volts and 0.15 
ampere, the electrical and physical charac-
teristics of the 12SF7 are the same as those 
of the 6SF7. For heater operation, refer to 
the 12A8-GT. The 12SF7 may be mounted 
in any position. 

DIODE SUPER-CONTROL 
AMPLIFIER PENTODE 

TRIPLE-GRID SUPER-CONTROL 
AMPLIFIER 

The 12SG7 is a metal tube of the single-
ended type. Except for the heater rating of 
12.6 volts and 0.15 ampere, the electrical and 
physical characteristics of the 12SG7 are the 
tame as those of the ASG7. For heater 
operation, refer to the 12A8-GT. The 
12SG7 may be mounted in any position. 

TRIPLE-GRID DETECTOR AMPLIFIER 
The 12SJ7-GT is a single-ended glass tube 

of the triple-grid type with a sharp cut-off 
characteristic. Except for the heater rating 
of 12.6 volts and 0.15 ampere, the electrical 
and physical characteristics of the 12SJ7-GT 
are the same as those of the 6SJ7:GT. For 
heater operation, refer to the 12A8-GT. 

TRIPLE-GRID SUPER-

CONTROL AMPLIFIER 

The 12SK7-GT is a triple grid super-control 
amplifier having single-ended construction. 
Except for its heater rating of 12.6 volts and 
0.15 ampere, the electrical and physical char-
acteristics of the 12SKT-GT are the same as 
those of the ASKT-GT. For heater operation, 
refer to the 12A8-GT. 

TWIN-TRIODE AMPLIFIER 

The 125N7-GT is a single ended twin-
triode amplifier having separate terminals for 
each cathode. Except for the heater rating 
of 12.6 volts and 0.:3 ampere, the electrical 
and physical characteristics of the 12SN7-GT 
are the same as those of the 6SN7-GT. For 
heater operation and cathode connection, 
refer to the 12A8-GT and 6A8, respectively, 
but give consideration to the greater heater 
current of the 12SNT-GT. 

DUPLEX-DIODE 

HIGH-MU TRIODE 

The 12SQ7-GT is a single-endad glass tube 
containing two diodes and a high-mu triode 
in a single envelope. Except for its heater 
rating of 12.6 volts and 0.15 ampere, the 
electrical and physical characteristics of the 
12SQ7-GT are the same as those of the 
6SQ7-GT. For heater operation, refer to 
the 12A8-GT. 

12SF7 

12SG7 

12SJ7-GT 

12SK7-GT 

12SN7-GT 

12SQ7-GT 
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12SR7 
METAL 

14A7i 
12B7 

25A6-GT 

25A7-GT 

25B5 

DUPLEX-DIODE TRIODE 

The 12SR7 is a metal tube of the single-
ended type containing two diodes and a 
triode in a single envelope. Physical char-
acteristics are the tame as those of the 6SR7. 
Except for the heater rating of 12.6 volts 
and 0.15 ampere, and the capacitances, the 
electrical characteristics of the 12SR7 are the 
same as those of the 6SR7. The capacitances 
of the 12SR7 are: grid- plate, 2.4 mat; grid-
cathode, 3.6 µpi, plate-cathode, 2.8 emf 

TRIPLE-GRID SUPER-CONTROL 
AMPLIFIER 

The 14A7/12B7 is a super-control amplifier 
pentode of the locking- base type. Except for 
heater rating and capacitances, the electrical 
characteristics are the same as those of the 
6SK7. Grid-plate Capacitance is 0 005 aid; 
input. 6 AMC output, 7 aid. 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 
"universal" type receivers. The electrical 
characteristics of the 25 A6-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 

tube containing a half- wave rectifier and a 
power amplifier pentode in one envelope. 
Electrical characteristics are the same as 
those of the 25A7-G. Dimensions are shown 
in Fig. 2-8, OUTLINES SECTION. The 
25A7-( T may be mounted in any position. 

DIRECT-COUPLED POWER 
AMPLIFIER 

The 25B5 is a multi-electrode tube of the 
heater-cathode type consisting of two triodes 
in one bulb. It is used chiefly for replacement 
in receivers designed for its characteristics. 
One triode, the driver, is directly connected 
to the second, or output, triode. The tube 
may be mounted in any position. 

M AXIMUM OVERALL LENGTH 
M AXIMUM SEATED HEIGHT  
M AXIMUM DIAMETER  
Bus.» 

*CHARACTERISTICS 

8Q 

G-7$ 

G2p Glp 

6 D 

25.0 Volts 
0.3 Ampere 

4 II' 
3 ft} 
1 A' 
ST-12 
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81 

As Class A, Power Amplifier 

OtrrPur-Tatoos PLATE Pr t) Vourwas ........................ 
INPUT-TRIODE PLATE (Pri) VOLTAGE.. .......................... 
OUTPUT TRIODE PLATE DISSIPATION .. ........ 
INPUT TRIODE PLATE DISSIPATION .....................— 
TYPICAL OPERATION and CHARACTERISTICS: 
Output-Triode Plate Voltage ......................... 
Input-Triode Plate Voltage .......................... 
Input-Triode Grid Vdtage. .......................... 
Peak A-F Grid (Cri) Voltage .. ...................... 
Output-Triode Plate Current......................... 
Input-Triode Plate Current  
Plate Resistance (Approx.)  ..................... 
Transconductance ((sri to PEI ..... ................ 
Load Resistance..................................... 
Total Harmonic Distortion .............. 

TRIODE-PENTODE 

180 max. Volts 
180 max. Volts 
8.5 max. Watts 
1.1 max. Watts 

110 180 Volts 
110 180 Volts 
0 0 Volts 

29 5 29.5 Volts 
45 46 Milliamperes 
7 5.8 Milliamperes 

11500 15000 Ohms 
2200 2:100 Micromhos 
2000 4000 Ohms 

9 9 Per cent 
2 3 8 Watts 

The 25B8-GT is a heater-cathode type of 
KT tube containing a high-mu triode and an r-f 

pentode in one envelope. The triode unit 
may be used as a detector or amplifier and the 
pentode unit may be used as an r4 or i-f 
amplifier. Heater operation is similar to that 
of the 25A6 except for the difference in current 
rating. Refer to the 25A6 for information 
on cathode connection. Physical character-
istics of the 25138-GT are shown in Fig. 2-5, 
OUTLINES SECTION. The 25B8-GT can 
be mounted in any position. 

25B8-GT 

CHARACTERISTICS 
HEATER VOLTAGE (A.C. Or D.C.)  25 Volts 
HEATER CURRENT   0.15 Ampere 
DIRECT IWIERELECTRODE CAPACITANCES: 
Triode Grid to Triode Plate (Approx.)   2.2 umf 
Triode Grid to Triode Cathode (Approx.)  5 ma 
Triode Fate to Triode Cathode (Approx.)  4.6 ,.,,, f 
Pentode Grid to Pentode Plate  0.02 ,4,1. 
Pentode Input   5.5 va 
Pentode Output  10 spi. 
Pentode Grid to Triode Grid  0.02 sa! 

Pentode Plate to Triode Plate  0.075 .f 
Pentode Grid to Triode Plate   0.009 med 

As Class A1 Amplifier 

Triode Unit Pentode Unit 
PLATE Vœ.racx  100 100 Volts 
SCREEN VO,TAGE (Grid NO. 2)   - 100 Volta 
Gam VOLTAGE (Grid No. 1)   -1.0 -3 Volts 
PLATE CURRENT  0.6 7.6 Milliamperes 
SCREEN CURRENT  - 2 Milliamperes 
AMPLIFICATION FACTOR  112 - 
PLATE RESCSTANCE   75000 185000 Ohms 
TRANSCONDUCTANCE   1500 2000 Micronahos 
TRANSCONDUCTANCE with -41 volts 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 
SECTION. The tube may be mounted in 
any position. For electrical characteristics, 
refer to the 6Y6-G. 

25C6 -G 
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25N6-G 

25Y5 

32L7-GT 

DIRECT-COUPLED POWER 
AMPLIFIER 

The 25N6-G is a multi-electrode type of 
tube like the 25B5 consisting of two triodes 
in one bulb. Refer to the 25B5 for electrical 
characteristics. Physical characteristics are: 
maximum overall length, 414 in.; maximum 
seated height. 3 141 in.; maximum diameter, 
1 in.; bulb, ST- I2; base, small shell octal 
7-pin. The tube may be mounted in any 
position. 

K02 6D1 RECTIFIER-DOUBLER 
The 25Y5 is a high-vacuum rectifier which 

is designed for half-wave rectifier service on 
a 220-volt supply. The heater voltage is 25 
volts, heater current, 0.3 ampere; maximum PD2 
heater-cathode potential, 350 volts; max-
imum peak inverse voltage. 700 volts; the 
maximum d-c output current is 75 ma, and 
the maximum a-c plate voltage (RMS) is 
235 volts. Physical characteristics are shown 
in Fig. 2-19, OUTLINES SECTION. The 
tube may be mounted in lily position. 

RECTIFIER- BEAM POWER 
AMPLIFIER 

The 32L7-GT is a heater cathode type of 
tube containing a half-wave rectifier and a 
beam power amplifier in one envelope. The 
heater is designed for series operation in 
a-c/d-c receivers. Heater operation and 
cathode connection are the same as for 
the 35L6-GT except for the difference in 
heater voltage and current. The base of the 
32L7-GT fits the standard octal socket which 
may be installed to hold the tube in any 
position. Physical characteristics of the 
32L7-GT are shown in Fig. 2-8. OUTLINES 
SECTION. 

CHARACTERISTICS 

6E 

HEATER VOLTAGE (A.G. or D.0  )  32.5 Volts 
HEATER CURRENT   0.3 Ampere 

Pot 

Beam Power Unit—As Class A1 Amplifier 
PLATE VOLTAGE  99 90 Volts 
Satinet VOLTAGE (Grid No. 2)   90 90 Volts 
GRID VOLTAGE (Grid No. 1)   -5 - 7 Volts 
PLATS CURRENT  38 27 Milliamperes 
SCREEN CURRENT  3 2 Milliamperes 
PLATE RESISTANCE (Approx.)   15000 17000 Ohms 
TRANSCONDUCTANCE .   6000 4800 Micromhos 
LOAD RESISTANCE   2600 2600 Ohms 
TOTAL HARMONIC DISTORTION   5.3 9 Per cent 
SECOND HARMONIC DISTORTION   2.2 6.5 Per cent 
THIRD HARMONIC DISTORTION  4.6 5.5 Per cent 
POWER OUTPUT   0.8 1.0 Watt 

Rectifier Unit 
A-C PLATE VOLTAGE.   
D-C OUTPUT  

4513 

125 max. Volts 
60 max. Milliamperes 

HALF-WAVE HIGH-VACUUM 
RECTIFIER (3 

The 45Z3 is a miniature half-wave rectifier 
of the heater-cathode type. It is designed 
for use in a-c/d-c/battery-operated portable 
receivers where small size and low beat dis-
sipation are important. Physical character-
istics are shown in Fig. 2-2, OUTLINES 
SECTION. The tube inay be mounted in 
any position. 

H 

SAM 

NC 
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*CHARACTERISTICS 

45 Volts 
75 Ampere 

As Half- Wave Rectifier 

D-C HEATER-CATHODE POTENTIAL ....... 
WITH CONDENSER INPUT FILTER: 
A-C Plate Voltage (RMS) ............ 
Total Effective Plate Supply Impedance. 
D-C Output Current . 

RECTIFIER-DOUBLER 
The 50Y6-GT is a full-wave, high-vacuum 

rectifier of the heater-cathode type. This 
tube may be used in "transformerless" re-
ceivers of the "universal (a-c/d-c)" type. 
Refer to the 25A6 for heater operation and 
cathode connection, but note the difference 
in heater rating. Physical characteristics of 
the 50Y6-GT are shown in Fig. 2-8, OUT-
LINES SECTION. The 50Y6-GT can be 
mounted in any position. 

350 max. Volts 
390 max. Volts 
175 max. Volta 

117 max. Volts 
15 min. Ohms 
65 max. Milliamperes 

50Y6-GT 

*CHARACTERISTICS 
HEATER VOLTAGE (A.C. or D.C.)  50 Volta 
HEATER CURRENT   0.15 Ampere 

As Rectifier or Doubler 
PEAR INVERSE VOLTAGE  700 max. Volts 
PEAR PLATE CURRENT PER PLATE  450 max. Milliamperes 
D.0 HEATER-CATHODE POTENTIAL  350 max. Volts 
As HALF-WAVE RECTIFIER:* 
A-C Plate Voltage per Plate (RMS)  117 150 235 max. Volts 
Total Effective Plate-Supply Impedance 

per Plate   15 min. 40 min. 100 min. Ohms 
D-C Output Current pet Plate .   75 max. 75 max. 75 max. Milliamperes 

AS VOLTAGE DOUBLER: 
Flalf-Wan Full- Wan 

A-C Plate Voltage per Plate ( RMS)   117 max. 117 max. Volts 
Total Effective Plate-Supply Impedance per Plate:   30 min. 15 min. Ohms 
D-C Output Current  75 max. 75 max. Milliamperes 

• The two units may be used separately or in parallel. 

1.02 

H 

G-flAN 

RECTIFIER-DOUBLER 
The 50Z7-G is a lull-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 panel lamp. 
Dimensions are shown in Fig. 2-17. OUT-
LINES SECTION. The tube may be 
mounted in any position. 

*CHARACTERISTICS 

50Z7-G 

HEATER VOLTAGE (A.C. or D.C.) 
Entire Heater (Pine No. 2 and No. 6)... ...................... 50 Volts 
Panel Lamp Section (Pins No. 6 and No. 7) with 0.15 ampere 

flowing between pine No. 2 and No. 6... .................. 2.5 Volts 
HEATER CUCRENT 0.15 Ampere 

As Rectifier or Doubler 
PEAL INVERSE VC•I TACK . . . . . 700 max. Voits 
PIAL PLATE CURRENT PER PLATS 400 max. Milliamperes 
D-C HEATER-CATHODE POTENr ou 350 max. Volts 
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As HALF-WAVE RECTIFIER:* 
A-C Plate Voltage per Plate ( RMS) ..... . . ... . 117 235 max. Volts 
Total Effective Plate-Supply Impedance per Plate; ..... 15 min. 15 min. Ohms 
D-C Output Current per Plate .... ....... ...... .. 65 max. 65 max. Milliamperes 

As VOLTAGE DoUBLER: 
A-C Plate Voltage per Plate ( RMS). .. .. .. .. .. .. .. .... .. .. 
Total Effective Plate-Supply Impedance per Plate .. .. .... .. 

• The two units may be used separately or in parallel. 

70L7-GT 

RECTIFIER- BEAM POWER 

AMPLIFIER 

The 70L7-GT is a heater-cathode type of 
tube which combines in one bulb a half-
wave rectifier and a beam power amplifier. 
It is designed for use in circuits employing 
heaters connected in series. Physical char-
acteristics are shown in Fig. 2-8, OUTLINES 
SECTION. The 70L7-GT may be mounted 
in any position. 

*CHARACTERISTICS 

Beam Power Amplifier Unit 

PLATE VOLTAGE  

PLATE DISSIPATION  
SCREEN DISSIPATION  
TYPicat OPERATION and CHARACTERISTICS— Clan Ai Amplifier: 

Grid Volta8   

Peak A-F Zero-Signal Plate Current .. ... .......... .. .. .... .. ...... • • • • 

Zero-Signal Screen Current (Approx.) . .... .. .. .. .. .. .... .....• 
Max-Signal Screen Current (Approx.)   . . 
Plate Resistance. ........................................... 

Total Harmonic Distortion .. . • • • • • • . • • • • • • 
Max.-Signal Power Output   

Rectifier Unit 

W ITH CONDENSER-INPUT FILTER: 

Total EffectivePlate-Supply Impedance.. 

• When the grid circuit has a resistance 
with cathode bias, the grid circuit may have 

11717-Gil 
117M7-GT 

. • . • • • • . • • • • . . • • . • • • . 

8AA 
• «AU 

0.15 

117 max. Volta 
15 mix Ohms 
65 max. Milliamperes 

70 Volta 
Ampere 

117 max. Volts 
117 max. Volts 

5 max. Watts 
1 max. Watt 

110 Volts 
110 Volts 
-7.5 Volts. 
7.5 Volts 
40 Milliamperes 
43 Milliamperes 
3 Milliamperes 
6 Milliamperes 

15000 Ohms 
7500 Micromhos 
2000 Ohms 

10 Per cent 
1.8 Watts 

350 max. Volta 
450 max. Milliamperes 
175 max. Volts 

117 max. Volts 
15 min. Ohms 
70 max. Milliamperes 

not higher than 0.1 megohm, fixed bias may be used; 
a resistance not higher than 0.5 megohm 

RECTIFIER-BEAM POWER 

AMPLIFIER 

The 117L7-GT/117M7-GT is a heater-
cathode type of tube which combines in one 
bulb a half-wave rectifier and a beam power 
amplifier. The heater is designed for opera-
tion directly across a 117-volt line. Except for 
the base connections, the electrical and Dhvsi-
cal characteristics of the 117L7-GT/117M7-GT 
are the same as for the 117P7-GT. 
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8AV 
B.RT‘..• UN, 

RECTIFIER- BEAM POWER 

AMPLIFIER 

The 117N7-GT is a heater-cathode type 
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. 

117N7-GT 

*CHARACTERISTICS 

HEATER VOLTAGE (A.C. Or D.C.)  117 Volts 
0.09 Ampere 

M AXIMUM OVERALL LENGTH  
M AXIMUM SEATED HEIGHT  2%• 
MAXIMUM DIAMETER   1 ei• 
BULB   T-9 
Bass Intermediate Shell Octal 8- Pin 
M OUNTING POSITION  Any 

HEATER CURRENT   

Beam Power Amplifier Unit 

PLATE VOL-JACK  117 max. Volta 
SCREEN VOLTAGE  117 max. VOILE 
PLATE DISSIPATION  5.5 max. Watts 
SCREEN DISSIPATION  1.0 max. Watt 
TYPICAL OPERATION and CHARACTERISTICS--CIRS8 Ai Amplifier: 

Plate Voltage   100 Volts 
Screen VcItage   100 Volts 
Grid Voltage*  -6 Volts 
Peak A- F Grid Voltage  6 Volts 
Zero Signal Plate Current   51 Milliamperes 
Zero-Signal Screen Current   5 Milliamperes 
Plate Resistance ( Approx.)   16000 Ohms 
Transconc uctance   7000 Micromhoe 
Load Resistance  3000 Ohm. 
Total Harmonic Distortion   6 Per cent 
Max.- Signal Power Output   1.2 Watts 

• With fixed bias the d-c resistance of the grid circuit should not exceed 0.25 megohm: with 
cathode bias. 1.0 megohm. 

Rectifier Unit 

PEAK INVERSE VOLTAGE.   350 max. Volts 
450 max. Milliamperes 

DC HEATER CATHODE POTENTIAL  175 max. Volts 
W ITH CONDENSER-INPUT FILTER: 

A-C Plate Voltage ( RMS)   
Total Effective Plate-Supply Impedance  
D-C Output Current  

PEAK PLATE CURRENT 

RECTIFIER-BEAM POWER AMPLIFIER 
The 117P7-GT is a heater-cathode type of 

tube which combines in one bulb a half-wave 
rectifier and a beam power amplifier. The 
heater is designed for use directly across a 
I17- volt supply line. 

*CHARACTERISTICS 

M AXIMUM OVERALL LENGTH  . • • • •• • • • • • • • • 

117 max. Volts 
15 min. Ohms 
75 max. Milliamperes 

117P7-GT 

117 Volts 
0.09 Ampere 

21,‘• 

Til 
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Beam Power Amplifier Unit 

PLATE VOLTAGE ..... . .............. 

SCREEN DISSIPATION  . . 
TYPICAL OPERATION: 

Grid Voltat   ... .. .. ................... 
Peak A-F  id  
Zero-Signal Plate Current. ... ................................ 
Max.-Signal Plate Current .. . .. .. . . . 

M ax.-Signal Screen Current. ................................. 
Plate Resistance (Approx.)   . . 

Load Resistance.. ... ...................................... 
Total Harmonic Distortion .. .... .. .. .. .. .. ... • • • • • • • • • • • . • • 
Max.-Signal Power Output .. ........ ..... • • • • • • • • . • . • 

Rectifier Unit 

WITH CONDENSER-INPUT FILTER:. 

Total EffectivePlate-Supply Impedance. .......... 

Type of input coupling should not introduce too 
fixed bias, the resistance should not exceed 0.25 megohm 

117Z6-GT 

• • • . . • • • .. • 

117 max. Volts 
117 max. Volts 
6 max. Watts 
1 max. Watt 

105 Volta 
105 Volte 
-5.2 Volts 
5.2 Volts 
43 Milliamperes 
43 Milliamperes 
4 Milliamperes 

5.5 Milliamperes 
17000 Ohms 
5300 Micromhos 
4000 Ohms 

5 Per cent 
0.85 Watt 

350 max. Volts 
450 max. Milliamperes 
175 max. Volta 

117 max. Volts 
15 min. Ohms 
75 max. Milliamperes 

much resistance in the grid circuit. With 
; with cathode bias. 0.5 megohm. 

RECTIFIER-DOUBLER 

The 117Z6-GT is a full-wave high-vacuum 
rectifier of the heater-cathode 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 SECTION. Physical character-
istics are shown in Fig. 2-8, OUTLINES 
SECTION. The 117Z6-GT may be mounted 
in any position. 

HEATER VOLTAGE (AC. Or D.C.) 
HEATER CURRENT  

*CHARACTERISTICS 

As Rectifier or Doubler 

PEAR INVERSE VOLTAGE  
PEAR PLATS CURRENT PER PLATE  
D-C HEATER-CATHODE POTENTIAL  
As HALF-W AVE RECTIFIER* 

A-C Plate Voltage per Plate (RMS)   
Total Effective Plate-Supply Impedance 

per Plate   
D-C Output Current per Plate   

As VOLTAGE DOUBLER: 

117 150 

15 min. 
60 max. 

40 min. 
60 max. 

117 Volts 
0.075 Ampere 

700 max. Volts 
360 max. Milliamperes 
350 max. Volts 

235 max. Volts 

100 min. Ohms 
60 max. Milliamperes 

Half- Ware Full- Waft 
A-C Plate Voltage per Plate (RMS)   117 max. 117 max. Volta 
Total Effective Plate-Supply Impedance per Plate 30 min. 15 min. Olans 
D-C Output Current  60 mos. 60 max. Milliamperes 

• In half-wave service, the two units may be used separately or in parallel'. 
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5 A 

POWER AMPLIFIER TRIODE 
The 183/483 is a low-mu power amplifier 

triode for replacement in receivers designed 
for its characteristics Dimensions are shown 
in Fig. 2-25, OUTLINES SECTION. Elec- 183i 
trical characteristics are: filament voltage, 
5.0 volts; current, 1.25 amperes; at plate 
volts of 250 and grid volts of - 60, the plate 483 
current is 30 ma.; plate resistance, 1750 
ohms; transconductance, 1700 micromhos; 

40 amplification factor, 3. With a load resist 
ance of 5000 ohms, the power output is 1.8 

watts. Th.,. tube should be mounted in a vertical position, but horizontal operation is permissible 
if the plane of the filament is vertical. 

DETECTOR AMPLIFIER TRIODE 

l'he 485 is a heater-cathode type of tube 
intended for replacement in receivers de-
signed for its characteristics. Dimensions 

K are shown in Fig. 2-19, OUTLINES SEC-
TION. The filament voltage is 3 volts, 
current, 1.25 ampere. At plate volts of 180 
and grid volts of - 9, the plate current is 5.8 
ma.; plate resistance, 8900 ohms; transcon-
ductance, 1400 micromhos; amplification 
factor, 12.5. Thé tube may be mounted in 
any position. 

485 
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TERMAS, F. E. Radio Engineering. McGraw-Hill Book Co., Inc. 
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