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THIS NKW EDITION, like previous editions, has been prepared to 
assist those who work or experiment with electron tubes and circuits. 
It will prove interesting and valuable to engineers, service techni- 
cians, educators, experimenters, radio amateurs, hobbyists, students, 
and many others technically concerned with electron tubes. 

This edition has been augmented and revised to keep pace with 
our rapidly changing technology. Many tube types widely used in 
the design of new electronic equipment only a few years ago are now 
chiefly of interest for renewal purposes; in their place, new advanced 
types are being used. As a result, you will find that the information 
in the Tube Types Section for many older types has been limited to 
basic essential data; the information for the newer and more impor- 
tant types has been given in greater detail. 

Many inlie types are available in addition to the home-entertainment types 
described in this manual. For industrial and specialized applications, the 
Electron Tube Division of Radio Corporation of America offers small re- 
ceiving-type tubes, such as premium tubes, Special Red tubes, computer 
tubes, and voltage regulator tubes. Other lines of RCA electron devices 
include: 

POWER TUBES MICROWAVE TUBES 
Transmitting and Magnetrons, Traveling-Ware 
Industrial Types Tubes, Pencil Tubes 

TELEVISION CAMERA TUBES CATHODE-RAY TUBES 
Image Orthicons, Special-Purpose Kinescopes. 
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Photojuuetion Types Transistors, Silicon Rectifiers 
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Electrons, Electrodes, and Electron Tubes 

The electron tube is a marvelous 
device. It makes possible the performing 
of operations, amazing in conception, 
with a precision and a certainty that are 
astounding. It is an exceedingly sensi- 
tive and accurate instrument—the prod- 
uct of coordinated efforts of engineers 
and craftsmen. Its construction requires 
materials from every corner of the earth. 
Its use is world-wide. Its future possi- 
bilities, even in the light of present-day 
accomplishments, are but dimly fore- 
seen; for each development opens new 
fields of design and application. 

The importance of the electron tube 
lies in its ability to control almost in- 
stantly the flight of the millions of elec- 
trons supplied by the cathode. It accom- 
plishes this control with a minimum of 
energy. Because it is almost instantane- 
ous in its action, the electron tube can 
operate efficiently and accurately at 
electrical frequencies much higher than 
those attainable with rotating machines. 

Electrons 
All matter exists in the solid, liquid, 

or gaseous state. These three forms con- 
sist entirely of minute divisions known 
as molecules, which, in turn, are com- 
posed of atoms. Atoms have a nucleus 
which is a positive charge of electricity, 
around which revolve tiny charges of 
negative electricity known as electrons. 
Scientists have estimated that electrons 
weigh only 1/30-billion, billion, billion, 
billionths of an ounce, and that they 
may travel at speeds of thousands of 
miles per second. 

Electron movement may be accele- 
rated by the addition of energy. Heat is 
one form of energy which can be con- 
veniently 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, some elec- 
trons 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 electron tubes to 
produce the necessary electron supply. 

An electron tube consists of a cath- 
ode, which supplies electrons, and one or 
more additional electrodes, which con- 
trol and collect these electrons, mounted 
in an evacuated envelope. The envelope 
may be made of glass, metal, ceramic, or 
a combination of these materials. 

Cathodes 
A cathode is an essential part of an 

electron tube because it supplies the 
electrons necessary for tube operation. 
When energy in some form is applied to 
the cathode, electrons are released. Heat 
is the form of energy generally used.The 
method of heating the cathode may be 
used to distinguish between the different 
forms of cathodes. For example, a di- 
rectly heated cathode, or filament-cath- 
ode, is a wire heated by the passage of 
an electric current. An indirectly heated 
cathode, or heater-cathode, consists of a 
filament, or heater, enclosed in a metal 
sleeve. The sleeve carries the electron- 
emitting material on its outside surface 
and is heated by radiation and conduc- 
tion from the heater. 

A filament, or directly heated cath- 
ode. such as that shown in Fig. 1 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. Because, they 
must operate at high temperatures (a 
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dazzling white) to emit sufficient elec- 
trons, a relatively large amount of fila- 
ment power is required. 

Thoriated-tungsten filaments are 
made from tungsten impregnated with 
thorium oxide. Due to the presence of 
thorium, these filaments liberate elec- 
trons at a more moderate temperature 
of about 1700oC (a bright yellow) and 
are, therefore, much more economical of 
filament 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 relatively low tempera- 
ture of about 700-750oC (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 
determine the choice for a particular 
application. 

INSULATED HEATER^ 

CATHODE 
COATING 

Directly heated filament-cathodes 
require comparatively little heating 
power. They are used in almost all of 
the tube types designed for battery op- 
eration because it is, of course, desirable 
to impose as small a drain as possible on 
the batteries. Examples of battery-oper- 
ated filament types are the 1R5, 1U4, 
1U5, and 3V4. AC-operated types hav- 
ing directly heated filament-cathodes 
include the 2A3 and 5Y3-GT. 

An imlirectly heated cathode, or 
heater-cathode, consists of a thin metal 
sleeve coated with electron-emitting ma- 
terial such as alkaline-earth oxides.With- 
in the sleeve is a heater which is insu- 
lated from the sleeve, as shown in Fig. 2. 
The heater is made of tungsten or tung- 
sten-alloy wire and is used only for the 
purpose of heating the cathode sleeve 

and sleeve coating to an electron-emit- 
ting temperature. Useful emission does 
not take place from the heater wire. 

The heater-cathode construction is 
well adapted for use in electron tubes in- 
tended for operation from ac power lines 
and from storage batteries. The use of 
separate parts for emitter and heater 
functions, the electrical insulation of the 
heater from the emitter, and the shield- 
ing effect of the sleeve may all be utilized 
in the design of the tube to minimize the 
introduction of hum from the ac heater 
supply and to minimize electrical inter- 
ference which might enter the tube cir- 
cuit through the heater-supply line. 
From the viewpoint of circuit design, 
the heater-cathode construction offers 
advantages in connection flexibility be- 
cause of 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 
having close spacing between its cathode 
and plate, and of an amplifier tube hav- 
ing close spacing between its cathode 
and grid. In a close-spaced rectifier tube, 
the voltage drop in the tube is low, and, 
therefore, the regulation is improved. In 
an amplifier tube, the close spacing in- 
creases the gain obtainable from the 
tube. Because of the advantages of the 
heater-cathode construction, almost all 
present-day receiving tubes designed for 
ac operation have heater-cathodes. 

Generic Tube Types 
Electrons are of no value in an elec- 

tron tube unless they can be put to 
work. Therefore, a tube is designed with 
the parts necessary to utilize electrons 
as well as those required to produce 
them. These parts consist of a cathode 
and one or more supplementary elec- 
trodes. The electrodes are enclosed in an 
evacuated envelope having the neces- 
sary 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, elec- 
trons leave the cathode surface and form 
an invisible cloud in the space around it. 
Any positive electric potential within 
the evacuated envelope offers a strong 
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attraction to the electrons (unlike elec- 
tric charges attract; like charges repel). 
Such a positive electric potential can be 
supplied by an anode (positive elec- 
trode) located within the tube in prox- 
imity to the cathode. 

Diodes 
The simplest form of electron tube 

contains two electrodes, a cathode and 
an anode (plate), and is often called a 
diode, the family name for a two-elec- 
trode tube. In a diode, the positive po- 
tential is supplied by a suitable electrical 
source connected between the plate 
terminal and a cathode terminal, as 
shown in Fig. 3. Under the influence of 
the positive plate potential, electrons 
flow from the cathode to the plate and 
return through the external plate-bat- 
tery circuit to the cathode, thus com- 
pleting the circuit. This flow of electrons 
is known as the plate current. 

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 cur- 
rent will flow. If an alternating voltage 
is applied to the plate, the plate is alter- 
nately made positive and negative. Be- 
cause plate current flows only during the 
time when the plate is positive, current 
flows through the tube in only one direc- 
tion and is said to be rectified. Fig. 4 
shows the rectified output current pro- 
duced by an alternating input voltage. 

Diode rectifiers are used in ac re- 
ceivers to convert the ac supply voltage 
to dc voltage for the electrodes of the 
other tubes in the receiver. Rectifier 
tubes having only one plate and one 

OUTPUT 

cathode, such as the 35W4, are called 
half-wave rectifiers, because current 
can flow only during one-half of the 
alternating-current cycle. When two 
plates and one or more cathodes are 

used in the same tube, current may be 
obtained on both halves of the ac cycle. 
The 6X4, 5Y3-GT, and 5U4-GB are ex- 
amples of this type and are called 
full-wave rectifiers. 

Not all of the electrons emitted by 
the cathode reach the plate. Some return 

OUTPUT CURRENT 

:rj ALTERNATING 
I VOLTAGE INPUT 

to the cathode while others remain in 
the space between the cathode and plate 
for a brief period to produce an effect 
known as space-charge. This charge has 
a repelling action on other electrons 
which leave the cathode surface and im- 
pedes their passage to the plate. The ex- 
tent of this action and the amount of 
space-charge depend on the cathode 
temperature, the distance between the 
cathode and the plate, and the plate 
potential. The higher the plate potential, 
the less is the tendency for electrons to 
remain in the space-charge region and 
repel other electrons. 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 in- 
creasingly higher plate voltages will 
succeed in attracting a greater propor- 
tion of the free electrons. 

Beyond a certain plate voltage, 
however, additional plate voltage has 
little effect in increasing the plate cur- 
rent because all of the electrons emitted 
by the cathode are already being drawn 
to the plate. This maximum current, 
illustrated in Fig. 5, is called saturation 
current. Because it is an indication of 
the total number of electrons emitted, it 
is also known as emission current or 
simply emission. 

Although tubes aresometimes tested 
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by measurement of their emission cur- 
rent, it is generally not advisable to 
measure the full value of emission be- 
cause this value would be sufficiently 
large to cause change in the tube's char- 
acteristics or even to damage the tube. 
Consequently, while the test value of 
emission current is somewhat larger than 

PLATE VOLTAGE- 

the maximum current which will be re- 
quired from the cathode in the use of the 
tube, it is ordinarily less than the full 
emission current. The emission test, 
therefore, is used to indicate whether 
the cathode can supply a sufficient num- 
ber of electrons for satisfactory opera- 
tion of the tube. 

If space charge were not present to 
repel electrons coming from the cathode, 
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 method is used in 
rectifier types having heater-cathodes, 
such as the 5V4-GA and the 6AX5-GT. 
In these types the radial distance be- 
tween cathode and plate is only about 
two hundredths of an inch. 

Another method of reducing space- 
charge effect is utilized in mercury- 
vapor rectifier lubes. When such tubes 
are operated, a small amount of mercury 
contained in the tube is partially vapor- 
ized, filling the space inside the bulb 
with mercury atoms. These atoms are 
bombarded by electrons on their way to 
the plate. If the electrons are moving at 
a sufficiently high speed, the collisions 
tear off electrons from the mercury 
atoms. The mercury atom is then said 
to be "ionized," i.e., it has lost one or 
more electrons and, therefore, has a 
positive charge. lonization is evidenced 

by a bluish-green glow between the 
cathode and plate. WThen ionization oc- 
curs, the space charge is neutralized by 
the positive mercury atoms so that in- 
creased numbers of electrons are made 
available. Mercury-vapor tubes are used 
primarily for power rectifiers. 

lonic-heated-eathode rectifier 
tubes, such as the 0Z4 and 0Z4-G, also 
depend on gas ionization for their opera- 
tion. These tubes are of the full-wave 
design and contain two anodes and a 
coated cathode sealed in a bulb contain- 
ing a reduced pressure of inert gas. The 
cathode in each of these types becomes 
hot during tube operation, but the heat- 
ing effect is caused by bombardment of 
the cathode by ions within the tube 
rather than by heater or filament cur- 
rent from an external source. 

The internal structure of an ionic- 
heated-cathode tube is designed so that 
when sufficient voltage is applied to the 
tube, ionization of the gas occurs be- 
tween 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 so that the 
requirements for rectification are satis- 
fied. The initial small flow of current 
through the tube is sufficient to raise the 
cathode temperature quickly to incan- 
descence 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 tempera- 
ture. Proper operation of these rectifiers 
requires a minimum flow of load current 
at all times 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 consists of relatively 
fine wire wound on two support rods and 
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 un- 
obstructed by the grid wires. The pur- 

6 



Electrons, Electrodes, and Electron Tubes • 

pose of the grid is to control the flow of 
plate current. When a tube is used as an 
amplifier, a negative dc 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, as 
shown in Fig. 6. When the plate is posi- 
tive, as is normal, and the dc grid volt- 
age 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 negative (more 
and more positive), the plate more read- 
ily attracts electrons to it and plate cur- 
rent increases. Hence, when the voltage 
on the grid is varied in accordance with 
a signal, the plate current varies with 
the signal. Because a small voltage ap- 
plied to the grid can control a compara- 
tively large amount of plate current, the 
signal is amplified by the tube. Typical 
three-electrode tube types are the 6C4 
and 6AF4-A. 

The grid, plate, and cathode of a 
triode form an electrostatic system, each 
electrode acting as one plate of a small 
capacitor. The capacitances are those 
existing between grid and plate, plate 
and cathode, and grid and cathode. 

Tetrodes 
The capacitance between grid and 

plate can be made small by mounting an 
additional electrode, called the screen 
grid (grid No. 2), in the tube. With the 
addition of the grid No.2, the tube has 
four electrodes and is, accordingly, called 
a tetrode. The screen grid or grid No.2 
is mounted between the grid No.l (con- 
trol grid) and the plate, as shown in Fig. 
7, and acts as an electrostatic shield be- 
tween them, thus reducing the grid-to- 
plate capacitance. The effectiveness of 

PLATE CURRENT 

INPUTS HEATER 

These capacitances are known as inter- 
electrode capacitances. Generally, the 
capacitance between grid and plate is of 
the most importance. In high-gain radio- 
frequency amplifier circuits, this capaci- 
tance 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 un- 
desirable in an amplifier because it may 
cause instability and unsatisfactory per- 
formance. 

INPUTS HEATER 

this shielding action is increased by a 
bypass capacitor connected between 
screen grid and cathode. By means of the 
screen grid and this bypass capacitor, 
the grid-plate capacitance of a tetrode is 
made very small. In practice, the grid- 
plate capacitance is reduced from sev- 
eral micromicrofarads (jutff) for a triode 
to 0.01 M/ff or less for a screen-grid tube. 

The screen grid has another desir- 
able effect in that it makes plate current 
practically independent of plate voltage 
over a certain range. The screen grid is 
operated at a positive voltage and, 
therefore, attracts electrons from the 
cathode. However, because of the com- 
paratively large space between wires of 
the screen grid, most of the electrons 
drawn to the screen grid pass through it 
to the plate. Hence the screen grid sup- 
plies an electrostatic force pulling elec- 
trons from the cathode to the plate. At 
the same time the screen grid shields the 
electrons between cathode and screen 
grid from the plate so that the plate ex- 
erts very little electrostatic force on 
electrons near the cathode. 

So long as the plate voltage is higher 
than the screen-grid voltage, plate cur- 
rent in a screen-grid tube depends to a 
great degree on the screen-grid voltage 
and very little on the plate voltage. The 
fact that plate current in a screen-grid 
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tube is largely independent of plate volt- 
age makes it possible to obtain much 
higher amplification with a tetrode than 
with a triode. The low grid-plate capaci- 
tance makes it possible to obtain this 
high amplification without plate-to-grid 
feedback and resultant instability. In 
receiving-tube applications, the tetrode 
has been replaced to a considerable de- 
gree by the pentode. 

Pentodes 
In all electron tubes, electrons strik- 

ing the plate may, if moving at sufficient 
speed, dislodge other electrons. In two- 
and three-electrode types, these dis- 
lodged 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 emis- 
sion . 

In the case of screen-grid tubes, the 
proximity of the positive screen grid to 
the plate offers a strong attraction to 
these secondary electrons and particu- 
larly so if the plate voltage swings lower 
than the screen-grid voltage. This effect 
lowers the plate current and limits the 
useful plate-voltage swing for tetrodes. 

The effects of secondary emission 
are minimized when a fifth electrode is 
placed within the tube between the 
screen grid and plate.This fifth electrode 
is known as the suppressor grid (grid 
No.3) and is usually connected to the 
cathode, as shown in Fig. 8. Because of 

ELECTRON FLOW 

SUPPRESSOR, grid rhf t 
SCgRridN current 

its negative potential with respect to the 
plate, the suppressor grid retards the 
flight of secondary electrons and diverts 
them back to the plate. 

The family name for a five-electrode 
tube is "pentode". In power-output 
pentodes, the suppressor grid makes pos- 
sible higher power output with lower 
grid-driving voltage; in radio-frequency 
amplifier pentodes the suppressor grid 
makes possible high voltage amplifica- 
tion at moderate values of plate voltage. 
These desirable features result from the 
fact that the plate-voltage swing can be 
made very large. In fact, the plate volt- 
age may be as low as, or lower than, the 
screen-grid voltage without serious loss 
in signal-gain capability. Representative 
pentodes used for power amplification 
are the 3 V4 and 6K6-GT; representative 
pentodes used for voltage amplification 
are the 1U4, 6AU6, 12SK7, and 6BA6. 

Beam Power Tubes 
A beam power tube is a tetrode or 

pentode in which directed electron beams 
are used to increase substantially the 
power-handling capability of the tube. 
Such a tube contains a cathode, a con- 
trol grid (grid No.l), a screen grid (grid 
No.2), a plate, and, optionally, a sup- 
pressor grid (grid No.3). When a beam 
power tube is designed without an ac- 
tual suppressor grid, the electrodes are 
so spaced that secondary emission from 
the plate is suppressed by space-charge 
effects between screen grid and plate. 
The space charge is produced by the 
slowing up of electrons traveling from a 
high-potential screen grid to a lower- 
potential plate. In this low-velocity re- 
gion, the space charge produced is suffi- 
cient to repel secondary electrons emit- 
ted from the plate and to cause them to 
return to the plate. 

Beam power tubes of this design 
employ beam-confining electrodes at 
cathode potential to assist in producing 
the desired beam effects and to prevent 
stray electrons from the plate from re- 
turning to the screen grid outside of the 
beam. A feature of a beam power tube 
is its low screen-grid current. The screen 
grid and the control grid are spiral wires 
wound so that each turn of the screen 
grid is shaded from the cathode by a 
grid turn. This alignment of the screen 
grid and control grid causes the electrons 
to travel in sheets between the turns of 
the screen grid so that very few of them 
strike the screen grid. Because of the 
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effective suppressor action provided by 
space charge and because of the low cur- 
rent drawn by the screen grid, 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 

BEAM- CONFINING ELECTRODE 

are confined to beams. The beam condi- 
tion illustrated is that for a plate po- 
tential less than the screen-grid poten- 
tial. The high-density space-charge re- 
gion is indicated by the heavily dashed 
lines in the beam. Note that the edges of 
the beam-confining electrodes coincide 
with the dashed portion of the beam. In 
this way the space-charge potential re- 
gion is extended beyond the beam 
boundaries and stray secondary electrons 
are prevented from returning to the 
screen grid outside of the beam. The 
space-charge effect may also be obtained 
by use of an actual suppressor grid. Ex- 
amples of beam power tubes are 6AQ5-A, 
6L6-GB, 6V6-GT, and 50C5. 

Multi-Electrode and 
Multi-Unit Tubes 

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

Later and present trends of tube de- 
sign are the development of "specialty" 
types. These types are intended either to 
give optimum performance in a particu- 
lar application or to combine in one bulb 
functions which formerly required two 
or more tubes. The first class of tubes in- 
cludes such examples of specialty types 
as the 6CB6 and 6BY6. 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 
6BY6 is an especially interesting type in 
this class. This tube has an unusually 
large number of electrodes, namely 
seven, exclusive of the heater. Plate cur- 
rent in the tube is varied at two different 
frequencies at the same time. The tube 
is designed primarily for use as a com- 
bined sync separator and sync clipper in 
television receivers. 

The second class includes multi- 
unit tubes such as the twin-diode triodes 
6BF6 and 6AV6, as well as triode-pen- 
todes such as the 6U8-A and 6X8. This 
class also includes class A twin triodes 
such as the 6CG7 and 12AX7, and types 
such as the 6CM7 containing dissimilar 
triode units used primarily as combined 
vertical oscillators and vertical deflec- 
tion amplifiers in television receivers. 
Full-wave rectifiers are also multi-unit 
types. 

A third class of tubes combines fea- 
tures of each of the other two classes. 
Typical of this third class are the penta- 
grid-converter types 1R5, 6BE6, and 
6SA7. These tubes are similar to the 
multi-electrode types in that they have 
seven electrodes, all of which affect the 
electron stream; and they are similar to 
the multi-unit tubes in that they per- 
form simultaneously the double function 
of oscillator and mixer in superhetero- 
dyne receivers. 

Receiving Tube Structure 
Receiving tubes generally utilize a 

glass or metal envelope and abase. Orig- 
inally, the base was made of metal or 
molded phenolic material. Types hav- 
ing a glass envelope and a molded phen- 
olic base include the "octal" types such 
as the 5U4-GB and the 6SN7-GTB. 
Types having a metal envelope and 
molded phenolic octal base include the 
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6 AC 7 and the 6 AG7. Many modern types 
utilize integral glass bases. Present-day 
conventional tube designs utilizing glass 
envelopes and integral glass bases in- 
clude the seven-pin miniature types, the 
nine-pin miniature types, and the novar 
types. Examples of the seven-pin mini- 
ature types are the 6AU6-A and 6BN6. 
Examples of the nine-pin miniature types 
types are the 12AU7-A and 6EA8. Ex- 
amples of the novar types are the 6BH3 
and 7868. The nine-pin base for the novar 
types has a relatively large pin-circle 
diameter and long pins to insure firm 
retention of the tube in its socket. 

The uuvistor concept provided a 
new approach to electron tube design. 
Nuvistor tubes utilize a light-weight can- 
tilever-supported cylindrical electrode 
structure housed in a ceramic-metal en- 
velope (see page 2 for cutaway view.) 
These tubes combine new materials, proc- 
esses, and fabrication techniques. Ex- 
amples of the nuvistor are the 2CW4 
and the 6CW4. 

Television Picture Tubes 
The picture tube, or kinescope, is a 

multi-electrode tube used principally in 
television receivers for picture display. 
It consists essentially of an electron gun, 
a glass or metal-and-glass envelope and 
face-plate combination, and a fluores- 
cent screen. 

The electron gun includes a cathode 
for the production of free electrons, one 
or more control electrodes for acceler- 
ating the electrons in the beam, and, 

optionally, a device for "trapping" un- 
wanted ions out of the electron beam. 

Focusing of the beam is accom- 
plished either electromagnetically by 
means of a focusing coil placed on the 
neck of the tube, or electrostatically, as 
shown in Fig. 10, by means of a focusing 
electrode (grid No. 4) within the enve- 
lope of the tube. The screen is a white- 
fluorescing phosphor P4 of either the 
silicate or the sulfide type. 

Deflection of the beam is accom- 
plished either electrostatically by means 
of deflecting electrodes within the enve- 
lope of the tube, or electromagnetically 
by means of a deflecting yoke placed on 
the neck of the tube. Fig. 10 shows the 
structure of the gun section of a pic- 
ture tube and illustrates how the elec- 
tron beam is formed and how the beam 
is deflected by means of an electromag- 
netic deflecting yoke. In this type of 
tube, ions in the beam are prevented 
from damaging the fluorescent screen by 
an aluminum film on the gun side of the 
screen. This film not only "traps" un- 
wanted ions, but also improves picture 
contrast. In many types of non-alumi- 
nized tubes, ions are separated from the 
electron beam by means of a tilted-gun 
and ion-trap-magnet arrangement. 

The color kinescope 21FBP22 con- 
sists of three electron guns and an alu- 
minized, tricolor, phosphor-dot screen 
on the inner surface of the spherical fil- 
.terglass faceplate. It utilizes magnetic 
convergence, electrostatic focus, and 
magnetic deflection. 
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Electron Tube Characteristics 

The term "characteristics" is used 
to identify the distinguishing electrical 
features and values of an electron tube. 
These values may be shown in curve 
form or they may be tabulated. When 
the characteristics values are given in 
curve form, the curves 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 ex- 
ample Static Characteristics are the val- 
ues obtained with different dc potentials 
applied to the tube electrodes, while Dy- 
namic Characteristics are the values ob- 
tained with an ac voltage on a control 
grid under various conditions of dc po- 
tentials on the electrodes. The dynamic 
characteristics, therefore, are indicative 
of the performance capabilities of a tube 
under actual working conditions. 

Static characteristics may be shown 
by plate characteristics curves and trans- 
fer (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 volt- 
age and measuring plate current for dif- 
ferent grid bias voltages, while the trans- 
fer-characteristic curve is obtained by 
varying grid bias voltage and measuring 
plate current for different plate voltages. 
A plate-characteristic family of curves is 
illustrated by Fig. 11. Fig. 12 gives the 
transfer-characteristic family of curves 
for the same tube. 

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

The amplification factor, or u, is 
the ratio of the change in plate voltage 
to a change in control-electrode voltage 
in the opposite direction, under the con- 
dition that the plate current remains un- 
changed and that all other electrode 

voltages are maintained constant. For 
example, if, when the plate voltage is 
made 1 volt more positive, the control- 
electrode (grid-No.1) voltage must be 
made 0.1 volt more negative to hold 
plate current unchanged, the amplifica- 
tion 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 

100 150 200 PLATE VOLTS 

plate-voltage change—the latter equal 
to the product of the grid-voltage change 
and amplification factor. The ^ of a tube 
is often useful for calculating stage gain. 
This use is discussed in the ELECTRON 
TUBE APPLICATIONS SECTION. 

Plate resistance (rp) of an electron 
tube is the resistance of the path between 

-20 -10 GRID VOLTS 

cathode and plate to the flow of alter- 
nating current. It is the quotient of a 
small change in plate voltage divided by 
the corresponding change in plate cur- 
rent 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. 
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Conlrol-grid—plale transconduct- 
aure. or simply Iransconductance (gm)» 
is a factor which combines in one term 
the amplification factor and the plate 
resistance, and is the quotient of the 
first divided by the second. This term 
has also been known as mutual conduct- 
ance. Transconductance may be more 
strictly defined as the quotient of a small 
change in plate current (amperes) di- 
vided by the small change in the control- 
grid voltage producing it, under the con- 
dition that all other voltages remain un- 
changed. Thus, if a grid-voltage change 
of 0.5 volt causes a plate-current change 
of 1 milliampere (0.001 ampere), with 
all other voltages constant, the trans- 
conductance is 0.001 divided by 0.5, or 
0.002 mho. A "mho" is the unit of con- 
ductance and was named by spelling 
ohm backwards. For convenience, a 
millionth of a mho, or a micromho 
(jumhobis used to express transconduct- 
ance. Thus, in the example, 0.002 mho 
is 2000 micromhos. 

Conversion trauscouductanee (gc) 
is a characteristic associated with the 
mixer (first detector) function of tubes 

Tube Manual 

and may be defined as the quotient of 
the intermediate-frequency (if) current 
in the primary of the if transformer di- 
vided by the applied radio-frequency 
(rf) voltage producing it; or more pre- 
cisely, it is the limiting value of this 
quotient as the rf voltage and if current 
approach zero. When the performance 
of a frequency converter is determined, 
conversion transconductance is used in 
the same way as control-grid—plate 
transconductance is used in single-fre- 
quency amplifier computations. 

The plate efficiency of a power am- 
plifier tube is the ratio of the ac power 
output (Po) to the product of the aver- 
age dc plate voltage (Eb) and dc plate 
current (lb) at full signal, or 

Plate efficiency Po watts  .. 
(%) Eb volta X lb amperes 

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

Power aensitivity (mhos) = Po watts (Ein.rms)2 
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Electron Tube Applications 

The diversified applications of an 
electron receiving tube have, within the 
scope of this section, been treated under 
seven headings. These are: Amplifica- 
tion, Rectification, Detection, Auto- 
matic Volume or Gain Control, Oscilla- 
tion, Frequency Conversion, and Au- 
tomatic Frequency Control. Although 
these operations may take place at either 
radio or audio frequencies and may in- 
volve the use of different circuits and 
different supplemental parts, the gen- 
eral considerations of each kind of oper- 
ation are basic. 

Amplification 
The amplifying action of an electron 

tube was mentioned under Triodes in 
the section on ELECTRONS, ELEC- 
TRODES, and ELECTRON TUBES. 
This action can be utilized in electronic 
circuits in a number of ways, depending 
upon the results desired. 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 "cutoff bias" used in these 
definitions is the value of grid bias at 
which plate current is some very small 
value. 

Classes of Service 
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. 

A class AB amplifier is an ampli- 
fier in which the grid bias and alter- 
nating grid voltages are such that plate 
current in a specific tube flows for ap- 
preciably more than half but less than 
the entire electrical cycle. 

A class B amplifier is an amplifier 
in which the grid bias is approximately 
equal to the cutoff 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. 

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

The suffix 1 may be added to the letter 
or letters of the class identification to 
denote that grid current does not flow 
during any part of the input cycle. The 
suffix 2 may be used to denote that grid 
current flows during some part of the 
cycle. 

For radio-frequency (rf) amplifiers 
which operate into a selective tuned cir- 
cuit, 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 (af) ampli- 
fiers in which distortion is an important 
factor, only class A amplifiers permit 
single-tube operation. In this case, oper- 
ating conditions are usually chosen so 
that distortion is kept below the conven- 
tional 5 per cent for triodes and the con- 
ventional 7 to 10 per cent for tetrodes or 
pentodes. Distortion can be reduced be- 
low these figures by means of special cir- 
cuit arrangements such as that discussed 
under inverse feedback. With class A 
amplifiers, reduced distortion with im- 
proved power performance can be ob- 
tained 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. 

Class A Voltage Amplifiers 
As a class A voltage amplifier, an 

electron 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 im- 
pressed on the grid, but their amplitude 
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is increased. This increase is accom- 
plished by operation of the tube at a 
suitable grid bias so that the applied 
grid input voltage produces plate-cur- 
rent variations proportional to the signal 
swings. Because the voltage variation 
obtained in the plate circuit is much 
larger than that required to swing the 
grid, amplification of the signal is ob- 
tained. 

Fig. 13 gives a graphical illustration 
of this method of amplification and 

/ t OUTPUT SIGNAL (0) 

Fig. 13 
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. The output signal (O) 
is the resulting amplified plate-current 
variation. 

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

resistance to the input signal voltage is 
the voltage amplification, or gain, pro- 
vided by the tube. The voltage ampli- 
fication due to the tube is expressed by 
the following convenient formulas: 

Voltage amplification ^ KL+ rp 
gin X rp X Rl or i i.jr. i i.. i.— 1000000 x (rp+ Rl) 

where g is the amplification factor of 
the tube, RL is the load resistance in 

ohms, r,, is the plate resistance in ohms, 
and gm is the transconductance in 
micromhos. 

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

In a resislaiice-coupled amplifier,, 
the load resistance of the tube is approx- 
imately 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 to use a plate resistor and a 
grid resistor of large resistance. How- 
ever, the plate resistor should not be too 
large because the flow of plate current 
through the plate resistor produces a 
voltage drop whicli reduces the plate 
voltage applied to the tube. If the plate 
resistor is too large, this drop will be too 
large, the plate voltage on the tube will 
be too small, and the voltage output of 
the tube will be too small. Also, the grid 
resistor of the following stage should not 
be too large, the actual maximum value 
being dependent on the particular tube 
type. This precaution is necessary be- 
cause all tubes contain minute amounts 
of residual gas which cause a minute 
flow of current through the grid resistor. 
If the grid resistor is too large, the posi- 
tive bias developed by the flow of this 
current through the resistor decreases 
the normal negative bias and produces 
an increase in the plate current. This in- 
creased current may overheat the tube 
and cause liberation of more gas which, 
in turn, will cause further decrease in 
bias. The action is cumulative and re- 
sults in a runaway condition which can 
destroy the tube. 

A higher value of grid resistance is 
permissible when cathode-resistor bias 
is used than when fixed bias is used. 
When cathode-resistor bias is used, a 
loss in bias due to gas or grid-emission 
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effects is almost completely offset by an frequencies to affect appreciably the 
increase in bias due to the voltage drop gain and selectivity of a preceding stage, 
across the cathode resistor. Typical val- Tubes such as the "acorn" and "pencil" 
ues of plate resistor and grid resistor for types and the high-frequency miniatures 
tube types used in resistance-coupled have been developed to have low input 
circuits, and the values of gain obtain- capacitances, low electron-transit time, 
able, are shown in the RESISTANCE- and low lead inductance so that their 
COUPLED AMPLIFIER SECTION, input impedance is high even at the 

The input impedance of an electron ultra-high radio frequencies. Input 
tube (that is, the impedance between admittance is the reciprocal of input 
grid and cathode) consists of (1) a reac- impedance. 
five component due to the capacitance A remote-cutoff amplifier tube is 

10 2 O 
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Fig. 15 

between grid and cathode, (2) a resistive a modified construction of a pentode or 
component resulting from the time of a tetrode type designed to reduce modu- 
transit of electrons between cathode and lation-distortion and cross-modulation 
grid, and (3) a resistive component de- in radio-frequency stages. Cross-modu- 
veloped by the part of the cathode lead lation is the effect produced in a radio 
inductance which is common to both the or television receiver by an interfering 
input and output circuits. Components station "riding through" on the carrier 
(2) and (3) are dependent on the fre- of the station to which the receiver is 
quency of the incoming signal. The in- tuned. Modulation-distortion is a dis- 
put impedance is very high at audio tortion of the modulated carrier and ap- 
frequencies when a tube is operated with pears as audio-frequency distortion in 
its grid biased negative. In a class Ai or the output. This effect is produced by 
ABi transformer-coupled audio ampli- a radio-frequency amplifier stage opera- 
fier, therefore, the loading imposed by ting on an excessively curved character- 
the grid on the input transformer is isticwhenthegridbiashasbeenincreased 
negligible. As a result, the secondary to reduce volume. The offending stage 
impedance of a class Ai or class AIL in- for cross-modulation is usually the first 
put transformer can be made very high radio-frequency amplifier,while for mod- 
because the choice is not limited by the ulation-distortion the cause is usually 
input impedance of the tube; however, the last intermediate-frequency stage, 
transformer design considerations may The characteristics of remote-cutoff 
limit the choice. types are such as to enable them to 

At the higher radio frequencies, the handle both large and small input sig- 
input impedance may become very low nals with minimum distortion over a 
even when the grid is negative, due to wide range of signal strength, 
the finite time of passage of electrons be- Fig. 16 illustrates the construction 
tween cathode and grid and to the ap- of the grid No.l (control grid) in a re- 
preciable lead reactance.This impedance mote-cutoff tube. The remote-cutoff ac- 
drops very rapidly as the frequency is tion is due to the structure of the grid 
raised, and increases input-circuit load- which provides a variation in amplifica- 
ing. In fact, the input impedance may tion factor with change in grid bias. The 
become low enough at very high radio grid No.l is wound with open spacing at 

VOLTAGE AMPLIFICATION VJ.LOAD RESISTANCE FOR THEORETICAL TRlOOE HAVING! PLATE RESISTANCE-10000 OHMS 
AMPLIFICATION -FACTORsiO TRANSCONOUCTANCE =1000 MICR0MHOS 
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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 character- 
istics is essentially the same as for uni- 
form spacing. As the grid bias is made 
more negative to handle larger input 

CATHODE. PLATE 

SUPPRESSOR GRID SCREEN GRID GRID 
Fig. 16 

signals, the electron flow from the sec- 
tions 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 open section of the grid. This action 
changes the gain of the tube so that 
large signals may be handled with mini- 
mum distortion due to cross-modulation 
and modulation-distortion. 

Fig. 17 shows a typical plate-cur- 
rent vs. grid-voltage curve for a remote- 
cutoff 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 remote-cutoff tube 
drops quite slowly with large values of 
bias voltage. This slow change makes it 

  umy I 
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Class A Power Amplifiers 
As a class A power amplifier, an 

electron tube is used in the output stage 
of a radio or television receiver to supply 
a relatively large amount of power to 
the loudspeaker. For this application, 
large power output is of more impor- 
tance than high voltage amplification; 
therefore, gain possibilities are sacrificed 
in the design of power tubes to obtain 
power-handling capability. 

Triodes, pentodes, and beam power 
tubes designed for power amplifier serv- 
ice have certain inherent features for 
each structure. Power tubes of the triode 
type for 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, usually, 
somewhat higher distortion than class A 
triodes. Beam power tubes have higher 
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Fig. 17 
possible for the tube to handle large sig- 
nals satisfactorily. Becauseremote-cutoff 
types can accommodate large and small 
signals, they are particularly suitable for 
use in sets having automatic volume 
control. Remote-cutoff tubes also are 
known as variable-mu types. 

power sensitivity and efficiency than 
triode or conventional pentode types. 

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

Power tubes connected in either 
parallel or push-pull may be employed 
as 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. With this connection, the effec- 
tive transconductance of the stage is 
doubled, and the effective plate resist- 
ance and the load resistance required 
are halved as compared with single- 
tube values. 

The push-pull connection (Fig. 19), 
although it requires twice the grid-signal 
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voltage, provides increased power and 
has other important advantages over 
single-tube operation. Distortion caused 
by even-order harmonics and hum caused 

B + B- AC HEATER SUPPU 
Fig. 19 

by plate-voltage-supply fluctuations are 
either eliminated or decidedly reduced 
through cancellation. Because distortion 
for push-pull operation is less than for 
single-tube operation, appreciably more 
than twice single-tube output can be ob- 
tained with triodes by decreasing the 
load resistance for the stage to a value 
approaching the load resistance for a 
single tube. 

For either parallel or push-pull 
class A operation of two tubes, all elec- 
trode currents are doubled while all dc 
electrode voltages remain the same as 
for single-tube operation. If a cathode 
resistor is used, its value should be about 
one-half that for a single tube. If oscilla- 
tions occur with either type of connec- 
tion, they can often be eliminated by the 
use of a non-inductive resistor of ap- 
proximately 100 ohms connected in 
series with each grid at the socket 
terminal. 

Operation of power tubes so that 

Power- Oufput Calculafions 
Calculation of the power output of 

a triode used as a class A amplifier with 
either an output transformer or a choke 
having low dc resistance can be made 
without serious error from the plate 
family of curves by assuming a resist- 
ance load. The proper plate current, 
grid bias, optimum load resistance, and 
per-cent second-harmonic distortion can 
also be determined. The calculations are 
made graphically and are illustrated in 
Fig. 20 for given conditions. The pro- 
cedure is as follows: 

(1) Locate the zero-signal bias point 
P by determining the zero-signal bias 
Eco from the formula: 

Zero-signal bias (Eco) = -(0.68 X Eb)/V 
where Eb is the chosen value in volts of 
dc plate voltage at which the tube is to 
be operated, and m is the amplification 
factor of the tube. This quantity is 
shown as negative to indicate that a 
negative bias is used. 

(2) Locate the value of zero-signal 
plate current, I,,, corresponding to point 
P. 

(3) Locate the point 2Io, which is 
twice the value of L and corresponds to 
the value of the maximum-signal plate 
current Imax- 

(4) Locate the point X on the dc 
bias curve at zero volts, Ec = 0, corre- 
sponding to the value of Imax. 

(5) Draw a straight line XY through 
X and P. 

Line XY is known as the load re- 
sistance line. Its slope corresponds to 

RCA-2A3 
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= 2 [ uj 0,120 

/ « 0.08 
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Fig. 20 

the grids run positive is inadvisable the value of the load resistance/The load 
except under conditions such as those resistance in ohms is equal to (Emax- 
discussed in this section for class AB Emin) divided by (Imax - Imin), where E 
and class B amplifiers. is in volts and I is in amperes. 
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It should be noted that in the case 
of filament types of tubes, the calcula- 
tions live given on the basis of a do 
operated filament. When the filament is 
ac-operated, the calculated value of dc 
bias should be increased by approxi- 
mately one-half the filament voltage 
rating of the tube. 

The value of zero-signal plate cur- 
rent L, should be used to determine the 
plate dissipation, an important factor 
influencing tube life. In a class A ampli- 
fier under zero-signal conditions, the 
plate dissipation is equal to the power 
input, i.e., the product of the dc plate 
voltage E„ and the zero-signal dc plate 
current I,.. If it is found that the plate- 
dissipation rating of the tube is exceeded 
with the zero-signal bias Ec,, calculated 
above, it will be necessary to increase 
the bias by a sufficient amount so that 
the actual plate dissipation does not ex- 
ceed the rating before proceeding further 
with the remaining calculations. 

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 Ec,., to 
zero bias (E(. = 0) on the positive swing 
and (2) to swing the grid to a value 
twice the zero-signal bias value on the 
negative swing. During the negative 
swing, the plate voltage and plate cur- 
rent reach values of EIuax and Imin; dur- 
ing the positive swing, they reach values 
of and Ininx- Because power is the 
product of voltage and current, the 
power output P0 as shown by a watt- 
meter is given by 

p — CIniiix - Imin) X CEmftx — Emin) 

where E is in volts, I is in amperes, and 
P,, is in watts. 

In the output of power amplifier 
triodes, some distortion is present. This 
distortion is due predominantly to sec- 
ond harmonics in single-tube amplifiers. 
The percentage of second-harmonic dis- 
tortion may be calculated by the follow- 
ing formula: 

Imax + Imin T    i0 
% distortion —     X 100 Imax - Imiii 

where I,, is the zero-signal plate current 
in amperes. If the distortion is excessive, 
the load resistance should be increased 
or, occasionally, decreased slightly and 

the calculations repeated. 
Example: Determine the load re- 

sistance, power output, and distortion 
of a triode having an amplification fac- 
tor of 4.2, a plate-dissipation rating of 
15 watts, and plate characteristics curves 
as shown in Fig. 20. The tube is to be 
operated at 250 volts on the plate. 

Procedure: For a first approxima- 
tion, determine the operating point P 
from the zero-signal bias formula, Ec,, = 
-(0.68 X 250) /4.2 = -40.5 volts. From 
the curve for this voltage, it is found 
that the zero-signal plate current !„ at a 
plate voltage of 250 volts is 0.08 ampere 
and, therefore, the plate-dissipation rat- 
ing is exceeded (0.08 X 250 = 20 watts). 
Consequently, it is necessary to reduce 
the zero-signal plate current to 0.06 am- 
pere at 250 volts. The grid bias is now 
seen to be -43.5 volts. Note that the 
curve was taken with a dc filament sup- 
ply: if the filament is to be operated on 
an ac supply, the bias must be increased 
by about one-half the filament voltage, 
or to -45 volts, and the circuit returns 
made to the mid-point of the filament 
circuit. 

Point X can now be determined. 
Point X is at the intersection of the dc 
bias curve at zero volts with Imax, where 
Imax = 21,, = 2 X 0.06 = 0.12 ampere. 
Line XY is drawn through points P and 
X. Emax, Emin, and Imin are then found 
from the curves. Substituting these val- 
ues in the power-output formula, we 
obtain 

(0.12 - 0.012) X '365 - = 3.52 watts 

• X 100 = 5.0% 

The resistance represented by load 
line XY is 

'365 - 105) , 
(0.12 - 0.012) 'm0»hms 

When the values from the curves 
are substituted in the distortion formula, 
we obtain 

0.12 + 0.012 „ „„   0.06 
% distortion = ■ 0 ^ _ o 01?— X 100 = 5'5'^, 

It is customary to select the load 
resistance so that the distortion does not 
exceed five per cent. When the method 
shown is used to determine the slope of 
the load resistance line, the second-har- 
monic distortion generally does not ex- 
ceed five per cent. In the example, how- 
ever, the distortion is excessive and it is 
desirable, therefore, to use a slightly 
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higher load resistance. A load resistance 
of 2500 ohms will give a distortion of 
about 4.9 per cent. The power output is 
reduced only slightly to 3.5 watts. 

Operating conditions for triodes in 
push-pull depend on the type of opera- 
tion desired. Under class A conditions, 
distortion, power output, and efficiency 
are all relatively low. The operating bias 
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 cutoff at a 
plate voltage of 1.4E0 where E0 is the 
operating plate voltage. Higher bias than 
this value requires higher grid-signal 
voltage and results in class ABi opera- 
tion which is discussed later. 

The method for calculating maxi- 
mum power output for triodes in push- 
pull class A operation is as follows: 
Erect a vertical line at 0.6 Eo (see Fig. 
21), intersecting the Ec=0 curve at the 

RCA-2A.3 Ef =2.5 VOLTS DC 

o.aL L»«*. 

plate dissipation rating of the tube is 15 
watts. Then, for class A operation, the 
operating bias can be equal to, but not 
more than, one-half the grid bias for cut- 
off with a plate voltage of 1.4 X 300 = 420 
volts. (Since cutoff bias is approximately 
-115 volts at a plate voltage of 420 volts, 
one-half of this value is -57.5 volts bias.) 
At this bias, the plate current is found 
from the plate family to be 0.054 am- 
pere and, therefore, the plate dissipation 
is 0.054 X 300 or 16.2 watts. Since -57.5 
volts is the limit of bias for class A oper- 
ation of these tubes at a plate voltage of 
300 volts, the dissipation cannot be re- 
duced by increasing the bias and it, 
therefore, becomes necessary to reduce 
the plate voltage. 

If the plate voltage is reduced to 
250 volts, the bias will be found to be 
-43.5 volts. For this value, the plate cur- 
rent is 0.06 ampere, and the plate dissi- 
pation is 15 watts. Then, following the 

< o.oeoL's. _ ^ Q.054r  

250 300 
PLATE VOLTS 

point I,iU,x. Then, Im.ix is determined 
from the curve for use in the formula 

Po = (Imax X Eo)/5 
If Imax is expressed in amperes and E0 
in volts, power output is in watts. 

The method for determining the 
proper load resistance for triodes in 
push-pull is as follows: Draw a load line 
through Imax on the zero-bias curve and 
through the E(J point on the zero-current 
axis. Four times the resistance repre- 
sented by this load line is the plate-to- 
plate load (Rpp) for two triodes in a 
class A push-pull amplifier. Expressed 
as a formula, 

ItpD = 4 X (Eo - 0.6Eo)/Imax 
where E„ is expressed in volts, Imax in 
amperes, and Rpp in ohms. 

Example: Assume that the plate 
voltage (Eo) is to be 300 volts, and the 

method for calculating power output, 
erect a vertical line at O.6E0 = 150 volts. 
The intersection of the line with the 
curve Ec = 0 is Imax or 0.2 ampere.When 
this value is substituted in the power 
formula, the power output is (0.2 X 250) 
/5 = 10 watts. The load resistance is de- 
termined from the load formula: Plate- 
to-plate load (R .„) = 4 X (250 - 150) 
/0.2 = 2000 ohms. 

Power output for a pentode or a 
beam power tube as a class A amplifier 
can be calculated in much the same way 
as for triodes. The calculations can be 
made graphically from a special plate 
family of curves, as illustrated in Fig. 22. 

From a point A at or just below the 
knee of the zero-bias curve, draw arbi- 
trarily selected load lines to intersect the 
zero-plate-current axis. These lines 
should be on both sides of the operating 
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point P whose position is determined by 
the desired operating plate voltage, E,,, 
and one-half the maximum-signal plate 
current. Along any load line, say AAi, 
measure the distance AOi. On the same 
line, lay off an equal distance, O1A1. For 
optimum operation, the change in bias 
from A to Oi should be nearly equal to 
the change in bias from Oi to Ai. If this 
condition can not be met with one line, 

% total (2nd and 3rd) harmonic distortion 
V<%2nd)3 + (%3rd)- 

Conversion Factors 
Operating conditions for voltage 

values other than those shown in the 
published data can be obtained by the 
use of the nomograph shown in Fig. 23 
when all electrode voltages are changed 
simultaneously in the same ratio. The 

PLATE VOLTS 

as is the case for the line first chosen, 
then another should be chosen. When 
the most satisfactory line has been se- 
lected, its resistance may be determined 
by the following formula: 

Load resistance (Rl) : Emox - Emln 
I max - Imiu 

The value of Rl may then be sub- 
stituted in the following formula for 
calculating power output. 

IvIPRl Po = [Imax- Iniin + 1.41 (Ix - 
32 

In both of these formulas, I is in 
amperes, E is in volts, RL is in ohms, 
and Po is in watts. Ix and ly are the cur- 
rent values on the load line at bias volt- 
ages of Eci = V — 0.707V=0.293V and 
Eci=V + 0.707V= 1.707V, respectively. 

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

% 2nd-harmonic distortion = 
 Imax + Imin - 2 lo 
Imax - Imin + 1.41 (Ix - ly) 

3rd-harmonic distortion = 
Imax - Imin — 1.41 (Ix - ly) 

X 100 

Irnr • Imin 1.41 fix - ly) X 100 

nomograph includes conversion factors 
for current (Fi), power output (F,,). 
plate resistance or load resistance (Fr), 
and transconductance (Fgm) for voltage 
ratios between 0.5 and 2.0. These factors 
are expressed as functions of the ratio 
between the desired or new voltage for 
any electrode (Edes) and the published 
or original value of that voltage (Epuij), 
The relations shown are applicable to 
triodes and multigrid tubes in all classes 
of service. 

To use the nomograph, simply place 
a straight-edge across the page so that 
it intersects the scales for Edes and Ejmii 
at the desired values. The desired con- 
version factor may then be read directly 
or estimated at the point where the 
straight-edge intersects the Fi, Fp F,-, or 
Fgm scale. 

For example, suppose it is desired 
to operate two 6L6-GB's in class Ai push- 
pull, fixed bias, with a plate voltage of 
200 volts. The nearest published oper- 
ating 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: 

The voltage conversion factor, Fv., 
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is equal to 200 /250 or 0.8. The dashed Because contact-potential effects become 
lines on the nomograph of Fig. 23 indi- noticeable only at very small dc grid- 
cate that for this voltage ratio F] is ap- No.l (bias) voltages, they are generally 
proximately 0.72, F,. is approximately negligible in power tubes. Secondary 

Fr Fgm sub Edes Fi Fp 

0.57, F,. is 1.12, and F.,,,, is approxi- 
mately 0.892. These factors may be ap- 
plied directly to operating values shown 
in the tube data, or to values calculated 
by the methods described previously. 

Because this method for conversion 
of characteristics is necessarily an ap- 
proximation, the accuracy of the nomo- 
graph decreases progressively as the 
ratio Efics/Epui» departs from unity. In 
general, results are substantially correct 
when the value of the ratio Edes/Epub is 
between 0.7 and 1.5. Beyond these lim- 
its, the accuracy decreases rapidly, and 
the results obtained must be considered 
rough approximations. 

The nomograph does not take into 
consideration the effects of contact po- 
tential or secondary emission in tubes. 

emission may occur in conventional tet- 
rodes, however, if the plate voltage 
swings below the grid-No.2 voltage. 
Consequently, the conversion factors 
shown in the nomograph apply to such 
tubes only when the plate voltage is 
greater than the grid-No.2 voltage. Be- 
cause secondary emission may also oc- 
cur in certain beam power tubes at very 
low values of plate current and plate 
voltage, the conversion factors shown in 
the nomograph do not apply when these 
tubes are operated under such con ditions. 

Class AB Power Amplifiers 
A class AB power amplifier em- 

ploys two tubes connected in push-pull 
with a higher negative grid bias than is 
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used in a class A stage. With this higher 
negative bias, the plate and screen-grid 
voltages can usually be made higher 
than for class A amplifiers because the 
increased negative bias holds plate cur- 
rent 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 ABi and class ABj. In class 
ABi 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, current. In class AB2, 
the peak signal voltage is greater than 
the bias so that the grids are driven 
positive and draw current. 

Because of the flow of grid current 
in a class AB; stage there is a loss of 

fluctuations in the voltage output of the 
power supply, with the result that power 
output is decreased and distortion is in- 
creased. To obtain satisfactory regula- 
tion it is usually advisable to use a low- 
drop rectifier, such as the 5V4-G A, with a 
choke-input filter. In all cases, the resist- 
ance of the filter choke and power trans- 
formers should be as low as possible. 

Class ABi Power Amplifiers 
In class ABi push-pull amplifier 

service using triodes, the operating con- 
ditions may be determined graphically 
by means of the plate family if E0. the 
desired operating plate voltage, is given. 
In this service, the dynamic load line 
does not pass through the operating 
point P as in the case of the single-tube 
amplifier, but through the point D in 
Fig. 24. Its position is not affected by 
the operating grid bias provided the 

see-2A3 
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power in the grid circuit. The sum of 
this loss and the loss in the input trans- 
former is the total driving power re- 
quired by the grid circuit. The driver 
stage should be capable of a power out- 
put considerably larger than this re- 
quired power in order that distortion 
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 plate power supply 
should have good regulation. Otherwise 
the fluctuations in plate current cause 

plate-to-plate load resistance remains 
constant. 

Under these conditions, grid bias 
has no appreciable effect on the power 
output. Grid bias cannot be neglected, 
however, since it is used to find the zero- 
signal plate current and, from it, the 
zero-signal plate dissipation. Because 
the grid bias is higher in class AB! than 
in class A service for the same plate volt- 
age, a higher signal voltage may be used 
without grid current being drawn and, 
therefore, higher power output is ob- 
tained than in class A service. 

In general, for any load line through 
point D, Fig. 24, the plate-to-plate load 
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resistance in ohms of a push-pull ampli- 
fier is Rm,= 4E0/I', where I' is the plate 
current value in amperes at which the 
load line as projected intersects the plate 
current axis, and En is in volts. This 
formula is another form of the one 
given under push-pull class A amplifiers, 
Rud = 4(Eo - 0.6Eo)/Imiix, but is more 
general. Power output = (I max /V2 )2 X 
Rpp/4, where Imax is the peak plate cur- 
rent at zero grid volts for the load chosen. 
This formula simplified is (Imax)2 X Rpp/ 
8. The maximum-signal average plate 
current is 2Imnx/x- or 0.636 Imnx; the 
maximum-signal average power input is 
0.636 Imax X Eo. 

It is desirable to simplify these 
formulas for a first approximation. This 
simplification can be made if it is as- 
sumed that the peak plate current, Imax, 
occurs at the point of the zero-bias curve 
corresponding approximately to 0.6 En, 
the condition for maximum power out- 
put. The simplified formulas are: 

Po (for two tubes) = (Imax X Eq)/5 
Rpp = 1.6Eo/Imax 

where E„ is in volts, Imax is in amperes, 
Rpp is in ohms, and Po is in watts. 

It may be found during subsequent 
calculations that the distortion or the 
plate dissipation is excessive for this ap- 
proximation; in that case, a different 
load resistance must be selected using 
the first approximation as a guide and 
the process repeated to obtain satisfac- 
tory operating conditions. 

Example: Fig. 24 illustrates the 
application of this method to a pair of 
2A3's operated at En=300 volts. Each 
tube has a plate-dissipation rating of 15 
watts. The method is to erect a vertical 
line at 0.6Eo, or at 180 volts, which 
intersects the Er=0 curve at the point 
lDinx= 0.26 ampere. Using the simplified 
formulas, we obtain 

Rpp — (1.6 X 300)70.26 = 1845 ohma 
Po = (0.26 X 300)/5 = 15.6 watta 

At this point, it is well to determine 
the plate dissipation and to compare it 
with the maximum rated value. From 
the average plate current formula (0.636 
Imax) mentioned previously, the maxi- 
mum-signal average plate current is 
0.166 ampere. The product of this cur- 
rent and the operating plate voltage is 
49.8 watts, the average input to the two 
tubes. From this value, subtract the 

power output of 15.6 watts to obtain the 
total dissipation for both tubes which is 
34.2 watts. Half of this value, 17 watts, 
is in excess of the 15-watt rating of the 
tube and it is necessary, therefore, to as- 
sume another and higher load resistance 
so that the plate-dissipation rating will 
not be exceeded. 

It will be found that at an operating 
plate voltage of 300 volts the 2A3's re- 
quire a plate-to-plate load resistance of 
3000 ohms. From the formula for R,,,,, 
the value of I' is found to be 0.4 ampere. 
The load line for the 3000-ohm load re- 
sistance is then represented by a straight 
line from the point I'= 0.4 ampere on the 
plate-current ordinate to the point E(l = 
300 volts on the plate-voltage abscissa. 
At the intersection of the load line with 
the zero-bias curve, the peak plate cur- 
rent, Imax, can be read at 0.2 ampere. 
Then p0 = (Imnx/ vH )- X Rpp/4 

- (0.2/1.41)= x 3000/4 
«= 15 watts 

Proceeding as in the first approximation, 
we find that the maximum-signal aver- 
age plate current, 0.636Imax, is 0.127 
ampere, and the maximum-signal aver- 
age power input is 38.1 watts. This input 
minus the power output is 38.1 - 15= 
23.1 watts. This value is the dissipation 
for two tubes; the value per tube is 11.6 
watts, a value well within the rating of 
this tube type. 

The operating bias and the zero- 
signal plate current may now be found 
by use of a curve which is derived from 
the plate family and the load line. Fig. 
25 is a curve of instantaneous values of 
plate current and dc grid-bias voltages 
taken from Fig. 24. Values of grid bias 
are read from each of the grid-bias 
curves of Fig. 24 along the load line and 
are transferred to Fig. 25 to produce the 
curved line from A to C. A tangent to 
this curve, starting at A, is drawn to 
intersect the grid-voltage abscissa. The 
point of intersection, B, is the operating 
grid bias for fixed-bias operation. In the 
example, the bias is -60 volts. Refer 
back to the plate family at the operating 
conditions of plate volts=300 and grid 
bias= -60 volts; the zero-signal plate 
current per tube is seen to be 0.04 
ampere. 

This procedure locates the operating 
point for each tube at P. The plate cur- 
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rent must be doubled, of course, to ob- 
tain the zero-signal plate current for 
both tubes. Under maximum-signal con- 
ditions, the signal voltage swings from 
zero-signal bias voltage to zero bias for 
each tube on alternate half cycles. Hence, 
in the example, the peak af signal volt- 
age per tube is GO volts, or the grid-to- 
grid value is 120 volts. 

As in the case of the push-pull class 
A amplifier, the second-harmonic distor- 
tion in a class AEh amplifier using triodes 
is very small and is largely canceled by 
virtue of the push-pull connection.Third- 
harmonic distortion, however, which 
may be larger than permissible, can be 
found by means of composite character- 
istic curves. A complete family of curves 
can be plotted, but for the present pur- 
pose only the one corresponding to a 
grid bias of one-half the peak grid-volt- 
age swing is needed. In the example, the 
peak grid voltage per tube is 60 volts, 
and the half value is 30 volts. The com- 
posite curve, since it is nearly a straight 
line, can be constructed with only two 
points (see Fig. 24). These two points 
are obtained from deviations above and 
below the operating grid and plate 
voltages. 

In order to find the curve for a bias 
of -30 volts, we have assumed a devia- 
tion of 30 volts from the operating grid 
voltage of -60 volts. Next assume a de- 
viation from the operating plate voltage 
of, say, 40 volts. Then at 300 - 40 = 260 
volts, erect a vertical line to intersect 
the (-60) - (-30) = -30-volt bias curve 
and read the plate current at this inter- 
section, which is 0.167 ampere; likewise, 
at the intersection of a vertical line at 
300 + 40 = 340 volts and the (-60) + 
(-30) = -90-volt bias curve, read the 
plate current. In this example, the plate 
current is estimated to be 0.002 ampere. 
The difference of 0.165 ampere between 
these two currents determines the point 
E on the 300 - 40 = 260-volt vertical. 
Similarly, another point F on the same 
composite curve is found by assuming 
the same grid-bias deviation but a larger 
plate-voltage deviation, say, 100 volts. 

We now have points at 260 volts 
and 0.165 ampere (E), and at 200 volts 
and 0.045 ampere (F). A straight line 
through these points is the composite 
curve for a bias of -30 volts, shown as a 
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long-short dash line in Fig. 24. At the 
intersection of the composite curve and 
the load line, G, the instantaneous com- 
posite plate current at the point of one- 
half the peak signal swing is determined. 
This current value, designated L,..-, and 
the peak plate current, Imax, are used in 
the following formula to find peak value 
of the third-harmonic component of the 
plate current. 

Iha — (2Io.a - Imax)/3 
In the example, where I(,.5 is 0.097 am- 
pere and Imax is 0.2 ampere, Ii13 = (2x 
0.097-0.2)/3= (0.194-0.2) /3= -0.006/ 
3= -0.002 ampere. (The fact that Ik is 
negative indicates that the phase rela- 
tion of the fundamental (first-harmonic) 
and third-harmonic components of the 
plate current is such as to result in a 
slightly peaked wave form. Ihs is posi- 
tive in some cases, indicating a flatten- 
ing of the wave form.) 

The peak value of the fundamental 
or first-harmonic component of the plate 
current is found by the following 
formula: 

Ihi = 2/3 X (Imax + lo.s) 
In the example, Ik = 2/3 X (0.2 + 
0.097) = 0.198 ampere. Thus, the per- 
centage of third-harmonic distortion is 
(IK/IK) X 100 = (0.002/0.198) X 100 = 
1 per cent approx. 

Class AB. Power Amplifiers 
A class AB2 amplifier employs two 

tubes connected in push-pull as in the 
case of class ABi amplifiers. It differs in 
that it is biased so that plate current 
flows for somewhat more than half the 
electrical cycle but less than the full 
cycle, the peak signal voltage is greater 
than the dc bias voltage, grid current is 
drawn, and consequently, power is con- 
sumed in the grid circuit. These condi- 
tions permit high power output to be 
obtained without excessive plate dissi- 
pation. 

The sum of the power used in the 
grid circuit and the losses in the input 
transformer is the total driving power 
required by the grid circuit. The driver- 
stage should be capable of a power out- 
put considerably larger than this re- 
quired power in order that distortion 
introduced in the grid circuit be kept 
low. In addition, the internal impedance 
of the driver stage as reflected into or as 
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effective in the grid circuit of the power 
stage should always be as low as possible 
in order that distortion may be kept 
low. The input transformer used in a 
class AB-2 stage usually has a step-down 
ratio adjusted for this condition. 

Load resistance, plate dissipation, 
power output, and distortion determina- 
tions are similar to those for class ABi. 
These quantities are interdependent 
with peak grid-voltage swing and driv- 
ing power; a satisfactory set of operating 
conditions involves a series of approxi- 
mations. The load resistance and signal 
swing are limited by the permissible grid 
current and power, and the distortion. 
If the load resistance is too high or the 
signal swing is excessive, the plate-dissi- 
pation rating will be exceeded, distortion 
will be high, and the driving power will 
be unnecessarily high. 

Class B Power Amplifiers 
A class B amplifier employs two 

tubes connected in push-pull, so biased 
that plate current is almost zero when 
no signal voltage is applied to the grids. 
Because of this low value of no-signal 
plate current, class B amplification has 
the same advantage as class AB2, i.e., 
large power output can be obtained 
without excessive plate dissipation. Class 
B operation differs from class AB2 in 
that plate current is cut off for a larger 
portion of the negative grid swing, and 
the signal swing is usually larger than in 
class ABo operation. 

Because certain triodes used as class 
B amplifiers are designed to operate very 
close to zero bias, the grid of each tube 
is at a positive potential during all or 
most of the positive half-cycle of its 
signal swing. In this type of triode opera- 
tion, considerable grid current is drawn 
and there is a loss of power in the grid 
circuit. This condition imposes the same 
requirement in the driver stage as in a 
class AB2 stage; i.e., the driver should 
be capable of delivering considerably 
more power output than the power re- 
quired for the grid circuit of the class B 
amplifier so that distortion will be low. 
Similarly, the interstage transformer be- 
tween the driver and the class B stage 
usually has a step-down turns ratio. Be- 
cause of the high dissipations involved in 
class B operation at zero bias, it is not 

feasible to use tetrodes or pentodes in 
this type of class B operation. 

Determination of load resistance, 
plate dissipation, power output, and dis- 
tortion is similar to that for a class AB; 
stage. 

Power amplifier tubes designed for 
class A operation can be used in class AB2 
and class B service under suitable oper- 
ating conditions.There are several tube 
types designed especially for class B serv- 
ice. The characteristic common to all of 
these types is a high amplification fac- 
tor. With a high amplification factor, 
plate current is small even when the grid 
bias is zero. These tubes, therefore, can 
be operated in class B service at a bias 
of zero volts so that no bias supply is re- 
quired. A number of class B amplifier 
tubes consist of two triode units mounted 
in one tube. The two units can be con- 
nected in push-pull so that only one 
tube is required for a class B stage. An 
example of a twin triode used in class B 
service is the 6N7. 

Cathode-Drive Circuits 
The preceding text has discussed 

the use of tubes in the conventional 
grid-drive type of amplifier—that is, 
where the cathode is common to both 
the input and output circuits. Tubes 
may also be employed as amplifiers in 
circuit arrangements which utilize the 
grid or plate as the common terminal. 
Probably the most important of these 
amplifiers are the cathode-drive circuit, 
which is discussed below, and the cath- 
ode-follower circuit, which will be dis- 
cussed later in connection with inverse 
feedback. 

A typical cathode-drive circuit is 
shown in Fig. 26. The load is placed in 

the plate circuit and the output voltage 
is taken off between the plate and ground 
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as in the grid-drive method of operation. 
The grid is grounded, and the input 
voltage is applied across an appropriate 
impedance in the cathode circuit. The 
cathode-drive circuit is particularly use- 
ful for vhf and uhf applications, in which 
it is necessary to obtain the low-noise 
performance usually associated with a 
triode, but where a conventional grid- 
drive circuit would be unstable because 
of feedback through the grid-to-plate 
capacitance of the tube. In the cathode- 
drive circuit, the grounded grid serves 
as a capacitive shield between plate and 
cathode and permits stable operation at 
frequencies higher than those in which 
conventional circuits can be used. 

The input impedance of a cathode- 
drive circuit is approximately equal to 
1 /gni when the load resistance is small 
compared to the r,, of the tube. A certain 
amount of power is required, therefore, 
to drive such a circuit. However, in the 
type of service in which cathode-drive 
circuits are normally used, the advan- 
tages of the grounded-grid connection 
usually outweigh this disadvantage. 

Inverse Feedback 
An inverse-feedback circuit, some- 

times 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 oppo- 
site phase to the signal applied to the 
tube.Two important advantages of feed- 
back are: (1) reduced distortion from 
each stage included in the feedback cir- 
cuit 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 feed- 
back 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 impedance 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 cor- 
rected, produce considerable frequency 
distortion. Such frequency distortion 

can be reduced by means of inverse 
feedback. Inverse-feedback circuits are 
of the conslant-vollage type and the 
constant-current type. 

The application of the cnnsiaui- 
voltagc type of inverse feedback to a 
power output stage using a single beam 
power tube is illustrated by Fig. 27. In 
this circuit, Ri, Rj, and C are connected 
as a voltage divider across the output of 
the tube. The secondary of the grid- 
input transformer is returned to a point 
on this voltage divider. Capacitor C 
blocks the dc plate voltage from the 
grid. However, a portion of the tube's 
af output voltage, approximately equal 
to the output voltage multiplied by the 
fraction Ro/fRi + Rs), is applied to the 
grid. This voltage lowers the source im- 
pedance of the circuit and a decrease in 
distortion results which is explained in 
the curves of Fig. 28. 

Consider first the amplifier without 
the use of inverse, feedback. Suppose 
that when a signal voltage es is applied 
to the grid the af plate current i'p has an 
irregularity 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 af plate 
voltage has a waveform shown by e',,. 
The plate-voltage waveform is inverted 
compared to the plate-current wave- 
form because a plate-current increase 
produces an increase in the drop across 
the plate load. The voltage at the plate 
is the difference between the drop across 
the load and the supply voltage; thus, 
when plate current goes up, plate volt- 
age goes down; when plate current goes 
down, plate voltage goes up. 

Now suppose that inverse feedback 
is applied to the amplifier. The voltage 

2f, 
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fed back to the grid has the same wave- 
form and phase as the plate voltage, but 
is smaller in magnitude. Hence, with a 
plate voltage of waveform shown by 

verse feedback to an amplifier requires 
that more driving voltage be applied to 
obtain full power output, but this out- 
put is obtained with less distortion. 

e'p, the feedback voltage appearing on 
the grid is as shown by e'-r. This voltage 
applied to the grid produces a compo- 
nent of plate current i'pt. It is evident 
that the irregularity in the waveform of 
this component of plate current would 
act to cancel the original irregularity 
and thus reduce distortion. 

After inverse feedback has been ap- 
plied, the relations are as shown in the 
curve for ip. The dotted curve shown by 
i'pt is the component of plate current 
due to the feedback voltage on the grid. 
The dotted curve shown by i'p is the 
component of plate current due to the 
signal voltage on the grid. The algebraic 
sum of these two components gives the 
resultant plate current shown by the 
solid curve of ip. Since i'p is the plate 
current that would flow without inverse 
feedback, it can be seen that the appli- 
cation of inverse feedback 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 dis- 
tortion. 

From the curve for ip, it can be seen 
that, besides reducing distortion, inverse 
feedback also reduces the amplitude of 
the output current. Consequently, when 
inverse feedback is applied to an ampli- 
fier there is a decrease in gain or power 
sensitivity as well as a decrease in dis- 
tortion. Hence, the application of in- 

Inverse feedback may also be ap- 
plied to resistance-coupled stages as 
shown in Fig. 29. The circuit is conven- 
tional except that a feedback resistor, 
Ro, is connected between the plates of 
tubes Ti and Tj. The output signal volt- 
age of Ti and a portion of the output 
signal voltage of Tj appears across Ro. 
Because the distortion generated in the 
plate circuit of To is applied to its grid 
out of phase with the input signal, the 
distortion in the output of To is com- 
paratively low. With sufficient inverse 
feedback of the constant-voltage type 
in a power-output stage, it is not neces- 
sary to employ a network of resistance 
and capacitance in the output circuit to 
reduce response at high audio frequen- 
cies. Inverse-feedback circuits can also 
be applied to push-pull class A and class 
ABj amplifiers. 

Constant-current inverse feedback 
is usually obtained by omitting the by- 
pass capacitor across a cathode resistor. 

This method decreases the gain and the 
distortion but increases the source im- 
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pedance of the circuit. Consequently, 
the output voltage rises at the resonant 
frequency of the loudspeaker and ac- 
centuates hangover effects. 

Inverse feedback is not generally 
applied 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 
sometimes 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, although 
still less than that required for a triode. 
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 out- 
put of beam power tubes can be com- 
bined with freedom from the effects of 
varying speaker impedance. 

Cathode-Follower Circuits 
Another important application of 

inverse feedback is in the cathode-fol- 
lower circuit, an example of which is 
given in Fig. 30. In this application, the 
load has been transferred from the plate 
circuit to the cathode circuit of the tube. 
The input voltage is applied between 
the grid and ground and the output volt- 
age is obtained between the cathode and 
ground.The voltage amplification (V.A.) 
of this circuit is always less than upity 
and may be expressed by the following 
convenient formulas. 
For a triode: 

v a _ u x Rl. — rp [RlX (m + 1)1 
For a pentode: 

V A _ K|n x Rl • l -f- (gm x Rl) 
In these formulas, n is the amplifi- 

cation factor, Rl is the load resistance 
in ohms, rp is the plate resistance in 
ohms, and gm is the transconductance 
in mhos. 

The use of the cathode follower per- 
mits the design of circuits which have 
high input resistance and high output 

voltage. The output impedance is quite 
low and very low distortion may be ob- 
tained. Cathode-follower circuits may 
be used for power amplifiers or as im- 
pedance transformers designed either to 
match a transmission line or to produce 
a relatively high output voltage at a low 
impedance level. 

In a power amplifier which is trans- 
former coupled to the load, the same 
output power can be obtained from the 
tube as would be obtained in a conven- 
tional grid-drive type of amplifier. The 
output impedance is very low and pro- 
vides excellent damping to the load, 
with the result that very low distortion 
can be obtained. The peak-to-peak sig- 
nal voltage, however, approaches 1J^ 
times the plate supply voltage if maxi- 
mum power output is required from the 
tube. Some problems may be encoun- 
tered, therefore, in the design of an ade- 

> LOAD OUTPUT 
^RESISTANCE VOLTAGE 

Fig. 30 
quate driver stage for a cathode-follower 
output system. 

When a cathode-follower circuit is 
used as an impedance transformer, the 
load is usually a simple resistance in the 
cathode circuit of the tube. With rela- 
tively low values of cathode resistor, the 
circuit may be designed to supply sig- 
nificant amounts of power and to match 
the impedance of the device to a trans- 
mission line. With somewhat higher val- 
ues of cathode resistor, the circuit may 
be used to lower the output impedance 
sufficiently to permit the transmission 
of audio signals along a line in which ap- 
preciable capacitance is present. 

The cathode follower may also be 
used as an isolation device to provide 
extremely high input resistance and low 
input capacitance as might be required 
in the probe of an oscilloscope or vacu- 
um-tube voltmeter. Such circuits can be 
designed to provide effective impedance 
transformation with no significant loss 
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of voltage. 
Selection of a suitable tube and its 

operating conditions for use in a cath- 
ode-follower circuit having a specified 
output impedance (Z„) can be made, in 
most practical cases, by the use of the 
following formula to determine the ap- 
proximate value of the required tube 
transconductance. 

  1,000,000 Required gm (emhof;) = -——    Zo (ohms; 
Once the required transconductance 

is obtained, a suitable tube and its oper- 
ating conditions may be determined 
from the technical data given in the 
TUBE TYPES SECTION. The tube 
selected should have a value of trans- 
conductance slightly lower than that 
obtained from the above expression to 
allow for the shunting effect of the cath- 
ode load resistance. The conversion 
nomograph given in Fig. 23 may be 
used for calculation of operating condi- 
tions for values of transconductance not 
included in the tabulated data. After 
the operating conditions have been de- 
termined, the approximate value of the 
required cathode load resistance may be 
calculated from the following formulas. 
For triode: 

Cathode Rh=,I,_[txa + ,,)1 

For pentode: 
Cathode Rl=: . ^ „ v 

Cathode Rl= ~ 

the bypass capacitor should be large 
enough so that it has negligible reactance 
at the lowest frequency to be handled. 
In both cases the B-supply should be in- 

OUTPUT 
VOLTAGE 

creased to make up for the voltage taken 
for biasing. 

Example: Select a suitable tube 
and determine the operating conditions 
and circuit components for a cathode- 
follower circuit having an output im- 
pedance that will match a 500-ohm 
transmission line. Procedure: First, de- 
termine the approximate transconduc- 
tance required. 

Required gin 1,000,000 — 2000 jtmhos 

Cathode Rl=} .f" „ . 1 — (gm X Zo) 
Resistance and impedance values are in 
ohms; transconductance values are in 
mhos. 

If the value of the cathode load re- 
sistance calculated to give the required 
output impedance does not give the re- 
quired operating bias, the basic cathode- 
follower circuit can be modified in a 
number of ways. Two of the more com- 
mon modifications are given in Figs. 
31 and 32. 

In Fig. 31 the bias is increased by 
adding a bypassed resistance between 
the cathode and the unbypassed load 
resistance and returning the grid to the 
low end of the load resistance. In Fig. 32 
the bias is reduced by adding a bypassed 
resistance between the cathode and the 
unbypassed load resistance but, in this 
case, the grid is returned to the junction 
of the two cathode resistors so that the 
bias voltage is only the dc voltage drop 
across the added resistance. The size of 

A survey of the tubes that have a 
transconductance in this order of mag- 
nitude shows that type 12AX7 is among 
the tubes to be considered. Referring to 
the characteristics given in the technical 
data section for one triode unit of high- 
mu twin triode 12AX7, we find that for 
a plate voltage of 250 volts and a bias of 
-2 volts, the transconductance is 1600 

> . 0.D OUTPUT 
> RESISTANCE VOLTAGE 

micromhos, the plate resistance is 62500 
ohms, the amplification factor is 100, 
and the plate current is 0.0012 ampere. 
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When these values are used in the ex- For applications in which the cath- 
pression for determining the cathode ode follower is used to isolate two cir- 
load resistance, we obtain cults—for example, when it is used be- 

500 62500 tween a circuit being tested and the Cathode r^nwmn-i-it"2600 ohms input stage of an oscilloscope or a vacu- b2a00-o00X(i00+i) um-tube voltmeter-voltage output and 

The voltage across this resistor for not impedance matching is the primary 
a plate current of 0.0012 ampere is consideration. In such applications it is 
2600 X 0.0012 = 3.12 volts. Because the desirable to use a relatively high value 
required bias voltage is only -2 volts, of cathode load resistance, such as 50,000 
the circuit arrangement given in Fig. 32 ohms, in order to get the maximum volt- 
is employed. The bias is furnished by a age output. In order to obtain proper 
resistance that will have a voltage drop bias, a circuit such as that of Fig. 32 
of 2 volts when it carries a current of should be used. With a high value of 
0.0012 ampere. The required bias resist- cathode resistance, the voltage amplifi- 
ance, therefore, is 2/0.0012 = 1670 cation will approximate unity, 
ohms. If 60 cycles per second is the low- 
est frequency to be passed, 20 micro- Corrective Filters 
farads is a suitable value for the bypass A corrective filter can be used to 
capacitor. The B-supply, of course, is in- improve the frequency characteristic of 
creased by the voltage drop across the an output stage using a beam power 
cathode resistance which, in this exam- tube or a pentode when inverse feedback 
pie, is approximately 5 volts. The B- is not applicable. The filter consists of a 
supply, therefore, is 250 + 5 = 255 volts, resistor and a capacitor connected in 

Because it is desirable to eliminate, series across the primary of the output 
if possible, the bias resistor and bypass transformer. Connected in this way, the 
capacitor, it is worthwhile to try other filter is in parallel with the plate load 
tubes and other operating conditions to impedance reflected from the voice-coil 
obtain a value of cathode load resistance by the output transformer. The magni- 
which will also provide the required bias, tude of this reflected impedance increases 
If the triode section of twin diode— with increasing frequency in the middle 
high-mu triode 6AT6 is operated under and upper audio range. The impedance 
the conditions given in the technical of the filter, however, decreases with in- 
data section with a plate voltage of 100 creasing frequency. It follows that by 
volts and a bias of -1 volt, it will have use of the proper values for the resist- 
an amplification factor of 70, a plate ance and the capacitance in the filter, 
resistance of 54000 ohms, a transcon- the effective load impedance on the out- 
ductance of 1300 micromhos, and a plate put tubes can be made practically con- 
current of 0.0008 ampere. stant for all frequencies in the middle 
rpjjgjj and upper audio range. The result is an 

' 500x54000 , improvement in the frequency charac- Oathodc Rl = 54000 - 500 x (Y0+i) = 1460 ohmB teristic of the output stage. 
. . . , , . The resistance to be used in the fil- The bias voltage obtained across ter for a push-pull stage is 1.3 times the 

this resistance is 1460 x 0.0008 = 1.17 recommended plate-to-plate load resist- 
volts. Since this value is for all practical ance. or( for a singie-tube stage, is 1.3 
purposes close enough to the required tilnes the recommended plate load re- 
bias, no additional bias resistance will sjstance. The capacitance in the filter 
be required and the gnd may be returned should have a vaiUe such that the volt- 
directly to ground. There is no need to age gajn 0f the output stage at a fre- 
adjust the B-supply voltage to make up qUency of 1000 cycles or higher is equal 
for the drop in the cathode resistor. The t0 the voltage gain at 400 cycles, 
voltage amplification (V.A.) for the A method of determining the proper 
cathode-follower circuit utilizing the value of capacitance for the filter is to 
tnode section of type 6AT6 is make two measurements of the output 

70 x 1460 „ voltage across the primary of the output V-A' = 54000 + 1460 x (10 + i) = 0'fi5 transformer: first, when a 400-cycle sig- 
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nal is applied to the input, and second, 
when a 1000-cycle signal of the same 
voltage as the 400-cycle signal is applied 
to the input.The correct value of capaci- 
tance is the one which gives equal output 
voltages for the two signal inputs. In 
practice, this value is usually found to 
be in the order of 0.05 microfarad. 

Volume Expanders 
A volume expander can be used in 

a phonograph amplifier to make more 
natural the reproduction of music which 
has a very large volume range. For in- 
stance, 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 may not be feasible 
to make the ratio of maximum ampli- 
tude to minimum amplitude as large on 
the record as it is in the original music. 
The recording process may therefore be 
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 vari- 
able gain which is greater for a high- 
amplitude signal than for a low-ampli- 
tude signal. The volume expander, there- 
fore, amplifies loud passages more than 
soft passages. 

A volume expander circuit is shown 
in Fig. 33. In this circuit, the gain of the 
flLT as an audio amplifier can be varied 

grid of the 6J5, is amplified by the 6J5, 
and is rectified by the 6H6. The rectified 
voltage developed across Rs, the load 
resistor of the 6H6, is applied as a posi- 
tive bias voltage to grid No. 3 of the 6L7. 
Then, when the amplitude of the signal 
input increases, the voltage across It. 
increases, and the bias on grid No. 3 of 
the 6L7 is made less negative. Because 
this reduction in bias increases the gain 
of the 6L7, the gain of the amplifier in- 
increases with increase in signal ampli- 
tude and thus produces volume expan- 
sion of the signal. The voltage gain of 
the expander varies from 5 to 21). 

Grid No. 1 of the 6L7 is a variable- 
mu grid and, therefore, will produce dis- 
tortion if the input signal voltage is too 
large. For that reason, the signal input 
to the 6L7 should not exceed a peak 
value of 1 volt. The no-signal bias volt- 
age on grid No. 3 is controlled by adjust- 
ment of contact P. This contact should 
be adjusted initially to give a no-signal 
plate current of 0.15 milliampere in the 
6L7. No further adjustment of contact 
P is required if the same 6L7 is always 
used. If it is desired to delay volume ex- 
pansion until the signal input reaches a 
certain amplitude, the delay voltage can 
be inserted as a negative bias on the 6HG 
plates at the point marked X in the dia- 
gram. All terminal points on the power- 
supply voltage divider should be ade- 
quately bypassed. 

1, Cj, CS = o.l Jif 
2, Qi, Co = 0.5 ^if 
i = 1-Megohm PoU'ritiometer 

(Volume Control) 
2=1 Megohm 
3, Kg = 100,000 ohms, 1 watt 
•i = 1-Megohm Potentiometer 

(Expansion Control) 
&= 10,000 ohms, 0.1 watt 
7 = 100,000 ohms, 0.1 watt 
6 = 250,000 ohms, 0.1 watt 
<j = 500,000 ohms, 0.1 watt 

by changing the bias on grid No. 3. When 
the bias on grid No. 3 is made less nega- 
tive, the gain of the 6L7 increases. The 
signal to be amplified is applied to grid 
No. 1 of the 6L7 and is amplified by the 
6L7. The signal is also applied to the 

Phase Inverters 
A phase inverter is a circuit used to 

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

Fig. 34 shows a push-pull power 
amplifier, resistance-coupled by means 
of a phase-inverter circuit to a single- 
stage triode Ti. Phase inversion in this 
circuit is provided by triode Tj. The out- 
put voltage of Ti is applied to the grid 
of triode T3. A portion of the output 
voltage of Ti is also applied through the 
resistors Rs and R6 to the grid of T2. The 
output voltage of Tj is applied to the 
grid of triode T t. 

WThen the output voltage of T, 
swings in the positive direction, the 
plate current of Tj increases. This action 
increases the voltage drop across the 
plate resistor R2 and swings the plate of 
T.> in the negative direction. Thus, when 
the output voltage of Ti swings positive, 
the output voltage of T: swings negative 
and is, therefore, 180° out of phase with 
the output voltage of Ti. 

In order to obtain equal voltages at 
Ea and Eu, (Rj+Rsl/Ri should equal 
the voltage gain of T2. Under the condi- 
tions where a twin-type tube or two 
tubes having the same characteristics are 
used at Ti and T2, R4 should be equal to 

the sum of Rs and R5. The ratio of 
Rs+Rs to R5 should be the same as the 
voltage gain ratio of T.. in order to apply 
the correct value of signal voltage to To. 
The value of R5 is, therefore, equal to Ri 
divided by the voltage gain of T2; Rs is 
equal to Ri minus R5. Values of Ri, R.., 
Rs plus R.-„ and Ri may be taken from 
the chart in the RESISTANCE- 
COUPLED AMPLIFIER SECTION. 
In the practical application of this cir- 
cuit, it is convenient to use a twin-triode 
tube combining Ti and T,. 

Tone Controls 
A tone control is a variable filter (or 

one in which at least one element is ad- 
justable) by means of which the user 
may vary the frequency response of an 
amplifier to suit his own taste. In radio 
receivers and home amplifiers, the tone 
control usually consists of a resistance- 
capacitance network in which the resist- 
ance is the variable element. 

The simplest form of tone control 
is a fixed tone-compensating or "equali- 
zing" network such as that shown in 
Fig. 35. This type of network is often 
used to equalize the low- and high-fre- 
quency response of a crystal phono- 
graph pickup. At low frequencies the at- 
tenuation of this network is 20.8 db. As 

5 MEGOHMS 
0.5 3 CRYSTAL MEGOHM 

the frequency is increased, the 100-mi- 
cromicrofarad capacitor serves as a by- 
pass for the 5-megohm resistor, and the 
combined impedance of the resistor-ca- 
pacitor network is lowered. Thus, more 
of the crystal output appears across the 
0.5-megohm resistor at high frequencies 
than at low frequencies, and the fre- 
quency response at the grid is reason- 
ably flat over a wide frequency range. 
Fig. 36 shows a comparison between the 
output of the crystal (curve A) and the 
output of the equalizing network (curve 
B.) The response curve can be "flattened'' 
still more if the attenuation at low fre- 
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quencies is increased by changing the 
O.S-megohm resistor to 0.125 megohm. 

IOOO FREQUENCY-CPS 

The tone-control network shown in 
Fig. 37 has two stages with completely 
separate bass and treble controls. Fig. 38 
shows simplified representations of the 
bass control of this circuit when the 

parallel combination is shifted so that 
Ci bypasses R3, causing more high-fre- 
quency than low-frequency output. Es- 
sentially, the network is a variable-fre- 
quency voltage divider. With proper 
values for the components, it may be 
made to respond to changes in the R5 
potentiometer setting for only low fre- 
quencies (below 1000 cycles). 

Fig. 39 shows extreme positions of 
the treble control. The attenuation of 
the two circuits is approximately the 
same at 1000 cycles. The treble "boost" 
circuit is similar to the crystal-equaliz- 
ing network shown in Fig. 35. In the 
treble "cut" circuit, the parallel RC ele- 
ments serve to attenuate the signal vol- 
tage further because the capacitor by- 
passes the resistance across the output. 

potentiometer is turned to its extreme 
variations (usually labeled "Boost" and 
"Cut"). In this network, as in the crystal- 
equalizing network shown in Fig. 35, 
the parallel RC combination is the con- 
trolling factor. For bass "boost", the 
capacitor C2 bypasses resistor Rg so that 

The effect of the capacitor is negligible 
at low frequencies; beyond 1000 cycles, 
the signal voltage is attenuated at a 
maximum rate of 6 db per octave. 

The location of a tone-control net- 
work is of considerable importance. In a 
typical radio receiver, it may be inserted 

BASS BOOST 
TREBLE CUT 

R4 

BASS CUT 
TREBLE BOOST 

R4 A Rl B A R| 

I m 
R3 D C C2 -If—-vAAA 

C4 R6 C4 

"2 C5 
X o o o o o o 

Fig. 38 Fig. 39 

less impedance is placed across the out- 
put to grid B at high frequencies than 
at low frequencies. For bass "cut," the 

in the plate circuit of the power tube, 
the coupling circuit between the first af 
amplifier tube and the power tube, or 
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the grid circuit of the first tube. In an 
amplifier using a beam power tube or 
pentode power amplifier without nega- 
tive feedback, it is desirable to connect 
a resistance-capacitance filter across the 
primary of the output transformer. This 
filter may be fixed, with a supplemen- 
tary tone control elsewhere, or it may 
form the tone control itself. If the am- 
plifier incorporates negative feedback, 
the tone control may be inserted in the 
feedback network or else should be con- 
nected to a part of the amplifier which 
is external to the feedback loop. The 
over-all gain of a well designed tone-con- 
trol network should be approximately 
unity. 

Limiters 
An amplifier may also be used as a 

limiter. One use of a limiter is in receiv- 
ers designed for the reception of fre- 
quency-modulated signals. The limiter 
in FM receivers has the function of 
eliminating amplitude variations from 
the input to the detector. Because in an 
FM system amplitude variations are 
primarily the result of noise disturbances, 
the use of a limiter prevents such dis- 
turbances from being reproduced in the 
audio output. The limiter usually fol- 
lows the last if stage so that it can mini- 
mize the effects of disturbances coming 
in on the rf carrier and those produced 
locally. 

The limiter is essentially an if volt- 
age amplifier designed for saturated 
operation. Saturated operation means 
that an increase in signal voltage above 
a certain value produces very little in- 
crease in plate current. A signal voltage 
which is never less than sufficient to 
cause saturation of the limiter, even on 
weak signals, is supplied to the limiter 
input by the preceding stages. Any 
change in amplitude, therefore, such as 
might be produced by noise voltage 
fluctuation, is not reproduced in the 
limiter output. The limiting action, of 
course, does not interfere with the repro- 
duction of frequency variations. 

Plate-current saturation of the lim- 
iter may be obtained by the use of grid- 
No.1-resistor-and-capacitor bias with 
plate and grid-No.2 voltages which are 
low compared with customary if-ampli- 
fier operating conditions. 
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As a result of these design features, 
the limiter is able to maintain its output 
voltage at a constant amplitude over a 
wide range of input-signal voltage varia- 
tions. The output of the limiter is fre- 
quency-modulated if voltage, the mean 
frequency of which is that of the if am- 
plifier. This voltage is impressed on the 
input of the detector. 

The reception of FM signals with- 
out serious distortion requires that the 
response of the receiver be such that 
satisfactory amplification of the signal 
is provided over the entire range of fre- 
quency deviation from the mean fre- 
quency. Since the frequency at any in- 
stant depends on the modulation at that 
instant, it follows that excessive attenu- 
ation toward the edges of the band, in 
the rf or if stages, will cause distortion. 
In a high-fidelity receiver, therefore, the 
amplifiers must be capable of amplifying, 
for the maximum permissible frequency 
deviation of 75 kilocycles, a band 150 
kilocycles wide. Suitable tubes for this 
purpose are the 6BA6 and 6BJ6. 

Television RF Amplifiers 
All amplifier stages generate a cer- 

tain amount of noise as a result of 
thermal agitation of electrons in resistors 
or other components, minute variations 
in the cathode emission of tubes (shot 
effect), and minute grid currents in the 
amplifier tubes. In a radio or television 
receiver, noise generated in the first am- 
plifier stage is often the controlling fac- 
tor in determining the over-all sensitivity 
of the receiver. The "front end" of a 
receiver, therefore, is designed with 
special attention to both gain and noise 
characteristics. 

Tuner input circuits of vhf television 
receivers use either a triode or a pentode 
in the rf amplifier stage. Such stages are 
required to amplify signals ranging from 
55 to 216 Mc and having a bandwidth 
of 4.5 Mc, although the tuner is usually 
aligned for a bandwidth of 6 Mc to as- 
sure complete coverage of the band. In 
the early rf tuners, pentodes rather than 
triodes were used because the grid-plate 
capacitance of triodes created stability 
problems. The use of twin triodes in 
direct-coupled cathode-drive circuits 
makes it possible to obtain stable opera- 
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tion along with the low-noise character- 
istics of triodes. 

Pentodes or tetrodes do not provide 
the sensitivity of triodes because of the 
"partition noise" introduced by the 
screen grid. The direct-coupled cathode- 
drive circuit provides both the gain and 
the stability capabilities of the pentode 
and a low-noise triode input stage. Be- 
cause the cathode-drive stage provides 
a low-impedance load to the grounded- 
cathode stage, its gain is very low and 
there is no necessity for neutralizing the 
grid-plate capacitance. An interstage 
impedance, usually an inductance in 
series with the plate of the first stage 
and the cathode of the second stage, is 
often used at higher frequencies to pro- 
vide a degree of impedance matching 
between the units. The cathode-drive 
portion of the circuit is matched to the 
input network and provides most of the 
stage gain. Because the feedback path 
of the cathode-drive circuit is the plate- 
cathode capacitance, which in most cases 
is very small, excellent isolation is pro- 
vided between the antenna and the local 
oscillator. 

Development of single triodes hav- 
ing low grid-plate capacitance has made 
possible the design of a neutralized tri- 
ode rf circuit. The GBN4 has been used 
commercially in neutralized triode cir- 
cuits.Tubes such as the 6GK5and6CW4, 
now in common usage, were specially 
designed to minimize grid-plate capaci- 
tance to permit easier neutralization of 
a grounded-cathode circuit over the wide 
frequency band. The bridge-neutralized 
rf amplifier circuit has become widely 
used in television tuners. In this arrange- 
ment, a portion of the output signal is 
returned to the grid out of phase with 
the feedback signal from the grid-plate 
capacitance. This circuit provides excel- 
lent gain and noise performance with 
stable operation across the band. 

Video Amplifiers 

The video amplifier stage in a tele- 
vision receiver usually employs a pen- 
tode-type tube specially designed to am- 
plify the wide band of frequencies con- 
tained in the video signal and, at the 
same time, to provide high gain per 
stage. Pentodes are more useful than 

triodes in such stages because they have 
high transconductance (to provide high 
gain) together with low input and out- 
put interelectrode capacitances (to per- 
mit the broadband requirements to be 
satisfied). An approximate "figure of 
merit" for a particular tube for this 
application can be determined from the 
ratio of its transconductance, gm, to the 
sum of its input and output capacitances, 
Ch, and Gout, as follows: 

Figure of Merit = Cin -j- Cout 

Typical values for this figure are in the 
order of 500 x 106 or greater. 

A typical video amplifier stage, 
such as that shown in Fig. 40, is con- 
nected between the second detector of 
the television receiver and the picture 

1 4s | 2f Pf^-RE 
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tube. The contrast control, Ri, in this 
circuit controls the gain of the video 
amplifier tube. The inductance, La, in 
series with the load resistor, R^, main- 
tains the plate load impedance at a rela- 
tively constant value with increasing 
frequency. The inductance Li isolates 
the output capacitance of the tube so 
that only stray capacitance is placed 
across the load. As a result, a higher- 
value load resistor is used to provide 
higher gain without affecting frequency 
response or phase relations. The de- 
coupling circuit, CiR«, is used to improve 
the low-frequency response. Tubes used 
as video amplifiers include types GCLG 
and 12BY7-A, or the pentode sections 
of types GAW8-A and GAN8. 

The luminance amplifier in a color- 
television receiver is a conventional video 
amplifier having a bandwidth of approx- 
imately 3.5 Mc. In a color receiver, the 
portion of the output of the second de- 
tector which lies within the frequency 
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band from approximately 2.4 to 4.5 Mc 
is fed to a bandpass amplifier, as shown 
in the block diagram in Fig. 41. The color 
synchronizing signal, or "burst," con- 
tained in this signal may then be fed to 
a "burst-keyer" tube. At the same time, 
a delayed horizontal pulse may be ap- 
plied to the keyer tube. The output of 
the keyer tube is applied to the burst 
amplifier tube and the signal is then fed 
to the 3.58-Mc oscillator and to the 
"color-killer" stage. 

The color killer applies a bias volt- 
age to the bandpass amplifier in the ab- 
sence of burst so that the color section, 
or chrominance channel, of the receiver 
remains inoperative during black-and- 
white broadcasts. A threshold control 
varies the bias and controls the burst 
level at which the killer stage operates. 

The output of the 3.58-Mc oscil- 
lator and the output of the bandpass 
amplifier are fed into phase and ampli- 
tude demodulator circuits. The output 
of each demodulator circuit is an elec- 
trical representation of a color-difference 
signal, i.e., an actual color signal minus 
the black-and-white, or luminance, sig- 
nal. The two color-difference signals are 
combined to produce the third color- 
difference signal; each of the three sig- 
nals then represents one of the primary 
colors. 

The three color-difference signals 
are usually applied to the grids of the 
three electron guns of the color picture 
tube, in which case the black-and-white 
signal from the luminance amplifier may 
be applied simultaneously to the cath- 
odes. The chrominance and luminance 
signals then combine to produce the 
color picture. In the absence of trans- 

mitted color information, the chromi- 
nance channel is cut off by the color 
killer, as described above, and only the 
luminance signal is applied to the pic- 
ture tube, producing a black-and-white 
picture. 

Television Sync Circuiis 
In addition to picture information, 

the composite video signal supplied to a 
television receiver contains information 
to assure that the picture produced on 
the receiver is synchronized with the 
picture being viewed by the camera or 
pickup tube. The "sync" pulses, which 
have a greater amplitude than the video 
signal, trigger the scanning generators 
of the receiver when the electron beam 
of the pickup tube ends each trace. 

The sync pulses in the composite 
video signal may be separated from the 
video information in the output of the 
second or video detector by means of the 
triode circuit shown in Fig. 42. In this 
circuit, the time constant of the network 

TO SCANNING CIRCUITS 
FROM 1 

SECOND R< DETECTOR I' 

RiCi is long with respect to the interval 
between pulses. During each pulse, the 
grid is driven positive and draws cur- 
rent, thereby charging capacitor Ci. 
Consequently, the grid develops a bias 
which is slightly greater than the cutoff 
voltage of the tube. Because plate cur- 
rent flows only during the sync-pulse 
period, only the amplified pulse appears 
in the output. This sync-separator stage 
discriminates against the video informa- 
tion. Because the bias developed on the 
grid is proportional to the strength of 
the incoming signal, the circuit also has 
the advantage of being relatively inde- 
pendent of signal fluctuations. 

Because the electron beam scans 
the face of the picture tube at different 
rates in the vertical and horizontal di- 
rections, the receiver incorporates two 
different scanning generators. The repe- 
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tition rate of the vertical generator is 60 
cycles per second, and the rate of the 
horizontal generator is approximately 
15,750 cycles per second. The composite 
video signal includes information which 
enables each generator to derive its cor- 
rect triggering. One horizontal sync pulse 
is supplied at the end of each horizontal 
line scan. At the end of each frame, 
several pulses of longer duration than 
the horizontal sync pulses are supplied 
to actuate the vertical generator. The 
vertical information is separated from 
the horizontal information by differ- 
entiating and integrating circuits. 

In fringe areas, two conditions com- 
plicate the process of sync separation. 
First, the incoming signal available at 
the antenna is weak and susceptible to 
fading and other variations; second, the 
receiver is operating at or near maximum 
gain which makes it extremely sus- 
ceptible to interference from pulse-type 
noise generated by certain types of elec- 
trical equipment, ignition systems, 
switches, or the like. Some type of noise- 
immunity provision is almost essential 
for acceptable performance. Noise may 
be reduced or eliminated from the sync 
and age circuits by gating or by a com- 
bination of gating, inversion, and can- 
cellation. An example, of the latter 
method is shown in Fig. 43. In this cir- 
cuit the 6GY6, which has two indepen- 
dent control grids, serves the dual func- 
tion of age amplifier and noise inverter. 
Because the sync tips of the video signal 
at grid No.l of the 6GY6 drive the tube 
near its cutoff region, any noise signal 
extending above the tip level will ap- 
pear inverted across the grid-No.2 load 
resistor R. This inverted noise signal is 
re-combined with the video signal and 
fed to the sync separator at point "A" 
Fig. 43 where noise cancellation takes 
place. This process leaves the sync pulses 
relatively free of disturbing noise and 
results in a stable picture. To prevent 
reduction of receiver gain due to the ef- 
fect of noise on the age amplifier, a por- 
tion of the inverted noise signal is fed to 
the second control grid, grid No. 3, of the 
6GY6 to cut off or gate the AGO am- 
plifier when a noise pulse occurs. 

Rectification 
The rectifying action of a diode 

finds important applications in supply- 
ing a receiver with dc power from an ac 
line and in supplying high dc voltage 
from a high-voltage pulse. A typical 
arrangement for converting ac to dc in- 
cludes a rectifier tube, a filter, and a 
voltage divider. The rectifying action of 
the tube is explained briefly under 
Diodes, in the ELECTRONS, ELEC- 
TRODES, AND ELECTRON TUBE 
SECTION. High-voltage pulse rectifi- 
cation is described later under Horizon- 
tal Output Circuits. 

The function of a filter is to smooth 
out the ripple of the tube output, as in- 
dicated in Fig. 44, and to increase recti- 
fier efficiency. The action of the filter is 
explained in ELECTRON TUBE IN- 
STALLATION SECTION under Fil- 
ters. The voltage divider is used to cut 
down the output voltage to the values 
required by the plates and the other 
electrodes of the tubes in the receiver. 

TRANSFORMER SECONDARY VOLTAGE 

COMBINED RECTIFIED i VOLTAGE x PLATES N® 142 
-SMOOTHED VOLT- AGE AFTER FIRST SECTION -OF FILTER 

' DC VOLTAGE AVAILABLE FOR RADIO RECEIVER 
FULL-WAVE RECTIFICATION 
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A half-wave rectifier and a full- 
wave rectifier circuit are shown in Fig. 
45. In the half-wave circuit, current 
flows through the rectifier tube to the 
filter on every other half-cycle of the ac 
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 

HALF-WAVE RECTIFIER 

INPUT O^| VOLTS cHl, 

FULL-WAVE RECTiFlER 

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 fil- 
ter is more uniform in the full-wave cir- 
cuit than in the half-wave circuit, the 
output of the full-wave circuit requires 
less filtering. Rectifier operating infor- 
mation and circuits are given under each 
rectifier tube type and in the CIRCUIT 
SECTION, respectively. 

Parallel operation of rectifier tubes 
furnishes an output current greater than 
that obtainable with the use of one tube. 
For example, when two full-wave recti- 
fier tubes are connected in parallel, the 
plates of each tube are connected to- 
gether and each tube acts as a half-wave 
rectifier. The allowable voltage and load 
conditions per tube are the same as for 
full-wave service but the total load- 
handling capability of the complete rec- 
tifier is approximately doubled. 

When mercury-vapor rectifier tubes 
are connected in parallel, a stabilizing 
resistor of 50 to 100 ohms should be con- 
nected in series with each plate lead in 
order that each tube will carry an equal 
share of the load. The value of the re- 
sistor 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 cur- 
rent, a low value. When the plates of 
mercury-vapor rectifier tubes are con- 
nected in parallel, the corresponding 
filament leads should be similarly con- 
nected. Otherwise, the tube drops will 
be considerably unbalanced and larger 
stabilizing resistors will be required. 

Two or more vacuum rectifier tubes 
can also be connected in parallel to give 
correspondingly higher output current 
and, as a result of paralleling their in- 
ternal resistances, give somewhat in- 
creased voltage output. With vacuum 
types, stabilizing resistors may or may 
not be necessary depending on the tube 
type and the circuit. 

A voltage-doubler circuit of simple 
form is shown in Fig. 46. The circuit de- 
rives its name from the fact that its dc 
voltage output can be as high as twice 
the peak value of ac input. Basically, a 
voltage doubler is a rectifier circuit ar- 
ranged so that the output voltages of 
two half-wave rectifiers are in series. 

The action of a voltage doubler can 
be described briefly as follows. On the 
positive half-cycle of the ac input, that 
is, when the upper side of the ac input 
line is positive with respect to the lower 
side, the upper diode passes current and 
feeds a positive charge into the upper 
capacitor. As positive charge accumu- 
lates on the upper plate of the capacitor, 

uil 

T|,T£= separate filament TRANSFORMER WINDINGS 

a positive voltage builds up across the 
capacitor. On the next half-cycle of the 
ac input, when the upper side of the line 
is negative with respect to the lower 
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side, the lower diode passes current so 
that a negative voltage builds up across 
the lower capacitor. 

So long as no current is drawn at 
the output terminals from the capacitor, 
each capacitor can charge up to a volt- 
age of magnitude E, the peak value of 

VOLTAGE-DO'JBLER CIRCUIT FULL-WAVE 

m 

K 

because of the high ac potential between 
the heaters and cathodes of the tubes. 

The half-wave voltage-doubler cir- 
cuit in Fig. 47 overcomes this difficulty 
by making one side of the ac line com- 
mon with the negative side of the dc 
load circuit. In this circuit, one half of 

VOLTAGE - DOUBLES CIRCUIT HALF-WAVE 

W, 

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

the ac input. It can be seen from the 
diagram that with a voltage of +E on 
one capacitor and -E on the other, the 
total voltage across the capacitors is 2E. 
Thus the voltage doubler supplies a no- 
load dc output voltage twice as large as 
the peak ac 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 mag- 
nitude of the load current and the capaci- 
tance of the capacitors. The arrange- 
ment shown in Fig. 46 is called a full- 
wave voltage doubler because each 
rectifier passes current to the load on 
each half of the ac input cycle. 

Two rectifier types especially de- 
signed for use as voltage doublers are 
the 25Z6 and 117Z6-GT. 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 
voltage-dropping resistor across the line. 
The connections for the heater supply 
and the voltage-doubling circuit are 
shown in Fig. 47. 

With the full-wave voltage-doubler 
circuit in Fig. 47, it will be noted that 
the dc load circuitcan not be connected 
to ground or to one side of the ac supply 
line. This circuit presents certain dis- 
advantages when the heaters of all the 
tubes in the set are connected in series 
with a resistance across the ac line. Such 
a circuit arrangement may cause hum 

the tube is used to charge a capacitor 
which, on the following half cycle, dis- 
charges 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 ac input cycle. The voltage regula- 
tion of this arrangement is somewhat 
poorer than that of the full-wave voltage 
doubler. 

Detection 
When speech, music, or video infor- 

mation is transmitted from a radio or 
television station, the station radiates 
a radio-frequency (rf) wave which is of 
either of two general types. In one type, 
the wave is said to be amplitude modu- 
lated when its frequency remains con- 
stant and the amplitude is varied. In the 
other type, the wave is said to be fre- 
quency modulated when its amplitude 
remains essentially constant but its fre- 
quency is varied. 

The function of the receiver is to 
reproduce the original modulating wave 
from the modulated rf wave.The receiver 
stage in which this function is performed 
is called the demodulator or detector 
stage. 

AM Detection 
The effect of amplitude modula- 

tion on the waveform of the rf wave is 
shown in Fig. 48. There are three differ- 
ent basic circuits used for the detection 
of amplitude-modulated waves: the di- 
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AF MODULATING WAVE AMPLITUDE-MODULATED RF WAVE 

ode detector, the grid-bias detector, and 
the grid-resistor detector. These circuits 
are alike in that they eliminate, either 
partially or completely, alternate half- 
cycles of the rf wave. With alternate 
half-cycles removed, the audio variations 
of the other half-cycles can be amplified 
to drive headphones or a loudspeaker. 

A diode-detector circuit is shown 
in Fig. 49. The action of this circuit 
when a modulated rf wave is applied is 
illustrated by Fig. 50. The rf voltage 
applied to the circuit is shown in light 
line; the output voltage across capacitor 
C is shown in heavy line. 

Between points (a) and (b) on the 
first positive half-cycle of the applied rf 
voltage, capacitor C charges up to the 
peak value of the rf voltage. Then as the 
applied rf voltage falls away from its 
peak value, the capacitor holds the cath- 
ode at a potential more positive than the 
voltage applied to the anode.The capaci- 
tor thus temporarily cuts off current 

through the diode. While the diode cur- 
rent is cut off, the capacitor discharges 
from (b) to (c) through the diode load 
resistor R. 

When the rf voltage on the anode 
rises high enough to exceed the potential 
at which the capacitor holds the cath- 
ode, current flows again and the capaci- 
tor charges up to the peak value of the 
second positive half-cycle at (d). In this 
way, the voltage across the capacitor 
follows the peak value of the applied rf 
voltage and reproduces the af modu- 
lation. 

The curve for voltage across the 
capacitor, as drawn in Fig. 50, is some- 
what jagged. However, this j'aggedness, 
which represents an rf component in the 
voltage across the capacitor, is exagger- 
ated in the drawing. In an actual circuit 
the rf component of the voltage across 
the capacitor is negligible. Hence, when 
the voltage across the capacitor is ampli- 
fied, the output of the amplifier repro- 
duces the speech or music originating at 
the transmitting station. 

Another way to describe the action 
of a diode detector is to consider the 
circuit as a half-wave rectifier. When the 

rf signal on the plate swings positive, the 
tube conducts and the rectified current 
flows through the load resistance R. Be- 
cause the dc output voltage of a rectifier 
depends on the voltage of the ac input, 
the dc voltage across C varies in accord- 
ance with the amplitude of the rf carrier 
and thus reproduces the af signal. Ca- 
pacitor C should be large enough to 
smooth out rf or if 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 connec- 
tion generally do not justify the extra 
circuit complication. 

The diode method of detection pro- 
duces less distortion than other methods 
because the dynamic characteristics of a 
diode can be made more linear than 
those of other detectors. The disad- 
vantages of a diode are that it does not 
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amplify the signal, and that it draws 
current from the input circuit and there- 
fore reduces the selectivity of the input 
circuit. However, because the diode 
method of detection produces less dis- 
tortion and because it permits the use 
of simple avc circuits without the neces- 
sity for an additional voltage supply, 
the diode method of detection is most 
widely used in broadcast receivers. 

A typical diode-detector circuit using 
a twin-diode triode tube is shown in Fig. 
51. Both diodes are connected together. 
Ri is the diode load resistor. A portion 
of the af voltage developed across this 
resistor is applied to the triode grid 
through the volume control R3. In a 
typical circuit, resistor R, may be tapped 
so that five-sixths of the total af voltage 
across R. is applied to the volume con- 
trol. This tapped connection reduces the 
af voltage output of the detector circuit 
slightly but it reduces audio distortion 
and improves the rf filtering. 

DC bias for the triode section is 
provided by the cathode-bias resistor R2 
and the audio bypass capacitor C3. The 
function of capacitor C2 is to block the 
dc bias of the cathode from the grid. The 
function of capacitor C, is to bypass 
any rf voltage on the grid to cathode. A 
twin-diode pentode may also be used in 
this circuit. With a pentode, the af out- 
put should be resistance-coupled rather 
than transformer-coupled. 

Another diode-detector circuit, 
called a diode-biased circuit, is shov/n in 
Fig. 52. In this circuit, the triode grid is 
connected directly to a tap on the diode 
load resistor. When an rf signal voltage 
is applied to the diode, the dc voltage at 
the tap supplies bias to the triode grid. 
When the rf signal is modulated, the af 
voltage at the tap is applied to the grid 
and is amplified by the triode. 

The advantage of the circuit shown 
in Fig. 52 over the self-biased arrange- 
ment shown in Fig. 51 is that the diode- 
biased circuit does not employ a capaci- 
tor between the grid and the diode load 
resistor, and consequently does not pro- 
duce as much distortion of a signal 
having a high percentage of modulation. 

However, there are restrictions on 
the use of the diode-biased circuit. Be- 
cause the bias voltage on the triode de- 
pends on the average amplitude of the 
rf voltage applied to the diode, the aver- 
age 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 pro- 
duce distortion. Because there is no bias 
applied to the diode-biased triode when 
no rf 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 automatic-volume-control (avc) 
system. With such an avc system, the 
average amplitude of the signal voltage 
applied to the diode can be held within 
very close limits for all values of signal 
strength at the antenna. 

The tube used in a diode-biased cir- 
cuit 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 6BF6 or 6SR7 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. 53. In this circuit, the grid 
is biased almost to cutoff, i.e., operated 
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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 rf signal are amplified 
by the tube. The signal is, therefore, de- 
tected in the plate circuit. The advan- 
tages of this method of detection are 
that it amplifies the signal, besides de- 
tecting it, and that it does not draw 
current from the input circuit and there- 
fore does not lower the selectivity of the 
input circuit. 

The grid-resistor-and-capacitor 
method, illustrated by Fig. 54, is some- 
what more sensitive than the grid-bias 
method and gives its best results on 
weak signals. In this circuit, there is no 
negative dc bias voltage applied to the 
grid. Hence, on the positive half-cycles 
of the rf signal, current flows from grid 
to cathode. The grid and cathode thus 
act as a diode detector, with the grid 
resistor as the diode load resistor and the 
grid capacitor as the rf bypass capacitor. 
The voltage across the capacitor then 
reproduces the af 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. 

high-resistance grid resistor increases 
selectivity and sensitivity. However, im- 
proved af response and stability are ob- 
tained with lower values of grid-circuit 
resistance. This detector circuit ampli- 
fies the signal, but draws current from 
the input circuit and therefore lowers 
the selectivity of the input circuit. 

FM Defection 
The effect of frequency modiilalion 

on the waveform of the rf wave is shown 
in Fig. 55. In this type of transmission, 

UNMODULATED RF CARRIER 

AF MODULATINC WAVE 

The output voltage thus reproduces the 
original af signal. 

In this detector circuit, the use of a 

FREQUENCY-MODULATED RF WAVE' 
Fig. 55 

the frequency of the rf wave deviates 
from a mean value, at an af rate depend- 
ing on the modulation, by an amount 
that is determined in the transmitter 
and is proportional to the amplitude of 
the af modulation signal. 

For this type of modulation, a de- 
tector is required to discriminate be- 
tween deviations above and below the 
mean frequency and to translate those 
deviations into a voltage whose ampli- 
tude varies at audio frequencies. Since 
the deviations occur at an audio fre- 
quency, the process is one of demodula- 
tion, and the degree of frequency devia- 
tion determines the amplitude of the 
demodulated (af) voltage. 

A simple circuit for converting fre- 
quency variations to amplitude varia- 
tions is a circuit which is tuned so that 
the mean radio frequency is on one slope 
of its resonance characteristic, as at A 
of Fig. 56. With modulation, the fre- 
quency swings between B and C, and 
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FREQUENCY 
Fig. 56 

the voltage developed across the circuit 
varies at the modulating rate. In order 
that no distortion will be introduced in 
this circuit, the frequency swing must be 
restricted to the portion of the slope 
which is effectively straight. Since this 
portion is very short, the voltage de- 
veloped is low. Because of these limita- 
tions, this circuit is not commonly used 
but it serves to illustrate the principle. 

The faults of the simple circuit are 
overcome in a push-pull arrangement, 
sometimes called a discriminator cir- 
cuit, such as that shown in Fig. 57. Be- 

Fig. 57 ~ 
cause of the phase relationships between 
the primary and each half of the second- 
ary of the input transformer (each half 
of the secondary is connected in series 
with the primary through capacitor C,), 
the rf voltages applied to the diodes be- 
come unequal as the rf signal swings 
from the resonant frequency in each 
direction. 

Since the swing occurs at audio 

frequencies (determined by the af modu- 
lation), the voltage developed across the 
diode load resistors, Ri and R2 connected 
in series, varies at audio frequencies.The 
output voltage depends on the difference 
in amplitude of the voltages developed 
across Ri and Rj. These voltages are 
equal and of opposite sign when the rf 
carrier is not modulated and the output 
is, therefore, zero. When modulation is 
applied, the output voltage varies as 
indicated in Fig. 58. 

Because this type of FM detector is 
sensitive to amplitude variations in the 

CARRIER FREQUENCY 

rf carrier, a limiter stage is frequently 
used to remove most of the amplitude 
modulation from the carrier. (See Lim- 
iters under Amplification.) 

Another form of detector for fre- 
quency-modulated waves is called a ratio 
detector. This FM detector, unlike the 
previous one which responds to a differ- 
ence in voltage, responds only to changes 
in the ratio of the voltage across two 
diodes and is, therefore, insensitive to 
changes in the differences in the voltages 
due to amplitude modulation of the rf 
carrier. 

The basic ratio detector is given in 
Fig. 59. The plate load for the final if 
amplifier stage is the parallel resonant 
circuit consisting of Ci and the primary 
transformer T. The tuning and coupling 
of the transformer is practically the 

AF 
OUTPUT 

DIODE 2 
Fig. 59 
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same as in the previous circuit and 
therefore, the rf voltages applied to the 
diodes depend upon how much the rf 
signal swings from the resonant fre- 
quency in each direction. At this point 
the similarity ends. 

Diode 1, R2, and diode 2 complete a 
series circuit fed by the secondary of the 
transformer T. The two diodes are con- 
nected in series so that they conduct on 
rhe same rf half-cycle. The rectified cur- 
tent through R2 causes a negative volt- 
age to appear at the plate of diode 1. 
Because Cr, is large, this negative voltage 
at the plate of diode 1 remains constant 
even at the lowest audio frequencies to 
be reproduced. 

The rectified voltage across C3 is 
proportional to the voltage across diode 
1, and the rectified voltage across Ci is 
proportional to the voltage across diode 
2. Since the voltages across the two 
diodes differ according to the instan- 
taneous frequency of the carrier, the 
voltages across C3 and Ci differ propor- 
tionately, the voltage across C3 being 
the larger of the two voltages at carrier 
frequencies below the intermediate fre- 
quency and the smaller at frequencies 
above the intermediate frequency. 

These voltages across Cs and Ci are 
additive and their sum is fixed by the 
constant voltage across Cs. Therefore, 
while the ratio of these voltages varies 
at an audio rate, their sum is always 
constant. The voltage across Ci varies 
at an audio rate when a frequency- 
modulated rf carrier is applied to the 
ratio detector; this audio voltage is ex- 
tracted and fed to the audio amplifier. 
For a complete circuit utilizing this type 
of detector, refer to the CIRCUIT 
SECTION. 

Automatic Volume or Gain Control 
The chief purposes of automatic 

volume control (avc) or automatic gain 
control (age) in a radio or television 
receiver are to prevent fluctuations in 
loudspeaker volume or picture bright- 
ness when the audio or video signal at 
the antenna is fading in and out. 

An automatic volume control cir- 
cuit regulates the receiver rf and if gain 
so that this gain is less for a strong signal 
than for a weak signal. In this way, 
when the signal strength at the antenna 

changes, the avc circuit reduces the re- 
sultant change in the voltage output of 
the last it stage and consequently re- 
duces the change in the speaker output 
volume. 

The avc circuit reduces the rf and if 
gain for a strong signal usually by in- 
creasing the negative bias of the rf, if, 
and frequency-mixer stages when the 
signal increases. A simple avc circuit is 
shown in Fig. 60. On each positive half- 
cycle of the signal voltage, when the 
diode plate is positive with respect to 
the cathode, the diode passes current. 

OUTPUT or LAST 
3 F STAGE 

Because of the flow of diode current 
through Ri, there is a voltage drop across 
Ri which makes the left end of Ri nega- 
tive with respect to ground. This voltage 
drop across Ri is applied, through the 
filter R'. and C, as negative bias on the 
grids of the preceding stages. When the 
signal strength at the antenna increases, 
therefore, the signal applied to the avc 
diode increases, the voltage drop across 
Ri increases, the negative bias voltage 
applied to the rf and if stages increases, 
and the gain of the rf and if stages is de- 
creased. Thus the increase in signal 
strength at the antenna does not pro- 
duce as much increase in the output of 
the last if 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 nega- 
tive bias, permitting the rf and if gain 
to increase, and thus reducing the de- 
crease in the signal output of the last 
if stage. In this way, when the signal 
strength at the antenna changes, the avc 
circuit acts to reduce change in the out- 
put of the last if stage, and thus acts to 
reduce change in loudspeaker volume. 

The filter, C and R2, prevents the 
avc voltage from varying at audio fre- 
quency. The filter is necessary because 
the voltage drop across Ri varies with 
the modulation of the carrier being re- 
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ceived. If avc voltage were taken directly 
from Ri without filtering, the audio 
variations in avc voltage would vary the 
receiver gain so as to smooth out the 
modulation of the carrier. To avoid this 
effect, the avc voltage is taken from the 
capacitor C. Because of the resistance 
R. in series with C, the capacitor C can 
charge and discharge at only a compara- 
tively slow rate. The avc voltage there- 
fore cannot vary at frequencies as high 
as the audio range but can vary at fre- 
quencies 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 modu- 
lation. 

It will be seen that an avc circuit 
and a diode-detector circuit are much 
alike. It is therefore convenient in a re- 
ceiver 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. 60, 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 rf 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 dave circuits. 

A davc circuit is shown in Fig. 61. 
In this circuit, the diode section Di of 

OUTPUT OF LAST IF STAGE 

DAVC -3 V (M IN.) 
TO AF AMPLIFIER 

Fig. 61 
the 6H6 acts as detector and avc diode. 
Ri is the diode load resistor and R2 and 
C2 are the avc filter. Because the cathode 
of diode D2 is returned through a fixed 
supply of -3 volts to the cathode of Di, a 
dc current flows through Ri and R. in 

series with D2. The voltage drop caused 
by this current places the avc lead at 
approximately -3 volts (less the negligi- 
ble drop through D2). When the average 
amplitude of the rectified signal devel- 
oped 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 ampli- 
tude of rectified signal voltage across R] 
exceeds 3 volts, the plate of diode Dj be- 
comes more negative than the cathode 
of D2 and current flow in diode D , ceases. 
The potential of the avc lead is then con- 
trolled 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 cir- 
cuit regulates the receiver gain for 
strong signals, but permits the gain to 
stay constant at a maximum value for 
weak signals. 

It can be seen in Fig. 61 that a por- 
tion of the -3 volts delay voltage is 
applied to the plate of the detector 
diode D!, this portion being approxi- 
mately equal to Ri/(Ri + R?) 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 de- 
tection because it is not large enough to 
prevent current flow in the tube. 

Automatic gain control (age) com- 
pensates for fluctuations in rf picture 
carrier amplitude. The peak carrier level 
rather than the average carrier level is 
controlled by the age voltage because 
the peaks of the sync pulses are fixed 
when inserted on a fixed carrier level. 
The peak carrier level may be determined 
by measurement of the peaks of the 
sync pulses at the output of the video 
detector. 

A conventional age circuit, such as 
that shown in Fig. 62, consists of a diode 
detector circuit and an RC filter. The 
time constant of the detector circuit is 
made large enough to prevent the pic- 
ture content from influencing the mag- 
nitude of the age voltage. The output 
voltage (age voltage) is equal to the 
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peak value of the incoming signal. 
The diode detector receives the in- 

coming signal from the last if stage of 
the television receiver through the ca- 
pacitor Ci. The resistor Ri provides the 

AGC VOLTAGE TO -IF AND RF 
STAGES 

Fig. 62 
load for the diode. The diode conducts 
only when its plate is driven positive 
with respect to its cathode. Electrons 
then flow from the cathode to the plate 
and thence into capacitor Ci, where the 
negative charge is stored. Because of the 
low impedance offered by the diode dur- 
ing conduction, Ci charges up to the 
value of the peak applied voltage. 

During the negative excursion of 
the signal, the diode does not conduct, 
and Ci discharges through resistor Ri. 
Because of the large time constant of 
R1C1, however, only a small percentage 
of the voltage across Ci is lost during the 
interval between horizontal sync pulses. 
During succeeding positive cycles, the 
incoming signal must overcome the neg- 
ative charge stored in C i before the diode 
conducts, and plate current flows only 
at the peak of each positive cycle. The 
voltage across Ci, therefore, is deter- 
mined by the level of the peaks of the 
positive cycles, or the sync pulses. 

The negative voltage developed 
across resistor Ri by the sync pulses is 
filtered by resistor R2 and capacitor C? 
to remove the 15,750-cycle ripple of the 
horizontal sync pulse. The dc output is 
then fed to the if and rf amplifiers as an 
age voltage. 

This age system may be expanded 
to include amplification of the age signal 
before detection of the peak level, or 
amplification of the dc output, or both. 
A direct-coupled amplifier must be used 
for amplification of the dc signal. The 
addition of amplification makes the sys- 
tem more sensitive to changes in carrier 
level. 

A "keyed" age system such as that 
shown in Fig. 63 is used to eliminate flut- 
ter and to improve noise immunity in 
weak signal areas. This system provides 
more rapid action than the conventional 

age circuits because the filter circuit can 
employ lower capacitance and resistance 
values. 

In the keyed age system, the nega- 
tive output of the video detector is fed 
directly to the grid No.l of the first 
video amplifier. The positive output of 
the video amplifier is, in turn, fed di- 
rectly to the grid No.l of the keyed age 
amplifier. The video stage increases the 
gain of the age system and, in addition, 
provides noise clipping. The plate volt- 
age for the age amplifier is a positive 
pulse obtained from a small winding on 
the horizontal output transformer which 
is in phase with the horizontal sync pulse 
obtained from the video amplifier. The 
polarity of this pulse is such that the 
plate of the age amplifier tube is positive 
during the retrace time. The tube is 

VIDEO 

u 

Hi 

FROM LAST — — — IF STAGE Fig. 63 
biased so that current flows only when 
the grid No.l and the plate are driven 
positive simultaneously. The amount of 
current flow depends on the grid-No.1 
potential during the pulse. These pulses 
are smoothed out in the RC network in 
the plate circuit (R1C1). Because the dc 
voltage developed across Ri is negative, 
it is suitable for application to the grids 
of the rf and if tubes as an age voltage. 

Tuning Indication With 
Electron-Ray Tubes 

Electron-ray tubes are designed to 
indicate visually by means of a fluores- 
cent target the effects of a change in 
controlling voltage. One application of 
them is as tuning indicators in radio 
receivers. Types such as the 6U5, 6E5, 
and the 6AB5/6N5 contain two main 
parts: (1) a triode which operates as a dc 
amplifier and (2) an electron-ray indi- 
cator which is located in the bulb as 
shown in Fig. 64. The target is operated 
at a positive voltage and, therefore, at- 
tracts electrons from the cathode. When 
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the electrons strike the target they pro- 
duce a glow on the fluorescent coating 
of the target. Under these conditions, 
the target appears as a ring of light. 

A ray-control electrode is mounted 
between the cathode and target. When 
the potential of this electrode is less posi- 
tive than the target, electrons flowing to 
1 he target are repelled by the electro- 
static field of the electrode, and do not 
CATHODE LIGHT — 

SHIELD 

TRIODE^. GRID 

FLUORESCENT .-•* COATING 
RAY-CONTROL -- ELECTRODE 

-CATHODE 

Fig. 64 
reach that portion of the target behind 
the electrode. Because the target does 
not glow where it is shielded from elec- 
trons, the control electrode casts a 
shadow on the glowing target. The ex- 
tent of this shadow varies from approx- 
imately 100° of the target when the con- 
trol electrode is much more negative 
than the target to 0° when the control 
electrode is at approximately the same 
potential as the target. 

In the application of the electron- 
ray tube, the potential of the control 
electrode is determined by the voltage 
on the grid of the triode section, as can 
be seen in Fig. 65. The flow of the triode 
plate current through resistor R produces 

ELECTRON- \ RAY TUBE 

the 6AF6-G. This tube contains only an 
indicator unit but employs two ray-con- 
trol electrodes mounted on opposite sides 
of the cathode and connected to indi- 
vidual base pins. It employs an external 
dc amplifier. (See Fig. 66.) Thus, two 
symmetrically opposite shadow angles 

'TYPE 6K7 TRIODE CONNECTED 

P-l\ 1 MEG. -—vwyv-H(- 
TO CONTROLLING VOLTAGE 

a voltage drop which determines the po- 
tential of the control electrode. When 
the voltage of the triode grid changes in 
the positive direction, plate current in- 
creases, the potential of the control elec- 
trode 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. 

Another type of indicator tube is 

R: TYPICAL VALUE IS O.S MEGOHM 
Fig. 66 

may be obtained by connecting the two 
ray-control electrodes together; or, two 
unlike patterns may be obtained by in- 
dividual connection of each ray-control 
electrode to its respective amplifier. 

In radio receivers, avc voltage is 
applied to the grid of the dc amplifier. 
Because avc voltage is at maximum 
when the set is tuned to give maximum 
response to a station, the shadow angle 
is at minimum when the receiver is 
tuned to resonance with the desired 
station. 

The choice between electron-ray 
tubes depends on the avc characteristic 
of the receiver. The 6E5 contains a 
sharp-cutoff triode which closes the 
shadow angle on a comparatively low 
value of avc voltage. The 6AB5/6N5 
and 6U5 each have a remote-cutoff tri- 
ode which closes the shadow on a larger 
value of avc voltage than the 6E5. The 
6AF6-G may be used in conjunction 
with dc amplifier tubes having either 
remote- or sharp-cutoff characteristics. 

Oscillation 
As an oscillator, an electron tube 

can be employed to generate a continu- 
ously alternating voltage. In present- 
day radio broadcast receivers, this ap- 
plication is limited practically to super- 
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heterodyne receivers for supplying the 
heterodyning frequency. Several circuits 
(represented in Figs. 67 and 68) 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. Feedback 
may be produced by electrostatic or 

Fig. 68 
electromagnetic coupling between the 
grid and plate circuits. When sufficient 
energy is fed back to more than compen- 
sate for 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 capacitance. By proper 
choice of these values, the frequency 
may be adjusted over a very wide range. 

Mulfivibrators 
Relaxation oscillators, which are 

widely used in present-day electronic 
equipment, are used to produce non- 
sinusoidal waveshapes such as rectangu- 
lar and sawtooth pulses. Probably the 
most common relaxation oscillator is the 
multivibrator, which may be considered 
as a two-stage resistance-coupled ampli- 
fier in which the output of each tube is 
coupled into the input of the other tube. 

Fig. 69 is a basic multivibrator cir- 
cuit of the free-running type. In this cir- 
cuit, oscillations are maintained by the 

m 

Fig. 69 
alternate shifting of conduction from 
one tube to the other. The cycle usually 
starts with one tube, V,, at zero bias, 
and the other, V2, at cutoff or beyond. 

At this point, the capacitor C. is charged 
sufficiently to cut off V.. Ci then begins 
to discharge through the resistor R.!, and 
the voltage on the grid of VL. rises until 
V2 begins to conduct. The voltage on the 
plate of V2 then decreases, causing Y, to 
conduct less and less. At the same time, 
the plate voltage of Vj begins to rise, 
causing V2 to conduct still more heavily. 
Because of the amplification, this cumu- 
lative effect builds up extremely fast, 
and conduction switches from Vi to V; 
within a few microseconds, depending 
on the circuit components. 

In this circuit, therefore, conduc- 
tion switches from Vi to V. over the 
interval during which Ci discharges 
from the voltage across Ri to the cutoff 
voltage for V2. The actual transfer of 
conduction does not occur until cutoff 
is reached. Conduction switches back to 
Vi through a similar process to complete 
the cycle. The plate waveform is essen- 
tially rectangular in shape, and may be 
adjusted as to symmetry, frequency, 
and amplitude by proper choice of cir- 
cuit constants, tubes, and voltages. 

Although this type of multivibrator 
is free-running, it may be triggered by 
pulses of a given amplitude and frequency 
to provide a frequency-stabilized out- 
put. Multivibrator circuits may also be 
designed so that they are not free-run- 
ning, but must be triggered externally 
to shift conduction from one tube to the 
other. Depending on the type of circuit, 
conduction may shift back to the first 
tube after a given time interval, or the 
second tube may continue conducting 
until another trigger signal is applied. 

Synchroguide Circuits 
The "synchroguide" is a controlled 

type of oscillator used in television re- 
ceivers to generate and control the syn- 
chronized sawtooth voltage necessary for 
adequate line- or horizontal-frequency 
scanning. A simplified synchroguide cir- 
cuit is shown in Fig. 70. This circuit pro- 
vides stable, noise-free control of a block- 
ing oscillator which generates a horizon- 
tal-frequency signal. It permits com- 
parison of the received sync pulses and 
the generated sawtooth voltages so that 
properly locked-in horizontal scanning 
results. 

The triode V5 in Fig. 70 is a conven- 
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tional blocking oscillator which enables 
a sawtooth voltage to be developed 

TO HORIZONTAL " SCANNING AMPLIFIER 

SYNC-PULSES 
"IN-SYNC" ' COMBINATION 

OSCILLATING FREQUENCY LOWER THAN SYNC-PULSE FREQUENCY 

frequency of oscillations until proper 
synchronization results. 

The blocking oscillator can be made 
more immune to changes in frequency 
and noise if V2 is brought out of cutoff 
very sharply. This effect is obtained by 
sine-wave stabilization. The tuned cir- 
cuit La-Cs in the plate circuit of Fig. 70 
superimposes a shock-excited sine wave 
on the plate and grid waveforms, as 
shown in Fig. 72. 

GRID CUTOFF 

" Fig. 70 
across the capacitor C.. A portion of this 
sawtooth is fed back to the grid of the 
control tube,Vi. The positive sync pulses 
are also applied to the grid of Vi. The 
waveforms shown in Fig. 71 illustrate 
the sawtooth and sync pulses (A and B) 
and their proper "in-sync" combination 
(C). The sync pulse occurs partly during 
the portion of the sawtooth voltage in 
which the triode V1 draws current. Any 
shift in sync pulse as it is superimposed 

„ CUTOFF-^-. SAWTOOTH 

GRADUAL APPROACH; TUBE CAN BE DRIVEN OUT OF CUTOFF BY SLIGHT CIRCUIT VARIATIONS. 

SHARPER APPROACH MAKES OSCILLATOR LESS SUSCEPTIBLE TO FREQUENCY CHANGES. 
Fig. 72 

on the sawtooth, therefore, will affect 
the amount of conduction of the control 
tube. A change in control-tube conduc- 
tion ultimately affects the bias on the 
oscillator-tube grid by changing the 
voltage to which the capacitor Ci in the 
cathode circuit may charge. An increase 
in the positive bias increases the fre- 
quency of oscillation. 

For example, waveform D in Fig. 
71 illustrates a condition in which the 
sawtooth voltage is advanced in phase 
with respect to the sync-pulses. The 
widening of the pulse which occurs at 
the corner of the sawtooth waveform 
allows the control tube to conduct more 
current and, consequently, allows the 
capacitor Ci to charge to a higher volt- 
age. This increased reference voltage also 
appears in the grid circuit of V2 and 
makes the grid more positive. The in- 
creased grid voltage then speeds up the 

Deflection Circuits 
Vertical Output Circuits 

A modified multivibrator in which 
the vertical output tube is part of the 
oscillator circuit is used in the vertical 
deflection stage of many television re- 
ceivers. This stage supplies the deflec- 
tion energy required for vertical deflec- 
tion of the picture-tube beam. A simpli- 
fied combined vertical-oscillator-output 
stage is shown in Fig. 73. Waveshapes at 
critical points of the circuit are included 
to illustrate the development of the de- 
sired current through the vertical out- 
put transformer and deflecting yoke. 

The current waveform through the 
deflecting yoke and output transformer 
should be a sawtooth to provide the de- 
sired deflection. The grid and plate volt- 
age waveforms of the output tube could 
also be sawtooth except for the effect of 
the inductive components in the yoke 
and transformer. The effect of these in- 
ductive components must be taken in- 
to consideration, however, particularly 
during retrace. The fast rate of current 
change during retrace time (which is 
approximately 1/15 as long as trace 
time) causes a high-voltage pulse at 
the plate which could give a trapezoi- 
dal waveshape to the plate voltage and 
cause increased plate current, excess 
damping, and lengthened retrace time. 
However, the grid voltage is made suffi- 
ciently negative during retrace to keep 
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the tube close to cutoff, as describedbelow. 
The frequency, and the relative de- 

viation of the positive and negative por- 
tions of each cycle, are dependent on the 
values of resistors Ri and R:, and the RC 
combination R.C., as explained previ- 
ously in the section on multivibrators. 
The desired trapezoidal waveshape at 
the grid of V2 is created by capacitor Ci 
and resistor R2. If R2 were equal to zero, 
Ci would cause the grid-voltage wave- 
shape to take the form shown in Fig. 
74(a). When R2 is sufficiently large, Ci 

a Pig. 74 b 
does not discharge completely when Vi 
conducts. When V! is cut off, therefore, 
the voltage on the grid of V2 immedi- 
ately rises to the voltage across Ci. The 
resulting waveshape is shown in Fig. 
74(b). The negative-going pulse of the 
grid-voltage waveshape prevents the high 
plate pulse from causing excess conduc- 
tion, and thereby prevents overdamping. 

This vertical deflection stage uti- 
lizes twin-triode tubes such as the 6DR7 
and 6EM7. The 6EM7 is particularly 
suitable for this application because it 
incorporates dissimilar units to provide 
for the different operating requirements 
of the oscillator and output sections. 

Horizontal Output Circuits 
Fig. 75 shows a typical horizontal- 

output-and-deflection circuit used in tele- 
vision receivers. In addition to supplying 
the deflection energy required for hori- 
zontal deflection of the picture-tube 
beam, this circuit provides the high dc 

voltage required for the ultor of the pic- 
ture tube and the "boosted" B voltage 
for other portions of the receiver. The 
horizontal-output tube is usually a beam 
power tube such as the 6DQ6-B, 6CD6- 
GA, or 6GW6. 

In this circuit, a sawtooth voltage 
from the horizontal-oscillator tube is ap- 
plied to the grid No.l of the horizontal- 
output tube. When this voltage rises 
above the cutoff point of the output tube, 
the tube conducts a sawtooth of plate 
current which is fed through the auto- 
transformer to the horizontal-deflecting 
yoke. At the end of the horizontal-scan- 
ning cycle, which lasts for 63.4 micro- 
seconds, the sawtooth voltage on the 
grid suddenly cuts off the output tube. 
This sudden change sets up an oscillation 
of about 50 to 70 Kc in the output cir- 
cuit, which may be considered as an in- 
ductor shunted by the stray capacitance 
of the circuit. During the first half of 
this oscillation, a positive voltage ap- 
pears across the transformer. In the sec- 

ic HIGH-VOLTAGE 1 /<I?\ RECTIFIER 

HORIZONTAL , OUTPUT TUBE DAMPER DIODE 

J HORIZONTAL] WINDINGS OF DEFLECTING YOKE S BOOST Sf 
CAPACITOR 

Kf'SIt). LINEARITY BOOSTED 6 CONTROL CONTROL 

50 



Electron Tube Applications 

ond half of the cycle, the voltage swings 
below the plate supply voltage, and the 
damper diode conducts, damping out the 
oscillation. At the same time, the current 
through the deflecting yoke reverses and 
reaches its negative peak. As the damper- 
diode current decays exponentially to 
zero, the output tube begins to conduct 
again. The yoke current, therefore, is 
composed of current resulting from 
damper-diode conduction followed by 
output-tube conduction. 

When the output tube is suddenly 
cut off, the high-voltage pulse produced 
by shock excitation of the load circuit is 
increased by means of an extra winding 
on the transformer. This high-voltage 
pulse charges a high-voltage capacitor 
through the high-voltage rectifier. The 
output of this circuit is the dc high- 
voltage supply for the picture tube. The 
high-voltage rectifier also obtains its 
filament power through a separate wind- 
ing on the horizontal-output transformer. 

Current flowing through the damper 
diode charges the "boost" capacitor 
through the damper portion of the trans- 
former winding. The polarity of the 
charge on the capacitor is such that the 
voltage at the low end of the winding is 
increased above the plate supply volt- 
age, or B+. This higher voltage or 
"boost" is used for the output-tube 
plate supply, and may also supply the 
deflection oscillators and the vertical- 
output circuit provided the current drain 
is not excessive. 

High-Voltage Regulator Circuit 
In color-television receivers, it is 

very important to regulate the high-vol- 
tage supply to the picture tube. A suitable 
circuit using the 6BK4 for regulation of 
the output of a high-voltage, high-impe- 
dance supply is shown in Fig. 76. In this 
circuit, the cathode is held at a fixed 
positive potential with respect to ground. 
Because the grid potential is kept slightly 
less positive by the voltage drop across 
resistor R2, the tube operates in the nega- 
tive grid region and no grid current is 
drawn. 

When the output voltage, e0, rises 
as a result of a decrease in load current, 
a small fraction of the additional vol- 
tage is applied to the grid of the tube by 
the voltage-divider circuit consisting of 

(UNREctlLATED INPUT) 

Ri and R2. This increased grid voltage 
causes the tube to draw an increased 
current from the unregulated supply. 
The increased current, in turn, causes 
a voltage drop across the high internal 
impedance of the unregulated supply, 
Rs, which tends to counteract the origi- 
nal rise of the voltage. If desired, the 
grid may be connected to a variable 
point on the voltage divider to allow 
some adjustment of the output-voltage 
level. 

The circuit shown in Fig. 76 com- 
pensates for both load-current and line- 
voltage variations. The output of a reg- 
ulated 25,000-volt supply using this 
circuit does not drop more than 500 
volts as the load current increases from 
0 to 1 milliampere. Variations in output 
voltage may be kept within ±1 per cent 
for input-voltage changes of ±10 per 
cent. If desired, the compensation for 
input-voltage changes may be elimi- 
nated while compensation for load-cur- 
rent changes is maintained. 

Frequency Conversion 
Frequency conversion is used in 

superheterodyne receivers to change the 
frequency of the rf signal to an inter- 
mediate frequency. To perform this 
change in frequency, a frequency-con- 
verting device consisting of an oscillator 
and a frequency mixer is employed. In 
such a device, shown diagrammatically 
in Fig. 77, two voltages of different fre- 
quency, the rf signal voltage and the 
voltage generated by the oscillator, are 

RADIO FREQUENCY 
INPUT FREQUENCY MIXER 

INTERMEDIATE FREQUENCY 
OUTPUT 

FREQUENCY CONVERTER 
Fig. 77 
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applied to the input of the frequency 
mixer. These voltages beat, or hetero- 
dyne, within the mixer tube to produce 
a plate current having, in addition to the 
frequencies of the input voltages, numer- 
ous sum and difference frequencies. 

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 difference between the signal fre- 
quency and the oscillator frequency.The 
selected output frequency is known as 
the intermediate frequency, or if. The 
output frequency of the mixer tube is 
kept constant for all values of signal fre- 
quency by tuning the oscillator to the 
proper frequency. 

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

Several methods of frequency con- 
version 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 frequency of the signal 
frequency and the oscillator frequency. 
These variations in plate current pro- 
duce across the tuned plate load a volt- 
age of the desired intermediate fre- 
quency. The methods differ in the types 
of tubes employed and in the means of 
supply input voltages to the mixer tube. 

A method widely used before the 
availability of tubes especially designed 
for frequency-conversion service and 
currently used in many FM, television, 
and standard broadcast receivers, em- 
ploys 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. 

A second method employs a tube 
having an oscillator and frequency mixer 
combined in the same envelope. In one 
form of such a tube, coupling between 
the two units is obtained by means of 
the electron stream within the tube. 
Because five grids are used, the tube is 
called a pentagrid converter. 

Tube Manual ===== 

Grids No. 1 and No. 2 and the cath- 
ode 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 cath- 
ode which supplies to the rest of the 
tube an electron stream that varies at 
the oscillator frequency. 

This varying electron stream is fur- 
ther controlled by the rf signal voltage 
on grid No. 4. Thus, the variations in 
plate current are due to the combination 
of the oscillator and the signal frequen- 
cies. The purpose of grids No. 3 and No. 
5, which are connected together within 
the tube, is to accelerate the electron 
stream and to shield grid No. 4 electro- 
statically from the other electrodes. 

Pentagrid-converter tubes of this 
design are good frequency-converting 
devices at medium frequencies. How- 
ever, their performance is better at the 
lower frequencies 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 de- 
signed so that no electrode functions 
alone as the oscillator anode. In these 
tubes, grid No. 1 functions as the oscil- 
lator grid, and grid No. 2 is connected 
within the tube to the screen grid (grid 
No. 4). The combined two grids, Nos. 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 grid. 

Converter tubes of this type are de- 
signed so that the space charge around 
the cathode is unaffected by electrons 
from the signal grid. Furthermore, the 
electrostatic field of the signal grid also 
has little effect on the space charge. The 
result is that rf voltage on the signal 
grid produces little effect on the cathode 
current. There is, therefore, little detun- 
ing of the oscillator by avc bias because 
changes in avc bias produce little change 
in oscillator transconductance or in the 
input capacitance of grid No. 1. 

Examples of the pentagrid conver- 
ters discussed in the preceding para- 
graph are the single-ended types 1R5 and 
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6BE6. A schematic diagram illustrating 
the use of the 6BE6 with self-excitation 
is given in Fig. 78; the 6BE6 may also 

GRID N 2 3 (RF SIGNAL) 
GRID Nei (OSCILLATOR GRID) 

/ GRID N2 5 (SUPPRESSOR) 
GRIDS N22&4 (SCREEN) 

Fig. 78 
be used with separate excitation. A com- 
plete circuit is shown in the CIRCUIT 
SECTION. 

Another method of frequency con- 
version utilizes a separate oscillator hav- 
ing its grid connected to the No. 1 grid 
of a mixer hexode. The cathode, triode 
grid, and triode plate form the oscillator 
unit of the tube. The cathode, hexode 
mixer grid (gridNo.l)hexodescreen grids 
(grids Nos. 2 and 4), hexode signal grid 
(grid No. 3), and hexode plate constitute 
the mixer unit. The internal shields are 
connected to the shell of the tube and 
act as a suppressor grid for the hexode 
unit. 

The action of this tube in convert- 
ing 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 rf signal ap- 
plied to the hexode grid No. 3. The tube 
is not critical to changes in oscillator- 
plate voltage or signal-grid bias and, 
therefore, finds important use in all- 
wave receivers to minimize frequency- 
shift effects at the higher frequencies. 

A further method of frequency con- 
version employs a tube called a penta- 
grid mixer. This type has two independ- 
ent control grids and is used with a 
separate oscillator tube. RF signal volt- 
age is applied to one of the control grids 
and oscillator voltage is applied to the 
other. It follows, therefore, that the 
variations in plate current are due to 
the combination of the oscillator and 
signal frequencies. 

The tube contains a heater-cathode, 
five grids, and a plate. Grids Nos. 1 and 
3 are control grids. The rf signal voltage 
is applied to grid No. 1. This grid has a 
remote-cutoff characteristic and is suited 
for control by avc bias voltage. The 
oscillator voltage is applied to grid No. 
3. This grid has a sharp-cutoff character- 
istic and produces a comparatively large 
effect on plate current for a small amount 
of oscillator voltage. Grids Nos. 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, con- 
nected within the tube to the cathode, 
functions similarly to the suppressor 
grid in a pentode. 

In the converter or mixer stage of a 
television receiver, stable oscillator oper- 
ation is most readily obtained when 
separate tubes or tube sections are used 
for the oscillator and mixer functions. A 
typical television mixer-oscillator circuit 
is shown in Fig. 79. In such circuits, the 
oscillator voltage is applied to the mixer 
grid by inductive coupling, capacitive 
coupling, or a combination of the two. 

OSCILLATOR 
TUBE - 

— RF OUTPUT 

Tubes containing electrically independ- 
ent oscillator and mixer units in the 
same envelope, such as the 6U8-A and 
6X8, are designed especially for this 
application. 

Automatic Frequency Control 
An automatic frequency control 

(afc) circuit provides a means of correct- 
ing automatically the intermediate fre- 
quency of a superheterodyne receiver 
when, for any reason, it drifts from the 
frequency to which the if stages are 
tuned. This correction is made by ad- 
justing the frequency of the oscillator. 
Such a circuit will automatically com- 
pensate for slight changes in rf carrier or 
oscillator frequency as well as for inac- 
curate manual or push-button tuning. 

An afc system requires two sections: 
a frequency detector and a variable re- 
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actance. The detector section may be 
essentially the same as the FM detector 
illustrated in Fig. 57 and discussed un- 
der Detection. In the afc system, how- 
ever, the output is a dc control voltage, 
the magnitude of which is proportional 
to the amount of frequency shift. This 
dc control voltage is used to control the 
grid bias of an electron tube which com- 
prises the variable reactance section 
(Fig. 80). 

The plate current of the reactance 
tube is shunted across the oscillator tank 
circuit. Because the plate current and 
plate voltage of the reactance tube are 
almost 90° out of phase, the control tube 
affects the tank circuit in the same man- 
ner as a reactance. The grid bias of the 
tube determines the magnitude of the 
effective reactance and, consequently, 
a control of this grid bias can be used to 
control the oscillator frequency. 

Automatic frequency control is also 
used in television receivers to keep the 
horizontal oscillator in step with the 
horizontal-scanning frequency (15,750 
cps) at the transmitter. A widely used 
horizontal afc circuit is shown in Fig. 81. 
This circuit, which is often referred to 
as a balanced-phase-deleclor or phase- 
discriiniuator circuit, is usually em- 
ployed to control the frequency of a 
multivibrator-type horizontal-oscillator 
circuit. The 6AL5 detector supplies a dc 
control voltage to the grid of the hori- 
zontal-oscillator tube which counteracts 
changes in its operating frequency. The 
magnitude and polarity of the control 
voltages are determined by phase rela- 
tionships in the afc circuit at a given 
moment. 

The horizontal sync pulses obtained 
from the sync-separator circuit are fed 

through a single-triode phase-inverter or 
phase-splitter circuit to the two diode 
units of the 6AL5. Because of the action 
of the phase-inverter circuit, the signals 
applied to the two diode units are equal 
in amplitude but 180 degrees out of 
phase. A reference sawtooth voltage ob- 
tained from the horizontal output cir- 
cuit is also applied simultaneously to 
both units. Any change in the oscillator 
frequency alters the phase relationship 
between the reference sawtooth and the 
incoming horizontal sync pulses, causing 
one diode unit of the 6AL5 to conduct 
more heavily than the other, and thus 
producing a correction signal. The sys- 
tem remains balanced at all times, there- 
fore, because momentary changes in 
oscillator frequency are instantaneously 
corrected by the action of the control 
voltage. 

. SYNC "U o—If  
SIGNALS FROM PHASE n  ■ 

INVERTER +J 

REFERENCE VOLTAGE FROM HORIZONTAL OUTPUT CIRCUIT 

DC CORRECTION 
VOLTAGE TO GRID 
OF HORIZONTAL 

OSCILLATOR 

The diode units of the 6AL5 are 
biased so that conduction takes place 
only during the tips of the sync pulses. 
The relative position of the sync pulses 
on the retrace portion of the sawtooth 
waveform at any given instant deter- 
mines which diode unit conducts more 
heavily, and thereby establishes the 
magnitude and polarity of the control 
voltage. The network between the diode 
units and the grid of the horizontal-oscil- 
lator tube is essentially a low-pass filter 
which prevents the horizontal syncpulses 
from affecting the horizontal-oscillator 
performance. 
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The installation of electron tubes 
requires care if high-quality performance 
is to be obtained from the associated 
circuits. Installation suggestions and 
precautions which are generally com- 
mon to all types of tubes are covered in 
this section. Careful observance of these 
suggestions will do much to help the ex- 
perimenter and electronic technician ob- 
tain the full performance capabilities of 
radio tubes and circuits. Additional per- 
tinent information is given under each 
tube type and in the CIRCUIT SEC- 
TION. 

Filament and Heater Power Supply 
The design of electron 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. 
The limited emission may cause unsatis- 
factory operation and reduced tube life. 
On the other hand, high cathode voltage 
may cause rapid evaporation of cathode 
material and shorten tube life. 

To insure proper tube operation, it 
is important that the filament or heater 
voltage be checked at the socket termi- 
nals by means of a high-resistance volt- 
meter while the equipment is in opera- 
tion. In the case of series operation of 
heaters or filaments, correct adjustment 
can be checked by means of an ammeter 
in the heater or filament circuit. 

The filament or heater voltage sup- 
ply may be a direct-current source (a 
battery or a dc power line) or an alter- 
nating-current power line, depending on 
the type of service and type of tube. 
Frequently, a resistor (either variable 
or fixed) is used with a dc supply to per- 
mit compensation for battery voltage 
variations or to adjust the tube voltage 
at the socket terminals to the correct 
value. Ordinarily, a step-down trans- 
former is used with an ac supply to pro- 
vide the proper filament or heater volt- 
age. Receivers intended for operation on 
both dc and ac power lines have the 
heaters connected in series with a suit- 

able resistor and supplied directly from 
the power line. 

DC filament or heater operation 
should be considered on the basis of the 
source of power. In the case of the bat- 
tery supply for the 1.4-volt filament 
tubes, it is unnecessary to use a voltage- 
dropping resistor in series with the fila- 
ment and a single dry-cell; the filaments 
of these tubes are designed to operate 
satisfactorily over the range of voltage 
variations that normally occur during 
the life of a dry-cell. Likewise, no series 
resistor is required when the 1.25-volt 
filament suhminiatures are operated from 
a single 1.5-volt flashlight-type dry-cell, 
when the 2-volt filament type tubes are 
operated from a single storage cell, or 
when the 6.3-volt series are operated 
from a 6-volt storage battery. 

In the case of dry-battery supply 
for 2-volt filament tubes, a variable re- 
sistor in series with the filament and the 
battery is required to compensate for 
battery variations. Turning the set on 
and off by means of the rheostat is ad- 
vised to prevent over-voltage conditions 
after an off-period because the voltage of 
dry-cells rises during off-periods. 

In the case of storage-battery sup- 
ply, air-cell-battery supply, or dc power 
supply, a non-adjustable resistor of suit- 
able value may be used. It is well to 
check initial operating conditions, and 
thus the resistor value, by means of a 
voltmeter or ammeter. 

AC 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 volt- 
age is the same as that for which the 
primary of the transformer is designed. 
The line voltage may be determined by 
measurement with an ac voltmeter 
(0-150 volts). 

If the line voltage measures in ex- 
cess of that for which the transformer is 
designed, a resistor should be placed in 
series with the primary to reduce the 
line voltage to the rated value of the 
transformer primary.Unless this is done, 
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the excess input voltage will cause pro- 
portionally excessive voltage to be ap- 
plied to the tubes. Any electron 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 
transformer is designed, it may be nec- 
essary to install a booster transformer 
between the ac outlet and the transformer 
primary. Before such a transformer is in- 
stalled, the ac line fluctuations should be 
very carefully noted. Some radio sets are 
equipped with a line-voltage switch 
which permits adjustment of the power 
transformer primary to the line voltage. 
When this switch is properly adjusted, 
the series-resistor or booster-transformer 
method of controlling line voltage is 
seldom required. 

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

When the filaments of battery-type 
tubes are connected in series, the total 
filament current is the sum of the cur- 
rent due to the filament supply and the 
plate and grid-No.2 currents (cathode 
current) returning to B(-) through the 
tube filaments. Consequently, in a series 
filament string it is necessary to add 
shunt resistors across each filament sec- 
tion to bypass this cathode current in 
order to maintain the filament voltage 
at its rated value. 

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

Required resistance (ohms) = 
supply volts - rated volts of tube type 
total rated filament current (amperes) 

Thus, if a receiver using two IT4's, one 
IRS, one IU5, and one 3V4 is to be 
operated from a storage battery, the 
series resistor is equal to 2 volts (the 
voltage from a single storage cell) minus 
1.4 volts (voltage rating for these tubes) 

divided by 0.3 ampere (the sum of 
4 X 0.05 ampere + 1 X 0.1 ampere), i.e., 
approximately 2 ohms. Since this resis- 
tor should be variable to allow adjust- 
ment for battery depreciation, it is ad- 
visable to obtain the next larger com- 
mercial 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 over- 
heating. The power dissipation in watts 
is equal to the voltage drop in the resis- 
tor multiplied by the total filament cur- 
rent in amperes. Thus, for the example 
above, 0.6 X 0.3 = 0.18 watt. In this 
case, the value is so small that any com- 
mercial rheostat with suitable resistance 
will be adequate. 

For the case where the heaters and/ 
or filaments of several tubes are oper- 
ated in series, the resistor value is calcu- 
lated by the following formula, also de- 
rived from Ohm's law. 

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

rated amperes of tubes 

Thus, if a receiver having one 6BE6, one 
6BA6, one 6AT6, one 25L6-GT, and one 
25Z6-GT 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 + 2X25 volts) divided by 0.3 am- 
pere (current rating of these tubes), i.e., 
approximately 160 ohms. The wattage 
dissipation in the resistor will be 11.7 
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. 

When the series-heater connection 
is used in ac/dc 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 ar- 
rangement reduces the amount of ac 
voltage between the heaters and cath- 
odes of these tubes and minimizes the 
hum output of the receiver. The order 
of heater connection, by tube function, 
from chassis to the rectifier-cathode side 
of the ac line is shown in Fig. 82. 
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Heater-to-Cathode Connection 
The cathodes of heater-type tubes, 

when operated from ac, should be con- 
nected to the mid-tap on the heater sup- 
ply winding, to the mid-tap of a 50-ohm 
(approximate) resistor shunted across 
the winding, or to one end of the heater 
supply winding depending on circuit re- 
quirements. If none of these methods is 
used, it is important to keep the heater- 
cathode voltage within the ratings given 
in the TUBE TYPES SECTION. 

Hum from ac-operated heater tubes 
used in high-gain audio amplifiers may 
frequently be reduced to a negligible 
value by employing a 15- to 40-volt bias 
between the heater and cathode elements 
of the tubes. The bias should be con- 
nected so that the tube heater is positive 
with respect to its cathode. Such bias 
can be obtained from the regular plate- 
supply rectifier of the amplifier. 

If a large resistor is used between 
heater and cathode, it should be by- 
passed by a suitable capacitor or ob- 
jectionable hum may develop. The hum 
is due to the fact that even a minute 
pulsating leakage current flowing be- 
tween the heater and cathode will de- 
velop a small voltage across any re- 
sistance in the circuit. This hum voltage 
is amplified by succeeding stages. 

Plate Voltage Supply 
The plate voltage for electron tubes 

is obtained from batteries, rectifiers, 
direct-current power lines, and small 
local generators. The maximum plate- 
voltage value for any tube type should 
not be exceeded if most satisfactory per- 
formance is to be obtained. Plate volt- 
age should not be applied to a tube un- 
less the corresponding recommended 
voltage is also supplied 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 capacitor, 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 fixed source 
such as a separate C-battery or a tap on 
the voltage divider of the high-voltage 
dc supply, from the voltage drop across 
a resistor in the cathode circuit, or from 
the voltage drop across a resistor in the 
grid circuit. The first method is called 
"fixed bias"; the second is called "cath- 
ode bias" or "self bias"; the third is 
called "grid-resistor bias" and is some- 
times incorrectly referredto in receiving- 
tube practice as "zero-bias operation." 

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 termi- 
nal is connected to the grid return and 
the positive terminal is connected to the 
negative filament socket terminal, 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 cen- 
ter-tap of a low resistance (20-50 ohms) 
shunted across the filament terminals. 
This method reduces hum disturbances 
caused by the ac supply. If bias voltages 
are obtained from the voltage divider of 
a high-voltage dc supply, the grid return 
is connected to a more negative tap 
than the cathode. 

The cathode-biasing method uti- 
lizes the voltage drop produced by the 
cathode current flowing through a re- 
sistor connected between the cathode 
and the negative terminal of the B-sup- 
ply. (See Fig. 83.) The cathode current 
is, of course, equal to the plate current 
in the case of a triode, or to the sum of 
the plate and grid-No.2 currents in the 
case of a tetrode, pentode, or beam 
power tube. Because the voltage drop 
along the resistance is increasingly nega- 
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tive with respect to the cathode, the re- 
quired negative grid-bias voltage can be 
obtained by connecting the grid return 
to the negative end of the resistance. 

The value of the resistance for 
cathode-biasing a single tube can be de- 
termined from the following formula: 
Resistance (ohms) = 

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

Thus, the resistance required to produce 
9 volts bias for a triode which operates 
at 3 miiiiamperes plate current is 9 X 
1000/3 = 3000 ohms. If the cathode cur- 
rent of more than one tube passes through 

change appreciably with plate current. 
When such a tube having a separate 
suppressor-grid connection is used as an 
rf amplifier, these changes may be mini- 
mized by leaving a certain portion of the 
cathode-bias resistor unbypassed. In 
order to minimize feedback when this 
method is used, the external grid-No.l- 
to-plate (wiring) capacitances should be 
kept to a minimum, the grid No.2 should 
be bypassed to ac ground, and the grid 
No.3 should be connected to ac ground. 

The use of a cathode resistor to 
obtain bias voltage is not recommended 
for amplifiers in which there is appreci- 
able shift of electrode currents with the 

R= GRID-BIASING RESISTOR T = FILAMENT TRANSFORMER C= BYPASS CAPACITOR 

the resistor, or if the tube or tubes em- 
ploy more than three electrodes, the 
total current determines the size of the 
resistor. 

Bypassing of the cathode-bias re- 
sistor depends on circuit-design require- 
ments. In rf circuits the cathode resistor 
usually is bypassed. In af circuits the use 
of an unbypassed resistor will reduce 
distortion by introducing degeneration 
into the circuit. However, the use of an 
unbypassed resistor decreases gain and 
power sensitivity. When bypassing is 
used, it is important that the bypass 
capacitor be sufficiently large to have 
negligible reactance at the lowest fre- 
quency to be amplified. 

In the case of power-output tubes 
having high transconductance such as 
the beam power tubes, it may be neces- 
sary to shunt the bias resistor with a 
small mica capacitor (approximately 
O.OOliuf) in order to prevent oscillations. 
The usual af bypass may or may not be 
used, depending on whether or not de- 
generation is desired. In tubes having 
high values of transconductance, such 
as the 6BA6, 6CB6, and 6AC7, input 
capacitance and input conductance 

application of a signal. In such ampli- 
fiers, a separate fixed supply is recom- 
mended. 

The grid-resislor biasing method 
is also a self-bias method because it 
utilizes the voltage drop across the grid 
resistor produced by small amounts of 
grid current flowing in the grid-cathode 
circuit. This current is due to (1) an 
electromotive potential difference be- 
tween the materials comprising the grid 
and cathode and (2) grid rectification 
when the grid is driven positive. A large 
value of resistance is required in order 
to limit this current to a very small 
value and to avoid undesirable loading 
effects on the preceding stage. 

Examples of this method of bias are 
given in circuits 21-1 and 21-4 in the 
CIRCUIT SECTION. In both of these 
circuits, the audio amplifier type 1U5 or 
12AV6 has a 10-megohm resistor be- 
tween the grid and the negative filament 
or cathode to furnish the required bias 
which is usually less than 1 volt. This 
method of biasing is used principally in 
the early voltage amplifier stages (usu- 
ally employing high-mu triodes) of audio 
amplifier circuits, where the tube dissi- 
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pation will not be excessive under zero- 
signal conditions. 

A grid resistor is also used in many 
oscillator circuits for obtaining the re- 
quired bias. In these circuits, the grid 
voltage is relatively constant and its 
magnitude is usually in the order of 5 
volts or more. Consequently, the bias 
voltage is obtained only through grid 
rectification. A relatively low value of 
resistor, 0.1 megohm or less, is used. 
Oscillator circuits employing this method 
of bias are given in circuits 21-1 and 
21-4 in the CIRCUIT SECTION. 

Grid-bias variation for the rf and 
if 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. 84 and 85; (2) from a 

cathode resistance in series with the 
variable resistance used for regulation. 
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. 

Fig. 86 
A remote-cutoff type of tube should, 
therefore, be used in the controlled 

In most tubes employing a unipo- 
tential cathode, a positive grid current 
begins to flow when the grid is slightly 
negative and increases rapidly as the 
grid is made more positive, as shown in 
Fig. 87. The value of grid voltage at 
which positive grid current starts to flow 
is generally referred to as contact po- 
tential. Contact potential is caused by 

bleeder circuit by means of a potentiom- 
eter as shown in Fig. 86; or (3) from a 
bleeder circuit in which the bleeder cur- 
rent is varied by a tube used for auto- 
matic volume control. The latter circuit 
is shown in Fig. 60. 

In all cases it is important that the 
control be arranged so that at no time 

will the bias be less than the recom- 
mended minimum grid-bias voltage for 
the particular tubes used. This require- 
ment can be met by providing a fixed 
stop on the potentiometer, by connecting 
a fixed resistance in series with the vari- 
able resistance, or by connecting a fixed 

CONTACT POTENTIAL 
POINT 

the initial velocity of emission of elec- 
trons from the cathode and an electro- 
thermal effect due to the differences in 
temperature and in material composi- 
tion of the grid and the cathode. 

The value of the contact-potential 
voltage may be as high as 1}^ volts. If 
the operating bias of the tube is less than 
the contact potential, it is found that 
two effects are present. Direct current 
flows in the grid circuit, and the dy- 
namic input resistance of the tube may 
be relatively low. It is generally desir- 

59 



RCA Receiving Tube Manual 

able to supply the tube with a value of 
bias sufficiently high so that the tube is 
not operating within the contact-poten- 
tial region. When a tube must be oper- 
ated within this region, care should be 
taken to avoid undesirable effects in the 
grid circuit due to grid current or low 
input resistance. 

Screen-Grid Voltage Supply 
The positive voltage for the screen 

grid (grid No.2) of screen-grid tubes 
may be obtained from a tap on a voltage 
divider, from a potentiometer, or from 
a series resistor connected to a high-volt- 
age source, depending on the particular 
tube type and its application.The screen- 
grid voltage for tetrodes should be ob- 
tained from a voltage divider or a poten- 
tiometer rather than through a series 
resistor from a high-voltage source be- 
cause of the characteristic screen-grid 
current variations of tetrodes. Fig. 88 
shows a tetrode with its screen-grid volt- 
age obtained from a potentiometer. 

When pentodes or beam power tubes 
are operated under conditions where a 
large shift of plate and screen-grid cur- 
rents does not take place with the appli- 
cation of the signal, the screen-grid volt- 
age may be obtained through a series 
resistor from a high-voltage source.This 
method of supply is possible because of 

the cathode-biasing method, it mini- 
mizes the need for circuit adjustments. 
Fig. 89 shows a pentode with its screen- 
grid voltage supplied through a series 
resistor. 

When power pentodes and beam 
power tubes are operated under condi- 
tions such that there is a large change 
in plate and screen-grid currents with 
the application of signal, the series- 
resistor method of obtaining screen-grid 
voltage should not be used. A change in 
screen-grid current appears as a change 

the high uniformity of the screen-grid 
current characteristic in pentodes and 
beam power tubes. Because the screen- 
grid voltage rises with increase in bias 
and resulting decrease in screen-grid 
current, the cutoff characteristic of a 
pentode is extended by this method of 
supply. 

This method is sometimes used to 
increase the range of signals which can 
be handled by a pentode. When used in 
resistance-coupled amplifier circuits em- 
ploying pentodes in combination with 

in the voltage drop across the series 
resistor in the screen-grid circuit; the 
result is a change in the power output 
and an increase in distortion. The screen- 
grid voltage should be obtained from a 
point in the plate-voltage-supply filter 
system having the correct voltage, or 
from a separate source. 

It is important to note that the 
plate voltage of tetrodes, pentodes, and 
beam power tubes should be applied be- 
fore or simultaneously with the screen- 
grid voltage. Otherwise, with voltage on 
the screen grid only, the screen-grid cur- 
rent may rise high enough to cause 
excessive screen-grid dissipation. 

Screen-grid voltage variation for 
the rf amplifier stages has sometimes 
been used for volume control in older- 
type receivers. Reduced screen-grid volt- 
age lowers the transconductance of the 
tube and results in reduced gain per 
stage. The voltage variation is obtained 
by means of a potentiometer shunted 
across the screen-grid voltage supply. 
(See Fig. 88.) When the screen-grid volt- 
age is varied, it must never exceed the 
rating of the tube. This requirement can 
be met by providing a fixed stop on the 
potentiometer. 

Shielding 
In high-frequency stages having 
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high gain, the output circuit of each 
stage must be shielded from the input 
circuit of that stage. Each high-frequency 
stage also must be shielded from the 
other high-frequency stages. Unless 
shielding is employed, undesired feed- 
back may occur and may produce many 
harmful effects on receiver performance. 

To prevent this feedback, it is a 
desirable practice to shield separately 
each unit of the high-frequency stages. 
For instance, in a superheterodyne re- 
ceiver, each if and rf coil may be mounted 
in a separate shield can. Baffle plates 
may be mounted on the ganged tuning 
capacitor to shield each section of the 
capacitor from the other section. The 
oscillator coil may be especially well 
shielded by being mounted under the 
chassis. 

The shielding precautions required 
in a receiver depend on the design of the 
receiver and the layout of the parts. In 
all receivers having high-gain high-fre- 
quency stages, it is necessary to shield 
separately each tube in high-frequency 
stages. 'When metal tubes, and in partic- 
ular the single-ended types, are used, 
complete shielding of each tube is pro- 
vided by the metal shell which is 
grounded through its grounding pin as 
the socket terminal. The grounding con- 
nection should be short and sturdy. 
Many modern tubes of glass construc- 
tion have internal shields, usually con- 
nected to the cathode; where present, 
these shields are indicated in the socket 
diagram. 

Dress of Circuit Leads 
At high frequencies such as are en- 

countered in FM and television receiv- 
ers, lead dress, that is, the location and 
arrangement of the leads used for con- 
nections in the receiver, is very impor- 
tant. Because even a short lead provides 
a large impedance at high frequencies, 
it is necessary to keep all high-frequency 
leads as short as possible. This precau- 
tion is especially important for ground 
connections and for all connections to 
bypass capacitors and high-frequency 
filter capacitors. The ground connections 
of plate and screen-grid bypass capaci- 
tors of each tube should be kept short 
and made directly to cathode ground. 

Particular care should be taken 

with the lead dress of the input and out- 
put circuits of high-frequency stages so 
that the possibility of stray coupling is 
minimized. Unshielded leads connected 
to shielded components should be dressed 
close to the chassis. As the frequency in- 
creases, the need for careful lead dress 
becomes increasingly important. 

In high-gain audio amplifiers, these 
same precautions should be taken to 
minimize the possibility of self-oscil- 
lation. 

Filters 
Feedback effects also are caused in 

radio or television receivers by coupling 
between stages through common volt- 
age-supply circuits. Filters find an im- 
portant use in minimizing 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 cir- 
cuit. Fig. 90 illustrates several forms of 
filter circuits. Capacitor C forms the 

T0 

?TO CATHODE 

T-C C-—f 
TO CATHOOeT 

DC VOLTAGu LEAD 
-j-wtiwo 

T-c 
TO CATHODE f 

R = RE5ISTOR C = BYPAS5 CAPACITOR 
L=A F OR R F CHOKE 

low-impedance path, while the choke or 
resistor assists in diverting the signal 
through the capacitor by offering a high 
impedance to the power-supply circuit. 

The choice between a resistor and a 
choke depends chiefly upon the permis- 
sible dc voltage drop through the filter. 
In circuits where the current is small (a 
few milliamperes), resistors are practical; 
where the current is large or regulation 
important, chokes are more suitable. 

The minimum practical size of the 
capacitors may be estimated in most 
cases by the following rule: The imped- 
ance of the capacitor at the lowest fre- 
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quency 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, particu- 
larly at high frequencies, require high- 
quality capacitors. Mica or ceramic ca- 
pacitors 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 recti- 
fier tube. See Reclificaiion. A smoothing 

down is to be avoided. When the input- 
choke method is used, the available dc 
output voltage will be somewhat lower 
than with the input-capacitor method 
for a given ac plate voltage. However, 
improved regulation together with lower 
peak current will be obtained. 

Mercury-vapor and gas-filled recti- 
fier 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 

CHOKE-INPUT TYPE FILTER 

INPUT FROM RECTIFIER TUBE 

CARACltOR ■ INPUT TYRE FILTER 

INPUT FROM RCCTiriCR TUBE 

capacitor filter 

INPUT FROM RCCTIFICR TUBC 

I*FILTER CHOKE C" FILTER CAPACITOR 
Fig. 91 

filter usually consists of capacitors and 
iron-core chokes. In any filter-design 
problem, the load impedance must be 
considered as an integral part of the fil- 
ter because the load is an important 
factor in filter performance. Smoothing 
effect is obtained from the chokes be- 
cause they are in series with the load and 
offer a high impedance to the ripple volt- 
age. Smoothing effect is obtained from 
the capacitors because they are in paral- 
lel 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 capacitor-input ac- 
cording to whether a choke or capacitor 
is placed next to the rectifier tube. See 
Fig. 91. 

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

If an input capacitor is used, con- 
sideration must be given to the instan- 
taneous peak value of the ac input volt- 
age. This peak value is about 1.4 times 
the rms value as measured by an ac 
voltmeter. Filter capacitors, therefore, 
especially the input capacitor, should 
have a rating high enough to withstand 
the instantaneous peak value if break- 

caused by the formation of a steep wave 
front when plate current within the tube 
begins to flow on the positive half of 
each cycle of the ac supply voltage. 

There are several ways of elimi- 
nating this type of interference. One is 
to shield the tube. Another is to insert 
an rf choke having an inductance of one 
millihenry or more between each plate 
and transformer winding and to connect 
high-voltage, rf bypass capacitors be- 
tween the outside ends of the transformer 
winding and the center tap. (See Fig. 
92.) The rf chokes should be placed with- 
in the shielding of the tube.The rf bypass 

TO AC ; POWER LINE i 

ELECTROSTATIC SHIELD 
C»RF BYPASS CAPACITOR,MICA L'RF CHOKE 

Fig. 92 
capacitors should have a voltage rating 
high enough to withstand the peak volt- 
age of each half of the secondary, which 
is approximately 1.4 times the rms value. 

Transformers having electrostatic 
shielding between primary and second- 
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ary are not likely to transmit rf disturb- 
ances to the line. Often the interference 
may be eliminated simply by making 
the plate leads of the rectifier extremely 
short. In general, the particular method 
of interference elimination must be select- 
ed by experiment for each installation. 

Output-Coupling Devices 
An output-coupling device is used 

in the plate circuit of a power output 
tube to keep the comparatively high dc 
plate current from the winding of an 
electromagnetic speaker and, also, to 
transfer power efficiently from the out- 
put stage to a loudspeaker of either the 
electromagnetic or dynamic type. 

Output-coupling devices are of two 
types, (1) choke-capacitor and (2) trans- 
former. The choke-capacitor type in- 
cludes an iron-core choke having an 
inductance of not less than 10 henries 
which is placed in series with the plate 
and B-supply. The choke offers a very 
low resistance to the dc plate current 
component of the signal voltage but op- 
poses the flow of the fluctuating compo- 
nent. A bypass capacitor of 2 to 6 micro- 
farads supplies a path to the speaker 
winding for the signal voltage. The 
choke-coil output coupling device, how- 
ever, is now only of historical interest. 

The transformer type is constructed 
with two separate windings, a primary 
and a secondary wound on an iron core. 
This construction permits designing each 
winding to meet the requirements of its 
position in the circuit. Typical arrange- 
ments of each type of coupling device 
are shown in Fig. 93. Examples of trans- 
formers for push-pull stages are shown 

LOUDSPEAKER 

transformer method 
pe ..CRa-enf 

LOUDSPEAKER 

CHOKE-COIL METHOD 

in several of the circuits given in the 
CIRCUIT SECTION. 

High-Voltage Considerations for 
Television Picture Tubes 

Like other high-voltage devices, 
television picture tubes require that 
certain precautions be observed to mini- 
mize the possibility of failure caused by 
humidity, dust, and corona. 

Humidity Considerations. When 
humidity is high, a continuous film of 
moisture may form on the glass bulb im- 
mediately surrounding the ultor cavity 
cap of all-glass picture tubes or on the 
glass part of the envelope of metal pic- 
ture tubes. This film may permit spark- 
ing to take place over the glass surface 
to the external conductive coating or to 
the metal shell. Such sparking may in- 
troduce noise into the receiver. To pre- 
vent such a possibility, the uncoated 
bulb surface around the cap and the 
glass part of the envelope of metal pic- 
ture tubes should be kept clean and dry. 

Dust Considerations. The accumu- 
lation of dust on the uncoated area of 
the bulb around the ultor cap of all-glass 
picture tubes or on the glass part of the 
envelope or insulating supports for metal 
picture tubes will decrease the insulating 
qualities of these parts. The dust usually 
consists of fibrous materials and may 
contain soluble salts. The fibers absorb 
and retain moisture; the soluble salts 
provide electrical leakage paths that in- 
crease in conductivity as the humidity 
increases. The resulting high leakage 
currents may overload the high-voltage 
power supply. 

It is recommended, therefore, that 
the uncoated bulb surface of all-glass 
picture tubes and the coated glass sur- 
face and insulating supports for metal 
picture tubes be kept clean and free 
from dust or other contamination such 
as finger-prints. The frosted Filterglass 
faceplate of the metal picture tubes may 
be cleaned with a soapless detergent, 
such as Dreft, then rinsed with clean 
water, and immediately dried. 

Corona Considerations. A high- 
voltage system may be subj ect to corona, 
especially when the humidity is high, 
unless suitable precautions are taken. 
Corona, which is an electrical discharge 
appearing on the surface of a conductor 
when the voltage gradient exceeds the 
breakdown value of air, causes deterio- 
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ration of organic insulating materials 
through formation of ozone, and induces 
arc-over at points and sharp edges. Sharp 
points or other irregularities on any part 
of the high-voltage system may increase 
the possibility of corona and should be 
avoided. 

In the metal-shell picture tubes, the 
metal lip at the maximum diameter has 
rounded edges to prevent corona. Ade- 
quate spacing between the lip and any 
grounded element in the receiver, or be- 
tween the small end of the metal shell 
and any grounded element, should be 
provided to preclude the possibility of 
corona. Such spacing should not be less 
than 1 inch of air. Similarly, an air space 
of 1 inch, or equivalent, should be pro- 
vided around the body of the metal 
shell. As a further precaution to prevent 
corona, the deflecting-yoke surface on 
the end adjacent to the shell should pre- 
sent a smooth electrical surface with 
respect to the small end of the metal 
shell or the ultor terminal of all-glass 
tubes. 

Tube Manual ========== 

Picture-Tube Safety Considerations 
Tube Handling. Breakage of pic- 

ture tubes, which contain a high vacu- 
um, may result in injury from flying 
glass. Do not strike or scratch the tube 
or subject it to more than moderate 
pressure when installing it in or remov- 
ing it from electronic equipment. 

High-Voltage Precautions. In pic- 
ture-tube circuits, high voltages may ap- 
pear at normally low-potential points in 
the circuit because of capacitor break- 
down or incorrect circuit connections. 
Therefore, before any part of the circuit 
is touched the power-supply switch 
should be turned off, the power plug dis- 
connected, and both terminals of any 
capacitors grounded. 

X-Ray Radiation Precautions. All 
types of picture tubes may be operated 
at voltages (if ratings permit) up to 16 
kilovolts without producing harmful 
x-ray radiation or danger of personal 
injury on prolonged exposure at close 
range. Above 16 kilovolts, special x-ray 
shielding precautions may be necessary. 
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Interpretation of Tube Data 

The tube data given in the follow- 
ing TUBE TYPES SECTION include 
ratings, typical operation values, char- 
acteristics, and characteristic curves. 

The values for grid-bias voltages, 
other electrode voltages, and electrode 
supply voltages are given with reference 
to a specified datum point as follows: 
For types having filaments heated with 
dc, the negative filament terminal is 
taken as the datum point to which other 
electrode voltages are referred. For types 
having filaments heated with ac, the 
mid-point (i.e., the center tap on the fila- 
ment-transformer secondary, or the mid- 
point on a resistor shunting the filament) 
is taken as the datum point. For types 
having unipotential cathodes indirectly 
heated, the cathode is taken as the 
datum point. 

Ratings are established on electron 
tube types to help equipment designers 
utilize the performance and service capa- 
bilities of each tube type to best advan- 
tage. Ratings are given for those charac- 
teristics which careful study and experi- 
ence indicate must be kept within cer- 
tain limits to insure satisfactory per- 
formance. 

Three rating systems are in use by 
the electron-tube industry. The oldest 
is known as the Absolute Maximum 
system, the next as the Design Center 
system, and the latest and newest as the 
Design Maximum system. Definitions of 
these systems have been formulated by 
the Joint Electron Tube Engineering 
Council (JETEC)* and standardized by 
the National Electrical Manufacturers 
Association (NEMA) and the Electronic 
Industries Association (EIA) as follows: 

Absolute Maximum ratings are lim- 
iting values which should not be ex- 
ceeded with any tube of the specified 
type under any condition of operation. 
These ratings are used only in rare in- 
stances for receiving types, but are gen- 
erally used for transmitting and indus- 
trial types. 

Design Center ratings are limiting 
values which should not be exceeded 
with a tube of the specified type having 
characteristics equal to the published 
*Now identified as the Joint Electron Device En- 
gineering Council (JEDEC). 

values under normal operating condi- 
tions. These ratings, which include al- 
lowances for normal variations in both 
tube characteristics and operating con- 
ditions, were used for most receiving 
tubes prior to 1957. Unless specified 
otherwise, ratings given in the TUBE 
TYPES SECTION are based on the 
Design Center System. 

Design Maximum ratings are limit- 
ing values which should not be exceeded 
with a tube of the specified type having 
characteristics equal to the published 
values under any conditions of opera- 
tion. These ratings include allowances 
for normal variations in tube character- 
istics, but do not provide for variations 
in operating conditions. Design Maxi- 
mum ratings were adopted for receiving 
tubes in 1957. 

Electrode voltage and current rat- 
ings are in general self-explanatory, but 
a brief explanation of other ratings will 
aid in the understanding and interpre- 
tation of tube data. 

Heater warm-up time is defined as 
the time required for the voltage across 
the heater to reach 80 per cent of the 
rated value in the circuit shown in Fig. 
94. The heater is placed in series with a 

SUPPLY VOLTS RMS OR DC=4Ef E=0.e Ef (e) 

Ef= RATED HEATER VOLTAGE 
If= RATED HEATER CURRENT 

Fig. 94 
resistance having a value 3 times the 
nominal heater operating resistance 
(R = 3 Et/Ir), and a voltage having a 
value 4 times the rated heater voltage 
(V = 4 Ei) is then applied. The warm-up 
time is determined when E = 0.8 Ef. 

Plate dissipation is the power dissi- 
pated in the form of heat by the plate as 
a result of electron bombardment. It is 
the difference between the power sup- 
plied to the plate of the tube and the 
power delivered by the tube to the load. 
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Grid-No.2 (Screen-grid) Input is the 
power applied to the grid-No. 2 electrode 
and consists essentially of the power dis- 
sipated In the form of heat hy grid No.2 
as a result of electron bombardment. 
With tetrodes and pentodes, the power 
dissipated in the screen-grid circuit is 
added to the power in the plate circuit to 
obtain the total B-supply input power. 

When the screen-grid voltage is sup- 
plied through a series voltage-dropping 
resistor, the maximum screen-grid volt- 
age rating may be exceeded, provided 
the maximum screen-grid dissipation 
rating is not exceeded at any signal con- 
dition, and the maximum screen-grid 
voltage rating is not exceeded at the 
maximum-signal condition. Provided 
these conditions are fulfilled, the screen- 
grid supply voltage may be as high as, 
but not above, the maximum plate volt- 
age rating. 

For certain voltage amplifier types, 
as listed in the data section, the maxi- 
mum permissible screen-grid (grid-No.2) 
input varies with the screen-grid voltage, 
as shown in Fig. 95. (This curve cannot 
be assumed to apply to types other than 
those for which it is specified in the data 
section.) Full rated screen-grid input is 

permissible at screen-grid voltages up to 
50 per cent of the maximum rated screen- 
grid supply voltage. From the 50-per- 
cent point to the full rated value of sup- 
ply voltage, the screen-grid input must 
be decreased. The decrease in allowable 
screen-grid input follows a curve of the 
parabolic form. This rating chart is use- 
ful for applications utilizing either a 
fixedscreen-gridvoltageoraseriesscreen- 
grid voltage-dropping resistor. When a 
fixed voltage is used, it is necessary only 
to determine that the screen-grid input 
is within the boundary of the operating 
area on the chart at the selected value 
of screen-grid voltage to be used. When 
a voltage-dropping resistor is used, the 
minimum value of resistor that will as- 
sure tube operation within the boundary 
of the curve can be determined from the 
following relation: 

I> > Ef? (ECC2—Eca) = P C2 

where R:2 is the minimum value for the 
voltage-dropping resistor in ohms, Eca is 
the selected screen-grid voltage in volts, 
Ecca is the screen-grid supply voltage in 
volts, and Pea is the screen-grid input in 
watts corresponding to Eca. 

AREA OF 
PERMISSIBLE OPERATION 
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Peak heater-eathode voltage is the ditions involving a rapidly repeating 
highest instantaneous value of voltage duty cycle (steady load), the average 
that a tube can safely stand between its plate current may be measured with a 
heater and cathode. This rating is ap- dc meter. 
plied to tubes having a separate cathode Curves of average plate character- 
terminal and used in applications where istics for several half-wave vacuum 
excessive voltage may be introduced rectifiers are given in Figs. 96 and 97. 
between heater and cathode. These curves are shown solid up to the 

Maximum dc output current is the maximum average or dc plate-current 
highest average plate current which can rating of each type. The curves in Fig. 
be handled continuously by a rectifier 96 are for high-voltage types having 
tube. Its value for any rectifier tube type pulsed rectifier ratings. The curves in 
is based on the permissible plate dissipa- Fig. 97 are for damper tubes, 
tion of that type. Under operating con- 

AVERAGE PLATE CHARACTERISTICS 

•CURVE TOR 183-GT APPLIES TO THE " IX2-A WITHIN ITS MAXIMUM RATING 

AVERAGE PLATE CHARACTERISTICS 

I 

DC PLATE VOLTS 
Fig. 97 
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Maximum peak plate current is 
the highest instantaneous plate current 
that a tube can safely carry recurrently 
in the direction of normal current flow. 
The safe value of this peak current in 
hot-cathode types of rectifier tubes is a 
function of the electron emission avail- 
able and the duration of the pulsating 
current flow from the rectifier tube in 
each half-cycle. 

The value of peak plate current in 
a given rectifier circuit is largely deter- 
mined by filter constants. If a large 
choke is used at the filter input, the peak 
plate current is not much greater than 
the load current; but if a large capacitor 
is used as the filter input, the peak cur- 
rent may be many times the load cur- 
rent. In order to determine accurately 
the peak plate current in any rectifier 
circuit, measureit with a peak-indicating 
meter or use an oscillograph. 

Maximum peak inverse plate volt- 
age is the highest instantaneous plate 
voltage which the tube can withstand 
recurrently in the direction opposite to 
that in which it is designed to pass cur- 
rent. For mercury-vapor tubes and gas- 
filled tubes, it is the safe top value to 
prevent arc-back in the tube operating 
within the specified temperature range. 

Referring to Fig. 98, when plate A 
of a full-wave rectifier tube is positive, 
current flows from A to C, but not from 
B to C, because B is negative. At the in- 
stant plate A is positive, the filament is 
positive (at high voltage) with respect to 
plate B. The voltage between the posi- 
tive filament and the negative plate B is 

in inverse relation to that causing cur- 
rent flow. The peak value of this voltage 
is limited by the resistance and nature 
of the path between plate B and fila- 
ment. The maximum value of this volt- 

age at which there is no danger of break- 
down of the tube is known as maximum 
peak inverse voltage. 

The relations between peak inverse 
voltage, rms value of ac input voltage, 
and dc output voltage depend largely on 
the individual characteristics of the rec- 
tifier 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. Therefore, 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 calibrated cathode-ray 
oscillograph or a peak-indicating elec- 
tronic voltmeter is useful in determining 
the actual peak inverse voltage. 

In single-phase, full-wave circuits 
with sine-wave input and with no ca- 
pacitor across the output, the peak in- 
verse voltage on a rectifier tube is ap- 
proximately 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 capacitor in- 
put 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 deter- 
mination of peak inverse voltage requires 
the use of vectors. 

The Rating Chart for full-wave 
rectifiers presents graphically the rela- 
tionships between maximum ac voltage 
input and maximum dc output current 
derived from the fundamental ratings 
for conditions of capacitor-input and 
choke-input filters. This graphical pres- 
entation provides for considerable lati- 
tude in choice of operating conditions. 

The Operation Characteristics 
for a full-wave rectifier with capacitor- 
input filter show by means of boundary 
line the limiting current and voltage 
relationships presented in the Rating- 
Chart. 

The Operation Characteristics 
for a full-wave rectifier with choke-input 
filter not only show by means of bound- 
ary line the limiting current and volt- 
age relationships presented in the Rating- 
Chart, but also give some information 
as to the effect on regulation of various 
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sizes of chokes. The solid-line curves is being measured are grounded. In twin 
show the dc voltage outputs which would or multi-unit types, inactive units are 
be obtained if the filter chokes had in- also grounded. 
finite inductance. The long-dash lines The capacitance between the input 
radiating from the zero position are electrode and all other electrodes, except 
boundary lines for various sizes of chokes the output electrode, connected together 
as indicated. The intersection of one of is commonly known as the input capaci- 
these lines with a solid-line curve indi- tance. The capacitance between the out- 
cates the point on the curveat which the put electrode and all other electrodes, 
choke no longer behaves as though it except the input electrode, connected 
had infinite inductance. To the left of together is known as the output capaci- 
the choke boundary line, the regulation tance. 
curves depart from the solid-line curves 
as shown by the representative short- 
dash regulation curves. 

Typical Operation Values. Values 
for typical operation are given for many 
types in the TUBE TYPES SECTION. 
These typical operating values are given 
to show concisely some guiding informa- 
tion for the use of each type. These val- 
ues should not be confused with ratings, 
because a tube can be used under any Fig. 99 
suitable conditions within its maximum 
ratings, according to the application. Hum and noise characteristics of 

The power output value for any high-fidelity audio amplifier tube types 
operating condition is an approximate such as the 7025 and the 7199 are tested 
tube output—that is, plate input minus in an amplifier circuit such as that shown 
plate loss. Circuit losses must be sub- in Fig. 99. The output of the test circuit 
tracted from tube output in order to is fed into a low-noise amplifier. The 
determine the useful output. bandwidth of this amplifier depends on 

Characteristics are covered in the the characteristic being measured. If 
ELECTRON TUBE CHARACTER- hum alone is being tested, a relatively 
ISTICS SECTION and such data should narrow bandwidth is used to includeboth 
be interpreted in accordance with the the line frequency and the major har- 
definitions given in that section. Char- monies generated by the tube under test, 
acteristic curves represent the charac- In noise or combination hum-and-noise 
teristics of an average tube. Individual measurements, the bandwidth is defined 
tubes, like any manufactured product, in the registration of the tube type, 
may have characteristics that range The amplifier gain is calibrated so 
above or below the values given in the that the vacuum-tube voltmeter meas- 
characteristic curves. ures hum and noise in microvolts refer- 

Although some curves are extended enced to the grid of the tube undertest. A 
well beyond the maximum ratings of the pentode can also be evaluated in this 
tube, this extension has been made only manner by the addition of a screen-grid 
for convenience in calculations. Do NOT supply adequately bypassed at the tube 
operate a tube outside of its maximum screen-grid pin connection. Power-sup- 
ratings. ply ripple at the plate of the tube under 

Interelectrode capacitances are di- test must be negligible compared to its 
rect capacitances measured between hum and noise output. Extraordinary 
specified elements or groups of elements shielding of both the test socket and the 
in electron tubes. Unless otherwise indi- associated operating circuit is required 
cated in the data, all capacitances are to minimize capacitances between heater 
measured with filament or heater cold, leads and high-impedance connections, 
with no direct voltages present, and with The test-circuit components are de- 
no external shields. All electrodes other termined by the tube type being tested 
than those between which capacitance and the type of hum to be controlled. 

TRUE RMS VACUUM-TUBE VOLTMETER 
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Heater-cathode hum can be eliminated creasing or decreasing the grid resistance 
from the measurement by closing Si. Rg. No circuit changes affect the com- 
The circuit can also be made more or ponent of magnetic hum generated by 
less sensitive to heater-grid hum by in- the tube. 

TYPICAL TUBE-PART MATERIALS 

11 r s 

I . UN VELOPE—Lime glass 
2. SPACER—Mica sprayed with magne- 

sium oxide 
3. PLATE—Carbonized nickel or nickel- 

plated steel 
I. GRID WIRES — Manganese-nickel or 

molybdenum 
3. GRID SIDE-RODS—Chrome copper, 

nickel, or nickel-plated iron 
6. CATHODE—Nickel coated with bar- 

ium-calcium-strontium carbonates 
7. HEATER—Tungsten or tungsten-mo- 

lybdenum alloy with insulating coat- 
ing of alundum 

8. CATHODE TAB—Nickel 
9. MOUNT SUPPORT—Nickel or nick- 

el-plated iron 
10. GETTER SUPPORT AND LOOP 

Nickel or nickel-plated iron 
11. GETTER—Barium-magnesium alloys 
12. HEATER CONNECTOR—Nickel or 

nickel-plated iron 
13. STEM LEAD-IN WIRES—Nickel. 

dumet, copper 
14. PRESSED STEM—Lead glass 
15. BASE—Bakelite 
16. BASE PINS—Nickel-plated brass 
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In the accompanying chart, RCA the ratio, in per cent, of the negative 
receiving tubes are classified in two ways, control-grid voltage to the screen-grid 
(a) by function, and (b) by structure voltage (or, for triodes, the plate vol- 
(diode, triode, etc.). The functional clas- tage) as given in the characteristics or 
sification covers the 18 principal types typical operation values. These terms 
of application. These applications are are defined as follows: sharp-cutoff— less 
listed below for your convenience in than 10 per cent; semiremote-cutoff—10 
using the chart. or more but less than 20 per cent; re- 

Tube types are grouped by struc- mote-cutoff— 20 per cent, or more, 
ture under each classification; they are For more complete data on these 
also keyed to indicate whether they are types, refer to the TUBE TYPES 
miniature, octal, nuvistor, ornoval types. TECHNICAL DATA SECTION. When 

Triodes are designated as low-, me- choosing a tube type, refer to the list- 
dium-, or high-mu on the following basis: ing of Types Not Recommended for New 
low-mu—mu less than 10; medium-mu Equipment Design on the inside back 
—mu 10 or more, but less than 50; high- cover. 
mu—mu 50 or more. Where applicable, For information on picture tubes, 
tubes are designated as sharp-, semi- refer to the RCA PICTURE TUBE 
remote-, or remote-cutoff on the basis of CHARACTERISTICS CHART. 

1. Voltage Amplifiers 
2. Power Amplifiers 
3. Converters 
4. Mixer-Oscillators 
5. CHF Oscillators 
6. HK Oscillators 

With Twin Diodes 
. 12FK6 

With Medium-Mu Triode 
. 12AE7 

APPLICATIONS: 
7. Mixers 
8. Electron-Ray Tubes 
9. Gated Amplifiers 

10. Complex-Wave Generators 
11. Regulators (High-Voltage, 

Low Current) 
12. FM Detectors 

Twin Unit 
• 4BC8 
• 4BQ7-A 
• 4BS8 
• 4BZ7 
• SBK7-A 
• SBQ7-A 
• 5J6 
• 6BC8 
• 6BK7-B 
• 6BQ7-A 
• 6BS8 
• 6BZ7 
• 6BZ8 

13. Relay-Control 
14. Television Deflection 
15. Power-Supply Rectifiers 
16. High-Voltage Rectifiers 
17. Damper Tubes 
18. Detector Diodes 

o 6C8-G • 8FQ7 
• 6CG7 • 9ATJ7 
o 6F8-G o 12AH7-GT 
• 6FQ7 • 12AU7-A 
• 6FW8 • 12AV7 
• 6J6 • 12AY7 
• 6J6-A • 12BH7-A 
o 6SN7-GTB o 12SN7-GT 

7AF7 o 12SN7-GTA 
• 7AU7 • 12U7 

7F8 14AF7 
7N7 14F8 

• 8CG7 • 19J6 With Pentode 

1. VOLTAGE AMPLIFIERS 
Low-Mu Triodes 

Single Unit 
• 12B4-A 27 

o 6AD7-G 6F7 With Twin Diodes 
* 6BF6 o 6R7 • 12BF6 

Medium-Mu Triodes • 6BJ8 o 6SR7 • 12FM6 
, rT . •6BV8 • 12AE6-A o 12SR7 Single Unit 

1LE3 • 6BC4 o 6J5 With Low-Mu Triode 
• 2BN4 • 6BN4 o 6JS-GT • 12AE7 
• 2BN4-A . 6BN4-A 7A4 
• 3BN4 o 6C5 o 12J5-GT With High-Mu Triode 
• 3BN4-A • 12DW7 • 7247 

• Miniature o Octal >Nuvistor ► Novar •Miniature o Octal >Nuvistor ► Novar 
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VOLTAGE AMPLIFIERS (cont'd) 
Mediiun-Mu Triodes (cont'd) 

With Tetrode 
• 5CL8-A • 6CQ8 * 12DY8 
• SCOB •9CL8 •J9CI.8-A 
• 6CL8-A 

With Pentode 
• SATS 
- 5AV8 
• SB8 
• SBE8 
• 5BR8 
• 5CG8 
• SEAS 
• SEES 
• 5U8 
• 5X8 
• 6AN8 
• 6AN8-A 
• 6AT8-A 

• 6AIi8 
• 6AU8-A 
• 6AX8 
• 6AZ8 
• 6BA8-A 
• 6BH8 
• 6BR8 
• 6BR8-A 
• 6CG8-A 
• 6 CHS 
• 6CU8 
• 6CX8 
• 6EA8 

With Pentode and, Diode 
• 12 PR 8 

High-.Vfu Triodes 
Single Unit 

Twin Unit 
> 6AQ8 • 12AT7 
• 6DT8 • 12AX7 
. 6ELf7 • 12AX7-A 
> 6SC7 • 12AZ7 
> 6SL7-GT • 12AZ7-A 

7P7 • 12BZ7 
Triple Unit 

• 6EZ8 • 6GY8 
With Diode 

> i H5-GT 1LIU 
With Twin Diodes 

• 3AV6 
* 4AV6" 
• 6AQ6 
o 6A07-GT 
• 6AT6 
* 6AV6 
• 6BN8 
* 6CN7 
* 6FM8 
o 6Q7 
o 6Q7-GT 

o 6SQ7 
o 6SQ7-GT 

7B6 
7C6 
7K7 
7X7 

• 8BN8 
• 8CN7 
• 9BR7 
• 12AJ6 
• 12AT6 

• 6EH8 
• 6EG8 
• 6U8-A 
• 6X8 
• 8AU8 
• 8BA8-A 
• 8BH8 
• 8CX8 
• 9U8-A 
• 12CT8 
• 12EC8 
• 19EA8 
ft 7199 

• 6GK5 
c 6SF5 
o 6SF5-GT 

7B4 
o12SF5 

• 12DT8 
c 12SC7 
o 12SL7-GT 

14F7 
• 20EZ7 
• 7025 

• 12AV6 
• 12BR7 
• 12EL6 
o 12Q7-GT 
o 12SQ7 
o 12SQ7-GT 

14B6 
• 14GT8 
• 18FY6 
• 18FY6-A 
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With Triple Diodes 
• 5T8 • 6T8-A 
o 6S8-GT 

With Medium-Mu Triode 
• 12DW7 • 7247 

With Pentode 
• 5 CMS • 6GN8 
• 5DH8 • 6HF8 
• 6AW8-A • 8AW8-A 
• 6 CMS • 8EB8 
• 6EB8 

Variable-Mu Triodes 
Twin Unit 

• 4ES8 • 6ES8 

Sharp-Cutoff Tetrodes 
Single Unit 

• 8GN8 
• IOCS 
• 10HFS 
• 35DZ8 

• Miniature o Octal >Nuvistor ► Novar 

• 2CY5 • 4CY5 • 6EV5 
• 3CY5 • 6CY5 • 6FV6 
• 3EA5 • 6EA5 24-A 

With Triode 
• 5CL8-A • 6CL8-A • 9CL8 
• 5CQ8 • 6CQ8 • 19CL8-A 

Sharp-Cutoff Pentodes 
Single Unit 

1LN5 • 6AK5 o 6SJ7-GT 
o 1N5-GT • 6AU6 7AG7 
• 1U4 • 6AU6-A 7 AH 7 
• 3AL:6 • 6BC5 7C7 
• 3BCS • 6BH6 7G7 
• 3CB6 6C6 7V7 
• 3CES • 6CB6 7W7 
• 3CF6 • 6CB6-A • 12AL:6 
• 3DK6 • 6CE5 • UA\sb 
• 4AU6 • 6CF6 • 12BV7 
• 4BCS • 6DC6 • 12BY7-A 
• 4CB6 • 6DE6 o 12J7-G I 
• 4DE6 • 6DK6 o12SJ7 
• 4EVV6 • 6E\V6 o 12SH7 
• 5EVV6 c 6J7 14C7 
o 6AB7 c 6J7-GT • 18GD6-A 
o 6AC7 o 6SH7 • 5879 
• 6AG5 o 6SJ7 • 7543 
• 6AH6 

Twin Unit 
• 3BU8 • 4GS8/4BL/8 • 6HS8 
• 4BU8 • 6BU8 

With Diode 
1LD5 • SAMS • 6 ASS 

• 1S5 • 5AS8 • 6BY8 
• 1U5 • 6AM 8-A 

• Miniature c Octal >Nuvistor > Nova 
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• 5 AN 8 
• SATS 
• 5AV8 
• 5B8 
• 5BE8 
• 5BR8 
• 5CG8 
• 5 CM 8 
• 5DHS 
• SEAS 
• 5Eli8 
• 5E\ 8 
• 5U8 
• 5X8 
• 6AN8 
• 6AN8-A 
• 6AT8-A 
• 6AIJ8 

6AU8-A 
6AW8-A 
6AZ8 
6BA8-A 
6BH8 
6BR8 
6BR8-A 
6CG8-A 
6CH8 
6CM8 
6CU8 
6CX8 
6EA8 
6EB8 
6EH8 
6EU8 
6FV8 

• 6GN8 
• 6HF8 
• 6U8-A 
• 6X8 
• 8AU8 
• 8AW8-A 
• 8BA8-A 
• 8BH8 
• 8CX8 
• 8EB8 
• 8GN8 
• 9U8-A 
• IOCS 
• 10HF8 
• 12CT8 
• 19EA8 
• 7199 

Pentagnd 

Beam Tubes 

2. POWER AMPLIFIERS 
Low-Mu I nodes Semiremote-Cutoff Pentodes 

• 3BZ6 • 6BZ6 
• 4BZ6 • 6GM6 
• 5GM6 o 6SG7 

7H7 
• 12BZ6 
o 12SG7 YTedium-Mu Tnodes 

o 6N7-GT 
With Tnode 

High-Mu Tnodes 
Single Unit Remote-Cutoff Pentodes o 6AC5-GT 

1LG5 
• 1T4 
• 3BA6 
• 6BA6 
• 6BD6 
• 6BJ6 

6D6 
o 6K7 
o 6K7-G1 
o 6S7 
o 6SK7 

o 6SK7-GT 
c 6SS7 

7A7 
7B7 

• 12AC6 
• 12AF6 
• 12BA6 
• 12BD6 
• 12BL6 
• 12CN5 
• 12CX6 

• 12DZ6 
• 12EA6 
• 12EK6 
o 12K7-GT 
o 12SK7 
o 12SK7-GT 

14A7 
• 18FW6 
• 18FW6-A 

78 

With Diode 

With Twin Diode 
• 12DK7 • 12DS7 
• 12DL8 • 12DU7 With Diode 

• 6CR6 
• 6EQ7 
c 6SF7 

• 12CR6 
• 12DE8 
• 12EQ7 

o12SE7 
• 20EQ7 With. Triode 

• Miniature 
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Beam Power Tubes 
Single Unit 

With Triode 
12FX8 

o 6V6-GT 
o 6V6-GTA 
o 6W6-GT 
o 6Y6-G 
o 6Y6-GA 

7A5 
7C5 

• 12AB5 
• 12AQ5 
• 12BK5 
• i2CA5 
• 12CU5/J2C5 
• 12DB5 
• J2ED5 
o 12L6-GT 
o 12V6-GT 
o 12W6-GT 
• 25BK5 

• 25C5 
• 25CA5 
o 25L6 
o 2SL6-GT 
• 34GD5 
• 34GD5-A 

35 A5 
• 35B5 
• 35C5 
• 35GL6 
o 35L6-GT 

50A5 
• 5065 
• 50C5 
o 50FE5 
o 50L6-GT 
o 5881 
• 6973 
o 7027-A 

3LF4 
o 3Q5-GT 
• 5AQ5 
o 5V6-GT 
• 6AQ5-A 
• 6AS5 
• 6BF5 
• 6BK5 
• 6CA5 
• 6CM6 
• 6CU5 
• 6DB5 
o 6DG6-G 1 
• 6DS5 
o 6FE5 
o 6L6 
o 6L6-GB 
o 6L6-GC 
o 6V6 

4. MIXER-OSCILLATORS 
Triode-Tetrodes 
• 5CL8-A • 6CL8-A 
• 5CQ8 •6CQ8 

• 9CL8 
• 19CL8-A 

Triode-Pentodes 
• 5X8 
• 6AT8-A 
• 6BR8 
• 6BR8-A 
• 6CG8-A 
• 6EA8 
• 6EH8 
• 6EU8 o 117P7-GT o 117N7-GT 

U7L7-GT/ 
117M7-GT Tnode-Hcxodes 

o 6K8 o I2K8 
Pentodes 

Single Unit 
O ] A5-GT 
; 1C5-GT 

1LB4 
• iS4 
• 3Q4 
• 384 
• 3V4 
o 6AG7 
• 6AR5 
• 6BQ5 
• 6CL6 

Tnode-Hcptodcs 
7J7 • 6EH5 

o 6F6 
o 6F6-G 
o 6F6-GT 
o 6G6-G 
o 6K6-GT 

7B5 
• 8BQ5 
• 12DQ7 
• J2EH5 
• 25EH5 

► 32ET5 
• 35EH5 

41 
42 
43 
47 

• 50EH5 
• 50FK5 
• 60FX5 
• 7189 
► 7868 

5. UHF OSCILLATORS 
Triodes 

Single Unit 
• 2AF4-A 
• 2AF4-B 

• 3AF4-A 
• 6AF4 

• 6AF4-A 
• 6T4 

6. HF OSCILLATORS 
Triodes 

Single Unit 

3. CONVERTERS 
Pentagrid 

Single Unit 

Twin Unit 
6J6 

o 6A8-GT 
• 6BA7 
• 6BE6 
3 6SA7 
o 6SA7-GT 
o 6SB7-Y 

7B8 
7Q7 

o 12A8-GT 

• 12AD6 
• 12BA7 
• 12BE6 
• 12GA6 
o 12SA7 
o 12SA7-GT 

14Q7 
• 18FX6 
• 18FX6-A 

o 1A7-GT 
• 1L6 

1LA6 
ILC6 

• 1R5 
• 3BE6 

6A7 
d 6A8 
o 6A8-G 

7. MIXERS 
Twin Triodes 
• 19J6 

Pentagrid 
o 6L7 

t> Nuvistor * Novar 
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8. ELECTRON-RAY TUBES 
Single Indicator 

With Triode 
6AB5 6N5 6V5 • E 
6E5 

Twin Indicator 
o 6AF(S-G 

Triple Indicator 

► EM84/6FG6 

14. TELEVISION DEFLECTION 
Horizontal-Deflection Oscillators 
Medium-Mu Twin Triodes 
• 6CG7 • 8CG7 • 12ATJ7-A 
• 6FQ7 • 8FQ7 • 12BH7-A 
o 6SN7-GTB • 9AU7 o 12SN7-GTA 
• 7AU7 

Medium-Mn Triode—Sharp-Cutoff Pentode 

9. GATED AMPLIFIERS 

Pentagrid 

10.COMPLEX-WAVE GENERATORS 
Diode—Sharp-Cutoff Twin-Plate Tetrode 
• 6FA7 

Medium-Mu Triode—Three-Plate Tetrode 
• 6FH8 

High-Mu Twin Double-Plate Triode 
• 12108 

11. REGULATORS 
(High-Voltage, Low-Current) 

Beam Triode 

Horizontal 
Beam Power 
o 6AF5-GT 
o 6AV5-GA 
o 6BG6-G 
o 6BG6-GA 
o 6BQ6-GTB 

6CU6 
o 6CB5-A 
o 6CD6-GA 
o 6DN6 
o 6DQ5 
o 6DQ6-A 
o 6DQ6-B 
o 6EX6 
► 6GJ5 

-Deflection Amplifiers 
Tubes (Single Unit) 

*■ 6GT5 o 17DQ6-B 
o 6GW6 ► 17GJ5 
o 12AV5-GA ► 17GT5 
o 12BQ6-GTB o 17GW6 

12CU6 o 18A5 
o 12DQ6-A o 19BG6-GA 
o 12DQ6-B o 21EX6 
o 12GC6 o 25AV5-G^ 
► 12GJ5 o 25BQ6-GT 
► 12GT5 25CU6 
o 12GW6 o 25CD6-CB 
o 17BQ6-GTB o 25DN6 
o 17DQ6-A o 25EC6 

Vertical-Deflection 
Oscillators and Amplifiers 

Medium-Mu Twin Triodes 
o 6BL7-GTA 
o 6BX7-GT 
o 6SN7-GTB 

• 7AU7 
• 9AU7 
• 12AU7-A 

• 12BH7-A 
o 12SN7-GTA 

Medium-Mu Dual Triodes 
• 6CM7 o 6DN7 
• 6CS7 

12. FM DETECTOR 
Pentodes 
• 3DT6 
• 3DT6-A 
• 4DT6 

• 4DT6-A 
• 6DT6 

• 6DT6-A 
• 6GX6 

13. RELAY-CONTROL 
Twin Triodes 

Tetrode {With Triode) 
. 12DY8 

Medium-Mu Triode—Low-Mu Triode 

High-Mu Triode—Low-Mu Triode 
• 6CY7 o 6EM7 • 11CY7 
• 6DR7 • 10DR7 • 13DR7 
• 6EA7 o 10EM7 o 13EM7 

Hi-Mu Triode—Sharp-Cutoff Pentode 

Vertical-Deflection Oscillators 
Triode With Pentode 
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TELEVISION DEFLECTION 
Vertical-Deflection Oscillators 

(cont'd) 
Medium-Mu Twin Triodes 
• 6CG7 • 8CG7 • 8FQ7 
• 6FQ7 

Vertical-Deflection Amplifiers 
Low-Mu Triodes 
o 6AH4-GT o 6CK4 • 12B4.A 

Medium-Mu Triodes 

Medium-Mu Triode With Twin Diodes 

Voltage-Doubler Types 
25Z5 

o 25Z6-GT 
50X6 

o 50Y6-GT 
o 50Y7-GT 
o 117Z6-GT 

Full-Wave Gas Types 

16. HIGH-VOLTAGE RECTIFIERS 
Half-Wave Vacuum Types 
(For low-current pulsed or rf rectifier 

applications.) 
• 1AX2 o 1K3 • 1X2-B 
o 1B3-GT o 1N2-A • 3A2 
o 1G3-GT/ • IV2 o 3A3 

1B3-GT • 1X2-A o 3B2 
o 1J3 

Beam Power Tubes 
• 5CZ5 
• 6AQ5-A 
• 6BF5 
• 6CM6 
• 6CZ5 
• 6DB5 

Pentodes 
o 6K6-GT 

• 6DT5 
• 6DW5 
• 6EM5 
o 6EY6 
o 6EZ5 
o 6V6-GTA 

o 7EY6 
• 8EM5 
• 12DB5 
• 12DT5 
o 12EN6 
• 12R5 

15. POWER-SUPPLY RECTIFIERS 

Half-Wave Vacuum Types 
Single Unit 

1-v o 35Z4-GT •36AM3-B 
• 35W4 o 35Z5-GT • 50DC4 

35Y4 • 36AM3 • 11723 
35Z3 • 66AM3-A 

With Beam Power Tube 
o 70L7-GT o 117L7-GT/ o 117N7-GT 

117M7-GT o 117P7-GT 

Full-Wave Vacuum Types 
o 3DG4 o 5X4-G 7Y4 
o 5AS4-A o 5Y3-GT 7Z4 
g 5AU4 o 5Y4-GA • 12BW4 
o 5AW4 o 5Y4-GT • 12X4 

5AZ4 5Z3 25Z5 
- 5BC3 o 5Z4 o 25Z6-GT 
o 5DJ4 o 6AX5-GT 50X6 
o 5T4 • 6BW4 o 50Y6-GT 
3 5!;4-G o 6BY5-GA o 50Y7-GT 
o 5U4-GB • 6CA4 80 
o 5V3 • 6X4 84/6Z4 
o 5V3-A o 6X5-GT o 117Z6-GT 

17. DAMPER TUBES 
Half-Wave Vacuum Types 
• 6AF3 
o 6AU4-GTA 
o 6AX4-GT 
o 6AX4-GTB 
► 6AY3 
► 6BH3 
o 6DA4 
o 6DE4 
o 6DM4 
• 6V3-A 
o 6W4-GT 

• 12AF3 
o 12AX4-GTA 
o 12AX4-GTB 
► 12 AY 3 
o 12D4 
o 12DM4 
o 17AX4-GT 
o 17AX4-GTA 
^ 17AY3 
► 17BH3 

Full-Wave Vacuum Type 

18. DETECTOR DIODES 
Vacuum Types 
(For diode detectors with amplifier units, see 
VOLTAGE AMPLIFIERS ami POWER 
AMPLIFIERS.) 

Single Unit 

Twin Unit 

Triple Unit 

• 12AL5 
o 12H6 
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RCA Tube Types—Technical Data 

This section contains technical descriptions of RCA tubes used in standard 
broadcast, FM, and television receivers, in audio amplifiers, and in many other 
diverse applications. It includes data on current types, as well as information on 
those RCA discontinued types in which there may still be some interest. Unless 
specified otherwise, the ratings given are based on the Design Center system. Infor- 
mation on picture tubes is shown at the end of this section. 

In choosing tube types for the design of new electronic equipment, the designer 
should refer to the inside back cover for a listing of RCA Tube Types Not Rec- 
ommended for New Equipment Design. 

Tube types are listed in this section according to the numerical-alphabetical- 
numerical sequence of their type designations. For Key: Basing Diagrams, see 
inside front cover. 

0Z4 

0Z4-A 

0Z4-G 

pdi FULL-WAVE GAS RECTIFIER 
Ys. Metal types OZ4 and OZ4-A and glass octal 

(- ' \ type OZ4-G are used in vibrator-type B-supply Pd2/ | units. Both have ionically heated cathodes, re- A A 
P * quire octal sockets, and may be mounted in any 

N(i£A. \ position.OZ4andOZ4-A,OutUne2,OUTLINES 
SECTION. OZ4-G dimensions: maximum over- A. 

vly all length, 2-5/8 inches; maximum diameter, 
s:oza-a 1-1/16 inches; T-7 bulb; dwarf-shell octal 5-pin Nc :0Z4~G base. Base of OZ4-G has no pin No. 2. Shell of OZ4 

and OZ4-A and external shield of OZ4-G should be grounded. Filters may be necessary to eliminate ob- 
jectionable noise. Ratings for full-wave rectifier service: OZ4 and OZ4-G, peak starting supply volts 
(per plate), 300 rain; peak inverse plate voltage (per plate), 880 max; dc output ma. (per plate), 270 
max; dc output ma., 90 max, 30 min; dc output volts, 275; tube voltage drop for plate ma. = 90 (per 
plate), 24 volts. For OZ4-A, peak starting supply volts (per plate), 300 min; peak inverse plate voltage 
(per plate), 880 max; peak plate ma. (per plate), 330 max; dc output ma., 110 max, 30 min; dc outpui 
volts, 310 rnax; tube voltage drop for plate ma. = 110 (per plate), 24 volts. These types are used prin- 
cipally for renewal purposes. 

DIODE 
Miniature type used as detector 

tube in portable FM receivers and in 
portable high-frequency measuring 
equipment. Outline 11, OUTLINES 
SECTION. Tube requires miniature 
seven-contact socket. Heater volts 
(ac/dc) 1.4; amperes, 0.15. 

Maximum Ratings: 
Peak Inverse Plate Voltage. .., 
Peak Plate Current  
DC Output Current  
Peak Heater-Cathode Voltage. 

HALF-WAVE RECTIFIER 

Typical Operation {With Capacitor-Input Filter): 
AC Plate-Supply Voltage (rms)  
Filter-Input Capacitor  
Minimum Total Effective Plate-Supply Impedance. 

REMOTE-CUTOFF PENTODE 
Glass type used in battery-operated re- 

ceivers as rf or if amplifier. This type is similar 
electrically to type 1D5-GP. Outline 40, OUT- 
LINES SECTION. Tube requires four-contact 
socket. Filament volts (dc), 2.0; amperes, 0.06. 
Type 1A4-P is a DISCONTINUED type listed 
for reference only. 
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POWER PENTODE 
C2" Gl Glass octal type used in output stage of bat- (4) (T) 

tery-operated receivers. Outline 22, OUTLINES 
n m jp SECTION. This type may be supplied with pin P(3^|ZL \\ 

I No.l omitted. Tube requires octal socket and f Lmil \ 
may be mounted in any position. For filament  f J-n 
considerations, refer to type 1U4. Filament volts 
(dc), 1.4; amperes, 0.05. Typical operation as ^ 
class Ai amplifier: plate and grid-No.2 volts, 90 W v®J 
(110 max); grid-No.l volts, -4.5; peak af grid- Nc 

No.l volts, 4.6; plate ma., 4.0; grid-No.2 ma., 1.1; plate resistance (appro*.), 0.3 megohm; transcon- 
ductance, 850 ^mhos; load resistance, 25000 ohms; power output, 115 milliwatts. Type 1A5-GT is used 
principally for renewal purposes. 

PENTAGRID CONVERTER 
Glass type used in battery-operated re- 

ceivers. This type is identical electrically with 
type 1D7-G, except for interelectrode capaci- 
tances. Outline 40, OUTLINES SECTION. 
Tube requires six-contact socket. Filament volts 
(dc), 2.0; amperes, 0.06. Type 1A6 is a DISCON- 
TINUED type listed for reference only. 

PENTAGRID CONVERTER 
<Tl O01 

Glass octal type used in superheterodyne 
circuits having battery power supplies. Outline P^aV^-y—-1 /x6)G2 

4 /"^T 23, OUTLINES SECTION. Tube requires octal 
| socket and may be mounted in any position. ( EErir / 

Filament volts (dc), 1.4; amperes, 0.05. Typical 
operation as converter: plate and grid-No.2 volts, F p 

90 (110 max);^ grids-No.3-and-No.5 supply volts, (Jj ■ {e) 
110max,*grids-No.3-and-No.5 volts,45 (60moa:); ^ NC 
grid-No.4 volts, 0; grid-No.l resistor, 0.2 meg- 

ohm; plate resistance (approx.), 0.6 megohm; plate ma., 0.6; grids-No.3-and-No.5 ma., 0.7; grid-No.2 
ma., 1.2; grid-No.l ma., 0.035; total cathode ma., 2.5 (4 wax); conversion transronduelance, 250 
/iinhos. This type is used principally for renewal purposes. 

POWER PENTODE f- F+ 
Subminiature type used in output stage of G3/^N 

small, compact, battery-operated receivers for 'ts.z-v.nc 
the standard AM broadcast band. Outline 8, \£f I fVv6) 

1 OUTLINES SECTION. Tube requires sub- | "mL\Y^ 
miniature eight-contact socket. Filament volts 5,(5v—r A yw}? 
(dc), 1.25; amperes, 0.04. Filament voltage \/\i V/ 
should never exceed 1.6 volts. Typical operation (yW 
as Class A1 amplifier: plate and grid-No.2 volts, NC^ 
67.5 ?nax; grid-No.l volts, -4.5; peak af grid- 

No.J volts, 4.5; zero-signal plate ma., 2; zero-signal grid-No.2 ma., 0.4; cathode ma., 4 wax," plate 
resistance, 0.16 megohm; transconductance, 750 jimhos; load resistance, 25000 ohms; total harmonic 
distortion, 10 per cent; maximum-signal power output, 50 milliwatts. This is a DISCONTINUED typo 
listed for reference only. 

SHARP-CUTOFF PENTODE 
Subminiature type used as rf or if amplifier F- f"+ 

In stages not controlled by avc in small, com- G3.|SDO _ (s) 
pact, battery-operated receivers for the stand- 

1AD5 ard AM broadcast band. Outline 8, OUTLINES ) M"\y SECTION. Tube requires subminiature eight- _| ' IIlL 
contact socket. Filament volts (dc), 1.25; am- xsZl \ 
peres, 0.04. Filament voltage should never ex- ' vA 
ceed 1.6 volts. Characteristics as class Ai 
amplifier: plate and grid-No.2 volts, 67.5 wax; NC 2 

grid-No.l volts, 0; plate resistance, 0.7 megohm; transconductance, 735 ^mhos; total cathode ma., 
4 ?w2.r; plate ma., 1.85; grid-No.2 ma., 0.75. This is a DISCONTINUED type lislod for reforenceonly. 
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f HALF-WAVE VACUUM RECTIFIER r (^1 P P" Miniature type used as rectifier of high- 
V] / /[\ voltage pulses produced in the scanning systems 

(Sy y-£- \2)l*C 0f television receivers. Outline 17, OUTLINES 
l/J I SECTION. Tube requires miniature nine-con- ^ Jk XA O 

rCDWi y\ /}($)? tact soc^Gt- Socket terminals 3 and 7 may be I connected to the filament, or used as tie points 
p for the filament-dropping resistor; otherwise they 
IS IS should not be used. Filament volts (ac), 1.4; 

amperes, 0.65. Maximum ratings as pulsed rec- 
tifier in 525-line, 30-frame system: peak inverse plate volts (absolute maximum), 25000 max (dc 20000 
wax); peak plate ma., 45 max; average plate ma., 0.5 max. For filament and high-voltage considerat ions, 
refer to type 1B3-GT. Type 1AX2 is used principally for renewal purposes. 

HALF-WAVE VACUUM RECTIFIER 
Glass octal type used in high-voltage, 

low-current applications such as the 
rectifier in a high-voltage, rf-operated 
power supply or as a rectifier of high- 
voltage pulses produced in television 

1B3-GT 

scanning systems. For curve of average plate characteristics, see page 67. 
Filament Voltage (ac/dc)  1.25* 
Filament Cukbent  0.2 a 
Direct Interelectrode Capacitance (Approx.); 

Plate to Filament and Internal Shield  1.3 
* Under no circumstances should the filament voltage be less than 1.05 volts or greater than 1.15 

PULSED RECTIFIER 
For operation in a 525-line, 30-frame system 

Maximum Ratings, (Design-Maxiinum Values): 
Peak Inverse Plate Voltage*  26000•max 
Peak Plate Current  50 max Average Plate Current  0.5 ?nax 

RADIO-FREQUENCY RECTIFIER 
Maximum Ratings, (Design-Maximum Values): 
Peak Inverse Plate Voltage  33000 max volts Peak Plate Current  35 max ma 
Average Plate Current  1.1 wax ma 
Frequency Range of Supply Voltage  1.5 to 100 Kc 
* The duration of the voltage pulse must not exceed 15 per cent of one horizontal scanning cycle. In a 
525-line, 30-frame system, 15 per cent of one horizontal scanning cycle is 10 microseconds. 
• The dc component must not exceed 22000 volts. 

INSTALLATION AND APPLICATION 
Type 1B3-GT requires an octal socket and may be mounted in any position. 

Plate connection is cap at top of bulb. Socket terminals 1, 3, 4, 5, 6, and 8 may be 
connected to socket terminal 7 or to a corona shield which is connected to socket 
terminal 7. Socket terminals 4 and 6 may be used as tie points for components at 
or near filament potential. This type may be supplied with pins 1, 4, and/or 6 
omitted._Outline 32, OUTLINES SECTION. 

The high voltages at which the 1B3-GT is operated are very dangerous. Great 
care should be taken to prevent coming in contact with these high voltages. In 
those circuits where the filament circuit is not grounded, the filament circuit oper- 
ates at dc potentials which can cause fatal shock. Extreme precautions must be 
taken when the filament voltage is measured. These precautions must include safe- 
guards which definitely eliminate all hazards to personnel. The filament transformer, 
whether it is of the iron-core or the air-core type, must be sufficiently insulated. 

The voltages employed in some television receivers and other high-voltage 
equipment may be sufficiently high to cause high-voltage rectifier tubes such as the 
1B3-GT to produce soft X-rays which can constitute a health hazard unless the 
tubes are adequately shielded. Relatively simple shielding should prove adequate, 
but the need for this precaution should be considered. 
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SHARP-CUTOFF PENTODE 
Glass type used as rf amplifier or detector 

in battery-operated receivers. Outline 40, OUT- 
LINES SECTION. Tube requires four-contact 

1B4-P socket. For typical operating conditions and maximum ratings as a class Ai amplifier, refer 
to type 1E5-GP. Filament volts (dc), 2.0; am- 
peres, 0.06. Type 1B4-P is a DISCONTINUED 
type listed for reference only. 

1B5/25S 

TWIN DIODE—MEDIUM-MU TRIODE 
Glass type used as combined detector, am- 

plifier, and avc tube in battery-operated re- 
ceivers. Outline 34 or 35, OUTLINES SEC- 
TION. Tube requires six-contact socket. Fila- 
ment volts (dc), 2.0 amperes, 0.06. Typical 
operation as class Ai amplifier: plate volts, 135 
max; grid volts, -3; plate ma., 0.8; plate resist- 
ance, 35000 ohms; amplification factor, 20; 
transconductance, 575 A»mhos. This is a DIS- 
CONTINUED type listed for reference only. 

1B7-GT 

PENTAGRID CONVERTER 
Glass octal type used in superheterodyne 

circuits having battery power supply. Outline 
23. OUTLINES SECTION. Filament volts (dc), 
1.4; amperes, 0.1. This is a DISCONTINUED 
type listed for reference only. The 1B7-GT may 
be replaced by the 1A7-GT if circuit adjust- 
ment is made for lower filament current of 
type 1A7-GT. 

POWER PENTODE G2 Gl 
Glass octal type used in output stage of Cll—iA) 

battery-operated receivers. Outline 22, OUT- _ —, r\ 
LINES SECTION. This type may be supplied rrt \ \ 

IC. | with pin No.l omitted. Tube requires octal I mli I 
socket. Filament volts (dc), 1.4; amperes, 0.1. 
Typical operation as class Ai amplifier: plate +v^\. y' 03 
and grid-No.2 volts, 90 (110 max); grid-No.1 
volts, -7.5; peak af grid-No.1 volts, 7.5; plate NC Nc 
ma., 7.8; grid-No.2 ma., 3.5; plate resistance 

(approx.), 115000 ohms; transconductance, 1550 nmhos; load resistance, 8000 ohms; power output, 
240 milliwatts. Type 1C5-GT is used principally for renewal purposes. 

PENTAGRID CONVERTER 
Glass type used in battery-operated re- 

ceivers. Similar electrically to type 1C7-G ex- 
cept for interelectrode capacitances. Outline 40, 
OUTLINES SECTION. Tube requires six-con- 
tact socket. Filament volts (dc;, 2.0; amperes, 
0.12. Type 1C6 is a DISCONTINUED type 
listed for reference only. 

PENTAGRID CONVERTER G3 G, 
Glass octal type used, in battery-operated G5S^-—G4 

receivers. Outline 39, OUTLINES SECTION. p^-. /A 
Tube requires octal socket. Filament volts (dc), Of Irrziy 

1C7-G 2.0; amperes, 0.12. Typical operation as conver- I I ter: plate volts, 180 max; grids-No.3-and-No.5 
(screen-grid) volts, 67.5 max; grid-No.2 (anode- 
grid) supply volts, 180 (applied through 20000- 
ohm dropping resistor bypassed by 0.Ol-jtl' nc NC 
capacitor); grid-No.4 (control-grid) volts, -3; 

grid-No.1 (oscillator-grid) resistor, 50000 ohms; plate ma., 1.5; grids-No.3-and-No.5 ma., 2; grid-No.2 
ma.. 4; grid-No.l ma., 0.2. This is a DISCONTINUED type listed for reference only. 
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REMOTE-CUTOFF PENTODE 
Glass octal type used in battery-operated 

receivers as rf or if amplifier. Outline 39, OUT- 
LINES SECTION. Tube requires octal socket. 
Filament volts (dc), 2.0; amperes, 0.06. Typical 
operation as class Ai amplifier: plate volts, 180 
max; grid-No.2 (screen-grid) volts, 67.5 max; 
grid-No.1 volts, -3 min; plate ma., 2.3; grid-No.2 
ma., 0.8; plate resistance (approx.), 1.0 megohm; 
transconductance, 750 jjmhos; transconductance 
at bias of-15 volts, 15 ^mhos. This is a DIS- 
CONTINUED type listed for reference only. 

REMOTE-CUTOFF TETRODE 
Glass octal type used in battery-operated 

receivers as rf or if amplifier. Outline 39, OUT- 
LINES SECTION. Filament volts (dc), 2.0; 
amperes, 0.06. This is a DISCONTINUED type 
listed for reference only. It is similar electrically 
to type 1D5-GP. 

PENTAGRID CONVERTER 
Glass octal type used in battery-operated 

receivers. Outline 39, OUTLINES SECTION. 
Tube requires octal socket. Filament volts (dc), 
2.0; amperes, 0.06. Typical operation as conver- 
terrplate volts,grids-No.3-and-No.5 volts,grid- 
No.2 supply volts, grid-No.4 volts, and grid-No.1 
resistor are same as for type 1C7-G; plate ma., 
1.3; grids-No.3-and-No.5 ma., 2.4; grid-No.2 
ma., 2.3; grid-No.l ma., 0.2. This is a DISCON- 
TINUED type listed for reference only. 

C20 do DIODE—TRIODE—POWER PENTODE 
# Glass octal type used in compact battery- 

operated receivers. Diode unit is used as detector pT or avc tube, triode as first audio amplifier, and lOfi 
pentode as power output tube. Outline 21, OUT- ■ ^ ■ 
LINES SECTION. Tube requires octal socket. 
Filament volts (dc), 1.4; amperes, 0.1. Typical 
operation of pentode unit as class Ai amplifier: 

r plate and grid-No.2 volts, 90 (110 max); grid- rc> No.l volts, -9; plate ma., 5; grid-No.2 ma., 1; 
transconductance, 925 ^mhos; load resistance, 12000 ohms; total harmonic distortion, 10 per cent; 
power output, 200 milliwatts. Characteristics of triode unit as class Ai amplifier: plate volts, 90 (110 
max); grid volts, 0; amplification factor, 25; plate resistance (approx.), 43500 ohms; transconductance, 
575 ^tmhos; plate ma., 1.1. This is a DISCONTINUED type listed for reference only. 

DIODE— 
SEMIREMOTE-CUTOFF PENTODE 

Miniature type used in battery-operated 
portable radio receivers as combined AM de- 
tector and af voltage amplifier. Outline 11, 
OUTLINES SECTION. Tube requires minia- 
ture seven-contact socket and may be mounted 
in any position. Filament volts (dc), 1.4; am- 
peres, 0.05. This type is used principally for re- 
newal purposes. 

Maximum Ratings: rbNIUUl 
Plate Voltage  
Grid-No.2 (screen-grid) Voltage. . 
Grid-No.1 (control-grid) Voltage; Negative bias value  

Positive bias value  
Cathode Current  

PENTODE UNIT AS CLASS A, AMPLIFIER 
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Characteristics: 
Plato Voltage  67.5 
<Trid-No.2 Voltage  67.5 
(.Vrid-No.l Voltage  0 
Plate Resistance (Approx.)  O.fi 
Transeonduetanee   630 
Grid-No.1 Voltage (Approx.) for transeonduetanee of 10 Mmhos  -11.5 
Plate Current  2.1 
Grid-No.2 Current  0.55 
Maximum Circuit Value: 
Grid-No. 1-Circuit Resistance  3.3 

volts 
volts 
volts 

megohm 
jimhos 

volts 

megohms 
Maximum Rating: 
Plate Cuurent.. 

DIODE UNIT 

1E5-GP 

SHARP-CUTOFF PENTODE 
Glass octal type used as rf amplifier or de- 

tector in battery-operated receivers. Outline 39, 
OUTLINES SECTION. Tube requires octal 
socket. Filament volts (dc), 2.0; amperes, 0.06. 
Characteristics as class Ai amplifier: plate volts, 
180 max; grid-No.2 volts, 67.5 max; grid-No.1 
volts, -3; plate ma., 1.7; grid-No.2 ma., 0.6; 
plate resistance, 1.5 megohms; transeonduetanee, 
650 ^mhos. This is a DISCONTINUED type 
listed for reference only. 

TWIN POWER PENTODE 
Glass octal type used in push-pull output ^[P2(T) (T) lp| 

stage of battery-operated receivers. Outline 22, 
•tr-r T OUTLINES SECTION. Tube requires octal .IZtXIVp, 
I fc/^w I socket. Filament volts (dc), 2.0; amperes, 0.24. j I 

Typical operation as push-pull class Ai ampli- 
fier: plate and grid-No.2 volts, 135 max; grid- J/ *- 
No.l volts, -7.5; plate ma., 10.5; grid-No.2 ma., ^ 
3.5; output watts, 0.575. This is a DISCON- nc g2 
TINUED type listed for reference only. 

PENTAGRID CONVERTER 
Subminiature type used in small, compact, (Tr* 

battery-operated receivers for the standard AM z-nP 
broadcast band. Outline 8, OUTLINES SEC- (^LrfzT^® 

| CO TION. Tube requires subminiature eight-con- j T;;"-] \ 
tact socket. Filament volts (dc), 1.25; amperes, 
0.04. Typical operation as converter: plate volts Gr^\X\/\/ / "ofi 
and grids-No.2-and-No.4 supply volts, 67.5 ma,x; 
grids-No.2-and-No.4 resistor, 20000 ohms; grid- ^03 
No.3 volts, 0; grid-No.1 resistor, 0.1 megohm; 

plate resistance (approx.), 0.4 megohm; conversion transeonduetanee, 150 /imhos; total cathode ma., 2.5 
(4 ?n«,r); plate ma., 1; grids-No.2-and-No.4 ma., 1.5; grid-No.1 tia.t 70. This is a DISCONTINUED 
type listed for reference only. 

POWER PENTODE ^ 
Glass type used in output stage of battery- 

operated receivers. Outline 43, OUTLINES // r' } _ 
^ rA SECTION. Tube requires five-eontact socket.  n 
I rH* Filament volts (dc), 2.0; amperes, 0.12. Type LZZZ~r 

1F4 is similar electrically to type 1F5-G. Type V /\J J 
1F4 is a DISCONTINUED type listed for ref- 
erence only. 

POWER PENTODE 
Glass octal type used in output stage of ^2/--s /-x1 

battery-operated receivers. Outline 42, OUT- - (j) 
LINES SECTION. Tube requires octal socket. 

. ^ Filament volts (dc), 2.0; amperes, 0.12. Typi- \ 
I cal operation as class Ai amplifier: plate and [ .-lli ) 

grid-No.2 (screen-grid) volts, 135 (180max);grid- 
No.l volts, -4.5; plate ma., 8; grid-No.2 ma., 
2.4; cathode resistor, 432 ohms; output watts, 4 C)"* fs) 
0.31. This is a DISCONTINUED type listed NC 
for reference only. 

1F5-G 
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TWIN DIODE— 
SHARP-CUTOFF PENTODE 

Glass type used as combined detector, am- 
plifier, and avc tube in battery-operated re- 
ceivers. Outline 39, OUTLINES SECTION. 
Tube requires six-contact socket. Filament volts 
(de), 2.0; amperes, 0.06. Typical operation of 
pentode unit as class Ai amplifier: plate volts, 
180 mar; grid-No.2 (screen-grid) volts, 67.5 mar; 
grid-No.l volts, -1.5; plate ma., 2.2; grid-No.2 
ma., 0.7. This is a DISCONTINUED type 
listed for reference only. 

TWIN DIODE— 
SHARP-CUTOFF PENTODE 

Glass octal type used as combined detector, 
amplifier, and avc tube in battery-operated re- 
ceivers. Outline 39, OUTLINES SECTION. 
Tube requires octal socket. Filament volts (de), 
2.0; amperes, 0.06. Similar electrically to type 
1F6 except for interelectrode capacitances. Type 
1F7-G is a DISCONTINUED type listed for 
reference only. 

ai® HALF-WAVE VACUUM RECTIFIER 
LC(£/ -L N®)1"0 Glass octal type used in high- 163—GTI 

( 1 voltage, low-current applications such / 
f£ as the rectifierin a high-voltage, rf-op- 1B3—GT 

erated power supply or as a rectifier of 
lc lc high-voltage pulses produced in tele- 

vision scanning systems. Outline 28, OUTLINES SECTION. This type may be 
supplied with pins 1, 4, and/or 6 omitted. Tube requires octal socket and may be 
mounted in any position. Except for physical dimensions, this type is identical with 
glass octal type 1B3-GT. 

MEDIUM-MU TRIODE 
Glass octal type used in battery-operated 

receivers as detector or voltage amplifier. Out- 
Line 22, OUTLINES SECTION. Tube requires 
octal socket. Filament volts (dc), 1.4; amperes, 
0.05. Typical operation and characteristics as 
class Ai amplifier: plate volts, 90 (100 max); 
grid volts,-6; plate ma., 2.3; plate resistance, 
10700 ohms; amplification factor, 8.8; trans- 
conductance, 825 /imhos. This is a DISCON- 
TINUED type listed for reference only. 

POWER PENTODE 
Glass octal type used in output stage of 

battery-operated receivers. Outline 42, OUT- 
LINES SECTION. Tube requires octal socket. 
Filament volts (dc), 2.0; amperes, 0.12. Typical 
operation as class Ai amplifier: plate and grid- 
No.2 (screen-grid) volts, 135 max; grid-No.l 
volts,-13.5; plate ma., 9.7; output watts, 0.55. 
This is a DISCONTINUED type listed for 
reference onl1' 
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HIGH-MU TWIN POWER TRIODE 
Glass octal type used in output stage of 

battery-operated receivers. Outline 22, OUT- 
LINES SECTION. Tube requires octal socket. 
Filament volts (dc), 1.4; amperes, 0.1. Typical 

^ ' operation as class B amplifier: plate volts, 90 
(110 max); dc grid volts, 0; peak af grid-to-grid 
volts, 48; effective grid-circuit impedance per 
unit, 2530 ohms; plate ma. (zero signal), 2, 
(maximum signal), 11; peak grid ma. per unit, 6; 
output watts (approx.), 0.35. This is a DISCON- 
TINUED type listed for reference only. 

MEDIUM-MU TRIODE 
Glass octal type used as detector or voltage 

amplifier in battery-operated receivers. Outline 
30, OUTLINES SECTION. Tube requires octal 

1H4-G socket. Filament volts (dc), 2.0; amperes, 0.06. Typical operation as class At amplifier: plate 
volts, 180 max; grid volts, -13.5; amplification 
factor, 9.3; plate resistance, 10300 ohms; trans- 
conductance, 900 ^mhos; plate ma., 3.1. This is a 
DISCONTINUED type listed for reference only. 

1H5-GT 

1H6-G 

DIODE—HIGH-MU TRIODE 
Glass octal type used as combined detector 

and amplifier in battery-operated receivers. Out- 
line 23, OUTLINES SECTION. Tube requires 
octal socket. Filament volts (dc), 1.4; amperes, 
0.05. Characteristics of triodc unit as class Ai 
amplifier: plate volts, 90 (110 max); grid volts, 
0; plate ma., 0.15; plate resistance (approx.), 
240000 ohms; amplification factor, 65; trans- 
conductance, 275 ^mhos. Diode is located at 
negative end of filament. This type is used prin- 
cipally for renewal purposes. 

TWIN DIODE—MEDIUM-MU TRIODE 
Glass octal type used as combined detector, 

amplifier, and avc tube in battery-operated re- 
ceivers. Outline 36, OUTLINES SECTION. 
Tube requires octal socket. Filament volts (dc) 
2.0; amperes, 0.06. Type 1H6-G is similar elec- 
trically to type 1B5/25S. Type 1H6-G is a 
DISCONTINUED type listed for reference only. 

HALF-WAVE VACUUM RECTIFIER 

_ . _ Glass octal type used as a recti- 
1J 3 fier of high-voltage pulses produced in ( 

the scanning systems of black-and- 
white television receivers. Outline 32, A 
OUTLINES SECTION. Except for uV 

physical dimensions, this type is identical with glass octal type 1K3. 

POWER PENTODE 
Glass octal type used in output stage of 

battery-operated receivers. Outline 42, OUT- 
LINES SECTION. Tube requires octal socket. 
Filament volts (dc), 2.0; amperes, 0.12. Typical 
operation as class Ai amplifier: plate and grid- 
No.2 (screen-grid) volts, 135 max; grid-N o.l volts, 
-16.5; plate ma., 7.0; grid-No.2 ma., 2.0; plate 
resistance, 105000 ohms; load resistance, 13500 
ohms; output watts, 0.45. This is a DISCON- 
TINUED type listed for reference only. 
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CT2 ^ gt, high-mu twin power triode 
^p Glass octal types used in output stage of 

PT2f?y^ ' battery-operated receivers. Type 1J6-G, Out- 
fi IT line 36; type 1J6-GT, Outline 26, OUTLINES 1J6-G I   J SECTION. Tubes require octal socket. Fila- 

Pment volts (dc), 2.0; amperes, 0.24. Typical 1J6-GT 
operation as class B power amplifier: plate volts, 

ClT*" v®) max] peak plate ma. per plate, 50 max; kg NC grid volts, 0; zero-signal plate ma. per plate, 
5; effective plate-to-plate load resistance, 10000 

ohms; average input watts, 0.17; output watts, 2.1. These are DISCONTINUED types listed for 
referenee only. 

HALF-WAVE VACUUM RECTIFIER 
lc/jv/ _|_ Glass octal type used as a recti- 
^ ] fier of high-voltage pulses produced in 1 

^e scanning systems of black-and- 1IXO 
F S ' white television receivers. For curve 

GXTs) of average plate characteristics, see 
LC LC page 67. 

Filament Voltage (ac/dc;  1.25* volts 
Filament Current   0.2 ampere 
Direct Interelectrode Capacitance (Approx.): 

Plate to Filament and Internal Shield  1.6 pul 
* Under no circumstances should the filament voltage be less than 1.05 volts or greater than 1.45 volts. 

PULSED RECTIFIER 
For operation in a 525-line, SQ-Jrarne system 

Maximum Ratings, (Design-Maximum Values): 
Peak Inverse Plate Voltage*   26000®mflx volts 
Peak Plate Current  50 max ma 
Average Plate Current  0.5 max ma 

26000®max 
50 max 

0.5 max 
"'The duration of the voltage pulse must not exceed 15 per cent of one horizontal scanning cycle. In a 
525-line, 30-frame system, 15 per cent of one horizontal scanning cycle is 10 microseconds. 
• The dc component must not exceed 22000 volts. 

INSTALLATION AND APPLICATION 
Type 1K3 requires an octal socket and may be mounted in any position. Plate 

connection is cap at top of bulb. Socket terminals 1, 3, 4, 5, 6, and 8 may be con- 
nected to socket terminal 7 or to a corona shield which is connected to socket ter- 
minal 7. Socket terminals 4 and 6 may be used as tie points for components at or 
near filament potential. Outline 28, OUTLINES SECTION. For high-voltage 
considerations, see type 1B3-GT. 

Gl _G3 PENTAGRID CONVERTER (T) (T)G5 Miniature type used in low-drain battery- 
02operated receivers. Outline 11, OUTLINES 

ik! SECTION. Tube requires miniature seven-con- HW J 
IT—ZZZJ K tact socket and may be mounted in any posi- 1 I Q 

(it tion. Filament volts (dc), 1.4; amperes, 0.05. p F Typical operation as converter: plate and grid- 
Qj No.2 volts, 90 (110 rnax); grids-No.3-and-No.5 F supply volts, 110 max; grids-No.3-and-No.5 

volts, 45 (65 max); grid-No.4 volts, 0; grid-No.1 
resistor, 0.2 megohm; plate resistance (approx.), 0.65 megohm; plate ma., 0.5; grids-No.3-and-No.5 ma., 
0.6; grid-No.2 ma., 1.2; grid-No.l ma., 0.035; total cathode ma., 2.35 (4 max); conversion transcon- 
ductance, 300 junhos. This type is used principally for renewal purposes. 

POWER PENTODE 
Glass lock-in type used in output stage of 

battery-operated receivers. Outline 15, OUT- 
LINES SECTION. Tube requires lock-in socket. 
Filament volts (dc), 1.4; amperes, 0.05. For 
electrical characteristics and typical operation, 
refer to glass-octal type 1A5-GT. Type 1LA4 is a 
DISCONTINUED type listed for reference only. 

1LA4 
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PENTAGRID CONVERTER 
Glass lock-in type used in battery-operated 

receivers. Outline 15, OUTLINES SECTION. 
Tube requires lock-in socket. Filament volts 
(dc), 1.4; amperes, 0.05. Typical operation as 
converter is the same as for type 1A7-GT ex- 
cept that grid-No.2 volts is 65 max, total cathode 
ma. is 4.0 max, plate resistance is 0.75 megohm, 
and conversion transconductance for a grid-No.4 
bias of -3 volts is 10 ^mhos. This type is used 
principally for renewal purposes. 

POWER PENTODE 
Glass lock-in type used in output stage of 

battery-operated receivers. Outline 15, OUT- 
LINES SECTION. Tube requires lock-in socket. 
Filament volts (dc), 1.4; amperes, 0.05. For elec- 
trical characteristics, refer to pentode unit of 
glass-octal type 1D8-GT. Type 1LB4 is used 
principally for renewal purposes. 

SHARP-CUTOFF PENTODE 
Glass lock-in type used as rf or if amplifier 

in battery-operated receivers. Outline 15, OUT- 
LINES SECTION. Tube requires lock-in socket. 
Filament volts (dc), 1.4; amperes, 0.05. Typical 
operation as class Ai amplifier: plate volts, 90 
(110 max); grid-No.2 (screen-grid) volts, 45 max; 
grid-No.1 volts, 0; plate resistance (approx.), 
greater than 1 megohm; transconductance, 775 
^xmhos; plate ma., 1.15; grid-No.2 ma., 0.3. This 
is a DISCONTINUED type listed for reference 
only. 

PENTAGRID CONVERTER 
Glass lock-in type used in battery-operated 

receivers. Outline 15, OUTLINES SECTION. 
Tube requires lock-in socket. Filament volts 
(dc), 1.4; amperes, 0.05. Typical operation as 
converter: plate volts, 90 (110 max); grids-No.3- 
and-No.5 volts, 35 (45 max); grid-No.2 volts, 45; 
grid-No.1 volts, 0; plate resistance, 0.65 meg- 
ohm; plate ma., 0.75; grids-No.3-and-No.5 ma., 
0.70; grid-No.2 ma., 1.4; total cathode ma., 
2.9; conversion transconductance (zero bias), 
275 /imhos. This type is used principally for 
renewal purposes. 

DIODE—SHARP-CUTOFF 
PENTODE 

Glass lock-in type used as combined detec- 
tor and af voltage amplifier in battery-operated 
receivers. Outline 15, OUTLINES SECTION. 
Tube requires lock-in socket. Filament volts 
(dc), 1.4; amperes, 0.05. Characteristics of pen- 
tode unit: plate volts, 90 (110 max); grid-No.2 
volts, 45; grid-No.l volts, 0; plate ma., 0.6; 
grid-No.2 ma., 0.1; plate resistance, 0.75 meg- 
ohm; transconductance, 575 /imhos. This type 
is used principally for renewal purposes. 

MEDIUM-MU TRIODE 
Glass lock-in type used as detector or volt- 

age amplifier in battery-operated receivers. Out- 
line 15, OUTLINES SECTION. Tube requires 
lock-in socket. Filament volts (dc), 1.4; amperes, 
0.05. Typical operation as class Ai amplifier: 
plate volts, 90 (110 max); grid volts, -3; plate 
ma., 1.4; plate resistance, 19000 ohms; trans- 
conductance, 760 /imhos; amplification factor, 
14.5. This type is used principally for renewal 
purposes. 

86 

c,a_£)oi 

g3/-\ 

. 0r-£> 

NC IC 



Technical Data 

REMOTE-CUTOFF PENTODE 
Lock-in type used as rf or if amplifier in 

battery-operated receivers. Outline 15, OUT- 
LINES SECTION. Tube requires lock-in socket. 
Filament volts (dc), 1.4; amperes, 0.05. Typical 
operation as class Ai amplifier: plate volts, 90 
(110 max)', grid-No.2 volts, 45 (110 max)', grid- 
No.1 volts, 0; plate resistance (approx.), greater 
than 1 megohm; transconductance, 800 jmihos; 
plate ma., 1.7; grid-No.2 ma., 0.4. This type ia 
used principally for renewal purposes. 

DIODE—HIGH-MU TRIODE 
Glass lock-in type used as combined detec- 

tor and amplifier in battery-operated receivers. 
Outline 15, OUTLINES SECTION. Tube re- 
quires lock-in socket. Filament volts (dc), 1.4; 
amperes, 0.05. For electrical characteristics, re- 
fer to glass-octal type 1H5-GT. Type 1LH4 is 
used principally for renewal purposes. 

SHARP-CUTOFF PENTODE 
Glass lock-in type used as rf or if amplifier 

in battery-operated receivers. Outline 15, OUT- 
LINES SECTION. Tube requires lock-in socket. 
Filament volts (dc), 1.4; amperes, 0.05. Typical 
operation as class Ai amplifier: plate and grid- 
No.2 (screen-grid) volts, 90 (110 max); grid-No.l 
volts, 0; plate ma., 1.6; grid-No.2 ma., 0.35; 
plate resistance (approx.), 1.1 megohms; trans- 
conductance, 800 Mnihos. This type is used 
principally for renewal purposes. 

il® HALF-WAVE VACUUM RECTIFIER 

\c£f X£)nc Glass octal type used as high- _. . _ . 
I ) voltage rectifier in television receivers. IIM Z. — A 

Maximumover-alllength,3-9/16inches; 
' maximum seated length, 3 inches; max- 

|c ic imum diameter, 1-9/16 inches. Tube 
requires octal socket and may be operated in any position. For installation and 
application considerations, refer to type 1B3-GT. 

Filament Voltage (ac)    
Filament Current  
Direct interelectrode Capacitance: 

Plate to Filament and Internal Shield. 

PULSED RECTIFIER 
For operation in a 525-line, 30-frame system 

Maximum Ratings, (Desiyn-Maximum Values): 
Peak Inverse Plate Voltage0" 
Peak Plate Current  
Average Plate Current  

28000 max 
50 max 

0.5 max 
Characteristics: 
Plate Current for plate volts = 100  7" ma 
* Under no circumstances should the filament voltage be less than 1.05 volts or greater than 1.45 volts. 0 The duration of the voltage pulse must not exceed 15 per cent of one horizontal scanning cycle. In a 
525-line, 30-frame system, 15 per cent of one horizontal scanning cycle is 10 microseconds. 
■ The dc component must not exceed 24000 volts. 
• Instantaneous test value. 
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1N5-GT plifier in battery-operated receivers. ^4 
Outline 23, OUTLINES SECTION. 
Tube requires octal socket and may be 0~irT5) 15 

mounted in any position. When used Bc NC 

in avc circuits, the 1N5-GT should be only partially controlled to avoid exces- 
sive reduction in receiver sensitivity with large signal input. Filament volts (dc), 
1.4; amperes, 0.05. Characteristics as class Ai amplifier: plate and grid-No.2 volts, 
90 (110 max)-, grid-No.l volts, 0; plate resistance (approx.), 1.5 megohms; trans- 
conductance, 750 wmhos; plate ma., 1.2; grid-No.2 ma., 0.3. 

DIODE—POWER PENTODE ,, ,, w2p G|p 
Glass octal type used as combined detec- (4) (^) 

tor and power output tube in battery-operated 
receivers. Maximum over-all length, 4 inches; 1 Nfe) 0 

1N6-G maximum diameter, 1-3/16 inches. Filament ^ llIlA/j volts (dc), 1.4; amperes, 0.05. Typical operation  vn/- 
of pentode unit as class Ai amplifier: plate and F grid-No.2 (screen-grid) volts, 90 (110 max)', c^p, 
grid-No.l volts, -4.5; plate ma., 3.1; grid-No.2 Ci) (£) 
ma. (zero-signal), 0.6;plate resistance (approx.), NC NC 

0.3 megohm; transconductance, 800 /imhos; load resistance, 25000 ohms; output watts, 0.1. This 
is a DISCONTINUED type listed for reference only. 

REMOTE-CUTOFF PENTODE 
Glass octal type used as rf or if amplifier in Cj NC 

battery-operated receivers. Outline 23, OUT- (4) (s) 
LINES SECTION. Tube requires octal socket. 1 

Filament volts (dc), 1.4; amperes, 0.05. Typical /\ 
IDC operation as class Ai amplifier: plate volts, 90 LZZZ~7 ] IfO™(110 max); grid-No.2 (screen-grid) volts, 90 (110 . 

max); grid-No.l volts, 0; plate resistance 
(approx.), 0.8 megohm; transconductance, 750 
^mhos; plate ma., 2.3; grid-No.2 ma., 0.7. This Cl) 
is a DISCONTINUED type listed for reference 0C NC 

only- g2 G, 
BEAM POWER TUBE Q__© 

Glass octal type used in the output stage /T ^n. 
of battery-operated receivers. Outline 22, OUT- \ 

1Q5-GT LINES SECTION. Tube requires octal socket. ^7 ["IITX j Filament volts (dc), 1.4; amperes, 0.1. For elec- I  ' jlr\ 
trical characteristics and ratings, refer to type 
3Q5-GT with parallel filament arrangement. Ca 

Type 1Q5-GT is a DISCONTINUED type lor W d) 
reference only. Nc Nc 

SHARP-CUTOFF PENTODE 
Glass octal type used as rf or if am- 

1N6-G 

1P5-GT 

1Q5-GT 

PENT ACRID CONVERTER 
(3V //—1 \ VT) ^ _ _ _ Miniature type used in light- ^ li4-zz: 

| K J weight, portable, compact, battery- 4a— 
operated receivers. Outline 11, OUT- 
LINES SECTION. Tube requires 
miniature seven-contact socket and os 

may be mounted in any position. For general discussion of pentagrid types, see 
Frequency Conversion in ELECTRON TUBE APPLICATIONS SECTION. 
Tilamknt Voltage (dc) . 
Filament Cuukent  

Direct Intekelectrode Capacitances: 
Grid No.3 to All Other Electrodes (RF InputJ  
Plate to All Other Electrodes (Mixer Output)  
Grid No.l to All Other Electrodes (Oscillator Input). 
Grid No.3 to Plate  
Grid No.3 to Grid No.l  
Grid No.l to Plate  

- External shield connected to pin 1. 

1.4 volts 
0.05 ampere 

Without With 
External External 
Shield ShieldD 

7 7 fifit 
7.5 12 fifii 
3.8 3.8 fifii 
0.4 max 0.3 max fifit 
0.2 max 0.2 max fi^ 
0.1 max 0.1 max nfit 
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Maximum Ratings: CONVERTER 
Plate Voltage  
Grids-No.2-and-No.4 (screen-grid) Voltage  
Grids-No.2-and-No.4 Supply Voltage  
Grid-No.3 (control-grid) Voltage, Positive Bias Value. 
Total Zero-Signal Cathode Current  
Characteristics, (Separate Excitation)*: 
Plate Voltage  
Grids-No.2 and No.4 Voltage  
Grid No.3 Voltage  
RMS Grid-No.1 (Oscillator-Grid) Voltage  
Grid-No.1 Resistor  
Plate Resistance (Approx.)  
Conversion Transconductance  
Grid-No.3 Voltage (Approx.) for conversion 

transconductance of: 
10 ^mhos   , . . . 
100 /jmhos  - 

Plate Current  
Grids-No.2 and No.4 Current  
Grid-No.1 Current  
Total Cathode Current  

90 max 
67.5 max 

90 max 
0 max 

5.5 max 

45 67.5 90 volts 
45 67.5 67.5 volts 

0 0 0 volts 
15 25 25 volts 

0.1 0.1 0.1 megohm 
0.5 0.4 0.4 megohm 
210 280 280 ^mhos 

-7 -13 -13 volts 
-2.2 -4.9 -5 volts 

0.7 1.4 1.5 ma 
2.1 3.5 3.5 ma 
150 250 250 

3 5.2 5.3 ma 
Oscillator Characteristics (Not Oscillating):- 

Plate and Grids-No.2 and No.4 Voltage  7.5 volts 
Grid-No.3 Voltage  0 volts 
Grid-No.1 Voltage  0 volts 
Amplification Factor§  6.5 
Oscillator Transconductance§  1400 /unhos 
Grid-No.1 Voltage (Approx.) for plate current of lO^a  -17 volts Cathode Current  9 ma 
* The characteristics shown with separate excitation correspond very closely with those obtained in a 
self-excited oscillator circuit operating with zero bias. 
■ With grids No.2 and No.4 connected to plate. 
§ Between grid No.l and grids No.2 and No.4 connected to plate. 

POWER PENTODE 
P Miniature type used in output stage of 

lightweight, compact, portable, battery-oper- 
p ated equipment. Types 1S4 and 3S4 are identi- 

cal except for filament arrangement. Outline 11, 
OUTLINES SECTION. Type 1S4 requires 1 
miniature seven-contact socket and may be 

^ mounted in any position. For ratings and typi- 
cal operation, refer to type 3S4 with parallel 

G3 filament arrangement. Filament volts (dc), 1.4; 
amperes, 0.1. This type is used principally for 
renewal purposes. 

c2p_ JP 
© DIODE— 

Pd(3/7 -L \i)Glp SHARP-CUTOFF PENTODE 
J\f Miniature type used in light- 1S5 

NC(£A^p^v-^7w weight, compact, portable, battery-op- 
F_0 erated receivers as combined detector 

and af voltage amplifier. Outline 11, 
OUTLINES SECTION. Filament volts (dc), 1.4; amperes, 0.05. Tube requires 
miniature seven-contact socket and may be mounted in any position. For elec- 
trical characteristics and application, refer to type 1U5. 

0—£)?s
3 REMOTE-CUTOFF PENTODE 

^)©Cl Miniature type used in light- 1T4 
(A-;;;_y ) weight, compact, portable, battery-op- 

p(E\ ^vjr-y\L)F+ erated receivers as rf or if amplifier. 
Because of internal shielding feature, 

is ^— an external bulb shield is not needed, 
but socket shielding is essential if minimum grid-No.1-to-plate capacitance is to be 
obtained. Outline 11, OUTLINES SECTION. Tube requires miniature seven-con- 
tact socket and may be mounted in any position. 
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Filament Voltage (dc)  
Filament Cuhke-nt  , 
Direct Interelectrode Capacitances:*  

Grid No.l to Plate  
Grid No.l to Filament, Grid No.2, Grid Noi, and Internal Shield 
Plate to 1 ilament, Grid No.2, Grid No.3, and Internal Shield  

\\ ith or without external shield connected to negative filament terminal. 

Maximum Ratings: CLASS AMPLIFIER Maximum Ratings: CLASS Ai AMPLIF 
Plate Voltage  
Guid-No.2 (screen-grid) Voltage. ... .    Grid-No.1 (control-grid) Voltage, Positive Bias Value 
Total Cathode Current  
Characteristics: 
Plate Voltage  45 57 5 Grid-No.2 Voltage ' 45 t57'5 
Grid-No.1 Voltage  0 0 Plate Resistance (Approx.)  0.35 0 25 
Transconductance  700 875 
Grid-No.1 Voltage for transconduct- 

ance ol 10 /imhos  -10 -16 
Plate Current  1.7 *3 4 
G rid-No. 2 Current  0 7 1*5 

0.01 max 
3.6 
7.5 

90 ma-x 
90 max 

0 max 
5.5 max 

45 67.5 90 90 volts 45 67.5 45 67.5 volts 
0 0 0 0 volts 

0.35 0.25 0.8 0.5 megohm 700 875 750 900 itmhoR 
-10 -16 -10 -16 volts 
1.7 3.4 1.8 3.5 ma 0.7 1.5 0.65 1 4 ma 

BEAM POWER TUBE 
Glass octal type used in output stage of 

battery-operated receivers. Outline 22, OUT- Tx 
LINUS SECTION. Tube requires octal socket. j-TL \ \ 

1T5-GT Filament volts (dc), 1.4; amperes, 0.05. Typical I j operation as class Ai amplifier: plate and grid- /nXga^V- 
No.2 volts, 90 (110 max)', grid-No.1 volts, -6; 
peak af grid-No.1 volts, 6; plate ma., 6.0; grid- (iT^T®) 
No.2 ma. (zero-signal), 0.8; grid-No.2 ma. nc nC 
(maximum signal), 1.5; plate resistance, 0.25 

megohm; transconductance, 1150 /nnhos; load resistance, 14000 ohms; total harmonic distortion, 7.5 
per cent; output watts, 0.17. This is a DISCONTINUED type listed for reference only. 

DIODE—SHARP-CUTOFF PENTODE F- F> 
Subminiature type used as combined de- (T) 

tector and audio amplifier in small, compact, - vN. /~\PD 
battery-operated receivers for the standard AM Ca/tt—1 \ 

1TX broadcast band. Outline 8, OUTLINES SEC- \fjrZZZ \ /V^. 
TION. Tube requires subminiature eight-con- 
tact socket. Filament volts (dc), 1.25; amperes, 
0.04. Filament voltage should never exceed 1.6 
volts. Typical operation of pentode unit as class Pp C2p 
Aiamplifier:plateandgrid-No.2 volts,67.5 max; 

grid-No.l volts, 0; plate resistance (approx.), 0.4 megohm; transconductance, 600 /rnihos; plate ma., 1.6: 
•4rid-No.2 ma., 0.4; total cathode ma., 2.0 7?zax. Maximum diode plate ma., 0.25. This is a DISCON- 
TINUED type listed for reference only. 

NC 
SHARP-CUTOFF PENTODE 

- Miniature type used as rf or if ' 
lvJ4 amplifier in stages not controlled by ) 

avc in lightweight, compact, portable, p0C 
battery-operated equipment. Outline 
11, OUTLINES SECTION. Tube re- ^ 

quires miniature seven-contact socket and may be mounted in any position. Because 
the grid No.2 can be operated at the same voltage as the plate, a voltage-dropping 
resistor is not needed. For typical operation as a resistance-coupled amplifier, refer 
to Chart 2, RESISTANCE-COUPLED AMPLIFIER SECTION. 
Filament Voltage (dc)  
Filament Current  
Direct Interelectrode Capacitances:* 

Grid No.l to Plate  
Grid No.l to Filament, Grid No.2, Grid No.3, and Internal Shield  
Plate to Filament, Grid No.2, Grid No.3, and Internal Shield  

* With or without external shield connected to negative filament terminal. 

1.4 volts 
0.05 ampere 
0.01 max M/lf 3.6 UM* 7.5 n,if 
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CLASS A, AMPLIFIER 
Maximum Ratings, (Deaign-Maximnm Values): 
Plate Voltage  
Grid-No.2 (screen-grid) Voltage  
Grid-No.1 (control-grid) Voltage, Positive bias value  
Total Cathode Current   

120 max 
120 max 

0 max 
6.6 max 

Characteristics; 
Plate Voltage  
Grid-No.2 Voltage    
Grid-No.1 Voltage  
Plate Resistance (Approx.)  
Transconductance  
Grid-No.1 Voltage for plate current of 10 ^a. 
Plate Current    
Grid-No.2 Current  

DIODE-SHARP-CUTOFF 
P PENTODE 

;lp Miniature type used in light- 11 |C 
weight, compact, portable, battery-op- I U 3 
erated receivers as combined detector 
and af voltage amplifier. The 1U5 is 
similar to the 1S5 but utilizes an im- 

proved structure which greatly reduces any tendency toward microphonic effects. 
In addition, the diode unit is effectively shielded from the pentode unit to prevent 
"play-through." Outline 11, OUTLINES SECTION. Tube requires miniature 
seven-contact socket and may be mounted in any position. For typical operation 
as a resistance-coupled amplifier, refer to Chart 1, RESISTANCE-COUPLED 
AMPLIFIER SECTION. 
Filament Voltage (dc) . 
Filament Current. ... 

PENTODE UNIT AS CLASS At AMPLIFIER 
Maximum Ratings, (Design-Maximum Values): 
Plate Voltage  
Grid-No.2 (screen-grid) Voltage  
Grid-No.1 (control-grid) Voltage, Positive bias value  
Total Cathode Current  
Characteristics: 
Plate Voltage  
Grid-No.2 Voltage  
Grid-No.1 Voltage  
Plate Resistance  
Transconductance  
Grid-No.1 Voltage for plate current of lO^a  
Plate Current  
Grid-No.2 Current.   

100 max 
100 maa: 

0 maa: 
3.3 max 

Maximum Rating: 
Plate Current. . 

DIODE UNIT 

Diode unit is located at negative end of filament and is independent of the pentode except for the 
common filament. 

HALF-WAVE VACUUM RECTIFIER 
  K Glass type used in ac/dc or automobile 

... receivers. Outline 34 or 35, OUTLINES SEC- 
/ —1— j\ TION. Tube requires four-contact socket, 
| r—i__J j Heater volts (ac/dc), 6.3; amperes, 0.3. Maxi- 1 « - 
I / mum ratings as half-wave rectifier: peak inverse 1— w 

plate volts, 1000; peak plate ma., 270; peak 
 heater-cathode volts, 500; dc output ma., 45. 

^ h This type is used principally for renewal pur- 
poses. 
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8250*/wx 
11 mox 

0.6 max 

HALF-WAVE VACUUM RECTIFIER 

— Miniature type used in high-volt- ic/jyrr^ri YTyc 
1V2 age, low-current applications such as i r 

the rectifier in high-voltage, pulse-op- icdXl /5)ic 
erated voltage-doubling power supplies 
for kinescopes. The very low power p p 

required by the filament permits the use of a rectifier transformer having small 
size and light weight. For curve of average plate characteristics, see page 67. 
Filament Voltage (ac)  0.625" voh 
Fii-ament Current.        0.3 ampere 
Direct Interelectrode Capacitance: 

Plate to Filament (Approx.)  0.8 uuf 
■ Under no circumstances should the filament voltage be less than 0.525 volt or greater than 0.725 volt. 

PULSED RECTIFIER 
For operation in a 525-line, 30-framc system 

Maximum Ratings, (Design-Maximum Values): 
Peak Inverse Plate Voltage*   8250»mox volts 
Peak Plate Current  11 max ma 
Average Plate Current  0.6 max ma 

The duration of the voltage pulse must not exceed 15 per cent of one horizontal scanning cycle. In 
a 525-line, 30-frame system, 15 per cent of one horizontal scanning cycle is 10 microseconds. 

• The dc component must not exceed 7000 volts. 

INSTALLATION AND APPLICATION 

Type 1V2 requires a miniature nine-contact socket and may be mounted in any 
position. The socket should be made of material having low leakage and should 
have adequate insulation between its filament and plate terminals to withstand 
the maximum peak inverse plate voltage. To provide the required insulation in 
miniaturenine-contact sockets designed with a cylindrical center shield, it is necessary 
to remove the center shield. In addition, socket terminals 2, 3, 7, and 8 shall not 
be used. Socket terminal 6 may be used as a tie point for components at or near 
filament potential. Outline 14, OUTLINES SECTION. 

The filainenl is of the coated type and is designed for operation at 0.625 volt. 
The filament windings on the pulse transformer should be adjusted to provide the 
rated voltage under average line-voltage conditions. When the filament voltage is 
measured, it is recommended that an rms voltmeter of the thermal type be used. 
The meter and its leads must be insulated to withstand 15000 volts and the stray 
capacitances to ground should be minimized. 

The high voltages at which the 1V2 is operated are very dangerous. Great care 
should be taken to prevent coming in contact with these high voltages. Particular 
care against fatal shock should be taken in measuring the filament voltage in those 
circuits where the filament is not grounded. Precautions must include safeguards 
which definitely eliminate all hazards to personnel. 

HALF-WAVE VACUUM RECTIFIER 'fevi^kj5 

. Miniature types used in high-volt- \d)LC 

|Xa-A age, low-current applications such as r~Y\ L. 
_ the rectifier in a high-voltage, rf-op- F^vL 

eratedpowersupply,orastherectifierof 0~ mJ) 
high-voltage pulses produced in tele- is is 

vision scanning systems. Outlines 16 and 17, respectively, OUTLINES SECTION. 
Tubes require miniature nine-contact socket and may be mounted in any position. 
Socket terminals 3 and 7 may be used as tie points for components at or near fila- 
ment potential. For high-voltage considerations, refer to type 1B3-GT. For curve 
of average plate characteristics, see page 67. Type 1X2-A is used principally for 
renewal purposes. 
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Filament Voltage (ac)  
Filament Current  
Direct Interelectrode Capacitance: 

Plate to Filament and Internal Shield (Approx.). .. 
* Under no circumstances should the filament voltage 1 

  1.0 wi 
2 less than 1.05 volts or greater than 1.45 volts. 

PULSED RECTIFIER 
For operation in a 525-line, SO-frame system 

IXZ-A 1X2-B 
. . Design-Center Design-Maximum Maximum Ratings: Values# Values 

Peak Inverse Plate Voltage"  20000tmax 22000 max volts 
Peak Plate Current  45 max 45 max ma 
Average Plate Current  0.5?nux 0.5 max ma 
^ Absolute Maximum. Under no circumstances should this absolute value be exceeded. 
# Exceptasnoted. 
» The dc component must not exceed 16000 volts for 1X2-A, 18000 volts for 1X2-B. 

POWER TRIODE 
Glass type used in output stage of ra- 
dio receivers and amplifiers. As a class 
A, power amplifier, the 2A3 is usable 
either singly or in push-pull combi- 
nation. 

2A3 

Filament Voltage (ac/dc)  
Filament Current  
Direct Interelectrode Capacitances (Approx.): 

Grid to Plate  
Grid to Filament  
Plate to Filament  

Maximum Ratings: 
Plate Voltage.... 
Plate Dissipation. 

CLASS A, AMPLIFIER 

Typical Operation: 
Plate Voltage  
Grid Voltage*#  
Plate Current  
Amplification Factor  
Plate Resistance  
Transconductance  
Load Resistance  
Second Harmonic Distortion. 
Power Output  

Maximum Ratings: 
Plate Voltage. ... 
Plate Dissipation. 

PUSH-PULL CLASS ABi AMPLIFIER 
300 max 

15 max 
Typical Operation (Values Are For Two Tubes): Fixed Bias Cathode Bias 
Plate Supply Voltage  300 300 vol 
Grid Voltage  -62* - vol 
Cathode-Bias Resistor  - 780 ohr 
Peak AF Grid-to-Grid Voltage  124 156 vol 
Zero-Signal Plate Current  80 80 n 
Maximum-Signal Plate Current  147 100 n 
Effective Load Resistance (Plate-to-plate)  3000 5000 ohr 
Total Harmonic Distortion  2.5 5.0 per ce: 
Power Output  15 10 wat 
Maximum Circuit Values: 
Grid-Circuit Resistance: 

For fixed-bias operation  0.05 max megoh 
For cathode-bias operation  0.5 max megoh 

* Grid voltage referred to mid-point of filament transformer. 
f When a single 2A3 is operated cathode-biased, the cathode-biasing resistor value should be 750 ohn 
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INSTALLATION AND APPLICATION 
Type 2A3 requires a four-contact socket and may be mounted in any position, i 

Outline 51, OUTLINES SECTION. It is especially important that this tube, like 
other power-handling tubes, be adequately ventilated. 

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

When 2A3's are operated in push-pull, it is desirable to provide means for 
adjusting the bias on each tube independently. 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, there- 
fore, that the difference in plate current between two tubes may be sufficient to 
unbalance the system seriously. To avoid this possibility, simple methods of inde- 
pendent cathode-bias adjustment may be used, such as (1) input transformer with 
two independent secondary windings, or (2) filament transformer with two inde- 
pendent filament windings. With either of these methods, each tube can be biased 
separately so as to obtain circuit balance. 

AVERAGE PLATE CHARACTERISTICS 
TYPE 2A3 E<s2.5 VOLTS DC 

 ZOO 300 400 500 600 PLATE VOLTS 
POWER PENTODE 

Glass type used in output stage of ac-oper- 
ated receivers. Outline 43, OUTLINES SEC- 
TION. Tube requires six-contact socket. Except 
for its heater rating (2.5 volts ac/dc; 1.75 
amperes), the 2A5 has electrical characteristics 
identical with type 6F6. Type 2A5 is a DIS- 
CONTINUED type listed for reference only. 

TWIN DIODE—HIGH-MU TRIODE 
Glass type used in ac-operated receivers 

chiefly as a combined detector, amplifier, and 
avc tube. Outline 40, OUTLINES SECTION. 
Tube requires six-contact socket. Except for its 
heater rating (2.5 volts ac/dc; 0.8 ampere), 
and within its 250-volt maximum plate rating, 
the 2A6 has electrical characteristics identical 
with type 6SQ7. Type 2A6 is a DISCONTIN- 
UED type listed for reference only. 
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PENTAGRID CONVERTER 
Glass type used in ac-operated receivers. 

Outline 40, OUTLINES SECTION. Tube re- 
quires small seven-contact (0.75-inch, pin-circle 
diameter) socket. Except for its heater rating 
(2.5 volts ac/dc; 0.8 ampere) and its interelec- 
trode capacitances, the 2A7 has electrical charac- 
teristics identical with type 6A8. Complete 
shielding of this tube is generally necessary. 
Type 2A7 is a DISCONTINUED type listed 
for reference only. 

^ MEDIUM-MU TRIODE 

Wy>j—jl-V Miniature types used as local os- 2AF4-A 
/jVui cillator m uhf television receivers em- gW\^^\/Wp ploying series-connected heater strings. O A FA-B 

pO Outline 9, OUTLINES SECTION. ^ ** 
Heater volts (ac/dc), 2.35; amperes, 

0.6; warm-up time (average), 11 seconds. Type 2AF4-B only, maximum rating 
(design maximum), peak heater-cathode volts, 180 max. When the heater is posi- 
tive with respect to the cathode, the dc component of the heater-cathode voltage 
must not exceed 100 volts. Typical operation of 2AF4-B as oscillator at 1000 Me: 
plate ma., 17.5; grid ma. (approx.), 700. Except for heater ratings noted, these 
types are identical with miniature type 6AF4-A. 

TWIN DIODE— 
REMOTE-CUTOFF PENTODE 

Glass type used as combined detector, avc 
tube, and amplifier. Outline 40, OUTLINES 
SECTION. Tube requires small seven-contact 
(0.75-inch, pin-circle diameter) socket. Except 
for its heater rating (2.5 volts ac/dc; 0.8 ampere) 
and its interelectrode capacitances, the 2B7 
has electrical characteristics identical with type 
fiB8-G. Type 2B7 is a DISCONTINUED type 
listed for reference only. 

MEDIUM-MU TRIODE 
Miniature types used as rf amplifier in vhf 

television tuners employing series-connected 
heater strings. Outline 11, OUTLINES SEC- 
TION. Heater volts (ac/dc),2BN^.*2.3,2BN^-A: 
2.35; amperes, 0.6; warm-up time (average), 11 
seconds. Except for heater rating, these types 
are identical with miniature types 6BN4 and 
6BN4-A, respectively. Types 2BN4 and 2BN4-A 
are used principally for renewal purposes. 

2BN4 

2BN4-A 

( (((j^yjj) ] HIGH-MU TRIODE 
©XAA/ * ' ^ uvistor type used as a grounded- _ . . . cathode, neutralized rf amplifier in vhf 2GVw4 

tuners of television and FM receivers 
g employing series-connected heater 

i'S^Ncur off0 strings. Outline 53, OUTLINES SEC- 
TION. Heater volts (ac/dc), 2.1; amperes, 0.45; warm-up time (average), 11 
seconds. Except for heater rating, this type is identical with nuvistor type 6CW4, 
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SHARP-CUTOFF TETRODE H G2 

Miniature type used as rf amplifier 
2C I 5 in vM tuners of television receivers K(axV^VT^m15 

employing series-connected heater K 

strings. Outline 11, OUTLINES SEC- GT 
TION. Heater volts (ac/dc), 2.4; am- 01 

peres, 0.6; warm-up time (average), 11 seconds. Except for healer ruling, this type 
is identical with miniature type 6CY5. 

ELECTRON-RAY TUBE 
Glass type with triode unit used to indieair 

visually by means of a fluorescent target tin 
effects of a change in a controlling voltage. It is 
used as a convenient means of indicating accu- 
rate radio receiver tuning. Outline 34 or 35, OUT- 
LINES SECTION. Tube requires six-contact 
socket. Except for its heater rating (2.5 volts 
ac/dc; 0.8 ampere), the 2E5 has electrical char- 
acteristics identical with type 6E5.Type 2E5 is a 
DISCONTINUED type listed for reference only. 

TWIN DIODE 
Miniature type used as a horizontal phase 

detector in television receivers. Outline 11, v^V5 

p OUTLINES SECTION. Tube requires minia- 1 1 [Ty 
S F I\l. ■ ture seven-contact socket and may be mounted (.V\ ,—lU- 

in any position. Heater volts (ac/dc), 2.1; am- 
peres, 0.45; warm-up time (average), 11 seconds. 2 1 

Maximum ratings (deaign maximum) as half- (G/ 
wave rectifier: dc output ma. per plate, 5 max; nc 
peak heater-cathode volts, 200 max. When the 

heater is positive with respect to cathode, the dc component of the healer-cafhode voltage must not 
exceed 100 volts. Type 2ENo is used principally for renewal purposes. 

SHARP-CUTOFF TRIODE 

Miniature type used in vhf tuners 
of television receivers. Outline 11, 
OUTLINES SECTION. Heater volts 
(ac/dc), 2.3; amperes, 0.6. Except for 
heater rating, this type is identical 
with miniature type 6ER5. 

SHARP-CUTOFF TRIODE 

/■trilC Miniature type used as an rfampli- Zf/ IzZl A.rn 3 fier in vhf tuners of television receivers lyf",— 
employing series-connected heater gCEAALvA, (/©k 
strings. Outline 11, OUTLINES SEC- (TT—^ 
TION. Heater volts (ac/dc), 2.35; am- k 

peres, 0.6; warm-up time (average), 11 seconds. Except for heater rating, this 
type is identical with miniature type 6FH5. 
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HALF-WAVE VACUUM RECTIFIER 
H,K /-v - H,K Miniature type used as rectifier of high- 

voltage pulses produced in scanning systems of 
UC/^y' / 1\ N/^nlc color-televisionreceivers.Outlinel6,OUTLINES 

^—1 y*   \ |^ SECTION. Tube requires miniature 9-contact 
' V aq) socket and may be mounted in any position. Socket terminals 3 and 7 may be connected to 

the heater. Heater volts (ac), 3.15; amperes, H«K 0.22. Maximum ratings as pulsed rectifier in 525- ,S 1 line, 30-frame system: peak inverse plate volts, 
18000 maa:; peak plate ma., 80 jnax; average plate ma., 1.5 ?naa;. For curve of average plate charactet 
istics, see page 67. Tor high-voltage considerations, see type 1B3-GT. Type 3A2 is used principally f., 
renewal purposes. 

HALF-WAVE VACUUM RECTIFIER 
\ Glass octal type used as rectifier 

' \ ) of high-voltage pulses produced in the 3A3 
nk* scanning systems of color television 

receivers. Outline 32, OUTLINES 
cc lc SECTION. Tube requires octal socket 

and may be mounted in any position. Socket terminals 1, 3 4, 5, 6, and 8 may lie 
connected to socket terminal 7. Socket terminals 4 and 6 may be used as tie points 
for components at or near heater potential. For curve of average plate character- 
istics, see page 67. For high-voltage considerations, see type 1B3-GT. 

Heater Voltage (ac)  3.15::! voiu 
Heater Current  0.22 ampun 
Direct Interelectrode Capacitance (Approx.): 

Plate to Heater, Cathode, and Internal Shield  1.5 
* Under no circumstances should the heater voltage be less than 2.65 volts or greater than 3.65 volls 

PULSED RECTIFIER 
For operation in a 525-line, SO-fratne syatem 

Maximum Ratings, (Design-Maximum Values): 
Peak Inverse Plate Voltage"  30000-max voh 
Peak Plate Current  88 mux m; 
Average Plate Current  1.7 max m: 
■ The duration of the voltage pulse must not exceed 15 per cent of one horizontal scanning cycle. In 
525-liiie, 30-frame system, 15 per cent of one horizontal scanning cycle is 10 microseconds. 

DIODE—TRIODE—PENTODE G(p (4) n (5) Glass octal type used as combined detector, 
pp f \ ^x\ /-sP? amPlifier» an<i rf amplifier in battery-operated 

@<£-1 \ VaD receivers. Maximum over-all length, 3-7/16 
(r::rJ fx I inches; maximum diameter, 1-5/16 inches. Fila- 3A8-GT 

ment volts, 1.4 (parallel), 2.8 (series); amyieres, F ^(Para^eD» O'Ofj (series). Typical operation as 
rTfrT^ class Aiamplifierrtriode unit—plate volts,90 (110 C3p^> ^PO mox); grid volts, 0; amplification factor, 65; IS plate resistance, 0.2 megohm; transconductance, 

325 ^nihos; plate ma., 0.2; pentode unit—plate and grid-No.2 volts, 90 (110 max); grid-No.1 volts, 
plate resistance, 0.8 megohm; transconductance, 750 txmhos; plate ma., 1.5; grid-No.2 ma., 0.5. This i 
DISCONTINUED type listed for reference only. 

V—^ MEDIUM-MU TRIODE 

r\i)/ / T Miniature type used as local os- _ . _ . IaU 1—iJ|/L cillator in uhf television receivers cov- 3AF4,-A 
o®\vyN iAL/p ering the frequency range of 470 to 890 

Q— megacycles per second and employing 
p series-connected heater strings. Out- 

line 9, OUTLINES SECTION. Heater volts (ac/dc), 3.15; amperes, 0.45; warm-up 
time (average), 11 seconds. Except for heater rating, this type is identical with 
miniature type 6AF4-A. 
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TWIN DIODE 
Miniature type having high-per- "(Jyvp— 

veance used as detector in television P/Ui—■■—i 
3 Al 5 receivers employing series-connected (|x\ /\ 11 at) , 

heater strings. Outline 9, OUTLINES 02 P0' 
SECTION. Heater volts (ac/dc), 3.15; Kfer 

amperes, 0.6; warm-up time (average), 11 seconds. Except for heater rating, this 
type is identical with miniature type 6AL5. 

SHARP-CUTOFF PENTODE H /rA\ o2 

Miniature type used as rf ampli- 
O A I IA fier in television receivers employing ,-\X "1 j—. 0/\w0 series-connected heater strings. Out- cAk 

line 11, OUTLINES SECTION. 15 

Heater volts (ac/dc), 3.15; amperes, 0i 
0.6; warm-up time (average), 11 seconds.Peak heater-cathode volts, 200 max. When 
the heater is positive with respect to the cathode, the dc component of the heater- 
cathode voltage must not exceed 100 volts. Except for heater and heater-cathode 
ratings, this type is identical with miniature type 6AU6. 

TWIN DIODE—HIGH-MU TRIODE rJfJCv-s 
r* m \ • * Miniature type used as combined A. I Itl [ Vi PD' 
OAVO detector, amplifier, and avc tube in JuX1— 

television receivers employing series- -) y' PTi 
connected heater strings. Outline 11, nj 
OUTLINES SECTION. Heater volts 0t 

(ac/dc), 3.15; amperes, 0.6; warm-up time (average), 11 seconds. Peak heater- 
cathode volts, 200 max. When the heater is positive with respect to the cathode, the 
dc component of the heater-cathode voltage must not exceed 100 volts. Except for 
heater and heater-cathode ratings, this type is identical with miniature type 6AV6. 

HALF-WAVE VACUUM RECTIFIER 
LC p LC Glass octal type used as rectifier of high- (a) h (s) 

voltage pulses produced in the scanning systems LC J ^s. LC ^ a of television receivers. Outline 47, OUTLINES (^Y —L 
SECTION. Tube requires octal socket and may j J 
be mounted in any position. Low-potential cir- yvN Jr^\ 
cuits should not be connected to any of the socket Hv-^ 
terminals. Any or all of the following socket- 15 

terminal connections are permissible and may LC LC 
aid in corona reduction: socket terminals I, 3, 

5, and 7 may be connected together; socket terminals 2, 6, and 8 may be connected together; socket 
terminal 4 may be connected to socket terminals 2 or 7, or may be used as a tie point for a heater- 
voltage dropping resistor. Heater volts (ac/de), 3.15; amperes, 0.22. Maximum ratings as pulsed rec- 
tifier in 525-line, 30-frame system: peak inverse plate volts (absuluie maximum), 35000 max (dc 25000 
max); peak plate ma., 80 wax; average plate ma., 1.1 wax. For curve of average plate characteristics, 
see page 67. For high-voltage considerations, see type 1B3-GT. Type 3B2 is used principally for re- 
newal purposes. 

REMOTE-CUTOFF PENTODE 

_ _ . _ Miniature type used as rf ampli- (£/ I -i- Xy 
OliAO fier in standard broadcast and FM re- ) 

ceivers, as well as in wide-band, high- r 
frequency applications; for use in equip- is 
ment employing series-connected 

heater strings. Outline 11, OUTLINES SECTION. Heater volts (ac/dc), 3.15; 
amperes, 0.6; warm-up time (average), 11 seconds. Except for heater ratings, this 
type is identical with miniature type 6BA6. 
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# SHARP-CUTOFF PENTODE 
j2 Miniature type used as rf or if am- q n f c 

plifler in television receivers employing 
G3 series-connected heater strings. Out- 
,s line 11, OUTLINES SECTION. 

Heater volts (ac/dc), 3.15; amperes, 
0.6; warm-up time (average), 11 seconds. Peak heater-cathode volts, 200 max. When 
the heater is positive with respect to the cathode, the dc component of the heater- 
cathode voltage must not exceed 100 volts. Except for heater and heater-cathode 
ratings, this type is identical with miniature type 6BCo. 

<£2—^ PENTAGRID CONVERTER 
HCx\ r===3Cr ^ Miniature type used as converter ODEA. in superheterodyne circuits in both the oDtO 

3 standard broadcast and FM bands in 
C'5 equipment employing series-connected G| heater strings. Outline 11, OUTLINES 

SECTION. Heater volts (ac/dc), 3.15; amperes, 0.6; warm-up time (average), 11 
seconds. Except for heater ratings, this type is identical with miniature type 6BE6. 

X>C\ •< MEDIUM-MU TRIODE 
®(\ Miniature types used as rf ampli- 3BN4 

tier in grid-drive circuits of vhf tele- _ _ _ . . . 
^A^/yVjAl) vision tuners. The double base-pin «3dN4,,"A 

Q  connections for both cathode and grid K reduce effective lead inductance and 
lead resistance with consequent reduction in input conductance. In addition, the 
basing arrangement facilitates isolation of input and output circuits and permits 
short, direct connections to base-pin terminals. Outline 11, OUTLINES SECTION. 
Heater volts (ac/dc), 3; amperes, 0.45; warm-up time (average), 11 seconds. Ex- 
cept for heater ratings, the 3BN4 and 3BN4-A are identical with miniature typos 
6BN4 and 6BN4-A, respectively. 

/frfC G3 beam tube 

I Miniature type used as combined ^ , 
JAtj—< U--. limiter, discriminator, and af voltage OuNO 
g- p amplifier in intercarrier television and 

K0 FM receivers employing series-con- 
13 nected heater strings. Outline 13, 

OUTLINES SECTION. Heater volts (ac/dc), 3.15; amperes, 0.6; warm-up lime 
(average), 11 seconds. Except for heater rating, this type is identical with min- 
iature type 6BN6. 

P2 SHARP-CUTOFF TWIN PENTODE 
PP2(5yff^l/5/y(/)G' Miniature type used as combined _ _ . . _ 

s-UkC"1 Ita sync separator, sync clipper, and age 3dUo cgSA.'y/\ l/Ttpp, amplifier tube in television receivers 
'S —0/) employing series-connected heater a g3pi strings. Outline 14, OUTLINES SEC- 

TION. Heater volts (ac/dc), 3.15; amperes, 0.6; warm-up time (average), 11 sec- 
onds. Except for heater rating, this type is identical with miniature type 6BU8. 
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PENTAGRID AMPLIFIER ^7^ 
Miniature type used as gated am- H^j(\ 

q rj ^VA plifier in television receivers employing 
OD I O series-connected heater strings. Out- K€\v-^N 1 AVo 

line 11, OUTLINES SECTION. Gs 

Heater volts (ac/dc), 3.15; amperes, Gi 
0.6; warm-up time (average), 11 seconds. Except for heater rating, this type is 
identical with miniature type 6BY6. 

SEMIREMOTE-CUTOFF PENTODE "0—^ 
_ _ _ _ Miniature type used in gain-con- H®( 
3 B^O trolled video if stages of television re- 

ceivers employing series-connected u©Ml7Sj AZ)r.^ 
heater strings. Outline 11, OUTLINES 15 

SECTION. Heater volts (ac/dc), 3.15; c, 
amperes, 0.6; warm-up time (average), 11 seconds. Peak heater-cathode volts when 
heater is negative with respect to cathode, 300 max (the dc component must not 
exceed 200 volts). Except for heater and heater-cathode ratings, this type is 
identical with miniature type 6BZ6. 

SHARP-CUTOFF PENTODE >r~7\ 
Miniature type Used as rf or if am- *©( rri^XS102 

OV»BO plifier in television receivers employing (\ "".-p J. 
series-connected heater strings. Out- 1.(£aAL/\ y®G 
line 11, OUTLINES SECTION. 
Heater volts (ac/dc), 3.15; amperes, ,Ci 

0.6; warm-up time (average), 11 seconds. Peak heater-cathode volts: heater negative 
with respect to cathode, 300 max; heater positive with respect to cathode, 200 max 
(the dc component must not exceed 100 volts). Except for heater and heater- 
cathode ratings, this type is identical with miniature type 6CB6. 

SHARP-CUTOFF PENTODE Q—® 
Miniature type used as rf and if -L \/)G2 

OVatD amplifier in vhf television receivers em- l\ ir:7\) 
ploying series-connected heater strings. ^(EaTl/^sT/©^ 
Outline 11, OUTLINES SECTION. 15 13 

Heater volts, 3.15; amperes, 0.6; heater G|kv 
warm-up time (average), 11 seconds. Except for heater rating, this type is iden- 
tical with miniature type 6CE5. 

SHARP-CUTOFF PENTODE ^TTX 
Miniature type used as rf or if am- "QtX j 

" plifier in television receivers employing 
series-connected heater strings. Out- K(1X\L/N,j j\Or, 
line 11, OUTLINES SECTION. 13 

Heater volts (ac/dc), 3.15; amperes, g, 
0.6; warm-up time (average), 11 seconds. Peak heater-cathode volts: heater negative 
with respect to cathode, 300 max; heater positive with respect to cathode, 200 max 
(the dc component must not exceed 100 volts). Except for heater and heater- 
cathode ratings, this type is identical with miniature type 6CF6. 
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>*7^ PENTAGRID AMPLIFIER 
H (\\ Miniature type used as gated am- 

plifier in television receivers employing 
k(£A5=^LA^C3 series-connected heater strings. Out- 
cs line 11, OUTLINES SECTION. 

C| Heater volts (ac/dc), 3.15; amperes, 
0.6; warm-up time (average), 11 seconds. Except for heater rating, this type is 
idonrioa) with miniature type 6CS6. 

Q-Jg) SHARP-CUTOFF TETRODE 

J-O® Miniature type used as rf ampli- _ c 
k her in vhf tuners of television receiv- O C 1 D 
isCIaaXWITT® k ers employing series-connected heater 

(fj  strings. Outline 11, OUTLINES SEC- 
ci TION. Heater volts (ac/dc), 2.9; am- 

peres, 0.45: warm-up time (average), 11 seconds. Except for heater rating, this 
type is identical with miniature type 6CY5. 

FULL-WAVE VACUUM RECTIFIER 

-cwv Glass octal type used as power _ _ . 
(\ \] supply in television receivers and other 

(sX \/\ AZ)Pequipment having high dc require- 
ments. Outline 44, OUTLINES SEC- 
TION. Tube requires octal socket and 

may be operated in any position. It is especially important that this tube, like 
other power-handling tubes, be adequately ventilated. For discussion of Rating 
Chart, refer to INTERPRETATION OF TUBE DATA. 
FlLAMUNT Voi.TAUK (AC ''DC)  3.3 Volts 
Filament Curkentt  3,8 ampon-s 

FULL-WAVE RECTIFIER 
Maximum Ratings, (Design-Maximum Values): 
Peak Inverse Plate Voltage  
Peak Plate Current (Per Plate)  
Hot-Switching Transient Plate Current (Per Plate)  
AC Plate Supply Voltage (Per Plate, rms)  
DC Output Current (Per Plate)  
Bum* Temperature (at hottest point on bulb surface)  

RATING CHART 

type 30G4 1 

Ef=3.3 VOLTS AC I 1 I 1 I 
P MAXIMUM OPERATING VALUES WITH: ' r-CHOKE-lNPUT FILTER i—CAPACITOR-INPUT FILTER 

i t33 I I 1 I 325| 375|G | j } 
) 100 200 300 400 AC PLATE SUPPLY VOLTS (RMS) PER PLATE (WITHOUT LOAD) 92CS-I0982TI 
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Typical Operation with Capacitor Input to Filter: 
AC Plate-to-Plate Supply Voltage (rms)  
Kilter-Input Capacitor0  
Inflective Plate-Supply Impedance per Plate  
DC Output Voltage at Input to Filter (Approx.): 

At full-load current of 350 ma  
Characteristics: 
Tube Voltage Prop for plate ma. =350 per plate  25 volts 
• Higher values of capacitance than indicated may be used, but the effective, plaie-supply impedance 
may have to be increased to prevent exceeding the maximum rating for peak plate current. 

SHARP-CUTOFF PENTODE 
Miniature types used as interme- H<[\ 

JDKO diate-frequency amplifier in television /?) 
receivers. Outline 11, OUTLINES 
SECTION. Heater volts (ac/dc), 3.15, O 
amperes. 0.6; warm-up time (average), Gl 

11 seconds, Peak heater-cathode volts; heater negative with respect to cathode, 
:!00 max; heater positive with respect to cathode, 200 max (the dc component must 
not exceed 100 volts). Except for heater and heater-cathode ratings, this type is 
identical with miniature type 6DK6. 

SHARP-CUTOFF PENTODE "SHk!" 

3DT6 Miniature types used as FM de- rn-/)©''2 

tector in television receivers employing l\ 
series-connected heater strings. Out- )vz)g3 

vr linell,OUTLINES SECTION.Heater Ts >3=^ 
volts (ac dc), 3.15; amperes, 0.6; gk 

warm-up time (average), 11 seconds. Except for heater rating, these types are 
identical with miniature types 6DT6 and 6DT6-A, respectively. 

SHARP-CUTOFF PENTODE ©_ 

ryf * r Miniature type used as rf ampli- Cll 
JtAj fier in vhf tuners of television receivers llr---; 

having series-connected heater strings. isi^XXt/N 
Outline 11, OUTLINES SECTION. Ay- 
Heater volts (ac/dc) 2.9; amperes, or 

0.45; warm-up time (average), 11 seconds. Except for heater rating, this 
identical with miniature type 6EA5. 

type is 

3LF4 

BEAM POWER TUBE 
Glass lock-in type used in output stage of 

ac/de/battery portable receivers. Outline 15, 
OUTLINES SECTION. Tube requires lock-in 
socket. Filament volts fdc), 1.4 (parallel), 2.8 
(series); amperes, 0.1 (parallel), 0.05 (series'). 
For electrical eharaeteristics, refer to glass-octal 
type 3Q5-GT. Type 3LF4 is used principally 
for renewal purposes. 

3Q4 

POWER PENTODE 
Miniature type used in output stage of 

lightweight, compact, portable battery-operated 
equipment. Outline 11, OUTLINES SECTION. 
Except for terminal connections, types 3Q4 and 
3V4 are identical. Refer to type 3V4 for ratings 
and typical operation. Type 3Q4 is used prin- 
cipally for renewal purposes. 
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G2 G, BEAM POWER TUBE 
P /\— rs. Glass octal type used in output stage of ^3V>—i—| \ Ny ac/dc battery portable receivers. Outline 22, 

[-"-J | OUTLINES SECTION. This type may be sup- OC 1 :::I1 / plied with pin 1 omitted. Filament volts (dc), j — fj | 
2.8 in series filament arrangement and 1.4 in 
parallel arrangement; amperes, 0.05 (series), 

hcWUDgb l-1 (parallel). Typical operation as Class Ai fm amplifier: plate and grid-No.2 volts, 110 max; 
grid-No.1 volts, -6.6; peak af grid-No.1 volts, 

5.1 (series), 5.4 (parallel); plate ma., 8.5 (series), 10 (parallel); grid-No.2 ma., 1.1 (series), 1.4 (parallel); 
total cathode ma., 6 max for each 1.4-volt filament section; plate resistance (approx.), 0.11 megohm 
(series), 0.1 megohm (parallel); transconductance, 2000 ^nihos (series), 2200 jtmhos (parallel); load 
resistance, 8000 ohms; total harmonic distortion, 8.5 per cent (series), 6 per cent (parallel); max.-signal 
power output, 330 raw (series), 400 mw (parallel). This type is used principally for renewal purposes. 

C20—©=3 POWER PENTODE 
Ci(3yv|--r~yV6)|> Miniature type used in output or^jl 

(Xj.:::-? ] stageoflightweight,compact,portable, 054 
f>©( /TwTOf* battery-operated equipment. Outline 

11, OUTLINES SECTION. Tube re- 
quires miniature seven-contact socket 

and may be mounted in any position. Types 3S4 and 1S4 are identical except for 
filament arrangement. Type 3S4 features a filament mid-tap so that tube may be 
used either with a 1.4-volt battery supply or in series with other miniature mbes 
having 0.050-ampere filaments. 
Filament Arrangement: Sertea Parallel 
Filament Voltage (dc)  2.8 1.4 volts 
Filament Current  0.05 o.i iimpure 

Maximum Ratings: 
Plate Voltage  
GRID-NO.2 (SCREEN-GRID) VOLTAGE . 
Total Cathode Current  
* For each 1.4-volt filament section. 
Typical Operation: 

Grid-No. 1 (Control-Grid) Voltage. 
Peak AF Grid-No. 1 Voltage  
Zero-Signal Grid-No. 2 Current. 

Total Harmonic Distortion  
Maximum-Signal Power Output. 
Maximum Circuit Values: 
Grid-No. 1-Circuit Resistance: 

For fixed-bias operation  
For cathode-bias operation. . . . 

Series Parallel 
2.8 1.4 volt a 

0.05 0.1 HMipcre 
AMPLIFIER 

Series Parallel 90 max 90 max ol ts 
67.5 max 07,5 max volts 

d* max 12 max ma 

Series P<irall(i 
.. 67.5 90 67.5 90 volts 

. 67.5 67.5 67.5 67.5 volts 
-7 -7 -7 _7 volts 7 7 7 7 volts 

. 6.0 6.1 7.2 7.4 ma 

. 1.2 1.1 1.5 1.4 ma 

. 0.1 0.1 0.1 0. 1 megohm 
. 1400 1425 1550 1575 .< mhos 
. 5000 8000 5000 8000 ohms 

12 13 10 12 per cent 
. 160 235 180 270 mw 

P POWER PENTODE 
g, Miniature type used in output 

stageof lightweight, compact, portable, o \/ a 
p, battery-operated equipment. Outline >3 V 

11, OUTLINES SECTION. Tube re- 
quires miniature seven-contact socket 

and may be mounted in any position. Except for terminal connections, types 3V4 
and 3Q4 are identical. Both feature filament mid-tap so that tubes may be used 
either with a 1.4-volt battery supply or in series with Other miniature tubes having 
0.05-ampere filaments. For series filament arrangement, filament voltage is applied 
between pins 1 and 7 and grid-No.1 voltage is referred to F-. For parallel filament 
arrangement, filament voltage is applied between pin 5 and pins 1 and 7 connected 
together and grid-No. 1 voltage is referred to Fm, the filament mid-tap. 
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Filament Arrangement: Series 
Filament Voltage (dc)  2.8 
Filament Current  0.05 
Direct Interelectrode Capacitances (Approx.): 

Grid No. 1 to Plate    
Grid No.l to Filament, Grid No.2, and Grid No.3  
Plate to Filament, Grid >Jo.2, and Grid No.3. .    

CLASS Ai AMPLIFIER 
Maximum Ratings, (Design-Maximum Values): Series 
Plate Voltage  100 max 
Grid-No. 2 (screen-grid)Voltage  100 max 
Total Cathode Current  6# max 
# For each 1.4-volt filament section. 
Typical Operation: Series 
Plate Voltage  90 
Grid-No. 2 Voltage  90 
Grid-No. 1 (Control-Grid) Voltage -4.5 
Peak AF Grid-No. 1 Voltage        4.5 
Zero-Signal Plate Current    7.7 Zero-Signal Grid-No. 2 Current  1.7 
Plate Resistance (Approx.)  0.12 
Transeonductance  2000 
Load Resistance 10000 1 Total Harmonic Distortion  7 
Maximum-Signal Power Output   240 
Maximum Circuit Values: 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation  
For cnthode-bias operation  

Parallel 
100 max 
100 max 

12 mar 

ma 
megohm 

Mmhos 
ohms 

per ceni 

2.2 max megohms 
2.2 max megohms 

4AU6 

SHARP-CUTOFF PENTODE 
Miniature type used as rf ampli- 

fier in television receivers employing AX 
series-connected heater strings.Outline f/A-C 
11, OUTLINES SECTION. Heater 's 

volts (ac/dc), 4.2; amperes, 0.45; G| 

warm-up time (average), 11 seconds. Peak heater-cathode volts: heater negative 
with respect to cathode, 200 max; heater positive with respect to cathode, 200 max 
(the dc component must not exceed 100 volts). Except for heater and heater-cath- 
ode ratings, this type is identical with miniature type 6AU6. 

TWIN DIODE—HIGH-MU TRIODE 

m Miniature type used as combined I Vt 
4AVO detector, amplifier, and avc tube in JV lL—.JAL 

automobile and ac-operated radio re- 
ceivers employing series-connected (A  
heater strings. Outline 11, OUTLINES G r 

SECTION. Heater volts (ac/dc), 4.2; amperes, 0.45; warm-up time (average), 11 
seconds. Except for heater rating, this type is identical with miniature type 6AV6. 

SHARP-CUTOFF PENTODE h /T/N 
Miniature type used in compact C/ zzz^^/] , 

4D^O radio equipment as an rf or if amplifier i \ (" 
at frequencies up to 400 megacycles 
per second. Outline 11, OUTLINES ls 13 

SECTION. Heater volts (ac/dc), 4.2; G| 

amperes, 0.45; warm-up time (average), 11 seconds. Peak heater-cathode volts: 
heater negative with respect to cathode, 200 max; heater positive with respect to 
cathode, 200 max (the dc component must not exceed 100 volts). Except for heater 
and heater-cathode rating, this type is identical with miniature type 6BC5. 
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"q®^, MEDIUM-MU TWIN TRIODE 
KT2(5^^^^^^W7)GT, Miniature type used in direct- ilDf O 

It"" —nr coupled cathode-drive rf amplifier cir- 4D^O 
CT20(\ cuits of vhf television tuners employ- 

2 (Tt-—--fg) inS series-connected heater strings. 
Pt2w 

IS. Outline 12, OUTLINES SECTION. 
Heater volts (ac/dc), 4.2; amperes, 0.6; warm-up time (average), 11 seconds. 
Except for heater rating, this type is identical with miniature type 6BC8. 

BEAM TUBE 
Miniature type used as combined . _ _ . . 

(Y-L"". \I x limiter, discriminator, and audio-volt- 4dNO 
C|(!aM2S yOe age amplifier in intercarrier television 

and FM receivers employing series- 
Is connected heater strings. Outline 13, 

OUTLINES SECTION. Heater volts (ac/dc), 4.2; amperes, 0.45; warm-up time 
(average), 11 seconds. Peak heater-cathode volts, 200 max. When the heater is 
positive with respect to the cathode, the dc component of the heater-cathode volt age 
must not exceed 100 volts. Except for heater and heater-cathode ratings, this type 
is identical with miniature type 6BN6. 

HQ©W>T, MEDIUM-MU TWIN TRIODE 

"Tg ' Miniature type used in direct- 
/JPC"""""([) coupled cathode-drive rf amplifier cir- 4RQ7 — A 

CT20(\ /vjjyWKT, cuits of vhf television tuners employ- 
2 ' inS series-connected heater strings. 

Outline 12, OUTLINES SECTION. 
Heater volts (ac/dc), 4.2; amperes, 0.6; warm-up time (average), 11 seconds. 
Except for heater rating, this type is identical with miniature type 6BQ7-A. 

MEDIUM-MU TWIN TRIODE 
KT2(?v7p /\\0CT| Miniature type used in direct- jinffi 

Wix"" ----rT coupled cathode-drive rf amplifier cir- 4DOO 
c cuits television tuners employ- 2 PjY -^(o) ' inS series-connected heater strings. 

ptV Ms Outline 12, OUTLINES SECTION. 
Heater volts (ac/dc), 4.5; amperes, 0.6; warm-up time (average), 11 seconds. 
Except for heater rating, this type is identical with miniature type 6BS8. 

h0^>®G3P2 sharp-cutoff twin pentode 
PP2(3Vfj~f^V!0i' Miniature type used as combined 

il; 1 rr sytc separator, sync clipper, and age 4BLI8 
1/^tpi amplifier tube in television receivers 

0"—^(9) employing series-connected heater 
K &3P' strings. Outline 14, OUTLINES SEC- 

TION. Heater volts (ac/dc), 4.2; amperes, 0.45; warm-up time (average), 11 seconds 
Except for heater rating, this type is identical with miniature type 6BU8. 
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SEMIREMOTE-CUTOFF PENTODE 

Miniature type used in gain-con- H^)\ - = 

4BZ6 trolled video if stages of television re- l\l-""ix 1 ceivers employing series-connected k(1aAL/\j yCD,-1 
heater strings. Outline 11, OUTLINES 
SECTION. Heater volts (ac/dc), 4.2; g, 

amperes, 0.45; warm-up time (average), 11 seconds. Except for healer rating, tin 
type is identical with miniature type 6BZ6. 

MEDIUM-MU TWIN TRIODE 

AJBAJ'T Miniature type used in direct- 7 

coupled cathode-drive rf amplifier cir- Mt/""" ""jT ^ 
cuits of vhf television tuners employ- 
ing series-connected heater strings.   ^(91 
Outline 12, OUTLINES SECTION. Pt2 's 

Heater volts (ac/dc), 4.2; amperes, 0.6; warm-up time (average), 11 seconds 
Except for heater rating, this type is identical with miniature type 6BZ7. 

SHARP-CUTOFF PENTODE 
Miniature type used as if and as 

4CB6 rf amplifier in television receivers em- -iVL'"1 , J 
ploying series-connected heater strings. (EaAl/N I 
Outline 11, OUTLINES SECTION. ^^ A 
Heater volts (ac/dc), 4.2; amperes, c, 

0.15; warm-up time (average), 11 seconds. Peak heater-cathode volts: heater nega- 
tive with respect to cathode, 300 max (the dc component must not exceed 200 
volts); heater positive with respect to cathode, 200 max (the dc component must 
not exceed 100 volts). Except for heater and heater-cathode ratings, this type is 
identical with miniature type 6CB6-A. 

PENTAGRID AMPLIFIER Q— 
. _ _ . Miniature type used as a gated hG/(\:Ez~ 

4C50 amplifier in television receivers. In (\\!=£_ 
such service, it may be used as a com- 
bined sync separator and sync clipper. 05 (?r~ 
Outline 11, OUTLINES SECTION. G' 

Heater volts (ac/dc), 4.2; amperes, 0.45; warm-up time (average), 11 sect 
cept for heater rating, this type is identical with miniature type OCSO. 

SHARP-CUTOFF TRIODE 

. __ Miniature type used as rf ampli- Jl/O© 
4V» T O her in vhf tuners of television receivers k 4Vc. ■/ )~ k 

employing series-connected heater isflXjlyV//©'? 
strings. Outline 11, OUTLINES SEC-  ^ 
TION. Heater volts (ac/dc), 4.5 am- g. 

peres, 0.3; warm-up time (average), 11 seconds. Except for heater rating, this type 
is identical with miniature type 6CY5. 
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H0r?) SHARP-CUTOFF PENTODE 

hQY -T /@Cz Miniature type used in the gain- . _ _ . 
I\ controlled picture if stages of television 4UbO 

(g/y[L<^ 1 Xi)G3 receivers utilizing an intermediate fre- 
is quency in the order of 40 megacycles 

or per second. Also used as an rf amplifier 
in vhf television tuners. Outline 11, OUTLINES SECTION. Heater volts (ac - de), 
4.2; amperes, 0.45; warm-up time (average), 11 seconds. Except for heater rating, 
this tube is identical with miniature type 6DE6. 

SHARP-CUTOFF PENTODE 
H®( |-L )©C2 Miniature types used as FM de- 4DT6 

(\ tector in television receivers employing 
I^aTl/X yvDoi series-connected heater strings. Outline 4DT6->A 

is 11, OUTLINES SECTION. Heater 
cX volts (ac/dc), 4.2; amperes, 0.45; 

warm-up time (average), 11 seconds. Except for heater rating, these types are 
identical with miniature types 6DT6 and 6DT6-A, respectively. 

"0®^, VARIABLE-MU TWIN TRIODE 
KT2(^v^~^nVr)gT' Miniature type used in direct- >1 ECO 

IvCII --4rr coupled cathode-drive rf amplifier cir- cuits of television receivers employing 
72 nY-—KT| series-connected heater strings. Out- erp1 ^,5 line 12, OUTLINES SECTION. 

Heater volts (ac/dc), 4; amperes, 0.6; warm-up time (average), 11 seconds. Except 
for heater rating, this type is identical with miniature type 6ES8. 

Q_© SHARP-CUTOFF PENTODE 
H<y)\ /©G2 Miniature type used in the gain- « . 

(\ controlled picture-if stages of vhf tele- 4eWO 
y0G vision receivers operating at an inter- 

is mediate frequency in the order of 40 
Gj megacycles per second. Outline 11, 

OUTLINES SECTION. Heater volts (ac/dc), 4.2; amperes, 0.6; warm-up time 
(average), 11 seconds. Except for heater rating, this type is identical with minia- 
ture type 6EW6. 

SHARP-CUTOFF TWIN PENTODE 
Pp20l^^f^uL)G| Miniature type used as combined 4GS8 

/-vtC"1-syne separator, sync clipper, and age sgviV/jVN IASsppi amplifier tube in television receivers /^LRMft 
(tj- '0 employing series-connected heater 

x.is G3P| strings. Outline 14, OUTLINES SEC- 
TION. Tube requires miniature nine-contact socket and may be mounted in any 
position. 
Heater Voltage (ac/dc)  
Heater Current   
Heater Warm-Up Time (Average)  
Dikect Interelectrode Capacitances: 

Grid No.3 to Plate (Each Unit)    
Grid No.l to All Other Electrodes  
Grid No.3 to All Other Electrodes (Each Unit) 
Plate to All Other Electrodes (Each Unit)  
Grid No.3 of Unit No.l to Grid No.3 of Unit No.2. 

4.2 volts 
0.45 ampere 

11 seconds 
2 MM* 6 MMf 3.8 M/tf 3.2 MJ-ff 0.015 max uuf 
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CLASS A, AMPLIFIER 
Maximum Ratings, {Dcsign-AIaximum Values): 
IYate \'olt,vge (l^ach Unit)  
Giui>-N"u.3 (sumu:ss(>R-GRiD) Voltage (Each Unit); 

Peak poaitivo value  
i K ! negative value  
I )C positive value  

(iKn)-.\:(>.2 (s<!Keen'-(;rid) Voltage  
Guid-Xo.I (controi-grid) Voltage, iVegative bias value  
(lATI/OD'E ('URLtEN'T  
GR!D-\'o.2 INT'UT  
Plate Dissipation (Each Unit)  
Peal Heater-Cathode Voltage; 

Heater negative with respect to cathode  
Heater positive with respect to cathode  

Characteristics: 
PhiU' Voltage (Each Unit)  
Grid-No.Voltage (Each Unit). 
Grid-\ro.2 Voltage  
Grid-No.1 Voltage  
Plule Current (Each Unit).... 
Grid-No.2 Current  
Cat Iiode Current  

With Both Units Operating 

With One Unit Operatintj* 
Plate Voltage  
Grid-No.3 Voltage  
G ri(l-N'o.2 Voltage  
Grid-No.I Voltage  
(!rid-No.3 Transconductance  
Grid-No.1 Transconductance  
Plate Current  
Grid-No.3 Voltage (Approx.) lor plate current of 100 /ra., 
Grid-No.1 Voltage (Approx.) for plate current of 100 jia. 
Maximum Circuit Values: 
Grid-No.3-Circuil Resistance (Each Unit)  
(irid-No.l-Circuit Resistance  
5 The dc component must not exceed 100 volts. 1 Adjusted to give a dc grid-No.1 current of 100 microamperes. 
• Wii h plate and grid No.3 of the other unit connected to ground. 

50 rnox 
-50 7ita.r 

o 7na.c 
150 -wo.!- 
—50 ina.r 

12 nuts 
0. 75 inox 

.1. I mtis 

DIODE-SHARP-CUTOFF H " Pp 

PENTODE 

CAAAQ Miniature type used in diversified 3 
*2 applications in television receivers em- Nf-."". 

ploying series-connected heater strings. c'CTTy Po 

The pentode unit is used as an ampli- 
fier and the high-perveance diode as a 13 

detector or dc restorer. Outline 12, OUTLINES SECTION. Heater volts (ac/dc), 
4.7; amperes, 0.6; warm-up time (average), 11 seconds. Except for heater rating, 
this type is identical with miniature type 6AM8-A. 

MEDIUM-MU TRIODE— « @ p, 
SHARP-CUTOFF PENTODE 

C AMQ Miniature type used in a wide •J AIM O variety of applications in television re- CT(2AT~/s3ilh0CiP 
ceivers employing series-connected T 'P 

heater strings. The pentode unit is used <-ip k? 
as an amplifier and the triode unit is is 

used in oscillator or sync circuits. Outline 12, OUTLINES SECTION. Heater volts 
(ac/dc), 4.7; amperes, 0.6; warm-up time (average), 11 seconds. Except for heater 
rating, this type is identical with miniature type 6AN8. 
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BEAM POWER TUBE 
HGy ( z~ ^/V^02 Miniature type used as audio am- j- » jr 

plifier in television receivers employing 3/\Vj|0 
k0\^/VxAZ)ci series-connected heater strings. Out- 
03 line 13, OUTLINES SECTION. 

01 Heater volts(ac/dc),4.7;amperes, 0.6; 
warm-up time (average), 11 seconds. Except for heater rating, this type is 
identical with miniature type 6AQ5-A. 

nc FULL-WAVE VACUUM RECTIFIER 
>T pD Glass octal types used in power r * c/ 

(SYJ— supply of television receivers having 
( 1 high dc requirements. Outlines 48 and c A Cyf A 

pdV-A /3)Nc 
38. respectively, OUTLINES SEC- 
TION. Type 5AS4-A may be supplied 

nc f with pins 3, 5, and 7 omitted. Tubes 
require octal socket. Vertical mounting is preferred, but horizontal mounting is 
permissible if pins 1 and 4 are in vertical plane. It is especially important that these 
tubes, like other power-handling tubes, be adequately ventilated. Heater volts (ac), 
5.0; amperes, 3.0. For maximum ratings, typical operation, and curves, refer to type 
5U4-GB. Type 5AS4 is a DISCONTINUED type listed for reference only. 

M " „ DIODE—SHARP-CUTOFF 
QjSyD ^ PENTODE 

KpQ( is* Miniature type used in diversified _ _ __ 
. l!i] applications in television receivers em- Ki> ploying series-connected heater strings. 

(tj~ ti) The pentode unit is used as an ampli- 
C2p pe fier and the high-perveance diode as a 

detector or dc restorer. Outline 12, OUTLINES SECTION. Heater volts (ac/dcp, 
4.7; amperes, 0.6; warm-up time (average), 11 seconds. Except for heater rating, 
this type is identical with miniature type 6AS8. 

h p MEDIUM-MU TRIODE— 
H(7^i^0P SHARP-CUTOFF PENTODE 

Miniature type used as combined CATQ 
-. oscillator and mixer tube in television I O 

pT(£/\jC/\yt/yG3p receivers employing series-connected 
(Tj -^9) heater strings. Outline 12, OUTLINES 

ct cip SECTION. Heater volts (ac/dc), 4.7; 
amperes, 0.6; warm-up time (average), 11 seconds. Except for heater rating, this 
type is identical with miniature type 6AT8-A. 

5AT8 

© FULL-WAVE VACUUM RECTIFIER 
nc<^/_l jSyrf0' Glass octal type used as power _ _ . . . 

J j_ supply in television receivers and other 5 A U 4 
f equipment having high dc require- 

0"*"^ ments. Maximum dimensions: over-all 
nc f length, 4-3/4 inches; seated height, 

4-3/16 inches; diameter, 1-11/16 inches. Tube requires octal socket and must be 
Used in vertical position; horizontal operation is permissible only if pins 2 and 4 
are in vertical plane. It is especially important that this tube, like other power- 
handling tubes, be adequately ventilated. Filament volts (ac/dc), 5; amperes, 3.75. 
For discussion of Rating Chart, refer to INTERPRETATION OF TUBE DATA. 
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FULL-WAVE RECTIFIER 
Maximum Ratings: 
Peak Invekse Plate Voltage  
Peak Plate Current (Per Plate)  
Hot-Switching Transient Plate Current 

(Per Plate), maximum duration 0.2 second  
AC Plate Supply Voltage (Per Plate, rms)  
DC Output Current (Per Plate)  

Typical Operation: 
Filler Input Capacitor 
AC Plate-to-Plate Supply Voltage (rms)  600 800 
Filter-Input Capacitor  40 40 
Fltectm; Plate Supply Impedance per Plate  30 50 
Filter-Input Choke  - - 
DC Output Current  350 325 
DC Output Voltage at Input to Filter (Approx.)  275 395 

Characteristics: 
Tube Voltage Drop for plate ma = 350 (Per Plate)  

1400 max 
1075 max 

RATING CHART 
TYPE 5Au'4 I I | i I T Ef = 5 VOLTS AC I I I | I ~L— MAXIMUM OPERATING VALUES WITH: ■ (-CHOKE-INPUT FILTER rCAPACITOR-INPUT FILTER 

I H I i I 1 1 1 t I G\ 0 100 200 300 400 500 
AC PLATE SUPPLY VOLTS (RMS) PER PLATE (WITHOUT LOAD) 

5AV8 

MEDIUM-MU TRIODE- 
SHARP-CUTOFF PENTODE 

K, 
Miniature type used in a wide ' 

variety of applications in television re- Pt(£)i 
ceivers employing series-connected C 
heater strings. Outline 12, OUTLINES ct ■ 
SECTION. Tube requires miniature .( 
nine-contact socket and may be ^ 
mounted in any position. 

Heater Voltage (ao/dc)   
Heater Current  
Heater Warm-Up Time (Average)  
Direct Interelectrode Capacitances: 
Triode Unit: 

Grid to Plate   
Grid to Cathode and Heater  
Plate to Cathode and Heater   

Pentode Unit: 
Grid No.I to Plate   
Grid No. 1 to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield. . 
Plate to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield. . 

Triode Grid to Pentode Plate    
Pentode Grid No.I to Triode Plate  
Pentode Plate to Triode Plate   

4.7 volts 
0.6 ampere 

11 seconds 

1.5 M/if 
2.0 MAff 

0.34 aaf 
0.04 max ppf 

7 wpf 
3.0 p/if 

0.005 p/if 
0.006 MJif 
ft. 045 nut 
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CLASS A, AMPLIFIER 
Maximum Ratings: Triode Unit Pentode Unit 
Plate Voltage   300 max 300 max volts 
Grid No.2 Supply Voltage  - 300 max volts 
Grid -No. 2 (screen-grid) Voltage   - See curve page 60 
Grid-No.1 (control-grid) Voltage, Positive bias value .... 0 max 0 max volfs 
Plate Dissipation  2.5 max 2 max watts 
Grid-No.2 Input: 

For grid-No.2 voltages up to 150 volts   - 0.o?rcax watt 
For grid-No.2 voltages between 150 and 300 volts   - See curve page 60 

Peak Heater-Cathode Voltage: 
Heater negative with respect to cathode  200 max 200 max volts 
Heater positive with respect to cathode   200omax 200omax volts 

Characteristics: 
Plate Supply Voltage   200 200 volts 
Grid-No.2 Supply Voltage  - 150 volts 
Grid-No.1 Voltage  -6 - volts 
Cathode-Bias Resistor   - 180 ohms 
Amplification Factor  19 ohms 
Plate Resistance (Approx.)   5750 300000 ohms 
T ransconductance  3300 0200 jitnihos 
Grid-No.1 Voltage (Approx.) for plate current of 10 /ia  -19 -8 vol© 
Plate Current  13 9.5 ma 
Grid-No.2 Current   - 2.8 ma 
Grid-No.1-Circuit Resistance:* 

For fixed-bias operation  0.5 max 0.25 max megohm 
For cathode-bias operation   1.0 max 1,0 max megohm 0 The dc component must not exceed 100 volts. 

* If either unit is operating at maximum rated conditions, grid-No. 1-circuit resistance for both urihs 
should not exceed the stated values. 

PD2 
®  FULL-WAVE VACUUM RECTIFIER 

! J—nr-J© 1 Glass octal type used in power sup- P" A 1 A # A 
\ j plies of radio and television receivers 5AW4 

r / having high dc requirements. Maxi- 
GVtTO mumdimensions :over-alllength, 5-3 /16 

nc f inches; seated length, 4-5/8 inches; 
diameter, 1-9/16 inches. Tube requires octal socket and may be operated in any 
position. It is especially important that this tube, like other power-handling tubes, 
he adequately ventilated. Filament volts (ac/dc), 5; amperes, 3.7. For discussion of 
Rating Chart, refer to INTERPRETATION OF TUBE DATA. 

FULL-WAVE RECTIFIER 
Maximum Ratings: 
Peak Inverse Plate Voltage  1550 max volts 
Peak Plate Current (Per Plato:  750 max ma 
Hot-Switching Transient Plate Current 

(Per Plate) maximum duration 0.2 second  4 ??iax amperos 
AC Plate Supply Voltage (Per Plate, rms)  See Rating Chan 
DC Output Current  .... See Rating Chun 

Typical Operation: 
Filter Input Capacitor Choke 

AC Plate-to-PLate Supply Voltage (rms)  900 1100 vohs 
Filter-Input Capacitor  10 pf 
Effective Plate Supply Impedance per Plate  153 — ohms 
Filter-Input Choke  - 10 henries 
DC Output Current  250 250 ma 
DC Putput Voltage at Input to Filter (Approx.)  422 440 volts 

Characteristicj: 
Tube Voltage Drop for plate ma — 250 'Per Plate)  50 volts 
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RATING CHART 
TYPE 5AW4 E(s5 VOLTS AC 

MAXIMUM OPERATING VALUES WITHt -r rCHOKE-tNPUT FILTER H rCAPACITOR—INPUT FILTER 

140, | 1 | 440, 5401G | | | 
O 100 200 300 , 400 500 600 700 AC PLATE SUPPLY VOLTS (RMS) PER PLATE (WITHOUT LOAD) 92C5-II205T 

FULL-WAVE VACUUM RECTIFIER 
_ - m Lock-in type used in power supply of radio 
^ #V m A equipment having moderate dc requirements. 

Outline 20, OUTLINES SECTION. Tube re- 
quires lock-in socket. Filament volts (ac), 5.0; 
amperes, 2.0. Maximum ratings as full-wave 
rectifier: peak inverse plate volts, 1400 max; 
peak plate ma. (per plate), 375 max; dc output 
ma., 125 max. This type is used principally for 
renewal purposes. 

Typical Operation: 
Filter Input Capacitor 

AO Plale-to-Plate Supply Voltage (rms)  700 
Filter-Input Capacitor  4 
Total Effective Plate-Supply Impedance Per Platef  50 Filter-Input Choke  - 
DC Output Current   125 
DC Output Voltage at Input to Filter (Approx.): At half-load current (62.5 ma.)  392.5 

At full-load current (125 ma.)  340 
Voltage Regulation (Approx.): 

Half-load to full-load current   52.5 

Capacitor Choke 
700 1000 volts 4 - Mf 50 _ ohms - 5 henries 125 125 ma 

392.5 405 volts 340 382 volts 
52.5 23 volts 

t When a filter-input capacitor larger than 40 nf is used, it may be necessary to use more plate-supply impedance than the value shown in order to limit the peak plate current to the rated value. 

5B8 

MEDIUM-MU TRIODE— 
SHARP-CUTOFF PENTODE 
Miniature type used as combined 

vhf oscillator and mixer in television 
receivers employing series-connected 
heater strings. Outline 12, OUTLINES 
SECTION. Tube requires miniature 
nine-contact socket and may be 
mounted in any position. 

Heater Voltage (ac/dc)    
Heater Current  
Heater Wakm-Up Time (Average)  

Triode Maximum Ratings: Unit 
Plate Voltage  300 max 
Gkip-No.2 (screen-grid) Supply Voltage  
Grid-No.2 Voltage  
G rid-No. 1 (control-grid) Voltage, Positive bias value  0 wax 
Plate Dissipation  2.5 max 
Grid No.2 Input: 

For grid-No.2 voltages up to 150 volts  
For grid-No.2 voltages between 150 and 300 volts  - 

Peak Heater-cathode Voltage: 
Heater negative with respect to cathode  200 waj- 
Heater positive with respect to cathode  200B»mj- 

4.7 volts 
0.6 ampere 
11 seconds 

Pentode 
Unit 

300 max volts 
300 max volts 

See curve page 06 
0 max volts 
2 max watts 

0.5 max watt 
See curve page 66 

200 max volts 
200Beuix volts 
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CLASS Aj AMPLIFIER 
Characteristics: 
Platt- Supply Volrajie  
Grid-No.2 Supply Voltage. 
Grid Voltage  
Cathode-Bias Resistor  
Amplification Factor  
Plate Resistance (Approx.)  5750 300000 
Transconductance  3300 6200 
Plato Current  13 9.5 
Grid-No.2 Current  - 2.8 
Grid-No.1 Voltage (Approx.) for plate current of 10   -19 -8 
Maximum Circuit Values: 
Grid-No. 1-Gircuit Resistance*: 

For lixed-bias operation  0.5 wax 0.25 tnax 
For cathode-bias operation  1.0 wax 1.0 wax 

■The do component must not exceed 100 volts. 
* If either unit is operated at maximum rated conditions, grid-No.l-circuit resistance for fc 

should not exceed the stated values. 

IC0©^IC FULL-WAVE VACUUM RECTIFIER 

Fg/-L- lc Novar type used in power supplies m ^ O 
T\ / I of radio equipment and television re- 

ic€\ \/\. lA^ic ceivers having high dc requirements. 
Outline 54, OUTLINES SECTION. 

F Pcii Tube requires novar nine-contact 
socket. Vertical operation is preferred, but tube may be operated in horizonta 
position if pins 2 and 7 are in vertical plane. It is especially important that thi: 
tube, like other power-handling tubes, be adequately ventilated. 

Filament Voltage(ac). 
Filament Current 

FULL-WAVE RECTIFIER 
Maximum Ratings, {Design-Maximum Values): 
Peak Inverse Plate Voltage  
Peak Plate Current (Per Plate)  
Hot-Switching Transient Plate Current (Per Plate)0  
AC Plate-Supply Voltage (Per Plate, rms)  
DC Output Current (Per Plate)  

1700 max 
1 max 

Typical Operation with Capacitor Input to Filter: 
AC Plato-to-Plate Supply Voltage (rms)  
Filter-Input Capacitor"  
Total KfTective Plato-Supply Impedance per Plate.. . . 
DC Output Voltage at Input to Filter (Approx.): 
At load current of: 300 ma  275 ma  

162 ma  
150 ma  

137.5 ma  
81 ma  

Typical Operation with Choke Input to Filter: 
AC Plate-to-Plate Supply Voltage (rms)   900 1100 volts 
Filter-Input Choke  10 10 henri. s 
DC Output Voltage at Input to Filter (Approx.): 

At load current of: 348 ma  340 - volts 
275 ma  - 440 volts 
174 ma  355 - volts 

137.5 ma  — 455 volts 
c If hot switching is regularly required in operation, the use of choke-input circuits is recommended. 
Such circuits limit the hot-switching current to a value no higher than that of the peak plate curreni. 
When capacitor-input circuits are used, a maximum peak current value per plate of 5 amperes during 
the initial cycles of the hot-switching transient should not be exceeded. 
■ Higher values of capacitance than indicated may be used, but the effective plate-supply impodamv 
may have to be increased to prevent exceeding the maximum rating for peak plate current. 
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RATING CHART 

I ■■ 1^  0 100 200 300 400 SOO t.00 AC PLATE SUPPLY VOLTS (RMS) PER PLATE (WITHOUT LOAD) 92CS*ll200TI 

MEDIUM-MU TRIODE— w " p 

SHARP-CUTOFF PENTODE 
KT|3rVj^1 i\V^G2p 

CD CO Miniatiire type used as a combined vhf 03(1,1 

^ D C O oscillator and mixer tube in television receivers r-Allj^-s 
employing a series-connected heater string. Out- PT^Aj\y/\---^^^KP 
line 12, OUTLINES SECTION. Heater volts 
(ac/dc),4.7; amperes, 0.6; warm-up time (aver- 
age), 11 seconds. Tube requires miniature nine- 

contact socket and may be operated in any position. This type is used principally for renewal purposes. 
CLASS ^ AMPLIFIER 

Maximum Rating,: T™d° Pe"lode 
Unit unit Plate Voltage  300 max 300 max volts 

Grid-No.2 (screen-grid) Supply Voltage  - 300 max volts 
Grid-No.2 Voltage  - See curve page 66 
Grid-No.1 (control-grid) Voltage, Positive bias value .... 0 max 0 max volts 
Plate Dissipation  2.5 max 2.8 max watts 
Grid-No.2 Input: 

For grid-No.2 voltages up to 150 volts  - 0 .5 max watt 
For grid-No.2 voltages between 150 and 300 volts  - See curve page 66 Peak Heater-Cathode Voltage: 
Heater negative with respect to cathode    200 max 200 max volts 
Heater positive with respect to cathode  200" max 200" max volts 

Characteristics: 
Plate Supply Voltage  150 250 volts Grid-No.2 Supply Voltage  - 110 volts 
Cathode-Bias Resistor  56 68 ohms 
Amplification Factor  40 - 
Plate Resistance (Approx.)  0.005 0.4 mogohm 
Transeonductance  8500 5200 nmhos 
Grid-No.1 Voltage (Approx.) for plate current of 10 aa  -12 -10 volts 
Plate Current  18 10 ma 
Grid-No.2 Current  - 3.5 ma 
Maximum Circuit Values: 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation  0.5 max 0.25 max megohm 
For cathode-bias operation  1 max 1 -max megohm 

■ The dc component must not exceed 100 volts. 

MEDIUM-MU TWIN TRIODE 

5BK7-A 
Miniature type used in direct- ^(aVvp ^iVrl*71 

coupled cathode-drive rf amplifier cir- ""IZTi. 
cuits of vhf television tuners utilizing 
series-connected heater strings. Out- (iT——"m ' 
line 12, OUTLINES SECTION. Pt2 

Heater volts (ac/dc), 4.7; amperes, 0.6; warm-up time (average), 11 seconds. Except 
for heater rating, this type is identical with miniature type 6BK7-B. 
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5BR8 

H(5c^©PT' medium-mu twin triode KT20(^nr^S\0GTi Miniature type used in direct- 
Tly"" r""jnZ coupled cathode drive rf amplifier cir- C D^^*y_ A 

/v^)KTl cuits of vhf television tuners employ- ""A* 
(^- YJ) ing series-connected heater strings. pt2
w Ms Outline 12, OUTLINES SECTION. 

Heater volts (ac/dc), 5.6; amperes, 0.45; warm-up time (average), 11 seconds. 
Except for heater rating, this type is identical with miniature type 6BQ7-A. 

MEDIUM-MU TRIODE— 
h0^^6)Pp SHARP-CUTOFF PENTODE 

*T0(m^™O®G2p Miniature type used in a wide CQDQ 
Kp variety of applications in color and 3DlxO 

P7^T\Tiy\s j7^G
l!

P black-and-white television receivers 
(Tj ^®GI employing series-connected heater 

strings. Outline 12, OUTLINES SEC- 
TION. Heater volts (ac/dc), 4.7; amperes, 0.6; warm-up time (average), 11 seconds. 
Except for heater rating, this type is identical with miniature type 6BR8-A. 

TWIN DIODE— 
SHARP-CUTOFF PENTODE h„ (5) Miniature type used in a variety of appli- 

01 ('ations in television receivers employing series- v3^i t connected heater strings. The pentode unit is CuTO 
linC1" t used as an if amplifier, video amplifier, age am- ^ " 

prsjC^yvA JU/Amgip plifier, or reactance tube. The diode unit is 
/-■>* used in automatic-frequency-control and detec- 

P0^ tor circuits. Outline 12, OUTLINES SECTION. KP Heater volts (ac/dc), 4.7; amperes, 0.6; warm- 
up time (average), 11 seconds. Tube requires 

miniature ninc-contact socket and may be operated in any position. This type is used principally for 
renewal purposes. 
Maximum Rating,: PENTODE UNIT AS CLASS A, AMPLIFIER 
Plate Voitage  300 max volts 
CfHjd-No.2 (sckeen-grid) Supply Voltage  300 max volts 
(trii)-No.2 Voltage See curve page 66' 
(luiD-No.l (control-grid) Voltage, Positive bias value  0 max volts 
(i rid-No.2 Input: 

For grid-No.2 voltages up to 150 volts  0.5 wax watt 
For grid-No.2 voltages between 150 and 300 volts See curve page 06 

Plate Dissipation  2 max watts 
Peak Hea ter-Cathode Voltage: 

Heater negative with respect to cathode  200 max volts 
Heal or positive with respect to cathode  200"mrj.r volts 

5BT8 

used principally for 

Characteristics: 
Plate Supply Voltage  
Grid-No.2 Supply Voltage  
Cathode-Bias Resistor  
Plate Resistance (Approx.)  
Transconduct ance  
Plate Current  
Grid-No.2 Current  
Grid-No.1 Voltage (Approx.) for plate current of 10 • 
Maximum Circuit Values: 
Grid-No. 1-Circuit Resistance: 

For fixed-bias operation  
For cathode-bias operation     

Maximum Ratings: 
Plate Current (Each Unit)  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode 
Heater positive with respect to cathode. 

DIODE UNITS 

0.25 max 
1.0 max 

200 max 
2i)0mmax 

oinponent must not exceed 100 volts. 
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TWIN DIODE— H " ^ 
SHARP-CUTOFF PENTODE <yty^' 

CDXAIO Miniature type used in television rEWz) F 

jDYvO receivers employing series-connected -Juj,  
heater strings. The pentode unit is J/T)0*? 
used as a sound if amplifier, sound 0 0 
limiter, and age keyer. The diodes are Pd2 pp 

used as horizontal phase detectors. Outline 12, OUTLINES SECTION. Heater 
volts (ac/dc), 4.7; amperes, 0.6; warm-up time (average), 11 seconds. Except for 
heater rating, this type is identical with miniature type 6BW8 

MEDIUM-MU TRIODE— h Q eP 

SHARP-CUTOFF PENTODE 

Eff+Q Miniature type used as combined Um"~ 
oscillator and mixer tube in television PrCsjuH/sH/® 
receivers employing series-connected K 

heater strings. Outline 12, OUTLINES qt 0p 
SECTION. Heater volts (ac/dc), 4.7; 

amperes, 0.6; warm-up time (average), 11 seconds. Except for heater rating, tin's 
type is identical with miniature type 6CG8-A. 

5CM8 

MEDIUM-MU TRIODE— 

5CL8 SHARP-CUTOFF TETRODE 
Miniature types used as combined f\\T)G2TR 

5CL8-A vhf oscillator and mixer in television ZwrpE; 
receivers employing series-connected 
heater strings. Outline 12, OUTLINES  0 
SECTION. Heater volts (ac/dc), 4.7; Gt GlTFi 

amperes, 0.6; warm-up time (average), 11 seconds. Except for heater ratings, types 
5CL8 and 5CL8-A are identical with miniature types 6CL8 and 6CL8-A, respec- 
tively. Type 5CL8 is a DISCONTINUED type listed for reference only. 

HIGH-MU TRIODE- H A Pp 

SHARP-CUTOFF PENTODE 
j- * m 0 Miniature type used in television G|p :::ajdD 
OVpIVIO receivers employing series-connected kt 

heater strings. The pentode unit is used <;ip T 

as an intermediate-frequency amplifier, ^gt 
a video amplifier, an age amplifier, or as 

a reactance tube. The triode unit is used in sweep-oscillator, sync-separator, sync- 
clipper, and phase-splitter circuits. Outline 12, OUTLINES SECTION. Heater 
volts (ac/dc), 4.7; amperes, 0.6. Except for heater rating, this type is identical 
with miniature type 6CM8. 

MEDIUM-MU TRIODE— A „ H PTR 
SHARP-CUTOFF TETRODE 
Miniature type used in a wide C2TR(2)y-£ip==j^015 

JVrfXJrO variety of applications in color and 
black-and-white television receivers C|t''^aA0--a"~'^*T 

employing series-connected heater 
strings. The tetrode unit is used as a Pt GT 

mixer or amplifier and the triode unit is used in oscillator and rf amplifier circuits. 
Outline 12, OUTLINES SECTION. Heater volts (ac/dc), 4.7; amperes, 0.6; warm- 
up time (average), 11 seconds. Except for heater rating, this type is identical with 
miniature type 6CQ8. 
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5DH8 

"q©^1 beam power tube 
G'(3~y^^^~~p/7)K'G3 Miniature type used as vertical C fT C 
Mf|kriiT deflection amplifier and as audio out- 

uiI£asLs\ J®k put tube in television and radio receiv- 
(7j 0 ers employing series-connected heater 
52 p strings. Outline 18, OUTLINES SEC- 

TION. Heater volts (ac/dc), 4.7; amperes, 0.6; warm-up time (average), 11 seconds. 
Except for heater rating, this type is identical with miniature type 6CZ5. 

HIGH-MU TRIODE— 
HQ^£)PP SHARP-CUTOFF PENTODE 

2p Miniature type used in television CO HQ 
^<5lr> receivers having series-connected 3HnO 

PTiL\jx/\^^5-'KP heater strings. Pentode used as video 
(fj 0 or audio if amplifier; triode used as 

0t G|p sync amplifier, sync clipper, sync sep- 
arator, or vertical oscillator. Outline 12, OUTLINES SECTION. Tube requires 
miniature nine-contact socket and may be operated in any position. Heater volts 
(ac/dc), 5.2; amperes, 0.6; heater warm-up time (average), 11 seconds. 

CLASS Ai AMPLIFIER 
Maximum Rafings, (De.sign-Maxinmm Values): Triode Unit Pentode Unit 
Plate Voltage  300 max 300 max volts 
Grid-No.2 (screen-guid) Supply Voltage  - 300 max volts 
Grii>-N0.2 Voltage  — See curve page 6(> 
Grid-No. 1 (control-grid) Voltage 

Positive-bias value  0 max 0 max volts 
Plate Dissipation  2.0 wax 2.2 max watts 
Grid-No.2 Input: 

For grid-No.2 voltages up to 150 volts  - 0.55 max watt 
For grid-No.2 voltages between 150 and 300 volts  - See curve page 00 

Peak Heater-Cathode Voltage: 
Heater negative with respect to cathode  200 max 200 wax volts 
Heater positive with respect to cathode  200omax 200omax volts 

Characteristics: Triode Unit Pentode Unit 
Plato Voltage  250 125 volts 
Grid-No.2 Voltage  - 125 volts 
Grid-No. 1 Voltage  - - 
Cathode-Bias Resistor  390 56 ohms 
Amplification Factor  53 - 
Plate Resistance (Approx.)  0.012 0.15 megohm 
Transeonductance  4400 8600 jimhos 
Grid-No.1 Voltage (Approx.) 

For plate ^a = 10  —10 — volts 
For plate /ia = 20  — —6 volts 

Maximum Circuit Values: 
Grid-No. 1 -Circuit Resistance: 

For fixed-bias operation. . . . 
For cathode-bias operation. 

VERTICAL DEFLECTION OSCILLATOR 

Triode Unit Pentode Unit 
300 max 300 max volts - 300 max volts 
- See curve page 66 

0 max 0 max volts 
2.0 wax 2.2 max watts 
_ 0.55 max watt 
- See curve page 66 

200 max 200 max volts 
200omax 200omax volts 

Triode Unit Pentode Unit 
250 125 volts 
- 125 volts 

390 56 ohms 53 _ 
0.012 0.15 megohm 

4400 8600 jimhos 
-10 _ volts 

-6 volts 

0.5 max 0.25 max megohm 
1.0 max 1.0 max megohm 

For operation in a 525-line, 30-frame system 
Maximum Ratings, {Design-Maximum System): 
DC Plate Voltage  
Peak Negative-Pulse Grid Voltage  
Peak Cathode Current  Average Cathode Current  
Plate Dissipation   
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  
Heater positive with respect to cathode        

Maximum Circuit Values: 
Grid Circuit Resistance: 

For fixed-bias, cathode-bias, or grid-resistor-bias operation    
0 The do. component must not exceed 100 volts. 

300 max 
400 max 

35 max 
12 max 

1 max 
200 max 
200omax 

2.2 max megohms 
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FULL-WAVE VACUUM RECTIFIER Po2(5)_£?)Pd' 

Cr\ I A Glass octal type used in power sup- PD2(Tv<i_ 
ply of radio and television receivers j J 
having high dc requirements. Outline (2A\ /\ ' 
44, OUTLINES SECTION. Tube re- V 
quires octal socket; operation in ver- F\JjJ (S)^F 

tieal position is preferred, but horizontal operation is permissible if pins 2 and 4 
are in vertical plane. It is especially important that this tube, like other power- 
handling tubes, be adequately ventilated. 
fn.AMKNT Voltage (ac/dc)  5 vohs 
KlLAMHNT CUKRENT  o ampeivs 

FULL-WAVE RECTIFIER 
Maximum Ratings, (Design-Maximam Values'): 
Peak Inverse Plate Voltage  
Peak Plate Current (Per Plate)  
Hot-Switching Transient Plate Current (Per Plate)  
AC Plate-Suitly Voltage (Per Plate, rms, without Load). . . . 
I.)C Output Current (Per Plate)  
Typical Operation: 

Filter Input ( 

Filter-Input Capacitor0 

Filter-Input Choke. . . . 

1700 ntos volts 
I max ampere 
5 -max amperes 

See Rating Chart 
See Rating Chart 

Capacitor 
600 900 11 00 volls 

40 40 - pi — - JO henries 
21 67 — ohms 

290 460 420 volts 300 275 275 ma 
DC Output Voltage at Input to Filter (Approx.)  290 460 420 
DC Output Current 300 275 275 0 When capacitor values greater than 40 nl are used, the effective plate-supply impedance 
increased so that the maximum rating for peak plate current is not exceeded. 

RATING CHART 

0 100 200 300 400 500 600 AC PLATE SUPPLY VOLTS (RMS) PER PLATE {WITHOUT LOAD) S.:."S-/i204T 

5EA8 

MEDIUM-MU TRIODE— 
SHARP-CUTOFF PENTODE 
Miniature type used as combined 

oscillator and mixer in television re- 
ceivers employing series-connected 
heater strings and operating at inter- 
mediate frequencies in the order of 40 

U2p( 

PTW Mix 
megacycles. Outline 12, OUTLINES SECTION. Heater volts (ac/dc), 4.7; am- 
peres, 0.6; warm-up time (average), 11 seconds. Except for heater rating, this 
type is identical with miniature type 6EA8. 
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h MEDIUM-MU TRIODE— 
SHARP-CUTOFF PENTODE 

'P Miniature type used as combined C Cl IO 
oscillator and mixer in television re- JtvJO 

/^/^Kp,G3p,is ceivers employing series-connected 
.CD as) heater strings. Outline 12, OUTLINES 
p G2p SECTION. Heater volts (ac/dc), 4.7; 

amperes, 0.6; warm-up time (average), 11 seconds. Cathode warm-up time (time 
required for the transconductance to reach 6500 ^mhos when the tube is operated 
from a cold start with dc plate volts= 100, grid volts=0, and heater amperes=0.560), 
35 seconds. Except for heater rating and cathode warm-up characteristic, this type 
is identical with miniature type 6EU8. 

5FV8 

(iX—© SHARP-CUTOFF PENTODE 

zzz^/y 22 Miniature type used in the gain- _ _ 
—IV controlled picture-if stages of vhf tele- J C W O 

A^r.3 vision receivers operating at an inter- 
13 mediate frequency in the order of 40 

G| megacycles per second. Outline 11, 
OUTLINES SECTION. Heater volts (ac/dc), 5.6; amperes, 0.45; warm-up time 
(average), 11 seconds. Except for heater rating, this type is identical with minia- 
ture type 6EW6. 

H MEDIUM-MU TRIODE— 
h0^^6)Pp SHARP-CUTOFF PENTODE 

KT(3wp- rh \7)G2p Miniature type used as combined _ -q 
/I/aL Kp. vertical deflection oscillator and gen- DnVO 

eral-purpose or if amplifier in television 
0   receivers employing series-connected 

GT Glp heater strings. Outline 12, OUTLINES 
SECTION. Heater volts (ac/dc), 4.7; amperes, 0.6; warm-up time (average), 11 
seconds. Except for heater rating, this type is identical with miniature type 6FV8. 

MEDIUM-MU TRIODE— 
SHARP-CUTOFF PENTODE 

^(aW^V——0Kp'G3p Miniature type used in multivi- _ _ . . 0 15 brator-type horizontal-deflection cir- 

Ci0^XD#®kt cuits in television receivers employing P Dy-_^V) aseries heater-string arrangement. Also pt^ or used for age-amplifier or sync-separa- 
tor applications in such receivers. Outline 12, OUTLINES SECTION. Heater 
volts (ac/dc), 4.7; amperes, 0.6; warm-up time (average), 11 seconds. Except for 
heater rating, this type is identical with miniature type 6GH8. 

SEMIREMOTE-CUTOFF PENTODE 

r~:. /UXG2 Miniature type used in gain-con- _ _ 
(\ trolled picture-if stages of television JX^fWO 

u®mL^Sj APr.j receivers employing series-connected 
13 heater strings and operating at inter- 

G| mediate frequencies in the order of 40 
megacycles. Outline 11, OUTLINES SECTION. Heater volts (ac/dc), 5.6; am- 
peres, 0.45; warm-up time (average), 11 seconds. Except for heater rating, this 
type is identical with miniature type 6GM6. 
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MEDIUM-MU TWIN TRIODE 
Miniature type used as combined 

C rf power amplifier and oscillator in tele- ijtVi— j 
vision receivers employing series-con- 
nected heater strings. Outline 11, OUT- 
LINES SECTION. Heater volts Pt2!^ 

(ae/dc), 4.7; amperes, 0.6; warm-up time (average), 11 seconds. Except for beater 
rating, this type is identical with miniature type 6J6. 

FULL-WAVE VACUUM RECTIFIER 
Metal type used in power supply of radio 

equipment having large dc requirements. Out- 
line 7, OUTLINES SECTION. Tube requires 

mm ^ m octal socket. Vertical tube mounting is pre- 
S T JtL ferred but horizontal mounting is permissible if 

pins 2 and 4 are in vertical plane. Filamenl 
volts (ac), 5.0; amperes, 2.0. Maximum ratings 
as full-wave rectifier: peak inverse plate volts, 
1550 max; peak plate ma. (per plate), 675 max; 
dc output ma., 225 max. This type is used prin- 
cipally for renewal purposes. 

Typical Operation: 
Filter Input Capacitor 

AC Plate-to-Plate Supply Voltage (rms)  900 
Filter-Input Capacitor  4 
Total Effective Plate-Supply Impedance Per Platet  150 
Filter-Input Choke  
1 )C Output Current  225 
DC Output Voltage at Input to Filter (Approx.): 

Capacitor Choke 
. 900 1100 volts 4 - Mf . 150 - ohms . 10 henries 
. 225 225 ma 
. 539 465 volts 
. 480 450 volts 

59 15 volts 
Voltage Regulation (Approx.): 

Half-load to full-load current  59 15 
t "When a lilter-input capacitor larger than 40 ni is used, it may be necessary to use more plaic- 
iropedance than the value shown in order to limit the peak plate current to the rated value. 

TRIPLE DIODE-HIGH-MU TRIODE h„J>) ^ 
Miniature type used as combined KDj^/T/^Jv-U.oiii 

5T8 AM detector, FM detector, and af 15 15 

voltage amplifier in radio and tele- 
vision receivers employing series-con- GT 

nected heater strings. Outline 12, pd|U 
OUTLINES SECTION. Heater volts (ac/dc), 4.7; amperes, 0.6; warm-up time 
(average), 11 seconds. Peak heater-cathode volts, 200 max. When the heater is 
positive with respect to the cathode, the dc component of the heater-cathode voltage 
must not exceed 100 volts. Except for heater and heater-cathode ratings, this type 
is identical with miniature type 6T8-A. 

5U4-G Glass octal types used in power ki/ 
supplies of radio and television receiv- -I I-, 
ershavinghighdcrequirements.5U4-G f 1: c 

-/V/T Outline 50, 5U4-GB Outline 44, OUT- QT*^) 
LINES SECTION. Tubes require ^ F 

octal socket. Either type may be supplied with pins 3, 5, and 7 omitted. Vertical 
mounting is preferred but horizontal mounting is permissible if pins 1 and 4 are in 
vertical plane. The coated filament is designed to operate from the ac line through 
a step-down transformer. The voltage at the filament terminals should be 5.0 volts 
at an average line voltage of 117 volts. It is especially important that these tubes, 

FULL-WAVE VACUUM RECTIFIER 
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like other power-handling tubes, be adequately ventilated. For discussion of Rat- 
ing Chart and Operation Characteristics, refer to INTERPRETATION OF TUBE 
DATA. Maximum ratings for type 5U4-G as full-wave rectifier: peak inverse plate 
volts, 1550 maxr, peak plate amperes per plate, 0.8 wax (transient, 4.0 max). Type 
5U4-G is used principally for renewal purposes. 

Filamknt Voltage (ac). 
Filament Current. ..., 
Maximum Ratings: FULL-WAVE RECTIFIER SIH-GB 
Peak Inverse Plate Voltage  1550 max volts 
Peak Plate Current (Per Plate)  1.0 max ampere 
Hot-Switching Transient Plate Current {Per Plato)  # 
AC Plate Supply Voltage (Per Plate, rms)  See Rating Chart DC Output Current (Per Plate)   See Rating Chart 

RATING CHART 

OPERATION CHARACTERISTICS FULL-WAVE CIRCUIT, CHOKE INPUT TO FILTER OPERATION CHARACTERISTICS FULL-WAVE CIRCUIT. CAPACITOR INPUT TO FILTER 

121 



RCA Receiving Tube Manual 

Typical Operation of 5U4-GB with Capacitor Input to Filter: 
AC Plate-to-Plate Supply Voltage (rms)  600 
Filter-Input Capacitor*  40 
Total Effective Plate-Supply Impedance per Plate  21 
DC Output Voltage at Input to Filter (Approx.): 

f 150 ma  335 
At half-load current of \ 137.5 ma  

( 81 ma  - 
( 300 ma  290 

At full-load current of \ 275 ma  
( 162 ma  - 

Voltage Regulation (Approx.): 
Half-load to full-load current  45 

Typical Operation of 5U4-GB with Choke Input to Filter: 
AC Plate-to-Plate Supply Voltage (rms)  900 lino volts 
Filter-Input Choke  10 10 lu nries 
DC Output Voltage at Input to Filter (Approx.): 

At haif-ioad current of { • • ■ •;^ 
At full-load current of j g« ;;;;;;;;;;;;;;;;;;;;;; ^ 

Voltage Regulation (Approx.): 
Half-load to full-load current  15 15 volts 

#If hot switching is regularly required in operation, the use of chokc-input circuits is recoiniin nded. 
Such circuits limit the hot-switching current to a value no higher than that of the peak plate current. 
When capacitor-input circuits are used, a maximum peak current value per plate of 4.6 amperes during 
the initial cycles of the hot-switching transient should not be exceeded. 
^Higher values of capacitance than indicated may be used, but the effective plate-supply impedance 
may have to be increased to prevent exceeding the maximum rating for peak plate current. 

MEDIUM-MU TRIODE— » 
SHARP-CUTOFF PENTODE 

jri |q Miniature type used as combined 15 

■DUO oscillator and mixer tube in AM FM n 
receivers and television receivers em- 'W'KT 

ploying series-connected heater strings. PtW 
Outline 12, OUTLINES SECTION. 

Heater volts (ac/dc), 4.7; amperes, 0.6; warm-up time (average), 11 seconds. Except 
for heater rating, this type is identical with miniature type 6U8-A. 

FULL-WAVE VACUUM RECTIFIER ® 

5V3 Glass octal types used as power 1 
supply in color television receivers and I I 

5\/3 — A other equipment having high dc re- /z)nc quirements. Outline 44, OUTLINES O"11"'® 
SECTION. Tubes require octal socket. nc f 

Vertical mounting is preferred, but horizontal mounting is permissible if pins 2 
and 4 are in vertical plane. It is especially important that these tubes, like other 
power-handling tubes, be adequately ventilated. For discussion of Rating Chart, 
refer to INTERPRETATION OF TUBE DATA. 

FiL/Amknt Voltage (ac/dc) . 
Filament Cukkent  

FULL-WAVE RECTIFIER 

Maximum Ratings: 
Peak Inverse Plate Voltage  
Peak Plate Current (Per Plate)  
Hot-Switching Transient Plate Current (Per Plate). .. . 
AC Plate-Supply Voltage (Per Plate, rms, without load).. 
I )C Output Current (Per Plate)  

Center Values Maximum Values 
1400 max 1550 max 
1.2 max 1.4 max amperes 
5. o max 6.6 max amperes 

See Rating 550 max volts 
Chart Wtfmax ma 0 Wilh capacitor-input filter for ac plate-supply volts (rms, per plate, without load) = 470. 
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Typical Operation: 5V5 
Filter Input Capacitor Choke 

AC Plate-to-Plate Supply Voltage (rms)  850 1000 
Filter-Input Capacitor"   -40 Effective Plate-Supply Impedance per Plate  56 
Minimum Filter-Input Choke  10 
DC Output Current 350 350 
DC Output at Input to Filter (Approx.)  430 385 

5V3-A 
Capacitor Choke 

850 1000 
40 
50 

Characteristics: 5V3 5VS-A 
Tube Voltage Drop, for plate ma =350 (per plate)  47 42 volts 
" When capacitor values greater than 40 are used, the effective plate-supply impedance should b< 

increased so that the maximum rating for peak plate current is not exceeded. 

RATING CHART 
TYPE 5V3 MAXIMUM OPERATING VALUES WITH: Ef = 5 VOLTS AC ( CHOKE-INPUT FILTER 

I I 1 r-CAPACITOR-INPUT FILTER 

L    

3 100 200 300 400 500 600 700 800 
AC PLATE SUPPLY VOLTS (RMS) PER PLATE (WITHOUT LOAD) 

FULL-WAVE VACUUM RECTIFIER 
— - 5V4-G I y Glass octal types used in full-wave 

A ' "l J power supplies having high dc require- C\i A A 
H xT'j/ ments. Outlines 42 and 31, respec- O V 4— 

tively, OUTLINES SECTION. Tubes 
NC H require octal socket and may be 

mounted in any position. The heater is designed to operate from the ac line through 
a step-down transformer. The voltage at the heater terminals should be 5.0 volts 
under operating conditions at an average line voltage of 117 volts. It is especially 
important that these tubes, like other power-handling tubes, be adequately ven- 
tilated. 
Heater Yoi.taue (ac/dc). 
Heater Current  

FULL-WAVE RECTIFIER 
Maximum Ratings: 
Peak Inverse Plate Voltage  
AC Plate-Supply Voltage (Per Plate, rms): 

With capacitor-input filter  
With choke-input filter  

Peak Plate Current (Per Plate)  
DC Output Current  
Typical Operation: 

Filter Input Capacitor Choke 
AC Plate-to-Plate Supply Voltage (rms)   750 1000 vohs Filter-Input Capacitor*  10 - 
Total Effective Plate-Supply Impedance per Plate  100 - ohm? 
Filter-Input Choke  - 4 henries 
DC Output Voltage at Input to Filter (Approx.) for dc output 

current of 175 ma  410 410 volis 
:':Higher values of capacitance than indicated may be used, but the effective plate-supply impedance 
may have to be increased to prevent exceeding the maximum rating for peak plate current. 
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OPERATION CHARACTERISTICS 
FULL-WAVE RECTIFIER CIRCUIT 

SO 100 ISO 200 
DC LOAD MILLIAMPERES 92CM-6090T2 

BEAM POWER TUBE 
Glass octal type used as output \\ 

amplifier in television receivers em- ( ccrlU 1 
ploying series-connected heater strings. 
Outline 22, OUTLINES SECTION. " 
This type may be supplied with pin Mia 

No.l omitted. Heater volts (ac/dc), 4.7; amperes, 0.6; warm-up time (average), 11 
seconds. Except for heater rating, this type is identical with glass octal type 6V6-GT. 

5V6-GT 

5W4 

5W4-GT 

FULL-WAVE VACUUM RECTIFIER 
Metal type 5W4 and glass-octal type 5W4- 

GT are used in power supply of radio equipment 
having low dc requirements. Outlines 6 and 25, 
respectively, OUTLINES SECTION. Both 
types require octal socket. Filament volts (ac), 
5.0; amperes, 1.5. Maximum ratings: peak in- 
verse plate volts, 1400 max; peak plate ma., 300 
max-, dc output ma., 100 max. These are DIS- 
CONTINUED types listed for reference only. 

FULL-WAVE VACUUM RECTIFIER 

5X4-G 

Glass octal type used in power supply of 
radio equipment having large dc requirements. 
Outline 50, OUTLINES SECTION. Filament 
volts, 5.0; amperes, 3.0. Tube requires octal 
socket. Maximum ratings as full-wave rectifier: 
peak inverse plate volts, 1550 max; peak plate 
amperes per plate, 675 max. Type 5X4-G is used 
principally for renewal purposes. 

S:5W4 NC:5W4-GT 

PD2® 

MEDIUM-MU TRIODE— H @ K 

SHARP-CUTOFF PENTODE 
_ _ - ^ Miniature type used as combined 
5X8 oscillator and mixer in AM/FM re- 

ceivers and television receivers em- 
ploying series-connected heater strings. cM* 
Outline 12, OUTLINES SECTION. P 

Heater volts (ac/dc), 4.7; amperes, 0.6; warm-up time (average), 11 seconds. Ex- 
cept for heater rating, this type is identical with miniature type 6X8. 
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poa 
©—. FULL-WAVE VACUUM RECTIFIER 

/ J cr-Y6)Pc>i Glass octal types used in power 5Y3-G 
( I supply of radio equipment having mod- 

/ erate dc requirements. Type 5Y3-G, 5Y3—GT 
^v-r-r^T Outline 42; type 5Y3-GT, Outline 25, 
nc f OUTLINES SECTION.Tubes require 

octal socket. Vertical tube mounting is preferred, but horizontal mounting is per- 
missible if pins 2 and 8 are in horizontal plane. It is especially important that these 
tubes, like other power-handling tubes, be adequately ventilated. For discussion 
of Rating Chart and Operation Characteristics, refer to INTERPRETATION OF 
TUBE DATA. Maximum ratings for type 5Y3-G as full-wave rectifier: peak in- 
verse plate volts, 1400 max; peak plate ma. per plate, 375 max. Type 5Y3-G is a 
DISCONTINUED type listed for reference only. 
Filament Voltagr (ac)  5.0 volis 
Fitament Current    2.0 amporK" 

FULL-WAVE RECTIFIER 
Maximum Ratings: 
Peak Inverse Plate Voltage  
Peak Plate Current (Per Plato)  
Hot-Switching Transient Plate Current (Per Plate)  
AC Plate Supply Voltage (Per Plate, rms)  
DC Output Current (Per Plate)  
Typical Operation of 5Y3-GT with Capacitor Input to Filter: 
AC Plate-to-Plate Supply Voltage (rms)  
Filter Input CapacitoH'  
Elleerive Plate-Supply Impedance per Plate  
DC Output Voltage at Input to Filter (Approx.): 

At half-load current of 1 62 5 ma   ) 42 ma  
At full-load current of i *25 ma  ) 84 ma  Voltage Regulation (Approx.): 
Half-load to full-load current  

RATING CHART 
type 5Y3-GT E, = 5 VOLTS AC 

MAXIMUM OPERATING VALUES WITH-- rCHOKE-INPUT FILTER [-CAPACITOR- INPUT FILTER 

4H 

5YS-GT 
1400 max vol t - 

440 m,ax. nu 
2.5 max ampere; 

See Raring < 'bar 
See Rating ('bar 

1 162. I i i350 IG 1 1 I 0 100 200 300 400 500 
AC PLATE SUPPLY VOLTS (RMS) PER PLATE (WITHOUT LOAD) ^2CS-7296T2 

Typical Operation of 5Y3-GT with Choke Input to Filter: 
AC Plate-to-Plate Supply Voltage (rms)  700 1000 veils 
Filter Input Choke#  10 10 henries 
DC Output Voltage at Input to Filter (Approx.): 

At half-load current of i ma  270 - volts ) 62.5 ma  - 405 volts 
At full-load current of ) 150 ma  245 - volts 

-T „ ... ) 125 ma  - 380 veils V oltagc Regulation (Approx ): Half-load to full-load current  25 15 veils 
* Higher values of capacitance than indicated may be used but the effective plate supply impedance 
may have to be increased to prevent exceeding the maximum rating for hot-switching transient plate 
current. 
# This value is adequate to maintain optimum regulation in the region to the right of line L=10H on 
curve OPERATIOM CHARACTERISTICS with Choke Input to Filter, provided the load currents 
are not less than 35 ma., and 50 ma..respectively, for Plate-to-Plate supply voltages of 700 and lODO 
volts (rms). 

700 1000 vol I s 10 10 henries 
270 _ vol 1 s - 405 volts 
245 - vol I s - 380 Vol I s 25 15 volts 
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OPERATION CHARACTERISTICS L-WAVE CIRCUIT, CAPACITOR INPUT TO FILTER 
TYPE 5Y3-GT 5.0 VOLTS AC 

FILTER* INPUT CAPACITOR  = lOjif 
TOTAL EFFECT. PLATE- 0. SUPPLY IMPEDANCE PER __Sv ,    (50 OHMS FOR 
PLATE \ CURV£:S NT r L A 1 C, ^l40 0HM3 F0R } I CURVES 6-8 

•7\ I ADK = SEE RATING ' X- CHART 

Xs"1;—i— 

OPERATION CHARACTERISTICS 
FULL-WAVE CIRCUIT, CHOKE INPUT TO FILTER 
iTYPE 5Y3-GT E^ = 5.0 VOLTS AC 

 CHORES OF INFINITE  INDUCTANCE 
•• — •CHOKES OF VALUES I SHOWN 

A 1 j BOUNDARY LINE FOR - ,\\ CHOKE VALUES SHOWN 
600  j  U\ \f\ ~ U\ { \ O— Uvv-fv X  u M N \/ /v_ | * \ \ \ O— r , ft \ \ \! \ X v J 500 r—r-V—K N V"  

j » ^ v:\ >vj' : 

- tAw^UooS.y 3 400^ VfApi—=1=^- 
? laTrft^L./ 

CEK = SEE RATING CHART 

-JO BO 120 160 OC LOAD MILLIAMPERES 92CM-7395T OC LOAD MILLI AM PERES 92CM-7394T 

FULL-WAVE VACUUM RECTIFIER @ 
Glass octal types used in power ''PzfTv^i _LY?;NC 

CY4-GA supplies of radio equipment having j j 
moderate DC requirements. Outlires g\ 

C V A.GT 42,25and44,respectively,OUTLINES nc r 

SECTION. Tubes require octal socket. nc^f 
Type 5Y4-GT is supplied with pins 4 

and 0 missing. Vertical tube mounting is preferred, but horizontal mounting is 
permissible: if pins 2 and 7 are in horizontal plane (5Y4-G); if pins 1 and 4 are in 
vertical plane (5Y4-GA); if pins 2 and 3 are in vertical plane (5Y4-GT). It is especi- 
ally important that these tubes, like other power handling tubes, be adequately 
ventilated. For discussion of Rating Chart, refer to INTERPRETATION OF 
TUBE DATA. Maximum ratings for type 5Y4-G as full-wave rectifier: peak in- 
verse plate volts, 1400 max; peak plate ma. per plate, 375 max (transient amperes, 
2.2 in<i:r). Type 5Y4-G is a DISCONTINUED type listed for reference only. 

i-'ll. WIKNT Vol.TACK I AC / DC) . 
f-Tt. \ M KNT ( 'I'RKNNT   

FULL-WAVE RECTIFIER 
Maximum Ratings: 
I.'umc Invhrhe Plate Voltage   
Peak Plate Curuent (Pot Pluto)  
Hot-Switehjng Transient Plate Current   
A i' Plate Supply Voltage (Per Plato, rms)  DC Ol'TITT CURKRNT 'per Plate)  

5Y]>-<JA ■) Y\-GT 
MOO ),/((.'■ 
100 nuw 
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Typical Operation of 5Y4-GA & 5Y4-GT: 
Filter Input 

AC Plate-to-Flalc Supply Voltage (rms)  
Filter-Input Capacitor0  
Total Effective Plate-Supply Impedance per Plate . 
Filter-Input Choke  
DC Output Current  
DC Output Voltage at Input to Filter (Approx.): 

At full-load current (125 ma.)  

Capacitor 
700 

10 
50 

Charocferistics, Instantaneous Test Condition: 
Tube Voltage Drop for plate ma = 125 (per plate)  00 

Values of capacitance greater than 20 /if may be used, provided the plate-supply impedan 
creased to prevent exceeding the maximum peak-plate-current rating. 

iTYPE~5Y4-GT 
|Ef ®5 VOLTS AC MAXIMUM OPERATING VALUES WITHi 

1 100 200 300 400 500 600 700 
AC PLATE SUPPLY VOLTS (RMS) PER PLATE (WITHOUT LOAD) 92CS-I0475T2 

FULL-WAVE VACUUM RECTIFIER 
p02 pD( Glass type used in power supply of radio 

—^,0* equipment having large dc requirements. Out- 
/I rV !ine 51> OUTLINES SECTION. Tube requires f \ four-contact socket. Vertical mounting is pre- _ ^ 

I J ferred but horizontal mounting is permissible if i 
V yv J pinsland4areinhorizontalplane.Filament volts 

ac)» »amperes, 3.0. Maximum ratings as full- wave rectifier: peak inverse plate volts, 1550 
max; peak plate ma. per plate, 675 max. Type 
5Z3 is used principally for renewal purposes. 

PD^ bf—X pr, FULL-WAVE VACUUM RECTIFIER 
/ rxibi 1 
/ Metal type used in power supply 
I 1 'n J of radio equipment having moderate *574 

dc requirements. Outline 6, OUT- 
0-1-0^ LINES SECTION. Tube requires 
s H octal socket and may be mounted in 

any position. Heater volts (ac), 5.0; amperes, 2.0. Maximum ratings: peak inverse 
plate volts, 1400 max; peak plate ma. per plate, 375 max. Typical operation as full- 
wave rectifier with capacitor-input filter: ac plate-to-plate supply volts (rms), 700; 
total effective plate-supply impedance per plate, 50 ohms; dc output ma., 125. 
Typical operation with choke-input filter: ac plate-to-plate supply volts, 1000; 
minimum filter-input choke, 5 henries; dc output ma., 125. 

e _o POWER TRIODE ( 2*' ""■"-NT3 j  i Glass type used in output stage of radio re- 
/ — \ ceivers. Outline 51, OUTLINES SECTION. A AI 
I J j Tube requires four-contact socket. Filament Ornw 
y ) volts (ac/dc), 6.3; amperes, 1.0. This type is 

identical electrically with type 6B4-G. Type 6 A3 
is a DISCONTINUED type listed for reference 
only. 
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HIGH-MU TWIN POWER TRIODE 
Glass type used in output stage of aooper- 

ated receivers as a class B power amplifier or 
with units in parallel as a class Ai amplifier to 
drive a 6A6 as class B amplifier. Outline 43, 
OUTLINES SECTION. Tube requires medium 
seven-contact (0.855-inch, pin-circle diameter) 
socket. Filament volts (ac/dc), 6.3; amperes, 
0.8. This type is electrically identical with type 
6N7. Type 6A6 is a DISCONTINUED type 
listed for reference only. 

PENTAGRID CONVERTER 
Glass types used in superheterodyne cir- - 

cuits- Outline 40, OUTLINES SECTION. g These types require the small seven-contact 
(0.75-inch, pin-circle diameter) socket. Except pr 

jr a ^c,r interelectrode capacitances, the 6 A7 is iden- 
O tical electrically with type 6A8. Type 6A7S, now 

DISCONTINUED, has the external shield con- 
nected to cathode. In general, its electrical char- 
acteristics are similar to those of the 6A7, but 

-> i wo types are usually not directly interchangeable. Type 6A7 is used principally for renewal purposes. 

Si6A8 (I NC: 6A8-G v- BC 6A8-GT 

PENTAGRID CONVERTER 03^ -.Gl 
JL A 0 Metal type 6 A8 and glass octal types 6A8-G 
^#^^0 and 6A8-GT used in superheterodyne circuits. pfTN—' j 

_ ^ 6A8 Outline 4, 6A8-G Outline 39, 6A8-GT tEEz7^/v~/, 

Outline 23, OUTLINES SECTION. Tubes re- ( ZZZa ] 
quire octal socket. Heater volts (ac/dc), 6.3; 

J ML 0 amperes, 0.3. Maximum ratings; plate, grids- \/ H 

No.3-and-No.5-supply, and grid-No.2-supply S16A8 (T) ■ 
volts, 300 max; grids-No.3-and-No.5 (screen- ^a-cr K 

grid) volts, 100 max; grid-No.2 (anode-grid) 
volts, 200 ?«nx; grid-No.4 (control-grid) volts, 0 max; plate dissipation, 1 max watt; grids-No.3-and- 
No.5 input, 0.3 max watt; grid-No.2 input, 0.75 max watt; total cathode ma.. 14 max: peak heater- 
cathode volts, 90 ?rcax. These types are used principally for renewal purposes. 
Characteristics: CONVERTER 
Plate Voltage  100 250 volts 
(Irids-No. 3-and-No. 5 Voltage  50 100 volts 
Grid-No. 2 Voltage  100 - volts 
Grid-No. 2 Supply Voltage  - 250* volts 
Grid-No. 4 Voltage  -1.5 —3 volts 
Grid-No. 1 (Oscillator-Grid) Resistor  50000 50000 ohms 
Plate Resistance (Approx.)  O.fi 0.36 megohm 
Conversion Transconductance  360 550 Mmhos 
Plate Current  1.1 3.5 ma 
Grids-No. 3-and-No. 5 Current  1.3 2.7 ma 
Grid-No. 2 Current  2 4 ma 
Grid-No. 1 Current  0.25 0.4 ma 
Total Cathode Current  4.6 10.6 ma 
* Grid-No.2 supply voltages in excess of 200 volts require use of 20000-ohm voltage-dropping resistor 
bypassed by O.l-^f capacitor. 

100 250 vnlts 50 100 volts 100 - volts - 250* volts 
-1.5 -3 volts 50000 50000 ohms 0.6 0.36 megohm 360 550 Mmhos 

1.1 3.5 ma 
1.3 2 7 ma 

2 4 ma 0.25 0.4 ma 4.6 10.6 ma 

HIGH-MU TRIODE (Z)_>® 
Miniature type used as cathode- "(3/ -CnX/7)G 

A A DA drive amplifier, frequency converter,  |j or oscillator at frequencies up to about 0\\ v\IaO 
300 megacycles per second particularly 15 K 

in television and FM receivers. Outline pW 
LI, OUTLINES SECTION. Tube requires miniature seven-contact socket and may 
be mounted in any position. Heater volts (ac/dc), 6.3; amperes, 0.15. For maximum 
ratings, characteristics, and curves, refer to type 12AT7. 
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ELECTRON-RAY TUBE 
Glass type with triode unit used to indicate 

visually by means of a fluorescent target the 
ellects of a change in a controlling voltage. It is 
used as a convenient means of indicating accu- 
rate radio-receiver tuning. Outline 34, OUT- 
LINES SECTION. Tube requires six-contact 
socket. Heater volts (ac/dc), 6.3; amperes, 0.15. 
Maximum ratings in indicator service: triode- 
plate supply volts, 180 wax; fluorescent-target 
volts, 180 wax, 125 min. This type is used 
principally for renewal purposes. 

# SHARP-CUTOFF PENTODE 
^2 Metal type used in rf and if stages of pic- 

ture amplifier of television receivers particularly A n ^ 
those employing automatic-gain control. Out- Q EL K M 

H line 3, OUTLINES SECTION. Tube requires 
octal socket. Heater volts (ac/dc), 6.3; amperes, 
0.45. Maximum ratings as class Ai amplifier: 

s p plate and grid-No.2 supply volts, 300 wax; ts grid No.3, connect to cathode at socket; grid- 
No.2 volts, 200 :»ox; plate dissipation, 3.75 wax watts; grid No.2 input, 0.65 wax watt. Typical oper- 
ation: plate and grid-No.2 supply volts, 300; grid-No.3 volts, 0; grid-No.2 series resistor, 30000 ohms; 
grid-No.1 volts, -3; plate resistance (approx.), 0.7 megohm; transconductance, 5000 jmihos; grid-No.1 
volts for transconductance of 50 Mmhos, -22.5; plate ma., 12.5; grid-No.2 ma., 3.2. This typo is used 
principally for renewal purposes. 

 © HIGH-MU POWER TRIODE 
\ Glass octal type used in single-ended or Jt T 

I *~~-i J push-pull audio-frequency power amplifiers of 1 * \ i—, c^e direct-coupled type in which a driver tube develops positive grid bias for the 6AC5-GT 
r H output stage. Outline 22, OUTLINES SEC- TION. This type may be supplied with pin No. 

1 omitted. Tube requires octal socket. Heater 
voiis -'ac/dc), 6.3; amperes, 0.4. Maximum ratings as push-pull class B power amplifier: plate volts, 
250 wax; peak plate ma., 110 wax; average plate dissipation, 10 wax watts. This type is used princi- 
pally for renewal purposes. 

sharp-cutoff pentode 

( EEETl ) Metal type used in rf and if stages 
0' Picture amplifier and the first stages 6AC7 
0f the video amplifier of television re- 

V p ceivers. It is also used as a mixer or 13 oscillator tube in low-frequency appli- 
caiions. Outline 3, OUTLINES SECTION. Tube requires octal socket. When tube 
is used as a high-gain audio amplifier, heater should be operated from a battery 
source. 
Heater Voltage (.ac/dc)  6.3 volis 
Heater Current    0.45 ampere 

Maximum Ratings: CLASS Ai AMPLIFIER 
Plate Voltage  300 max volis 
Grid No.3 (Suppressor grid) Connect to cathode at socket 
Grid-No.2 (screen-grid) Voltage    See curve page 66 
Grid-No.2 Supply Voltage  300 wax volts 
Plate DissifatiON  3 wax watts 
Grid-No.2 Input: 

For grid-No.2 voltages up to 150 volts  0.4 max wart 
For grid-No.2 voltages between 150 and 300 volts  See curve page 66 

Peak Heater-Cathode Voltage*. 
Heater negative with respect to cathode  90 wax volts 
Hester positive with respect to cathode    90 max volts 
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Characteristics: 
Plate Supply Voltage    
Grid-No. 2 Supply Voltage   300 volts 
Grid-No. 2 Series Resistor  _ 60000 ohms Min. Cathode-Bias Resistor    160 160 ohms 
Plate Resistance (Approx.)    1 1 megohm 
Transconductance    9000 9000 Mmhos Plate Current    10 10 ma Grid-No. 2 Current  2.5 ma 
Maximum Circuit Values: 
Grid-No. 1-Circuit Resistance: 

For cathode-bias operation with fixed grid-No.2 voltage  0.25 max megohm 
For cathode-bias operation with series grid-No.2 resistor   0.50 max megohm 

ELECTRON-RAY TUBE 
Glass octal type used to indicate visually, 

by means of two shadows on the fluorescent tar- 
get, the effects of changes in the controlling 
voltages. It is a twin-indicator type and is used 
as a convenient means of indicating accurate 
radio-receiver tuning. Maximum over-all length, 
2-7/8 inches; maximum diameter, 1-5/16 inches. 
Heater volts (ac/dc), 6.3; amperes, 0.15. Maxi- 
mum target volts, 150. This is a DISCON- 
TINUED type listed for reference only. 

LOW-MU TRIODE —POWER PENTODE 
Glass octal type used in a push-pull ampli- >'r",~~7< 

fier circuit in conjunction with type 6F6-G. Tri- Ppr\/^\ \ 
£_ jl ode unit serves as phase inverter. Outline 42, ] | |— 
OAU/ "W OUTLINES SECTION. Tube requires octal ] 

socket. Heater volts (ac/dc), 6.3; amperes, 0.85. 
For typical operation of pentode unit, refer to 
type 6F6-G. Maximum ratings of pentode unit 
as class Ai or push-pull class ABi amplifier: plate Gt k 

volts, 375 max-, grid-No. 2 volts, 285 max; plate 
dissipation, 8.5 max watts; grid-No.2 input, 2.7 max watts. Maximum ratings of triode unit as elassAi 
amplifier: plate volts, 285 max; plate dissipation, 1.0 max watt.This type is used principally for renewal 
purposes. 

LOW-MU TRIODE  ®G 

Glass octal type used as class Ai amplifier pz3V!/^L. P\ 
saEC t ac/dc radio receivers. Outline 22, OUT- ---J \ OAtO-V^I LINES SECTION. Heater volts (ac/dc), 6.3; ( ,—. 1 

amperes, 0.3. Maximum ratings as class Ai am- 
plifier: plate volts, 300 max; plate dissipation, h \. H 

2.5 max watts. This is a DISCONTINUED ■ "^) 
type listed for reference only. nc K 

6AE5-GT 

6AE6-G 

TWIN-PLATE CONTROL TUBE 
Glass octal type used as a control tube for 

twin-indicator type electron-ray tubes. Outline 
36, OUTLINES SECTION. Contains two tri- 
odes with different cutoff characteristics. If avc 
voltage is applied to the common control grid in 
suitable circuit, one triode section operates on 
weak signals while the other operates on strong 
signals. Heater voltage (ac/dc), 6.3; amperes, 
0.15. This is a DISCONTINUED type listed 
for reference only. 

TWIN-INPUT TRIODE 
Glass octal type used as a voltage amplifier 

or as a driver for two type 6AC5-GT tubes in 
dynamic-coupled, push-pull amplifiers. In the 

A A C7_/»T latter service, type 6AE7-GT replaces two tubes 
ordinarily required as drivers. Outline 22, OUT- 
LINES SECTION. Heater volts (ac/dc), 6.3; 
amperes, 0.5. This is a DISCONTINUED type 
listed for reference only. 

130 



Technical Data 

Q^%)C HALF-WAVE VACUUM RECTIFIER 
IC0' | "xrl]\l)ic Miniature type used as a damper . . — _ 1 '--V L tube in horizontal deflection circuits OAl *5 

l/Wic oftelevisionreceivers.Outlinel7,OUT- 
0 A2) LINES SECTION, except all vertical 

'c f' dimensions of this type are Yn inch 
greater. Tube requires miniature nine-contact socket and may be mounted in any 
position. Socket terminals 1, 2, 3, 6, 7, and 8 should not be used as tie points. It is 
especially important that this tube, like other power-handling tubes, be adequately 
ventilated. 
II rater Voltage (ac/dc) 
Heater Current  

DAMPER SERVICE 
For operation in a 525-line, 30-frame system 

Maximum Ratings, (Design-Maximum Values): 
Peak Inverse Plate Voltage#  4500 max v 
Peak Plate Current   750 max 
Average Plate Current  185 max 
Peak Heater Cathode Voltage: 

Heater negative with respect to cathode  4500* -max v 
Heater positive with respect to cathode   800" max v 

Bull Temperature (At hottest point)   210 max 
The duration of the voltage pulse must not exceed 15 per cent of one horizontal scanning cycle. 1 

525-line, 30-frame system, 15 per cent of one horizontal scanning cycle is 10 microseconds. 
The dc component must not exceed 1000 volts. 

■ The dc component must not exceed 100 volts. 

H@_0K MEDIUM-MU TRIODE 
H(3y0nr|]YJ)G Miniature types used as local 6AF4 

(Vw "Til oscillators in uhf television receivers (jWlyv j\2) covering the frequency range of 470 to AAC^. A 
G P 890 megacycles per second. 6AF4 Out- 

pQj line 11,6AF4-A Outline 9, OUTLINES 
SECTION. Tubes require miniature seven-contact socket and may be mounted in 
any position. 
Heater Voltage (ac/dc)  
Heater Current  
I URECT INTERELECTRODE CAPACITANCES:* 

Grid to Plate  
Grid to Cathode and Heater  
Plate to Cathode and Heater  
Heater to Cathode**  

* With external shield connected to cathode, except as noted. 
With external shield connected to plate. 

Characteristics: 
Plate Supply Voltage   
(■athode-Bias Resistor  
Amplification Factor  
Plate Resistance (Approx.) . 
Transconduetance  
Plate Current  

CLASS A! AMPLIFIER 

UHF OSCILLATOR 
Maximum Ratings, (Design-Maximum Values): 
Plate Voltage  
Grid Voltage, Negative-bias value  
Grid Current  
Plate Dissipation  
DC Cathode Current  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  
Heater positive with respect to cathode  

1 50 ni-ax volts 
-50 max volts 

2 max ma 
2.5 max watts 

24 max ma 
50 max volts oOcq/r/.r. vol ts 
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Typical Operation as Oscillator at 1000 Mc: 
Plato Supply Voltage  
Plate Resistor  
Grid liesistor  
Plato Current  
Grid Current (Approx.)  
Maximum Circuit Values; 
Grid-Circuit Resistance: 

For fixed-bias operation  
For cathode-bias operation  0The do component must not exceed 25 volts. 

Not recommended 
0.5 tuax- megohm 

AVERAGE PLATE CHARACTERISTICS 
type 6AF4-A 

D 

ELECTRON-RAY TUBE 
- _ _ - _ Glass octal type used to indicate (Sy -i- \\ 

O AlO-w visually, by means of two shadows on  j 
the fluorescent target, the effects of 
changes in the controlling voltages. It H 

is a twin-indicator type and is used as "cW 
a convenient means of indicating accurate radio-receiver tuning. Maximum over- 
all length, 2-5/16 inches; maximum diameter, 1-5/16 inches. This type may be 
supplied with pin No.l omitted. Tube requires octal socket. Heater volts (ac/dc), 
6.3; amperes, 0.15. Maximum ratings in indicator service; fluorescent-target volts, 
250 max, 125 m%n\ ray-control-electrode supply volts, 250 max; peak heater-cath- 
ode volts, 90 max. Typical operation: fluorescent-target volts, 250; fluorescent- 
target ma., 3.75; ray-control-electrode volts (approx. for 0° shadow angle), 155; 
ray-control-electrode volts (approx. for 100° shadow angle), 0. 

SHARP-CUTOFF PENTODE ' 
. . ^ _ Miniature type used in compact ogy _£ yy/a 
OAwD radio equipment as an rf or if amplifier Eii-N) 

up to 400 megacycles per second. csfsVuVvTA?)" 
Outline 11, OUTLINES SECTION. 
Tube requires miniature seven-con- GlCi/ 

tact socket and may be mounted in any position. Except for slightly different 
characteristics, this type is similar electrically to miniature type 6BC5. Heater 
volts (ac/dc), 6.3; amperes, 0.3. For typical operation as a resistance-coupled amp- 
lifier, refer to RESISTANCE-COUPLED AMPLIFIER SECTION. 
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CLASS A, AMPLIFIER 
Characteristics: Pentode 

Conner lion Conneeiion 
Plaid Supply Voltage    180 250 100 125 250 VollS 
Grid-No.2 Supply Voltage  - - 100 125 150 Vul 1 s 
Cathode-Bias Resistor  330 820 180 100 180 ohms 
Amplification Factor  45 42 - - - 
Plate Resistance (Approx.)  0.008 0.0J 0,6 0.5 0.8 megohm 
Transconductance  5700 3800 4500 5100 5000 jurnlms 
Grid-No.l Voltage (Approx.) for plate current of 10 fta - -5 -6 -8 volts 
Plate Current  7 5,5 4.5 7.2 6.5 ma 
Grid-No.2 Current  - 1.4 2.1 2 ma 
^ Grid No.2 connected to plate. 

§ POWER PENTODE 
^ Metal type used in output stage . . -f 
^ of video amplifier of television receiv- OAv?/ 

ers. Outline 6, OUTLINES SECTION. 
Tube requires octal socket. Heater 

sJ volts (ac/dc), 6.3; amperes, 0.65. Max- 
imum ratings as class Ai amplifier: plate volts, 300 max-, grid No.3 and shell, con- 
nect to cathode at socket; grid-No.2 volts, 300 max\ grid-No.l volts, positive-bias 
value, 0 max-, plate dissipation, 9.0 max watts; grid-No.2 input, 1.5 max watts. 
Typical operation as a class Ai amplifier: plate volts, 300; grid-No.2 volts, 150: 
grid-No.l volts, -3; peak af grid-No.l volts, 3; zero-signal plate ma., 30; maximum- 
signal plate ma., 30.5; zero-signal grid-No.2 ma., 7; maximum-signal grid-No.2 
ma., 9; plate resistance (approx.), 0.13 megohm; transconductance, 11000 ^mhos; 
load resistance, 10000 ohms; total harmonic distortion, 7 per cent; maximum-signal 
power output watts, 3. 

LOW-MU TRIODE 
Glass octal type having high perveancu 

used as vertical deflection amplifier in television 
receivers. Outline 22, OUTLINES SECTION. 
Tube requires octal socket and may be mounted 
in any position. Heater volts (ac/dc), 6.3; am- 
peres, 0.75. Characteristics as class Ai amplifier: 
plate volts, 250; grid volts, -23; amplification 
factor, 8; plate resistance (approx.), 1780 ohms; 
tran8conductance,4500Mmho8; plate ma.,30.Thi8 
type is used principally for renewal purposes. 

VERTICAL DEFLECTION AMPLIFIER 
For operation in a 525-line, 30-frame system Maximum Ratings: 

DC Plate Voltage  
Peak Positive-Pulse Plate Voltage# {Absolute maximum)  
Peak Negative-Pulse Grid Voltage  
Peak Cathode Current  
Average Cathode Current  
Plate Dissipation  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode   
Heater positive with respect to cathode   

Maximum Circuit Value: 
Grid-Circuit Resistance.      2.2 max megohms 

#The duration of the voltage pulse must not exceed 15 per cent of one vertical scanning cycle. In >i 
525-line, 30-frame system, 15 per cent of one vertical scanning cycle is 2.5 milliseconds. 
0 Under no circumstances should this absolute value be exceeded. 
■ The dc component must not exceed 100 volts. 
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SHARP-CUTOFF PENTODE /TTN 
- . I | m Miniature type used as if amplifier i--zz^y 
OAriO in video stages of television receivers. .-IX ^"1 L 

Outline 11, OUTLINES SECTION. 
Tube requires miniature seven-contact 
socket and may be mounted in any po- G| 

sition. Heater volts (ac/dc), 6.3; amperes, 0.45. Maximum ratings as class Ai am- 
plifier: plate and grid-No.2 (screen-grid) supply volts, 300 max; grid-No.2 volts, 
see curve page 66; plate dissipation, 3.2 max watts; grid-No.2 input, 0.4 max watt 
for grid-No.2 voltages up to 150 volts, see curve page 66 for grid-No.2 voltages 
between 150 and 300 volts; total cathode current, 13 max ma; peak heater-cathode 
volts, 90 max. 

CLASS A, AMPLIFIER 
Triode* Pentode 

Characteristics: Conncclion Connection 
Plate Supply Voltage    150 300 volts 
Grid No.3 (Suppressor Grid)  - Connected to cathode at socket 
Grid-No.2 Supply Voltage  _ 150 volts 
Cathode-Bias Resistor  160 160 ohms 
\mplifi cation Factor  40 - 
Plate Resistance (Approx.)  3600 500000 ohms 
Transconductance  . 11000 9000 urnhos 
Grid-No.1 Voltage (Approx.) for plate current of 10 n*• • -7 -7 volts 
Plate Current  12.5 10 ma 
Grid-No.2 Current  - 2.5 ma 

Grid No.2 and Grid No.3 tied to plate. 

SHARP-CUTOFF PENTODE 
. . I - — Miniature type used as an rf or if H©( X^02 

OAKi) amplifier especially in high-frequency ) ,< 
wide-band applications. It is useful as 
an amplifier at frequencies up to 400 1 

megacycles per second. Outline 9, c> 
OUTLINES SECTION. Tube requires miniature seven-contact socket and may 
be mounted in any position. 
IIeateh Voltage (ac/dc)  (>.o volts 
Heater Current  0.175 iwnpero 
Direct Interelectrode Capacitances (Approx.):" 

Crid No.l to Plate  0.02 i"<ix avi 
Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield... 4.0 ,^d' 
Plate to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield  2 . S ud 

0.02 max 
4.0 
2. S 

CLASS A, AMPLIFIER Maximum Ratings: CLAoa A, A 
Plate Voltage  
Grid-No.2 (screen-grid) Voltage  
Gkid-No.2 supply Voltage  
C.Rin-No.l Voltage, Positive-bias value  
Pi,ate Dissipation  
Grid-No.2 Input: 

For grid-No.2 voltages up to 90 volts  
For grid-No.2 voltages between 90 and 180 volts 

Cathode Current  Peak Heater-Cathode Voltage: 
Heater negative with respect to cathode  
Heater positive with respect to cathode  

Characteristics: 
Plate Supply Voltage  
Grid-No.2 Supply Voltage  
Cathode-Rias Resistor  Plate Resistance (Approx.)  
Transconductance  
Grid-No.1 Voltage for plate current of 10   
Plate Current  
Grid-No.2 Current    
■ Vviih external shield connected to pins 2 or 7. 

1 8h inux volts 
See curve page <>(> 

180 max volts 
0 max volts 

1.7 max watts 
0. 5 max watt 

See curve page GO 
18 mo-x ma 

120 180 volts 
120 120 volts 
180 180 ohms 
0.3 0.5 megohm 5000 5100 .unhos 

•8.5 -8.5 volts 
7.5 7 7 ma 
2.5 2.'4 ma 
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@_g) TWIN DIODE 
M(3V^p_ -c^Ye)15 Miniature, high-perveance type _ _ . _ 

sL—..—| Y] used as detector in FM and television Oa\L^ 
(?\\ /\ J//7) circuits. It is especially useful as a 

02 ffzzzZ' P01 ratio detector in ac-operated FM re- 
Kgf ceivers. Each diode section can be used 

independently of the other, or the two sections can be combined in parallel or full- 
wave arrangement. Resonant frequency of each unit is approximately 700 mega- 
cycles per second. Outline 9, OUTLINES SECTION. Tube requires miniature 
seven-contact socket and may be mounted in any position. 
Heater Voltage (ac/dc)  6.3 volts 
Heater Current  0.3 ampere 
Direct Intrrei.ectrode Capacitances: 

Plate No.l to Cathode No.l, Heater, and Internal Shield  2.5 /i/if 
Plate No.2 to Cathode No.2, Heater, and Internal Shield  2.5 /i/il 
Cathode No.l to Plate No.l, Heater, and Internal Shield  3.4 /i/il" Cathode No.2 to Plate No.2, Heater, and Internal Shield  3.4 /i/il 
Plate No.l to Plate No.2  0.068 wax p.p.i 

Maximum Ratings: HALF-WAVE RECTIFIER 
Peak Inverse Plate Voltage  330 max volts 
Peak Plate Current (Per Plate)  54 max ma 
DC Output Current (Per Plate)  9 max ma 
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  330 max volts 
Heater positive with respect to cathode  330 max volts 

Typical Operation: 
AC Plate Voltage per Plate (rms)  117 volts 
Min. Total Effective Plate-Supply Impedance per Plate  300 ohms DC Output Current per Plate  9 ma 

HALF-WAVE RECTIFIER 

AVERAGE CHARACTERISTICS HALF-WAVE RECTIFICATION-SINGLE DIODE 

6.3 volts 
0.3 ampere 
2.5 
2.5 
3.4 MMl" 3.4 /i/il 0.068 wax MM' 

330 max volts 54 max ma 
9 max ma 

330 max volts 
330 max volts 

117 volts 
300 ohms 9 ma 

TYPE 6AL5 Ef = 6.3 VOLTS 
m 

B 
IK 

sin 

SK 
MS 

mm 

mm 
MEEHSSr 

-40 -30 -20 -10 0 DC VOLTS DEVELOPED BY DIODE 92CS-656IT 
ELECTRON-RAY TUBE 

0J2 CTs (s-)0"'3 Glass octal type used to indicate visually 
on a Pair rectangular fluorescent patterns the TA(3y^fr~j effects of changes in voltages applied to its grid 

I ^ an<^ three deflecting electrodes. It is especially JL A I ^ T .-i i—-» useful in meeting the requirements for accurate ™ I 
tuning in F M receivers. Outline 22, OUTLINES 
SECTION, except over-all length is 3-1/16 

,-vJJ wax inches and seated height is 2-1/2 max 
inches. Tube requires octal socket and may be 

mourned in any position. Heater volts (ac/dc), 6.3; amperes, 0.15. Maximum ratings in indicator serv- 
ice: tluorosrent-target volts, 365 max, 220 wtn; peak heater-cathode volts, 90 max. Typical operation 
in iiulic-ator service: fluorescent-target volts, 315; deflecting electrodes Nos. 1, 2, and 3, Volts, 0; cathode 
resistor iapprox.), 3300 ohms; deflection sensitivity (approx.), 1 mm/volt; grid volts for fluoroscenee 
cut.ofT. -7. This type is used principally for renewal purposes. 
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6AM4 

HIGH-MU TRIODE 
Miniature type used as mixer and rf am- 

plifier in cathode-drive circuits of uhf television 
receivers. Outline 10, OUTLINES SECTION. 
Tube requires miniature nine-contact socket 
and may be mounted in any position. Heater 
volts (ac/dc), 6.3; amperes, 0.225. This type is 
used principally for renewal purposes. 

CLASS Ai AMPLIFIER 

k \J H 

Maximum Ratings: LLAbb Ai AMrLlrlbK 
J'late Voltage  2W) max volts 
Grid VoltaCzE, Positive bias value  0 mux volts 
Plate DrssrPATioN  2 max watts 
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  80*max volts 
Heater positive with respect to cathode  80 max volts 

Characteristics: 
Plate-Supply Voltage    200 volts 
Cathode-Bias Resistor*  100 ohrns 
Amplification Factor  85 
Plate Resistance (Approx.)  8700 ohms 
Transconduetance  9800 /nnhos 
1'late Current  10 ma 
Grid Voltage (Approx.) for plate current of 10 /xa  -fi.5 volts 
* Under cutoff conditions in direct-coupled cathode-drive circuits, it is permissible for (his voltage to 
be as high as 250 volts. 
• Fixed-bias operation is not recommended. 

DIODE—SHARP-CUTOFF H " p 

PENTODE 

6AM8 Miniature types used in diversified C2p(3^^7-^lT)© 0 

applications in television receivers. 
6AAA8--A Type 6AM8-A has a controlled heater c'p^AS/ ^ warm-up time for use in receivers em-  (^)c3p 

ployingseries-connectedheaterstrings. Kp is 
The pentode unit is used as an if amplifier, video amplifier, or age amplifier. The 
high-perveance diode is used as an audio detector, video detector, or dc restorer. 
Outline 12, OUTLINES SECTION. Tubes require miniature nine-contact socket 
and may be mounted in any position. Type 6AM8 is a DISCONTINUED type 
listed for reference only. 
Heater Voltage (ac/dc)  6.3 volts 
Heater Current  0.45 ampere 
Heater Warm-Up Time (Average) for 6AM8-A  11 seconds 
Direct Interelectrode Capacitances: 
Diode Unit: Plate to Cathode and Heater   1.8 ant 

Cathode to Plate and Heater   3 ^f 
Pentode Unit: 

Grid No.1 to Plate   0.015 max mmT 
Grid No.l to Cathode, Heater, Grid No.2, No.3 and Internal Shield. .. 6.5 ujuf 
Plate to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield . 2.6 p/if 

Pentode Grid No.l to Diode Plate  0.006 max xt/xf 
Pentode Plate to Diode Cathode   0.15 max ant 
Pentode Plate to Diode Plate  0.1 max unt 

PENTODE UNIT AS CLASS Ai AMPLIFIER 
Maximum Ratings, (Design-Maximum Values): 
Plate Voltage  330 max volts 
Grid No.3 (suppressor grid) And Internal Shield Connect to cathode at socket 
Grid-No.2 (screen-grid) Supply Voltage  330 max volts 
GmD-No.2 Voltage  See curve page 66 
Grid-No.1 (control-grid) Voltage, Positive bias value  0 max volts 
Plate Dissipation       .... 3.2 max watts 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts  0.55 max watt 
For grid-No.2 voltages between 165 and 330 volts  See curve page 66 

Peak Heater-Cathode Voltage: Heater negative with respect to cathode  200 max volts 
Heater positive with respect to cathode  200° max volts 
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Characteristics: 
Plate Supply Voltage  125 volts 
Grid No.3. and Internal Shield  Connected to cathode at socket 
Grid-No.2 Supply Voltage  
Cathode-Biaa Resistor  
Plate Resistance (Approx.)  
Transconductance  
Grid-No.1 Voltage (Approx.) for plate current of 20 y.2.  
Grid-No.1 Voltage (Approx.) for plate current of 2 ma. and cathode 

resistor of 0 ohms    
Plate Current  
Grid-No.2 Current  
Maximum Circuit Values: 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation   
For cathode-bias operation  

DIODE UNIT 
Maximum Ratings, (Design-Maxiinnni Values): 
DC Platj: Current  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  Heater positive with respect to cathode  0The dc component must not exceed 100 volts. 

0.25 max 
1.0 max 

volts 
ohms 

megohm 
/irnho? 

volts 

megohm 
megohm 

200 max 
200° max 

AVERAGE CHARACTERISTICS PENTODE UNIT 
TYPE bAMo—A Ef * 6.3 VOLTS | I I 
GRID NS3 AND INTERNAL SHIELD I T CONNECTED TO CATHODE AT SOCKET. GRIO-N*2VOLT$*1SO 

GAID-NAI VOLTS EC|»-2 

SO 100 ISO 200 250 300 PLATE VOLTS 

HQ_®K HIGH-MU TRIODE 

(f-1-!! %£)G Miniature type used as mixer or . . . . . 
(W^rtT rf amplifier in cathode-drive circuits OAN4 

c(T\%/\ y\f)p uhf television tuners covering the 
frequency range of 470 to 890 mega- 
cycles per second. Outline 9, OUT- 

LINES SECTION. Tube requires miniature seven-contact socket and may bo 
mounted in any position. 
Heater Voltage (ac/dc) . 
Heater Current  

Maximum Ratings: CLA 
Plate Voltage    
Pi,ate Dissipation  
Cathode Current  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode 
Heater positive with respect to cathode. 

CLASS A] AMPLIFIER 
300 max 

4 wia;r 
30 max 

200 max 
200" max 
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Characteristics: 
IMjiffc-Supply Voltage  
('athode-Biaa Resistor  
Amplification Factor   
Transconduetance  
Plate Current  
Grid Voltage (Approx.) for plate current of 20 tia. 
Maximum Circuit Values: 
Grid-Circuit Resistance: 

For fixed-bias operation  
For cachode-bias operation  

■ The do component must not exceed 100 volts. 
0.1 max. megohm 
0.5 max megohm 

0.04 mox 7 
2.4 

.0.02 

.0.02 
.0.15 

MEDIUM-MU TRIODE- 

AANft SHARP-CUTOFF PENTODE ^IO Miniature types used in a wide 
A A KIO A variety of applications in color televi- 

sion receivers. The 6AN8-A has a con- T 

trolled heater warm-up time for use in pt g3p.kp 
receivers employing series-connected 15 

beater strings. The pentode unit is used as an intermediate-frequency amplifier, a 
video amplifier, an age amplifier, or as a reactance tube. The triode unit is used in 
low-frequency oscillator, sync-separator, sync-clipper, and phase-splitter circuits. 
Outline 12, OUTLINES SECTION. Tubes require miniature nine-contact socket 
and may be mounted in any position. 
Heater Voltage (ac/dc)  6.3 volts 
Heater Current  0.45 ampere Heater Warm-Up Time (Average) 6AN8-A    11 seconds 
Direct Interelectrode Capacitances: 
Triode Unit: 

Grid to Plate  1.5 
Grid to Cathode and Heater  2.0 
Plate to Cathode and Heater  0.26 

Pentode Unit: 
Grid No.l to Plate  0.04 max uni 
Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield. .. 7 
Plate to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield  2.4 

Triode Grid to Pentode Plate 0.02 
Pentode Grid No.l to Triode Plate 0.02 
Pentode Plate to Triode Plate 0.15 uni 

CLASS A, AMPLIFIER 
Maximum Ratings, (Design-Maximum Values): Triode Unit Pentode Unit 
Plate Voltage  330 max 330 max volts 
Grid-No.2 Supply Voltage  - 330 max volts 
Grid-No.2 (screen-grid) Voltage  - See curve page 66 Guid-No.I (control-grid) Voltage, Positive bias value... 0 max 0 max volts 
Plate Dissipation    2.8 max 2.3 max watts 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts  - 0.55 max watt 
For grid-No.2 voltages between 165 and 330 volts  - See curve page 66 

Peak Heater-Cathode Voltage: 
Heater negative with respect to cathode  200 max 200 max volts 
Heater positive with respect to cathode  200omax 200omax volts 

Characteristics: Triode Unit Pentode Unit 
Plate Supply Voltage  150 125 volts 
Grid-No.2 Supply Voltage  - 125 volts 
Grid-No.l Voltage  -3 - volts 
Cathode-Bias Resistor  - 56 ohms 
Amplification Factor  21 - 
Flate Resistance (Approx.)  4700 170000 (dims 
Transconduetance  4500 7800 ninhos 
Grid-No.l Voltage (Approx.) for plate current of 20/ia  -17 -6 volts 
Grid-No.l Voltage (Approx.) for plate current of 1.6 ma. and 
cathode resistor of 0 ohms  - -3 volts 
Plate Current  15 12 ma 
Grid-No.2 Current  - 3.8 ma 
Maximum Circuit Values: 
Grid-No.l-Circuit Resistance:* 

For fixed-bias operation  0.5 max 0.25 max megohm 
For cathode-bias operation  1.0 max 1.0 max megohm 

''The dc component must not exceed 100 volts. 
*lf either unit is operating at maximum rated conditions, grid-No.l-circuit resistance for both units 
should not exceed the stated values. 

Triode Unit Pentode Unit 
330 max 330 max volts - 330 max volts - See curve page 66 

0 ?nax 0 max volts 2.8 max 2.3 max watts 
- 0.55 max watt 
- See curve page 66 

200 max 200 max volts 
200omax 200omax volts 

Triode Unit Pentode Unit 
150 125 volts - 125 volts 
-3 - volts - 56 ohms 
21 - 

4700 170000 (dims 
4500 7800 ninhos 
-17 -6 volts 

_ -3 volts 
15 12 ma 

3.8 ma 

0.5 max 0.25 max megohm 
1.0 max 1.0 max megohm 
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HQ_©r BEAM POWER TUBE 

( ri^ y&iz Miniature types used as output AAOI 
amplifiers primarily in automobile re- OMVjIJ 

^©5, ceivers and in ac-operated receivers - - _ - 
^3 and, triode-connected, as vertical de- OAVJr J — A 

cr^ flection amplifiers in television receiv- 
ers. Type 6AQ5-A has a controlled heater warm-up time for use in television 
receivers employing series-connected heater strings. Outline 13, OUTLINES SEC- 
TION. Tubes require miniature seven-contact socket and may be mounted in any 
position. Within their maximum ratings, the performance of these types is equiva- 
lent to that of larger types 6V6 and 6V6-GT. Type 6AQ5 is a DISCONTINUED 
type listed for reference only. 

Heater Voltage (ac/dc)   
.11 EAT EH OURHENT  
Jieater Warm-Up Time (Average) for (iAQo-A  
Direct Intehelectkode Capacitances (Approx.): Crid No.l to Plate  

Crid No.l to Cathode, Heater, Grid No.2, and Grid No.3  
Plate to Cathode, Heater, Grid No.2, and Grid No.3  

Amplification Factor*  
Plate Resistance (Approx.)*  
Transconductance*  
(jRid-No.I Voltage (Approx.) for plate current of 0.5 ma  
* Grid No.2 connected to plate; plate and grid-No.2 volts, 250; grid-No.1 volts, - -12.5; plah 

ohms 
Minhos volls 

ma.. 40.5. 

CLASS At AMPLIFIER 
Maximum Ratings, {Design-Maximum Vuhi.es): 
Plate Voltage  
Grid-No.2 (screen-grid) Voltage  
Plate Dissipation  
Grid-No.2 Input  
Peak: Heateh-Cathode Voltage: 

Heater negative with respect to cathode  
Heater positive with respect to cathode   

Bulij Temperature (At hottest point)   
* The de component must not exceed 100 volts. 
Typical Operation: 

Same as for type 6V6-GT within the limitations of the maximum ratings. 
Maximum Circuit Values: 
(Irid-No.l-Circuit Resistance: 

For fixed-bias operation  
For cathode-bias operation  

27o max 
275 max 

12 max 
2 max 

200 max 
200mmox 
250 max 

0.1 max 
0.5 max 

AVERAGE CHARACTERISTICS PENTODE CONNECTION 
TYPE bAQS-A E * =6.3 VOLTS 

m 
GAID-N3I VOLTS tci5"* 

30O 400 500 PLATE VOLTS 42CU-4807T3 

r 



RCA Receiving Tube Alanual 

VERTICAL DEFLECTION AMPLIFIER (Triode Connection)0 

For operation in a 525~\ine, 30-frame system 
Maximum Ratings, (Design-Maximum Values): 
DC Plate \oltage. .     275 imx voite 
i'EAK Positive-Pulse Plate VoLTAGEt  1X00 max volts 
Peak Negative-Pulse Grid-No.1 (conteol-grid) Voltage  -275 mar volts 
Peak Cathode Current  115 ?na>' ma 
Average Cathode Current 40 max ma 
Plate Dissipation  10 w,0i>r watts 
Peak Heater-cathode Voltage: 

Heater negative with respect to cathode  200 max volts 
Heater positive with respect to cathode  20()*m«r volts 

Bulii Temperature (At hottest point)    ' 250 mar 0C 
Maximum Circuit Value: 
Grid-No.l-Circuit Resistance: 

For cathode-bias operation  2.2 mix megohms 
0 Grid No.2 connected to plate. 
t The duration of the voltage pulse must not exceed 15 per cent of one vertical scanning cycle. In a 525- line, 30-feame system, 15 per cent of one vertical scanning cycle is 2.5 milliseconds. 
* The dc component must not exceed 100 volts. 

AVERAGE CHARACTERISTICS 
TRIODE CONNECTION 

TYPE 6AQ5-A _Ef = 6.3 VOLTS | | 
"GRID N22 CONNECTED TO PLATE"" 

300 400 
PLATE VOLTS 

TWIN DIODE—HIGH-MU TRIODE (12—15) U2 

« . —. . Miniature type used as a combined A, I 
OAVkO detector, amplifier, and avc tube in _,J/\) 

compact radio receivers. This type is 
similar to metal type GQ7 in many of pn— 
its electrical characteristics. Outline 11, Gt 

OUTLINES SECTION. Tube requires miniature seven-contact socket and may 
be mounted in any position. For typical operation as resistance-coupled amplifier, 
refer to Chart 3, RESISTANCE-COUPLED AMPLIFIER SECTION. 
Heater Voltage (ac/dc)  
Heater Current  
Direct Interelectrode Capacitances (Triode Unit):0 

Grid to Plate  
Grid to Cathode and Heater  
Plate to Cathode and Heater  

"With external shield connected to cathode. 

Maximum Ratings: iKHJUt UNG 
Plate Voltage  
Peak Heater-C athode Voltage: 

Heater negative with respect to cathode 
Heater positive with respect to cathode. 

TRIODE UNIT AS CLASS A, AMPLIFIER 
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Characteristics: 
Plate Voltage   
Grid Voltage  
Amplification Factor  
Plate Resistance (Approx.) 
Transconductance  Plato Current  

DIODE UNITS 
Two diode plates are placed around a cathode, the sleeve of which is common to the triode unit. 

Diode biasing of the triode unit of the 6AQ6 is not suitable. For diode operation curves, refer to type 

TWIN DIODE—HIGH-MU TRIODE 
GT/~\ /TNPt 

. 'Jy Glass octal type used as FM detector and 
pDi/~\/' \ T\r^KT au^^0 araP^fier in circuits which require diode and triode units with separate cathodes. Out- 

ir """/) line 22, OUTLINES SECTION. Tube requires AArt7 
fsxV octal socket. Heater volts (ac/dc), 6.3; amperes, ™V^I ^^h 0.3. Ratings and characteristics of triode unit as 

nVTrT^) class Ai amplifier: plate volts, 250 max; grid 
PD2 h volts, -2; amplification factor, 70; plate resist- 

ance (approx.), 44000 ohms; transconductance, 
ItiOO ixmhos; plate ma., 2.3. For typical operation as a resistance-coupled amplifier, refer to Chart 5, RE- 
SISTANCE-COUPLED AMPLIFIER SECTION. This type is used principally for renewal purposes. 

HIGH-MU TWIN TRIODE 
KT21 Miniature type used as rf ampli- jr m q 

jftf-''—jfj fier and self-oscillating mixer in 0/AV*0 
©Vi /T^y®KT FM/AM radio receivers. Outline 12, 

T2 OUTLINES SECTION. Tube requires 
Pt2 's nine-contact socket and may be oper- 

ated in any position. Heater volts (ac/dc), 6.3; amperes, 0.435. With plate volts 
of 250 and grid volts of -2.3, class At characteristics of each unit are: plate ma, 10: 
plate resistance (approx.), 9700 ohms; transconductance, 5900 Mmhos; amplifi- 
cation factor, 57. 

Maximum Ratings, (Each Unit): 
Pi.ath Voltage with plate ma = 0  
Plate Voltage  
Grid \ oi.tage, Negative-Dias value  Plate Dissication: 

For either plate  
For both plates with both units operating. 

Cathode Current  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode... 
Heater positive with respect to cathode. . . 

550 max 
300 ?nax 

-100 7tia.x 
2.5 max 
4.5 max 

15 max 

Typical Operation, (Each Unit): 
Plate Supply Voltage  
Plate Voltage  
Plate Resistor  
Grid Resistor  
Grid Voltage  
RMS Oscillator Voltage  
Cathode Resistor  Plate Resistance (Approx.)  
Transconductance  
Con version Transconductance  
Input Resistance at frequency (Mc) = 100. 
Plate Current  
Equivalent Noise Resistance  
Maximum Circuit Values, (Each Unit): 
Grid-Circuit Resistance  
Resistance between Cathode and Heater. 

RF 
Amplifier Converter 

250 250 vnlls 
230 — volts 

1800 12000 ohms — 1 megohm 
-2 — volts — 3 volts 

200 — ohms 
9700 22000 ohms 
6000 - Minhos — 2300 fimhos 6000 15000 ohms 10 5.2 ma 500 - ohms 

1 max megohm 
20000 max ohms 
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POWER PENTODE 
Miniature type used as output tube prima- 

rily in automobile receivers and ac-operated re- s 
APC ceivers. Outline 33, OUTLINES SECTION. 

V?At.It. J Tube requires miniature seven-contact socket j\ and may be mounted in any position. Heater —I Y 
volts (ac/dc), 6.3; amperes, 0.4. Maximum 
ratings as class Ai amplifier: plate and grid-No.2 ^ • , 
(screen-grid) volts, 250 max; plate dissipation, V 
8.5 max watts; grid-No.2 input, 2.5 max watts; 

iH-ak heater-cathode volts, 90 max. Within its maximum ratings, type 6AR5 is equivalen 
re glass-octal type 6K6-GT. Type 6AR5 is used principally for renewal purposes. 

i performance 

6AS5 

BEAM POWER TUBE 
Miniature type used as output 

amplifier primarily in automobile and 
in ac-operated receivers. Outline 13, 
OUTLINES SECTION. Tube re- 
quires miniature seven-contact socket 
and may be mounted in any position. 
For curves of average plate charac- 
teristics, refer to type 3oC5. 

UiiATKit Voltage (ac/dc)  
Heater Current  
DirectInterelectrode Capacitances (Approx.): 

Grid No.l to Plate  
Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3. 
Plate to Cathode, Heater, Grid No.2, and Grid No.3  

Maximum Ratings: 
Plate Voltage  150 max 
Ghtd-No.2 (screen-grid) Voltage  117 max 
Plate Dissipation  5.5 wax 
Grid-No.2 Input  1.0 wax 
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  100 ?nax 
Heater positive with respect to cathode  100 max 

Bulb Temperature (At hottest point)    250 max 
Typical Operation: 
Plate Voltage   150 
Grid-No.2 Voltage  110 
Grid-No.1 (Control-Grid) Voltage   -8.5 
Peak AF Grid-No. 1 Voltage  8.5 
Zero-Signal Plate Current  35 
Maximum-Signal Plate Current  36 
Zero-Signal Grid-No.2 Current (Approx.)  2 
Maximum-Signal Grid-No.2 Current (Approx.)  6.5 
Transconductance   5600 
Load Resistance  4500 
Total Harmonic Distortion  10 
Maximum-Signal Power Output  2.2 
Maximum Circuit Values: 
Grid-No. l-Czrcuit Resistance: 

For hxed-bias operation  0.1 max 
For cathode-bias operation  0.5 max 

CLASS Aj AMPLIFIER 

0.1 max 
0.5 max 

volts 
volts 
volte 
volts 

ma 
ma 
ma 
ma 

jimhos 
ohms 

per cent 
watts 

mogohrn 
megohm 

DIODE- h A P, 
SHARP-CUTOFF PENTODE ^ <*, 

* A CO Miniature type used in diversified nTrP's 

O/\0O applications in television and radio re- (ITxUr^ "47!?) 
ceivers. The pentode unit is used as an c'p0^i/N^00kp 
if amplifier, video amplifier, or age G20 ® 
amplifier. The high-perveance diode is p Pp 

used as an audio detector, video detector, or dc restorer. Outline 12, OUTLINES 
SECTION. Tube requires miniature nine-contact socket and may be mounted in 
any position. 
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HKATKU \'(H.TA(;E (AC./dc)  
HlvATEH ("liltUENT  
Direct Inteueleotrode Capacitances: 
Dio(.l(! Dnit: Plate to Cathode, Heater, Pentode Grid No.3, and Internal Shield 
Pentode Unit: 

Grid NoJ to Plate  
Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield 
Plate to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield  

P- ntode Grid No.l to Diode Plate  
Pentode Plate to Diode Cathode  
Pentode Plate to Diode Plate  

. 0 PENTODE UNIT AS CLASS A, AMPLIFIER Maximum Ratings: 
Plate Voltage  
Gmi> No.3 cs.U'pkessor grid) And Internal Shield  Conn 
Grid-No.2 Supply Voltage  GKIl>-No.2 (SCREEN-GRID) VOLTAGE  
Grid-No.1 (control-grid) Voltage, Positive bias value  
Plate Dissipation  
Grid-No.2 Input; 

For grid-No.2 voltages up to 150 volts  
For grid-No.2 voltages between 150 and 300 volts  

Peak Heater-Cathode Voltage: 
Heater negative with respect to cathode  
Heater positive with respect to cathode  

0.005 wax 
0.15 max 
0 1 0 inns 

200 max 
'Zm)0Mox 

Characteristics: 
Plate Supply Voltage  
Grid No.3 and Internal Shield  
Grid-No.2 Supply Voltage  
Cathode-Bias Resistor  Plate Resistance (Approx.)  
Transconductance    Grid-No.1 Voltage (Approx.) for plate current of 10 jua. 
Plate Current  
Grid-No.2 Current  

  200 
Connected to cathode n I   150 
  180 
  300000 
  0200 
  -8 
  9.5 

Maximum Circuit Values: 
Grid-No.l-Circuit Resistance; For fixed-bias operation  

For cathode-bias operation  
The dc component must not exceed 100 volts. 

Maximum Ratings: DIODE UNIT 
Peak Inverse Plate Voltage  
Peak Plate Current  
DC Plate Current  
Peak Heater-Cathode Voltage: 

Heatesr negative with respect to cathode  Heater positive with respect to cathode  
' The dc component must not exceed 100 volts. 

0.25 max 
1.0 iiti'.v 

330 max 
50 max 

5 max 
200 inux 
200o>wfl j; 

PTWIN DIODE—HIGH-MU TRIODE 
PDI Miniature type used as a com- 

bined detector, amplifier, and avc tube 6 AT6 
3t in automobile and ac-operated radio 

receivers. Outline 11, OUTLINES 
SECTION. Tube requires miniature 

seven-contact socket and may be mounted in any position. For typical operation as 
resistance-coupled amplifier, refer to RESISTANCE-COUPLED AMPLIFIER 
SECTION. 
Heater Voltage (ac/dc)  0.3 
Heater Current   0^3 ampt-iv 
Direct Interelectrode Capacitances: 

Triodo Grid to Triode Plate  2.0 
Triode Grid to Cathode and Heater  2.2 t/ii 
Triode Plate to Cathode and Heater  0.8 i/if Plate of Diode Unit No.2 to Triode Grid  0.04 max uif 

Maximum Ratings: TRIODE UNIT 
Plate Voltage   
Plate Dissipation  
Grid Voltage, Positive Bias Value  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode 
Heater positive with respect to cathode. 

TRIODE UNIT AS CLASS Ai AMPLIFIER 
300 max 
0.5 max 

0 max 
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Characteristfcs: 
Plate Voltage  
Grid Voltage  
Amplification Factor. 
'PUue* Resistance. . . . 
Transeonductance. .. Plate Current  
Maximum Rating: DIODE UNITS 
Pi,atp Curkknt (each unit)  1.0 max ma 

The two diode plates are placed around a cathode, the sleeve of which is common to the triode unit. 
Kaeh diode plate has its own base pin. For diode operation curves, refer to type 6AV6. 

MEDIUM-MU TRIODE— 
SHARP-CUTOFF PENTODE qJSL®'' 

6AT8 Miniature types used as combined *(37^ — tS(z)C2p 

jl A TO A oscillator and mixer tubes in television 
receivers utilizing an intermediate fre- pT©\>3?syf/$'G3p 
quency in the order of 40 megacycles (7j 0 
per second. Type 6AT8-A has a con- gt C|p 

trolled heater warm-up time for use in receivers employing series-connected heater 
strings. Outline 12, OUTLINES SECTION. Except for interelectrode capacitances 
and basing arrangement, these types are identical with miniature type 6X8. The 
basing arrangement of the 6AT8 and 6AT8-A is particularly suitable for connection 
to the coils of certain designs of turret tuners. Type 6AT8 is a DISCONTINUED 
type listed for reference only. 
Heater Voltage (ac/dc)  
Heater Current  
Heater Warm-Up Time (Average) for 6AT8-A . 
Direct Interelectrode Capacitances: 
Triode Unit: 

Grid to Plate  
Grid to Cathode and Heater  
Plate to Cathode and Heater  

Pentode Unit: 
Grid No.l to Plate  
Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3  
Plate to Cathode, Heater, Grid No.2, and Grid No.3  

Pentode Grid No.l to Triode Plate  
Pentode Plate to Triode Plate  
Heater to Cathode  
■ With external shield connected to cathode except as noted. 
T With oxtornal shield connected to plate. 

6.3 volts 0.45 ampere 
11 seconds W it.hoiit With 

External External ShTf.i Shiehl* 
I .0 1.5 U„f 2. d 2.4 wf 0.5 1.0 U„I 

0.dti max 0.03 max fylf 4: 6 4.8 Ufii 
0.9 1.6 M/d 0.05 max 0.04 max Ulif 0.05 max 0.008 max ufii 6.0 6. Of Mtif 

HALF-WAVE VACUUM RECTIFIER ^ /^TH 

A AHA rT Glass octal types used as damper qV i 
tubes in horizontal-deflection circuits A 

A A I IA /"* T A of co'or television receivers and of tele- h I /^vision receivers utilizing picture tubes 0~TtI) 
having wide-angle deflection. Outline lc H 

29, OUTLINES SECTION. Tubes require octal socket and may be mounted in any 
position. These types may be supplied with pin No.l omitted. Socket terminals 1, 
2, 4, and 6 should not be used as tie points. It is especially important that these 
tubes, like other power-handling tubes, be adequately ventilated. Type 6AU4-GT 
is a DISCONTINUED type listed for reference only. For curve of average plate 
characteristics for 6AU4-GTA, see page 67. 
Heater Voltage (ac/dc)  
Heater Current  
P/REcr Interelectrode Capacitances (Approx.): 

Plato to Heater and Cathode  
Cathode to Heater and Plate  Heater to Cathode  

volts 
amperes 
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DAMPER SERVICE 
For operation in a 525-line, 30-frame system 

6AUA-GT 6AU1-GTA 
Design-Center Design-Max im u in Maximum Ratings; Vafaes* Values 

Peak Inverse Plate VoLTAGEj  4500o7nax 4500 max volts 
Peak Plate Current  1050 max 1300 max ma 
DC Plate Current  175 max 210 max ma 
Plate Dissipation  6 max 6.5 max watts 
Peak Heater-Cathode Voltage: 

Hnatpr negative with respect to cathode  4500o*max 4500*max volts 
Heater positive with respect to cathode  300# max 300# max volts 

" Except as noted. 
t The duration of the voltage pulse must not exceed 15 per cent of one horizontal scanning cycle. In a 
525-line, 30-irame system, 15 per cent of one horizontal scanning cycle is 10 microseconds. 0 Almdntc Maxiinuiu. Under no circumstances should this absolute value be exceeded. 
* The de component must not exceed 900 volts. 

••':The de component niust not <>\eeed 100 volts. 

BEAM POWER TUBE 
\ Glass octal type used as horizon- 

( : ) laldeliectionamplifierinlow-cost.high- ^AIIC 
efficiency deflection circuits of televi- OAW J""V7 I 

0Tr0 sion receivers employing either trans- 
Gi g2 former coupling or direct coupling to 

the deflecting yoke. Outline 22, OUTLINES SECTION. Tube requires octal socket 
and may be mounted in any position. 
Heater Voltage (ac/dc)    6.3 volts 
Heater Current    1.25 amperes 
Direct Interelectrode Capacitances (Approx.): 

Grid No.l to Plato   0.5 nui 
Grid No.l to Cathode, Heater. Grid No.2, and Grid No.3.    11.3 nni 
Plate to Cathode, Heater, Grid No.2, and Grid No.3  7.0 ujut Tkansconductance-?  5600 ^mhos 

Mu-Factor. Grid No.2 to Grid No.lt  5.9 
r For plate volts, 115; grid-No.2 volts, 175; grid-No.1 volts, -20. 
T For plau- vnlis. I'M); grid-No.2 volts, 100; grid-No.1 volts, -4.5. 

HORIZONTAL DEFLECTION AMPLIFIER 
For operation in a 525-line, 30-frame system Maximum Ratings: cor operation m a 52o-line, 30-frame system 

D(' Pi.ate Voltage  
Peak Positive-Pui.se Plate Voltage* (Absolute Maximum)    
Peak Nkgative-I'i lse Plate Voltage  
DO Gkld-No.2 (screen-grid) Voltage4  Peak Negative-Pulse Grid-No.I (control-grid) Voltage  
Peak Cathode Current   
Average Cathode Guhrent   
Giud-No.2 Input  
Plate Dissipation it  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  
Heater positive with respect to cathode  

Hum Temperature (At hottest point)  
Maximum Circuit Value: 
Grid-No.l-Cireuil llesistanee. 

550 max 
5500omax 

—1250 max 
200 max 

—300 max 400 max 
110 max 
2.5 max 

10 max 
200 max 
200"max 
210 max 

0.47 max znegolim 
* The duration of the voltage pulse must not exceed 15 per cent of one horizontal scanning cycle. In a 
525-line, 30-frame system, 15 per cent of one horizontal scanning cycle is 10 microseconds. 0 Under no cirenmsvances should this absolute value be exceeded. 

Obtained through a series dropping resistor of sufficient magnitude to limit the grid-No.2 input to the 
rated maximum value. 
tfAn adequate bias resistor or other means is required to protect the tube in the absence of excitation 
■The dc eomponerit; must not exceed 100 volts. 

SHARP-CUTOFF PENTODE 
Miniature types used in compact 6AU6 

radio equipment as rf amplifier espe- 
cially in high-frequency, wide-band ap- O A U O—A 
plications; also used as limiter tube in 
FM equipment. Type 6AU6-A has a 
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controlled heater warm-up time for use in applications employing series-connected 
heater strings. Outline 11, OUTLINES SECTION. Tubes require miniature seven- 
contact socket and may be operated in any position. For a discussion of limiters, 
refer to ELECTRON TUBE APPLICATIONS SECTION. For typical oper- 
ation as resistance-coupled amplifier, refer to RESISTANCE-COUPLED AM- 
PLIFIER SECTION. 

Heater Voltage (ac/dc)  
Heater Current,  
Heater Warm-Up Time (Average) for 6AU6-A  
Direct Interelectrode Capacitances: 
Pentode Connection: 

Grid No.1 to Plate   
Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield  
Plate to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield   
Triode Connection:t 

Grid No.l to Plate, Grid No.2, Grid No.3, and 
Internal Shield  

Grid No.l to Cathode and Heater  
Plate, Grid No.2, Grid No.3, and Internal Shield to 

Cathode and Heater  

Withont 
External I 
Shield 

0.0035 max 0. 

1 With external shield connected to cathode. 
Grid No.2, grid No.3, and internal shield connected to plate. 

CLASS Ai AMPLIFIER 
Maximum Ratings, {Design-Maximum Values): 
Plate Voltage  
Grid No.3 (Suppressor Grid) And Internal Shield   
Gkid-No.2 (screen-grid) Voltage  
Grid-No.2 Supply Voltage   
Plate Dissipation  
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts  
For grid-No.2 voltages between 165 and 330 volts  

Grid-No.1 (control-grid) Voltage: 
Positive bias value     

Peak Heater-Cathode Voltage: 
Heater negative with respect to cathode   
Heater positive with respect to cathode  

Triode) Pentode 
Connection Connection 

275 max 330 max volta 
Connect to cathode at socket 

See curve page 66 
- 330 max volts 

3.5 max 3.5 max watts 

O.lomax watt 
See curve page 66 

200 max 20ft max volt 
200Awfla: 200Amax volt 

AVERAGE CHARACTERISTICS 
type 6AU6 Efs 6.3 VOLTS j j 
GRID N» 3 AND INTERNAL SHIELD CONNECTED TO CATHODE AT SOCKET. GRID-N#2 VOLTSslOO 

GRtD-NM VOLTS CC) = -LO 

200 300 400 500 PLATE VOLTS 
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Characteristics: 
Plato Supply Voltage  
Grid No.3 and Internal Shield  
Grid-No.2 Supply Voltage  
Cathode-Bias Resistor  
Amplification Factor  
Plate Resistance (Approx.)  
Transconductance  
Grid-No.1 Voltage tor plate current of 10 jta.. 
Plate Current  
Grid-No. 2 Current  

Tribdef Connection 
250 

Pentode 
Connection 

100 250 250 
Connected to cathode £ 

t Grid No.2, grid No.3, and internal shield connected to plate. A TIk- de component must not exceed 100 volts. 

MEDIUM-MU TWIN TRIODE 
Miniature type used as phase inverter or 

amplifier in television receivers employing series- 
connected heater strings. Outline 12, OUT- 
LINES SECTION. Heater volts (ac/dc), 6.3 
(series), 3.15 (parallel); amperes, 0.3 (series), 
0.6 (parallel); warm-up time (average) in paral- 
lel arrangement, 11 seconds. Except for heater 
and heater-cathode ratings, this type is identical 
with miniature type 12AU7. The 6AU7 is a 
DISCONTINUED type listed for rofevenc.eonly. 

» MEDIUM-MU TRIODE— 
SHARP-CUTOFF PENTODE AAIIQ 

Pt04h Miniature types used in television O/a vJ O 
Iftrp; "'jf - ^ receiver applications. Tubes have con- iL A I I Q A 

ciT\ f:T\ //i'G2p trolled heater warm-up time for use in O/XU O ~r\ 
 '0 series-heater strings. Pentode unit is 

Kt pp used as video amplifier, if amplifier, 
age amplifier. Triode unit is used in sync-amplifier, sync-separator, sync-clipper, 
and phase-inverter circuits. Outline 14, OUTLINES SECTION. Tubes require 
nine-contact socket and may be mounted in any position. 

Hisatkr Voi.tagr CacUdc)   
Heater Current. .    Heater Warm-up Time (Average)  
Direcxt Interelectrode Capacitances: 
Triode Unit: 

Grid to Plato  
Grid to Cathode and Heater  
Plate to Cathode and Heater  

Pentode Unit: 
Grid No.l to Plate   
Grid No.l to Plate (CAUS-A)  
Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield 
Plato to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield  
Plate to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield (6AU8-A)  

Triode Grid to Pentode Plate    
Pentode Grid No.l to Triode Plato  
Pentode Plate to Triodo Plate  

3.4 
0.022 mar 
0.006 max 
0.12 max 

CLASS A, AMPLIFIER Maximum Ratings, 6AU8: 
Plate Voltage  
Grid-No.2 (screen-grid) Supply Voltage   
Grid-No.2 Voltage  
Grid-No.I (control-grid) Voltage, Positive bias value... . Plate Dissipation    
Grid-No.2 Input: 

For grid-No.2 voltages up to 150 volts  
For grid-No.2 voltages between 150 and 300 volts  

Peak Heater-Cathode Voltage: 
Heater negative with respect to cathode  
Heater positive with respect to cathode  

Triode Uw.it Pentode Unit 
300 max 300 max 
- 300 max 
- See curve ] 

0 max 0 max 
Z. 5 mar 3 mar 
- 1 max 
- See curve i 

200 max 
200* max 

200 max 
200*W'i.<- 
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Maximum Ratings, 6AU8-A, {Design-Maximum Values): 
I'll-\te Voltage   
*iun)-N'0.2 (.SCREEN-GRID) SUPPLY VOLTAGE  
Ukid-No.2 Voltage  
( riUD-No.l (control-grid) Voltage, Positive bias value. 
Plate Dissipation  
Grip-No.2 Input 

For grid-No.2 voltages up to 165 volts  
For grid-No.2 voltages between 165 and 330 volts. . . 

Peak Heater-Cathode Voltage: 
Heater negative with respect to cathode  
Heater positive with respect to cathode  

Characteristics: Triode X, 
Plate Supply Voltage  150 
Grid-No.2 Supply Voltage  
Cathode-Bias Resistor  150 
Amplification Factor  40 
Plate Resistance (Approx.)  8200 
Transconductanee  4900 
Grid-No.1 Voltage (Approx.) for 

plate current of 100 ^a  -6.5 
Plate Current  9 
Grid-No.2 Current  - 

Triode Unit Pentode Unit 
330 max 330 max 

0 max 
2.8 max 

200 max 
200 "mux 

330 mux volts 
330 max volts 

See curve page 66 
0 mux volts 

3.3 mux watts 
1 mux watt 

See curve page 06 
200 max volts 
200"mux volts 

6AU8 
Triode Unit Pentode Un it 

150 200 
Triode Unit Pentode Unit 

Maximum Circuit Values: 
Grid-No. 1-Circuit Resistance: 

For fixed-bias operation  
For cathode-bias operation  

■ The do component must not exceed 100 volts. 

0.5 max 
1.0 max 

megnhm 
megohm 

BEAM POWER TUBE c /'AN 
A A\A5-OA Glass octal types used as hori- K3®C_rr: \ 

zontal deflection amplifiers in tele- I ) 
__ vision receivers employing either h©v?"NA/\I}h 

OAVj-OI transformer coupling or direct cou- 
pling to the deflecting yoke. 6AV5-GA oC G

2 
Outline 33, 6AV5-GT Outline 22, OUTLINES SECTION. Tubes require octal 
socket and may be mounted in any position. Type 6AV0-GT is a DISCO NTINUED 
type listed for reference only. 

Heater Voi.tage (ac/dc)  
Heater Current  
Transconductance*  
Mu Factor, Grid No.2 to Grid No.l**  
* Plate volts, 250; grid-No.2 volts, 150; grid-No.1 volts, -22.5. 

Triode connected; plate and grid-No.2 volts, 150; grid-No.1 volts, -22.5. 

HORIZONTAL DEFLECTION AMPLIFIER 
For operation in a 525-line, SO-frame system Maximum Ratings: Tor operation in a 525-line, 80-fr> 

DC Plate Voltage  
Peak Positive-Pulse Plate Voltage! {Absolute Maximum) 
Peak Negative-Pulse Plate Voltage  
DC Grid-No.2 (screen-grid) Voltage  
Peak Negative-Pulse Grid-NoH (control-grid) Voltage 
Peak Cathode Current  
Average Cathode Current  
Grid-No.2 Input  
Plate Dissipation!!  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  
Heater positive with respect to cathode  

Bull Temperature (At hottest point)  

55(1 mux 
550Qom(/x 

-1250 max 
175 max 

-300 max 
400 max 
110 max 
2. 5 max 

11 mux 
200 mux 
200amax 
210 max 

Maximum Circuit Value: 
Grid-No.1 Circuit Resistance  0.47 max megohm 
+ The duration of the voltage pulse must not exceed 15 per cent of one horizontal scanning cycle. In a 
525-line, 30-frame system, 15 per cent of one horizontal scanning cycle is 10 microseconds. 0 Under no circumstances should this absolute value be exceeded. 
!! An adequate bias resistor or other means is required to protect the tube in the absence of excitation. 
■ The dc component must not exceed 100 volts. 
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PTWIN DIODE—HIGH-MU TRIODE 
pdi Miniature type used as combined 

detector, amplifier, and avc tube in 
automobile and ac-operated radio re- 

37 ceivers. The 6AV6 may be substituted 
directly for the 6AT6 in applications 

where the higher amplification of the 6AV6 is advantageous. 

6AV6 

Heater Voltage (ac/dc). 
Heater Current  

Direct Interelectrode Capacitances: 
Triode Grid to Triode Plate   
Triode Grid to Cathode and Heater .... 
Triode Plate to Cathode and Heater .... 
Plate of Diode Unit No.2 to Triode Grid. 

■ With external shield connected to cathode. 

Without 
External 
Shield 

2.0 
2.2 
0.8 

0.04 max 

TRIODE UNIT AS CLASS Ai AMPLIFIER 
Maximum Rating, (Design-Maximum Value): 
Plate Voltage  
Grid Voltage, Positive Bias Value  
Plate Dissipation  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  
Heater positive with respect to cathode  

6.3 
0.3 
With 

External 
Shield* 
2.0 
2.2 
1.2 

0.04 max 

330 max 
0 max 

0.65 max 
200 max 
200kmax 

Characteristics: 
Plate Voltage  
Grid Voltage  
Amplification Factor. Plate Resistance  
Transconductance.. . . 
Plate Current  

DIODE UNITS 
Maximum Rating, (Design-Maximum Value): 
Plate Current (Each Unit)  1.0 max ma 
* The dc component must not exceed 100 volts. 

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. Diode biasing of the triode unit is not recommended. 

AVERAGE DIODE CHARACTERISTICS HALF-WAVE RECTIFICATION-SINGLE DIODE UNi" 
INSTALLATION AND APPLICATION 

1 

■VM 

ihe.-IQI 
IIKMIIIII 
muuiii 
IHI3IIII 
IMHIIIII 
IIIKIIII 
Imihiiii 
.IHIIQ 
IKHHKIII 
imiiiiii 
lliftlLII 
SIIHIKII 

jspsilili 

-40 -30 -20 -10 u 

OC VOLTS DEVELOPED BY DIODE 92CM-eaT57 

Type 6AV6 requires miniature seven- 
eonvact socket and may be mounted in any 
position. Outline 11, OUTLINES SECTION. 

The triode unit of the 6AV6 is recom- 
mended for use only in resistance-coupled 
circuits. Refer to the RESISTANCE-COU- 
PLED AMPLIFIER SECTION for typical 
operating conditions. 

Grid bias for the triode unit of the 
6AV6 may be obtained from a fixed source, 
such as a fixed-voltage tap on the dc 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 cutoff, even with relatively small sig- 
nal voltages applied to the diode circuit. 
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AVERAGE PLATE CHARACTERISTICS TAIODC UNIT 

HIGH-MU TRIODE— " 
SHARP"CUTOFF PENTODE 

MiniatUre types used in a wide 
AA\A/Q A variety of applications in television OA^VVO™/\ receivers. These types have a con- J/ ^zp 

trolled heater warm-up time for use in K (i/ '®p(i 
receivers employing series-connected 

heater strings. The pentode unit is used as an if amplifier, video amplifier, age 
amplifier, or reactance tube. The triode unit is used in low-frequency oscillator, 
sync-separator, sync-clipper, and phase-splitter circuits. Outline 14, OUTLINES 
SECTION. Tubes require miniature nine-contact socket and may be mounted in 
any position. Type 6AW8 is a discontinued type listed for reference only. 
Heater Voltage (ac/dc)  tS.'i volts 
Heater Current  0.6 ampere 
Heater Warm-Up Time (average)  11 seconds 
Direct Interelectrode Capacitances: Without With External External 
Triode Unit: Shield Shield9 

Grid to Plate  2.2 2.2 nnt 
Grid to Cathode, Pentode Cathode, Pentode Grid No.3, 

Internal Shield, and Heater  3.2 3.4 anl 
Plate to Cathode, Pentode Cathode, Pentode Grid No.3, 

Internal Shield, and Heater  1.8 3.0 nnt 
Pentode Unit: 

Grid No.1 to Plate  0.05 max 0.04 max u/jf 
Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield  10 10 apt 
Plate to Cathode, Heater, Grid No.2, Grid No.3, and In- 

ternal Shield  3.6 4.5 n/jf 
Pentode Grid No.l to Triode Plate  0.008 wax 0.005 mux 
Pentode Plate to Triode Plate  0.15 max 0.025 max 
■ With external shield connected to pins 4 and 5. 

CLASS A, AMPLIFIER 
Maximum Ratings, (Design-MaximumValues): Triode Unit I'mtode Unit 
Plate Voltage  330 max 330 max volts 
Grid-No.2 (screen-grid) Supply Voltage  - 330 max volts 
Grid-No.2 Voltage  - See eurvr patfc 66 
Grid-No.1 (control-grid) Voltage: 

Positive bias value  0 max 0 max volts 
Plate Dissipation     1.1 max 3.75 max watts 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts  - 1.1 max watts 
For grid-No.2 voltages between 165 and 330 volts  - See curve page 66 

Peak Heater-Cathode Voltage: 
Heater negative with respect to cathode  200 max 2U0 mux volts Heater positive with respect to cathode  200omax 200omax volts 
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AVERAGE CHARACTERISTICS 
rRiooe^NJT 

TYPE 6AW8-A 
Ec= 6.3 VOLTS 

mwmmmi 
m 

a 
300 401 PLATE VOLTS 

Characteristics: 
Plate Supply Voltage  
Grid-No.2 Supply Voltage  
Grid-No.1 Voltage  
Cathode-Bias Resistor  
Araulification Factor  
Plate Resistance (Approx.)  
Transconduetance  
Grid-No.1 Voltage (Approx.) for plate current of 20 n&. 
Plate Current  
Grid-No.2 Current  

Triode Unit Pentode Unit 

0.5 max 
1.0 max 

0.25 max 
1.0 max 

Maximum Circuit Values: 
Grid-No. 1-Cireuit Resistance: 

For lixed-bias operation  
For cathode-bias operation  

"The dc component must not exceed 100 volts. 

AVERAGE CHARACTERISTICS PENTODE UNIT 
i i i =0 i ; ■ TYPE 6AW8-A £<• = 6.3 VOLTS Xb — SRID-N22 volts = 150 

/ 1 . -i j 

7 
— —    1 

Y 
: u__ -2 

I j i 

/ ! i 
! 

/ 
Xb EC! " 3 

    — — —        1 EC! =0 
J 

—j 1 
-4 

f      — rrr     —      I    __-3 
i— i r -f 

0 50 100 ISO 200 250 300 350 400 
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HALF-WAVE VACUUM RECTIFIER 
, - - _ - _ _ Glass octal types used as damper r\ — \ 
O Ay\4r~ w I tube in horizontal deflection circuits of I —i ) 

- A _ "m television receivers. Outline 22, OUT- lc(£X   
OAX4-GTD LINES SECTION. May be supplied " 

with pin No. 1 omitted. Tubes require ic h 
octal socket and may be operated in any position. Socket terminals 1, 2, 4, and 6 
should not be used as tie points. It is especially important that these tubes, like 
other power-handling tubes, be adequately ventilated. For curve of average plate 
characteristics, see page 67. 
Heater Voltage (ac/dc)  
Heater Current  
Direct Interelectkode Capacitances (Approx.):' 

Cathode to Plate and Heater  
Plate to Cathode and Heater  
Heater to Cathode  

DAMPER SERVICE 
For operation in a 525-line, 80-frame system 

Maximum Ratings, {Design-Maxtimim Values): 6AXIt-CiT GAXb-GTD 
Peak Inverse Plate Voltage"  4400 max 5000 max 
Peak Plate Current  825 wax 1000 max 
DC Plate Current  137 max 165 max Plate Dissipation  5 max 5.3 max 
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  4400*ma.r 5000#m(ix 
Heater positive with respect to cathode  300Dmax 300awa./ 

Characteristics, Instantaneous Test Condition: 
Tuhe Voltage Drop for plate ma. =250  32 32 0 Without external shield. 
■ The duration ol the voltage pulse must not exceed 15 per cent ol one horizontal scanning 
a 525-line, 30-frame system, 15 per cent of one horizontal scanning cycle is 10 microseconds. 
• The dc component must not exceed 900 volts. aThe dc component must not exceed 100 volts. 

6AXZ-GT11 
5000 max 
1000 max 

165 max 
5.3 max 

5000#m(ix 
300 ax 

FULL-WAVE VACUUM RECTIFIER 
pD2(Sy4_ i \ _ , _ _ _ Glass octal type used in power f \ 

OA/VJ-^7T supply of radio equipment having mod- 1 \ j - 
erate dc requirements. Outline 22, 
OUTLINES SECTION. This type GT""© 
may be supplied with pin No.l omitted. NC K 

Tube requires octal socket and may be mounted in any position. It is especially 
important that this tube, like other power-handling tubes, be adequately ventilated. 
Heater Voltage (ac; . 
Heater Current  

FULL-WAVE RECTIFIER 
Maximum Ratings: 
Peak Inverse Plate Voltage    
Peak Plate Current (Per Plate)  
Hot-Switching Transient Plate Current 

For duration of 0.2 second maximum  
AC Plate Supply Voltage (Per Plate, rms)  
DC Output Current (Per Plate, rms)  
Peuv Heater-Cathode Voltage: 

Heater negative with respect to cathode  
Heater positive with respect to cathode  

1250 max volD 
375 max ma 
2 .6 wax amperes 

See Hating (Mian 
See Haling ('hart 

450 max voltn 
450 max volts 

Typical Operation with Capacitor Input to Filter: 

Filter Input Capacitor*  
FdTeetive Plate-Supply Impedance Per Plate  
DC Output Voltage at Input to Filter (Approx.): 

At half-load current of j 62^q   
At full-load current of j   

Voltage Regulation (Approx.): 
Half-load to full-load current  

700 900 volts 
10 10 /if 50 105 ohms 

395 _ volts - 540 volts 350 - volts 
- 490 volU 
45 50 volts 
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Typical Operation with Choke Input to Filters 

Filter Input Choke  
DC Output Voltage at Input to Filter (Approx.)t 

At half-load current of ( ma 
( 62. o ma  

At full-load current of f ma  ( 125 ma  
Voltage Regulation (Approx.): 

Half-load to full-load current  

700 900 volts 
10# 10## henries 

270 volts 
_ 365 volts 

250 volts 
- 350 volts 

20 15 volts 
* Higher values of capacitance than indicated may be used but the effective plate-supply impedance 
may have to be increased to prevent exceeding the maximum rating for hot-switching transicni plate 
current. 
$ This value is adequate to maintain optimum regulation provided the load current is not loss than 110 
ma. For load currents less than 30 ma, a larger value of inductance is required for optimum regulation. 
4 4 This value is adequate to maintain optimum regulation provided the load current is not loss than 35 
ma. For load currents less than 35 ma, a larger value of inductance is required for optimum regulation. 

RATING CHART 
[ type 6AX5-GT E#»6.3 VOLTS 

MAXIMUM OPERATING VALUES WITHi r CHOKE-INPUT FILTER 
rCAPACITOR -INPUT FILTER 

I S8| | | | tSSO 61450 I j I 
0 100 200 300 400 500 

AC PLATE SUPPLY VOLTS (RMS) PER PLATE (WITHOUT LOAD) 

MEDIUM-MU TRIODE— 
SEMIREMOTE-CUTOFF PENTODE 

4 [  yO 15 Miniature type used in television- AAYQ 
receiver applications; the pentode unit 0/\/V0 

Cip(£A^\y\ /yvgiKr is used as a video amplifier; the triode 
(if A2) unit is used as a sync separator. Out- Pt Gt line 12, OUTLINES SECTION. Tube 

requires miniature nine-contact socket and may be mounted in any position. 

Hratek Voltage (ac/dc)   
Heater Current  
Direct Interelectrode Capacitances:0 

Triode Unit: 
Grid to Plate  
Grid to Cathode and Heater  
Plate to Cathode and Heater  

Pentode Unit: 
Grid No.l to Plate  
Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield  
Plate to Cathode, Heater, Grid Np.2, Grid No.3 and Internal Shield 

Heater to Cathode (Each unit)  
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CLASS A, AMPLIFIER 
Maximum Ratings: 
Plate Voltage   
Grii)-No.2 Supply Voltage    
GftiD-No.2 (screen-Grid) Voltage  
Grid-No.I (control-grid) Voltage  
Plate Dissipation    
Grid-No.2 Input 

For grid-No.2 voltages up to 150 volts  
For grid-No.2 voltages between 150 and 300 volts   

Peak Heater-Cathode Voltage: 
Heater negative with respect to cathode  
Heater positive with respect to cathode  

Characteristics: 
Plate Supply Voltage  
Grid-No.2 Supply Voltage  
Cathode-'Bias Resistor  
Amplification Factor  
Plato Resistance (Approx.)  
Transconductanee  
Grid-No.1 Voltage (Approx.) for plate current of 10/ia. 
Plate Current  
Grid-No.2 Current  

Triode Unit 
300 max 

0 max 
2.7 max 

Maximum Circuit Values: 
Grid-No.! Circuit Resistance: 

For fixed-bias operation  0 
For cathode-bias operation   0 

0 With external shield connected to cathode of unit under test except 
* With external shield connected to ground. 

Pentode Unit 
300 max volts 
300 max volts 

See curve page 66 
0 max volts 

2.8 max watts 
0.5 max watt 

See curve page 66 
90 max 90 max volts 
90 max 90 max volts 

150 250 volts 
- 110 volts 

56 120 ohms 
40 - 

0.005 0.4 megohm 
8500 4800 amhos 
-12 -12 volts 

18 10 ma 
3.5 ma 

0.1 max 0.1 max megohm 
0.5 max 0. 5 max megohm 

HALF-WAVE VACUUM RECTIFIER 

A A VQ Novar type used as damper tube ,c0/7r~i2^T^V7)p 

OMT O in horizontal deflection circuits of black- (/ ,—lL ] 
and-white television receivers. Outline (£A _yvJ! /Sic 
54, OUTLINES SECTION. Tube re- 
quires octal socket and may be oper- ic k 

ated in any position. Socket terminals 1, 3, 6, and 8 should not be used as tie points. 
It is especially important that this tube, like other power-handling tubes, be 
adequately ventilated. For curve of average plate characteristics, see page 67. 

Heater Voltage (ac/dc)  
Heater Current  
Direct Interelectrode Capacitances (Approx.):0 

Plate to Cathode and Heater  
Cathode to Plate and Heater  
Heater to Cathode  

volts 
amperes 

DAMPER SERVICE 
For operation in a 525-line, SO-frame system 

Maximum Ratings, {Design-Maximum Values): 
Peak Inverse Plate Voltage"  5000 max volts 
Peak Plate Current  1100 max ma 
DC Plate Current  175 max ma 
Plate Dissipation  6.5 max watts 
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  5000"max volts 
Healer positive with respect to cathode  300'-'max volts 

0 Without external shield. 
■ The duration of the voltage pulse must not exceed 15 per cent of one horizontal scanning cycle. In a 
52o-line, 30-frame system, 15 per cent of one horizontal scanning cycle is 10 microseconds. 
• The dc component must not exceed 900 volts. G The dc component must not exceed 100 volts. 
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h.G3p.S MEDIUM-MU TRIODE— 
Q©r^'p SHARP-CUTOFF PENTODE 

Kp©a[&/P«©KT Miniature type used in a wide r » TT Q 
^=:=Hqr variety of applications in television 0/\fcO 

Gs f t receivers. The pentode unit is used as 
fjV—-^9) an if amplifier, video amplifier, age 

Pp gt amplifier, or reactance tube. The tri- 
ode unit is used in low-frequency oscillator, sync-separator, sync-clipper, and phase- 
splitter circuits. Outline 12, OUTLINES SECTION. Tube requires miniature 
nine-contact socket and may be mounted in any position. 
Heater Voltage (ac/dc)  6.3 volts 
Heater Cuuhent  0.45 ampere 
Direct Interelectrode Capacitances: 
Triode Unit: 

Grid to Plate  1.7 wd 
Grid to Cathode, Heater, Pentode Grid No.3, and Internal Shield  2 mm! 
Plate to Cathode, Heater, Pentode Grid No.3, and Internal Shield  1.7 val 

Pentode Unit: 
Grid No.l to Plate  0.02 max mil 
Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield 6.5 tiul 
Plate to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield.... 2.2 nnt 

Triode Grid to Pentode Plate  0.027 max AO<f 
Pentode Grid No.l to Triode Plate  0.020 max 
Pentode Plate to Triode Plate  0.045 wax ant 

CLASS A, AMPLIFIER 
Maximum Ratings: Triode Unit Pentode Unit 
Plate Voltage  300 max 300 max volts 
Grtd-No.2 (screen-grid) Supply Voltage  - 300 max volts 
Grid-No.2 Voltage  See curve page 06 
Grld-No.1 (control-grid) Voltage, Positive bias value. . . 0 max 0 max volts 
Plate Dissipation  2.6 max 2 max watts 
Grid-No.2 Input: 

For grid-No.2 voltages up to 150 volts  - 0.5 max watt 
For grid-No.2 voltages between 150 and 300 volts  - See curve page 66 

Peak Heater-Cathode Voltage: 
Heater negative with respect to cathode  200 max * volts 
Heater positive with respect to cathode  200«wax * volts 

Triode Unit 
300 max 

0 max 
2.6 max 

200 max 
200«wax 

0.02 max 
6.5 
2.2 

Pentode Unit 
300 max voles 
300 max volts 

See curve page 66 
0 max volts 
2 max watts 

0.5?rtax watt 
See curve page 66 

Characteristics: 
Plate Supply Voltage  200 200 volts 
Grid-No.2 Voltage  - 150 volts 
Grid-No.I Voltage  -6 - volts 
Cathode-Bias Resistor  - 180 ohms 
Amplification Factor  19 - Plate Resistance (Approx.)  5750 300000 ohrns 
Transconductance  3300 6000 jimhos 
Grid-No.I Voltage (Approx.) for plate current of 10 ^a. . . . -19 - volts 
Grid-No.1 Voltage (Approx.) for transconductance of 100 

^.inhos  - -12.5 volts 
Plate Current  13 9.5 ma 
Grid-No.2 Current  - 3 ma 
Maximum Circuit Values: 
G rid-No. 1 -Circuit Resistance :* 

For fixed-bias operation  0 . 5 max 0.25 -max meguhrn 
For cathode-bias operation  J.Omax 1.0 max megohm 

m The dc component must not exceed 100 volts. A The heater-cathode voltage should not exceed the value of the operating cathode bias. If the hestier- 
cathode voltage exceeds the operating cathode bias value, grid No.3 will be made negative with respect 
to cathode, and thus possibly cause a change in tube characteristics. 
* If either unit is operating at maximum rated conditions, grid-No.1-circuit resistance for both units 
should not exceed the stated values. 

POWER TRIODE 
Glass octal type used in output stage of 

radio receivers and amplifiers. Outline 50, OUT- 
LINES SECTION. Tube requires octal socket. 
For typical operation as a single-tube class A 
amplifier, refer to type 2A3. Filament volts 
(ac/dc), 6.3; amperes, 1.0. Maximum ratings as 
push-pull class ABi amplifier: plate volts, 325; 
plate dissipation, 15 watts. Type 6B4-G is a 
DISCONTINUED type listed for reference only. 

6B4-G 
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DIRECT-COUPLED POWER TRIODE Pt'(3L__0Gt 

Glass type used as class At power amplifier. 
One triode, the driver, is directly connected 

ADC within the tube to the second, or output, triode. (2l£ "1"*" asV ODD Outline 43, OUTLINES SECTION. Tube re- 
quires six-contact socket. Heater volts (ac/dc), \ y/ 
6.3: amperes, 0.8. Characteristics of input and (V) Te) 
output triodes as class Ai amplifier follow. Input 
triode: plate volts, 300 wax; grid volts, 0; plate 

ma,. 8. Output triode: plate volts, 300 max; plate ma., 45; plate resistance, 24000 ohms; load reslslance, 
Tooo ohms; output watts, 4. This is a DISCONTINUED type listed for referonco only. 

TWIN-DIODE—HIGH-MU TRIODE 
Glass octal type used as combined detector, 

amplifier, and avc tube. Outline 39, OUT- 
LINES SECTION. Tube requires octal socket. 
Heater volts (ac/dc), 6.3; amperes, 0.3. Within 
its triode maximum plate-voltage rating of 250 
volts, this type is similar electrically to type 
6SQ7 and curves under that type apply to the 
6B6-G. This is a DISCONTINUED type 
listed for reference only. 

twin-diode— PD5_ 
REMOTE-CUTOFF PENTODE 

, n_ Glass types used as combined detector, am- CspVltr-—.PQi 
OD/ plifier, and avc tubes. Outline 40, OUTLINES Zl!_zri 11 \ 
, n SECTION. These types fit the small seven-con- 
OD/b tact (0.75-inch, pin-circle diameter) socket. Ex- pp^V 

cept for interelectrode capacitances, the elec- pv/ _Si«C C3p 

trical characteristics of the 6B7 are identical Zi J v73 
with those of type 6B8-G. Type 6B7S has the H H 

external shield connected to the cathode. In 
general, its electrical characteristics are similar to those of the 6B7, but the two types are usually 
diromiy interchangeable. These are DISCONTINUED types listed for reference only. 

TWIN-DIODE— 
SEMIREMOTE-CUTOFF PENTODE PQ_j2)Dc 

Metal type 6B8 and glass octal type 6B8-G pp 
jr DO are used as combined detector, amplifier, and ' \5® 
ODO avc tubes. Outlines 4 and 39, respectively, J ["""sXT] 

OUTLINES SECTION. Type 6B8 is used 
6B8-G principally for renewal purposes; 6B8-G is a H h DISCONTINUED type listed for reference 

only. Tubes require octal socket. Heater volts seBs^ c 
(ac/dc), 6.3; amperes, 0.3. Maximum ratings of .Ncieee-o 
pentode unit as class Ai amplifier: plate volts, 

300 mar', grid-No.2 volts, 125 max; grid-No.2 supply volts, 300 max; grid-No.l volts, positive-bias 
value, 0 max; plate dissipation, 3.0 max watts (6B8), 2.25 max watts (6B8-G); grid-No.2 input, 0.3 mar 

REMOTE-CUTOFF PENTODE 
Miniature type used as rf ampli- ®/ 

AU A A fier in standard broadcast and FM re- L 0Df\0 ceivers, as well as in wide-band, high- 
frequency applications. This type is is 
similar in performance to metal type or 

(iSOT. The low value of grid-No.l-to-plate capacitance minimizes regenerative 
etTocts, while the high transconductance makes possible high signal-to-noise ratio. 
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Heater Voltage (ac/pc). 
Heater Current  

Wiihoui 
External Direct Interelectrode Capacitances: Shield Shieldm 

Grid No.1 to Plate   0.0035 max 0.0035 max 
Grid No.l to Cathode, Heater, Grid No.2 Grid No.3, 
and Internal Shield  5.5 5.5 mil 
Plate to Cathode, Heater, Grid No.2, Grid No.3, and 
Internal Shield  5.0 5.5 nrf 

■ With external shield connected to cathode. 
CLASS ^ AMPLIFIER 

Maximum Ratings, (Design-Maximum Values): 
Plate Voltage  330 max volts 
Grid No.3 (suppressor grid) And Internal Shield. Connect to cathodeat socket 
Grid-No.2 (screen-grid) Voltage  See curve page 60 
Grid-No.2 Supply Voltage  330 max volts 
Plate Dissipation  3.4 max watts? 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts  0.7 ?nax watt 
For grid-No.2 voltages between 165 and 330 volts  See curve page ♦><> 

Grid-No.1 (control-grid) Voltage: Negative bias value    —55 mux vult> 
Positive bias value  0 mux volt* 

Peak Heater-Cathode Voltage: Heater negative with respect to cathode  200 max volt* 
Heater positive with respect to cathode  200Awux volt* A The dc component must not exceed 100 volts. 

Characteristics: 
Plate Supply Voltage  100 250 volt* 
Grid No.3 and Internal Shield   Connected to cathode at socket 
Grid-No.2 Supply Voltage  100 100 volt* 
Cathode-Bias Resistor  68 68 ohms Plate Resistance (Approx.)  0.25 1.0 megohm 
Transconductance  4300 4400 ^mhos 
Grid-No.1 Voltage (Approx.) for transconductance of 40 pmhos -20 -20 volt* 
Plate Current      10.8 11 ma 
Grid-No.2 Current  4.4 4.2 ma 

INSTALLATION AND APPLICATION 
Type 6BA6 requires miniature seven-contact socket and may be mounted in 

any position. Outline 11, OUTLINES SECTION. 
Control-grid bias variation will be found effective in changing the volume of 

the receiver. In order to obtain adequate volume control, an available grid-No.l- 
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, from a variable cathode-bias resistor, from the avc system, or from a 
combination of these methods. 
 AVERAGE PLATE CHARACTERISTICS 

" .y type 6BA6 <0/ Ep = 6.3 VOLTS „ / GRID-Nt 2 VOLTS = 100  vi I GRID-Nt 3 VOLTS - 0 

6.3 voli* 
0.3 ampere 

With 
External 
Shield■ 

0.0035 max 

330 max volt* 
t to cathodeat socket 

See curve page Gli 
330 max volts 
3.4 mux watts? 
0.7 max wan 

See curve page go 

200 max 
200Awux 

100 250 volt* 
Connected to cathode at socket 

100 100 volt* 
68 68 ohms 0.25 1.0 megohm 4300 4400 ^mhos -20 -20 volt* 

10.8 11 ma 4.4 4.2 ma 
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The gi-id-No..2.(screen-grid) voltage may be obtained from a potentiometer or 
bleeder circuit across the B-supply source, or through a dropping resistor from the 
plate supply. The use of series resistors for obtaining satisfactory control of grid- 
No.2 voltage in the case of four-electrode tubes is usually impossible because of 
secondary-emission phenomena. In the 6BA6, however, because grid No.3 prac- 
tically removes these effects, it is practical to obtain grid-No.2 voltage through a 
series-dropping resistor from the plate supply or from some high intermediate 
voltage, provided the source does not exceed the plate-supply voltage. With this 
method, the grid-No.2-to-cathode voltage will fall off very little from minimum to 
maximum value of the resistor controlling cathode bias. In some cases, it may 
actually rise. This rise of grid-No.2-to-cathode voltage above the normal maximum 
value is allowable because both the grid-No.2 current and the plate current are 
reduced simultaneously by a sufficient amount to prevent damage to the tube. It 
should be recognized that, in general, the series-resistor method of obtaining grid- 
No.2 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 volt- 
age on grid No.2. When grid-No.2 and control-grid voltage are obtained in this 
manner, the remote "cutoff" advantage of the 6BA6 can be fully realized. How- 
ever, it should be noted that the use of a resistor in the grid-No.2 circuit will have 
an effect on the change in plate resistance with variation in grid-No.3 (suppressor- 
grid) voltage in case grid No.3 is utilized for control purposes. 

Grid No. 3 (suppressor grid) may be connected directly to the cathode or it 
may be made negative with respect to the cathode. For the latter condition, the 
grid-No.3 voltage may be obtained from a potentiometer or bleeder circuit, or from 
the avc system. 

PENTAGRID CONVERTER H 

Miniature type used as converter 
in superheterodyne circuits especially K/jy rS?VV?y:3 

ORA7 those for the FM broadcast band. Out- 
line 14, OUTLINES SECTION. Tube C|0rg^/ y©'s 

requires miniature nine-contact socket JC. 
and may be mounted in any position. 04^ 

Heat 1:11 Voltage (ac/dc) . 
Heater Current  
Maximum Ratings: CONVERTER SERVICE 
Plate Voltage  300 max 
(jRid-No.5-and-Internal-8Hield Voltage*  0 max 
Grids-No.2-and-No.4 (screen-grid) Voltage  100 max 
Grids-No.2-and-No.4 Supply Voltage  300 max 
Plate Dissipation  2.0 max 
Grii)9-No.2-and-No.4 Input  1.5 max 
Total Cathode Current  22 max 
Ghid-No.3 Voltage: 

Negative bias value  -100 max 
Positive bias value  0 max 

Peak Heater-Cathode Voltage: 
Heater negative with respect to cathode  90 max 
Heater positive with respect to cathode  90 max 

Characteristics (Separate Excitation):*1 

Plate Voltage  100 250 
Grid No.5 and Internal Shield*  Connected directly 
Gnds-No.2-and-No.4 (Screen-Grid) Voltage  100 100 

Plate Resistance (Approx.)  
Conversion Transconductance  
Conversion Transconductance (Approx.)**. 
Plate Current  
Grids-No 2-and-No.4 Current  
Grid-No.1 Current  
Total Cathode Current  

100 250 volts 
Connected directly to ground 

100 100 volts 
-1.0 -1.0 volt 

20000 20000 ohms 
0.5 1.0 megohm 
900 950 wmhos 
3.5 3.5 Mtahos 
3.6 3.8 ma 

10.2 10 ma 
0.35 0.35 ma 
14.2 14.2 ma 
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NOTE: The transconductance between grid No.l and grids No.2 and No.4 connected to plate (not oscil- 
lating) is approximately 8000 Mnahos under the following conditions: signal applied to grid No.l at zero 
bias; grids No.2 and No.4 and plate at 100 volts; grid No.3 grounded. Under the same conditions, the 
plate current is 32 milliamperes, and the amplification factor is 16.5. 
* The characteristics shown with separate excitation correspond very closely with those obtained in a 
self-excited oscillator circuit operating with zero bias. 
** With grid-No.3 bias of -20 volts. 
* Internal Shield (pins No.6 and No.8) connected directly to ground. 

A MEDIUM-MU TRIODE — (5) ~03p.KP 
s SHARP-CUTOFF PENTODE 

PT®nr-\ Miniature type used in a wide A O A 
tirtS""''"t/T) variety of applications in color and 0DA\0",A\ r.T^VfX^N J/^Gap black-and-white television receivers. 

©pp This type has a controlled heater 
warm-up time for use in receivers em- 

ploying series-connected heater strings. The pentode unit is used as a video ampli- 
fier, an age amplifier, or a reactance tube. The triode unit is used in low-frequency 
oscillator and phase-splitter circuits. Outline 14, OUTLINES SECTION. Tube 
requires miniature nine-contact socket and may be mounted in any position. 
Heatef: Voltage (ac/dc)  
Heateu Current  
Heater Warm-Up Time (Average). 

Without 
External 

Direct Isjterelectrode Capacitances (Approx.): Shield 
Triode Unit: 

Grid to Plate  2.2 
Grid to Cathode and Heater  2.5 
Plato to Cathode and Heater  0.4 Pentode Unit: 
Grid No.l to Plate  0.04 
Grid No.l to Cathodo, Heater, Grid No.2, Grid No.3, and 

Internal Shield  10 
Plate to Cathode, Heater, Grid No.2, Grid No.3, and In- 

ternal Shield  3.6 
Triode Grid to Pentode Plate  0.016 
Pentode Grid No.l to Triode Plate  0.006 
Pentode Plate to Triode Plate  0.15 
■ With external shield connected to cathode of unit under test. 

CLASS Ai AMPLIFIER 
Triode Maximum Ratings: Unit 

Plate Voltage  300 max 
Grid-No.2 (screen-grid) Supply Voltage  
Grid-No.2 Voltage  
Grid-No.1 (control-grid) Voltage: 

Negative bias value  - 
Positive bias value  - 

Plate Dissipation  2 m 
Grid-No.2 Input: 

For grid-No.2 voltages up to 150 volts  - 
For grid-No.2 voltages between 150 and 300 volts  - 

Peak Heater-Cathode Voltage: 
Heater negative with respect to cathode  200 m 
Heater positive with respect to cathode  200Bwi 

200 mai 
200 ■maa: 

Characteristics; 
Plate-Supply Voltage  
Grid-No.2 Supply Voltage  
Grid-No.1 Voltage  
Cathode-Bias Resistor  
Amplification Factor  
Plato Resistance (Approx.)  
Transconductance  
Grid-No.1 Voltage (Approx.) for plate current of 10 ms. 
Plate Current  
Grid-No.2 Current  
Maximum Circuit Values; 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation .  
For cathode-bias operation  

■ The dc component must not exceed 100 volts. 

0.5 max 
1.0 max 

6.3 
0.6 

11 
With 

External 
Shield" 

Pentode 
Unit 

300 max volrs 
300 max vohs 

See curve page 66 
-50 max volts 

0 max volts 
3.25 max watts 

1 mar war l 
See curve page 66 

200 max volrs 
200Bmax vohs 

0.25 max megohm 
1.0 max megohm 
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MEDIUM-MU TRIODE XVK 
Miniature type used as an rf am- C(IX [[""M 130° 

ARTA plifier in the cathode-drive circuits of OD V<'T uhf television tuners covering the fre- cfSA^Lj^^vT/Ds 
quency range of 470 to 890 megacycles (tj-—As) 
per second. Outline 10, OUTLINES p 9 

SECTION. Tube requires miniature nine-contact socket and may Vie mounted in 
any position. 

Heater Voltage (ac/dc)  
Heater Current  
I erect Interelectrode Capacitances (Approx.): 

Grid to Plate  
Grid to Heater and Cathode  
Plate to Heater and Cathode  
Heater to Cathode  

CLASS A, AMPLIFIER 
Maximum Ratings: 
Plate Voltage   
'Plate Dissipation  
Cathode Current  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  
Heater positive with respect to cathode  

250 max 
2.5 max 

25 max 

Characteristics: 
Plate Supply Voltage  
Calhode-Bias Resistor  
Amplification Factor  
Plate Resistance (Approx.)  
Transconductance  
Grid Voltage (Approx.) for plate current of 10 ^a.. 
Plate Current   

Maximum Circuit Values: 
Grid-Circuit Resistance: 

For fixed-bias operation 
For cathode-bias operation. 

Not recommended 
0.5 mar megohm 

SHARP-CUTOFF PENTODE /]/\ 

r n f Miniature type used in compact -i, -z- ./i 
OD ViD radio equipment as an rf or if amplifier K rl\J7^AL_J~. s 

at frequencies up to 400 megacycles TAA 
per second. Outline 11, OUTLINES 
SECTION. Tube requires miniature 01 

seven-contact socket and may be mounted in any position. For typical operation 
as resistance-coupled amplifier, refer to RESISTANCE-COUPLED AMPLI- 
FIER SECTION. 

Heater Volts (ac/dc)   
Heater Current  
Direct Interelectrode Capacitances: 
Pentode Connection: 

Grid No.l to Plate  
Grid No.l to Cathode. Heater. Grid No.2, Grid No.3, and Internal Shield 
Plate to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield... . 

Triode Connection:* 
Grid No.l to Plate and Grid No.2  
Grid No.l to Cathode, Heater, Grid No.3, and Internal Shield  
Plate and Grid No.2 to Cathode, Heater, Grid No.3, and Internal Shield.. 

Grid No.2 connected to plate. 

0.030 max 
0.5 
1.8 
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CLASS A, AMPLIFIER Triode 
Maximum Ratings: Connection* 
Plate Voltage  300 max 
Grid-No.2 (screen-gkid) Supply Voltage  
Grid-No.2 Voltage  
Grid-No. 1 (con'troi.-grid) Voltage, Positive bias value.. 0 max 
Plate Dissipation  2.5 max 
Gkid-No.2 Input: 

For grid-No.2 voltages up to 150 volts  
For grid-No.2 voltages between 150 and 300 volts  - 

Peak Heater-Cathode Voltage: 
Heater negative with respect to cathode.   90 max 
Heater positive with respect to cathode  90 max 

Characteristics: 
Plate Supply Voltage  180 250 
Grid-No.2 Supply Voltage  - - 
Cathode-Bias Resistor      330 820 
Amplification Factor  42 40 
Plate Resistance (Approx.)  0.006 0.009 
Transeonductance  6000 4400 
Grid-No.1 Voltage (Approx.) for plate current of 10 ^a.... 
Plate Current    8 6 
Grid-No.2 Current  - - 
* Grid No.2 connected to plate. 

tC © TRIPLE DIODE 

PenUnJc 
Connection 

300 max 300 max Volis - 300 max volis 
- See curve page 6t; 

0 max 0 max volis 
2.5 max 2 max wal i s 
_ 0.5 max wal t 
- See curve page 6»; 
90 max 90 max volts 
90 max 90 max vohs 

180 250 100 125 250 volis - - 100 125 ]50 volis 
330 820 180 100 180 ohms 

42 40 - - 
0.006 0.009 0.6 0.5 0.8 megohm 
6000 4400 4900 6100 5700 /xmhos - - -5 -6 -8 vohs 

8 6 4.7 8 7.5 nut - - 1.4 2.4 2.1 mn 

jTjnVt) 02 Miniature type containing three 
high-perveance diode units in one en- OOG/ 
velope; used in dc restorer circuits of 

(© (§) color television receivers. Al$o used in 
*03 Km AM /FM radio receivers as a combina- 

tion FM discriminator and AM detector tube. Outline 12, OUTLINES SECTION. 
Tube requires nine-contact miniature socket and may be mounted in any position. 
Heater Voltage (ac/dc)  6.3 volis 
Heater Current   0.450 amprrc 
Direct Interelectrode Capacitances (Approx.): 

Diode-No.1 Plate to Diode-No.1 Cathode, Heater, and Internal Shield. 3.5 ^/if 
Diode-No.2 Plate to Diode-No.2 Cathode, Heater, and Internal Shield. 5.5 y/d 
Diode-No.3 Plate to Diode-No.3 Cathode, Heater, and Internal Shield. 3. 5 

Maximum Ratings (Each Diode Unit): 
Peak Inverse Plate Voltage  330 mux volts Peak Plate Current*  54 max ma 
DC Output Current  12 max ma 
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  200 max vohs 
Heater positive with respect to cathode  200 max volis 

* In rectilier service, the minimum total effective plate-supply impedance per plate is 560 ohms. 

330 mux 
54 max 
12 iti ax 

200 max 
200 max 

"(^©0^ MEDIUM-MU TWIN TRIODE 
Kt2ri Miniature type used in direct- _ _ _ _ 

[©"" f| V coupled cathode-drive rf amplifier cir- ODGo 
0T2©\\ ^^y©KT] cuits of vhf television tuners. In such 

0 ©V, circuits, one triode unit is used as the 
Pl2 "IS direct-coupled grounded-cathode driv- 

er for the other unit. This type is also used in push-pull cathode-drive rf amplifier.s. 
Outline 12, OUTLINES SECTION. Tube requires miniature nine-contact socket 
and may be mounted in any position. 
Heater Voltage (ac/dc). 
Heater Current. .    
Direct Interelectrode Capacitances*: Unit No.l Ur> 

Grid to Plate  1.2 1 
Grid to Cathode, Heater, and Internal Shield  2.6 
Cathode to Grid, Heater, and Internal Shield  
Plate to Cathode, Heater, and Internal Shield   1.3 
Plate to Grid, Heater, and Internal Shield  
Plate to Cathode  - 0 
Heater to Cathode   2.8 
Plate of Unit No.l to Plate of Unit No.2 0.02 max 
Plate of Unit No.2 to Plate and Grid of Unit No.l  0.04 max 

* With external shield connected to internal shield. 

6.3 
0.4 

Unit No.2 
1.2 
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CLASS A, AMPLIFIER (Each Unit) 
Maximum Ratings, (Design-Maximum Values): 
Plate Voltage, ..,,,          
Plate Dissipation    
Cathode Current  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  
Heater positive with respect to cathode  

Characteristics! 
Plate Supply Voltage   
Cathode-Bias Resistor  
Plate Resistance (Approx.)   
Amplification Factor  
Transconductance  
Grid Voltace (Approx.) for transconductance of 50 Mmhos. 
Plate Current  

250^maaj 
2.2 max 
22 max 

200*max 
200Bmax 

Maximum Circuit Value.* 
Grid-Circuit Resistance  0.5 max 
* This rating may be as high as 300 volts under cutoff conditions, when the tube is used i 
amplifier and the two units are connected in series. 
■ The do component must not exceed 100 volts. 

SHARP-CUTOFF BEAM TRIODE p c 
Glass octal types used for the voltage regu- 

Z.Br\A lation of high-voltage, low-current dc power NC(T/ I \ supplies in color television receivers. Outline 47, --_J \ 
OUTLINES SECTION. Tubes require octal pi—. ) 

6BD4™A socket. Heater volts (ac/dc), 6.3; amperes, 0.6. Maximum ratings for voltage-control service: dc 
plate volts, 6BD4 20000 max, 6BD4-A 27000 W (®) 
max; unregulated dc supply volts, 6BD4 40000 K NC 

viax, 6BD4-A 55000 max; dc grid volts, -125 
■mas; peal; grid volts, -550 max; dc plate ma., 1.5 max; plate dissipation, 6BD4 20 max watts, 6BD4-A 
25 max watts; peak heater-cathode volts, 180 max. These are DISCONTINUED types listed for 
rrference only. 

REMOTE-CUTOFF PENTODE H 

Miniature type used as rf or if amplifier in ^2—-^2 
radio receivers. This type is similar in perform- H{^v\ f 

m n m ance to metal type 6SK7. Outline 11, OUT- 1  
LINES SECTION. Tube requires miniature l\/| ^""1 ) 
seven-contact socket and may be mounted in (^/CX L/\f Aj) 
any position. Heater volts (ac/dc), 6.3; am- ^ 
jieres, 0.3. Characteristics as class Ai amplifier: \\j 
plate volts, 250 (300 max); grid No.3 connected Cj 
to cathode at socket; grid-No.2 volts, 100 (125 

""ix); grid-No.1 volts, -3; plate resistance (approx.), 0.8 megohm; transconduclanc, 2000 /imhos; plate 
dissipation, 3 max watts; grid-No.2 input, 0.65 max watt; plate ma., 9; grid-No.2 ma., 3; total cathode 
ma., 14 max; peak heater-cathode volts, 90 wax. This type is used principally for renewal purposes. 

PENTAGRID CONVERTER /Tc\ 
Miniature type used as converter -/( r= — 

6BE6 in superheterodyne circuits in both the 
standard broadcast and FM bands.The kC^Ay^SI A^g, 
6BE6 is similar in performance to 05 

metal type 6SA7. For general discus- c' 
sion of pentagrid types, see Frequency Conversion in ELECTRON TUBE AP- 
PLICATION SECTION. 
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Heater Voltage (ac/dc)  
Heater Current  

Without 
External 

Direct Interelectrode Capacitances: Shield 
Grid No.3 to Plate  0.30 max 
Grid No.3 to Grid No.l  0.15 max 
Grid No.l to Plate  0.10 max 
Grid No.3 to All Other Electrodes  7.0 
Grid No.l to All Other Electrodes  5.5 
Plate to All Other Electrodes  8.0 
Grid No.l to Cathode and Grid No.5  3.0 
Cathode and Grid No.5 to All Other Electrodes except 

Grid No.l  15.0 
* With external shield connected to cathode and grid No.5. 

6.3 volts 
0.3 ampere 

With 
External 
Shield ■ 

0.25 max mm* 
0.15 max 
0.05 max apt 
7.0 ppt 
5.5 . apt 

13.0 apt 
3.0 apt 

CONVERTER 
Maximum Ratings# (Design-Maximum Values): 
Plate Voltage  
Grit>.s-No.2-and-No.4 (screen-grid) Voltage  
Grids-No.2-and-No.4 Supply Voltage  
Plate Dissipation  
Grids-No 2-and-No.4 Input  Cathode Current  
Grtd-No.3 Voltage: 

Negative bias value  
Positive bias value    

Peak Heater-Cathode Voltage: 
Heat€;r negative with respect to cathode  
Heater positive with respect to cathode  

20.0 ppi 

330 max volts 
110 max volts 
330 max volts 
L. 1 max watts 
1.1 max watts 

IS.Swma; ma 
-55 max volts 

0 max volts 
200 max volts 
200Amaa; volts 

Typical Operation (Separate Excitation):* 
Plate Voltage  100 250 volts Grids-No.2-and-No.4 (Screen-Grid) Voltage  100 100 volts 
Grid-No.1 (Oscillator-Grid) Voltage (rms)  10 10 volts 
Grid-No.3 (Control-Grid) Voltage  -1.5 -1.5 volts 
Grid-No.1 (Oscillator-Grid) Resistor  20000 20000 ohms 
Plate Resistance (Approx.)  0.4 1.0 megohm 
Conversion Transconductance  455 475 pmhoe 
Grid-No. 3 Voltage for conversion transconductance of 10 Mrahos -30 -30 volts 
Plate Current   2.6 2.9 ma Grids-No.2-and-No.4 Current  7.0 6.8 ma 
Grid-No.1 Current  0.5 0.5 ma 
Cathode Current  10.1 10.2 ma 
Note: The transconductance between grid No.l and grids No.2 and No.4 connected to plate (not oscil- 
lating) is approximately 7250 umhos under the following conditions: grids No.l and No.3 at 0 volts; 
grids No.2 and No.4 and plate at 100 volts. Under the same conditions, the cathode current is 25 ma., 
and the amplification factor is 20. Grid-No.1 voltage (Approx.) for plate current of 10 pa is -11 volts. A The do component must not exceed 100 volts. 
* The characteristics shown with separate excitation correspond very closely with those obtained in a 
self-excited oscillator circuit operating with zero bias. 

OPERATION CHARACTERISTICS WITH SELF-EXCITATION _ 
type 6BE6 Ef = 6.3 VOLTS PLATE VOLTS=250 GRIDS- NS 2 iN?4 VOLTS = 100 GRID-N2 3 (CONTROL-GRID) V0LTS = -1 GRID-NSI RESISTOR-OHMS = 20000 

mmsBSi 

GRID-N3| MILLIAMPERES (ICO 
92CM-6625T 

OPERATION CHARACTERISTICS WITH SEPARATE OSCILLATOR EXCITATION 
TYPE 6BE6 . Ep = 6 3 VOLTS PLATE VOLTS = 250 GRIDS- N2 2 &. N?4 VOLTS = 100 - GRID- N? 3 (CONTROL"GRID)VOLTS1'1.5- GRID-NBI RESISTOR-OHMS = 20000 GR^D- N51 current varied by - ADJUSTMENT or OSCILLATOR VOLTAGE- 

0 0.4 O.a 1.2 
GRID-N9I MILLIAMPERES (ICl) 

92CM-6624T 
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INSTALLATION AND APPLICATION 
Type 6BE6 requires miniature seven-contact socket and may be mounted in 

any position. Outline 11, OUTLINES SECTION. 
Because of the special structural arrangement of the 6BE6, a change in signal- 

grid voltage produces little change in cathode current. Consequently, an rf 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 important 
feature is that, because signal-grid voltage has very little effect on the space charge 
near the cathode, changes in avc bias produce little change in oscillator transcon- 
ductance and in the input capacitance of grid No.l. There is, therefore, little 
detuning of the oscillator by avc bias. 

A typical self-excited oscillator circuit employing the 6BE6 is given in the 
CIRCUIT SECTION. 

In the 6BE6 operation characteristics curves with self-excitation, Et is the 
voltage across the oscillator-coil section between cathode and ground; E,, is the 
oscillator voltage between cathode and grid. 

BEAM POWER TUBE 
Miniature type used in audio output stage yr 

of television and radio receivers. Triode-eon- H(^y / f 
JL D C C nected, it is used as a vertical deflection ampli- ^i \ \ 

fier in television receivers. "Outline 13, OUT- \ yu_p^~"'yvL 
LINES SECTION. Tube requires miniature 
seven-contact socket and may be mounted in G3 
any position. Heater volts (ac/dc), 6.3; am- 
peres, 1.2. Typical operation as class Ai ampli- 
fier: plate volts, 110 (250 max); grid-No.2 volts, 

110 (117 max); grid-No.1 volts, -7.5; peak af grid-No.1 volts, 7.5; plate dissipation, 5.5 max watts: 
grid-No.2 input, 1.25 max watts; plate ma., 36 (zero-signal), 39 (maximum-signal); grid-No.2 ma., i 
(zero-signal), 10.5 (maximum-signal); plate resistance (approx.), 12000 ohms; transconductance, 7500 
/imhos; plate load resistance, 2500 ohms; total harmonic distortion, 10 per cent; maximum-signal power 
output, 1.9 watts; peak heater-cathode volts, 200 max (dc component 100 max when heater is positive 
with respect to cathode). This type is used principally for renewal purposes. 

TWIN DIODE- 
MEDIUM-MU TRIODE 

m Miniature type used in compact 01 

ODPO radio equipment as combined detector, —lU /"h 
amplifier, and avc tube. The triode yAI/pTl 
unit is particularly useful as a driver Q 
for impedance- or transformer-coupled CT 

output stages in automobile receivers. It is equivalent in performance to metal 
type 6SR7. Outline 11, OUTLINES SECTION. Tube requires miniature seven- 
contact socket and may be mounted in any position. 

Heateu Voltage (ac/dc). 
Heater Current  

Direct Interelectrode Capacitances; 
Triode Grid to Triode Plate  
Triode Grid to Cathode and Heater  
Triode Plate to Cathode and Heater  
Plate of Diode Unit No.l to Triode Grid. 
Plate of Diode Unit No.2 to Triode Grid. 

■ With external shield connected to cathode. 

Wilhout 
External 
Shitld 

1.9 
1.8 
0.7 

0,07 max 
0.06 max 

6.3 
0.3 
WUh External 

Shield" 
1.9 
1.9 
1.2 

0.06 max 
0.05 max 
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Maximum Ratings: TRIODE UNIT 
Plate Voltage  
Plate Dissipation  
Peak Heater-Cathode Voltage: 

IT^iu-r negative with respect to cathode 
Heater positive with respect to cathode. 

TRIODE UNIT AS CLASS Aj AMPLIFIER 

Typlcol Operation: 
Plate Voltage  
Grid Voltage  
Ampliliealion Factor  
Plate: Itesistance (Approx.). . 
Transconduetance  
Plate < .'urren t  
[joad Resistance  
Total Harmonic Distortion. 
Power < >in put;  

Maximum Rating: DIODE UNITS 
Plate ( i kuent (,Elacli linitj  1.0 mux ma 

The i wo diode plates and the triode unit have a common cathode. Diode biasing of the mode unit 
of the H PO is not suitable. For diode operation curves, refer to type 6AV(i. 

BEAM POWER TUBE 
[ VSl Glass octal types used as output 6B^56—^5 

1 amplifier in horizontal-deflection cir- 
cuits of television equipment and other 6BG6-GA 

(JjTrQ applications where high pulse voltages 
NC g2 occur during short duty cycles. Out- 

lines 52 and 46, respectively, OUTLINES SECTION. Tubes require octal socket. 
Type 6BG6-G is supplied with pins 4 and 6 or with pins 1, 4, and 6 omitted. Type 
6BG6-GA may be supplied with pins 4 and 6 or with pins 1, 4, and 6 omitted. 
Vertical tube mounting is preferred but horizontal operation is permissible if pins 
No.2 and 7 are in vertical plane. Type 6BG6-G is used principally for renewal pur- 
poses. 
Heater Voltage (ac/dc)  
Heater Current  
Direct I nteuelectrode Capacitances: 

Grid No.l to Plate  
Grid No.l to Cathode, Heater, Grid No.2, and Grid No.IJ. . 
Plato to Cathode, Heater, Grid No.2, and Grid No.3  

Transconductance0  
Mu-Factor, Grid No.2 to Grid No.l®  
"For plnio and grid-No.2 volts, 260; grid-No.1 volts, -15. 

6.3 
0.9 

6BG6-GA 
0.8 
11 

6 ♦3000 
8.0 

HORIZONTAL DEFLECTION AMPLIFIER 
For operation in a 525-line, SO-frame eyslem Maximum Ratings: tor operation m a 525-hne, SO-fn 

DC Plate Voltage  
Peak Pokitive-Pulse Plate Voltage* {Absolute Maximum) 
Peak Negative-Pulse Plate Voltage  
DC Gkid-No.2 (screen-grid) Voltage  
Peak Negative-Pulse Grid-No.1 (control-grid) Voltage 
Peak Cathode Current  
Average Cathode Current  
Plate DissipationH  
Grid-No.2 Input  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  
Heater positive with respect to cathode  

Bulb Temperature (At hottest point)  

700 max volts 
(>600* mux volls -1500 max vnhs 

350 maa volts 
-300 max volts 

400 max ma 
110 max ma 
20 max watts 3.2 max watts 

200 max volts 
200«max volts 
210 max 0C 

Maximum Circuit Value: 
Grid-No.l-Circuit Resistance  0.47 max megohm 
* The duration of the voltage pulse must not exceed 15 per cent of one horizontal scanning cycle. In a 
525-line, 30-frame system, 15 per cent of one horizontal scanning cycle is 10 microseconds. A Under no circumstances should this absolute value be exceeded. 
ft An adequate bias resistor or other means is required to protect the tube in the absence of excitation. ■ The dc component must not exceed 100 volts. 
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HALF-WAVE VACUUM RECTIFIER 

x QIIO Novar type used as damper tube ic(3y?pzri TAj 
ODrlO in horizontal deflection circuits of black- ^1/ >—lL j_ 

and-white television receivers. Outline p^Vl^vII 
54, OUTLINES SECTION. Tube re- 
quires octal socket and may be oper- lc K 

ated in any position. Socket terminals 1, 3, 6, and 8 should not be used as tie 
points. It is especially important that this tube, like other power-handling tubes, 
l)e adequately ventilated. For curve of average plate characteristics, see page 67. 

Heater Voltage (ac/dc)  
Heater Current  
Direct Interelectrode Capacitances (Approx.):0 

Plato to Cathode and Heater  
Cathode to Plate and Heater  
Heater to Cathode  

volts 
amperes 

DAMPER SERVICE 
For operation in a 525-linc, 30-framc system 

Maximum Ratings, (Dcsign-Maxirnam Values): 
Peak Inverse Plate Voltage"  
Peak Plate Current  
DC Plate Current  
Plate Dissipation  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  i 
Heater positive with respect to cathode  

0 Without external shield. 
■ The duration of the voltage pulse must not _xceed 15 per cent of one horizontal 
525-lirie, 30-frame system, 15 per cent of one horizontal scanning cycle is 10 mien 
• The de. component must not exceed 900 volts. 

The dc component must not exceed 100 volts. 

5500 itt'is 
1100 max 

180 max 
6, 5 max 

5500 •w.c 300-/m<!.C 

scanning 
oseconds. 

cycle. In a 

SHARP-CUTOFF PENTODE 0-—© 

Miniature type used as rf ampli- "d/ rr;_/C'G2 

6BH6 fier particularly in ac/dc receivers and in mobile equipment where low heater- S ^ 
current drain is important. It is par- 15 

ticularly useful in high-frequency, ci 
wide-band applications. Outline 11, OUTLINES SECTION. Tube requires 
miniature seven-contact socket and may be mounted in any position. 

Heateu Voltage (ac/dc)  6.3 volts 
Heater Current  0.15 ampere 
Direct Interelectrode Capacitances:" 

Grid No.l to Plate 0.0035 max wrf 
Grid No. 1 to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield . 5.4 
Plato to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield  4.4 yyf 

■ Without external shield, or with external shield connected to cathode. 

Maximum Ratings: CLASS Ai AMPLIFIER 
Plate Voltage.         ■ 
Grid No.3 (suppressor grid) And Internal Shield Connect t 
Grid-No.2 (screen-grid) Voltage  
Grid-No.2 Supply Voltage  
Plate Dissipation  
Grid-No.2 Input: 

For grid-No.2 voltages up to 150 volts  1 

For grid-No.2 voltages between 150 and 300 volts  
Grid-No.1 (control-grid) Voltage: 

Negative bias value    
Positive bias value  Peak Heater-Cathode Voltage: 
Heater negative with respect to cathode  
Heater positive with respect to cathode  

166 



Technical Data 

Characteristics: 
Plate Voltage    250 vol Is 
Grid No.3 and Internal Shield   Connected to cathode at soekoi 
Grid-No.2 Voltage  150 volts 
Grid-No.1 Voltage    -1 -1 volt 
Plate Resistance (Approx.)    0.7 1.4 megohms 
Tranaconductance    3400 4600 Minnos 
Grid-No. 1 Voltage (Approx.) for plate current of 10 no,  -7.7 volts 
Plate Current      3.6 7.4 ma 
Grid-No.2 Current    1.4 2.9 ma 

h MEDIUM-MU TRIODE- 
hq^0G3p,skp sharp-cutoff pentode 

PTQ///. rfi|Y?)G|F» Miniature type used in a wide _ _ - . _ 
variety of applications in television OBHo 

f.T€\y3\" //®i-or receivers. This type has a controlled 
Q——-79) heater warm-up time for use in re- 

KT Pp ceivers employing series-connected 
heater strings. The pentode unit is used as an if amplifier, a video amplifier, or an 
age amplifier. The triode unit is used in low-frequency oscillator circuits. Outline 
14, OUTLINES SECTION. Tube requires miniature nine-contact socket and may 
be mounted in any position. 

Heater Voltage (ac/dc) . 
Heater Current  
Heater Warm-Up Time (Average)  il 
Direct Interelectrode Capacitances (Approx.): 
Triode Unit: Grid to Plate  2.4 

Grid to Cathode and Heater !!!!!!!...!.!.!.!! 2.6 
Plate to Cathode and Heater    0.38 

Pentode Unit: 
Grid No.l to Plate  0.046 
Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield 7 
Plate to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield... . 2.4 

Triode Grid to Pentode Plate  0.016 
Pentode Grid No.l to Triode Plate  0.004 
Pentode Plate to Triode Plate  0.095 

CLASS Al AMPLIFIER ... r» .• /-ii /-vmrLir Maximum Kanngs: 
Plate Voltage  
GRID-No.2 (SCREEN-GRIP) SUPPLY VOLTAGE  
Grid-No.2 Voltage  
Gkid-No.1 (control-grid) Voltage, Positive bias value.. 
Plate Dissipation  
Grid-No.2 Input: 

For grid-No.2 voltages up to 150 volts  
For grid-No.2 voltages between 150 and 300 volts  

Peak Heater-Cathode Voltage: 
Heater negative with respect to cathode  
Heater positive with respect to eathode  

Triode Unit 
300 max 

0 wax 
2.5 max 

200 max 
200umax 

200 max 
200Bmax 

0.5 max 
1.0 max 
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REMOTE-CUTOFF PENTODE 
- _ I . Miniature type used as rf ampli- H(SY rr:^J)(^G2 

ODjO fier in high-frequency and wide-band l\ ^t\) 
applications. Features high transcon- k(1a\l/\j XYy.- 
ductance and low grid-to-plate capaci- '1 

tance. Outline 11, OUTLINES SEC- cr 
TION. Tube requires miniature seven-contact socket and may be mounted in any 
position. 
Heater Voltage (ac/dc)  6.3 volts 
Heater Current  0,15 ampere 
Direct Interelectrode CAPACiTANCEa:" 

Grid No.1 to Plate  0.0035 mnx m/H 
Grid No.l to Cathode, Heater, Grid No. 2, Grid No.3, and Internal Shield 4.5 
Plate to Cathode, Heater, Grid No. 2, Grid No. 3, and Internal Shield.... 6.5 u/H 

■ Without external shield, or with external shield connected to cathode. 

Maximum Ratings: CLASS Ai AMPLIFIER 
Pr,ate Voltage  300 max volts 
Grid No. 3 (suppressor grid) and internal shield Connect to cathode at socket 
Grid-No.2 (screen-grid) Voltage  
Grid-No.2 Supply Voltage  
Plate Dissipation  
Grid-No.2 Input: 

For grid-No.2 voltages up to 150 volts  
For grid-No.2 voltages between 150 and 300 volts. 

Guid-No.I (control-grid) Voltage: 
Negative bias value  
Positive bias value  

Peak Heater-Cathode Voltage: 
Heater negative with respect to cathode  
Heater positive with respect to cathode  

See curve page 66 
300 maj volts 

3 7«ax watts 

0.6 max watt 
See curve page 66 

-60 7nax volts 
0 max volts 

Characteristics: 
Plate Voltage  
Grid No.3 and Internal Shield  
Grid-No.2 Voltage  
Grid-No.1 Voltage  
Plate Resistance (Approx.)  
Transconductance  
Grid-No.1 Voltage (Approx.) for transconductance of 10 ^mhos 
Plate Current  
Grid-No.2 Current    

100 250 volts 
Connected to cathode at socket 

100 100 volts 
-1.0 -1.0 volt 
0.25 1.3 megohms 
3650 3600 jimhos 
-20 -20 volta 
9.0 9.2 ma 
3.5 3.3 ma 

TRIPLE DIODE 
. D Miniature type used as a dc-re- 02 

ODJ/ storer tube in each of the three signal ~1| pHHTAjZ 
channels of color-television receivers. 
Each diode has a separate cathode. (Tj--—^0 
Outline 12, OUTLINES SECTION. *03 "0, 

Tube requires miniature nine-contact socket and may be mounted in any position. 

Heater Voltage (ac/dc) . 
He\ter Current  

DC RESTORER SERVICE 
Maximum Ratings (Each Diode Unit): 
Peak Inverse Plate Voltage  
Peak Plate Current  
DC Output Current   
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  
Heater positive with respect to cathode    

330 max 
10 7nax 

1 771 ax 
330 max 
100 max 
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h TWIN DIODE — 
MEDIUM-MU TRIODE 

KDif3YpZ2^W7)PT Miniature type used in a wide AD IO 
"Til ""rnlr variety of applications in black-and- OBJ IS 

white and color television receivers. 
2 (jV—-^) The diode units are used in phase- Pt>2 *r detector, phase-comparator, ratio-de- 

tector or discriminator, and horizontal afc discriminator circuits. The triode unit 
is used in phase-splitter, audio-frequency amplifier, and low-frequency oscillator 
applications; it may also be used as a vertical-deflection amplifierin compact portable 
television receivers. This type has a controlled heater warm-up time for use in 
receivers employing series-connected heater strings. Each of the three units has its 
own cathode with individual base-pin terminal to provide for flexibility of circuit 
connections. Outline 14, OUTLINES SECTION. Tube requires miniature nine- 
contact socket and may be mounted in any position. 

Heater Volts (ac/dc)  
Heater Current  
Heater Warm-Up Time (Average)  
Direct Interelectrode Capacitances: 
Triode Unit: 

Grid to Plate  
Grid to Cathode and Heater  
Plate to Cathode and Heater   

Diode Units: 
Plate to Cathode and Heater (Each Unit)  
Cathode to Plate and Heater (Each Unit)  
Plate of Unit No.l to Plate of Unit No.2  

Plate of Diode Unit No.l to Triode Grid  
Plate of Diode Unit No.2 to Triode Grid  
Plate of Either Diode Unit to All Other Electrodes. . . 
Cathode of Either Diode Unit to All Other Electrodea. 

6.3 volts 
0.6 ampere 
11 seconds 

2.6 nyi 
2.8 nfii 

0.31 Hfli 
1.9 nni 
4.6 nni 

0.06 max 
0.07 max 
0.11 max nnl 

3.0 Hfil 
4.8 fiflt 

TRIODE UNIT AS CLASS A1 AMPLIFIER 
Maximum Ratings, {Dezign-Maximum Valw.es); 
Plate Voltage   
Grid Voltage, Positive bias value    
Average Cathode Current  
Plate Dissipation  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  
Heater positive with respect to cathode  

330 max 
0 max 

22 max 
4 max 

200 max 
200 mmax 

Characteristics: 
Plate Voltage  
Grid Voltage  
Amplification Factor  
Plate Resistance (Approx.)  
Transconductance  
Grid Voltage (Approx.) for plate current of 10 jia. 
Plate Current  
Plate Current for grid voltage of -12.5 volts  

90 250 volts 
0 -9 volts 

22 20 
4700 7150 ohms 
4700 2800 /imhos 

-7 -18 volts 
13.5 8 ma 
- 1.7 ma 

Maximum Circuit Value: 
Grid-Circuit Resistance  
■ The dc component must not exceed 100 volts. 

1 max megohm 

TRIODE UNIT AS VERTICAL DEFLECTION AMPLIFIER 
For operation in a 525-line, 30-frame system 

Maximum Ratings, (Design-Maximum Values): 
DC Plate Voltage  
Peak Positive-Pulse Plate Voltage t   
Peak Negative-Pulse Grid Voltage  
Peak Cathode Current  
Average Cathode Current  
Plate Dissipation  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  
Heater positive with respect to cathode  
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AVERAGE CHARACTERISTICS 
TRIODE UNIT 

wuam, 

TJPMBZ 

B 

300 400 PLATE VOLTS 

Maximum Circuit Value: 
(irid-Circuit Resistance: 

For cathode-bias operation. aax meyofims 

DIODE UNITS 
Maximum Ratings, (Design-MaximwriValues): 
I'late Cubrent (Each Unit): 

Peak  51 mux 
Average  i) max 

Teak Heater-Cathode Voltage: 
Heater negative with respect to cathode  iOO max 
Heater positive with respect to cathode  2()0-mu^ 

t The duration of the voltage pulse must not exceed 15 per cent of one vortical scanning cycle, 
iinc, 30-franie system, 15 per cent of one vertical scanning cycle is 2.5 milliseconds. 
■ The dc component must not exceed 100 volts. 

6BK4 

SHARP-CUTOFF BEAM TRIODE 
Glass octal type used for the volt- 

age regulation of high-voltage, low- 
current dc power supplies in color tele- 
vision receivers. Outline 46, OUT- 
LINES SECTION. Tube requires oc- 
tal socket and may be mounted in 
any position. 

Heater Voltage (ac/bc)  
Heater Current  
Direct Interelectrode Capacitances (Approx.): 

Grid to Plate  
Grid to Cathode and Heater  
Plate to Cathode and Heater  

\ MPLIFICATION FACTOR (AppFOX.)  

VOLTAGE-CONTROL SERVICE 
Maximum Ratings, (Design-Maximum Values); 
DC Plate Voltage  Unregulated DC Supply Voltage  
DC Grid Voltage  
Peak Grid Voltage*  
DC Plate Current  Plate Dissipation    
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  
Heater positive with respect to cathode  

27000 max 
00000 max 
-135 max 
-440 max 

1.6 max 
25 max 

N'ot recommended 
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AVERAGE TRANSFER 
CHARACTERISTICS 

TYPE 6BK4 tr- 6.3 VOLTS 

-15 -10 -5 < GRID VOLTS 92CS-8432TI 

6BK5 

BEAM POWER TUBE 
CD ^03 Miniature type used in audio output stages ^television and radio receivers. Outline 14, 

C|(T/ • YD0' OUTLINES SECTION. Tube requires minia- * q 1/C ture nine-eontact socket and may be mounted j 
W r^-i-vJ l in any position. Heater volts (ac/dc), 6.3; am- 

ncS^A^/^g2 peres, 1.2. Typical operation as class Ai ampli- 
 '\£) plate and grid-No.2 volts, 250 max; grid- 

p nc No.l volts, -5; peak af grid-No.l volts, 5; plate 
dissipation, 9 max watts; grid-No.2 input, 2.5 

max watts; plate ma.f 35 (zero-signal), 37 (maximum-signal); grid-No.2 ma., 3.5 (zero-signal). 10 
(maximum-signal); plate resistance (approx.), 0.1 megohm; transconductance, 8500 ^mhos; load 
resistance, 6500 ohms; total harmonic distortion, 7 per cent; power output, 3.5 watts; peak heater- 
cathode volts, 100 max* This type is used principally for renewal purposes. 

H0®^)
PT

I MEDIUM-MU TWIN TRIODE 
Kt2(3\^^-^^Y7)GT| Miniature types used in direct- 6BK7-A 

M(C- M coupled cathode-drive rf amplifier cir- 
0 ®\\ cuits of vhf television tuners. In such 6BK7-B 

(circuits, one tnode unit is used as the 
direct-coupled grounded-cathode driv- 

er for the other unit. These types are also used in push-pull cathode-drive rf amplifiers. 
Type 6BK7-B has a controlled heater warm-up time for use in receivers employing 
series-connected heater strings. Outline 12, OUTLINES SECTION. Tubes require 
miniature nine-contact socket and may be mounted in any position. For typical 
operation as a resistance-coupled amplifier, refer to Chart 12, RESISTANCE- 
COUPLED AMPLIFIER SECTION. Type 6BK7-A is a DISCONTINUED type 
listed for reference only. 
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Hkvter Voltage (ac/dc)  
Hrater Current  
IIhater Warm-Up Time (Average) for 6BK7-B... . 
f )!HECT INTERELECTRODE CAPACITANCES; 

Grid to Plate  
Grid to Cathode, Heater, and Internal Shield. . 
Plate to Cathode, Heater, and Internal Shield. 
Cathode to Grid, Heater, and Internal Shield. . 
Plate to Grid, Heater, and Internal Shield 
Plate to Cathode  
Heater to Cathode  
Grid of Unit No.l to Grid of Unit No.2....... 
Plate of Unit No.l to Plate of Unit No.2  

Cnit No. 1 
1 .8 

CLASS Ai AMPLIFIER (Each Unit) 
Maximum Ratings: 
Plate Voltage  800 mo 
Grid Voltage, Negative-bias value  -r«0 mo 
Plate Dissipation  2.7 mo 
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  
Heater positive with respect to cathode.  200"w< 

Characteristics: 
Plate Supply Voltage  loO 
Cathode-Bias Resistor  Mi 
Arnplilication Factor.     18 
Plate Resistance (Approx.)  1000 
Transconductance  9800 
Plate Current  18 
Grid Voltage (Approx.) for plate current of 10 ^a  -11 
* In cathode-drive circuits with direct-coupled drive, it is permissible for this voltage to I 
800 volts under cutoff conditions. 
■ The do component must not exceed 100 volts. 

(5. -> volts 
0.45 anipore 

U -ioconds 
Hit No. 1 

1.8 
3 UMI 

0.9 uMf 
6 uMf 

2.-1 aaf 0.22 :utf 3 UAlf 
1.004 nm.!' nai 
),075 max "U f 

300 max volls 
-50 max volls 
2.7 max walls 
200'-':>/d/.C volts 
200"WIU- volts 

150 volls 
50 
ft ohms 
i-> 

-1000 ohms 
9800 uinhos 

18 ma 
-n volts 

HALF-WAVE VACUUM RECTIFIER ic 
Glass octal type used as a damper tube in 

horizontal deflection circuits of color television Ysrr\/ f 
receivers. Outline 41, OUTLINES SECTION. Fv 

AD I A Tube requires octal socket and may be mounted I \r—i j 
in any position. Heater volts (ac/dc), 6.3; am- 
peres, 3. Maximum ratings for damper service: ^ 
peak inverse plate volts (absolute maximum) uT^T®) 
4500 max; peak plate ma., 1200 max; dc plate ^ h 
ma., 200 max; plate dissipation, 8 max watts; 

k heater-cathode volts, 4500 absolute max when heater is negative with respect to cathode (dc com- 
f-nt must not exceed 900 volts); 300 max when heater is positive with respect to cathode (dc compo- 
I: must not exceed 100 volts). This is a DISCONTINUED type listed for reference only. 

MEDIUM-MU TWIN TRIODE 

6BL7-GT Glass octal types used as combined KT2Qh/:::l-)--'- )fe)KTl 

vertical deflection amplifier and ver- I 
6BL7-GTA tical deflection oscillator in television PraCyA receivers. When so operated, it is (iT^W 

recommended that unit No.l (pins 4, Cz M* 
5, and 6) be used as the oscillator. Outline 22, OUTLINES SECTION. Tubes 
require octal socket and may be mounted in any position. Type 6BL7-GT is a 
DISCONTINUED type listed for reference only. 

& 

Heater Voltage (ac/dc)    
Heater Current.         
Direct Interelectrode Capacitances (Approx.); 

Grid to Plate  
Grid to Cathode and Heater  
Plate to Cathode and Heater   

Amplification Factor*  
Plate Resistance (Approx.)*     
Transconductance*  
* Each unit; for plate volts, 250; grid volts, -9; plate ma., 40. 

volts 
amperes 

Unit No. 1 
6 

4.2 
0.9 
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VERTICAL DEFLECTION OSCILLATOR OR AMPLIFIER* 
For operation in a 525-line, SO-frame system 

Maximum Ratings: OscMalor Amtilifmr 
DC Plate Voltaob  500 max 500 max voli> 
Peak Positive-pulse Plate VoltageI (Absolute Maximum).. — 2000*»ia,i- voU> 
Peak Negative-Pulse Grid Voltage  -400 max -250 max volts 
Peak Cathode Cuuuest  210 max 210 max ni;i 
Average Cathode Current  GO wax GO max dui 
Plate Dissipation: 

For either plate  10 max 10 max watis 
For both plates with both units operating  12 wax 12 max watts 

Peak Heater-Cathode Voltage: 
Heater negative with respect to cathode  200 max 200 max volts 
Heater positive with respect to cathode  200"max 200Bmax volts 

Maximum Circuit Values: 
Grid-Circuit Resistance  4.7 wax 4.7£wax megohms 
* Unless otherwise specified, values are for each unit. 
t The duration of the voltage pulse must not exceed 15 per cent of one vertical scanning cycle. In :i 

625-Hne, SO-frame system, 15 per cent of one vertical scanning cycle is 2.5 milliseconds. 
* Under no circumstances should this absolute value be exceeded. m The dc component must not exceed 100 volts. 
* For cathode-bias operation. 

MED UM-MU TR ODE 
Miniature types used as rf ampli- 

fier tubes in grid-drive circuits of vhf 
(EK^/vJ yd) television tuners. The double base-pin r r* i. i A * 5 c' connections for both cathode and grid ODINI*r —/A 

reduce effective lead inductance and 
lead resistance with consequent reduction in input conductance. In addition, the 
basing arrangement facilitates isolation of input and output circuits and permits 
short, direct connections to base-pin terminals. Outline 11, OUTLINES SECTION. 
Tubes require miniature seven-contact socket and may be mounted in any position. 

CLASS A, AMPLIFIER 

Maximum Circuit Value: 
Grid-Circuit Resistance. 
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Q—@ . g BEAM TUBE 
z^PyvS Miniature type used as combined 

fV-Hii; \L limiter, discriminator, and audio-volt- ARM A 
, /V)p' age amplifier in intercarrier television ODIHO 

(75— and FM receivers, Outline 13, OUT- 
Is LINES SECTION, Tube requires 

miniature seven-contact socket and may be mounted in any position. Heater volts 
iac/dc), 6.3; amperes, 0.3. 

LIMITER AND DISCRIMINATOR SERVICE 
Maximum Ratings, (Dcsign-MaximnmVabtex): 
Plate-Supply Voltage  ^>0 ma.,- volts 
GRiD-iSO.2 Voltage  MO mtu- volts 
Grld-No.I Voltage, Positive peak value  «U1 mn.r volts Cathode Current  13 max rna 
Pgak Heater-Cathode Voltage: 

Heater negative with respect to cathode  200 max volts 
Heater positive with respect to cathode  200G/m.r volts 

The dc component must not exceed 100 volts. 

330 wax V!)U,S 110 max volts 
00 mn.r volts 
13 7)iax rna 

200 max VoltS 200Vn".r Volts 

twin diode—high-mu triode 
KD|(3yfu2Z^v7)PT Miniature type used in a wide . _ . . _ 

ivL-, ""ml variety of applications in color and OONo 
KD :riX^~f^CoJy®c black-and-white television receivers. 

2 7 This type has a controlled heater Po2 Kr warm-up time for use in receivers em- 
ploying series-connected heater strings. The triode unit is used in burst-amplifier, 
af amplifier, and low-frequency oscillator applications. The diode units are used 
in phase-detector, ratio-detector or discriminator, and horizontal AFC discrimin- 
ator circuits. Outline 14, OUTLINES SECTION. Tube requires miniature nine- 
contact socket and may be mounted in any position. 

gateti Voltage (ac/dc)  
gateu Current  
gateu Warm-Up Time (Average)  
IKECT INTERELECTRODE CAPACITANCES: Triode Grid to Triode Plate  

Triode Grid to Cathode and Heater  
Triode Plate to Cathode and Heater  
Tlato of Diode Unit No.l to Triode Grid  
Plat e of Diode Unit No.2 to Triode Grid  
['late of Diode Unit No.l to Plate of Diode Unit No.2  
Diode Cathode to All Other Electrodes (Each Diode I'nil) . . . . 
Diode Plate to Diode Cathode and Heater (Each Diode Unit) . 
Diode Cathode to Diode Plate and Heater (Each Diode Unit) 
Diode Plate to All Other Electrodes (Each Diode Unii)  

TRIODE UNIT AS CLASS At AMPLIFIER 
Maximum Ratings, (De^i.pv~Maxim»m Valves): 
Plate Voltage  
Grid Voltage, Positive bias value  
Pi.ate Dissipation  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  
Heater positive with respect to cathode  

Characteristics: 
Plate Voltage  100 
Grid Voltage      - 1 
A mplilication Factor  75 
Plate Resistance (Approx.)  2l<)00 
Transconductance  '3500 
Grid Voltage (Approx.) for plate current of 10   -2.5 
Plate Current  1.5 
Maximum Circuit Value: 
Grid-Circuit Resistance . 

loo 250 v tills 
-1 volts 

nooo 2SO00 ohms 
3500 2500 it mhos 
-2.5 5 5 volts 

1.5 1 .0 ma 

1.0 max megohm 
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DIODE UNITS 
Maximum Ratings/ (Design-Maximum Values): 
Plate Cuurent (Each Unit): 

Peak  
DC  

Peak Heater-Cathode Voltage: 
Heater negative with respect tocathode  
Heater positive with respect to cathode    

■ The dc component must not exceed 100 volts. 
AVERAGE CHARACTERISTICS TRIOOE UNIT 

200 max 
200,max 

MMMMMM 

300 400 PLATE VOLTS 

POWER PENTODE 
Miniature type used in the output 

stage of audio-frequency amplifiers. 
Outline 18, OUTLINES SECTION. 
Tube requires miniature nine-contact 
socket and may be mounted in any 
position. 

Heater Voltage (ac/dc)  
Heater Current  
Direct Interelectrode Capacitances: 

Grid No.l to Plate  
Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3. 
Plate to Cathode, Heater, Grid No.2, and Grid No.3  
Grid No.l to Heater  

CLASS Aj AMPLIFIER 
Maximum Ratings: 
Plate Voltage  
Grid-No.2 (screen-grid) Voltage  
Grid-No.1 (control-grid) Voltage, Positive-bias value  
Grid-No.2 Input  
Plate Dissipation  
Cathode Current  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  
Heater positive with respect to cathode  A The dc component must not exceed 100 volts. 

Typical Operation: 
Plate Voltage  
Grid-No.2 Voltage  
Grld-No.l (Control-Grid) Voltage  
Peak AF Grid-No.1 Voltage    
Zero-Signal Plate Current  
Maximum-Signal Plate Current    
Zero-Signal Grid-No.2 Current  
Maximum-Signal Grid-No.2 Current  
Plate Resistance (Approx.)  

0.5 max 
10.8 
6.5 

0.25 max 

300 max 
300 max 

0 max 
2 max 

12 max 
65 max 

100 max 
100Awax 
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Transconductance  
Load Resistance  
Total Harmonic Distortion  
Maximum-Signal Power Output. 
Maximum Circuit Values: 
Grid-No.1-Circuit Resistance: 

For iixed-bias operation  
For cathode-bias operation. . . . 

jimlios 
ohms 

per cent 
watts 

0.3 max megohm 
1.0 wa.c megohm 

PUSH-PULL CLASS ABi AMPLIFIER 
Maximum Ratings: (Same as for single-tube class Aj amplifier) 
Typical Operation, (Values are for two 
Plate Supply Voltage  
Grid-No.2 Supply Voltage  
Cathode-Bias Resistor  
Peak AF Grid-No.1-to-Grid-No.l Voltage. 
Zero-Signal Plate Current  
Maximum-Signal Plate Current  
Zero-Signal Grid-No.2 Current  
Maximum-Signal Grid-No.2 Current  
Effective Load Resistance (Plate-to-plate). 
Total Harmonic Distortion  
Maximum-Signal Power Output  
Maximum Circuit Values: 
Grid-No.1-Circuit Resistance: 

For tixed-hias operation   
For cathode-bias operation  

250 300 volts 
250 300 voles 
130 130 ohms 

22.6 28.3 volts 
62 72 ma 
75 92 ma 

7 8 ma 
15 22 ma 

8000 8000 ohms 
3 4 per cent 

11 17 watts 

BEAM POWER TUBE 
Glass octal types used as hori- 

AROA n zontal deflection amplifiers in teh- 
" vision receivers. Outline 30, OUT- 

6BQ6-GTB LINES SECTION. Tubes require oc- U>* | u socijet and may be mounted in any 
/ £ position. These types may be supplied 
/ 0><U0 with pin No.l omitted. Type 6BQ6- 

GT is a DISCONTINUED type listed 
for reference only. 

0.3 max megohm 
1.0 max megohm 

Os G, 
(*) n (5) 

/6CU6 

Hbateu Voltage (ac/dc)  0.3 
Heater Current  1.2 an 
Direct Interelectrode Capacitances (Approx., 6BQ6-GTB/6CU6): Grid No.l to Plate  0.6 

Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3  15 
Plate to Cathode, Heater, Grid No.2, and Grid No.3  7 

Transconductance* (6BQ6-GTB/6CU6) 5900 , 
Mu-Factor, Grid No.2 to Grid No.l**.  '1.3 
•For plate volts, 250; grid-No.2 volts, 150; grid-No.l volts,-22.5; plate ma., 57;grid-No.2 ma.,2.1. 
** For plate and grid-No.2 volts, 150; grid-No.l volts, -22.5. 

HORIZONTAL DEFLECTION AMPLIFIER 
For operation tn a 525-line, 30-/rame system 

Maximum Ratings: 6BQ6-GT 6BQ6-GTB r,ci'€ 
DC Plate Voltage  550 max 600 max 
Peak Positive-Pulse Plate Voltage# (Absolute Maximum) 5500tmax 6000tmax 
Peak Negative-Pulse Plate Voltage  -1250 max -1250 max 
DC Grid-No.2 (screen-grid) Voltage      175 max 200 max Peak Negative-Pulse Grid-No.1 (control-grid) Voltage -300 max -300 max 
Peak Cathode Current  400 max 400 max 
Average Cathode Current  110 max 110 max 
Grid-No.2 Input  2.5 max 2.5 max 
Plate Dissipation#  11 max 11 max 
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  200 max 200 max Heater positive with respect to cathode  200■max 200"max 
Bulk Temperature (At hottest point)  220 max 220 max 
Maximum Circuit Value: 
Grid-No.1-Circuit Resistance  0.47 max m 
• The duration of the voltage pulse must not exceed 15 per cent of one horizontal scanning cycle. In a 
525-line, 30-frame system, 15 per cent of one horizontal scanning cycle is 10 microseconds. 
f Under no circumstances should this absolute value be exceeded. 
# An adequate bias resistor or other means is required to protect the tube in the absence of excitation. 
■ The de cunponent must not exceed 100 volts. 
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MEDIUM-MU TWIN TRIODE 
''T^g^nT^^Qy?)01"1 Miniature types used in direct- AR07 

My"' "'ffM coupled cathode-drive rf amplifier cir- ODV*/ 
CT2(2M /\^ySlKT, cuits of vh! television tuners. In such AR07_A 

2 Q^—-^0 circuits, one triode unit is used as the ODV*/ ~A\ 
Pt2 15 direct-coupled grounded-cathode driv- 

er for the other unit. These types are also used in push-pull cathode-drive rf ampl ill ers. 
Outline 12, OUTLINES SECTION. Tubes require miniature nine-contact socket 
and may be mounted in any position. For typical operation as a resistance-coupled 
amplifier, refer to RESISTANCE-COUPLED AMPLIFIER SECTION. Type 
6BQ7 is a DISCONTINUED type listed for reference only. 
Heater Voltage (ac/dc)    
Heater Current  
Direct Interelectrode Capacitances (eBQT-A):0 Unit No.1 Ur 

G rid to Plate  1.2 
Grid to Cathode, Heater, and Internal Shield  2.6 
Cathode to Grid, Heater, and Internal Shield  
Plate to Cathode, Heater, and Internal Shield  1.2 
Plate to Grid, Heater, and Internal Shield  
Plate to Cathode  0.12 1 

Heater to Cathode (6BQ7-A)  2.6 
Plate of Unit No.l to Plate of Unit No.2  0.010 max 
Plate of Unit No.2 to Plate and Grid of Unit No.l  0.024 max 

Maximum Rating.. CLASS A' AMPUFIER <E"h ^ 
Plate Supply Voltage  
Plate Dissipation  
Cathode Current  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  
Heater positive with respect to cathode   

6.3 
0.4 

Unit No.2 1.2 

250*mo.'C 2 max 
20 max 

200*max 
200Bma^ 

Characteristics! i;I1Q? 1IHQ7-A 
Plate Supply Voltage  150 150 
Cathode-Bias Resistor  220 220 
Amplification Factor  35 38 
Plate Resistance (Approx.)  5800 5900 
Transconductance    6000 6400 
Plate Current     9 9 
Grid Voltage (Approx.): 

For plate current of 100 pa  - -0.5 
For plate current of 10 pa  -10 

Maximum Circuit Value: 
Grid-Circuit Resistance  0.5 max 
0 With external shield connected to internal shield. 
* In cathode-drive circuits with direct-coupled drive, it is permissible for this voltage to be 
300 volts. 
■ The de component must not exceed 100 volts. 

AVERAGE PLATE CHARACTERISTICS FOR EACH UNIT 
TYPE 6BQ7-A Ef=6.3 VOLTS 

I 

a 

■bbbbBBbb B B 

B 

6c 

600 
02CM-7536R1T 
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MEDIUM-MU TRIODE— H " 

ARDfi SHARP-CUTOFF PENTODE H®^©PP 

OdKO Miniature types used in a wide KT0!f| 
variety of applications in color and Kp 

"A black-and-white television receivers. PTA G|cP 

Especially useful as combined triode Q*  
oscillator and pentode mixer in vhf Gt Glp 

television tuners. Type 6BR8-A has a controlled heater warm-up time for use in 
receivers employing series-connected heater strings. Outline 12, OUTLINES 
SECTION. Except for basing arrangement and grid-No.1-to-plate capacitance of 
pentode unit, these types are identical with miniature types 6U8 and 6U8-A, 
respectively. 

MEDIUM-MU TWIN TRIODE 
Miniature type used in direct- Kt2 

ADCfi eouplcd cathode-drive rf amplifier cir- ZHrblZ  
cuits of vhf television tuners. In such 
circuits, one triode unit is used as the 2 KTj 

direct-coupled grounded-cathode driv- p72 Ma 
er for the other unit. This type is also used in push-pull cathode-drive rf amplifiers. 
Outline 12, OUTLINES SECTION. Tube requires miniature nine-contact socket 
and may be mounted in any position. 
Heater Voltage (ac/dc) . 
Heater Current  
Maximum Ratings: LLAbo Ai AMfL 
Plate Voltage  
Plate Dissipation  
Cathode Current  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  
Heater positive with respect to cathode.   

Characteristics: 
Plate-Supply Voltage   
Cathode-Bias Resistor   
Amplification Factor  
Plate Resistance (Approx.)  
Transconductance  
Plate Current     
Grid Voltage (Approx.) for plate current of 10 #ia* 
Maximum Circuit Value: 
Grid-Circuit Resistance  
* This value applies to unit No.2 only. 

CLASS At AMPLIFIER (Each Unit) 
150 n/a:c 

2 max 
20 max 

200 max 
200 max 

SHARP-CUTOFF TWIN PENTODE 
Miniature type used as combined 

syne separator, sync clipper, and age 
ORMq amplifier tube in television receivers. 

Outline 14, OUTLINES SECTION. 
Tube requires miniature nine-contact 
socket and may be mounted in any 
position. 

Heater Voltage (ac/dc)  
Heater Curent  
Direct Interelectrode Capacitances: 

Grid No.3 to Plate (Each Unit)  
Grid No.l to All Other Electrodes  
Grid No.3 to All Other Electrodes (Each Unit). 
Plate to All Other Electrodes (Each Unit)  
Grid No.3 of Unit No.l to Grid No.3 of Unit No.2. 
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CLASS A, AMPLIFIER 
Maximum Ratings, {Design-Maximum Values): 
Plate Voltage (Each Unit)  
<;bid-No.3 (suppressor-grid) Voltage (Each Unit): 

Peak positive value  
DC negative value  
DC positive value  

Crii)-No.2 (screen-grid) Voltage    
Grid-No.1 (control-grid) Voltage, Negative bias value. . . . 
Cathode Current  
Grid-No.2 Input  
Plate Dissipation (Each Unit)  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  
Heater positive with respect to cathode  

50 max 
-50 max 

3 max 
150 max 
-50 max 

12 max 
0.75 max 

1 .1 max 
200 max 
2()0mrnax 

Characteristics: 
Plate Voltage (Each Unit)  
Grid-No.3 Voltage (Each Unit). 
Grid-No.2 Voltage  
Grid-No.1 Voltage  
Plate Current (Each Unit)  
Grid-No.2 Current  
Cathode Current  

With Both Units Operating 

With One Unit Operatingt 
Plate Voltage  
Grid-No.3 Voltage  
Grid-No.2 Voltage   
Grid-No. 1 Voltage  
Grid-No.3 Transconductance  
Grid-No.1 Transconductance  
Plate Current  
Grid-No.3 Voltage (Approx.) for plate current of 100 pa. 
Grid-No.1 Voltage (Approx.) for plate current of 100 pa. 

100 100 volts 
0 0 volts 

67.5 67.5 volts 
0 * v olts 
- 180 /i mhos 

1500 - ii mhos 
- o o ma 
- -4.5 volts 
- -2.3 volis 

Maximum Circuit Values: 
Grid-No.S-Circuit Resistance (Each Unit)  
Grid-No.l-Circuit Resistance  
* The de component must not exceed 100 volts. 
* Adjusted 1 o give a dc grid-No.l current of 100 microamperes. 
t With plain and grid No.3 of the other unit connected to ground. 

0.5 max megohm 
0.5 max mcgnlim 

AVERAGE CHARACTERISTICS 
WITH EC| AS VARIABLE 

t VOLTS ECt«».0 

GRIO-Nsl MlLUfcMPERES IC|=0.5 

m 
fit 

150 200 250 
PLATE VOLTS 

400 
92CM-9420T 
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AVERAGE CHARACTERISTICS 
WITH EC3 as VARIABLE 

-rm 6BUb 
Ef = 6.3 VOLTS 

BSSFfiB 

mwrnzm 
SO 100 150 200 250 000 050 400 PL4TE VOLTS 

TWIN DIODE- H X P02 

MEDIUM-MU TRIODE 

» |%* Miniature type used as combined M/f— 
ODVO synchronous detector and chrominance k0 

amplifier in color television receivers; 2 

also used as combined FM detector ^ 
and af voltage amplifier. Tube has con- D' 

trolled warm-up time for use in series-connected heater strings. Outline 12, OUT- 
LINES SECTION. Tube requires miniature nine-contact socket and may be op- 
erated in any position. 
Heater Voltage (ac/dc)  6.3 volt? 
Heater Current.        0.6 arapero 
Heater Warm-Up Time (Average)  11 seconds 

TRIODE UNIT AS CLASS Ai AMPLIFIER 
Maximum Ratings, (Design-Maximum. Values): 
Plate Voltage  330 -max volts 
Grid Voltage, Positive Bias Value  0 max volts 
Plate Dissipation  2.7 max watts 
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  200 max volts Heater positive with respect to cathode  200o?i<u.c volts 
Characteristics: 
Plate Voltage  75 200 volts 
Grid Voltage  0 - volts 
Cathode Heaistor  - 330 ohms 
Amplification Factor  - 33 
Plate Resistance (Approx.)  - 5900 ohms 
Transconductance  - 5600 jxmhos 
Plate Current  14 11 ma 
Grid Voltage (Approx.) for plate = 100  - - 11 volts 
Maximum Circuit Values: 
Grid-Circuit Resistance: For fixed-bias operation  0.1wrt.r megohm 

For cathode-bias operation  0.5 max megohm 
DIODE UNITS—TWO 
Values are for each unit 

Maximum Ratings, (Design-Maximum Values); 
Plate Current    10 max ma 
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  200 max volts- Heater positive with respect to cathode  200o?«f'.T volts 
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Characteristics, Instantaneous Test Condition: 
Plate Current, for plate volts = 5  0 The de component must not exceed 100 volts. 

W^©NC FULL-WAVE vacuum rectifier 
HSyyoi Miniature type used in full-wave 

'n \\,  /( power supplies having high dc out- ODW4 
ncCEMVxa aDnc put current requirements. Outline 14, 

OUTLINES SECTION. Type 6BW4 
k requires miniature nine-contact socket 

and may be mounted in any position. It is especially important that this tube, lilo 
other power-handling tubes, be adequately ventilated. 
Heateu Voltage (ac/dc)  6.3 vuln 
Heateu    0-y ampoii 
u ' FULL-WAVE RECTIFIER Maximum Ratings: 
Peak Inverse Plate Voltage  
AC Plate Supply Voltage (Per Plate, rms)  Steady-State Peak Plate Current (Per Plate)  
DC Output Current  Transient Peak Plate Current (Per Plate)  
DC Heater-Cathode Voltage: Heater negative with respect to cathode  

1275 mas 
450 max 
350 max 

62.5 max 
2 max 

volls 
volts 

ma 
ma 

amperes 

Typical Operation: Filter Input Capacitor Choke 
AC Plate-To-PIate Supply Voltage (rms)*  650 900 volts Filter Input Capacitor   40 - Total Effective Plate Supply Resistance per Plate  82 - ohms 
Filter Input Choke  " 10 henries 
DC Output Current  100 100 ma 
DC Output Voltage at Input to Filter (Approx.)  330 360 volts 
* AC plate supply voltage is measured without load. 

TWIN DIODE— 
H©-^©P SHARP-CUTOFF PENTODE /f/ -.Kp.IS.G3p D'Qjy i Miniature type used in television ARVA/ Q 

H/TP" - receivers; diodes are used as horizontal O D W O 
/A^csp phase detectors; pentode is used as a 

2 0^) sound if amplifier, sound limiter, and Pc>2 p» age keyer. Outline 12, OUTLINES 
SECTION. Heater volts (ac/dc), 6.3; amperes, 0.45. Tube requires nine-contact 
socket and may be operated in any position. 

6BW8 

PENTODE UNIT AS CLASS Ai AMPLIFIER 
Maximum Ratings, (Design-Maximum Values): 
Plate Voltage  
Grid-No.2 (screen-grid) Supply Voltage  
Grid-No.2 Voltage  
Grid-No.1 (control-grid) Voltage: 

Positive-bias value  
Negative-bias value  

Grid-No.2 Input: 
For grid-No.2 voltages up to 165 volts  
For grid-No.2 voltages between 165 and 330 volts. 

Plate Dissipation  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  
Heater positive with respect to cathode  

Characteristics: 
Plate Voltage  
Grid-No.2 Voltage  
Cathode-Bias Resistor  
Plate Resistance (Approx.)  Transconductance  
Grid-No. 1 Voltage (Approx.) for plate : 

Plate Current  
Gnd-No.2 Current  

200 max 
20Qo)?wx 
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Maximum Circuit Values: 
Grid-No.1 Circuit Resistance: 

For fixed-bias operation 
For cathode-bias operation. 

0.1 max megohm 
0.5 max megohm 

DIODE UNITS {Each Unit) 
Maximum Ratings, (.Design-Maximum Values): 
['i.atk Current  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode   
Heater positive with respect to cathode    

The de component must not exceed 100 volts. 

MEDIUM-MU TWIN TRIODE rVNTV 
Glass octal type used as combined KTZ^f^lizZ)pKT' 

OdA./~ Kit I vertical deflection amplifier and ver- 
tical deflection oscillator in television Pt2(£\\ ^V-pAZ)H 

receivers. When so operated, it is QTrAi 
recommended that unit No.l (pins 4, Gt2 h 

.3, and G) be used as the oscillator. Outline 22, OUTLINES SECTION. Tube 
requires octal socket and may be mounted in any position. 

Heater Voltage (ac/dcj  
Heater Current  
Amplification Factor*  
Plate Resistance (Approx.)*. 
TRANSCONDO0TANCE*  

For plate volts, 250; cathode-bias resistor, 390 ohms; plate ma., 42. 

VERTICAL DEFLECTION OSCILLATOR OR AMPLIFIER (Zv 
For operation til a 525-line, SO-frame system 

Maximum Ratings: Oscillator 
C Plate Voltage  
eak Positive-Pulse Plate Voltage 

{..Absolute MaximiLrti)f  
i:ak Negative-Pulse Grid Voltage  
eak Cathode Current  
yekage Cathode Current  
late Dissipation: 

For either plate  
For both plates with both units operating. 

f.ak Heater-Cathode Voltage: 
Heater negative, with respect to cathode. .. 
Heater positive with respect to cathode. . . 

Oscillator A inplijier 
500 max 500 max volts 
_ 2000*ma.e volts 

-400 max 250 max volts 
180 mux 180 max ma 
60 max 60 max ma 
10 max 10 max watts 
12 max 12 wax watts 

200 viox 200 wax volts 
200° mux 2rt0owax volts 

Maximum Circuit Values: 
(bid-Circuit Resistance  2.2 max '1.2*max megohms 

The duration of the voltage pulse must not exceed 15 per cent of one vertical scanning cycle. In a 
.725-liue, 30-frame system, 15 per cent of one vertical scanning cycle is 2.5 milliseconds. 
* Under no circumstances should this absolute value be exceeded. 
^ The de component must not exceed 100 volts. 
■ For cathode-bias operation. 

FULL-WAVE VACUUM RECTIFIER 
PD20| /7\P0l Octal type having high perveance used as a vrj.—Lv 

damper tube in horizontal deflection circuits of _j_\ 
television receivers or as a rectifier in conven- \ 

A Q w £ A tional power-supply applications. Outline 31, ( r—i r—j j 
OD T OUTLINES SECTION. Tube requires octal 

socket and may be mounted in any position. It ZJc ** 
is especially important that this tube, like other (0 
power-handling tubes, be adequately ventilated. KD* 
Heater volts (ac/dc), 6.3; amperes, 1.6. Maxi- 

mum ratings for damper service (each unit): peak inverse plate volts (absolute maximum), 3000 max; 
peak plate ma., 525 max; dc plate ma., 175 max. Peak heater-cathode volts: heater negative with respect 
lu cathode, 450 max; heater positive with respect to cathode, 100 ma#. This type is used principally for 
renewal purposes. 
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^1—© PENTAGRID AMPLIFIER 
h(^\\ Miniature type used as a gated ARYA 

amplifier in color television receivers. OD I O 
k(Ia^-/\J /©g, In such service, it may be used as a 
05 combined sync separator and sync 

G| clipper. Outline 11, OUTLINES SEC- 
TION. Tube requires miniature seven-contact socket and may be mounted in 
any position. 
Heater Voltage (ac/dc)  
Heater Current  
Direct Interelectrode Capacitances: 

Grid No.l to Plate  
Grid No.3 to Plate  
Grid No.l to Grid No.3  
Grid No.l to All Other Electrodes. . . . 
Grid No.3 to All Other Electrodes. . . . 
Plate to All Other Electrodes  

0.08 max 
0.35 max 
0.22 max 
5.4 
6.9 
7.6 

Characteristics: CLASS A! AMPLIFIER 
Plate Voltage  
Grids-No.2-and-No.4 Voltage  
Grid-No.3 Voltage  
Grid-No.1 Voltage  
Grid-No.3-to-Plate Transconductance  
Grid-No.l-to-Plate Transconductance  
Plate Current  
Grids-No.2-and-No.4 Current  
Grid-No.3 Volts (Approx.) for plate current of 35 and grid-No.1 volts =-4 
Grid-No.1 Volts (Approx.) for plate current of 35and grid-No.3 volts =0. . 

GATED AMPLIFIER 
Maximum Ratings, (Desiyn-Maximum Values): 
Plate Voltage  
Grids-No.2-and-No.4 Voltage  
Grids-No.2-and-No.4 Supply Voltage  
Grid-No.3 Voltage: 

Negative bias value  
Positive bias value    
Positive peak value   

Grid-No.1 Voltage, Negative bias value  
Plate Dissipation  
Grid-No.3 Input  
Grids-No.2-and-No.4 Input: 

For grids-No.2-and-No.4 voltages up to 165 volts  
For grids-No.2-and-No.4 voltages between 165 and 330 volts  

Grid-No.1 Input  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  
Heater positive with respect to cathode  

330 max volte 
See curve page 66 

330 max volts 

-55 max volts 
0 max volts 

27 max volts 
-110 max volts 
2.3 max watts 
0.1 max watt 

1.1 max watts 
See curve page 66 

0.1 max watt 
200 max volts 
200omax volts 

Characteristics as Sync Separator and Sync Clipper: 
Plate Voltage  
Grid-No.3 Voltage  
Grids-No.2-and-No.4 Voltage  
Grid-No.1 Voltage  
Plate Current  
Grids-No.2-and-No.4 Current  
Grid-No.3 Volts (Approx.) for plate voltage of 25 volts, grids-No.2-and-No.4 

voltage of 25 volts, grid-No.l voltage of 0 volts, and plate current of 50 
Grid-No.1 Volts (Approx.) for plate voltage of 25 volts, grids-No.2-and-No.4 

voltage of 25 volts, grid-No.3 voltage of 0 volts, and plate current of 50 ^a 

Maximum Circuit Values: 
Grid-No.l or Grid-No.3-Circuit Resistance: 

For (ixed-bias operation     
For cathode-bias operation        0 The dc component must not exceed 100 volts. 

0.5 max megohm 
1.0 max megohm 
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AVERAGE OPERATION CHARACTERISTICS 
I CRID-NS3 VOLTS Ecas-io 

,5« type 6BY6 ^ CRID-NSI w VOLTS = -2.5 
2 GRIDS -Nez & < N84VOLTSst00 

-,0g  l—J  

Uo.rNiiga VOLTS ECS—4,-45 j 

0 100 200 300 400 PLATE VOLTS 92CM-8I39TI 

DIODE— (?) 
SHARP-CUTOFF PENTODE r^tMLr^ 

/>RYfi Miniature type used in diversified ;::-|ppp ^ ® applications in television receivers. The 
pentode unit is used as an rf amplifier 62p 
and the high-perveance diode as a gip^" ^kp 
limiter or detector. This type has a 

controlled heater warm-up time for use in receivers employing series-connected 
heater strings. Outline 14, OUTLINES SECTION. Tube requires miniature nine- 
contact socket and may be mounted in any position. 
Heater Voltage (ac/dc)  0.J5 volts 
Heater Current   0.6 ampere 
U EATER Warm-Up Time (Average)  11 seconds 
Maximum Ratings: PENTODE UNIT AS CLASS A! AMPLIFIER 
Plate Voltage  300 wti-r 
Grid No.3 (suppressor grid) Connect to cathode i 
Grid-No.2 (screen grid) Supply Voltage    300 max 
Grid-No.2 Voltage  See curve 
G rid-No. 1 (control-grid) Voltage: 

Negative bias value  -50 max 
Positive bias value    0 max 

Plate Dissipation    3 max 
Grii>-No-2 Input: 

for grid-No.2 voltages up to 150 volts  0,65 max 
For grid-No.2 voltages between 150 and 300 volts  See curvr 

Peak Heater-Cathode Voltage: 
Heater negative with respect to cathode  200 max 
Heater positive with respect to cathode  200B???c.c 

Characteristics: 
Plate Supply Voltage  100 250 
Grid No.3 and Internal Shield  Connected to cathode s 
Grid-No.2 Supply Voltage   100 150 
Cathode-Bias Resistor  150 63 
Plate Resistance (Approx.)    0.5 1 
Transconductance  3900 5200 
Grid-No.1 Voltage (Approx.) for plate current of 10 pa  -4.2 -6.5 
Plate Current    5 10.6 
Grid-No.2 Current  2.1 4.3 
Maximum Circuit Values: 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation  0.25 woj- 
For cathode-bias operation  1.0 max 

■ The dc component must not exceed 100 volts. 
Maximum Ratings: DIODE UNIT 
Peak Inverse Plate Voltage  430 max 
Peak Plate Current  180 max 
DC Plate Current  45 max 
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Peak Heateu-Cathode Voltaoe: 
Ilouter negative with respect to cathode  
Heater positive with respect to cathode  

■ The dc componeni most not exceed 100 volts. 

200 max 
200aniax 

SEMIREMOTE-CUTOFF PENTODE. 
Miniature type used in gain-con- 

trolled video if stages of television 
receivers. Outline 11, OUTLINES 
SECTION. Tube requires miniature 
seven-contact socket and may be 
mounted in any position. 

6BZ6 

Heateu Voltaoe (ac/uc)  6.3 volts 
HEATEH Cukuent  0.3 amporo 

Without With 
External External Direct Interelectuode Capacitances: Shield Shield* 

Grid No.l to Plate  0.025 max 0.015 max M/d' Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and 
Internal Shield  7 7 

Plate to Cathode, Heater, Grid No.2, Grid No.3, and In- 
ternal Shield  2 3 Mid A With external shield connected to cathode. 

CLASS Ai AMPLIFIER 
Maximum Ratings, (Uesign-Maximum Values): 
Plate Voltage  330 max volts 
Grid No.3 (suppressor grid) Connect to cathode at socket 
Grid-No.2 (screen-grid) Supply Voltage  
Grid-No.2 Voltage  
Grid-No.1 (control-grid) Voltage, Positive bias value. 
Plate Dissipation  
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts  
For grid-No.2 voltages between 165 and 330 volts. . . . 

Peak Heater-Cathode Voltage: 
Heater negative with respect to cathode  
Heater positive with respect to cathode  

Characteristics: 
Plate Supply Voltage  

See curve page 66 
0 max volts 

2.3 max watts 

See curve page 66 
200 mux 
200+max 

Grid No.3 and Internal Shield  Connected to cathode* 
Grid-No.2 Supply Voltage   125 
Cathode-Bias Resistor    56 
Plate Resistance (Approx.)  0.26 
Transconductance  8000 
Grid-No. 1 Voltage (Approx.) for transconductance of 50 amhos  -19 
Grid No.l Voltage (Approx.) for transconductance of 700 Mmhos and 

cathode resistor of 0 ohms  -4.5 
Plate Current  14 
Grid-No.2 Current  3.6 

AVERAGE CHARACTERISTICS 

um 
GRID-N«I VOLTS ECl 

ISO 200 PLATE VOLTS 
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Maximum Circuit Vaiuest 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation  
For oathode-bias operation  

• The dc component must not exceed 100 volts. 

0.25 max megohm 
1,0 max megohm 

MEDiUM-MU TWIN TRIODE 
Miniature type used in direct- KTa(Tvr^~^W^)GT| 

6R!Z!7 coupled cathode-drive rf amplifier cir- My*" """fij cuits of vhf television tuners. In such gt2®^\ t^5v®KTi 
circuits, one triode unit is used as the 2 1 

direct-coupled grounded-cathode driv- Pt2 iS 

er tor the other unit. This type is also used in push-pull cathode-drive rf amplifiers. 
Outline 12, OUTLINES SECTION. Tube requires miniature nine-contact socket 
and may be mounted in any position. For typical operation as a resistance-coupled 
amplifier, refer to RESISTANCE-COUPLED AMPLIFIER SECTION. 

ILcater Voltage (ac/dc). 
Heater Current  

Maximum Ratings: CLASS Ai AMPLIFIER (Each Unit) 
1 'late Voltage  250*max 
Plate Dissipation  2.0 max Cathode Current  20 max 
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  200*niax 
Heater positive with respect to cathode  200amax 

* in cathode-drive circuits with direct-coupled drive, it is permissible for this voltage to be ; 
noo volts under cutoff conditions. 
■ The dc component must not exceed 100 volts. 
Characteristics: 
Plate Supply Voltage    
Cathode-Bias Resistor  
Vmplification Factor  
Plate Resistance (Approx.)  Transconductance  
Plate Current  
Grid Voltage (Approx.) for plate current of 100 jta. 
Maximum Circuit Value: 
Grid-Circuit Resistance.. 

AVERAGE CHARACTERISTICS 

TYPE 6dZ7 
Er =6J VOLTS 

200 300 400 500 PLATE VOLTS 
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MEDIUM-MU TWIN TRIODE 
Miniature type used in direct-coupled, cath- 

ode-drive, rf amplifier circuits in vhf television 
tuners. In such circuits, one triode unit is used 
as the direct-coupled, grounded-cathode driver 
for the other unit. Outline 12, OUTLINES SEC- 
TION. Tube requires miniature nine-contact 
socket and may be mounted in any position. 
Heater volts (ac/dc), 6.3; amperes, 0.4. Type 
6BZ8 is used principally for renewal purposes. 

Maximum Ratings: LLASb At p 
Platk Voltage  
Cathode Current  
Plate Dissipation  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode 
Heater positive with respect to cathode. 

CLASS At AMPLIFIER (Each Unit) 

Characteristics: 
Plate Supply Voltage  
Cathode-Bias Resistor  
Amplification Factor  
Plate Resistance (Approx.)  
Transcon ductance  
Plate Current  
Grid Voltage (Approx.) for transeonduetanee of 50 ^mhos  
Typical Operation and Characteristics {In Cascode-Typc Circuit): 
Plate Supply Voltage  
Grid Voltage  
Transeonduetanee  
Plate Current  
Maximum Circuit Value: 
Grid-Circuit Resistance  
' Whh external shield connected to cathode of unit under test. 

250 max 
20 max 

2.2 max 
200 max 
200 max 

POWER TRIODE 

"(Ty Miniature type used in compact 
l\ ~~"T) radio equipment as a local oscillator 

(A\ /vpV?) 'n and other high-frequency cir- OV^'r 
'C cuits. It may also be used as a class C 

pQJ rf amplifier. In such service, it delivers 
a power output of 5.5 watts at moderate frequencies, and 2.5 watts at 150 mega- 
cycles per second. Outline 11, OUTLINES SECTION. Tube requires miniature 
seven-contact socket and may be mounted in any position. For typical operation 
as a resistance-coupled amplifier, refer to Chart 5, RESISTANCE-COUPLED 
AMPLIFIER SECTION. For additional curve of plate characteristics, refer to 
type 12AU7-A. 
Heater Voltagb (ac/dc)  6.3 volt? 
Heater Current  0.15 ampon 

Direct Intbrelectrode Capacitances (Approx.): 
Grid to Plate  
Grid to Cathode and Heater  
Plate to Cathode and Heater  

* With external shield connected to cathode. 

Without 
External 

Shield 
1.6 
1.8 
1.3 

With 
External 

Shield* 
1.4 
1.8 2 5 

Maximum Ratings: CLA! 
Plate Voltage  
Plate Dissipation  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode 
Heater positive with respect to cathode. 

CLASS Ax AMPLIFIER 
300 mux 
3.5 max 
200 max 
200«7««X 
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Characteristics: 
Plate Voltage    100 250 volte 
Grid Voltage'''    0 -8.5 volts 
Amplification Factor  19.5 17 
Plate Resistance (Approx.)    6250 7700 ohms 
Transconductance  3100 2200 Mnihoe 
Plate Current  11.8 10.5 ma 
Grid Voltage (Approx.) for plate current of 10 Ma  -10 -25 volts 

Transformer- or impedance-type input coupling devices are recommended to minimize resistance in 
the grid circuit. 
Maximum Circuit Values: 
Grid-Circuit Resistance^ 

For fixed-bias operation .  0.25 max. megohm 
For cathode-bias operation  1.0/uu,r megohm 

■ The dc component must not exceed 100 volts. 
RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy 

Maximum Ratings: 
Plate Voltage    300 max volts 
Grid Voltage  -50 mas volts 
Plate Current  25 max ma 
Grid Current  8 max ma 
Plate Dissipation  5 max watts 
Typical Operation at frequencies up to 50 Me: 
Plate Voltage  300 volts 

0.25 max 
1.0 max 

megohm 
megohm 

Grid Voltage  -27 volts 
Plate Current  25 ma 
Grid Current (Approx.)    7 ma 
Driving Power (Approx.)  0.35 watt 
Power Output (Approx.)*  5.5 watts 
• Approximately 2.5 watts power output can be obtained when the 6C4 is used at 150 megacycles as 
nn oscillator with grid resistor of 10,000 ohms and with maximum rated input. 

AVERAGE PLATE CHARACTERISTICS 

300 max volts 
-50 max volts 

25 max ma 
8 max ma 
5 max watts 

300 volts 
-27 voll.s 
25 ma 7 ma 0.35 watt 5.5 watts 

I 
HBE 

m Of 

MEDIUM-MU TRIODE 

6C5 Metal type 6C5 and glass octal """ ] 
type 6C5-GT used as audio amplifier (IV^Vr-'AZ) 

OC5-GT and oscillator. They are also used as H H 

detectors of grid-resistor-and-capaci- secs^ 
tor type or grid-bias type. Outlines 3 ec-rcs-Gi 

and 24, respectively, OUTLINES SECTION. Tubes require octal socket and may 
Ire mounted in any position. Heater volts (ac/dc), 6.3; amperes, 0.3. Maximum 
ratings as class Ai amplifier: plate volts, 300 max; plate dissipation, 2.5 max watts; 
grid volts, positive-bias value, 0 max. Typical operation: plate volts, 250; grid 
volts, -8 (grid-circuit resistance should not exceed 1.0 megohm); amplification 
factor, 20; plate resistance, 10000 ohms; transconductance, 2000 ^mhos; plate ma., 
8. The 6C5-GT is a DISCONTINUED type listed for reference only. 
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SHARP-CUTOFF PENTODE 
Glass type used as biased detector and as a 

high-gain amplifier in radio equipment. Outline 
45, OUTLINES SECTION. Tube requires six- 
contact socket. Heater volts (ac/dc), 6.3; am- 
peres, 0.3. For ratings and typical operation 
data, refer to type 6J7. Type 6CG is used prin- 
cipally for renewal purposes. 

TWIN DIODE— 
MEDIUM-MU TRIODE 

Glass type used as combined detector, am- 
plifier, and avc tube. Outline 40, OUTLINES 
SECTION. Heater volts (ac/dc), 6,3; amperes, 
0.3. This type is similar to, but not interchange- 
able with, type 85. The 6C7 is a DISCON- 
TINUED type listed for reference only. 

MEDIUM-MU TWIN TRIODE 
KT2(Z) Glass octal type used as a voltage amplifier 

✓y and phase inverter in radio equipment. Outline 
Qf, 39, OUTLINES SECTION. Tube requires 

fT2| [ —J ' jPTi octal socket. Heater volts (ac/dc), 6.3; amperes, ^ 
-ALr"~, r"*l JL- 0.3. Maximum ratings for each triode unit as 

class Ai amplifier: plate volts, 250 max; grid 
volts, positive-bias value, 0 max; plate dissi- 
pation, 1.0 max watt. Typical operation: plate 1 volts, 250; grid volts, -4.5; plate ma., 3.2; plate 

resistance, 22500 ohms; amplification factor, 36; transconductance, 1600 /imhos. This typo is used prin 
cipally for renewal purposes. 

6C8-G 

FULL-WAVE VACUUM 
H©^>© RECTIFIER 

"(sV/p ^t(I)P02 Miniature type used in power- 6CA4 
J —' j L. supply of compact, audio equipment 

n<: having moderate dc requirements. Out- 
0- '•© line 18, OUTLINES SECTION. Tube 

pDi nc requires miniature nine-contact socket 
and may be mounted in any position. It is especially important that this tube, like 
other power-handling tubes, be adequately ventilated. 

Heateb Voltage (ac/dc). 
Heatlu Cuurent  

Maximum Ratings: FUU-WAVE RECTIFIER 
Peak Inverse Plate Voltage  
Peak Plate Current (Per Plate)  
AC Plate Supply Voltage (Per Plate, rms) with Capacitor Input to Filter 
DC Output Current  
Hot Switching Transient Plate Current (Per Plate)#  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode    

1000 •max 
450 max 
350 max 
150 max 

Typical Operation with Capacitor Input to Filter: 
AC Plate-to-Plate Supply Voltage (rms)  500 600 700 volts 
Filter-Input Capacitor  50 50 50 Total Effective Plate Supply Impedance per Plate. . 150 200 240 ohms 
DC Output Voltage at Input to Filter (Approx.) 

For dc output current of 150 ma  245 293 347 volts 
# When capacitor-input circuits are used, a maximum peak current value per plate of 1 ampere during 
the initial cycles of the hot-switching transient should not be exceeded. 
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OPERATION CHARACTERISTICS 
FULL-WAVE CIRCUIT CAPACITOR INPUT TO FILTER 

TYPE bCA4 E-f-a 6.3 VOLTS 
SUPPLY FREQUENCY (cPS)sfeO —* — 
CAPACITOR INPUT TO FILTER I 
TOTAL EFFECTIVE PLATE-SUPPLY IMPEDANCE 

CURVE ABC OMMS I f&o! 2001240 

^30 

50 100 ISO 200 2S0 
DC LOAO MILLIAMPERES 92CS-I0379TI 

BEAM POWER TUBE 
Miniature type used in af power 

output stage of radio and television 
receivers. Outline 13, OUTLINES 
SECTION. Tube requires miniature 
seven-contact socket and may be op- 
erated in any position. Heater volts 
(ac/dc), 6.3; amperes, 1.2. 

Maximum Ratings: CLASS ^ AMPLIFIER 
Pl.ATK VOT.TAC.K  
(i[ui)-No.2 (screen-grid) Voltage    
(ikid-No. 1 (control-grid) Voltage, Positive bias value  
Plate Dissipation  
C.rid-No.2 Input  
Peak Heater-Cathode Voltage: 

Healer negative with respect to cathode   
Heater positive with respect to cathode  

JUh.h Temperature (At hottest point)  

Typical Operation: 
Plate Voltage  
Grid-No.2 Voltage  

110 
  110 

125 
125 

volts 
volts 

Grid-No.1 (Control-Grid) Voltage    -4 -4.5 volts 
Peak AF Grid-No.1 Voltage    4 4.5 volts 
Zero-Signal Plate Current    32 37 ma 
Maximum-Signal Plate Current     31 36 ma 
Zero-Signal Grid-No.2 Current (Approx.)    3.5 4 ma 
Maximum-Signal Grid-No.2 Current (Approx.)    1.5 11 ma 
Plate Kesistanee (Approx.)    16000 15000 ohms 
Transeonduetance    8100 9200 ^mhos 
Load Uesistancc    3500 4500 ohms 
Total Harmonic Distortion  6 per cent 
Maximum-Signal Power Output  1.5 watts 

Maximum Circuit Values: 
Grid-No.l-Circuit Resistance: 

For tixed-bias operation  0.1 iucx megohm 
For cathode-bias operation  0.5 mo..c megohm 

0 The do component must not exceed 100 volts. 
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beam power tube 
' :;.rGlass octal types used as hori- 6CB5 

zontal deflection amplifiers in color 
television receivers. Outlines49 and 46, A 

Q-r--^ respectively, OUTLINES SECTION. 
&2 g2 Tubes require octal socket and may be 

mounted in any position. Type 6CB5 is a DISCONTINUED type listed for refer- 
ence only. 

liKATKit Voltage (ac/dc)  
Heater Current.      
Direct Interelectrode Capacitances (Approx.): 

Grid No.l to Plate  
Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3 
Plate to Cathode, Heater, Grid No.2, and Grid No.3  

Tuansconductance*  Uu-Pactor, Grid No.2 to Grid No.l*  
■f\-\>r plate and Krid-No.2 volts, 175; grid-No.l volts, -30; plate ma., 90; grid-No.2 ma., 6. 

HORIZONTAL DEFLECTION 
For operation in a 525-line, 30- 

AMPLIFIER 
•frame system 

Maximum Ratings: 
DC Plate Voltage  
Peak Positive-Pulse Plate Voltage#  
Peak Negative-Pulse Plate Voltage  
DC GRID-NO.2 (SCREEN-GRID) VOLTAGE  
DC Grid-No.1 (control-grid) Voltage. ... 
Peak Negative-Pulse Grid-No.1 Voltage. 
Peak Cathode Current   
Average Cathode Current  
Grid-No.2 Input  
Plate DissiPA'rioNf  
Peak Heater-Cathode Voltage: Heater negative with respect to cathode. . 

Heater positive with respect to cathode. . 
Bn.n Temperature (At hottest point)  

6CB5 SCBo-A 
Design-Center Design-Maxima, 

Values* Values 
700 max 880 max vuUs 

6800° max 6800 max vnU* 
-1500 max -1650 max vi .Us 

200 max 220 max Volts 
-50 max -55 max vnj t s 

-200 max -220 max volts 
- max 850 max nm 

200 max 240 wax ma 
3.6 max 4 max watts 
23 max 26 max waits 

200 max 200 max VllltS 
200Bmax 200"max volts 
210 max 220 max oe 

Maximum Circuit Value: 
Grid-No.l-Circuit Resistance  0.47 ?m'x megohm 
* Exeeptasnoted. 

The duration of the voltage pulse must not exceed 15 per cent of one horizontal scanning cycle. In a 
525-1100, 30-frame system, 15 per cent of one horizontal scanning cycle is 10 microseconds. 
A^mlutc-Maxirnum Value. Under no circumstances should this absolute value be exceeded, 
t An adequate bias resistor or other means is required to protect the tube in the absence of excitation. 
" The de, component must not exceed 100 volts. 

SHARP-CUTOFF PENTODE ArRA 
X Miniature types used in television OwBO 
IV receivers as intermediate-frequency A^RA A 

V VGG amplifier at frequencies up to about 45 O wDO—AA 
,s megacycles per second and as rf am- 

Gi plifier in vhf television tuners. Tubes 
feature very high transconductance combined with low interelectrode capacitance 
values, and are provided with separate base pins for grid No.3 and the cathode to 
permit the use of an unbypassed cathode resistor to minimize the effects of regenera- 
tion. Type 6CB6-A has a controlled heater warm-up time for use in television re- 
ceivers employing series-connected heater strings. Outline 11, OUTLINES SEC- 
TION. Tubes require miniature seven-contact socket and may be mounted in any 
position. For typical operation as a resistance-coupled amplifier, refer to Chart 13, 
RESISTANCE-COUPLED AMPLIFIER SECTION. 
Heater Volts (ac/dc)  
Heater Current  
Heater Warm-up Time (Average) for 6CB6-A. 
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Without With 
Externa I Exierna 1 Direct Interelectrode Capacitances: Shield ShieldA 

Grid No.l to Plate  0.025 max 0,015 max uuf 
Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield  6.5 6.5 upi 
Plate to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield  2 M/zf 
*- With external shield connected to cathode. 

CLASS Aj AMPLIFIER 
Maximum Ratings, (Design-Maximum Values): 
Plate Voltage    330 max volts 
Grid No.3 (suppressor grid) And Internal Shield Connect to cathode at socket 
Grid-No.2 (screen-grid) Voltage  See curve page 66 
Grid-No.2 Supply Voltage  330 max volts 
Grid-No. 1 (control-grid) Voltage, Positive bias value  0 max volts 
Plate Dissipation  2.3 max watts 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts  0.55 max watt 
For grid-No.2 voltages between 165 and 330 volts    See curve page 66 

Peak Heater-Cathode Voltage: 
Heater negative with respect to cathode  200 max volts 
Heater positive with respect to cathode  200oma^ volts 

Characteristics: 
Plate Supply Voltage .    125 volts 
Grid No.3 and Internal Shield Connected to cathode al: socket 
Grid-No.2 Supply Voltage    125 volts 
Cathode-Bias Resistor  56 ohms 
Plate Resistance (Approx.)  0.28 megohm 
Transconductance      8000 ^mhos 
Grid-No.1 Voltage (Approx.) for plate current of 20 n&  -6.5 volts 
Grid-No.1 Voltage (Approx.) for plate current of 2.8 ma. and cathode 

resistor of 0 ohms     -3 volts 
Plate Current   13 ma 
Grid-No.2 Current    3.7 ma 
The dc component must not exceed 100 volts. 

AVERAGE CHARACTERISTICS 

TYPE 6C66-A Ex = «»,a VOLTS 

GRIP-N*I VOLTS EC|sO 
m 

0 SO >00 >SO aoo 2S0 OOO 3S0 AOO PLATE VOLTS 

BEAM POWER TUBE 
6CD6-G Glass octal types used as horizon- C3®w__znl Xs)"4 

tal deflection amplifiers in high-efii- ( X ^X/ L 
ciency deflection circuits of television 
receivers employing either transformer Xv-rrX 
coupling or direct coupling to the de- ocr g3 

flection yoke. Outlines 52 and 46, respectively, OUTLINES SECTION. Tubes 
require octal socket. Type 6CD6-GA may be supplied with pins 1, 4, and 6 omitted. 
Vertical tube mounting is preferred but horizontal operation is permissible if pins 
No. 2 and 7 are in vertical plane. Type 6CD6-G has a maximum peak positive-pulse 
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plate-voltage rating (Absolute Maximum) of 6600 volts, a maximum plate-dissi- 
pation rating of 15 watts, and a maximum bulb-temperature rating (at hottest 
point) of 210° C. Type 6CD6-G is a DISCONTINUED type listed for reference only. 
Heater Voltage uc/dc;  
Heater Current  
Direct Intekglectrode Capacitances (Approx.): 

Grid No.l to Plate  
Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3  
Plate to Cathode, Heater, Grid No.2, and Grid No.3  

Transconductance0    
Plate Resistance (Approx.)0. .    
Mu-Factor, Grid No.2 to Grid No.l0  0For plate and grid-No.2 volts, 175; grid-No.l volts, -30; plate ma., 75; grid-No. 

HORIZONTAL DEFLECTION AMPLIFIER 
Maximum Ratings: For operation in a 525-line, 30-frame system 
DC Plate Voltage  
Peak. Positive-Pulse Plate Voltage* {Absolute Maximum)  
Peak Negative-Pulse Plate Voltage  
DC GKTD-No.2 (SCREEN-GRID) VOLTAGE  
Peak Negative-Pulse Grid-No.1 Voltage  
Peak Cathode Current  
Average Cathode Current  
Plate Dissipation!  
Grid-No.2 Input  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  
Heater positive with respect to cathode    

Buld Temperature (At hottest point)  
AVERAGE CHARACTERISTICS 

6.3 
2.5 
1.1 
8.5 

7700 
7200 
3.9 

2 ma., 5.5. 

eoo. 

MHlllM 

70U max 
imO'nuu 

-1500 max 
175 max 

-200 max 
700 max 
200 max 
20 max 

3 max 
200 max 
200:>/Rfix 
225 max 

type 6CD6-GA E-f = 6.3 VOLTS GftlO-Nt! VOLTS-O 

EC2 176 

if  £0 

25  200 N O H 
V> 

ISO a u a 2 < 100 j 
2 

50 1 
a a 0 0 

/ 
/ —- 

  

D-N*2 f/M ts Ero =IO< 
/ 
> .— ■— 

" GB 
T» 

- 50 

r 
'■£2-2 zzT.   

|50  ---- 125 100 

AVERAGE CHARACTERISTICS 

300 400 PLATE VOLTS 
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Maximum Circuit Values 
Grid-No. 1-Circuit Resistance:. 

For grid-resistor-bias operation  0.47 max megohm 
* The duration of the voltage pulse must not exceed 15 per cent of one horizontal scanning cycle. In 
a 525-line, 30-frame system, 15 per cent of one horizontal scanning cycle is 10 microseconds. 
■ Under no circumstances should this absolute value be exceeded. 

An adequate bias resistor or other means is required to protect the tube in the absence of excitation. 0 The do component must not exceed 100 volts. 

6CE5 

SHARP-CUTOFF PENTODE 
Miniature type used as rf and if 

amplifier in vhf television receivers 
employing series-connected heater 
strings. Outline 11, OUTLINES SEC- 
TION. Tube requires miniature seven- 
contact socket and may be operated 
in any position. 

Heater Volts (ac/pc)  
Heater Current  
Heater Warm-Up Time.(Average)  
Direct Interelectrode Capacitances:0 

Grid No.l to Plate  
Grid No.l to Cathode, Heater, Grid No.2, 

Grid No.3, and Internal Shield  
Plate to Cathode, Heater, Grid No.2, 

Grid N'o.3, and Internal Shield  
Without external shield. 

Maximum Ratings: CLASS Ai AMPLIFIER 
Plate Voltage  
Grid-No.2 (screen-grid) Voltage  
Grid-No.1 (control-grid) Voltage, Positive bias value  
Grid-No.2 Input  Plate Dissipation    
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  
Heater positive with respect to cathode  

■ The dc component must not exceed 100 volts. 
Characteristics: 
Plate Voltage  
Grid-No.2 Voltage  
Grid-No.1 Supply Voltage  
Grid-No.1 Resistor (Bypassed)  
Plate Resistance (Approx.)    
Transconductance  
Grid-No.1 Voltage (Approx.) for plate ^3=35  
Plate Current  
Grid-No.2 Current  

300 max 
1 50 max 

0 max 
0.5 max 

2 max 
200 max 
200Bma.r 

volts 
volts 
volt 

megohm 
megohm 

amhos 
volts 

SHARP-CUTOFF PENTODE 
Miniature type used in television " K —-wV^2 

JLfEjL receivers as an intermediate-frequency \) 
Ov^rO amplifier at frequencies up to about 45 )(z)C3 

megacycles per second and as an rf ^ 
amplifier in vhf television tuners. Be- Gi 

cause of its plate-current cutoff characteristic, this type is used in gain-controlled 
stages of video if amplifiers. This type is electrically similar to miniature type 
6BC6. Outline 11, OUTLINES SECTION. Heater volts (ac/dc), 6.3; amperes, 0.3. 
Characteristics: 
Plate Supply Voltage  125 volts 
Grid No.3 and Internal Shield Connected to cathode at socket 
Grid-No.2 Supply Voltage  
Cathode-Bias. Resistor    
Plate Resistance (Approx.)  
Transconductance.    
Grid-No 1 Voltage (Approx.) for plate current of 20   
Grid-No.1 Voltage (Approx.) for plate current of 2.2 ma. and cathode 

resistor of 0 ohms  
Plate Current  
Grid No.2 Current  

volts 
ohms 

megohm 
M'nhos 

volts 
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MEDIUM-MU TWIN TRIODE 
Miniature type used as combined _ _ _ _ 

ly.""""""[[) vertical deflection and horizontal de- OCw/ 
Gt(£M flect'on oscillator in television re- 

2 (V5^~-W?) T' ceivers. Also used as phase inverter, Pt2 13 sync separator and amplifier, and re- 
sistance-coupled amplifier in radio receivers. This type has a controlled heater 
warm-up time for use in receivers employing series-connected heater strings. Excepi 
for the common heater, each triode unit is independent of the other. Outline 14. 
OUTLINES SECTION. Tube requires miniature nine-contact socket and may be 
mounted in any position. For typical operation as a resistance-coupled amplifier, 
refer to RESISTANCE-COUPLED AMPLIFIER SECTION. 
Heater Voltage (ac/dc)  6.3 volt- 
Heater Current  0.6 ampon 
Heater Warm-Up Time (Average)    11 seconds 
Direct Interelectrode Capacitances (Each Unit, Approx.): 

Grid to Plate  4.0 #i/d 
Grid to Cathode, Heater, and Internal Shield  2.3 
Plate to Cathode, Heater, and Internal Shield  2.2 /i/d 

CLASS Ai AMPLIFIER (Each Unit) 
Maximum Ratings, (Dwign-Maximum Values): 
Plate Voltage    
Grip Voltage, Positive bias value  
Plate Dissipation: 

For either plate  
For both plates with both units operating  

Cathode Current  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  
Heater positive with respect to cathode  

Characteristics: 
Plate Voltage  90 
Grid Voltage  0 
Amplification Factor  20 
Plate Resistance (Approx.)  6700 
Transconductance  3000 
Grid Voltage (Approx.) for plate current of 10 ^a  —7 Plate Current for grid voltage of -12.5 volts  - 
Plate Current  10 
Maximum Circuit Value: 
Grid-Circuit Resistance: 

For fixed-bias operation  
■ The de component must not exceed 100 volts. 

330 tuox, 
0 max 
4 max 

5.7 max 
22 max 

200 max 200B7Ru.r 

AVERAGE PLATE CHARACTERISTICS row CACH UNIT 
TYPE 6CG7 If * 6.3 VOLTS 
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OSCILLATOR 
/''or opcralion in a 525-Une, 30-frame system 

Vertical Horizontal 
Maximum Ratings, {Design-Maximum Values> Each Unit); 

Deflection Deflection 
Oscillator Qscillotox 

DC Plate Voltage  330 max 330 max volts Peak Negative-Pulse Grid Voltage  -440 max -660 max volts Peak Cathode Current   77 max 330 max ma 
Average Cathode Current  22 max 22 max ma Plate Dissipation: 

For either plate  4 max 4 max watts 
For both plates with both units operating  5.7 max 5.7 max watts 

Peak Heater-Cathode Voltage: 
Heater negative with respect to cathode  200 max 200 max volts 
Heater positive with respect to cathode  200amax 200BmcLr volts 

Maximum Circuit Value: 
Grid-Circuit Resistance  2.2 max 2.2 ynax megohms 
■ The dc component must not exceed 100 volts. 

MEDIUM-MU TRIODE— 
SHARP-CUTOFF PENTODE 

6CG8 Miniature types used as combined K®(fipL O©02 P 

oscillator and mixer tubes in television """ vi-N 
A receivers utilizing an intermediate fre- LA^^3p 

0>< wO—A\ quency in the order of 40 megacycles 0" -{9) 
per second. When used in an AM/PM GT G|p 

receiver, the triode unit is used as an oscillator for both sections. In the AM section, 
the pentode unit is used as a high-gain pentode mixer; in the PM section, the 
pentode unit is used either as a pentode mixer or as a triode-connected mixer de- 
pending on signal-to-noise considerations. Type 6CG8-A has a controlled heater 
warm-up time for use in television receivers employing series-connected heater 
strings. Outline 12, OUTLINES SECTION. Tubes require miniature nine-contact 
socket and may be mounted in any position. Heater volts (ac/dc), 6.3; amperes, 
0.45; warm-up time (average) for 6CG8-A, 11 seconds. Maximum ratings, char- 
acteristics, and typical operating values are the same as those of miniature type 
6X8. For curves of average characteristics, see type 6X8. The 6CG8 is a DISCON- 
TINUED type listed for reference only. 

Without With 
Direct Interelectrode Capacitances: fr:c/crnai 
Triode Unit: ShteU Shield' 

Grid to Plate  1.5 1.5 ufit 
Grid to Oatbode, Heater, and Pentode Grid No.3  2 2.4 
Plate to Cathode, Heater, and Pentode Grid No.3  0.5 1 

Pentode Unit: 
Grid No.1 to Plate  0.04 max 0.02 ■mar 
Grid No. 1 to Cathode, Heater, Grid No.2, and Grid No.3 4.6 4.8 
Plate to Cathode, Heater, Grid No.2, and Grid No.3... 0,9 1.6 a^f 

Pentode Grid No.l to Triode Plate  0.05 max 0.04 max uuf 
Pentode Plate to Triode Plate  O.OB max 0.008 max uuf 
Ifoater to Cathode  6.5 6.5* uuf 0 With External shield connected to cathode, except as noted. 
• With external shield connected to plate. 

MEDIUM-MU TRIODE— H h^S 
SHARP-CUTOFF PENTODE 

G2Pf~\A'f=-\ "I /^N^lP Jtf'lJQ Miniature type used in a wide (Air 
^® variety of applications in television ppurj/ ai|fDGT 

receivers. The pentode unit is used as 
an if amplifier, video amplifier, age (A—0?) 
amplifier, or reactance tube.The triode KT PT 

unit is used in low-frequency oscillator, sync-separator, sync-clipper, and phase- 
splitter circuits. Outline 12, OUTLINES SECTION. Tube requires miniature 
nine-contact socket and may be mounted in any position. For curves of average 
plate characteristics, refer to type 6AN8. The pentode-unit curve for the 6AN8 
applies for this type except that grid No.3, heater, and internal shield (pin 5) are 
connected to ground. 
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Shield Shield0 

1.5 1.5 Uflt 2 2.4 nnf 0.5 1 UMf 
0.04 max 0.02 max 
4.6 4.8 UMf 0,9 1.6 UMf 0.05 max 0.04 max uuf 

0.05 max 0.008 max MMf 6.5 6.5* UMf 
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Heater Voltage (ac/dc)  
Heater Current  
Direct Interelectrode Capacitances: 
Triode Unit: 

Grid to Plate  
Grid to Cathode, Heater, Pentode Grid No.3, and Internal Shield  
Plate to Cathode, Heater, Pentode Grid No.3, and Internal Shield  

Pentode Unit: 
Grid No.l to Plate  
Grid No. 1 to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield 
Plate to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield. . 

Triode Grid to Pentode Plate  
Pentode Grid No.l to Triode Plate  
Pentode Plate to Triode Plate  

CLASS Ax AMPLIFIER 
Maximum Ratings: 
Plate Voltage  
Grid No.3 (suppressor grid), Heater, 

And Internal Shield (Pin 5)  
Grid-No.2 Supply Voltage  
Grid-No.2 (screen-grid) Voltage  
Grid-No.1 (control-grid) Voltage, Positive-bias value  
Plate Dissipation  
Grid-No.2 Input: 

For grid-No.2 voltages up to 150 volts  
For grid-No 2 voltages between 150 and 300 volts  

Peak Heater-Cathode Voltage: 
Heater negative with respect to cathode  
Heater positive with respect to cathode  

Triode Unit Pentode Unit 
300 max 300 max volts 
- Connect to ground at socket 
- 300 max volts 
- See curve page 

0 max 0 max volts 
2.6 max 2 max watts 
- 0.5 max wati 
- See curve page 6K 

200 max A max volts 
200omax 0 mux volts 

Characteristics: 
Plate Supply Voltage  
Grid No.3, Heater, and Internal Shield  
Grid-No.2 Supply Voltage  
Grid Voltage  
Cathode-Bias Resistor  
Amplification Factor  
Plate Resistance (Approx.)  
Transconductance  
Grid-No.1 Voltage (Approx.) for plate current of lO^a. 
Plate Current  
Grid-No.2 Current  

200 200 volts 
- Connectedtogroundatsocki i 

Maximum Circuit Values: 
Grid-No. 1-Circuit Resistance:^ 

For tixed-bias operation  0.5 max 0.25 max megohm 
For cathode bias operation  1.0 max 1.0 mux megohm 0 The dc component must not exceed 100 volts. 

* The heater-cathode voltage should not exceed the value of the operating cathode bias because tlm 
voltage between the heater and cathode is also applied between the cathode and grid No.3. The m i 
result is to make grid No.3 negative with respect to cathode with possible change in tube characteristics. 
* If either unit is operating at maximum rated conditions, grid No.l-crrcuit resistance for both unhs 
should not exceed the stated values. 

LOW-MU TRIODE 
Glass octal type used as a vertical-deflec- 

tion-amplifier tube in television receivers. Out- 
line 26, OUTLINES SECTION. Tube requires 
octal socket and may be mounted in any posi- 
tion. Type 6CK4 is used principally for renewal 
purposes. 

Heater Voltage (ac/dc)  
Heater Current  
Ampltfication Factor0  
Plate Resistance (Approx.)0  
Transconductance  
0 For plate volts, 250; grid volts, -28; plate ma., 40. 
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VERTICAL-DEFLECTION AMPLIFIER 
For operation in a 525-line, 30-frame system 

Maximum Ratings, (Design-MaximumValues): 
DC Plate Voltage  550 max volts 
Peak Positive-Pulse Plate Voltage*  2000 max volts 
Peak Negative-Pulse Grid Voltage  250 max volts 
Peak Cathode Current  350 max ma 
average Cathode Current  100 max ma 
Plate Dissipation  12 max watts 
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode   200 max volts 
Heater positive with respect to cathode  200*max volts 

Maximum Circuit Value; 
Grid-Circuit Resistance: 

For cathode-bias operation  2.2 max megohms 
• The duration of the volta&e pulse must not exceed 15 per cent of one vertical scanning cycle. In a 
525-jine, 30-frame system, 15 per cent of one vertical scanning cycle is 2.5 milliseconds, 
* The dc component must not exceed 100 volts. 

2.2 max megohms 

POWER PENTODE Q-yMp 
Miniature type used in output ^(JyT, r^T—j0?s 

ACL6 stage of video amplifier of television | - ) receivers and as wide-band amplifier 
tube in industrial and laboratory equip- 
ment. Outline 14. OUTLINES SEC- k ci 

TION. Tube requires miniature nine-contact socket and may Le mounted in any 
position. 
Heater Voltage (ac/dc)  6.3 volts 
Heater Current  0.65 ampere 
Direct Interelectrode Capacitances (Approx.): 

Grid No.l to Plate  0.12 j^f 
(irid No.l to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield 11 a(if 
Plate to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield  5.5 t^f 

Maximum Ratings: CLASS Aj AMPLIFIER 
Plate Voltage  300 max 
Grid No.3 (Suppressor Grid) Connect to cathode 
GltIP-NO.2 (SCREEN-GRID) SUPPLY VOLTAGE  300 max 
Grid-No.2 Voltage  150 max 
Grio-No.i (control-grid) Voltage: 

Negative bias value  -50 max 
Positive bias value  0 max 

Plate Dissipation  7.5 max 
Grid-No.2 Input  1.7 max 
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  100 max 
Heater positive with respect to cathode  100 max 

Buld Temperature (At hottest point)  200 max 
AVERAGE CHARACTERISTICS 

volts 
at socket 

volts 
volts 

m 
TYPE6CL6 Ef = 6.3 VOLTS 

% 

GRID-N*! VOLTS EC|=0 

1 
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Typical Operation: 
Plate Voltage      250 
Grid No.3 and Internal Shield Connected to cathode : 
Grid-No.2 Voltage  150 
Grid-No.l Voltage  -3 Peak AF Grid-No.l Voltage  3 
Zero-Signal Plate Current  30 
Maximum-Signal Plate Current  31 
Zero-Signal Grid-No.2 Current  7 
Maximum-Signal Grid-No.2 Current  7.2 Plate Resistance (Approx.)  0.09 
Transconductance  11000 
Grid-No.l Voltage (Approx.) for plate current of 10   -14 Load Resistance  7500 
Total Harmonic Distortion  8 
Maximum-Signal Power Output  2.8 
Typical Operation in 4-Mc-Bandwidth Video Amplifier: 
Plate Supply Voltage  300 
Grid No.3 and Internal Shield Connected to cathode £ 
Grid-No.2 Supply Voltage  
Grid-No.l Bias Voltage  
Grid-No.l Signal Voltage (Peak to Peak). 
Grid-No.2 Resistor  
Grid-No.l Resistor  
Load Resistor  
Zero-Signal Plate Current  
Zero-Signal Grid-No.2 Current  
Voltage Output (Peak to Peak)  
Maximum Circuit Values: 
Grid-No.l Circuit Resistance: 

For fixed-bias operation  
For cathode-bias operation  

0.1 max 
0.5 max 

volts 
at socket volts 

volts 
volts 
ohms 

megohm 
ohms 

ma 
ma 

volts 

megohm 
megohm 

H A PTR medium-mu triode- 
G2 SHARP-CUTOFF TETRODE 6CL8 

KT(iY/ -'->(2) 2tb Miniature types used as combined 
oscillator and mixer in television Q A 

receivers employing series-connected OS»LO""/^ 
 (9) heater strings. Outline 12, OUTLINES 

Gt G|tb SECTION. Tubes require miniature 
nine-contact socket and may be mounted in any position. For maximum ravings 
as class A, amplifier, see type 6U8-A. Type 6CL8 is a DISCONTINUED type 
listed for reference only. 
Heater Voltage (ac/dc)  G.3 volts 
Heater Current  0.45 ampere 
Heater Warm-Up Time (Average)  11 seconds 

CLASS A! AMPLIFIER 
Characteristics: 
Plate Supply Voltage  Grid-No.2 (Screen-Grid) Voltage. 
Grid-No.l Voltage  
Amplification Factor  
Transconductance  
Grid-No.l Voltage (Approx.) for plate current of 20 
Plate Current  
Grid-No.2 Current    
Maximum Circuit Values: 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation  
For cathode-bias operation  

Triode Unit Tetrode Unit 
CCL.v 6CL8-A 6CL8 6CL8-A 

125 125 125 125 volts - _ 125 125 volts 
-1 -1 -1 -1 vole 
40 40 _ 

0.005 0.005 0.12 0.2 megohm 
8000 8000 6000 6500 nmhos 

-9 -9 -10 -9 volts 
14 14 12 12 ma 
- - 4 4 ma 

Triode Unit Tetrode Unit 
0.5 max 0,25 wax megohm 

1 max 1 max megohm 

BEAM POWER TUBE 
Gi^/T Miniature type used as vertical 

*>63 deflection amplifier in television re- ACAAA 
ceivers and as audio power amplifier 

NC rv LA N0 'n radio and television receivers. Out- g2W Wp line 14, OUTLINES SECTION. Tube 
requires miniature nine-contact socket and may be mounted in any position. For 
typical operation and maximum circuit values as class Ai amplifier, refer to type 
GV6-GT. For curves of average plate characteristics, refer to type 6AQ5-A. 
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Heatek Voltage (ac/dc)  6.:? volt s 
Heater Current  0.45 ampere 
Amplification Factor*  9.8 
Plate Resistance (Approx.)*  I960 ohms 
Transconductance*  5000 jlinhus 
* Grid No.2 connected to plate; plate and grid-No.2 volts, 250; grid-No. 1 volts, -12.5; plate and grid- 
No.2 ma., 49.5. 

CLASS Ai AMPLIFIER 
Maximum Ratings: 
Plate Voltage    315 ukkc volts 
Grii>-No.2 (screen-grid) Voltage  285 max volts 
Grid-No.2 Input  2 max watts 
Plate Dissipation  12 max watts 
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  200 max volts 
Heater positive with respect to cathode  200"rt/a.t volts 

VERTICAL DEFLECTION AMPLIFIER 
For operation in a 525-line, 30-frame system 

Triode Pentode Maximum Ratings: Connection0 Connection 
DC Plate Voltage  315 wax 315 wax volts 
Peak Positive-Pulse Plate VoLTAGEt (Absolute Maximum) .. 2000*m«.e 2000*-m«j- volts 
DC Grid-No.2 (screen-grid) Voltage  - 285 wax volts 
Peak Negative-Pulse Grid-No.1 (control-grid) Voltage . -250 max -250 max volts Peak Cathode Current  120 max 120 wax ma 
Average Cathode Current  40 max 40 max ma 
Plate Dissipation  9 max 8 wax watts 
Guid-No.2 Input  - 1.75 wax watts 
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  200 max 200 max volts 
I [crater positive with respect to cathode   200Bwax 200Bw«x volts 

Maximum Circuit Values: 
Grid-No. 1-Circuit Resistance: 

For cathodo-bias operation  2.2 max 2.2 max megohms 
0 Grid No.2 connected to plate. 
t The duration of the voltage pulse must not exceed 15 per cent of one vertical scanning cycle. In a 525- line, 30-frame system, 15 per cent of one vertical scanning cycle is 2.5 milliseconds. 
* Under no circumstances should this absolute value be exceeded. 
■ The dc component must not exceed 100 volts. 

MEDIUM-MU DUAL TRIODE 
Miniature type used as combined KT|(3y1;p5 

JLf*kA'T vertical deflection oscillator and vertical 
OVrflVlr deflection amplifier in television receiv- ncCEvsO- 

ers employing series-connected heater (jX^ 
strings. Unit No.l is used as a conven- pT2 

tional blocking oscillator in vertical deflection circuits, and unit No.2 as 
deflection amplifier. Outline 14, OUTLINES SECTION. Tube requires 
nine-contact socket and may be mounted in any position. 

KT2 
a vertical 
miniature 

Heater Voltage (ac/dc)   
Heater Current  
Heater Warm-up Time (Average)  
Direct Interelectrode Capacitances (Approx.): 

Grid to Plate  
Grid to Cathode and Heater  
Plate to Cathode and Heater  

Unit No.l 3.8 
2 0.5 

I7ni< No. i 3 3.5 
0.4 

VERTICAL DEFLECTION OSCILLATOR AND AMPLIFIER 
For operation in a 525-line, 30-frame system 

Maximum Ratings, (Design-Maximum Values): 
DC Plate Voltage  
Peak Positive-Pulse Plate Voltage #  
Peak Negative-pulse Grid Voltage  
Peak Cathode Current  
Average Cathode Current  
Plate Dissipation  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode. . . 
Heater positive with respect to cathode  

Unit No.l (Jnit No. 
Oscillator Amplifier 
550 max 550 max volts - 2200 max volU -220 max -220 max volts 77 max 77 max ma 17 max 22 max ma 1.45 max 6 max wails 
200 max 200 max volts 2004max 200Amax volts 



Technical Data 

Maximum Circuit Values: 
Grid-Circuit Resistance: 

For fixed-bias operation  2,2 max 1.0 max metfonms 
For cathode-bias operation  2.2 max 2.5 max me^ihms 
For grid-resistor-bias operation  2.2 max - megohms 

•- The duration of the voltage pulse must not exceed 15 per cent of one vertical scanning cycle, In n 525- 
line, 30-frarne system, 15 por cent of one vertical scanning cycle is 2.5 milliseconds. 4 The dc component must not exceed 100 volts. 

CLASS Ai AMPLIFIER 

Characteristics: 
Plate Voltage  
Grill Voltage  
Amplification Factor  
Plate Resistance (Approx.)  
Transconductance  Grid Voltage (Approx.) for plate current of 10 jia. 
Plate Current  
Plate Cm-rent for grid voltage of-10 volts  

Unit No.l 
Oscillator 

200 
Unit NuU 
A mplifier 

250 
-8 
18 

1100 
1400 

AVERAGE CHARACTERISTICS UNIT NSI 
TYPE 6CM7 
Ef = 0.3 VOLTS 

TA 
fA 

fA fA 
Si 01 

K 

300 400 PLATE VOLTS 

AVERAGE CHARACTERISTICS UNIT N*2 

inwflHMHn 

mam 

mmmmm 

warn 

msm 

400 500 
PVATg VOLT* 
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HIGH-MU TRIODE- H A 
SHARP-CUTOFF PENTODE Rp 

jr x* q Miniature type used in variety of ; 
0>««fVlO applicationsintelevisionreceivers.Tlie rslllf-' ^ 

pentode unit is used as an intermedi- 
ate-frequency-amplifier, a video-am- pO"~ 
plifier, an age-amplifier, or as a react- 

ance tube. The triode unit is used in sweep-oscillator, sync-separator, sync 
and phase-splitter circuits. Outline 12, OUTLINES SECTION. Tube 
miniature nine-contact socket and may be mounted in any position. 

^-clipper, 
requires 

HF.ATKn VOLTAGfc (AC/DC)  
HCATRR CrRIJENT  
Hkati.r W vum-up Time (Average). 

CLASS Ax AMPLIFIER 
Maximum Ratings: Triode Unit Pentode Unit 
P/.ATt; Voltage   300 max 300 max Volts 
C.rlin»-\0.2 i'SCKKEN-GKID) SUPPLY VOLTAGE  . 300 max vultp 
GUiD-NO.2 Voi.TAGE  See cur va page 6f> 
Guid-\o.\ (control-grid) Voltage, Positive-bias value... 0 max 0 max volts 
Plate I ussipation  1 max 2 max watts 
Gki»-\'</.2 Input: 

For gr'ul-Xo.2 voltages up to 150 volts  . 0. 5 max wan 
For grid-N'o.2 voltages between 150 and 300 volts  - See curve page 60 

Peak Heater-Cathode Voltage: 
HoaU r negative with respeet to cathode  200 -max 200 max volts 
Heat or positive with respect to cathode  200Bmaj: 200B//m.e Volts 

Characteristics? Triode l7nil Pentode T'nil 
Plai" Supplv Voltage  250 250 volts 
G:kI-\'o.2 Supply Voltage  , 150 volts 
(iri'J V oltage  -2 - volrs 
Calhode-Bias Resistor  , 180 ohms 
Amplification Factor   100 - 
Plate Resistance (Approx.)   0.05 0.6 megobm 
Transeonductance  2000 6200 /imlios 
Grid-No.1 Voliage (Approx. for plate current of 10 jia)  . -8 volts 

1.8 
Grid-Vo.2 Current     2.8 ma 
Maximum Circuit Values: 
Grid-Xo.1 -Circuit Resistance: Triode Unit Pentode Unit 

For fixed-bias operation  0.25 max 0.25 max megohm 
For cathode-bias operation   1 max 1 max megoli m 

1 The do eomponent must not exceed 100 volts. 

TWIN-DIODE—HIGH-MU TRIODE 
r *•> •. | -j Miniature type used as combined rSStN 
O^fM/ horizontal phase detector and react- (Iavv-' /a) 

ance tube in television receivers em- Pc>' 
ploying series-connected heater strings. p0vN 'A2) M 
The triode unit is used in sync-sepa- 

rator, sync-amplifier, or audio amplifier circuits. Outline 12, OUTLINES SEC- 
TION. Tube requires miniature nine-contact socket and may be mounted in any 
position. For typical operation of triode unit as resistance-coupled amplifier, refer 
to RESISTANCE-COUPLED AMPLIFIER SECTION. For curve of average 
plate characteristics for triode unit, refer to type 6T8-A. 

H-Kate?. Arrangement: 
RE ViER Voltage (ac/dc) . 
Heater Current  
VCarm-Vp Tf-ME (Average). 
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TRIODE UNIT AS CtASS Ai AMPLIFIER 
Maximum Ratings, (Design-Maximum Values): 
Plate Voltage  
Grid Voltage, Positive bias value    
Plate Dissipation  
Peak Heater-Cathode Voltage: 

I [eater negative with respect to cathode  
Heater positive with respect to cathode  

Characteristics: 
Plate Voltage  
Grid Voltage  
Amplilication Factor  
Plate Resistance (Approx.). 
Transconductance  
Plate Current  

Maximum Ratings: 
Plate Current (Each Unit)  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode. . . . 
Heater positive with respect to cathode. 

■ The dc component must not exceed 100 volts. 

DIODE UNITS 

h MEDIUM-MU TRIODE— 
h(4^U®tr

k SHARP-CUTOFF TETRODE 
C2tr0^2^^©1s Miniature type used in a wide 

^ variety of applications in color and O^^fO 
gitr^xv-^^Nblack-and-white television receivers 

employing series-connected heater 
PT Ct strings. Especially useful as combined 

vhf oscillator and mixer in tuners of television receivers utilizing an intermediate 
frequency in the order of 40 megacycles per second. The tetrode unit is used as a 
mixer, video if amplifier, or sound if amplifier tube. The triode unit is used in vhf 
oscillator, phase-splitter, sync-clipper, sync-separator, and rf amplifier circuits. 
Outline 12, OUTLINES SECTION. Tube requires miniature nine-contact socket 
and may be mounted in any position. 
11 eater Voltage (ac/dc)  6.3 volts 
Heater Oitkrent  0.45 inniH-re 
Heater Waum-Up Time (Average)  11 seconds 

Direct Inteuelectuode Capacitances: 
Triode Unit: 

Grid to Plate  
Grid to Cathode and Heater  
Plate to Cathode and Heater  

Tetrode Unit: 
Grid No.l to Cathode, Heater, Grid No.2 and Internal 

Shield  
Plate io Cathode, Heater, Grid No.2, and Internal Shield 

Tetrode Plate to Triode Plate  
Heater to Cathode (Each Unit)  
■ "With external shield connected to cathode ol unit under test, 
t With external shield connected to ground. 

Characteristics: 
Plate-Supply Voltage  
Gnd-No.2 Supply Voltage  
Grid-No.1 Voltage    
Cathode-Bias Resistor  
Amplilication Factor  
Plate Resistance (Approx.)  
Transconductance  
Grid-No.l Voltage (Approx.) for plate current of 100/ia. .. . 
Plate Current  
Grid-No.2 Current  

6.3 VoitS 
0.45 ampere 

11 soronds 

Without With 
External External 
Shield Shieldm 

1.8 1.8 «Mf 
2.7 2.7 
0.4 1.2 U,lf 

0.019 max 0.015 max Ujl f 
5.0 5.0 Uf-ii 
2.5 1.3 up I 

0.07 max 0.01 ina;c n-f-d 
3.0 3.Of nut 
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CLASS A, AMPLIFIER 
Maximum Ratings, {Design-MaximumValucs): 

f. Voltage  
Gui)>N(.c (screek-grid) Supply Voltage! 
(ilOO-N'O.'J \ OLTAGE  
(h:U)-Xo.1 (.con-troi.-grid) Vot.tage, Positive bias value . 
I'i \ i'K Dissipation  
CGa'n-No.2 Input: 

Foe ^rid-No.2 voltages up to 165 volts  
For grid-No.2 voltages between 165 and 330 volts . . . . 

Gun) Inpl't  
i'EAK tiEATGR-CATHODE VOLTACiE: 

Ueatvr negative with respect to cathode  
Heater positive with respect to cathode  

Maximum Circuit Values: 
Grid-No. I-Circuit Resistance: For tixed-bias operation  

For cathode-bias operation  
A The dc component must not exceed 100 volts. 

Triode Unit 
330 max 

0 max 
3.1 max 

200 wax 
200* max 

0.5 max 
1.0 wax 

Tetrode L'v.it 
330 max volts 
330 wax volts 
See curve page 66 

0 wax volts 
3.2 wax wat's 
0.7 wax wat t 

See curve page 66 
- wa 11 

200 wax volts 
200* max volts 

0.25 /Max mogohm 
1. 0 wax megohm 

DIODE—REMOTE-CUTOFF h-s ^ 
PENTODE 

Miniature type used as combined 
OC.KO detector and audio amplifier in auto- (2kV,'5?ITx?'\ 

mobile and ac-operated radio receivers. pD \w__Jg/-'Gip 
The diode unit is used as an AM de- 
tector, and the pentode unit as an K'G:i? 

aulimiutic-volume-controlled audio amplifier. Outline 11, OUTLINES SECTION. 
Heater volts (ac/dc), 6.3; amperes, 0.3. Except for heater rating, this type is iden- 
tical with miniature type 12CR6. 

PENTAGRID AMPLIFIER 
, _ Miniature type used as a gated HM\\ fEEEwTpS 
C)v<dO amplifier in television receivers. In 

such service, it may be used as a com- KvSAAyXj AX 
bined sync separator and sync clipper. G5 

Outline 11, OUTLINES SECTION. G| 

Tube requires miniature seven-contact socket and may be mounted in any position. 
IIcater Voltage (ac/dc)  6.3 volts 
Heatuu Current  0.3 ampere 

CLASS Ai AMPLIFIER 
Characteristics: 
Plato Voltage  101 
{irirls-Xo.2-and-No.4 Voltage  3( 
(lrid-No.3 Voltage  -] 
Grid-No.1 Voltage  < 
Plate Resistance (Approx.)  0.' 
Grid-No.3-to-Plate Transconductance  I50( 
Grid-No.l-to-Plate Transconductance  - 
Plate Current  0 J 
Grids-No.2-and-No.4 Current  5.{ 
Grid-No.3 Voltage (Approx.) for plate current of 50 ^a.... -2.1 
Grid-No.1 Voltage (Approx.) for plate current of 50 ^a.... - 

GATED AMPLIFIER SERVICE 
Maximum Ratings: 
Plate Voltage  
Grids-No.2-and-No.4 Supply Voltage  
Grids-No.2-and-No.4 Voltage  
Pi.ate Dissipation   
Gp,ids-No.2-ani>-No.4 Input: 

For grids-No.2-and-No.4 voltages up to 150 volts  
For grids-No.2-and-No.4 voltages between 150 and 300 volts.. 

Cathode Current  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  
Heater positive with respect to cathode  

Volls 
voli* 
voh 
voii 

megohrn 
amhos amhns 

300 max 
300 ?/iax 
See curve j 

1 max 
1 max 

See curve ] 
14 max 

200 max 
200"wax 
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Maximum Circuit Values: 
Grid-No.1-Circuit Resistance  
Grid-No.3-Cireuil Resistance  
"The do component must not exceed 100 volts 

0.47 max megohm 
2.2 max megohms 

H®-^©PT' mediuaa-aau dual triode 
-KvT) Miniature type used as combined 

Gt2 |^ T) 071 vertical deflection oscillator and verti- 
SX'TN/aS) cal deflection amplifier in television re- 

Nc PjV T~>) KT' ceivers employing series-connected pT2 kt2 heater strings. Unit No.l is used as a 
conventional blocking oscillator in vertical deflection circuits, and unit No.2 as a 
vertical deflection amplifier. Outline 14, OUTLINES SECTION. Tube requires 
miniature nine-contact socket and may be mounted in any position. 

Heater Voltage  
ILeateu Current  
JI eater War m-C p Time (Average) . 

CLASS Ai AMPLIFIER 
Characteristics: Unit No. 1 Unit No. 2 
Plate Voltage  250 250 volts 
Grid Voltage  -8.5 -10.5 volts 
Amplification Factor  17 15 5 
Plate Resistance (Approx.)  7700 3450 ohms 
Transconductance  2200 4500 umhos 
Grid Voltage (Approx.) for plate current of 10 /xa  -24 - volts 
Grid Voltage (Approx.) for plate current of 50 /xa  - -22 volts 
Plate Current  10.5 19 ma 
Plate Current for grid voltage of -16 volts  - 3 ma 

VERTICAL DEFLECTION OSCILLATOR AND AMPLIFIER 
For operation in a 525-line, 30-frame system 

Maximum Ratings: Unit No. 1 Unit No. 2 
Oscillator Amplifier 

DC Plate Voltage  500 max 500 max volts 
Peak Positive-Pulse Plate VoLTAGEf (Absolute Maximum) - 2200Am«a' volts 
Peak Negative-Pulse Grid Voltage  -400 max -250 max volts 
Peak Cathode Current  70 max 105 max ma 
Average Cathode Current  20 max 30 max ma 
Plate Dissipation  1.25 max 6.5 max watts 
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  200 max 200 max volts 
Heater positive with respect to cathode  2(){)amax 200 "wax volts 

Maximum Circuit Values: 
Grid-Circuit Resistance  2.2 max 2.2 max megohms 
t The duration of the voltage pulse must not exceed 15 per cent of one vertical scanning cycle. In a 
525-line, 30-frame system, 15 per cent of one vertical scanning cycle is 2.5 milliseconds. 
* Under no circumstances should this absolute value be exceeded. 
■ The do compomuvt must not exceed 100 volts. 

BEAM POWER TUBE 
Miniature type used in the audio 

output stage of television receivers. 
Outline 13, OUTLINES SECTION. 
Tube requires miniature seven-contact 
socket and may be mounted in any 
position. 

6CU5 

Heater Voltage (ac/dc)  
Heater Current ]. 
Direct Interelectrode Capacitances (Approx.): 

Grid No.l to Plate  
Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3 
Plato to Cathode, Heater, Grid No.2, and Grid No.3...., 
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CLASS A! AMPLIFIER 
Maximum Ratings, {Design-Mammum Values): 
Plate Voi.taoe  
(iRiD-NTo,2 '» screen-grid) Voltage  
Grid-No.1 CconthoIj-guid) VoI/TAGE, Positive bias value  
Plate Dissipatiov  
Grid-No.2 Input  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  
Heater positive with respect to cathode  

Bulb Temperature (At hottest point)  
■ The dc component must not exceed 100 volts. 
Typical Operation: 
Plate Voltage  
Grid-No.2 Voltage  
Grid-No.1 Voltage  
Peak AF Grid-No.1 Voltage  Zero-Signal Plate Current  
\Iaxi mum-Signal Plate Current  
Zero-Signal Grid-No.2 Current  
Maximum-Signal Grid-No.2 Current  
Plate Resistance (Approx.)  
Transconductance  
Load Resistance  
Total Harmonic Distortion  
Maximum-Signal Power Output   
Maximum Circuit Values: 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation  
For cathode-bias operation  

150 nmj; 
1.17 max 

0 max 
7 max 

1.4 max 
200 mcu; 
200amax 
220 max 

0.1 max 
0.5 max 

Refer to type 6BQ6-GTB/6CU6 

MEDIUM-MU TRIODE- H « ^ 
SHARP-CUTOFF PENTODE 
Miniature type used in a wide 

6CU8 variety of applications in color and black-and-white television receivers T 

employing series-connected heater KT,G3p(i/"^:=^lL 
strings. The pentode unit is used as an 's 

if amplifier, a video amplifier, an age amplifier, and a reactance tube. The triode 
unit is used in low-frequency oscillator, sync-separator, sync-clipper, and phase- 
splitter circuits. Outline 12, OUTLINES SECTION. Tube requires miniature 
nine-contact socket and may be mounted in any position. For curves of plate 
characteristics for pentode unit, refer to type 6AN8. 
Heater Voltage (ac/dc)  G.il volts 
Heater Current  0.45 ampcic 
Heater Warm-ur Time (Average)  11 seconds 
Direct Interelectrode Capacitances: 
Triode Unit: 

Grid to Plate  1 6 ,</(i Grid to Cathode, Heater, Pentode Grid No.3, and Internal Shield  1.0 
Plate to Cathode, Heater, Pentode Grid No.3, and Internal Shield  1.0 

Pentode Unit: 
Grid No.l to Plate  0.025 max 
Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, Triode Cathode, and Internal Shield  7 
Plate to Cathode, Heater, Grid No.2, Grid No.3, Triode Cathode, and In- 

ternal Shield  2.4 
Pentode Grid No.l to Triode Plate  0.03 viax mm! 
Pentode Plate to Triode Plate    0.07 max nnf 

CLASS Ax AMPLIFIER 
Maximum Ratings, (Deaign-Maximum Values): Triode Unit Pentode Unit 
Plate Voltage  330 max 330 max volts 
Grid-No.2 Supply Voltage  - 330 volts Grid-No.2 (screen-grid) Voltage  - See curve page 66 
Grid-No.1 (control-grid) Voltage, Positive-bias value  0 max 0 max volts 
Plate Dissipation  2.8 max 2.3 max watts 

2.4 
0.03 max 
0.07 max 

Triode Unit Pentode Unit 

0 max 
2.8 -wax 
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Technical Data 

GmD-No.2 Input: 
For grid-No.2 voltages up to 165 volts  0.55 max wa r i 
For grid-No.2 voltages between 165 and 330 volts  - See curve page fifi 

Peak Heater-Cathode Voltage: 
Heater negative with respect to cathode  200 max 200 max vol ? s 
Heater positive with respect to cathode   ZQQfmax 200oma.t volts 

Characteristics: 
Plate Supply Voltage  125 125 volts 
Grid-NTo.2 Supply Voltage     125 volts 
Grid-No.1 Voltage  -1 - volis 
Cathode-Bias Resistor  - 56 ohms 
Amplification Factor  24 - 
Plate Resistance (Approx.)   4100 170000 ohms 
Transconductance  5800 7800 /Gnhos 
G rid-No.1 Voltage (Approx.) for plate current of 20 ^a  -19 -8 volts 
Plate Current  17 12 ma 
Plate Current for grid-No.l voltage of -3 volts and cathode 

resistor of 0 ohms  - -1.6 ma 
Grid-No.2 Current  3.8 ma 
5 The dc component must not exceed 100 volts. 

HIGH-MU TRIODE 

Nuvistor type used as a grounded- 
catliode, neutralized rf amplifier in vhf 
tuners of television and FM receivers. 
Outline 7A, OUTLINES SECTION. 
Tube requires nuvistor socket and may 
be operated in any position. 

6CW4 

Hkateb Voltage (ac/dc)  
He vi'ek Cuuuent. .  
Dm EOT Interelectrode Capacitances (Approx.): 

(rrid to Plate  
Grid to Cathode, Heater, and Shell  
Plate to Cathode, Heater, and Shell  
Plate to Cathode  
Heater to Cathode  

CLASS Ai AMPLIFIER 
Maximum Ratings, {Dcsiqix-Maximnwi Values): 
Plate Supply Voltage  
Plate Voltage  
Grii> Voltage: Negative-bias value  

Peak positive value  
Plate Dissipation  
Cathode Current  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  
Heater positive with respect to cathode  

Characteristics and Typical Operation: 
Plate Supply Voltage  
Grid Supply Voltage  
Cathode-Bias Resistor  
Grid Resistor   
Amplilication Factor  
Plate Resistance (Approx.)   
Transeonductance  
Grid Voltage (Approx.) for plate ^a=10  
Plate Current  

300o7m7.dr 
125 max 

100 max 
100 max 

110 70 vol t s 0 0 volts 
130 — ohms — 47000 ohms 62 68 

6300 5440 ohms 9800 12500 fimhos 
-4 — volts 

7.6 8 ma 
Maximum Circuit Values: 
Grid-Circuit Resistance:- 

For fixed-bias operation   0.5 max megohm 
For cathode-bias operation  2.2 7/faa: megohms 

6 A plate supply voltage of 300 volts may be used provided that a sufficiently large resistor is used in 
the plate circuit to limit the plate dissipation to one watt under any condition of operation. 
■ For operation at metal-shell temperatures up to 125° C. 
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AVERAGE PLATE CHARACTERISTICS 

MEDIUM-MU TRIODE— h 
SHARP-CUTOFF PENTODE Ha^®G3PsP 

f ^ Y Q Miniature type used in television Pr®rtf-i zzz%f^Gv 

OVaXxO receiver applications. Pentode unit is (TxtS""' 
used as video amplifier; triode unit is J<\C2p 

used in sound intermediate-frequency K.(lr ©pp 
amplifier, sweep-oscillator, sync-sep- 

arator, sync-amplifier, and sync-clipper circuits. Outline 14, OUTLINES SEC- 
TION. Tube requires miniature nine-contact socket and may be mounted in any 
position. 
Heater Voltage (ac/dc)  *5.3 voUs 
Heater Current  o. To umpore 

CLASS A! AMPLIFIER 
Maximum Ratings, (Design-Maximum Values): 
Plate Voltage  
Grid-No.2 (screen-grid) Supply Voltage  
Grid-No.2 Voltage  
Ghid-No.I (control-grid) Voltage, positive-bias value  
Plate Dissipation  
Grtd-No.2 Input: 

For grid-No.2 voltages up to 165 volta  
For grid-No.2 voltages between 165 and 330 volts....... 

Peak Heater-Cathode Voltage: 
Heater negative with respect to cathode  
Heater positive with respect to cathode  

Triode Ciii 
330 max 

200 max 
200Bin<Lr 

I'aitode ( ait 
330 ma:e volts 
330 mux volts 

See curve page 66 
0 max vol te 
5 max watts 

1 .1 max watts 
See curve page 66 

200 max volts 
200"?na.r volts 

Characteristics: 
Plate Supply Voltage  
Grid-No.2 Supply Voltage  
Cathode-Bias Resistor   
Amplification Factor  
Plate Resistance (Approx.)  
Transconductance  
Grid-No.l Voltage (Approx.) for plate current of 100 ^a. 
Plate Current  
Grid-No.2 Current  
Maximum Circuit Values: 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation  
For cathode-bias operation  

* The dc component must not exceed 100 volts. 

0.5 max 0.25 max megohm 
1 max 1 max megohm 
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SHARP-CUTOFF TETRODE 
Miniature type used as rf ampli- 

fier in vhf tuners of television receivers. 
Outline 11, OUTLINES SECTION. 
Tube requires miniature seven-contact 
socket and may be mounted in any 
position. 

6CY5 

H eater Voltage (ac/dc)  
Heater Cukkent *  
Diuect Interelectrode Capacitances (Approx.)'0: Grid-No.l to Plate  

Grid-No.l to Cathode, Heater, Grid No.2, and Internal Shield. 
Plate to Cathode, Heater, Grid No.2, and Internal Shield  0 With external shield connected to cathode. 

CLASS A! AMPLIFIER 
Maximum Ratings, {Design-Maximum Values): 
Plate Voltage   
Gicid-No.2 (screen-grid) Supply Voltage  
Grid-No.2 Voltage  
Grid-No.1 (control-grid) Voltage, Positive bias value  
Cathode Current  
Grii»-No.2 Input: 

For grid-No.2 voltages up to 90 volts  
For grid-No.2 voltages between 90 and 180 volts  

Plate Dissipation  
Peak Heater-Cathode Voltage: 

Healer negative with respect to cathode  
Heater positive with respect to cathode  

180 mcu; volts 
180 max volts 

See curve page 60 
0 raa.r volts 

20 max nut 
0.5 max wal i 

See curve page 0t; 
2 max wat ts 

100 m«.r volts 
100 mu-t' volts 

Characteristics: 
PI ale Voltage    
Grid-No.2 Voltage  
Grid-No.l Voltage  Plate Resistance (Approx.)    
Transconduetance  
Plate Current  
Grid-No.2 Current  
Grid-No.l Voltage (Approx.) for plate current of 20 /xa. 

volts 
volts 
voh 

megohm 
^mhos 

Maximum Circuit Value: 
Grid-No. l-Circuit Resistance. 0. 5 max xnegolui 

AVERAGE CHARACTERISTICS 
TtPE 6CY5 
Ef a 6.3 VOLTS 

I VOLTS tcr-'-o 

120 160 PLATE VOLTS 
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DUAL TRIODE 

Miniature type used as combined 
Owl/ vertical oscillator and vertical de- plffr—i i—vU-jn 

flection amplifier in television receiv- 
ers. Unit No.l is a high-mu triode pT(i/~'"^vl)KT2 
unit used as a blocking oscillator in 2 

vertical deflection circuits, and unit No.2 is a low-mu triode unit used as a vertical 
deflection amplifier. Outline 14, OUTLINES SECTION. Tube requires miniature 
nine-contact socket and may be mounted in any position. 

Htcatttr Voltage (ac/dc). 
Heater Current  

VERTICAL DEFLECTION OSCILLATOR AND AMPLIFIER 
For operation in a 525-line, SO-frame system 

Maximum Ratings, (Design-Maximum Values): Oseflhtor 
DC Plate Voltage  350 max 
Peak Positive-Pulse Plate Voltage  
Peak Negative-Pulse Grid Voltage  400 max 
Peak Cathode Current  
Average Cathode Current   
Plate Dissipation  1 max 
Peak Heater-Cathode Voltage: 

Hoater negativa with respect to cathode  200 max 
Heater positive with respect to cathode  200Bwiaa; 

t;. 3 volts 
0.75 ampere 

Unit No.2 
Amplifier 
350 max volts 

1800 max volts 
250 max volts 
120 max ma 
35 max ma 

5.5 max watts 
200 max volts 
200mmax volts 

Maximum Circuit Values: 
Grid-Circuit Resistance  2.2 max 2. 27max megohms 

The duration of the voltage pulse must not exceed 15 per cent of one vertical scanning cycle. In a 
525-line, 30-frame system, 15 per cent of one vertical scanning cycle is 2.5 milliseconds. 
■ The dc component must not exceed 100 volts, 
t For cathode-bias operation. 

CLASS Al AMPLIFIER 
Characteristics: 
Plate Supply Voltage  
Grid Voltage  
Cathode-Bias Resistor  
Amplification Factor  
Plate Resistance (Approx.)  
T ranseonductanee  
Grid Voltage (Approx.) for plate current of 10   
Grid Voltage (Approx.) for plate current of 200   
Plate Current  
Plate Current for grid voltage of -30 volts  

Unit No.l Unit No.2 
250 150 vol ts 
-3 - volts 

- 620 ohms 
68 5 

52000 920 ohms 
1300 5400 jumhos 
-5.5 - volts 
- -40 vol ts 
1.2 30 ma 

3.5 ma 

BEAM POWER TUBE 

JLf-jre Miniature type used as a vertical '©u/yz^zZ A© 3 

Ow/.3 deflection amplifier in high-efficiency ij P, 
deflection circuits of television receiv- ncLanG/N / k 

ers utilizing picture tubes having diag- Gu— 
onal deflection angles of 110 degrees G2 

and operating at ultor voltages up to 18 kilovolts. Also used in the audio output 
stage of television and radio receivers. This type has a controlled heater warm-up 
time for use in receivers employing series-connected heater strings. Outline 18, 
OUTLINES SECTION. Tube requires miniature nine-contact socket and may be 
mounted in any position. 
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3o0 max 
2200 max 
315 max 

-275 max 
155 ni ax 
45 max 
10 max 

2.2 max 
200 max 
200Amax 
250 max 

0.5 max 
1.0 max 

Heater Voltage (ac/dc)   0.3 
Heater Current  0.45 
Heater Wabm-Up Time (Average)      11 
Direct Interelectrode Capacitances: 

Grid No.l to Plate  0.4 max 
Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3  9 
Plate to Cathode, Heater, Grid No.2, and Grid No.3  0 

Plate Resistance (Approx.)*.  0.073 
Tkansconpuctance*  4800 
* Plate and grid-No.2 volts, 250; grid-No.1 volts, -1.4; plate ma., 46; grid-No.2 ma., 4.6. 

VERTICAL DEFLECTION AMPLIFIER 
For operation in a 52o-line, SO-frame system 

Maximum Ratings, (Design-Maximum Values): 
DC Plate Voltage  350 max 
Peak Positive-Pulse Plate Voltage#  2200 max 
Grid-No.2 iscreen-grid) Voltage  315 max 
Peak Negative-Pulse Grid-No.1 (control-grid) Voltage  -275 max 
Peak Cathode Current  155 max 
Average Cathode Current  45 wax 
Plate Dissipation  10 max 
C,rid-No.2 Input  2.2 max 
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  200 max 
Healer positive with respect to cathode  200Amiia; 

Bulb Temperature (At hottest point)  250 max 
Maximum Circuit Values: 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation    0.5 max 
For cathode-bias operation  1.0 max 

The duration of the voltage pulse must not exceed 15 per cent of one vertical scanning 
525-line, 30-frame system. 15 per cent of one vertical scanning cycle is 2.5 milliseconds. 
4 The de component must not exceed 100 volts. 

c G3 REMOTE-CUTOFF PENTODE 
Sr" Glass type used in rf and if stages of radio 

| X^G| receiversemployingavc.Outilne45,OUTLINES 
(TTy L:::_/ SECTION. Tube requires six-contact socket. 4LT* 

Except for interelectrode capacitances, this type 
V /Ny / is identical electrically with type 6U7-G. Refer 
/-NL to type 6SK7 for application information. 

Hvly Heater volts (ac/dc), 6.3; amperes. 0.3. This 
vype is used principally for renewal purposes. 

JUi SHARP-CUTOFF PENTODE 
Glass type used as detector or amplifier in 

/XXrr; 1 \ radio receivers. Outline 45, OUTLINES SEC- Z P 
^1/ IIZ JJo. TION. Heater volts (ac/dc), 6.3; amperes, 0.3. PV-A *yy "7s—For electrical characteristics, refer to tvpe 6J7. 

\X\y Type 6D7 is a DISCONTINUED type listed 
( i T*"-"v7) for reference only. — WH 

A PENTAGRID CONVERTER 
/T* gV4 g Glass octal type used in superheterodyne 

0^71 /Ys) circuits. Outline 39, OUTLINES SECTION. 
| tSSE-r /| Tube requires octal socket. Heater volts (ac/dc), AI^C y-A amperes, 0.15. Except for interelectrode OUC 

capacitances and heater rating, the 6D8-G is 
similar electrically to type 6A8-G. Type 6D8-G 

vJ is a DISCONTINUED type listed for reference NC K only. 

megohm 
megohm 

cycle. In a 

6D6 

6D8-G 

HALF-WAVE vacuum rectifier 
yXj , j Glass octal type used as damper , . ■ 

(A /^Jr) tube in horizontal-deflection circuits ODA4 
ic H oftelevisionreceivers.Outline22,OUT- 

LINES SECTION. Tube requires octal 
socket and may be mounted in any 

position. May be supplied with pin No.l omitted. Socket terminals 1, 2, 4, and 6 
should not be used as tie points. It is important that this tube, like other power- 
handling tubes, be adequately ventilated. 
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Hkateh Voltage (ac/dc). 
Heater Current  

volts 
amperes 

DAMPER SERVICE 
For operation in a S^S-iine, 30-/rame system 

Maximum Ratings, (Design-Maximum Values): 
Peak Inverse Plate Current*  4400 max volts 
Peak Plate Current  900 max ma 
DC Plate Current  155 max ma Plate Dissipation  5.5 max watts 
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  4400*ma,r volts 
Heater positive with respect to cathode  3004»iajt volts 

* The duration of the voltage pulse must not exceed 15 per cent of one horizontal scanning cycle. In a 
525-line, 30-frame system, 15 per cent of one horizontal scanning cycle is 10 microseconds. 
* The dc component must not exceed 900 volts. 4 The dc component must not exceed 100 volts. 

BEAM POWER TUBE Wik©01 

. _ _ _ Miniature type used as vertical- 
OL/D J deflection-amplifier tube in television pCzzVi'jl} 

receivers. Outline 14, OUTLINES K.G30vlf^v^Ai)ic 
SECTION, except all vertical dimen- 
sions of this type are 1/8 inch greater. g2 p 

Tube requires miniature nine-contact socket and may be operated in any position. 
Heater volts (ac/dc), 6.3; amperes, 1.2. Except for heater rating this type is iden- 
tical with miniature type 12DB5. 

SHARP-CUTOFF PENTODE Xf/N 
r pn^" r Miniature type used in the gain- X 
0UV*0 controlled picture if stages of color tele- 

vision receivers. It is also used as a " XXXl 
radio-frequency amplifier in the tuners 15 

of such receivers. Outline 11, OUT- C| 

LINES SECTION. Tube requires seven-contact miniature socket and may be 
mounted in any position. 
Heatkr Voltage (ac/dc)  6.S volts 
Heater Current  0.3 ampere 
Direct Interelectrode Capacitances: 

Grid No.l to Plate  0.02 max 
(JricJ No.l to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield 6.5 ^f 
Plate to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield.... 2 uyjf 

Maximum Ratings: CLASS Aj AMPLIFIER 

0.02 max 
6.5 

2 
Maximum Ratings: CLASS Aj AMPLIFIER 
Plate Voltage  300 max 
Grid No.3 (suppressor-grid) And Internal Shield Connect to cathode i 
Grid-No.2 Supply Voltage  300 max 
Gkii)-No.2 (screen-grid) Voltage  See curve 
Grid-No.1 (control-grid) Voltage, Positive bias value  0 max 
Plate Dissipation  2 max 

Grid-No.2 Supply Voltage  
Ghii)-No.2 (screen-grid) Voltage  
Giud-No.I (control-grid) Voltage, Positive bias value. 
Plate Dissipation   
Grid-No.2 Input: 

For grid-No.2 voltages up to 150 volts  
For grid-No.2 voltages between 150 and 300 volts. Peak Heater-Cathode Voltage: 
Heater negative with respect to cathode  
Heater positive with respect to cathode  

Characteristics; 
Plate Supply Voltage  

0.5 max 
See curv 

wai i 
e page 66 

200 max 
200° max 

Grid No.3 and Internal Shield Connected to cathode i 
Grid-No.2 Supply Voltage   150 
Oalhode-Bias Resistor  180 
Plate Resistance (Approx.)  0.5 
Transconductance  5500 
Grid-No.I Voltage (Approx.) for transconductance of 50 /mihos.    -12.5 
Plate Current  9 
Grid-No.2 Current  3 
Maximum Circuit Values: 
Grid-No.L-Circuit Resistance: For fixed-bias operation  

For cathode-bias operation  
The dc component must not exceed 100 volts. 

0.25 mux 
1 . 0 IIMX 
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AVERAGE PLATE CHARACTERISTICS 

GRIO-N2', VOLTS Ec| 
S 

HALF-WAVE VACUUM RECTIFIER 
'•i)C — \ Glass octal type used as damper . r\r" A 

1 ^ ' I tube in horizontal-deflection circuits OUt4 
ic^V oftelevisionreceivers.Outline29,OUT- ^-r-0 LINESSECTION.Tuberequiresoctal 

H socket and may be operated in any 
position. Socket terminals 1, 2, 4, and 6 should not be used as tie points. It is im- 
portant that this tube, like other power-handling tubes, be adequately ventilated. 
For curve of average plate characteristics, see page 67. 
TIkater Voltage (ac/dc)  
Hevjer Current  
Direct Interelectrode Capacitances CApprox.): 

Plate to Cathode and Heater  
Caihode to Plate and Heater  
Heater to Cathode  

volts 
amperes 

DAMPER SERVICE 
For operation in a 525-line, 30-frame system 

Maximum Ratings, (Design-Maximnoi Values): 
Peak Inverse Plate Voltage^  5500 max volts 
Peak Plate Current   1100 max ma 
DC Plate Current  180 max ma 
Plate Dissipation  6.5 mas watts 
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  5500"moaj volts 
Heater positive with respect to cathode  300*wa^ volts 

f The duration of the voltage pulse must not exceed 15 per cent of one horizontal scanning cycle. In 
a 525-line, 30-frame system, 15 per cent of one horizontal scanning cycle is 10 microseconds. 
■ The de component must not exceed 900 volts. 
• The dc component must not exceed 100 volts. 

a_© SHARP-CUTOFF PENTODE 
hCjY Y£)g2 Miniature type used in the gain- _ r%r"^ 

l\ controlled picture if stages of television ODCO 
0nT2\ /© receivers utilizing an intermediate fre- K Is quency in the order of 40 megacycles 

per second. Also used as an rf amplifier 
in vhf television tuners. This tube features very high transconductance combined 
with low interelectrode capacitance values, and is provided with separate base pins 
for grid No.3 and cathode to permit the use of an unbypassed cathode resistor to 
minimize the effects of regeneration. Outline 11, OUTLINES SECTION. Tube 
requires miniature seven-contact socket and may be mounted in any position. 
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Heatbu Voltage (ac/dc). 
Heater Current  

Without With 
External External 

Direct Ivterelectrode Capacitances: Shield ShieldA 

Grid No.1 to Plate  0.025 max 0.015 mux nni 
Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield  6.5 6.5 
Plate to Cathode, Heater, Grid No.2, Grid No.3, and In- 

ternal Shield  2 3 ujd A With external shield connected to cathode. 
CLASS Ai AMPLIFIER 

Maximum Ratings, (Design-Maximum Valued): 
Plate Voltage  330 max volts 
Gkiu No.3 (suppressor-grid) And Internal Shield Connect to cathode ai sockei 
Grid-No.2 (screen-grid) Supply Voltage   330 max volts 
Grii^N().2 Voltage  See curve page 60 
Grid-No. 1 (control-grid) Voltage, Positive bias value  0 ma/ volts Plate Dissipation  2.3 max watts 
GRn>-No.2 Input: 

For grid-No.2 voltages up to 165 volts  0.55 max wati 
For grid-No.2 voltages between 165 and 330 volts  Sec curve page 60 

Peak Heater-Cathode Voltage: 
IToater negative with respect to cathode  200 'max volt^ 
Heater positive with respect to cathode  200«//<a/ voll.^ 

Characteristics: 
Plate Supply Voltage   125 vulr^ 
Grid No.3 and Internal Shield  Connected to cathode at sockei 
Grid-No.2 Supply Voltage  125 volts 
Cathode-Bias Resistor  56 ohrns 
Plate Resistance (Approx.)  0.25 megohm 
Transconductance  8000 /iinhos 
Transconduetance for grid-No.1 volts of -5.5 and cathode resistor of 0 ohms 700 /imhos Grid-No.1 Voltage (Approx.) for plate current of 20 pa  -0 volts 
Plate Curront  15.5 ma 
Grid-No.2 Current  4.2 ma 
■ The dc component must not exceed 100 volts- 

AVERAGE PLATE CHARACTERISTICS 

B 

K 
CRIO-N«l VOLTS EC) =-3 

fi 

DUAL TRIODE 
. !_ __ Miniature type used as combined x\7)Gti 
OL/t/ vertical oscillator and vertical-de- Nffrf  

flection amplifier in television receiv- 
ers. Unit No.l is a medium-mu triode T2 Nr Nfi. T| 

unit used as a blocking oscillator in ptj 
vertical-deflection circuits, and unit No.2 is a low-mu triode unit used as a vertical- 
deflection amplifier. Outline 14, OUTLINES SECTION. Tube requires miniature 
nine-contact socket and may be mounted in any position. For curve of average 
plate characteristics, Unit No.2, refer to type 6DR7. 
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Heater Ytoltage (ac/dc)  
Heater Current  
Direct Interelectrode Capacitances (Approx.): 

Grid to Plate  
Grid to Cathode and Heater  
Plate to Cathode and Heater  

Unit No.l 4 
2.2 

0.52 
VERTICAL-DEFLECTION OSCILLATOR AND AMPLIFIER 

For operation in a 525-line, 30-frame system 
Maximum Ratings, {Design-MaximumVahies); Oscillator 
DC Plate Voltage  330 mux 
Peak Positive-Pulse Plate Voltage^  
Peak Negative-Pulse Grid Voltage  -400 max 
Peak Cathode Current  77 max 
Average Cathode Current  22 max 
Plate Dissipation  7 twox 
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  200 max 
Heater positive with respect to cathode  200"w,a.r 

6.3 volts 
0.9 ampere 

Unit No.2 
8.5 npi 5.5 a pi 

1 ppi 

Unit No.2 
Amplifier 

275 max VollS 
1500 max volvs 
-250 max vol 1 s 

175 max ma 
50 max ma 

7 max watts 
200 max volts 
200"/)/,ay; volts 

Maximum Circuit Values: 
Grid-Circuit Resistance: 
For grid-rosistor bias or cathode-bias operation  2.2 max 2.2 max megohms 
■* The duration of the voltage pulse must not exceed 15 per cent of one vertical scanning cycle. In a 
525-lino, 30-frame system, 15 per cent of one vertical scanning cycle is 2.5 milliseconds. 
■ The dc component must not exceed 100 volts. 

CLASS A, AMPLIFIER 
Characteristics: Unit No.l UnitNo.2 
Plate Voltage  250 150 volts 
Grid Voltage  -11 -17.5 volts 
Amplification Factor  17.5 6 
Plate Resistance (Approx.)  8750 925 ohms 
Transconductance  2000 0500 /tmhos 
Plate (Current  5.5 35 ma 
Plate Current for grid voltage of-24 volts  - 10 ma 
Grid Voltage (Approx.) for plate current ot 10   -20 - volts 
Grid Voltage (Approx.) for plate current of 50    - -44 vo1t« 

1 

U 

B 
R 

m 

a H 

■ 
01 
a 

BEAM POWER TUBE 
Glass octal type used as output 

tube in audio-amplifier applications. _ _ _ _ _ _ 
Outline 22, OUTLINES SECTION. 6DG6-GT 
Tube requires octal socket and may 
be mounted in any position. This type 
may be supplied with pin 1 omitted. 
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llnATEit Voltage (ac/dc)  
11 eat eh Current    
Direct Inter electrode Capacitances (Approx.): 

Grid No.l to Plate  
Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3. 
Plalo to Cathode, Heater, Grid No.2, and Grid No.3  

CLASS Aj AUDIO-FREQUENCY POWER AMPLIFIER 
Maximum Ratings: 
Plate Voltage  
Grio-No.2 (screen-grid) Voltage  
Plate Dissipation  
(Tuid-No.2 Input  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode.     
Heater positive with respect to cathode  

200 may 
125 Mils 

10 way 
1.25 mox 

200 may 
200*-may 

Typical Operation: 
Plate Supply Voltage  
Giid-No.2 Supply Voltage  
Grid-No.1 (Control-Grid) Supply Voltage . 
Peak AF Grid-No.l Voltage  
Galhodc-Bias Resistor  
Ze ro-Signal Plate Current  
Maximum-Signal Plate Current  
Zero-Signal Grid-No.2 Current  
Maximum-Signal Grid-No.2 Current  
Plate Resistance (Approx.)  Transconduetancc  
Load Resistance  
Total Harmonic Distortion  
Maximum-Signal Power Output, ........ 

110 200 voles 
110 125 volts 

-7.5 - volts 
7.5 8.5 volts — 180 ohms 
49 46 ma 
50 47 ma 

4 2.2 rna 
10 8.5 ma 

13000 28000 ohms 
8000 8000 n mhos 
2000 4000 ohms 

10 10 per cent 
2.1 3.8 watts 

Maximum Circuit Values: 
(i rid-'No.l-Circuit Resistance: 

For fixed-bias operation    
For cathode-bias operation  A Tlie dc component must not exceed 100 volts. 

megohm 
mogu hm 

SHARP-CUTOFF PENTODE >r7\ 
Miniature type used as interme- A, 

ODlxO diate-frequency amplifier tube in tele- 1\ \ ) 
vision receivers. This tube features K(DCyS I 
high transconductance at low plate and 15 

grid-N0.2 voltages, combined with low Oi 
interelectrode capacitances. Outline 11, OUTLINES SECTION. Tube requires 
miniature seven-contact socket and may be mounted in any position. 
Heater Voltage (ac/dc.)  G.3 volts 
Heater Current  0.3 ampere 
Direct I nterelectrode Capacitances: 

Grid No.l to Plate  0.025 nwx 
Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield  6.3 
Plate to Cathode, Heater, Grid No.2, Grid No.3, and In- 

ternal Shield  1.9 vvl 

CLASS Ai AMPLIFIER 
Maximum Ratings, (Design-Maximum Values): 
Plate Voltage    330 way volts 
Grid No.3 (suppres90r grid) Connect to cathode at socket 
Grid-No.2 (screen-grid) Supply Voltage   
Grid-No.2 Voltage  
Guid-No.1 (control-grid) Voltage, Positive bias value. Plate Dissipation  
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts   
For grid-No.2 voltages between 165 and 330 volts 

Peak Heater-Cathode Voltage: 
Heater negative with respect to cathode  
Hoater positive with respect to cathode  

330 may volts 
See curve page 66 0 wax volis 

2.3 max watts 
0.55 max watt 

See curve page 66 
200 max volts 
200"ma.r volts 
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Characteristics: 
Plait? Supply VolLage  125 
Grid No.3 and Internal Shield Connected to cathode j 
Grid-No.2 Supply Voltage  125 
Cathode-Bias Resistor  5G 
Plate Resistance (Appmx.)  0.35 Transeonduetaneo  9800 
Grid-No.1 Voltage CApprux.) for plate current of 20 ^a  -6.5 
Plate Current  12 
Grid-No 2 Current  3.8 
' The dc component must not exceed 100 volts. 

AVERAGE CHARACTERISTICS 

6.3 VOLTS GRID N2 3 AND INTERNAL SHIELD CONNECTED TO 

GRID-N® I VOLTS Lcr0 

0 100 200 300 400 500 PLATE VOLTS 
92CM- 9651TI 

HALF-WAVE VACUUM RECTIFIER 

(IX. -C \ Glass octal type used as damper _ _ . , . 
I ^ 1 J tube in horizontal-deflection circuits OL/lVlT" 

JlX. oftelevisionreceivers.Outline29,OUT- 
LINES SECTION. Tuberequires octal 

h socket and may be operated in any 
position. Socket terminals 1, 2, 4, and 6 should not be used as tie points. It is im- 
portant that this tube, like other power-handling tubes, be adequately ventilated. 
For curve of average plate characteristics, see page 67. 
Hbater Voi.taoe (AC DC)  6.3 volts 
Heater Current  1.2 amperes 
Direct I nterelectrode Capacitances (Approx.): 

PlaUt to Cathode and Heater  8.5 Ra1 

Cathode to Plate and Heater  11.5 rr! Heater to Cathode  4 rr! 
DAMPER SERVICE 

For operation in a 525-line, 30-frame system 
Ma ximum Ratings: (De^ion-Maximinn Vaittes): 
Peak Invkrse Platr Voltage0  5000 max volts Peak Plate Current  1100 max ma 
DC Plate Current  175 max ma 
Plate Dissipation  6.5 ma^ watts 
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  5000"max volts 
Heater positive with respect to cathode  300*Tua.r volts 

0 The duration of the voltage pulse must not exceed 15 per cent of one horizontal scanning cycle. In 
a 525-line, 30-frame system, 15 per cent of one horizontal scanning cycle is 10 microseconds. 
■ The dc component must not exceed 900 volts. 
• The dc component must not exceed 100 volts. 
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BEAM POWER TUBE 
Glass octal type used as horizontal-deflec- 

tian amplifiep tube in television reeeivers bav- 
ing low B-supply voltages. Outline 46, OUT- 
LINES SECTION. Tube requires octal socket. 
Vertical mounting is preferred, but horizontal 
mounting is permissible if pins 1 and 3 are in 
vertical plane. Heater volts (ac/dc), 6.3; am- 
peres, 2.5. Type 6DN6 is used principally for 
renewal purposes. 

Tkansconductance*  9000 jimhos 
Plate Resistance (Approx.)^  4000 ohms 

For plate and grid-No.2 volts, 125; grid-No.1 volts, -18; plate ma., 70; grid-No.2 ma., 6.3. 

HORIZONTAL-DEFLECTION AMPLIFIER 
For operation in a 525-line, S()-frame system 

Maximum Ratings: 
l >C Plate Voltage  
Peak Positive-Pulse Plate Voltage# (Absolute Maximum)  
Peak Negative-Pulse Plate Voltage  
DC Grid-No.2 (screen-grid) Voltage  
Peak Negative-Pulse Grid-No.1 Voltage  
Peak Cathode Current  
average Cathode Current  
Crid-No.2 Input  
Plate DissipATioNf  Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  
Heater positive with respect to cathode  

Buld Temperature (At hottest point)       
Maximum Circuit Value: 
Grid-No.1-Circuit Resistance  0.47 mux megohm 
■* The duration of the voltage pulse must not exceed 15 per cent of one horizontal scanning cycle. In a 
325-line, 30-frame system, 15 per cent of one horizontal scanning cycle is 10 microseconds. 
■ Under no circumstances should this absolute value be exceeded. 
r An adequate bias resistor or other means is required to protect the tube in the absence of excitation. 4 The do component must not exceed 100 volts. 

700 mux volts 
6600Bmax volts 

-1500 max volts 
175 max volts 

-200 max volts 
700 max ma 
200 max ma 

3 max watts 
15 max watts 

200 max volts 
200Amax volts 
225 wax CC 

MEDIUM-MU DUAL TRIODE /\T\ 
, _ . , _ Glass octal type used as combined )\VKT| 

ODN/ vertical-deflection-oscillator and ver- Arr "—"-(L. 
tical-deflection-amplifier tube in tele- PT2t£A\- 
vision receivers. Outline 19, OUT- ftj ""Te) 
LINES SECTION. Tuberequiresoctal GT2 h 

socket and may be mounted in any position. Heater volts (ac/dc), 6.3; amperes,0.9. 

VERTICAL-DEFLECTION OSCILLATOR AND AMPLIFIER 
For operation in a 525-line, SO-frarne system 

Unit No.l Maximum Ratings, (Design-Maximum Values); Oscillator 
DC Plate Voltage  350 max 
Peak Positive-Pulse Plate Voltage#  
Peak Negative-Pulse Grid Voltage  400 max 
Peak Cathode Current  
average Cathode Current  
Plate Dissipation  1 max 
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  200 max 
Heater positive with respect to cathode  200"max 

200 max 
200"max 

Unit So.2 
Amplifier 

550 max 
2500 max 
250 max 
150 max 

50 max 
10 max 

200 max 
200mmax 

Maximum Circuit Values: 
Grid-Circuit Resistance: 

For fixed-bias operation  2.2 max 2.2 wax megohms For cathode-bias operation  2.2 max - megohms 
* The duration of the voltage pulse must not exceed 15 per cent of one vertical scanning cycle. In a 
525-line, 30-frame system, 15 per cent of one vertical cycle is 2.5 milliseconds. 
■ The dc component must not exceed 100 volts. 
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Technical Data 

CLASS A, AMPLIFIER 
Characteristics: Unit No.i Unit No.2 
Plate Voltage  250 250 v. 
Grid Voltage  -8 -9.5 vi 
Amplification Factor  22.5 15.4 
Plate Resistance (Approx.)  9000 2000 or 
Transconductance  2500 7700 Mm 
Plate Current  8 41 
Grid Voltage (Approx.) for plate current of 10   -18 - vi 
Grid Voltage (Approx.) for plate current of 50 pa  - -23 v. 

rrf' BEAM POWER TUBE 
I Glass octal type used as horizon- 

|p::-3Ar tal deflection amplifier in color televi- x p 
sion receivers. Outline 46, OUT- OUvkO 
LINES SECTION. Tube requires oc- 
tal socket and may be mounted in any 

G| 02 position. 
Heater Voi.tage (ac/dc)  6.3 v 
Heateh Cukrent  2.5 ampi Direct Intep.electrode Capacitances (Approx): 

Grid No.1 to Plate  0 .5 
Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3  23 
Plate to Cathode, Heater, Grid No.2, and Grid No.3  11 

Plate Resistance (Approx.)*  5500 ol 
Tkansconductance*  10500 m'" 
Mu-Factor, Grid No.2 to Grid No.l**  3.3 
* For plate volts, 175; grid-No.2 volts, 125; grid-No.1 volts, -25; plate ma., 110; grid-No.2 ma., 5. 
** For plate and grid-No.2 volts, 125; grid-No.l volts, -25. 

HORIZONTAL DEFLECTION AMPLIFIER 
For operation in a 525-line, 30-frame system 

Maximum Ratings, (Dcaign-Maximum Values): 
DC Plate Voltage  990 wax v 
Peak Positive-Pulse Plate Voltage-}"  0500 max v 
Peak Negative-Pulse Plate Voltage  -1100 max v 
DC Ghid-No.2 (screen-grid) Voltage  190 max v 
Peak Negative-Pulse Grid-No.1 (control-grid) Voltage  -250 -max v 
Peak Cathode Current  1100 wax 
Average Cathode Current  315 wax 
Grid-No.2 Input  3.2 wax w, 
Plate Dissipation^  24 wax w; 
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  200 wax v 
Heater positive with respect to cathode  2()0owax v 

Bulb Temperature (At hottest point)    220 wax 

990 wax 
0500 max 

-1100 max 
190 wax 

-250 max 
1100 wax 

315 wax 
3.2 wax 

24 wax 
200 wax 
2()0ow ax 
220 wax 

Maximum Circuit Value: 
Grid -No. 1-Circuit Resistance: 
For grid-resistor-bias operation. 

AVERAGE CHARACTERISTICS 
0. 47 wax megoh m 

■ 

Sri 

wmsn 

SSI 
900 400 PkATC VOLTS 
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AVERAGE CHARACTERISTICS 

300 400 
PLATC VOLTS 

1 The duralion of the voltage pulse must not exceed 15 per cent of one horizontal scanning eyrie. In a 
• i-Viino, yO-frame system, 15 per cent of one horizontal scanning cycle is 10 microseconds. 

- An adequate bias resistor or other means is required to protect the tube in ihe absence of cKciiaiion. 
The dc component must not exceed 100 volts. 

BEAM POWER TUBE g2 p Gi 
Glass octal types used as horizon- Qii© 

A tal-deflection-amplifier tubes in high- ix,/b|~y\ efficiency deflection circuits of tele- l2/ [—-A \ 
r>/"\yL D vision receivers. Outline 37, OUT- I Ab" 

LINES SECTION. Tubes require octal h(=X^><VaZ)h 
socket and may be mounted in any po- 
sition. These types may be supplied 
with pin 1 omitted. 3 

fltlATKIt WlLTAOK (AC/DC)  >».•) '.'(Its 
llEATKH CUKKENT  1.2 qmpcrcs 
! hukct Interelectrode Capacitances (Approx.) CDQti-A 

(rrid No.l to Plate  0.5 n.5 a pi 
Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3 15 15 
I'late to ('athode, Heater, Grid No.2, and Grid No.3  7 7 u^f 

CLASS Ai AMPLIFIER 
Characteristics: 6DQ6-A GDQu-fi 
Pkur Voltage  60 250 (10 250 colts 
(irid-No.2 Voltage  150 250 150 150 volts 
Grid-No.1 Voltage  0 -22.5 0 22. o volts Plate Resistance (Approx.)  - 20000 - 18000 ohms 
Transeonductance  - 6600 - 7300 
Plate (lurrent  315° 55 315° 65 rna 
(ind-No.2 Current  25° 1.5 27° 1 8 ma 
Grid-No.1 Voltage (Approx.) for 

grid-No.2 volts=150, plate ma = l, 
plate volts—250   - -40 - 12 volts 
plate volts=5000   — -100 - 100 volts 

HORIZONTAL-DEFLECTION AMPLIFIER 
For operation in a 525-line, 30-frame system 

Maximum Ratings, (Design-Maximum Values): 6DQG-A 
.DC Plate-Supply Voltage  770 max 
Peak. Positive-Pulse Plate Voltage"  6000 «ta.c 
Peak Negative-Pulse Plate Voltage  -1500 max 
DC Grid-No.2 (screen-grid) Voltage  220 max 
Peak Negative-Pulse Grid-No.1 Voltage  -330 ?fta.c 
Peak Cathode Current  540 max 
Aveulge Cathode Current  155 max 
Gkii>-No.2 Input  3.6 max 
Plate Dissipation*  18 max 
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  200 max 
Heater positive with respect to cathode  200Dmna; 

Bulb Temperature (At hottest point)  220 max 

770 max 
6500 max 

- 1 500 max 
220 max 
330 max 
610 max 
17 5 max 
3.6 max 

18 max 
200 max 
200 -max 
220 Hmx 
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Maximum Circuit Values: 
Grid-No. 1-Cireuit Resistance for grid rosistor-bias operation. . . 1 max 1 max megohm 
6 This value can be measured by a method involving a recurrent wave form such that the maximum 
ratings of the tube will not be exceeded. 
■ The duration of the voltage pulse must not exceed 15 per cent of one horizontal scanning cycle. In a 
525-line, 30-lirame system, 15 per cent of one horizontal scanning cycle is 10 microseconds. 
• An adequate bias resistor or other means is required to protect the tube in the absence of excitation. 0 The dc component must not exceed 100 volts. 

AVERAGE CHARACTERISTICS 

HI 

■ 

B 
ma 

nil 

& 
400 500 PLATE VOLTS 

DUAL TRIODE 
Miniature type containing high- 

pTl mu and low-mu triodes; used as com- 
bined vertical-deflection-oscillator and 

<2) T| vertical-deflection-amplifier tube in 
L. television receivers. Outline 14, OUT- 
--ATi LINES SECTION. Tube requires min- 

iature nine-contact socket and may be 
KT2 operated in any position. 

6DR7 

Heatkk Voltage (ac/dc)  
Heatku Cuhhent  
DlUEOT InTERKLECTUODE C AP AC IT ANCES (ApproX.)*. 

Grid to Plate •  
Grid to Cathode and Heater  
Plate to Cathode and Heater  

('nit N<k1 
4.5 
2.2 

0.34 

6.3 
0.0 

Unit jVo.~ 
8.5 
5.5 

1 
VERTICAL-DEFLECTION OSCILLATOR AND AMPLIFIER 

For operation in a 525~linc, 30~fra»ic system 
Maximum Ratings, (Design-Maximum Values): 
DC Plate Voltage  
Peak Positive-Pulse Plate Voltage#  
Peak Negative-Puese Grid Voltage  
Peak Cathode Current  
Average Cathode Current  
Plate Dissipation  Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode... , 
Heater positive with respect to cathode. . . . 

Unit No.l Unit No.2 
Oscillator Amplifier 
330 max 275 max veils — 1500 max volts 

-400 max —250 max volts 70 max 175 max ma 20 max 50 max ma 
1 max 7 max watts 

200 max 200 max vlts ZOO^max 200*ma.T vol is 

Maximum Circuit Value: 
Grid-Circuit Resistance: 

For grid-rcsistor-bias or cathode-bias operation  2.2 max 2.2 max megohms 
# The duration of the voltage pulse must not exceed 15 per cent of one vertical scanning cycle. In a 525- 
linc, 30-frame system, 15 per cent of one vertical scanning cycle is 2.5 milliseconds. 
* The dc component must not exceed 100 volts. 
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CLASS A! AMPLIFIER Characteristics: ijnu 
Plate Voltage  2 
(rrid Voltage  
Vmplification Factor  
Plate Resistance (Approx.)    400' 
Transconductance  16 
Grid Voltage (ApproxG for plate current of 10 /ua    -5 
Grid Voltage (Approx.) for plate current of 50   
Plate Current   1 
Plate Current for grid voltage of -24 volts.    

AVERAGE PLATE CHARACTERISTICS UNIT N« I 

Unit No.l (Jnil No.2 
250 150 volts -3 -17.5 volts 68 6 

40000 025 ohms 1600 6500 umhos -5.5 - volts — -44 volts 
1.4 iVi ma - 10 ma 

TYPE 6DR7 E.f= 6.3 VOLTS 

100 ISO 200 2S0 300 3S0 AOO PLATE VOLTS 
AVERAGE PLATE CHARACTERISTICS UNIT N2 2 

HIGH-MU TRIODE 

6DS4 Nuvistor type used as grounded- cathode, neutralized rf amplifier in vhf 
tuners of television and FM receivers. 
Because of its cutoff characteristics, 
the 6DS4 is used in circuits intended 
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for weak signal reception. Outline 7A, OUTLINES SECTION. Tube requires 
nuvistor socket and may be operated in any position. 
jIeateb Voltage (ac/dc)  
Heater Current  
I )im-X'T IvrERELECTRODE CAPACITANCES (ApproX.): 

Grid to Plate  
Grid to Cathode, Heater, and Shell  
Plate to Cathode, Heater, and Shell  
Plato to Cathode  
Healer to Cathode  

CLASS Ai AMPLIFIER 
Characteristics: 
Plate Supply Voltage  
Grid Supply Voltage    
< 'ut hode-Bias Resistor  
Amplification Factor   
Plate Resistance iApprox.)  
Transconductance  
Plate Current  
Grid Voltage (Approx.) for plate current of 100 ^a. 
Grid Voltage (Approx.) for plate current of 10 . 
Maximum Ratings, {Design-Maximum Values): 
Plate Supply Voltage  
Plate Voltage  
Grid Voltage, negative-bias value  
Grid Voltage, peak positive value  
Plate Dissipation  
Cathode Current    
Peak* Heater-Cathode Voltage: 

Heater negative with respect to cathode... 
Heater positive with respect to cathode. . . 

Typical Operation: 
Plate Voltage  
Grid Supply Voltage  
Grid Resistor  
Amplitication Factor  
Plate Resistance 'Approx.), 
Transconductance  
Plate Current  

300oih«X 
135 max 

55 max 
0 m ax 
1 max 

15 max 
1 00 max 
] 00 max 

Maximum Circuit Values: 
(irid-Circuit Resistance:" 

For lixed-bias operation  0.5 wox mogohm 
For cathode-bias operation  2.2 max megohms 

" A. plate supply voltage of 300 volts may be used provided a sufficiently large resistor is used in the plaie 
circuit to limit the plate dissipation to one watt under any condition oi operation. 
■ For operation at metal-shell temperatures up to 1250C. 

AVERAGE PLATE CHARACTERISTICS 
TYPE 6DS4 Et=6.3 VOLTS 

80 120 160 PLATE VOLTS 
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6DS5 

BEAM POWER TUBE 

Miniature type used in the audio 
output stages of television and radio 
receivers. Outline 13, OUTLINES 
SECTION. Tube requires miniature 
seven-contact socket and may be 
mounted in any position. 

IJli.ATKH YOUTAGE (AC/DC)  
Ji EATEN. CURUENT  
Diuect Inteiielectrode Capacitances (Approx..): 

Grid No.l to Plato  
Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3. 
I'lute to Cathode, Heater, Grid No.2, and Grid No.3  

CLASS A, AMPLIFIER 
Maximum Ratings, {Dcsujii-Maxitniuti. Values): 
Plate Voltage   
Grid-.No.S (screen-grid) Voltage  
Geid-No.I (control-grid) Voltage, Positive bias value. 
Plate Dissipation  
Gkii»-No.2 Input  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode.  
Heater positive with respect to cathode  

IHjlm Temperature (At hottest point)  

Typical Operation and Characteristics: 
Plate Supply Voltage    
G rid-No.2 Supply Voltage  
Grid-No.l Voltage  
Cathode-Bias Resistor  
Peak AF Grid-No.l Voltage  
ijero-Signal Plate Current  
Maximum-Signal Plate Current  
Zero-Signal Grid-No.2 Current  
Maximum-Signal Grid-No.2 Current  
Plat e Resistance (Approx.)  
Transeonductance  
Load Resistance  
Total Harmonic Distortion  
Maximum-Signal rower Output  
Maximum Circuit Values: 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation  
For cathode-bias operation  

* The de component must not exceed 100 volts. 

Cathode-Bias Fixed-Bias 
Operation Operation 

200 250 200 250 volts 
200 200 200 200 volts - - _7 ^ -8.5 volts 
180 270 - - ohms 7.5 0.2 7.5 8.5 volts 

34.5 27 35 20 ma 
32.5 25 30 32 ma 
3.5 8 8 3 ma 

& U 0 10 ma 
28000 28U0U 28000 28000 ohms 

(iOOO 5800 0000 5800 Mnihos 
6000 8000 0000 8000 ohms 

10 10 !) 10 jter cent. 
2.8 3.G 8 3.8 watts 

AVERAGE CHARACTERISTICS 

0.1 mux megohm 
1.0 max megohm 

TYPE 6DS5 | | 
E-f = 0 3 VOLTS | | ' GRID-N2 £ VOLTS = 200 ~ 

' t violTS ECU 

= irt " 20 — 1 LE£!i« 

100 150 200 250 300 350 400 
PLATE VOLTS 02CM-»2»ET 
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BEAM POWER TUBE 

Miniature type used as a vertical- 
deflection-amplifier tube in television 
receivers employing 110-degree pic- 
ture-tube systems. Outline 14, OUT- 
LINES SECTION. Tube requires min- 
iature nine-contact socket and may 
lie operated in any position. 

6DT5 

Hiivrai Voltage (ac/do). 
MKATHK ( "I'KHENT  
f It ANSCON 1)1 :< 'TANOE'1' 

• plan- ami irrid-No.2 volts. 250; grid-No.1 volts, -16,5; plate ma.. 44; grid-No.2 ma., 1. 

VERTICAL-DEFLECTION AMPLIFIER 
For operation in a 525-line, SO-frome system 

Maximum Ratings, (Design-Maximum Values): 
1 u' Pi.ate Voltage  
Peak Positive-Pulse Plate Voltage?  
(iHiD-No.2 .;screen-grid) Voltage  
Pv:ak Negative-Pulse Grid-No.I (control-grid) Voltage  
Peak Cathode Current  
werage Cathode Current  
Pi. vte Dissipation  
Gkid-No.2 Input  
Peak Heater-Cathode Voltage: 

Hc-ator negative with respect to cathode  Heaver positive with respect to cathode  

dlo max 
2200 max 
285 max 

-250 max 
190 max 
55 max 

9 max 
2 max 

200 mox 
200*max 

Maximum Circuit Values: 
<. rid-No.1 -Circuit Resistance: 

For fixed-bias operation  0.5 max rneg"hm 
For cathode-bias operation  1 wax nu-gohm 

t The duration of the voltage pulse must not exceed 15 per cent of one vertical scanning cycle. In a 525- 
dne, 30-frame system, 15 per cent of one vertical scanning cycle is 2.5 milliseconds. 
* The dc curnponont must not exceed 100 volts. 

SHARP-CUTOFF PENTODE 
Miniature type used as FM de- 

tector in television receivers. Outline 
11, OUTLINES SECTION. Tube re- 
quires miniature seven-contact socket 
and may be mounted in any position. 

6DT6 

6DT6-A 

Heater Voltage (ac/dc)  
! I e vtEK Current . 
f ukect Interklectrode Capacitances (Approx.)* Cirid No.l ro l^Iate    

Crid No.l to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield 
Grid No.3 to Plate  
Grid No.l to Grid No.3   
Grid No.3 to Cathode, Heater, Grid No.l, Grid No.2, and Internal Shield 

I nternal shield connected to cathode. tFor type 6DT6-A-, value is 1.7 npi. 

Charocterlsttcs: CLASS Ai AMPLIFIER - 0DT6-A 5DTg 
Plate Supply Voltage 150 150 
Grid No.3 (Suppressor Grid) Connected to cathode t 
Grid-No.2 (Screen-Grid) Supply Voltage 100 100 
Cathode-Bias Resistor 560 560 
Plate Resistance (Approx.)   .6.15 0.15 
Transconductance, Grid No.l to Plate       .1350 800 
Transeonductance, Grid No.3 to Plate 515 515 
Plate Current 1.55 1.1 Grid-No.2 Current     1.8 2.1 
Grid-No.1 Voltage (Approx.) for plate current of 10 pa '-5.2 -4.5 
Grid-No.3 Voltage (Approx.) for plate current of 10 ^a -4.2 -3.5 
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FM DETECTOR 
Maximum Ratings, {Deaign-Maximwm Values): 
Ft.YiTi VOLTAGE       
(Iujd-No.S Voltage   
Guid-No.2 Supply Voltage  
(;j:id-No.2 Voltage  
(Imn-No.! (control-grid) Voltage, Positive bias value .. 
Fi vie Dissipation  
Gujd-No.2 Input: For grid-No.2 voltages up to 165 volts  

For grid-No.2 voltages between 165 and 330 volts   
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode   
Heater positive with respect to cathode   

330 max volts 
28 max volts 

330 ma,x volts 
See curve page 66 

0 max volts 
1.7 max watts 
1.1 max watts 

See curve page 66 
200 max volis 
200*?mw' volts 

Maximum Circuit Values: 
(1 rid-No.l-Circuit Resistance: 

For /ixed-bias operation  
For cathode-bias operation  

■ The dc component must not exceed 100 volts. 

0.25 max megohm 
0.5 max megohm 

AVERAGE PLATE CHARACTERISTICS 
TYPE 6DT6-A Ef *6.3 VOLTS 
GRID No.3 CONNECTED TO CATHODE AT SOCKET. GRID-No.2 VOLTS = 100 

300 400 PLATE VOLTS 

AVERAGE CHARACTERISTICS 
TYPE 6DT6-A 

300 400 PLATE VOLTS 
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h,gh-mu tw,n tr,ode 6DT8 
 Vj Miniature type used in a wide 

variety of applications in radio and 
GT2 T| television receivers. Especially useful 

PTjr in push-pull rf amplifiers or as fre- 
quency converter in FM tuners. Outline 12, OUTLINES SECTION. Tube re- 
quires miniature nine-contact socket and may be mounted in any position. Heater 
volts (ac/dc), 6.3; amperes, 0.3. Peak heater-cathode volts: heater negative with 
respect to cathode, 200 max; heater positive with respect to cathode, 200 max; (the 
dc component must not exceed 100 volts). Except for heater and heater-cathode 
ratings, interelectrode capacitances, and basing arrangement, this type is identical 
with miniature type 12AT7. 
Direct Interelectrode Capacitances (Approx., Each Unit Except aa Noted): 

Grid to Plate      1.6* ujtf 
Grid to Cathode, Heater, and Internal Shield  2.7* 
Plate to Cathode, Heater, and Internal Shield     1.6* 
Heater to Cathode   3* 
Cathode to Grid, Heater, and Internal Shield (Unit No.2)   5.31" Plate to Grid, Heater, and Internal Shield (Unit No.2)  2. 8t ir/tf 

Wifh external shield connected to cathode of unit under test. • With external shield connected to ground. 1 With exHM-nal shield connected to grid of unit under test. 

beam power tube 

G|(3)fc('r^EIpC)l<"G3 Miniature type used in vertical s r\\A/ c 
-Htu""" i-\ deflection amplifier service in television OUVVD 

NcC£Ask-/\ yiDnc receivers employing 110-degree deflec- 
(7j -0 tion systems. Outline 18, OUTLINES 
g2 p SECTION. Tube requires miniature 

nine-contact socket and may be operated in any position. Heater volts (ac/dc), 
fi.3: amperes, 1.2. 

CLASS A, AMPLIFIER 
Choracferistics: 
Plate Voltage  Grid-No.2 Voltage   
Grid-No.1 Voltage  
Amplification Factor  
Plate Resistance (Approx.)  
Transconductance  
Plate Current  Grid-No.2 Current  
Grid-No.1 Voltage (Approx.) for plate ma : 

Pentode 
Connection 

Triode 
Connection 

60 200 150 vi.Ks 150 150 — volts 
0 -22.5 -22.5 V olts — 

15000 4.3 
ohms — 5500 - unihos 260" 55 - ma 20" 2 - ma - -55 - volts 

VERTICAL DEFLECTION AMPLIFIER 
For operation in a 525-line, 30-framc system* 

Maximum Ratings, {Design-Maximum Values): 
DC Plate Voltage  330 wax volts 
Peak Positive-Pulse Plate Voltage0   2200 max volts 
DC Grid-No.2 (screen-grid) Voltage  220 max volts 
Peak Negative-Pulse Grid-No.1 (control-grid) Voltage  250 max volts 
Peak Cathode Current  225 max ma 
Average Cathode Current  65 max ma 
Plate Dissipation  11 max watts 
Grid-No.2 Input  2.5 max watts 
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode    200 max volts 
Heater positive with respect to cathode  200*?i/((,c volts 

Maximum Circuit Values: 
Grid-No.1 Circuit Resistance: 

For cathode-hias operation  2.2 max megohms 
• This value can be measured by a method iavolvlng a recurrent wave fotm such that the maximum 
ratings of the tube will not be exceeded. 
• The duration of the voltage pulse must not exceed 15 per cent of one vertical scanning cycle. In a 
525-line, 30-frame system, 15 per cent of one vertical scanning cycle is 2.5 milliseconds. 0 With grid No.2 connected to plate. 
• The dc component must not exceed 100 volts. 

2.2 max megohms 
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TWIN POWER PENTODE 

fiT\T7 Glass octal type used as power O\JI— / amplifier tube in high-fidelity audio a-LV 
equipment. Outline 31, OUTLINES 
SECTION. Tube requires octal socket (iT"*'® 
and may be operated in any position. G'p2 K'G3 

It is especially important that this tube, like other power-handling tubes, be ad- 
equately ventilated. Heater voltage (ac/dc), 6.3; amperes, 1.52. 

Characteristics, (Each TJnit): 
Plato Voltage  
Grirt-N'o.2 (Screen-Grid) Voltage. . . 
Grid-No.1 (Control-Grid) Voltages. 
Plato Resistance (Approx.)  
Transconductance  
Plate Current  
Grid-NTo.2 Current  

CLASS Ai AMPLIFIER 

250 volts 
250 volts 

-7.3 volts 
38000 ohms 
11300 itmhos 

48 ma 
5.5 ma 

PUSH-PULL CLASS ABi AMPLIFIER 
Maximum Ratings, (Desitjn-Maxvmum Values) (Per Tube): 
Pi,An: Voltage  
GRii)-Nro.2 Voltage  
Grii>-\to.2 Input (Total)  
Plate Dissipation  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  
Heater positive with respect to cathode  

Typical Operation, (Per Tube): 
Plate Voltage  
Grid-No.2 Voltage  
Grid-No.1 Voltage  
Cathode Resistor  
Peak AF Grid-No.1-to-Grid-No.l Voltage. , 
Zero-Signal Plate Current  
Maximum-Signal Plate Current  
Zero-Signal Grid-No.2 Current  
Maximum-Signal Grid-No.2 Current  
Effective Load Resistance (Plate-to-Plate). 
Total Harmonic Distortion  
Maximum-Signal Power Output  
Maximum Circuit Values, (Each Unit): 
Grid-No.1-Circuit Resistance  
0 The dc component must, not exceed 100 volts. 

440 max 
300 mux 

4 max 
13.2 max 

Fixed Caliuulv 
Bias Bias 
400 300 volts 
250 250 volts 
-33 - volts _ 120 ohms 

22 22 Volts 
40 66 ma 

100 80 ma 
4 7 ma 

13 15 ma 
9000 9000 ohms 
2.5 3.5 per com 

18 12 watis 

0.27 max megohm 

ELECTRON-RAY TUBE ^~~K 
Glass type used to indicate visu- PidTi — Z-AT)* 

6E5 ally by means of a fluorescent target rN-A the effects of a change in a controlling 
voltage. It is used as a convenient Qj 
means of indicating accurate radio- H 

receiver tuning. Outline 34, OUTLINES SECTION. Tube requires six-contact 
socket. Heater volts (ac/dc), 6.3; amperes, 0.3. For additional considerations, refer 
to Timing Indication with Electron-Ray Tubes in ELECTRON TUBE APPLI- 
CATIONS SECTION. 

TUNING INDICATOR 
Maximum and Minimum Ratings: 
P],\te-Supply Voltage  
Target Voltage  

250 max 
[ 250 max 

125 min 
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Typical Operations 
Plate and Target Supply Voltage  
Series Triode-Plate Resistor     
Target Current*!  
Triode-Plate Current*  
Triode-Grid Voltage (Approx.): 

For shadow angle of 0°  
For shadow angle of 90°  

* For zero triode-grid voltage. f Subject to wide variations. 

200 250 volts 
1 1 megohm 
3 4 ma 

0.19 0.24 inn 
-6.5 -8.0 vnlm 

0 0 voli S 

A TWIN POWER TRIODE \ ) gti , Glass type- used as class Ai amplifier in 
AA—i either push-pull or parallel circuits. Outline 43, 
//L m OUTLINES SECTION. Heater volts (ac/dc;, ACA 

i—i—S 6.3; amperes, 0.6. With plate volts of 250 and OEO 
/ P-fj grid volts of-27.5, characteristics for each unit 

are: plate ma., 18; plate resistance, 3500 ohms; 
transconductance, 1700 ^mhos; amplification 
factor, 6. With plate-to-plate load resistance 

of 14000 ohms, output for two tubes is 1.6 watts. This is a DISCONTINUED type listed for rol 
erence only. 

REMOTE-CUTOFF PENTODE 
Glass type used in rf and if stages of radio 

receivers employingavc. Outline 45, OUTLINES 
SECTION. Except for interelectrode capaci- 
tances, this type is identical electrically with 
type 6U7-G. Heater volts (ac/dc), 6.3; amperes, 
0.3. This is a DISCONTINUED type listed 
for reference only. 

SHARP-CUTOFF PENTODE 

Miniature type used as rf ampli- 
fier in vhf tuners of television receivers. 
Outline 11, OUTLINES SECTION. 
Tube requires miniature seven-contact 
socket and may be operated in any 
position. 

Heatek Voltage (ac/dc). 
Hkatek Current  

Direct Interelectrode Capacitances: 
Grid No. 1 to Plate  
Grid No.l to Cathode, Heater, Grid No.2, and Internal Shield. . 
Plate to Cathode, Heater, Grid No.2,and Internal Shield  0 With external shield connected to cathode. 

CLASS A, AMPLIFIER 
Maximum Ratings, (Design-Maximum Values): 
Plate Voltage  
Grid-No.2 (screen-grid) Voltage  
Grjd-No.1 (,control-grid) Voltage, Positive bias value  
Cathode Current  
Grid-No.2 Input  
Plate Dissipation  
Peak Heater-Cathode Voltage: 

Ifeator negative with respect to cathode  
Heater positive with respect to cathode  

Wit hunt 
External 

Shield 
0.06 max 

Characteristics: 
Plaic Voltage  
Grid-No.2 Voltage  
Grid-No.1 Voltage  
Plate Resistance (Approx.)  
Transconductance  
Plate Current   
Grid-No.2 Current  
Grid-No.1 Voltage (Approx.) for transconductance of 100 ^mhos or less. 
■ The dc component must not exceed 100 volts. 

6.3 
0.2 

With 
Externa I 

Shieldc 

0.05 max 
4.5 

250 max 
150 max 

0 max 
20 max 

0.5 max 
3.25 max 
200 max 
200amux 

229 



RCA Receiving Tube Manual 

DUAL TRIODE >\T\ 
Glass octal type containing high- KT2(5)(/~H )©KT' 

AC A 7 iMtriode and high-perveance,low-mil 
triode in same envelope. Used as a pt20\a 
combined vertical deflection oscillator 
and vertical deflection amplifier in tele- ^ h 

vision receivers. Outline 19, OUTLINES SECTION. Tube requires octal socket 
and may be operated in any position. Heater volts (ac)dc), 6.3; amperes, 1.05. 

VERTICAL-DEFLECTION OSCILLATOR AND AMPLIFIER 
For opera/ion in a 525-line, 30-frame system 

UnitNo.l I 'nit 
Maximum Ratings, {Design-Maximum Values): Oscillator AinplijUr 
DC Plate Voltage  350 ma# 550 max volis 
Peak Positive-Pulse Plate Voltage0  - 1500 wax volts 
Peak Negative-Pulse Grid Voltage  400 max 250 wax volts 
Peak Cathode Current  — max \75ma.c ma 
Average Cathode Current  - max 50 max ma 
Plate Dissipation  1 max JO max waits 
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  200 max 200 max v..Its 
Heater positive with respect to cathode  200B?na.c 200■>«(!.'■ volts 

Maximum Circuit Values: 
(irid-Circuit Resistance: I'nUNo.l I'nitA'o.j! 

For grid-resistor-biae operation   1 max 1 wax megohm 
For cathode-bias operation  2.2 wax 2.2 war megohms 

Characteristics: CLASS Ai AMPLIFIER CnitNoJ Uvit\ro.2 
Plate Voltage  250 00 175 
Grid Voltage  -3 0 --25 
Amplification Factor  66 - 5.5 
Plate Resistance (Approx.)  30000 - 920 
Transeonductance  2200 - 6000 
Grid Voltage (Approx.): 

For plate current of 20   -5.3 - - 
For plate current of 200 ^a  -- - -45 

Plale current  2 100* 40 2 The duration of the voltage pulse must not exceed 15 per cent of one vertical-scanning eyeli-. 
line, 30-frame system, 15 per cent of one vertical-scanning cycle is 2.5 milliseconds. 
* The dc component must not exceed 100 volts. 
• This value can be measured by a method involving a recurrent wave form such that the r 
ratings of the tube will not be exceeded. 

MEDIUM-MU TRIODE— H » 
SHARP-CUTOFF PENTODE 

UnitNo.l Unit No.2 
Oscillator Amplifu r 
350 wax 550 max volls - I 500 max volts 
400 max 250 wax volts 

— max 175 wax ma 
- wax 50 wax ma 

1 max J 0 max walls 
200 max 200 max v..lts 
200"wax 200 ■/«(!.'• VollS 

I nit No.l Unit No.2 
1 max 1 wax megohm 

2.2 wax 2.2 wax megohms 
Ant No.! Uu it No.2 

250 60 175 volts 
-3 0 -25 volts 
66 5.5 

30000 920 ohms 
2200 6000 urnhos 
-5.3 _ volts _ -45 volts 

2 100® 40 ma 

A Q Miniature type used as combined ?= AyXrfr,-—V?)rt?isa 

OEMO oscillator and mixer in television re- i 
ceivers utilizing an intermediate fre- G'p AA\X\ 
quency in the order of 40 megacycles 0^ -0 
per second. Outline 12, OUTLINES Pt gt 

SECTION. Tube requires miniature nine-eontact socket and may be mounted in 
any position. 
Heater Voltage (ac/dc)  
Heater Current  
Heater Warm-up Time (Average). 

Direct Interelectrode Capacitances: 
Triode Unit: 

Grid to Plate  
Grid to Cathode, Heater, Pentode Cathode, 

Pentode Grid No.3, and Internal Shield  
Plate to Cathode, Heater, Pentode Cathode, 

Pentode Grid No.3, and Internal Shield  
Cathode to Heater  

Pentode Unit: 
Grid No.l to Plate  
Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield  
Plate to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield  
Heater to Cathode  

Without 
External 
Shield 
1.7 
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° With external shield connected to cathode of unit under test except as noted. 
■ With external shield connected to ground. 

CLASS Ai AMPLIFIER 
Maximum Ratings, (Design-Maximum Values): ^Unit 
Plate Voltage  330 max 
Grid-No.2 (screen-grid) Supply Voltage  
Grid-No.2 Voltage  - 
Grid-No.1 (control-grid) Voltage: 

Positive bias value  d max 
Plate Dissipation  2.5 max 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts  — 
For grid-N'o.2 voltages between 165 and 330 volts  - 

Peak Heater-Cathode Voltage: 
Heater negative with respect to cathode  200 max 
Heater positive with respeet to cathode  200'waa; 

• The dc component must not exceed 100 volts. 

0 max 
2.5 max 

200 max 
200mmax 

Pentode 
Unit 

330 max volts 
330 max volts 

See curve page 66 
0 max volts 

3.1 jnax watts 

0.55'max watt 
See curve page 66 

200 max volts 
200 •max volts 

AVERAGE PLATE CHARACTERISTICS TRIODE UNIT 

AVERAGE CHARACTERISTICS 
PENTODE UNIT 

VOLT 5 ECr0, 

I 150 200 250 
PLATE VOLTS 
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Characteristics: 
Plate Supply Voltage  
Grid-N o.2 Voltage...      
(Jnd-No.l Voltage  
('athode-Bias Besistor  
AmpUfication Factor  
Plate Resistance (Approx.)  
Transconductance  
Plate Current  
(}ri(I-No.2 Current  (iiid-Ve.l Voltage for plate current of 10 jia. 

(h) ^cap.KP 
y. IS 

r^0G'p 

HIGH-MU TRIODE— h 
SHARP-CUTOFF PENTODE H4j^^G3p

1s
P 

x |-q q Miniature type used in color and rfE|[YL)G|p 

OCDO black-and-white television receivers. It^"" 
Pentode unit is used as video output 1/ sip 
amplifier; triode unit is used in sync- 0s-—^0 
separator, sync-clipper, and phase-in- Kt Pp 

verter circuits. Outline 14, OUTLINES SECTION. Tube requires miniature nine- 
contact socket and may be mounted in any position. 

Ueatkr Voltage (ac/dc)  
1 Leatkr Current.     
I )jREOT INTERELECTRODE CAPACITANCES: 
Triode Unit: 

(Jrid to Plate  
Grid to Cathode and Heater  
Plate to Cathode and Heater  

1 Vnlode Unit: 
Grid No.l to Plate  
Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield. 
Plate to Cathode, Heater, Grid No.2, Grid No.3, and internal Shield  

Triode Grid to Pentode Plate  
Pentode Grid No.l to Triode Plate  
Pentode Plate to Triode Plate  

o. 1 inn/ 
11 

4.2 
0. 018 inox 
0. 005 Mtr.c 

0.17 n/cx 

CLASS A, AMPLIFIER 
Maximum Ratings, (Dcx/.(/rt-3faxim/nn Values): 
Plate Voltage  
Gicid-No.2 (screen-grid) Supply Voltage  
t ;i<id-No.2 Voltage  
Grid-No.I (control-grid) Voltage: 

Positive bias value  
Plate Dissipation.    

< lkid-No.2 Input: 
For grid-No.2 voltages up to 165 volts  
For grid-No.2 voltages between 165 and 330 volts  

Peak Heater-Cathode Voltage: 
Heater negative with respect to cathode  
Heater positive witJi respect to cathode  

The dc component must not exceed 100 volts. 

Triode !: n it 
430 max 

200 max 
2000wox 

Pentode 
I Ant 

330 max volts 
330 wax volts 

See curve page 06 

200 wax 
'IbVPuutx 

Characteristics: 
Plate Supply Voltage  
Grid-No.2 Supply Voltage  
Grid Voltage  
('athode-Bias Resistor  
Vmplifieation Factor    
Plate Resistance (Approx.)   
Transconductance  
Grid Voltage (Approx.) for plate current of 20 po.  
Grid-No.1 Voltage (Approx.) for plate current of 100 ^a. 
Plate Current  
Grid-No.2 Current  

Triode Penhule 
I 'nit 1 'rnl 
250 200 

125 
- 68 

100 - 
17000 75000 
2700 12500 

—5 -9 
2 25 

Maximum Circuit Values; 
Grid-No.l-Circuit Resistance: 

For lixed-bias operation . ... 
For cathode-bias operation. 

0.5 max 
1.0 ma.x 

0. 25 max megohm 
1. 0 max megohm 
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AVERAGE CHARACTERISTICS PENTODE UNIT 
TYPE 6EB8 Efsft.avOUTS 1 

GRID-N22VOL.TS= 12ft 

OWDV°UTS EC' = 0 

_ j GRID-N*I VOLTS EQI =0 

300 400 PLATE VOLTS 

AVERAGE PLATE CHARACTERISTICS 
TRlODE UNiT 

300 4O0 PLATE VOLTS 

POWER PENTODE 
hvS/ [Miniature type used in the audio 

IWp-jJM) output stage of radio and television 6EH5 
np\\l-/S}receivers and m phonographs. This 

type has unusually high power sensi- 
C3 tivity and is capable of providing rel- 

atively high power output at low plate and screen-grid voltages with a low af grid- 
No.1 driving voltage. Outline 13, OUTLINES SECTION. Tube requires miniature 
seven-contact socket and may be mounted in any position. 

T 
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CLASS Aj AMPLIFIER 
Maximum Ratings, (Design-Maximutn Values): 
Tute Voltage  
LiHll)-No.2 (screen-grid) Voltage    
Prate Dissipation  
(! kid-No.2 Input  
I'io\k Heater-Cathode Voltage: 

Healer negative with respect to cathode  
Healer positive with respect to cathode  

Hi uj Temperature (At hottest point)  
Typical Operation: 
IThvc SuppW Voltage  
(iiid-No.2 Supply Voltage    
Cathode-Bias Resistor  
Peak AF Grid-No.1 Voltage  
Zero-Signal Plate Current  
Maximum-Signal Plate Current  
Zero-Signal Grid-No.2 Current  
Maximum-Signal Grid-No.2 Current  
I'iale Resistance (Approx.)    
Trausconductance  
Load Resistance  
Tola). Harmonic Distortion  
Maximum-Signal Power Output  
Maximum Circuit Values: 
< i rid-No. 1-Circuit Resistance: 

For lixod-bias operation  0.1 
For cathode-bias operation  0 5 

* The dc component must not exceed 100 volts. 
PUSH-PULL CLASS Al^ AUDIO-FREQUENCY POWER AMPLIFIER 

Maximum Ratings: (Same as for class Ai audio-frequency power amplifier) 
Typical Operation, (Values are fur 2 tubes): 
Plato Supply Voltage  140 
t;rid-Ni>.2 Supply Voltage  120 
Cathode-Bias Resistor  <>£ 
Peak AF Grid-No.1 Voltage  9.4 
Zero-Signal Plate Current  Fi 
Maximum-Signal Plate Current  51 
Zern-Signal Grid-No.2 Current  11 
Maximum-Signal Grid-No.2 Current  IT.'J 
Htfecnve Load Resistance (Plate-to-plate)  (JOOC 
Total Harmonic Distortion  5 
Maximum-Signal Power Output  3.$ 
Maximum Circuit Values: 
(1 rid-No.l-Circuit Resistance: 

For lixed-bias operation  0.1 
Fur cathode-bias operation  0.5 

150 max volts 
130 max volts 
5.5 max watts 2 mux watts 
200 viax voJfs 200' ■mux volls 
220 mux oc 

110 Vults 
13 5 volts 
02 ohms 

3 volts 
12 ma 
42 ma 

11.5 ma 
14.5 ma 

11000 ohms 
14(500 ^mbos 3000 ohms 7 per cent 

1.4 vai is 

0.1 max megohm 
0 5 max megohm 

ma 
ohms 

per cent 
wai ts 

megohm meguii m 

I 0 type 6EH5 i 

 ! Ul£'_L0 

i r r—T7-4. 
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MEDIUM-MU TRIODE— 
SHARP-CUTOFF PENTODE 

sf / Miniature type used as combined oscillator pT(3// / and mixer tube in vhf tuners of television re- 
ceivers having series-connected heater strings. 
Outline 12, OUTLINES SECTION. Tube re- 

Gt 2p qui1"69 nine-contact socket and may be mounted 
(TV- in any position. Heater volts (ac/dc), 6.3; am- 

Kp,G3p.iS pp peres, 0.45; warm-up time (average), 11 sec- 
onds. This type is used principally for renewal 
purposes. 

CLASS A, AMPLIFIER Triodi 
Maximum Ratings, (Design-MaximumValues): Unit 
PiiATE Voltage  300 mc 
liRID-NO.2 (SCREEN-GRID) SUPPLY VOLTAGE  
(Irid-No.2 Voltage  
Grid-No.1 (control-grid) Voltage, Positive-bias value  0 mt 
Plate Dissipation  2,5 mi 
Grid-No.2 Input: 

For grid-No.2 voltages up to 150 volts  
For grid-No.2 voltages between 150 and 300 volts  

Peak Heater-Cathode Voltage: 
Heater negative with respect to cathode  200 mi 
Heater positive with respect to cathode  200c>m< 

Characteristics: 
Plate Voltage  125 
Grid-No.2 Voltage  
Grid-No.1 Voltage  -1 
Amplification Factor  40 
Plate Resistance (Approx.)  
Transconductance  7500 
Grid-No.1 Voltage (Approx.) for plate current of 20 ^a  -9 
Plate Current  13.5 
Grid-No.2 Current  - 
Maximum Circuit Values: 
Grid-No. 1 -Circuit Resistance: 

For fixed-bias operation  0.5 mi 
For cathode-bias operation  1 mi 0 The do component must not exceed 100 volts. 

6EH8 

Triode Pentode 
Unit Unit 

300 max 300 max veils - 300 max volts 
— See curve page 00 

0 max 0 mux volts 
2.5 max 2.8 max walls 
- 0.5 max wall 
- See curve page 00 

200 max 200 max VolfS 
200c>waa; 200o->nfl:K volts 

125 125 volls - 125 volts 
-1 -1 volt 
40 - - 0.17 megohm 7500 6000 ^mhos 
-9 -10 volls 

13.5 12 ma 
— 4 ma 

0.5 max 0. 25 max megohm 
1 max 1 max megohm 

beam power tube 
C|(3Ywr^^^^K'G3 Miniature type used as vertical 

Arfy-pZqJ deflection amplifier in television re- 
Nr>Ag-V\ /t ^ ceivers utilizing picture tubes having 

0~ (3) diagonal deflection angles of 110 de- 
g2 p grees. Outline 18, OUTLINES SEC- 

TION. Tube requires miniature nine-contact socket and may be 
position. 
Heater Voltage (ac/dc)  
Heater Current  
Direct Interelectrode Capacitances: 

Grid No.l to Plate  
Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3  
Plate to Cathode, Heater, Grid No.2, and Grid No.3  

Plate Resistance (Approx.)*  
Transconductance*  
* For plate and grid-No.2 volts, 250; grid-No.l volts, -18; plate ma.t 40; grid-No.2 

VERTICAL DEFLECTION AMPLIFIER 
Maximum Ratings: For operation in a 525-Hne, JO-frawe system 
DC Plate Voltage  
Peak Positive-Pulse Plate VoltageT (Absolute Maximum)  
Grid-No.2 (scjieen-grid) Voltage  
Peak Negative-Pulse Grid-No.1 (control-grid) Voltage  
Peak Cathode Current  
Aver age Cathode Current  
Plate Dissipation  
Grid-No.2 Input  
Peak Heater-Cathode Voltage*. 

Heater negative with respect to cathode  
Heater positive with respect to cathode  

Bulk Temperature (At hottest point!  

6EM5 

mounted in any 

0.7 max 
10 

5.1 
0.05 
5100 
ma., 3. 

315 max 
»2<)0*i?m.r 
285 max 

-250 max 
210 max 

00 max 
10 max 

1.. 5 wax 
200 max 
200"M>a^ 
250 max 
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Maximum Circuit Values: 
Grui-No.l-Cireuit Kesistance   2.2 max megohm 
1 The duration of the voltage pulse must not exceed 15 per cent of one vertical scanning cycle. In a 
ft-o-liiiC', 30-irame system, 15 per cent of one vertical scanning cycle is 2.5 milliseconds. 
* ( nder no circumstances should this absolute value be exceeded. 
• The de component must not exceed 100 volts. 

AVERAGE CHARACTERISTICS 
WITH EC2 AS VARIABLE 250, , 1 1 1 , , ^x , , , , , ,   j j 

TYPE 6EM5 I 
^ £ f s 6.3 VOLTS __ 

6RID-N2 I VOLTSSO 

0RID-N:2 VOLTS Ecggl5Q 

ISO 200 250 
PLATE VOLTS 

AVERAGE CHARACTERISTICS 

400 
92CM-©e72T 

200 250 PLATE VOLTS 

DUAL TRIODE Q-TA ' 

_ _ . . _ Glass octal type containing high- KT w"rtlirri y@KT' 
OtM/ mu triode and high-perveance, low-mu lAp—, I 

triode in same envelope. Used as com- Pt2(£A\, 
bined vertical-deflection amplifier and 
vertical-deflection oscillator in tele- ^ h 

vision receivers employing picture tubes having 110-degree deflection angles and 
high ultor voltages. Outline 19, OUTLINES SECTION, except vertical dimensions 
are inch less. Tube requires octal socket and may be mounted in any position. 
For curve of average plate characteristics, Unit No.l, refer to type 6DR7. 
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Heater Voltage (ac/dc)  
Heater Current  
] urect Interelectrode Capacitances (Approx.): 

Grid to Plate  
Grid to Cathode and Heater  
Plato to Cathode and Heater  

   6.3 volts 
  0.925 ampere 
Unit No.l Unit No.2 

4.8 10 
2.2 7 
0.6 1.8 

VERTICAL-DEFLECTION OSCILLATOR AND AMPLIFIER 
For operation in a 525-line, 80-frame system 

Unit No.l Unit No.2 Maximum Ralings, (Design-Maximum Values): Oscillator Amplifier 
DC Plate Voltage   330 max 330 max vnhs 
Peak Positive-Pulse Plate Voltage#  - 1500 max volts 
Peak Negative-Pulse Grid Voltage    400 wax 250 max volts 
Peak Cathode Current ;  77 wax 175 max ma 
\verage Cathode Current ;        22 max 50 max ma 
Plate Dissipation  1.5 max 10 max watts 
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode   200 max 200 max volts 
Heater positive with respect to cathode.    200 maxa 200 max* volts 

Maximum Circuit Values: 
Grid-Circuit Kesistance: .- Unit No.l Unit No..I For grid-resistor-bias operation j  2.2 max 2.2 max megohms 

For cathode-bias operation  2.2 max 2.2 max megohms 
CLASS: Ai AMPLIFIER 

Characteristics: Unit No.l I rnit No. I 
Plate Voltage  250 150 volts 
Grid Volt age   -3 -20 volts 
Amplilication Factor  68 5.4 
Plate Resistance (Approx.)  10000 750 dims 
Transeonductance  1600 7200 uinhos 
Grid Voltage (Approx.): 

For plate current of 10/<a  --5.5 - volts 
For plate current of 100    - -45 volts 

Plaie Current.    1.4 50 ma 
Plate Current, for plate volts= 60 and grid volts=0  - 95 ma 
Plate Current, for grid volts= -28  - 10 ma 

The duration of the voltage pulse must not exceed 15 per cent of one vertical-scanning cycle. In a 525- 
line, 30-franie system, 15 per cent of one vertical-scanning cycle is 2.5 milliseconds. 
■ The de component must not exceed 100 volts. 

AVERAGE PLATE CHARACTERISTICS UNIT NS 2 
type 6EM7 Ef=6.3 VOLTS 

R 

a i 

i wMti'A 

SO 100 150 200 250 300 350 400 PLATE VOLTS 

DIODE—REMOTE-CUTOFF 
PENTODE 

Miniature type used as combined 
if amplifier and AM detector in AM 
and AM/FM radio receivers. Outline 
14, OUTLINES SECTION. Tube re- 
quires miniature nine-contact socket 
and may be operated in any position. 
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Hkatek Voltage (ac/dc)  
HEATEU Curhent  Dikhgt Interelectrode Capacitances:0 

Vi-atode Unit; 
Grid No.l to Plate  
Grid No.l to cathode, heater, grid No.2, grid No.3, and Internal Shield 
Plate to cathode, heater, grid No.2, grid No.3, and Internal Shield. . .. 

IVntode Grid No.l to Diode Plate  
Pentode Plate to Diode Plate  

0.002 max 
5.5 

5 
0.0015 mox 
0.095 

PENTODE UNIT AS CLASS Ai AMPLIFIER 
Maximum Ratings, (Design-Maximum Values): 
Plate Voltage  300 max volts 
Okid-No.3 (supi'uessor-grid) Voltage: 

Positive value  300 max volts- 
Negative value  300 max volts 

GRri>-No.2 (screen-grid) Supply Voltage  300 max volts 
Grid-No.2 Voltage See curve page 60 
Guid-No.I (control-grid) Voltage: 

Positive-bias value   0 max volts 
Negative-bias value  50 max volts 

Plate Dissipation  3 max watts 
Grid-No.3 1 nput        0.2 max watt 
Guid-No.2 Input: 

For grid-No.2 voltages up to 150 volts  0.6 max watt; 
For grid-No.2 voltages between 150 and 300 volts See curve page 66 

Peak Heater-Cathode Voltage: 
Heater negative with respect to cathode  200 max 
Heater positive with respect to cathode  200Bmux Bull Temperature (At hottest point)  150 max 

Characteristics: 
Plate Voltage  100 
Grid No.3 Connected to cathode 
Internal Shield Connected to cathode 
Grid-No.2 Voltage  100 
Grid-No.1 Supply Voltage  0 
Grid-No.1 Ttosistor (Bypassed)  2.2 
Plate Resistance (Approx.)  0.25 
Transeonductance  3800 
Plain Current  9 
G rid-No.2 Current  3.5 
G rid-No.1 Voltage (Approx.) for transeonductance of 40 ^mhos  -20 

200 max 
200BwfLr 
150 max 

volts 
at socket 
at socket- 

volts 
volts 

megohms 
megohm 

nmhos 

DIODE UNIT 
Maximum Ratings, (Design-Maximum Values): 
Plate Current  
Characteristics, Instantaneous Test Condition: 
Plate Current, for plate volts=10  
0 W ithout external shield. 
■ The dc component must not exceed 100 volts. 

AVERAGE CHARACTERISTICS 

22 
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HIGH-MU TRIODE 
Miniature type used in vhf tuners 

of television receivers. Outline 11, 
OUTLINES SECTION. Tube re- 
quires miniature seven-contact socket 
and may be mounted in any position. 
Heater volts (ac/dc), 6.3, amperes, 0.18. 

CLASS A, AMPLIFIER Maximum Ratings: '-LAO:> *1 "mruni 
I'l.ATK VOLTACUS  
tlKiD Volt.uie, Negativo-bias value  
Cathode c^uurent  
Plate Dissipation  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  
Heater positive with respect to cathode  

Characteristics: 
Plate Voltage  
Crid Voltage  Amplification Factor    
Plate Resistance f Approx.)  
Tranacouductance    
Plate Current  
(irid Voltage ( Approx.) for transconductance of 500 amhos. Crid Voltage (Approx.) for transconductance of 100 amhos. 
Maximum Circuit Value: 
(Irid Circuit Resistance  

6ER5 

250 vutx v<111 s 
50 mux \:oh,.s 
20 max ma 

2.2 max wails 
100 max volts 
10ft max volis 

HIGH-MU TRIODE 
Miniature type used as grounded- 

^7\ Lltl cathode rf amplifier in vhf television 
JVT/—'—receivers. Outline 11, OUTLINES 

7z)k SECTION. Tube requires miniature 
seven-contact socket and may be op- 

K erated in any position. Heater volts 
(ac/dc), 6.3; amperes, 0.2. 

CLASS Ai AMPLIFIER 
Maximum Ratings, (Di-sitjn-Maximum Values): 
Plate Voltage  
i lRiD Voltage, Positive-bias value  
Cathode Current  
Plate Dissipation  Peak Heater-Cathode Voltage: 

Healer negative with respect to cathode. 
Heater positive with respect to cathode. . 

Characteristics: 
Plate Voltage  
(Jrid Voltage   
Amplification Factor  
Plate Resistance (Approx.)   
Transconductance  
Plate Current  
Grid Voltage (Approx.) for plate Ma=100  
Maximum Circuit Valuesj 
Grid-Circuit Resistance  

6ES5 

250 max vol is 
0 max volls 22 max ma 

2.2 max waits 
100 max v.,Its 100 max VoltS 

200 Vol Is 

VARIABLE-MU TWIN DIODE 
GT| Miniature type with high trans- 

conductance, variable mu, and low 
'kti noise; used as cascode-type amplifier 

in tuners of television receivers. Out- 
line 12, OUTLINES SECTION. Tube 

6ES8 

requires miniature nine-contact socket and may be operated in any position. 
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Hkatuti Voltage (ac/dc). 
HeATEK CURltEN'T  

CASCODE-TYPE AMPLIFIER 
Maximum Ratings: 
Plate Supfly Voltage with plate ma=0  
Plate Voltage (Each unit)  
Grid Voltage, Negative-bias value (Each unit) . Cathode Current (Each unit)  
Plate Dissipation (Each unit)  
Heater-Cathode Voltage: 
Unit No.I:3 

RMS voltage between cathode and heater. . 
Unit No.2:B 

RMS voltage between cathode and heater*. . 
DC voltage between cathode and heater*... 

550 max 
130 max 

50 max 
22 max 

1.8 max 

50 max 
130 max 

Typical Operation: Jn a casnode-type circuit with the yrid of the 
output unit connected to a voltage dividera 

Supply Voltage  
Plate Current  
Transconductance  
Noise Figure*  
Grid Voltage (Approx.) for transconductance of 125 /xmhos  Input Voltage for cross-modulation factor of 0.01 and 

transconductance of 125 /jmhos.    

Maximum Circuit Values: 
Grid-Circuit Resistance (Each unit). 1 max mcghora 

CLASS Ai AMPLIFIER (each unit) 
Characteristics: 
Plate Voltage  90 90 90 volts 
Grid Voltage  —1.2 —5 —9 volts 
Plate Resistance (Approx.)  2500 — — ohms 
Transconductance  12500 625 125 ^nihos 
Plate Current  15 — — ma 0 Groundod-eathode input unit—pins 6, 7, and 8. 
■ Grounded-grid output unit—pins 1, 2, and 3. 
• Cathode positive with respect to heater. 0 In order not to exceed the maximum-rated plate voltage when the cascode-type amplifier is controlled 
it Is necessary to use a voltage divider for the grid of the grounded-grid output unit. 
* Measured with tube operating in a television tuner. 

HIGH-MU TWIN TRIODE 
._ll_ Miniature type used in high-gain, T' 
OCU/ resistance-coupled, low-level audio- ML—^ ■—-(j-, 

amplifier applications where low-hum 
and non-microphonic characteristics —VD 
are important considerations, such as H Kti 

in microphone amplifiers and in preamplifiers for mono- and stereophonic phono- 
graphs. Outline 12, OUTLINES SECTION. Tube requires miniature nine-contact 
socket and may be mounted in any position. For typical operation as a resistance- 
coupled amplifier, refer to RESISTANCE-COUPLED AMPLIFIER SECTION. 

Heater Voltage (ac/dc)  6.3 volts 
Heater Current  0.3 ampere 
Direct Interelectrode Capacitances (Each Unit, Approx.): 

Grid to Plate  1.5 nni 
Grid to Cathode and Heater  1.6 /i/if 
Plate to Cathode and Heater  0.2 ^./tf 

Equivalent Nofse And Hum Voltage (Referenced to Grid, Each Unit): 
A verage Value*  1.8 microvolts rms 

* Measured in "true rms" units under the following conditions: Heater volts (ac), 6.3; center-tap of 
heater transformer grounded; plate supply volts, 250; plate load resistor, 100000 ohms; cathode resistor. 
2700 ohms; cathode bypass capacitor, 100 ^f; grid resistor, 0 ohms; amplifier frequency range, 25 to 
30000 cps. 
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CLASS A! AMPLIFIER (Each Unit) 
Maximum Ratings, (Design-MaximumValues): 
Pi .ate Voltage  
Grid Voltage: 

Negative-bias value  
Positive-bias value  

Pi.ate Dissipation  
Peak Heatek-Cathode Voltage: 

Heater negative with respect to cathode  
Heater positive with respect to cathode  

■ The dc component must not exceed 100 volts. 
Characteristics: 

-do max 
0 max 

1.2 max 

200 max 
200" max 

Plate Voltage    100 250 volts 
Grid Voltage      -1 -2 volts 
Amplification Factor  100 
Plate Resistance (Approx.)    80000 62500 ohms 
Transconduetanee  1600 /imhos 
Plate Current    0.5 1.2 ma 

AVERAGE PLATE CHARACTERISTICS CACH UNIT 
TYPE 6EU7 tf = 6.3 VOLTS 

■ 

m 

I 

a a 

MEDIUM-MU TRIODE- 
sharp-cutoff pentode 

Pt- Miniature type used as combined 
MS... triode oscillator and pentode mixer in 

television receivers. Outline 12, OUT- 
T Kp'<'3p'is LINES SECTION. Tube requires min- 

Pp ^ iature nine-contact socket and may be p operated in any position. 
Heatek Voltage (ac/dc)  
Heater Current. !.!!!'.!]!!]] 
Heater Warm-up Time (Average)  

Maximum Ratings: CLASS A: AMPLIFIER 
Plate Voltage  
Grid-No.2 (screen-grid) Supply Voltage  
Grid-No.2 Voltage  
Grid-No.1 (control-grid) Voltage, Positive bias value. 
Plate Dissipation  
Grid-No.2 Input: 

For gnd-No.2 voltages up to 165 volts  
For grid-No.2 voltages between 165 and 330 volts. .. 

Peak Heater-Cathode Voltage: 
Heater negative with respect to cathode  
Heater positive with respect to cathode  

6EU8 

6.3 volts 0.45 ampere 
11 seconds 

TYiode Penfode 
Unit Unit 

330 max 330 max volrs — 330 max volts 
0 max See curve page 66 

0 max volts 
3 max 3.1 max watts 
- 0.55 max watt 

See curve page 66 
200 max 200 max vol ts 
200omax 200° max volts 
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Characteristics: 
Plate Supply Voltage  
Grid-No.2 Supply Voltage  
Grid-No.1 Voltage  
Cathode-Bias Resistor  
AmplUieation Factor  
Plate Resistance (Approx.)  
Transeonductance  
Grid-No.1 Voltage (Approx.) for plate (ua = 10. 
Plate Current  
Grid-No.2 Current  
Cathode Warm-up Time"  

150 125 volis — 125 vohs 
— volt 
56 — ohm? 40 — 

5000 80000 ohm? 
8500 6400 nmho? 
-12 — 9 volts 18 12 ma — 4 ma 35 " seconds 

0.1 max 0.1 max megohm 
Maximum Circuit Values: 
Grid-No.1-Circuit Resistance  0.1 mux 0.1 max megohm 0 The dc component must not exceed 100 volts. 
■ The cathode warm-up time is defined as the time required for the transeonductance to reach 650n 
emhos when the tube is operated from a cold start with dc plate volts=100, grid volts-O, and 
healer volts=5.5. 

SHARP-CUTOFF TETRODE 

Miniature type used as rf ampli- 
fier in vhf tuners of television receivers. 

6EV5 Outline 11, OUTLINES SECTION. Tube requires miniature seven-contact 
socket and may be operated in any 
position. Heater volts (ac/dc), 6.3; 
amperes, 0.2. 

H P 
(2^(5) 

CLASS Ai AMPLIFIER 
Maximum Ratings, {pcsign-Maximmn Values): 
I'l.vn; \ oj.tage  
Gkid-No 2 (screen-grid) Supply Voltage  
(Ikid-No.2 Voltage  
Gum-No.1 (control-grid) Voltage, Positive bias value  
Cathode Current  
Gum-No.2 Input: 

For grid-No.2 voltages up to 90 volts    
For grid-No.2 voltages between 90 and 180 volts  

I'HTH DfSSfPATTON  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  
Heaver positive with respect to cathode  

Characteristics: 
Plate Voltage  
Grid-No.2 Voltage  
Grid-No. 1 Voltage-  
Plate Resistance (Approx.)  
Transeonductance  
Plate Current  Grid-No 2 Current  
Grid-No.1 Voltage (Approx.) for transeonductance of 100 ^rahos, 
Maximum Circuit Value: 
Grid-No.l-Circuit Resistance  

The dc component must not exceed 50 volts. 

HIGH-MU TWIN TRIODE 
. Miniature type used as a relay- 
Otv/ control tube in remote-control tuning G yn 

units of television receivers. It is proc- cT2(1a\VNI^® 
essed specifically for operation under 2 

standby conditions. Outline 14, OUT- pt) nc 
LINES SECTION. Tube requires miniature nine-contact socket and may be 
mounted in any position. 

275 max voli? 
180 max vol t s 
See curve page 66 

0 max volts 
20 max ma 

0.2 wax wail 
See curve 1 page 66 

3.25 wax walls 
100 wax volts 
1.00° wax volt? 

250 volts 
80 Volts 
- L voll 

0.15 megohm 8800 /iinhos 
11.5 inn 
0.9 ma -4.5 volts 

0.5 wax megohm 

H. 

— 
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HBATTSR VOI/rACB (AC/DC)  Heater Current  
Direct Interelectrode Capacitances (Approx.): 

Grid to Plate  
Grid to Cathode and Heater  
Plate to Cathode and Heater  

Unit No.l 
3.4 

6.3 
0.6 

Unit No.2 3.4 
3 

0.23 
RELAY-CONTROL SERVICE (Each Unit) 

Maximum Ratings, (Design-Maximum Values): 
Plate Voltage      
Grju Voltage. Positive-bias value  
( 'ATUODE ( T'RREN'T  
Plate Dissipation: 

When rime exceeds 30 seconds in any 2-minute interval  
When "on" time does not exceed 30 seconds in any 2-minute interval. 

Peak 1 ieater-Cathode Voltage: 
Heater negative with respect to cathode    
Heater positive with respect to cathode      

■ The de component must not exceed 100 volts. 
Typical Operation with 2500-Ohm-Relay Load: 

With "on" time in any i-mimtis interval: 30 sec, or less 
Plate Supply Voltage  250 
Zero-bias Plate Current  18.5 
Grid Volrage ( Approx.) for plate current of 100 ya  -9 
Maximum Circuit Value: 
Grid-Ci rcuit llesistance  
Characteristics: 
Plate Voltage  
Grid Voltage  
Amplification Factor  
Plate Resistance (Approx.).... 
T ransco n d uet ance  
Plate Current  
Grid Voltage (Approx.) for plaU 

CLASS A! AMPLIFIER (Each Unit) 

300 max 
0 max 

20 max 
2.5 max 
4.5 max 
200 max 
2QQmmax 

Over 30 sec 
150 

10 
-5 

3.9 max megohms 

current of 100 ua. 

AVERAGE PLATE CHARACTERISTICS EACH UNIT 

m 

a 

01 
IB m a 

IB 

SHARP-CUTOFF PENTODE 

Miniature type used in the gain- 
controlled picture-if stages of vhf tel- 
evision receivers operating at an inter- 
mediate frequency in the order of 40 
megacycles per second. This tube fea- 

6EW6 

tures controlled plate-current cutoff and high transconductance (14000 ^mhos) 

243 



     RCA Receiving Tube Manual ' ' ' 

combined with low interelectrode capacitance values. The 6EW6 is provided with 
separate base pins for grid No.3 and cathode to permit the use of an unbypassed 
cathode resistor to minimize changes in input conductance and input capacitance 
with bias, without causing oscillation. Outline 11, OUTLINES SECTION. Tube 
requires miniature seven-contact socket and may be mounted in any position. 

Hkatkk Voltage (ac/dc). 
HeATGK CcntRFiNT  

tGCT iNTEUELECTUODE CAPACITANCES I 
(lri<l NTo.l to Plato  
Grid No.T to Cathode, Heater, Grid No.2, Grid No.3 and 

Internal Shield  
IMiito to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Sliield  

Without 
External 
8 ineld 

0.04 max 

G. 3 
0.4 

With 
External 
Shield* 
0,03 ma. 

CLASS A, AMPLIFIER 
Maximum Ratings, {Design-Maximani Values): 
Plate Voltage  
Gum No.3 (suppuessor grid) Connect 
CtR[I)-No.2 (screen-grid) Supply Voltage  
Guii>-\'o.2 Voltage  
Grid-No.I (control-grid) Voltage, Positive bias value  
Plate Dissipation  
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts  
For grid-No.2 voltages between 165 and 330 volts  

Peak Heater-Cathode Voltage: 
Heater negative with respect to cathode  
Healer positive with respect to cathode  

330 max volts 
to cathode at socket 
330 max volts 

See curve page GG 
0 max volts 

3.1 max watts 

0.65 max wart 
See curve page 66 

Characteristics: 
Plate Supply Voltage  125 volts 
Grid No.3 and Internal Shield  Connected to cathode at socket. 
Grid-No.2 Supply Voltage  125 volts 
Cathode-llias Resistor  56 ohms 
Plate Resistance (Approx.)  0.2 megohm 
Transconductanee   14000 umhos 
Grid-No.I Voltage (Approx.) for plate current of 20   -3.5 volts 
"Plate Current  11 ma 
Grid-No.2 Current  3.2 ma 

With external shield connected to cathode. 
■ The dc component must not exceed 100 volts. 

AVERAGE CHARACTERISTICS 
| CRID-N*! VOLTS EC|s0| J J 

-TYPE 6EW6 Zf- 6.3 VOLTS 
GRID N23 AND INTERNAL SHIELD CONNECTED - TO CATHODE AT SOCKET. GRID-NS2 VOLTS = 125 

200 PLATE VOLTS 
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h(4^L©PT| dual triode 
GT2(5-)(i& T' Glass "noval"-based type used as . 

--i/Wi—i i—i—combined vertical-deflection oscillator OC W / 
/ and vertical-deflection amplifier in tele- 

pT(y—^®kT2 vision receivers. Tube uses same type T2 of envelope as Outline 53 but has large- 
button noval base. Maximum dimensions: over-all length, 2-15/16 inches; seated 
length, 2-5/8 inches; diameter, 1-3/16 inches. Tube requires noval nine-contact 
socket and may be operated in any position. For curve of average plate charac- 
teristics, Unit No.l, refer to type 6DE7. 
Hkateu Voltage (ac/dc)  6.3 volts 
Heater Ourkent  0.9 ampere 
Direct Interelectrode Capacitances (Approx.):0 Unit No.l 
Grid to Plato  4.2 
Grid to Cathode and Heater  2.2 
IMale to Cathode and Heater  0.4 

VERTICAL-DEFLECTION OSCILLATOR AND AMPLIFIER 
For operation in a 525-line, 30-frame syxtem 

Unit No.l 
Maximum Ratings, (Design-Maximum Values): Oscillator 
DC Plate Voltage  330 max Peak Positive-Pulse Plate Voltage"  — 
Peak Negative-Pulse Grid Voltage  400 max 
Peak Cathode Current  77 max 
Average Cathode Current  22 max 
Plate Dissipation  1.5 max 
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  200 max 
Heater positive with respect to cathode  200#max 

Maximum Circuit Values: 
Grid-Circuit Resistance: 

For cathode-bias operation  2.2 max 
For grid-resistor-bias operation  2.2 max 

r. . . t. CLASS Ai AMPLIFIER Unit No.l Characteristics: Oscillator 
Plate Voltage  250 
Grid Volrage  —11 
Amplification Factor  17.5 
Plate Resistance (Approx.)  8750 
Transconductance  2000 
Grid Voltage (Approx.) for plate /ia = 10  —20 
Grid Voltage (Approx.) for plate /ia=100  — 
PI ate Current  5.5 
Plate Current for plate volts=60, grid volts=0  — 
Plate Current for grid volts= —25  — 

AVERAGE CHARACTERISTICS 

UnitNo.2 
9 

Unit No.2 
Amplifier 
330 max 

1500 max 
250 max 
175 max 

50 max 
10 max 

200 max 200 max volts 
2Q09rnax 200*max volts 

2.2 max 2.2 max megohms 
2.2 max 2.2 max megohms 
Unit No.l Unit No.2 
Oscillator Amplifier 
250 150 volts 

-11 -17.5 vol ts 
17.5 6 
8750 800 o h m s 
2000 7500 /imhos 
-20 — volts — -40 volra 5.5 45 ma 

— 95 ma — 8 ma 

type 6EW7 E, =fe.3 VOLTS 
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■ Without external shield. 
° Ihe duration of the voltage pulse must not exceed 15 per cent of one vertical scanning cycle. la a 
a25-linc, 30-frame system, 15 per cent of one vertical scanning cycle is 2.5 milliseconds. 
• The de component must not exceed 100 volts. 

BEAM POWER TUBE 
Glass octal type used as horizontal deflec- 

tion amplifier in television receivers. Outline 4G, 
OUTLINES SECTION. Tube requires octal 

OC^xO socket and should be operated vertically (base down or up) or horizontally with pins 2 and 7 in 
a vertical plane. Heater volts (ac/dc) 6.3; am- 
peres, 2.25. This type is used principally for 
renewal purposes. 

HORIZONTAL-DEFLECTION AMPLIFIER 
For operation in a 525-line, SO-frame system 

Maximum Ratings, (Design-Maximum Values): 
DC Plate Voltage  
Peak Positive-Pulse Plate Voltage^ ! ]!!! 
Peak Negative-Pulse Plate Voltage  
DC Grid-No.2 (screen-grid) Voltage  
Peak Negative-Pulse Grid-No.1 Voltage  
Peak Cathode Current  
Average Cathode Current  
Plate Dissipation*  
Giui>-No.2 Input  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  
Heater positive with respect to cathode  

Bulk Temperature (At hottest point)  
Maximum Circuit Values: 
Grid-No.1 Circuit Resistance  

770 mti-x 
7000 max 
1500 max 195 max 

220 max 
770 max 
220 max 

22 max 
3.5 max 
200 max 
200amfw 225 max 

0.47 max megolu 

Characteristics: CUSS A: AMPLIFIER 
Plate Voltage  60 60 175 volvs 
Grid-No.2 Voltage  125 150 175 volts 
Grid-No.1 Voltage  0 0 —30 volts 
Triode Amplification Factor  — — 4.2 
Plate Resistance (Approx.)  — — 8500 ohms 
Transconductance  — — 7700 /iinhos 
Plate Current  360* 460* 67 ma 
Grid-No.2 Current  30* 45* 3.3 ma 
Grid-No.l Voltage (Approx.) for plate ma=l  — — —50 volts 
Grid-No.1 Voltage (Approx.) for peak positive-pulse 

plate voltage of 5000 volts and plate current of 1 ma —88 —94 —101 volts 
• The duration of the voltage pulse must not exceed 15 per cent of one horizontal scanning cycle. In a 
52o-[ine, 30-frame system, 15 per cent of one horizontal scanning cycle is 10 microseconds. 
• An adequate bias resistor or other means is required to protect the tube in the absence of excitation. 
3 The dc component must not exceed 100 volts. 
• This value can be measured by a method involving a recurrent waveform such that the maximum 
ratings of the tube will not be exceeded. G2 Gl 

BEAM POWER TUBE 
. —. Glass octal type used as vertical \ 

O t I O deflection amplifier in television re- AA ) 
ceivers. Outline 26, OUTLINES SEC- h 
TION. Tube requires octal socket 
and may be operated in any position. k 

Heater Voltage (ac/dc) . 
Heater Current  

VERTICAL DEFLECTION AMPLIFIER 
For operation in a 525-line, $0-frame system 

Maximum Ratings, (Design-Maximum Values) 
DC Pi,ate Voltage  
Peak Positive-Pulse Plate Voltage®  
Guii>-No.2 (screen-grid) Voltage  
Peak Negative-Pulse Grid-No.1 (control-grid) Voltage  
Peak Cathode Current  
Average Cathode Current  
Plate Dissipation  
(;kii»-No.2 Input  

350 max 
2500 max 

300 max 250 max 
180 max 

SO max 
11 max 2.75 u/a.r 
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Pkak Heatek-Cathode Voltage: 
Heater negative with respect to cathode. 
Heater positive with respect to cathode. . 

Bl'Eh Temperatuije (At hottest point)  
Maximum Circuit Values: 
Grid--\t>. 1-Circuit Resistance: For fixed-bias operation. . 

'For cathode-bias operation 
CLASS A, AMPLIFIER 

Characteristics: 
I'inte Voltage  
Grid-No.2 Voltage  
G rid-No.1 Voltage  
Plate Resistance (Approx.)  
Transeonductance  
Grid-No. 1 Voltage (Approx.) for plate aa= 100. 
Plate Current  
Grid-No.2 Current  

200 max 
200bW4«.T 
200 max 

1 max megohm 
2.2 max megohms 

0 The duration of the voltage pulse must not exceed 15 per cent of one vertical scanning c\ 
525-line, P.O-l'rame system, 15 per cent of one vertical scanning cycle is 2.5 milliseconds. 
■ The do component must not exceed 100 volts. 
• This value can be measured by a method involving a recurrent waveform such that the r 
ratings of ihe tube will not be exceeded. 

BEAM POWER TUBE 

Glass octal type used as vertical 
deflection amplifier in television re- 
ceivers. Outline 26, OUTLINES SEC- 
TION. Tube requires octal socket and 
may be operated in any position. 

Hkateu Voltage iacluci . 
KKATEU CUJIKHNT  

6EZ5 

VERTICAL DEFLECTION AMPLIFIER 
For operation in a 525-line, 30-framc syslan 

Maximum Ratings, {Design-Maximum Values): 
i)C Plate Voltage  
Peak Positive-Fulse Plate Voltage0  
Gutp-Xo.2 (screen-grid) Voltage  Peak Negative-Pulse Grid-No.1 (control-grid) Voltage  
Peak Cathode Current  
Average Cathode Current  
Plate Dissipation  
Gr[d-No.2 Input  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  
Heater positive with respect to cathode  

Bull Temperature (At hottest point)  
Maximum Circuit Values: 
Grid-No.l-CifCuit Resistance: 

P<n- fixed-bias operation  
For cathode-bias operation  

CLASS Ai AMPLIFIER 
Characteristics: 
Plate Voltage  
Gnd-No.2 Voltage  
Grid-No.I Voltage  
Plate Resistance (Approx.)  
Transeonductance  
Grid-No.1 Voltage (Approx.) for plate /±a=l00. 
Plate Current    
Grid-No.2 Current  

350 max 
2500 max 
300 max 
250 max 
260 max 

75 max 
12 max 

2.75 max 

1 max megohm 
2.2 max megohms 

0 The duration of the voltage pulse must not exceed 15 per cent of one vertical scanning cy 
525-Une, SO-frame system, 15 per cent of one vertical scanning cycle is 2.5 milliseconds. 
* The dc component must not exceed 100 volts. 
* This value can be measured by a method involving a recurrent waveform such that the n 
ratings of the tube will not be exceeded. 
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6EZ8 

HIGH-MU TRIPLE TRIODE k^.K. 
Miniature type used in oscillator- H ( 

mixer and afc service in FM receivers. Pt3(3) 
Outline 12, OUTLINES SECTION. "I 
Tube requires miniature nine-contact Gt3w 
socket and may be operated in any 
position. •< 

Umater Voltage (ac/dc). 
i 1 HAT Eli CUHHENT. ....... 

CLASS At AMPLIFIER 
Values are for Each Unit Unless Specified Otherwise 

Maximum RaHngs, (Design-MaximumValues): 
Plate Voltage  tlRio Voltage: 

Nogative-bias value  
Positive-bias value  

Plate Dissipation*  
Total Plate Dissipation (Ail plates)   
Heater-Cathode Voltage (Unit No.3): 

Floater negative with respect to cathode  
Hoator positive with respect to cathode  

ChoracterisHcs: 
IMaio Voltage  
(i lid Voltage  
\ mpUlication Factor    
iM-aie Resistance i Approx.)  Transeonduclance  
Crid Voltage Approx.), for plate fin -=20. 
Plate Current   

HIGH-MU TRIODE (71 (?) 

_ _ _ Metal type 6F5 and glass octal W —/ \ 
Ora type 6F5-GT used in resistance- V^/T) 

coupled amplifier circuits. Outlines 4 
6r5-GT ancl 21, respectively, OUTLINES ClT1*® 

SECTION. Tubes require octal socket hc:'!f5-gt k 

ami may be mounted in any position. Type 6F5-GT may be supplied with pin 
No.l omitted. Heater volts (ac/dc), 6.3; amperes, 0.3. Typical operation as class 
Ai amplifier: plate volts, 250 (300 max); grid volts, -2; amplification factor, 100; 
plate resistance (approx.), 66000 ohms; transconductance, 1500 |uhmos; plate ma., 
0.9. Peak heater-cathode volts, 90 max. Type 6F5-GT is a DISCONTINUED type 
listed for reference only. 

6F6 
_ _ _ Metal type 6F6 and glass octal ( L—li ) 
6F6-G types 6F6-G and 6F6-GT used in the hh 
«_ _ _ audio output stage of ac receivers. 
OrO-V7 I Tubes are capable of large power out- nc(<>f6-&L^ 

put with relatively small input voltage. T 

Outlines 6, 42 and 26, respectively, OUTLINES SECTION. Type 6F6-GT may 
be supplied with pin No.l omitted. Tubes require octal socket and may be mounted 
in any position. It is especially important that these tubes, like other power- 
handling tubes, be adequately ventilated. Types 6F6-G and 6F6-GT are used 
principally for renewal purposes. 

POWER PENTODE 

S:6F6 (I 
w,. (W6-G — NC(6F6-GT 

Heateh Voltage (ac/dc). 
FlEVIER CrRRENT   
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CLASS Ai AMPLIFIER 

Typical Operation: 

16.5 
34 
36 

6.5 
10.5 

80000 
2500 
7000 

3.2 

PUSH-PULL CLASS ^ AMPLIFIER 
Maximum Ratings: (Same as for class Ai amplifier) 
Typical Operation (Values arc for two tubes): 
T'luto Voltage  
Gri(l-\'o.2 Voltage  
Grid-N'o.l (Control-Grid) Voltage  
Peak A.F Grid-No. 1-to-Grid-No.l Voltage  
Zero-Signal Plate Current   
Maximum-Signal Plate Current  
Zero-Signal Grid-No.2 Current  
Maximum-Signal Grid-No.2 Current  
P.ffeetive Load Resistance (Plate-to-plate)  
Total Harmonic Distortion   
Maximum-Signal Power Output  

Maximum Circuit Values: 
Grid-No.l Circuit Resistance: 

For fixed-bias operation... . 
For cathode-bias operation. 

* Gri<l No.2 connected to plate. 
0.1 max 
0.5 max 

6F7 

LOW-MU TRIODE— 
t REMOTE-CUTOFF PENTODE 

>7 Glass type adaptable to circuit design in 
several ways. Outline 40, OUTLINES SEC- AE7 

e) TION. Heater volts (ac/dc), 6.3; amperes, 0.3. WT# 
k Typical operation as class Ai amplifier: pentode G3p unit—plate volts, 250 max; grid-No.2 volts, 100; 

grid-No.1 volts, -3; plate resistance, 0.85 meg- 
ohm; transconductance, 1100 jumhos; plate ma., 
6.5; grid-No.2 ma., 1.5; triode unit—plate volts, 

100 uw.c; grid volts, -3; amplification factor, 8; plate resistance, 0.016 megohm; transconductance 
imihos; plate ma., 3.5. This type is used principally for renewal purposes. 

MEDIUM-MU TWIN TRIODE 
Glass octal type used as voltage amplifier 

or phase inverter in radio equipment. Outline 39, 
OUTLINES SECTION. Tube requires octal 
socket. Except for the heater rating of 6.3 volts 
(ac/dc) and 0.6 ampere and interelec.trode ca- 
pacitances, each triode unit is identical elec- 
trically with type 6J5. Type 6F8-G is used prin- 
cipally for renewal purposes. 

"TT 



RCA Receiving Tube Manual 

DIODE—SHARP-CUTOFF, 
TWIN-PLATE TETRODE H< 

Miniature type used in frequency- PD@t 
sr A 7 divider and complex-wave generator Ncri 
OrM/ circuits of electronic musical instru- ^ 

ments. Outline 14, OUTLINES SEC- i 
TION. Tube requires miniature nine- Pbtf 

contact socket and may be operated 
in any position. 

Hunter Voltage (ac/dc)  < 
Ukmer Current  i 
I >ntect Interklectrode Capacitances:0 

Tc-irode Unit: 
Grid No. 1 to Plate A  O .i 
Grid No. 1 to Plate B  OJ 
Grid No.l to Cathode, Heater, Grid No.2, and Internal Shield  ; 
Plate A to Cathode, Heater, Grid No. 2  ] 
Plate B to Cathode, Heater, Grid No.2, and Internal Shield  

'IVirode Grid No.l to Diode Plate  ft . < 
Tetrode Plate A to Diode Plate  0 . ( 
Tetrode Plate B to Diode Plate  0 J 

0 (140 
ft. 040 max 

5.5 
1 .8 
1.8 

ft. 022 
0.020 viox 
0.055 

FREQUENCY DIVIDER & COMPLEX-WAVE GENERATOR 
Tetrode Unit 

Maximum Ratings, {Desiijn-Maxi'ininn- Values): 
PlatEtA Voltage  
Pi ate-B Voltage  
CKin-No.2 iscreen-grid) Supply Voltage  
* iRiD-No.2 Voltage  
GKID-NO.1 'CONTROL-GRID) VOLTAGE: 

Negative-bias value  
Positive-bias value  

Pi ate-A Dissipation  
Pi.ate-B Dissipation  
Crii)-No.2 Ivput: 

For grid-No.2 voltages up to 165 volts  
For grid-No.2 voltages between 165 and 330 volts  

Peak Heater-Cathode Voltage: 
Heater negative with respect to cathode  
Heater positive with respect to cathode  

Maximum Circuit Values: 
Grid-No.1 Circuit Hesistance: 

For grid-No.1 resistor-bias operation  
Diode Unit 

Maximum Ratings, (Design-Maj'imnm Values): 
Plate Current  
Characteristics, Instantaneous Test Condition: 
Philo Current for plate voLts=10  

330 mux volts 
330 niax volts 
330 max volts 

See curve page 66 
oft -mux volts 

ft max volts 
l.omux watts 
1 . 5 max watts 

0.65 max watt 
See curve page 66 

200 max volts 
2ft0"f/oijr volts 

2.2 max megohms 

CLASS Ai AMPLIFIER 
Characteristics, {Tetrode Unit): 

Plate A and Plate B connected together 
Plate Voltage  
Grid-No.2 Voltage  
G rid-No.1 Supply Voltage  
Grid-No.l Resistor (Bypassed)  
Plate Resistance (Appro*.)  
Transconductance  
Plate Current  
Gnd-No.2 Current  
Grid-No.l Voltage (Approx.) for plate na=20  

volts 
volts 
volts 

megohms 
ohms 

/imhos 
ma 

Using either Plate A or B, with unused plate grounded 
Plate Voltage  100 
Grid-No.2 Voltage  10ft 
Grid-No.l Supply Voltage  0 
G rid-N o.l Resistor (Bypassed)  2.2 
Plate Resistance (Approx.)  130000 Transconductance  1900 
Plate Current    2.2 
Gvid-No.2 Current  3 
0 Without external shield. 
* The dc component must not exceed 100 volts. 
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AVERAGE CHARACTERISTICS 

300 400 PLATE VOLTS 

^2 G | 
BEAM POWER TUBE 

( ::il\ I Glass octal "type used in the audio , — 
G _ , output stages of compact stereophonic Ol tj 

H H phonographs and in radio and televi- 
"TD sion receivers. Tube has high sensi- 

K'G3 tivity at very low plate and screen- 
grid voltages; it can deliver relatively high power output at low values of plate 
load resistance. Outline 29, OUTLINES SECTION. Tube requires octal socket 
and may be mounted in any position. 

Heateu Voltage Cac/dc)  
Heateu Current  
Direct Interelectrode Capacitances (Approx.): 

Grkl No.l to Plato  
Grid No.l to Cathodo, Heater, Grid No.2, and Grid No.3. 
Vlaio to C'atliodo. Heater, Grid No.2, and Grid No.3  

CLASS Al AMPLIFIER 
Maximum Ratings, (Dcsign-Maximuin Values): 
Plate Voltage  
Grid-No.2 (screen-grid) Voltage  
Grid-No.2 Isihtt  
Plate Dissh'ation  
Peaic Heater-Cathode Voltage: 

Heater negative with respect to cathode   
Healer positive with respect to cathode  

Typical Operation: 
Plaie Supply Voltage  
Griil-No.2 Supply Voltage  
Grid-No.1 (Control-Grid) Voltage. . . 
Cai.hodo~P>ias liosistor  
Peak A F Grid-No.1 Voltage  
Zero-Signal Plate Current  
Maximum-Signal Plate Current  
Zero-Signal Grid-No.2 Current  
Maximum-Signal Cirid-No.2 Current. 
Plate Kosistance (Approx.)  
Transeonductanee  
Load llesislance  
Toial Harmonic Distortion  
Maximum-Signal Power Output  

175 max 
175 max 
2.4 max 

14.5 max 
300 max 
2Q0mmax 

Fixed Bias Cathode Bias 
130 145 130 145 VeltS 
130 145 130 145 volts 

-12.5 -16 - - volts 
- 120 150 ohms 

12.5 15 11.9 15.4 veils 
82 80 88 86 ma 
94 100 90 86 ma 

4 4 5 4.2 ma 
15 18 9 17 ma - - 8000 - ohms 
- - 9500 - jumh' is 

1000 1000 1000 1000 ohms 
12 15 10 13 per emi i 

4.2 5.6 3. 5 4.3 \v:n i s 
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PUSH-PULL CLASS A, AMPLIFIER 
Maximum Ratings, (Design-Maximum Values): (Same as for class Ax am plifier) 
Typical Operation {Values are for two tubes): 
Plate Supply Voltage    130 145 volts 
Grid-No.2 Supply Voltage    130 145 volts 
Cathode-Bias Resistor    75 75 ohms 
Peak AF Grid-No.1-to-Grid-No.l Voltage    25.8 28.8 volts 
Zero-Signal Plate Current    150 160 ma 
Maximum-Signal Plate Current    154 172 ma 
Zero-Signal Grid-No.2 Current    7.2 8 ma 
Maximum-Signal Grid-No.2 Current    17 20 ma 
K/Foctive Load Resistance {Plate-to-plate)    1600 1600 ohms 
Total Harmonic Distortion    6 6 per cent 
Maximum-Signal Power Output    7 8.5 watts 

Maximum Circuit Values: 
Grid-No.1-Oircuit Resistance: 

For fixed-bias operation  O.lma-x megohm 
For cathode-bias operation  0.5 max megohm 

■ The do component must not exceed 100 volts. 

AVERAGE PLATE CHARACTERISTICS 

i 

GRlO-N* 2 VOLTS Ec 2 

B 

AVERAGE CHARACTERISTICS 

I 

mam 

mm i 

a 

20 40 60 SO 100 120 140 160 180 200 PLATE VOLTS 
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Refer to type EM84/6FG6 
6FG6 

HIGH-MU TRIODE 
Miniature type used as an rf am- 

plifier in vhf tuners of television re- 
ceivers. Outline 11, OUTLINES SEC- 
TION. Tube requires seven-contact 
socket and may be mounted in any 
position. 

Heater Voltaue (ac/dc) . 
Heater Current  

Direct Intereleotrode Capacitances (Approx.): 
Grid to Plate  
Grid to Cathode, Internal Shield, and Heater.. 
Plate to Cathode, Internal Shield, and Heater. 

• With external shield connected to cathode. 

CLASS Ai AMPLIFIER 
Maximum Ratings, (Design-Maximum Values): 
Plate Voltage  
Grid Voltage, Positive-bias value  
Cathode Current  
Plate Dissipation  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  
Heater positive with respect to cathode  

Without 
External 
Shield 

0.52 
3.2 
3.2 

Characteristics: 
Plate Voltage  
Grid Voltage  
Plate Resistance (Approx.)  
Transconductanee  
Plate Current  
Grid Voltage (Approx.) for plate current of 100 ^a. 
Maximum Circuit Values: 
Grid-Circuit Resistance: 

For cathode-bias operation  

6FH5 

6.3 
0.2 

With 
External 

Shield• 
0.52 
3.2 

4 

150 max 
0 max 

22 max 
2.2 max 
100 max 
100 max 

1 max megohm 

AVERAGE PLATE CHARACTERISTICS 

9 20 40 bO SO 100 120 140 160 180 200 220 240 260 
PLATE VOLTS 92C.V-1C3 
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MEDIUM-MU TRIODE— 
THREE-PLATE TETRODE 

zrtlO Miniature type used in complex- 
Or HO wave generator applications. Sharp- ( 

cutoff tetrode unit has pair of additional (3) 
plates. Outline 12, OUTLINES SEC- T , 
TION. Tube requires nine-contact i 
socket and may be mounted in any 
position. 

Hkatur Vor.TAOE (AC/DC)  
HM.VTKK C'ubuent  < 
Direct Intekeeectkode Capacitances:0 

Triode Unit: 
Grid to Plato  
Grid to Cathode and Heater  
Plato to Cathode and Heater  

Tetrode Unit: Grid No.1 to Plate No.2  < 
Grid No. 1 to Cathode, Heater, Grid No.2, Plate No.lA, and Plate No.IB 
Plate No.2 to Cathode, Heater, Grid No.2, Plate No.lA, and Plate No. IB 

Tetrode Grid No.t to Triode Plate  
Tetrode Plate No.2 to Triode Plate  0 0\Vhh external shield connected to cathode. 

/^atb 
^TR 

0.06 max 
4. 5 
14 

0.35 tnax 
0.008 W.oj: 

Characteristics, Class Ai Amplifier: Triode Unit 
Plate Voltage  
Grid Voltage  
Amplilicatiori Factor  
Plato Resistance ( Approx.)  
T r a n sco n d u ci a n ce  
Plaio Current  
Grid Voltage (Approx.) for plate current of 100 ^a  

Tetrode Unit with Plates No. 1A and No. IB Connected to Cathode 
Plato-Nro.2 Voltage  
Grid-Nu.2 Voltage  
Grid-No.1 Voltage  
Plau-No.2 Resistance (Approx.)  
Transeonduetanee, Grid No.l to Plate No.2  
Piaie-\ru.2 Current  
Grid-No.2 Current  
Grid-No.'l Voltage (Approx.) for plate No.2 current of 100 ^a  

COMPLEX-WAVE GENERATOR 
Maximum Ratings, {Design-Maximum "Values): Triode Unit 
Plate Voi.tacie  275 max Pi.atc-No.iA Voltage.      
Platg-No.IB Voltage    - Plate-Nro.2 Voltage  
Gr(I)-\T>.2 - screen-grid) Supply Voltage.      
Grid-N'o.2 Voltage  - 
Grid-No. i - control-grid) Voltage: 

Negative-bias value    40 max 
Positive-bias value    0 max 

Plate Dissipation  1.7 max Plate-Xo.UY Diswr'ATion   
Plate-No.IB Dissipation  - 
Pt,ate-No.2 Dissipation  - 
GRtD-No.2 Input: 

For grid-No.2 voltages up to 137.5 volts  - 
For grid-Xo.2 voltages between 137.5 and 275 volts  - 

Typical Operation With Separate Plate Operation (Tetrode Unit): 
Plates-No.1A. No,IB, and No.2 Voltage  
Grid-Xo.2 Voltage  
Grid-No. 1 Voltage    
Plate-No.1 A Current  
Plate-No.l.B Current  
Plate-No.2 Current  
Grid-Xo.2 Current  
Transeonductarice (Approx.): 

Grid No.l to Plate No.lA  Grid No.l to Plate No.lB    
Grid No.l to Plate No.2  

Maximum Circuit Values: 
Grid-No.l-Circuit Resistance: Triode Unit 

For fixed-bias operation  0.5 max 

40 max 
0 ynax 

1.7 m ax 

100 volts 
-1 voli 
40 

7400 ohms 
5400 Mnihos 
7.9 ma —7 volts 

it Socket 
250 volts 250 Volts -2 volts 0.75 megohm 4400 Mmhos 
7.3 ma 
1.4 ma 

~7 V< )11 s 

Tetrode U n it 
- vol ts 

200 I/KL i" vohs 
200 ma. '• vol is 275 max volts 
275 "mu.c volts 

See cu rve page 66 
40 )yi (i. volts 

0 ma. Volts 
0 .3 tfin. watts 

'• watt 0.3 ma. wat i 2.3 max watts 
0.45 ma. '• watt bee curve page 66 

100 volts 50 Vol IS 
-1 Voll 0.04 ma 

0.04 ma 
1.6 ma 
0.3 ma 

70 fimhn* 
70 /imhos 

2500 /xmhos 

Triode Unit Tetrode Unit 
0.5 max 0.5 max megohm 
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TWIN DIODE—HIGH-MU TRIODE 
Miniature type used as combined 

FM detector and af voltage amplifier 
in FM receivers. Outline 12, OUT- 
LINES SECTION. Tube requires min- 
iature nine-contact socket and may be 
operated in any position. 

Hkaticu Voltage (ac do) 
Hgator Current  

TRIODE UNIT AS CLASS Ai AMPLIFIER 
Maximum Ratings, (Design-Mavimtnu Val/tcs): 
Plate Voltage  
(Ir11> Voltage, Positive bias value  
Plate Dissipation  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode    
Heater positive with respect to cathode  

Characteristics: 
Plate Voltage. . . 
Grid Voltage  
Amplification Factor  
Plate ttesistanee (Approx.). 
T ra nseon d uctan ce  
Plate Current  

6FM8 

33 0 max 
0 max 

1.1 max 
200 max 
200° max 

DIODE UNITS AS CLASS A, AMPLIFIER 
(Each Unit) 

Maximum Ratings, (Denign-Maximtim Values): 
Plate Current  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  
Heater positive with respect to cathode  

Characteristics, Instantaneous Test Condition: 
Plate Current, for plate volts—5  0 The dc component must not exceed 100 volts. 

200 max 
200amax 

MEDIUM-MU TWIN TRIODE 
KT2 ' Miniature type used as combined 

[y— ffff vertical- and horizontal-deflection os- Ol G|7 
gt2®\\ cillator in television receivers. Outline KT' 14, OUTLINES SECTION. Tube re- 

Pt2 nc quires miniature nine-contact socket 
and may be operated in any position. Except for direct interelectrode capacitances, 
this type is identical with miniature type 6CG7. 
Heater Voltage (ac/dc)  
Heater Current  
Heater Warm-up Time (average)  
Direct Interelectrode Capacitances (Approx.):0 

Grid to Plate  
Grid to Cathode and Heater  
Plate to Cathode and Heater  
Plato of Unit No.l to Plate of Unit No.2  0 Without external shield. 

Unit No.l 
3.6 
2.4 

0.34 

Unit No. 3 
3.8 
2.4 

0.26 

SHARP-CUTOFF TETRODE 

Miniature type used as rf ampli- 
fier in vhf tuners of television receivers. 
Outline 11, OUTLINES SECTION. 
Tube requires seven-contact socket 
and may be mounted in any position. 

6FV6 
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Heater Voltage (ac/dc)  
Heater Current    
Direct Interelectrode Capacitances:0 

Grid No.l to Plate  
Grid No.l to Cathode, Heater, Grid No.2, and Internal Shield. 
Plate to Cathode, Heater, Grid No.2, and Internal Shield  
Cathode to Heater  

0 With external shield connected to cathode except as noted. 
• With external shield connected to ground. 

CLASS Ai AMPLIFIER 
Maximum Ratings, (Design-Maximum Values): 
Plate Voltage  
Gbid-No.2 (screen-grid) Supply Voltage  
Giui>No.2 Voltage  
Gbid-No.I (control-grid) Voltage, Positive bias value  
Cathode Current  
Grid-No.2 Input: 

For grid-No.2 voltages up to 90 volts  
3^or grid-No.2 voltages between 90 and 180 volts  

Plate Dissipation    
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode    
Heater positive with respect to cathode  

275 wtix volt? 
180 wax votes 
See curve page 60 

0 m<v volts 
20 wax nuv 

0.5 rnnx watt 
See- curve page 00 

2 wax watis 
200 ino.c voDs 
200*7/"r.r volu-: 

Characteristics: 
Plate Voltage  
Grid-No.2 Voltage  
Grid-No.1 Voltage  
Plate Itesistance (Approx.)  
Transconductance  
Plate Current  
Grid-No.2 Current  
Grid-No.1 Voltage (Approx.) for plate current of 20 rz. 

volts 
volts 
volt 

megohm 
fstnhos 

Maximum Circuit Value: 
Grid-No.l-Circuit Resistance  

The dc component must not exceed 100 volts. 

MEDIUM-MU TRIODE— h 
SHARP-CUTOFF PENTODE hq£1^)p 

. . _ Miniature type used in television KT®(/rp- 
OrVO receivers as combined oscillator and —MLlj sp 

amplifier. Triode is used as vertical 
deflection oscillator; pentode is used (?) 'Q 
as if or general-purpose amplifier. Out- CT ? 

line 12, OUTLINES SECTION. Tube requires nine-contact socket and may be 
operated in any position. Heater volts (ac/dc), 6.3; amperes, 0.45; heater warm- 
up time (average), 11 seconds. 

VERTICAL-DEFLECTION OSCILLATOR—TRIODE UNIT 
For operation in a 525-line, 30-frame system 

Maximum Ratings, (Design-MaximumValues): 
DC Plate Voltage  3<J0 max vCrs 
Peak Negative-Pulse Grid Voltage  250 max vuR* 
Peak Cathode Current  70 max nm 
Average Cathode Current  20 max ma 
Plate Dissipation  2 max watu 
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  200 max voU* 
Heater positive with respect to cathode    2Q0cwax volts 

Maximum Circuit Values: 
Grid-Circuit Resistance: 

For cathodc-bias operation.      ... 8 max megohms 

330 max Volrs 
250 max Volts 

70 max Tim 
20 max ma 

2 max watU 
200 max volts 
2Q0c?riax vol t s 

3 max megohms 
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CLASS Ai AMPLIFIER 
Pentode Unit 

Maximum Ratings, (Desvjn-MoxiiHiou Values): 
Plate Voltage  
GRID-.V0.2 (SCKEEN-GRID) SUPPLY VOLTAGE  
Grjd-No.2 Voltage  
Grid-No.J (control-grid) Voltage, Positive-bias value 
Pi,ate 'Dissipation'  
Grid-Nto.2 Input: 

For grid-No.2 voltages up to 165 volts  
For grid-No.2 voltages between 165 and 330 volts. . 

Peak Heater-Cathode Voltage: 
Heater negative with respect to cathode  
Heater positive with respect to rathode  

Maximum Circuit Values: 
Grid-No.1-Circuit Resistance: __ 

For fixed-bias operation  O.Loinc.x megohm 
For cathode-bias operation  \ max megohm 

Characteristics: 
Plate V oltage  
Grid-No.2 Voltage  
Grid-No.1 Voltage  
Amplification Factor  
Plate Resistance (Approx.)   Transconduetaneo  
Grid-No.1 Voltage (Approx.) for plate current of 20 ^a 
Plate Current  
Grid-No.2 Current  0 The de component must not exceed 100 volts. 

330 mux volis 
330 mux volts 

See curve page 66 
0 max volts 

2.3 max waits 
0. 55 mux wait 

See curve page 66 
200 max vohs 
200%<ax volts 

Triode Unit Pentode I mt 
125 125 volts — 125 vohs 
— 1 —1 volt 
40 - 

o000 200000 ohms 
8000 6500 M'nhos — 9 --9 volts 

14 12 ma — 4 jna 

MEDIUM-MU TWIN TRIODE 
H^XVl3

s^>£6)PT, Miniature type used in direct-coupled cath- 
or ode-drive rf-amplifier circuits of vhf television tuners. In such circuits, one triode unit is used ^ A ' as the direct-coupled grounded-cathode driver 

'—'aLutn for the other unit. Outline 12, OUTLINES ™ ' 
gT2^m SECTION. Tube requires nine-contact socket As^. an,i niay he mounted in any position. Heater pTUJ ^,5 voltage (ac/dc), 6.3; amperes, 0.4. This type is 

used principally for renewal purposes. 
CLASS kx AMPLIFIER (Each Unit) 

Maximum Ratings, (DesUjn-MaximumValucs): 
Plate Voltage  2oOAmax 
Plate Dissipation  2.2 ihux 
Cathode Current  22 max 
Peak Heater-!'athode Voltage: 

Heater negative with respect to cathode  200Awax 
Heater positive with respect to cathode  200b»mx 

Characteristics: 
Plate Voltage  100 
Grid Voltage  -3.2 
Amplification Factor  33 
Plate Resistance (Approx.)  2500 
Transconduetance  13000 
Plate Current  15 
Grid Volts (Approx.) for transconduetance of TO ^mhos  -6 
Maximum Circuit Value: 
Grid-Circuit Resistance  0.5 max 
* Under cutoff conditions in cascode-type circuits with direct-coupled drive, this voltage : 
high as 300 volts. 
■ The dc component must not exceed 100 volts. 

POWER PENTODE 
Glass octal type used in output stage of 

radio receivers where moderate power output is 
required. Outline 36, OUTLINES SECTION. 
Tube requires octal socket. Except for inter- 
electrode capacitances and a plate resistance of 
175000 ohms, this type is electrically identical 
with type 6AK6. Heater volts (ac/dc), 6.3; 
amperes, 0.15. Type 6G6-G is used principally 
for renewal purposes. 
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MEDIUM-MU TRIODE— 
SHARP-CUTOFF PENTODE (?) 

. _ j, _ Miniature type used in multivi- p i?3 

OVjnO brator-type horizontal-deflection cir- 
cuits in television receivers. Also used G|p^\p/\ /ff A «t 
for agc-amplifler or sync-separator ap- 
plications in such receivers. Outline 12, Pt Gt 

OUTLINES SECTION. Tube requires miniature nine-contact socket and may be 
mounted in any position. 
HHATCH VOl.TACK (AC/DC)  
llKATER CUKKENT  
Hhateh Warm-up Time (Avera 
DlUIlCT I.VTEKELECTRODE CAPACITANCES: Extcmil i 
Triodo Unit: Shield 

Grid to Plato  1,6 
Grid to Cathode, Heater, Pentode Grid No.3, Pentode 

Cathode, and Internal Shield  3.4 
Plate to Cathode, Heater, Pentode Grid No.3, Pentode 

Cathode, and Internal Shield  1.7 
Heater to Cathode  3 

Pentode Unit: 
Grid No.l to Plate  0.02 mox 
Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield  5.5 
Plate to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield  2.0 
Heater to Cathode, Grid No.3, and Internal Shield  3 n With external shield connected to cathode of unit under test except as noted 

• With external shield connected to ground. 
HORIZONTAL-DEFLECTION OSCILLATOR 
For operation in a 525-line, 80-framc system 

Maximum Ratings, (Design-Maximum Values): Triode Unit 
Ti,ate Voltage  330 max 
Gkid-No.2 (screen-grid) Supply Voltage  
Grii>-No.2 Voltage  
G kid-No. 1 (control-grid) Voltage: 

Positive-bias value  0 max 
Peak negative value  

peak. Cathode Current  
average Cathode Current  

3.4 3.0 
1.7 2.2 

3* 
MM' 
,uul 

0.02 niox 0.015 'in' uyi t 
5.5 5. 5 iu.i 
2.0 

3 
3.4 

3 * 
p.ul 
vni 

Pen-iode I nit 
350 oiox 
330 mux 

-175 max 
300 lite x 

20 niox 

AVERAGE PLATE CHARACTERISTICS TRIODE UNIT 
TYPE bGHS E-f = 6.3 VOLTS 

SHHSEXH 

a 

IB 

Bl 
IB 

300 400 
PLATE VOLTS 
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Giiii)-N;o.2 Ini-ct: 
For grid-No.2 voltages up to 165 volts.    
For grid-No.2 voltages between 165 and 330 volts. 

Plate Dissipation  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  
Heater positive with respect to cathode  

■ The dc component must not exceed 100 volts. 

200 max 
2.0Qminux 

0 .55 max w;u t 
See curve page hii 

200 max 
200">nax 

Maximum Circuit Values: 
(Irid-No.1-Cireuit Resistance: 

For tixed-bias operation 
For cathode-bias operation. 

CLASS Ai AMPLIFIER 
Chorocteristics: 
Plule Voltage   
Grid-No.2 Voltage      
Grid-No.1 Voltage  
Ainpliiiration Factor  
Plate llosisiam-e (Approx.)  
Ti'ahscotKlueUuKv  
Plule ('urrent  
Grid-No.2 Current  
Grid-No.I Voltage tApprox.) for plate current of 10   

2.2 max 2.2 max 
2.2 max 2.2 max 

iode I'nit Pentode Unit 
125 125 
- 125 
-1 -1 
46 - 

5400 200000 
8500 7500 
13.5 12 

- 4 
•-8 -8 

AVERAGE CHARACTERISTICS 
PENTODE UNIT 

BEAM POWER TUBE 
e3vlr4 di)0G2 Novar type used in high-efficiency 

horizontal-deflection-amplifier circuits IR 
^ IC of television receivers. Outline 55, 

 'G) OUTLINES SECTION.Tube requires 
G2 lc novar nine-contact socket and may be 

operated in any position. For curve of average characteristics see type 6GW6. 

Hrvi-ku Voltage (ac/dc)  
HeAtek Cubre.st  
Dikix r Intkrklecitrodk Capacitances (Approx.)0 

Grid No.I to Plate  
Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3 
Plate to Cathode, Heater, Grid No.2, and Grid No.3  
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HORIZONAL-DEFLECTION AMPLIFIER 
For operation in ft 525-Ujie, system 

Maximum Ratings, (Drsiyn-Maxivium Values): 
i>(' Plate Supply Voltage    
Peak Positive-Pulse Plate Voltage*  
Peak Negative-Pulse Plate Voltage  
{>(' Guid-No.2 Voltage  
DC Grid-No.1 Voltage  
Peak Negative-Pulse Grid-No.1 Voltage  
Peak Cathode Current  
average Cathode Current  
Plate Dissipation*  
Grid-No.2 Input  
Peak Heater-Cathode Voltage: 

Hoater negative with respect to cathode  
Heater positive with respect to cathode  

Buui Temperature (At hottest point)  
Maximum Circuit Values: 
Grid-No.l -Circuit Ttesistance: 

For grid-resistor-bias operation*  

770 max 
(>500 max 
1500 max 
220 max 
-55 max 

0 max 
550 mux 
175 mux 

17.5 max 
3.5 max 
200 max 
200m ma x 
210 max 

CLASS A, AMPLIFIER 
Characteristics: Triode Connection Pentode Connertion 
Plate Voltage  150 00 250 volts 
Grid-No.2 Voltage  150 150 150 volts 
Grid-No.3 Voltage   -22.5 0 -22.5 volts 
Mu-Factor, grid No.2 to grid No.l  4.4 - 
Plate Uesistance (Approx.)  - - 15000 ohms 
Tvansconduetanee  - ~ 7100 /xnihos 
Plate Current  ~ SOO3 70 ma 
Grid-No.2 Current  ~ 32a 2.1 ma 
Grid-No.l Voltage, for plate ma = l  - - -42 volts 
•' Without external shield. 
■ The de component must not exceed 100 volts. 
• An adequate bias resistor or other means is required to protect the tube in the absence of excitation. 

This value can be measured by a method involving a recurrent wave form such that the maximum 
ratings of the tube will not be exceeded. 

The duration of the voltage pulse must not exceed 15 per cent of one horizontal scanning cycle. In a 
525-line, 30-fvame system, 15 per cent of one horizontal scanning cycle is 10 microseconds. 

MEDIUM-MU TRIODE— 
SHARP-CUTOFF PENTODE h 

Miniature type used as oscillator in hori- 
zontal deflection circuits of television receivers. 
Outline 12, OUTLINES SECTION. Tube re- Gzp(3W£±z. Yt) is 

6GJ8 quires miniature nine-contact socket and may  i, be operated in any position. Heater volts (ac/dc) (2/VxX/v //A®) 
in series: 6.3; amperes, 0.3. Heater volts iw •-s A/ ^ 
parallel: 3.15; amperes, 0.6. Heater warm-up (VJ^——^9} 
time (average), 11 seconds. Characteristics as Pt ':*t 

class Ai Amplifier, iriode unit: plate volts, 125; 
grid volts, -1; ampliiieation factor, 40; plate resistance (approx.), 5000 ohms; transconductance, 8500 
urnhos; plate ma., 13.5; pentode unit: plate, grid-No.2 volts, 125; grid-No.1 volts, -1; plate resistance 
approx.), 150,000 ohms; transconductance, 7500 ^Rihos; plate ma., 12; grid-No.2 ma., 4.5. Maximum 

ratings as horizontal-deflection oscillator (design-maximum values), triode unii: plate volts, 330 max; 
grid volts, positive-bias value, 0 max; plate dissipation, 2.5 max watts: pcniodc unit: plate, grid-No.2 
volts, 330 max; grid No.l, positive-bias value, 0 wax; grid No.l, positive-bias value, 0 max volts; 
plate dissipation, 2.5 max watts. This is a DISCONTINUED TYPE listed for reference purposes only. 

HIGH-MU TRIODE (Vfi) 
Mini ature type used as a grounded- HrV/~^\r"V3 

. _ _ cathode rf-amplifier tube in vhf tuners Lltl C 
Owl\5 of television receivers. Outline 11, CX\ f—u--J-\ 

OUTLINESSECTION.Tuberequires TaZA 
miniature seven-contact socket and (A— 
may be operated in any position. " 

6GJ8 

6GK5 

Heater Voltage (ac/dc)  
Heater Current  
Direct Interelectrode Capacitances (Approx.):' 

Grid to Plate  
Grid to Cathode, Heater, and Internal Shield. . 
Plate to Cathode, Heater, and Internal Shield. 
Heater to Cathode  

K 
6.3 volts 

0.18 ampere 
0.52 api 

5 MM! 3.5 ppi 
2.5« npi 
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CLASS A, AMPLIFIER 
Maximum Ratings, {Dcsiyn-MaxUnum Value*): 
Platk Yoi/tagjs  
Guru Voltage: Ntigativc-bias value  

Posit ivf*-l)ias value  
Average C-athode Current  
Plate I Usstpation  
Peak Heater-Cathode Voltage: 

Hc-ater ncigativ(; with respect to cathode  
Heater positive with respect to cathode  

Characteristics: 
Plate VollaK'1  
Grid Voltage  
Amplification Factor  
Plate Uesistance. (AppruX.)  
Traiisconduetam-e    
Plate Current    
CJ-rid Voltage (Approxj for transconductance of LoO jumhos. . 
Grid \,(>ltage fApprox.' fur transconductance of 1500 jumhos. 
Input Resistaueo*.  
Input Capacitance*  
Noise Figure '  
Maximum Circuit Values: 
Grid-Circuit Uesistaneo: 

For cathode-bias operation  0 With external shield connected to cathode, except as noted. 
■ With external shield and internal shield connected to ground. 
• Measured at 200 Mc with heater volts =6.3 and plate effectively grounded D For a neutralized triode amplifier at a frequency of 200 Mc with signal sour 
for minimum noise output. 

200 wax voh. 
50 wax Veils 

0 max VoU-s 
22 wax m;t 

2.5 iwx wart- 
100 wax volt s 
100 wax Vt > 11 > 

135 voli^ 
-1 vol I 

5400 ohms 
15000 Mmiius 
11.5 ma 

-4.2 vol 1 S -2.5 volts 
275 ohms 

11.2 flu: 
4.7 dh 

for rf voltages 
ee impedance 

AVERAGE PLATE CHARACTERISTICS 
type 6GK5 E. = 6.3 VCLTS 

120 16' 
PLATE VOLTS 

C3 /T^x POWER PENTODE 
15 IL ::^^r P Miniature type used in the output 
e (A C^ V/BjG stage of audio amplifying equipment C 

' 2 an^ als0 in the video output stage of 0/ © television receivers. Outline 18, OUT- 
is LINES SECTION. Tube requires 

miniature nine-contact socket and may be operated in any position. 
Heater Voltage (ac/dc;  6 
Heater Current  O.1; 
Direct Inteuelkctrode Capacitances:0 

Grid No.l to Plate  0 C 
Grid No.l to Cathode, Heater, GridNo.2, Grid No. 3, and Internal Shield ; 
Plate to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield. . 0 "Without external shield. 
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CLASS A, AMPLIFIER 
Maximum Ratings: {DesUjn-MaximHm Values): 
Platio Si;ri'i,v Voltage     
PUTH VOLTAOH  
(iuiD-N'o.2 Supply Voltage  
(Jiud-No.2 (sckeen'-grid) Voltage  
GiiiD-Mo.i (control-grid) Voltage, Negative-bias value. . . . 
GatuodeCurrent  
Plate Dissipation  
GRii>-Nro.2 Input, Peak  
GK;I)-NO.2 Input, Average    Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  
Heater positive with respect to cathode  

Characteristics and Typical Operation: 
Plate Supply Voltage    
Gnd-\To.2 Supply Voltage  
Cathode-Bias Resistor  Mu-Fuetor, Grid No.2 to Grid No.l  
Plate Resistance (A.pprox.)  
Transeonductanee  
Peak AF Grid-No.1. Voltage  
Zero-Signal Plate Current  
Maximum-Signal Plate Current  Zero-Signal Grid-No.2 Current  
.Maximum-Signal Grid-No.2 Current  
Ftrectivo Load Resistance  
Total Harmonic Distortion  
Maximum-Signal Power Output  

PUSH-PULL CLASS AB< and B AMPLIFIER 
Maximum Ratings: (Same as for class A, amplifier) 
fypical Operation, (Volues are for tiro tubes): Class ABi 
Plate Voltage  250 300 : 
Grid-No.2 Voltage  250 300 ! 
Grid-No.1 Voltage  — — —1 
Cathode-Bias Resistor  130 130 
Peak AF Grid-No.1-to-Grid-No.l Voltage  22,4 28 2: 
Zero-Signal Plate Current  62 72 Maximum-Signal Plate Current  75 92 
Zero-Signal Grid-No.2 Current  7 8 ' 
Maximum-Signal Grid-No.2 Current  15 22 
'Effective Load Resistance (plate to plate)  8000 8000 8' 
Total Harmonic Distortion    3 4 
Maximum-Signal Power Output  11 17 
Maximum Circuit Values: 
G rid-No. 1 -Circuit Resistance: 

For fixed-bias operation  
For cat hode-bias operation  

600 I'O'X volts 
330 max volts 
305 mux vole 
330 vol tfi 
100 max Volts 
65 max ma 

13.2 mux watt s 
4 max watts 2 mux warts 

100 VoitS 
100 mux volts 

250 volts 
250 Volts 
135 on ms 
19 

38000 o h rns 
11300 ^mhos 

7.3 vol is 
18 ma 

50.6 ma 
5.5 ma 

10 ma 
5200 ohms 10 per cent 

5.7 watts 

250 300 250 300 volts 
250 300 250 300 volts — — -11.6 -14.7 vo] ts 
130 130 — - oh ms 

22,4 28 22 4 28 volts 
62 72 20 15 ma 
75 92 75 92 ma 

7 8 2.2 1.6 ma 
15 22 15 22 ma 

8000 8000 8000 8000 ohms 3 A 3 4 per cent 
11 17 11 17 wans 

0.3 wax 
1 //tax 

megohm 
megolrm 

AVERAGE CHARACTERISTICS 
Tvp-: 6GK6 £f = &.3 VOLTS 

' GtiD-No 2 VOLTS»250 

50 100 150 200 250 PLATE VOLTS 
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"0—©P SEMIREMOTE-CUTOFF PENTODE 

r^_0©G2 Miniature type used in gain-con- _ _ . . . 
JVI^tNL trolled picture-if stages of television OwlWO 

y0C3 receivers operating at intermediate fre- 
,s quencies in the order of 40 megacycles. 

Gi Tube features high transconductance 
and relatively low-capacitances. Outline 11, OUTLINES SECTION. Tube re- 
quires seven-contact socket and may be mounted in any position. 
HKATKR VOLTAC.K (AO DC) 
HEATKR Ccruent  

D[reot Inteueljx'tkode Capacitances: 
Crrid No. 1 to Plate  
(Vvid No.l to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield  
Plate to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield  

Without 
External 
Shield 
0.036 max 

6.3 
0.4 

With 
External 
Shield0 

0.026 max 

CLASS Ai AMPLIFIER 
Maximum Ratings, (Design-Maximiim Values): 
Plate Voltage  
Grid No.3 (suppressor grid) 
Grid-No.2 (screen-grid) Supply Voltage  
GKrD-No.2 Voltage  
Grid-No. 1 (control-grid) Voltage, Positive-bias value. 
Plate Dissipation  
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts  
For grid-No.2 voltages between 165 and 330 volts  

Peak Heater-Cathode Voltage: 
Heater negative with respect to cathode  
Heater positive with respect to cathode  

.... 330 max 
Connect to cathode at 
.... 330 max 
.. .. See curve p 
.... 0 max 
.... 3.1 max 

0.65 ma.c 
See curve j 

200 max 
2009max 

Characteristics: 
Plate Supply Voltage  125 volts 
Grid No.3 and Internal Shield Connected to cathode at socki1 

Grid-No.2 Supply Voltage  
Cathode-Bias Resistor  
Plate Resistance (Approx.)  
Transconductance  
Grid-No.l Voltage (Approx,) for transconductance of 60 /umbos. 
Plate Current  
Grid-No.2 Current  
' "With external shield connected to cathode. 
• The do enmponent must not exceed 100 volts. 

volts 
ohms 

megohm 
Mmho< 

volu 

AVERAGE CHARACTERISTICS 

300 400 PLATE VOLTS 
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HIGH-MU TRIODE— h 
SHARP-CUTOFF TRIODE 9/^ ^ 

_ _ . _ Miniature type used in color and PT(Af&-i i^|j0G|p 

0>3INIo black-and-white television receivers. 
Triode unit is used as sync-separator, r.v^-VjV^N J/^czp 
sync-clipper, phase inverter, or sound- (Tj X?) 
if amplifier. Pentode unit is used in KT P 

output stage of video amplifier. Outline 14, OUTLINES SECTION. Tube re- 
quires miniature nine-contact socket and may be operated in any position. For 
direct interelectrode capacitances, refer to type 6EB8; curve for average plate 
characteristics of triode unit is same as for type 6EB8. 

Heater Voltage (ac/dc). 
Heater Current  

CLASS Ai AMPLIFIER 
Maximum Ratings, {Design-Maximum Valwes): 
Plate Voltage  
Grid-No.2 (screen-grid) Supply Voltage  
Grid-No.2 Voltage  
Grid-No.1 (control-grid) Voltage, Positive-bias value  
Plate Dissipation  
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts  
For grid-No.2 voltages between 165 and 330 volts  

Peak Heater-Cathode Voltage: 
Heater negative with respect to cathode  
Heater positive with respect to cathode  

Triode Unit Pentode Unit 
330 max 330 max 

200 max 
200° max 

330 max volts 
330 max volts 
See curve page 66 

0 max volts 
5 max watts 

1.1 max watts 
See curve page 66 

200 max volts 
200° max volts 

Characteristics: £/m7 
Plate Supply Voltage  250 
Grid-No.2 Supply Voltage  — 
Grid-No.1 Voltage  —2 
Cathode-Bias Resistor  — 
Amplification Factor  100 
Plate Resistance (Approx.)  37000 
Transconductance  2700 
Grid Voltage (Approx.) for plate current of 20/ia  —5 
Grid-No. 1 Voltage (Approx.) for plate current of 100 /ia — 
Plate Current  2 
Grid-No.2 Current  — 

AVERAGE CHARACTERISTICS 
TYPE 6GNS E*s6.3 VOLTS 

mm 

200 250 
PLATE VOLTS 
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Maximum Circuit Values: Triode Pentode 
i lrid-No. 1-Circuit Resistance: Unit Unit 

For fixed-bias operation  0.25 max megohm 
For cathode-bias operation  1 max 1 max megohm 

The dc component must not exceed 100 volts. 
* This value can be measured by a method involving a recurrent waveform such that the maximum ■•atings of the tube will not he exceeded. 

BEAM POWER TUBE 

;• ,-:7>yT ^ Novar type used as a horizontal- . — _ r- 
1deflection amplifier in television re- OI D 

G|(23^|/vJr/S>i<: ceivers. Outline 54, OUTLINES SEC- 
TION, except vertical dimensions are 

62 0.6 inch shorter. Tube requires octal 
socket and may be operated in any position. For curve of average characteristics, 
refer to type 6GW6. 

11 rater Voltage (ac/dc)    
Heater Cukkent  
I iiitEOT Intereleotuode Capacitances (Approx.):0 

Grid No.l to Plate  
Grid No.l to (-athode. Heater, Grid No.2, and Grid No.3. 
Plate to Cathode, Heater, Grid No.2, and Grid No.3  

Without oxtornal shield. 
CLASS A, AMPLIFIER 

CharacferisMcs: 
Plate Voltage  Grid-No.2 (Scuvon-Grid) Voltage  
Gnd-No.l (Control-Grid) Voltage  Mu Factor, grid No.2 to grid No.l  
Plate Resistance (Approx.)    
Trjinsconduetance  
Plate Current  
11 rifl-No.2 Current  
Grid-No.1 Voltage CApprox.) for plate ma=l  

Triode 
Connection 

150 

Pentode 
Connection 

0 250 
0 150 
0 -22.5 

HORIZONTAL-DEFLECTION AMPLIFIER 
For operation in a 525-line, 30-frame system 

Maximum Ratings, (Desigii'Maxhuam Values); 
DC Plate Supply Voltage  
Peak Vosltive-Pui.se Plate Voltage"  
Peak Negative-Pulse Plate Voi.tage  
DC Grid-No.2 Voltage  
DC Gkid-No.1 Voltage  Peak Negative-Pulse Grid-No.1 Voltage. .. 
Peak Cathode Current  
Average Cathode Current  Grid-No.2 Input  
Pi \te Dissipation*  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode... Heater positive with respect to cathode. . . 
Pun: Temperature (At hottest point)....... 

770 max 
0500 max 
1500 max 
220 max 

— 55 max 
330 max 
550 max 
175 max 
3.5 max 

17.5 max 
200 max 
200amo.x 
240 max 

Maximum Circuit Values: 
G rid-No.l-l-ircuit Resistance: For grid-resistor-bias operation*.      1 max megohm 
::: These values can be measured by a method involving a recurrent waveform such that the plate dis- 
sipation and grid-No.2 input will not exceed their maximum ratings. 
" TllC duration Of the voltage pulse must not exceed 15 per cent of one horizontal scanning cycle. In a 
525-11170, 30-frame system, 15 per cent of one horizontal scanning cycle is 10 microseconds. 
• The plate dissipation should be limited in the event of loss of grid signal; for this purpose, smno 
protection —such as a cathode resistor of suitable value—should be employed. 0 The do component must not exceed 100 volts. 
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6GW6 

BEAM POWER TUBE 
Glass octal type used as horizontal- 

deflection amplifier in high-efficiency 
deflection circuits of television receiv- 
ers. Outline 37, OUTLINES SEC- 
TION. Tube requires octal soc'-^t and 
may be operated in any posit a. 

IIi3a.teii Voltage (ac/dc)  
Heatkk Current  
Direct Intereleotrode Capacitances (Approx.):0 

Crrid No.l to Plate  
Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3. Plate to Cathode, Heater, Grid No.2, and Grid No.3  

HORIZONTAL-DEFLECTION AMPLIFIER 
For operation in a 525-line, 30-frame system 

Maximum Ratings, (Design-Maximum Values): 
DC Plate Supply Voltage  
Peak Positive-Pulse Plate Voltage"  
Peak Negative-Pulse Plate Voltage  
DC Grid-No.2 (screen-grid) Voltage  
DC Grid-No.1 (control-grid) Voltage  
Peak Negative-Pulse Grid-No.1 Voltage  
Peak Cathode Current  
Average Cathode Current  
Grid-No.2 Input  
Plate Dissipatton*. .   
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  
Heater positive with respect to cathode  

Bulk Temperature (At hottest point)  
Maximum Circuit Values: 
Grid-No. 1-Circuit Resistance: 

For grid resistor-bias operation. 

Characteristics: CLASS Aj AMPLIFIER 
Plate Voltage  
Grid-iNo.2 Voltage  
Grid-No.1 Voltage  
Plate Resistance (Approx.)  
Transconductance  
Plate Current  
Grid-No.2 Current  
Grid-No.1 Voltage (Approx.) for plate current of 1 ma. 

C3 
volls 

amperes 

77ft max 
65ft0 max 
1500 max 
220 max 

— 55 max 
330 max 
550 mux 
175 max 
3.5 max 

17.5 max 
200 max 
2QQQ?nax 
240 max 

1 max megohm 

AVERAGE CHARACTERISTICS 
TYPE 6GW6 Ef *6.3 VOLTS 450J- GRID-No.2 VOLTS'ISO 

WmBBBU 

I 

1 
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  Technical Data'   

WUhuiil; external shield. 
■ The duration of the voltage pulse must not exceed 15 per cent of one horizontal scanning cycle. In a 
")25-liiie, 30-frame system, 15 per cent of one horizontal scanning cycle is 10 microseconds. 
• An adequate bias resistor or other means is required to protect the tube in the absence of excitation. 

The de component must not exceed 100 volts. 
This value can be measured by a method involving a recurrent waveform such that the maximum ■•aiings of the tube will not be exceeded. 

SHARP-CUTOFF PENTODE 
eY rh-, y) MiniaturetypeusedforFMsound- AOYA 

\Y i^nxL detector service in locked-oscillator, OVS'W.O 
..TKT/S^Iy\z)o3 quadrature-grid FM detector circuits, 
's as combined detector, limiter, and 

Gi audio-voltage driver. Tube has two 
independent control grids. Outline 11, OUTLINES SECTION. Tube require 
miniature seven-contact socket and may be operated in any position. 

Hf.atkk Voltage (ac/dc)  
Heater Current. .. 1     
Heater. Warm-Up Time (Average)     HlRECT IVTERELECTIiODE CAPACITANCES (ApproX.) :0 

Urid No.l to Plate  
(Jrid No.l to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield 
Grid No.l to Grid No.3     
< Jrid No.3 to Plate     
Grid No.3 to Cathode, Heater, Grid No.l, 

Grid No.2, Plate, and Internal Shield    

FM SOUND-DETECTOR 
Maximum Ratings, (Di'sign-Muximnm Values): 
Plate Voltage   
Gicjn-No.3 (control-grid) Voltage: 

Negative value (dc and peak ae)  
Positive value (dc and peak ac)  

Gkid-No.2 (screen-grid) Supply Voltage   
< ;kid-No.2 Voltage        
Grid-No.I (control-grid) Voltage: 

Negative-bias value     
Positive-bias value  

Plate Dissipation   
Grid-No.3 Input    
Gkid-No.2 Input: 

For grid-No.2 voltages up to 150 volts  
For grid-No.2 voltages between 150 and 300 volts  

Peak Heater-Cathode Voltage: 
Heater negative with respect to cathode.     Healer positive with respect to cathode  

100 max 
25 max 

300 max 
See curve i 
50 max 

0 ma x 
1.7 max 
0.1 max 
1.0 max 

See curve j 
200 max 
200K?nax 

Maximum Circuit Values: 
Grid-j\o.3-Circuit Resistance. . . Grid-No.1-Circuit Resistance: 

For fixed-bias operation. . . . 
For cathode-bias operation . 

0.68 max megoiun 
0.22 max megohm 
0,47 mas megohm 

Characteristics: CLASS Ai AMPLIFIER 
Plate Supply Voltage  
Grid-No.3 Supply Voltage.   
Grifl-No.2 Supply Voltage  
Grid-No.1 Supply Voltage  
Cathode-Bias Resistor  
Plate Resistance (Approx.)  
TranKconductan.ee., grid No.l to plate  
Transeonduetance, grid No.3 to plate  
Plate Current    
Grid-No.2 Current  
Grid-No.3 Supply Voltage (Approx.) for plate aa=20. 
Grid-No.1 Supply Voltage (Approx.) for plate /m=20. 
0 Without external shield. 
■ The dc component must not exceed 100 volts. 
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AVERAGE CHARACTERISTICS 
TYPE 6GX6 £f*6.3 VOLTS .GRID-No.3 VOLTS'O > GRIO-No.2 VOLTS'IOO 

n-Nal VOLTS eC)*Oj 

ISO 200 250 
PLATE VOLTS 

AVERAGE CHARACTERISTICS 
TYPE 6GX6 _ Efs6.3 VOLTS 

« " GRID-No.2 VOLTS«IOO a GRID-No.I VDLTS*0 
S20 1 L 1  

iHAzr. 

\—i—L. J, T.a, i -<-* 
I 3^°^ 

200 250 
PLATE VOLTS 

SHARP-CUTOFF PENTODE /TTX 
Miniature type used in gated-ago rrr^Y®)02 

OV7 I O amplifier circuits and as a noise-in- 1\ 
verter tube in television receivers. J&\\L/\ | Xz)o3 
Tube has two independent control ,s 

grids. Outline 11, OUTLINES SEC- 
TION. Tube requires miniature seven-contact socket and may be operated in 
any position. For curves of average characteristics, refer to type 6EX6. 
Heater Voltage (ac/dc)  fi.3 volts 
Heater Current  0.45 ampere 
Heater Warm-Up Time (average)  11 seconds 
Direct Interelectrode Capacitances:0 

Grid No.1 to Plate  0.02*1 
Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield 8 
Grid No.l to Grid No.3  0.12 ^.f 
Grid No.3 to Plate  1.6 
Grid No.3 to Cathode, Heater, Plate, Grid No.l, 

Grid No.2, and Internal Shield  6.5 ^uf 
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GATED-AGC-AMPUFIER AND NOISE INVERTER 
Fot operation in a 525-line, SO-frame system 

AAaximum Ratings, (Design-Maximum Values): 
Platk Voltage  300 max volts 
Peak. Positive-Pulse Plate Voltage*  600 max volis 
(jum-No.3 icontrol-grid) Voltage: 

Xe^ative-bias value  100 max volts 
Positive-bias value  0 max volts 

ViRti)-No.2 (screen-grid) Supply Voltage    300 max volis 
<iKi]i-Xo.2 Voltage  See curve page 60 
Gkid-Xo.I icontrol-grid) Voltage: 

Negative-bias value  50 max volts 
Positive-bias value  0 max volts 

Pi.atk Dissipation  1.7'max waits 
Dkii>-No.2 Input: 

For gricl-No.2 voltages up to 150 volts  1 ?>t«x wait 
For grid-No.2 voltages between 150 and 300 volts  See curve pag« tp; 

Peak Heater-Cathode Voltage: 
Heater negative with respect to cathode  200 max volts 
Heater positive with respect to cathode  200*m«x \ o!ts 

Maximum Circuit Values: 
(Irid-No.S-Oircuit Resistance  0.68 max megohm 
Crid-Xbi.l-Circuit Resistance: For fixed-bias operation  0.22 max megohni 

For cathode-bias operation  0.47 max mi goh-n 
. . CLASS Al AMPLIFIER Characteristics: 

Plai e Supply Voltage  150 v^oi ^ 
Grid-Xo.3 Supply Voltage  0 voli^ 
Grd-No.2 Supply Voltage  100 vohs 
Grid-Xo.l Supply Voltage  0 volts 
Cathode-Bias Resistor  180 ohms 
Plate Resistance (Approx.)  0.14 megohm 
Transeonductance, Grid No.l to Plate  3700 ^mlios 
Transconductance, Grid No.3 to Plate  750 pmhos 
Plale Current  3.7 ma 
Grid-X o.2 Current  3 ma 
Grid-No.3 Supply Voltage (Approx.) for plate /ia —20. .    —7 volts 
Grid-No.1 Supply Voltage (Approx.) for plate /ua=20  —4.5 volts 

Wirhout external shield. 
* The duration of the voltage pulse must not exceed 15 per cent of one horizontal scanning cycle. In a 
o2r>-!ine, SO-frame system, 15 per cent of one horizontal scanning cycle is 10 microseconds. 
• The dc component must not exceed 100 volts. 

HIGH-MU TRIPLE TRIODE 
Miniature type used in rf-ampli- 

kTi fier, mixer, and automatic-frequency- 
control service in FM radio receivers. 

KTg Outline 12, OUTLINES SECTION. 
Tube requires miniature nine-contact 
socket and may be operated in any 
position. 

Ui-ivi'Eu Voltage i 
Hextlu Current. 

CLASS A, AMPLIFIER 
Values are for each unit, except as noted 

Maximum Ratings: (Design-Maximum Values): 
Plate Voltage  
Grid Voltage, Positive-bias value  Plate Dissipation  
Total Plate Dissipation (All plates)  
Peak Heater-Cathode Voltage (Units No.l and No.2): 

floater negative with respect to cathode  
Heater positive with respect to cathode  

Unit 
Characteristics: No.l 
Plat'- Supply Voltage    125 
Grid Voltage  — 
Cathode-Bias Resistor    220 
.■YmpWication Factor  63 
Plate Resistance (Approx.)     14000 Transconductance  4500 
Plate Current  4.5 
Grid Voltage (Approx.), for plate /ua=20  — 

6GY8 

330 max 
0 max 
2 max 
5 max 

100 max 
100 max 

Units 
No.2 or No.3 

125 
-1 
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TWIN DIODE p V-V 

6H6 Metal type 6H6 and glass octal (L—i J type 6H6-GT used as detectors, low- 
6H6-GT voltage rectifiers, and avc tubes. Ex- 

cept for the common heater, the two s:6H6Cv,rv®)RDl 
diode units are independent of each is'6H6-gt 

other. For diode detector considerations, refer to ELECTRON TUBE APPLICA- 
TIONS SECTION. Type 6H6-GT is a DISCONTINUED type listed for refer- 
ence only. 

Hhater Voltage (ac/dc)  6.3 volte 
Heater Current.    0.3 ampere 

Maximum Ratings: RECTIFIER OR DOUBLER 
Peak Inverse Plate Voltage  420 max volts 
Peak Plate Current (Per Plate)   48 max ma 
OC Output Current (Per Plate)  8 max ma 
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  330 max volts 
Heater positive with respect to cathode  330 max volts 

Typical Operation As Half-Wave Rectifier* 
AC Plate Voltage (Per Plate, rms)    117 150 volts 
Min. Total Effective Plate-Supply Impedance (Per Plate)®. ... 15 40 ohms 
DC Output Current (Per Plate)  8 8 ma 
Typical Operation As Voltage Doubler HalJ-Wave FulLWave 
A C Plate Voltage (Per Plate, rms)  117 117 volts 
Min. Total Effective Plate-Supply Impedance (Per Plate)0 .... 30 15 ohms 
DC-Output Current  8 8 ma 
* In half-wave service, the two units may be used separately or in parallel. 0 When a filter-input capacitor larger than 40 is used, it may be necessary to use more phiio-supply 
impedance than the value shown to limit the peak plate current to the rated value. 

INSTALLATION AND APPLICATION 
Types 6H6 and 6H6-GT require an octal socket and may be mounted in any 

position. Type 6H6-GT may be supplied with pin No.l omitted. Outlines 1 and 22 
respectively, OUTLINES SECTION. 

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. For the same signal voltage, 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, the 6H6 and 6H6-GT may be used in circuits 
similar to those employed for any of the twin-diode types of tubes. The only differ- 
ence is that the 6H6 and 6H6-GT are more adaptable because each diode has its 
ovvn separate cathode. 

HIGH-MU TRIODE— " 
SHARP-CUTOFF PENTODE 

iriipQ Miniature type used in color and PT(Efff-i —tiYS>Gip 

OrllO black-and-white television receivers. 
The triode unit is used in high-gain, J/^czp 
sound-if stages and in sync-separator, 
sync-clipper, and phase-inverter cir- T 

euits; pentode unit is used as video-output amplifier. Outline 14, OUTLINES 
SECTION. Tube requires miniature nine-contact socket and may be operated in 
any position. For curves of average characteristics, refer to type 6AW8-A for the 
triode unit and to type 6EB8 for the pentode unit. 
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Heiater Voltage (ac/dc)  
Heater Ouukent  
Dtue^ct Intere:lectrode Capacitances:0 

Triode Unit: 
Grid to Plate  
Grid to Cathode, Heater, Pentode 

Cathode, Grid No.3, and Internal Shield. 
Plate to Cathode, Heater, Pentode Cathode, 

Grid No.3, and Internal Shield  
Pentode Unit: 

Grid No.l to Plate  
Grid No.l to Cathode, Heater, Grid No.2, 

Grid No.3, and Internal Shield  
Plate to Cathode, Heater, Grid No.2, 

Grid No.3, and Internal Shield  
Triode Grid to Pentode Plate  

CLASS A: AMPLIFIER 
Maximum Ratings, {Dcsifjn-Maximitin Values): 
Plate Voltage  
GRID-No.2 (SCREEN-GRID) SUPPLY VOLTAGE  
Grid-No.2 Voltage  
Grid-No.1 (control-grid) Voltage, Positive-bias value  
Plate Dissipation  
GtuD-No.2 Input: 

For grid-No.2 voltages up to 1G5 volts  
For grid-No.2 voltages between 165 and .330 volts  

Peak Heater-Cathode Voltage: 
Heater negative with respect to cathode  
Heater positive with respect to cathode  

Triode Unit Pentode Unit 
330 max 330 max 
— 330 max 

See curve p 
0 max 0 max 
1 max 5 max 

200 max 
200mmax 

1.1 max 
See curve p; 

Characteristics: 
Plate Supply Voltage  
Grid-No.2 Supply Voltage. 
Grid-No.1 Voltage  
Cathode-Bias Resistor. . . . 
Amplification Factor  
Transconduetanee  
Plate Current  
Grid-No.2 Current  
Grid-No.1 Voltage (Approx.) for plate Ma = 100. 
Grid-No.1 Voltage (Approx.) for plate 20. . 

Maximum Circuit Values: 
Grid-No.l-Cireuit Resistance: 

For fixed-bias operation. . 

200 45 200 vohs — 125 125 volts 
-2 0 — volts — — 68 ohms 
70 — — 

17500 — 75000 ohms 
4000 — 12500 jumhos 

4 40* 25 mu — 15* 7 ma 
-6 - 

-9 volts 
Volts 

Triode Unit Pentode Unit 
0.5 max 0.25 max megohm 

1 wax 1 max megohm For cathode-htas operation  1 wax \ mv.x megohm 0 Without external shield. 
■ This value can be measured by a method involving a recurrent, waveform such that the maximum 
ratings of the tube will not be exceeded. 
• The dc component must not exceed 100 volts. 

SHARP-CUTOFF TWIN PENTODE 
r^.V)0' Miniature type used in age ampli- iCLICQ 

l)h) ®er' sync' and noise-limiting circuits OPIDO czvAvt/N, JAJPp\ 0f television receivers. One pentode 
© © unit is used as combined sync separa- 

K,IS G3pi tor and sync clipper; second pentode 
unit is used as age amplifier. Outline 14, OUTLINES SECTION. Tube requires 
miniature nine-contact socket and may be operated in any position. 

Heater Voi.ts (ac/dc)  
Heater Current  
Direct Interelectrode Capacitances:0 

Grid No.3 to Plate (Each Unit)  
Grid No.l to All Other Electrodes  
Grid No.3 (Each Unit) to All Other Electrodes. . 
Plate (Each Unit) to All Other Electrodes  
Grid No.3 (Unit No.l) to Grid No.3 (Unit No.2). 

2 
6 

3.6 
3 

0.015 mux 

~ini 
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CLASS Ai AMPLIFIER 
Maximum Ratings, (Design-MarAmum Values); 
Plate Voltage (Each Unit)  
Gutd-No.3 (suppressor-grid) Voltage (Each Unit): 

Peak positive value  
DO negative value  
130 positive value  

Gi'jd-No.2 (screen-grid) Voltage  
Guid-No.I (control-grid) Voltage, Negative bias value.... 
Oathode Current  
Plate Dissipation (Each Unit)  
(;ri7D-No.2 Input  
P f- \u Heater-Cathode V outage: 

Heater negative with respect to cathode  
.Heater positive with respect to cathode  

50 max 
50 max 

3 max 
150 max 

50 max 
12 max 

1.1 max 
0.75 viax 

200 max 
200mmax 

Characteristics: With One Unit Operating 
Plate Voltage  
Grid-No.3 Voltage  
G rid-No.2 Voltage  
Grid-No.1 Voltage  
Transeonductance, Grid-No.3-to-Plate  
Tvansconductance, Grid-No.l-to-Piate  
Plate Current  
Grid-No.3 Voltage (Approx.) for plate ^a=25  
Grid-No.1 Voltage (Approx.) for plate 100  

''laie Voltage (Each Unit)  
(ridfNo.S Voltage (Each Unit). 
Grid-No.2 Voltage  
Gnd-No.l Voltage  
Plate Current (Each Unit)  
Grid-No.2 Current  
; :r.Viodc> Current   

With Both Units Operating 

Maximum Circuit Values: 
< i rid-No.3-Circuit Itesistance (Each Unit). 
G rid-No. 1-Circuit Resistance  

Without external shield. 
1 The dc component must not exceed 100 volts. 
• With plate and grid No.3 of other unit connected to ground. 
- Adjusted to give grid-No.1 current of 0.1 milliampere. 

AVERAGE CHARACTERISTICS 

0. 5 max megohm 
0. 5 max megohm 

TYCE 6HS8 Ef = 6.3 VOLTS 
' GRiD-No.3 VOLTS - 0 GRID- No. 2 VOLTS » 67.5 PLATE AND GRID No.3 OF OTHER UNIT GROUNDED. D^No.I volts 

 GRID-No.1 MILLIAMRERES IcrO.CH 
 1— 

200 PLATE VOLTS 
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AVERAGE CHARACTERISTICS 

r^sssaisssasss umk 

snns 
i 

u 

a mgm u 

200 PLATE VOLTS 

^(av^JN MEDIUM-MU TRIODE 
J ™ ) Metal type 6J5 and glass octal 6J5 

Ntype 6J5-GT used as detectors, ampli- H H fiers, or oscillators in radio equipment. 6J5-GT 
s ejs^ These types feature high transconduct- dc.6j5-gt ance together with comparatively 

high amplication factor. Outlines 3 and 24, respectively, OUTLINES SECTION. 
Tubes require octal socket and may be mounted in any position. For typical 
operation as resistance-coupled amplifiers, refer to RESISTANCE-COUPLED 
AMPLIFIER SECTION. 

Heater Voltage (ac/dc)  6.3 volts 
Heater Current  0.3 amporp 
Direct Interelectrode Capacitances (Approx.): 6J5* 6J5-GT** 

Grid to Plate  3.4 38 u/if 
Grid to Cathode and Heater  3.4 4.2 
Plate to Cathode and Heater  3.6 5.0 um, 

* Shell connected to cathode. **Base sleeve and external shield connected to cathode. 

Maximum Ratings: CLASS Aj AMPLIFIER 
Plate Voltage  300 max volts 
Grid Voltage, Positive Bias Value  0 max volts 
Plate Dissipation  2.5 max waits 
Cathode Current  20 max :mi 
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  90 max volts 
Healer positive with respect to cathode  90 max volts 

Characteristics: 
Plate Voltage  90 250 vDis 
Grid Voltage  0 -8 volis 
Amplification Factor  20 2o 
Plate Resistance (Approx.)  6700 7700 ohms 
Transconductanee  300 i 2600 uinhos 
Grid Voltage (Approx.) for plate current of 10 mR  -7 -18 volts 
Plate Current  10 9 oui 
Maximum Circuit Value: 
Griil-Circuit Resistance  1.0 max megohm 
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SO 160 240 320 400 460 PLATE VOLTS 

MEDIUM-MU TWIN TRIODE 

6J6 Miniature types used as combined "(iy/nb. r_^>\2)GT2 
rf power amplifier and oscillator or as ) 

6J6-A twin af amplifier. With push-pull ar- —t0k rangement of the grids and the plates u Sc— 
in parallel, can also be used as a mixer pTaCi) 

at frequpncies as high as 600 megacycles per second. Outline 11, OUTLINES SEC- 
TION. Tubes require miniature seven-contact socket and may be mounted in any 
position. Except for heater rating, the 6J6-A is identical with type 6-16. 

Hi.ATL'H Yol TACB {AC/DC)  <) . •! Vnll3 
!!:; vi i:tm'TTRUh:NT  0.15 aimx-re 
1! i:\ mt Waum-Up Timr (Average) for 6J6-A  11 s.-oi.nds 

:i.( r Intekemx'Trodk Capacitances (Each Unit, Approx.): 
< • rid to Plate  
(irid tto Cathode and Heater  
Plate to Cathode and Heater (Unit No.l)  
Plate to Cathode and Heater (Unit No.2)  

Without 
External 

Shield 
1.6 
2.2 
0.4 
0.4 

Maximum Ratings: CLAoo Aj 
Pi.ate Voltage  
Cum Voltage, Positive-Bias value  
Plate Dissipation  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode 
Heater positive with respect to cathode. 

CLASS Aj AMPLIFIER {Each Unit): 

With 
Externo I 
Shield 

1 .6 
2 6 1.6 

1 

1300 max 0 max 
1 .5 ?na.c 
100 max 
1 00 max 

Characteristics: 
Plate Voltage. . . 
Cathode-Bias Resistor  
Vruplification Factor  
Plaie Resistance (Approx.). 
T ra n se< >n duct ance  
Plate- Current  

Maximum Circuit Values: 
(->rid-Circuit Resistance: 

l^or lixcd-bias operation  
For cathode-bias operation  

t Value is for both units operating at the specified conditions. 
Not recommended 
0.5 max megohm 

274 



Technical Data 

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy 
Key-down-conditions per kibe without modulation 

Maximum Ratings (Each Unit): 
Plate Voltage  300 
Guid Voltage: 

Nogative-bias value "  -4C 
Positive-bias value -.        C 

Plate Current  1G 
Grid Current  £ 
Plate Input  4.1 
Plate Dissipation  1. G 
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  10( 
Heater positive with respect to cathode  1(K 

Typical Push-Pull Operation (Both Units): 
Plato Voltage  lo( 
Grid Voltage0  -H 
Plate Current  31 
Grid Current (Approx.)  H 
Driving Power (Approx.)  0.3c 
Power Output (Approx.)   3.E 

* Obtained by grid resistor (625 ohms), cathode-bias resistor (220 ohms), or fixed supply. 

SHARP-CUTOFF PENTODE 

VzzzJ ) Metal type 6J7 and glass octal 6J7 
rl ""N types 6J7-G and 6J7-GT are used as 6J7-G biased detectors or high-gain audio 

s ejT (n"*"© amplifiers in radio receivers. Outlines 17 fiT 
eciijj-GT 14 4,39, and 23, respectively, OUTLINES ^ 1 

SECTION. Type 6J7-GT is used principally for renewal purposes. Type GJ7-G is :i 
DISCONTINUED type listed for reference only. All types require octal socket and 
may be mounted in any position. 

Heater Voltage (ac/dc) . 
Heater Current  

Maximum Ratings: CLASS A] AMPLIFIER 
Plate Voltage  300 tnax 
Grid No.3 (suppressor grid) • Connect to cathndi: j 
Grii>No.2 (screen-grid) Voltage  Stje curve 
Grii)-Nto.2 Supply Voltage  300 max 
Gbid-No.1 (control-grid) Voltage, Positive-bias value  0 mas 
Plate Dissipation  0.75 max 

Grii>No.2 (screen-grid) Voltage  
Grii)-Nto.2 Supply Voltage  
Gbid-No.1 (control-grid) Voltage, Positive-bias value 
Plate Dissipation  
Grid-No.2 Input: 

For grid-No.2 voltages up to 150 volts  
For grid-No.2 voltages between 150 and 300 volts. . . . 

Peak Heater-Cathode Voltage: 
Heater negative with respect to cathode  
Heater positive with respect to cathode  

Characteristics: 

0.10 max 
See curv 

e page (»<'. vollv 
vol Is 
watt 
watr 

e page tie 

Plate Voltage  100 250 volts 
Grid No.3 Connected to cathode at socket 
Grid-No.2 Voltage  
Grid-No.1 Voltage  
Plate liesistance (Approx.)  
Transconductance  
Grid-No.1 Voltage (Approx.) for plate current of 10 ^a. 
Plate Current  
Grid-No.2 Current.       

voh^ 
veils 

megohni 
/imhos 

volts 

Maximum Circuit Value: 
Grid-No.l-Circuit Resistance. 

Maximum Ratings: CLASS A! AMPL 
Plate Voltage  
Grid-No.1 Voltage, Positive-bias value. . .. 
Pi.ate Dissipation (total)  
Peak Heater-Cathode Voltage: 

Healer negative with respect to cathode 
Hearer positive with respect to cathode. 

CLASS A! AMPLIFIER (Triode Connection)0 

1.0 ■>//.«;c megohm 

250 max volts 
0 max volts 

1.75 max watts 
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Characteristics: 
Plate Voltage  180 
(irid-No.l Voltage  -5.3 
Amplification Factor  20 
Plate Resistance (Approx.)        11000 
Transeonductance  1800 
Plate Current    5.3 
Maximum Circuit Value: 
< irid-No.l-Circuit Resistance  : Greater than 1.0 megohm. 
^ Grids No.2 and No.3 connected to plate. 

TRIODE—HEPTODE CONVERTER 
Glass octal type used as a combined triode —' 

oscillator and heptode mixer in radio receivers. 
,lor% Outline 39, OUTLINES SECTION. Tube re- pHp^/jfEr=^ 
OJO^w quires octal socket. Heater volts (ac/dc), 6.3; f j -rrfr 

amperes, 0.3. Typical operation—Heptode unit: 
plate volts, 250 (300 max); grids-No.2-and-No.4 
volts, 100 max; grid-No.1 volts, -3; plate re- (TV"*"" 
sistance, 1.5 megohms; conversion transconduc- nc 

\ 290 pmbos; plate ma., 1.4; grids-No.2-and-No.4 ma., 2.8. Triode unit; plate volts, 
lied through 20000-ohm dropping resistor); grid resistor, 50000 ohms; plate ma., 5.0, ' 
'ONTINUED type listed for reference only. 

HIGH-MU TRIODE 
Glass octal type used as voltage amplifier 

in radio equipment. Outline 23, OUTLINES 
SECTION. Tube requires octal socket. Heater 
volts (ac/dc), 6.3; amperes, 0.3. Characteristics 
as class Ai amplifier: plate volts, 250 max; grid 
volts, -3; amplification factor, 70; plate resis- 
tance, 50000 ohms; transeonductance, 1400 
Mtnlios; plate ma., 1.1. This is a DISCONTIN- 
UED type listed for reference only. 

POWER PENTODE p 

Glass octal type used in output ^\izzz\ \ 
OKO-GT stage of radio receivers and, triode- 

connected, as a vertical deflection am- 
plifier in television receivers. It is capa- GT1"'© 
ble of delivering moderate power out- NC £3 

put with relatively small input voltage. Tube may be used singly or in push-pull. 
This type may be supplied with pin No.l omitted. Tube requires octal socket and 
may be mounted in any position. Outline 22, OUTLINES SECTION. It is espe- 
cially important that this tube, like other power-handling tubes, be adequately 
ventilated. 

IImxtkr Voltage (ac/dc)    
11 hater Current.    
Dikfxt Interelectrode Capacitances (Approx.): 

Grid No.l to Plate *  
Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3. 
Plate to Cathode, Heater, Grid No.2, and Grid No.3  

Maximum Ratings: GLA* 
Plate Voltage  Gini>-No.2 (screen-grid) Voltage  
Plate Dissipation  
GhiivNo.2 Input  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode,.. 
Heater positive with respect to cathode. . . 

* The dc component must not exceed 100 volts 

CLASS Ai AMPLIFIER 
315 max 
285 max 
8.5 max 
2.8 mux 
200 max 
200* max 
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Typical Operations 
Plate Voltage  100 
(irid-No.2 Voltage  100 
Grid-No.] (Control-Grid) Voltage  -7 
Peak AF Grid-No.1 Voltage  7 
Zero-Signal Plate Current  9 
Maximum-Signal Plate Current  9.5 
Zero-Signal Grid-No.2 Current  1,6 
Maximum-Signal Grid-No.2 Current  3 
Plate Itevsislance (Approx.)  104000 
Transeonduetance  1500 
1 ioad Resistance  12000 
Total Harmonic Distortion  11 
Maximum-Signal Power Output  0.35 
Typical Push-Pull Operation (Values are for two lubes): 
Plaic Supply Voltage  
Grid-No.2 Supply Voltage  
Orid-No.] Voltage      
("atliode-Bias Resistor    
Peak AF Grid-No.l-to-Grid-No.l Voltage  
Zero-Signal Plate Current. .   .Maximum-Signal Plate Current    
Zero-Signal Grid-No.2 Current  
Maximum-Signal Grid-No.2 Current  

250 315 volts 
250 250 volts 
-18 -21 volts 

18 21 volts 
32 25.5 ma 
33 28 ma 

5.5 4.0 ma 
10 9 ma 

90000 110000 ohms 
2300 2100 umhos 
7600 9000 ohms 

11 15 per cent 
3.4 4.5 walls 

Fixed Cathode 
Bias Bias 
285 285 volts 
285 285 volts 

-25.5 - volts - 400 • linns 
51 51 v. >lis 
55 55 ni a 
72 61 ma 

9 9 ma 
17 13 in a 

12000 12000 ohms 
6 4 per coot 

10.5 9.8 wntrs 
Total Harmonic Distortion  6 4 
Maximum-Signal Power Output  10.5 9.8 
Maximum Circuit Values: 
i irid-No.l-Circuit Resistance: 

For fixed-bias operation  0.1 //mx* 
For cathode-bias operation  0.5 max 

Characteristics (Triode Connection)*: 
Plato Voltage  250 
Grid-No.1 Voltage    -18 
Plate Current  37.5 
Transeonduetance  2700 
Amplification Factor  6.8 
Plate Resistance (Approx.)  2500 
G rid-No. 1 Voltage (Approx.) for plate current of 0.5 ma  -48 

< Grid-No.2 connected to plate. 
VERTICAL DEFLECTION AMPLIFIER (Triode Connection)* 

Maximum Ratings: For operation in a 525-line, 80-frame system 
DC Plate Voltage    315 max 
Peak Positive-Pulse Plate VoLTAGEf (Absolute maximum)  \200omax 
Peak Negative-Pulse Grid-No.! Voltage  -250 max 
Peak Cathode Current  75 max 
Average Cathode Current      25 max 
Plate Dissipation  7 max 
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode   200 jua.fi 
Heater positive with respect to cathode    2(lG*max 

Maximum Circuit Value: 
G rid-No. 1-Cireuit Resistance: For cathode-bias operation  2.2 max i 
* Grid No.2 connected to plate. 
f The duration of the voltage pulse must not exceed 15 per cent of one vertical scanning cycle, 
line, 30-frame system, 15 per cent of one vertical scanning cycle is 2.5 milliseconds. c Fnder no circumstances should this absolute value be exceeded. 
■ The dc component must not exceed 100 volts. 

nrngulun 
meg'jli m 

315 mux 
]200omax 
-250 max 

75 max 
25 max 

7 max 
200 ?ua.fi 
2ft0«?ua.fi 

'c20_(|)G3 remote-cutoff pentode 
^ Metal type 6K7 and glass octal types 6K7- pQ^f~Tz^z\ /\ G and 6K7-GT used in rf and if stages of radio VJIV* 

f Z"j j receivers, particularly in those employing avc. jfs 
Av- r/\V Outlines 4, 39, and 23, respectively, OUT- OiY/^O LINES SECTION. These tubes require octal 

s:6*7 (Tr^To) socket and may be mounted in any position. 7 
nr akt-gt For electrode voltage supplies and application, WlVr 1 refer to type 6SK7. Heater volts (ac/dc), 6.3; 
amperes, 0.3. Typical operation as class Ai amplifier: plate volts 250 (300 max); grid No.3 connecxcd to 
cathode at socket; grid-No.2 supply volts, 300 max; grid-No.2 volts, 125; grid-No.1 volts, plare 
resistance, 0.6 megohm; transeonduetance, 1650 /mihos; plate ma., 10.5; grid-No.2 ma., 2.6; phue dis- 
sipation, 2.75 max watts; grid-No.2 input, 0.35 max watts. Types 6K7 and 6K7-GT are used pr'j;rip,*Jiy 
for renewal purposes. Type 6K7-G is a DISCONTINUED type listed for reference only. 
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6K8 
Metal type 6K8 and glass octal ''hM 

6K8-G types 6K8-G and 6K8-GT used as ckr-Js^^Jj) 
Al^fl CT combined triode oscillator and hexode " m- ONO-VSI mixer in radio receivers. Type 6K8, s:6KaG^r®a 

Outline 5, type 6K8-G, Outline 39, bcIKI-ot 
OUTLINES SECTION. Types 6K8-G and 6K8-GT are DISCONTINUED types 
listed for reference only. Tubes require octal socket and may be mounted in any 
position. 

TRIODE-HEXODE CONVERTER 
52hx — GT WMXtV! fMGlHX 

SIftKB 7 

NC'.6K8-G BC:6Ka-CT 

Hkatru Voltage (ac/dc). 
H hater Current  

Maximum Ratings: CONVERTER SERVICE 
Hexode Plate Voltage  
Hexode GRiDs-No.2-A>JD-Nro.4 (scuegn-gbid) Voltage  
Hexode GHiDg-No.2-AND-No.4 RufPi.Y Voltage  
Hexode Grid-No.3 (control-grid) Voltage, Positive-bias value. 
Tkiode Plate Voltage  
Hexode Plate DiastPATioN  
Hexode Grids-No.2-and-No.4 Input  
Triode Plate DisaiPATioN  
Total Cathode Current  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  
Heater positive with respect to cathode    

300 max 
150 mar 
300 max 

0 mux 
125 max 

0.75 max 
0.7 max 

0.75 max 
16 max 

Typical Operation'. 
Hexode Plate Voltage  100 260 voll? 
Hexode Grids-No.2-and-No.4 Voltage  100 100 volts 
Hexode Grid-No.3 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 Transconductance   325 350 nmhofi 
Hexode Grid-No.3 Voltage (Approx.) for conversion transcon- 

ductance of 2 /imhos  -30 -30 volts 
Hexode Plate Current  2.3 2.5 ma 
Hexode Grids-No.2-and-No.4 Current   6.2 6.0 ma 
Triode Plate Current  3.8 3.8 ma 
Triode Grid and Hexode Grid-No. 1 Current  0.15 0.16 ma 
Total Cathode Current  12.5 12.5 ma 

The tranaconductance of the triode section, not oscillating, of the 0K8 is approximately 300O 
Mmhos when the triode plate voltage is 100 volts, and the triode grid voltage is 0 volts. 

6L5-G 

MEDIUM-MU TRIODE 
Glass octal type used aa detector, amplifier, 

or oscillator in radio receivers. Outline 36, OUT- 
LINES SECTION. Heater volts (ac/dc), 6.3; 
amperes, 0.15. Typical operation and character- 
istics: plate volts, 250 max; grid volts, -9; plate 
ma., 8; plate resistance, 9000 ohms; amplifica- 
tion factor, 17; transconductance, 1900 ^mhos; 
grid voltage for cathode-current cutoff, -20. 
This is a DISCONTINUED type listed for 
reference only. 

6L6 

6L6-G Metal type 6L6 and glass octal 

6L6-GB types 6L6-G, 6L6-GB, 6L6-GC are used H 

in the output stage of audio amplify- GT*"®* 
6L6-GC ing equipment, especially units de- 03 

signed to have ample reserve of power- 6l.6-gc' 
delivering ability. These types provide high power output, sensitivity, and high 
efficiency. Power output at all levels has low third- and higher-order harmonics. 

BEAM POWER TUBE 

S-.bLb v-/ 

NC:6L6-C, 6L6-GB, 6Lb-GC 
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Outlines 7, 50, 38, and 38, respectively, OUTLINES SECTION. Tubes require an 
octal socket and may be mounted in any position. It is especially important that 
these tubes, like other power-handling tubes, be adequately ventilated. Type 6L6-G 
is a DISCONTINUED type listed for reference only. Type 6L6-GC can be used 
in place of types 6L6, 6L6-G, 6L6-GA, and 6L6-GB. Type 6L6-GC may be sup- 
plied with pin 1 omitted. 
Huvruit Voi.TACR (AC, DC)  
Ml-: AT UK fuKRENT  
I ) lltKUT I STKKKLECTRODE CAPACITANCES (Approx.) : 

Crid to Plate  
Crid N'o.l to Cathode, Heater, Grid No.2, and Grid No.3 . . 
Plate to Cathode, Heater, Grid No.2, and Grid No.3  

•' With pin 1 connected to pin 8. 
CLASS Al AMPLIFIER 

Maximurrt Ratings: 
Pi.ate Voltage  
GRru-No.2 iscREKSi-c.iuu) Voltage  
Plate Dissipation  
GnTD-No.2 Input  
Peak Heater-Cathode Voltage: 

Heater in-native with respect to cathode. 
Heater positive with respect to cathode. 

6L6, 0L6-G, 
Design-Center Dc 

Values 
360 max 
270 max 

19 max 
2.5 max 

6L6-GC iojn-Maxini u 
Values 

•>00 max 
150*i(tax 

30 max 

180 max 
180 max 

200 max 
200 //tax 

Typical Operation: 
Plate Voltage  250 300 350 
Grid-No.2 Voltage -  250 200 250 
Grid-No.1 (Control-Grid) Voltage  -14 -12.5 -18 
Peak AF Grid-No.l Voltage  14 12.5 18 
Zero-Signal Plate Current  72 48 54 
M aximum-Signal Plate Current  79 55 66 
Zero-Signal Grid-No.2 Current  5 2.5 2.5 
Maximum-Signal Grid-No.2 (Current  7.3 4.7 7 
Plate Resistance f Approx.) 22500 35000 33000 
Transoonductance  6000 5300 5200 
Load Resistance  2500 4500 4200 
Total Harmonic Distortion  10 11 15 I 
.Maximum-Signal Power Output  6.5 6.5 1.0,8 

CLASS A! AMPLIFIER (Triode Connectionjf 
6L6, 6L6-G, 6L6-(jS 'tLii-CC 

... D .. Design- Design- Maximum Ratings: Center Values Maximum Volu 
Plate Voltage  275 max 450 max 
Plate Dissipation itotal)  19 max 30 max 
Peak Heatek-Catiiode Voltage: 

Hoater negative with respect to cathode  180 max 200 max 
Heater positive with respect to cathode  180 max 200 max 

Typical Operation: 
Plate Voltage  250 
Grid-No.1 Voltage  -20 
Peak AF G rid-No. 1 Voltage  20 
Zero-Signal Plate Current  40 
Maximum-SignaJ Plate Current  44 
Plate Resistance (Approx.)  1700 
Amplhication Factor  8 
Transconductan.ce    4700 
Load Resistance  5000 
Total Harmonic Distortion  5 j 
Maximum-Signal Power Output  1.4 
t Grid No.2 connected to plate. 

PUSH-PULL CLASS A1 AMPLIFIER 
Maximum Ratings: (Same as for class Ai amplifier) 
Typicel Operation (Vakcs are {or two tubes): 
Plate Voltage  250 270 
Grid-No.2 Voltage  250 270 
Grid-No.1 Voltage.   -16 -17.5 
Peak AF Grid-No.l-to-Grid-No.l Voltage  32 35 
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Zero-Signal Plate Current  
Maximum-Signal Plate Current  
Zero-Signal Grid-No.2 Current   
Maximum-Signal Grid-No.2 Current  
EiTective Load Resistance (Plate-to-plate) 
Total Harmonic Distortion  
Maximum-Signal Power Output   

120 134 ma 
140 155 ma 
10 11 ma 
16 IT ma 

5000 5000 ohms 
2 2 per cent 

14.5 17.5 watts 

PUSH-PULL CLASS AB, AMPLIFIER 
Maximum Ratings: (Same as for class Aj a mplifier) 
Typical Operation (Values are for two lubes): 6L6, 6L6-GB, 6L6-GC 6L6-GC 
Plate Voltage    360 360 450 volts 
Grid-No.2 Voltage    270 270 400 volts 
Grid-No.1 Voltage   -22.5 -22.5 -37 volts 
Peak AF Grid-No.1-to-Grid-No.l Voltage. , .   45 45 70 volts 
Zero-Signal Plate Current    88 88 116 ma 
Maximum-Signal Plate Current    132 140 210 ma 
Zero-Signal Grid-No.2 Current    5 o 5.6 ma 
Maximum-Signal Grid-No.2 Current    15 11 22 ma 
directive Load Resistance (Plate-to-plate)...   6600 3800 5600 ohms 
Total Harmonic Distortion    2 2 1.8 per cent 
Maximum-Signal Power Output    26.5 18 oo watts 

PUSH-PULL CLASS AB* AMPLIFIER 
Maximum Ratings: (Same as for class Ax amplifier) 
Typical Operation (Values are for two tubes): 
Plato Voltage  360 360 volts 
Grid-No.2 Voltage  225 270 volts 
Grid-No.1 Voltage  -18 -22.5 volts 
Peak AF Grid-No.l-to-Grid-No.l Voltage  52 72 volts 
Zero-Signal Plate Current  78 88 ma 
Maximum-Signal Plate Current  142 205 ma 
Zero-Signal Grid-No.2 Current  3.5 5 ma 
Maximum-Signal Grid-No.2 Current  11 16 ma 
Effective Load Resistance (Plate-to-plate)  6000 3800 ohms 
Total Harmonic Distortion  2 2 per cent 
Maximum-Signal Power Output  31 47 watts 
Maximum Circuit Values: 
Grid-No. 1-Circuit Resistance: 

For fixed-bias operation  0.1 max megohm 
For cathode-bias operation  0.5 max megohm 

* In push-pull circuits where grid No 2 of each tube is connected to a tap on the plate winding of the 
output transformer, this maximum rating is 500 volts. 

AVERAGE PLATE CHARACTERISTICS 

E^=6.3 VOLTS 

R 

SO 100 ISO 200 2SO 300 3SO *00 4S0 WO 5SO 600 6S0 700 PLATE VOLT3 
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Metal type 6L7 and glass octal 6L7 
Ji i—(ItLn type 6L7-G are used as mixers in 

>■ superheterodyne circuits having a sep- 6L7-G 
0~r^B)K arate oscillator stage as well as in 

»;! fcL^-c g5 other applications where dual control 
is desirable in a single stage. The two separate control grids are shielded from each 
other and the coupling effects between oscillator and signal circuits are very small. 
For additional information, refer to Frequency Conversion, ELECTRON TUBE 
APPLICATIONS SECTION. Outlines 4 and 39, respectively, OUTLINES SEC- 
TION. Heater volts (ac/dc), 6.3; amperes, 0.3. Typical operation as mixer (values 
recommended for all-wave receivers): plate volts, 250 (300 max); grids-No.2-and- 
No.4 volts, 150 max; grid-No.l volts, -6 min; grid-No.3 volts, -15; peak oscillator 
volts applied to grid No.3, 18 min; plate dissipation, 1 max watt; grids-No.2-and- 
No.4 input, 1.5 max watts; plate ma, 3.3; grids-No.2-and-No.4 ma, 9.2; plate 
resistance, greater than 1 megohm; conversion transconductance, 350 jmihos. 
Type 6L7-G is a DISCONTINUED type listed for reference only. 

PENTAGRID MIXER 

Refer to type 6AB5/6N5 

T' DIRECT-COUPLED POWER TRIODE 
jvv\ Glass octal type used as class Ai power am- :-j\- j----n plifier. Outline 42, OUTLINES SECTION. 

llj   Heater volts (ac/dc), 6.3; amperes, 0.8. For 
'-■electrical characteristics, refer to type 6B5. Type 6N6-G is a DISCONTINUED type 

kc^IJ listed for reference only. 

£t6N7 hC-CNT-GT 

gt, gt, medium-mu twin 
^ POWER TRIODE 

_cEW6)pTi , m. i-r 
"[A Metal type 6N7 and glass octal 

type 6N7-GT used in output stage of 
" ' XT _ radio receivers as class B power ampli- 6N7-GT 

fier or with units in parallel as a class 
nc Im-GT K Ai amplifier to drive a 6N7 or 6N7-GT 

as a class B amplifier. Outlines 6 and 22, respectively, OUTLINES SECTION. 
Tubes require octal socket and may be mounted in any position. For class B amp- 
lifier considerations, refer to ELECTRON TUBE APPLICATIONS SECTION. 
Type 6N7 is used principally for renewal purposes. 
Hkater Voltage (ac/dc)  6.3 volis 
Hkateh Current  0.8 ampere 

CLASS B POWER AMPLIFIER 
Maximum Ratings (Each Unit): 
Pl ate Voltage    300 max volis 
Peak Plate Current  125 max ma 
Avkrace Plate Dissipation  5.5 max wails 
Pkak Heater-Cathode Voltage: 

Healer negative with respect to cathode  90 max volis 
Heater positive with respect to cathode  90 max volis 

Typical Push-Pull Operation (Unless Otherwise Specified, Values are for Both Units); 
Plate-Supply Impedance  1000 ohms Klfli t'tive Grid-Circuit Impedance  0 516** ohms 
Plate Voltage  300 300 volis 
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Grid Voltage  
Peak AF Grid-to-Grid Voltage. . 
Zero-Signal Plate Current  Maximum-Signal Plate Current. 
Peak Grid Current (Each Unit). 

0 0 Volts 
58 82 volts 
35 35 ma 
70 70 ma 
20 22 ma 

8000 8000 ohms 
4 8 per cent 

10 10 watts 
Total Harmonic Distortion  4 8 percent 
Maximum-Signal Power Output  10 10 watts 

At -100 cycles per second for class B stage in which the effective resistance per grid circuit is ooo 
ohms,and the leakage inductance of the coupling transformer is 50 millihenries.The driver stage should 
be capable of supplying the grids of the class B stage with the specified values at low distortion. 

CLASS Ai AMPLIFIER 
Boih prfde connechd together at socket; likewise, both plates 

Maximum Ratings: 
Plate Voltage  300 max 
Plate Dissipation (Per plate)    1.0 wax 
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  90 max 
Heater positive with respect to cathode  90 max 

Typical Operation: 
Plate Voltage    250 300 
Grid Voltage  -5 -6 
A mplilication Factor  35 35 
Plate Resistance (Approx.) 11300 11000 < 
Transconductance  3100 3200 ut 
Plate Current  6 7 
Plate Load—Depends largely on the design factors of the class B amplifier. In general, the load w 

between 20000 and 40000 ohms. 
Power Output—Under maximum voltage conditions, upwards of 400 milliwatts can be obtained. 

MEDIUM-MU TRIODE 
Glass octal type used as detector, ampli- 

fier, or oscillator in radio receivers. Outline 22. 
OUTLINES SECTION. Tube requires octal 
socket. Heater volts (ac/dc), 6.3; amperes, 0.3. 
Except for interelectrode capacitances, this 
type is identical electrically with tvpe 76. Type 
6P5-GT is a DISCONTINUED type listed for 
reference only. 

LOW-MU TRIODE— 
REMOTE-CUTOFF PENTODE 

Glass octal type used as an amplifier. Out- 
line 39, OUTLINES SECTION. Heater volts 
(ac/dc), 6.3; amperes, 0.3. Except for inter- 
electrode capacitances, this type is identical 
electrically with type 6F7. Type 6P7-G is a 
DISCONTINUED type listed for reference 
only. 

TWIN DIODE—HIGH-MU TRIODE pD2 p0, 
Metal type 6Q7 and glass octal types 6Q7- 

G and 6Q7-GT used as combined detector, am- p-r^ 
plifier, and avc tubes in radio receivers. Out- \ 

6Q7-G lines 4, 39, and 23, respectively, OUTLINES ( r—iJ ) SECTION. Types 6Q7 and 6Q7-GT are used hH 
—principally for renewal purposes. Type 6Q7-G is 

* a DISCONTINUED type listed for reference s^eo? (y " a®) 
only. Tubes require octal socket. Heater volts qc-Iot-gt K 

(ac/dc), 6.3; amperes, 0.3. These types are simi- 
lar olecmeaHy in most respects to types 6SQ7 and 6AT6. Maximum ratings and typical operation of« he 
triode unit as a class Ai amplifier are the same as those for type 6AT6 except that with a plate voltage 
of 100 volts, the transconductance is 1200 ^mhos and the plate resistance 58000 ohms. For triode- 
uoil, grid-bias considerations and diode curves, refer to type 6AV6. 

S ;6Q7 Qj^W) NC:6Q7-G K BC:6Q7-GT 
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TWIN DIODE— 
P02 ^ MEDIUM-MU TRIODE 

©-—-©gt Metal type 6R7 and glass octal types JL D 7 
GR7-G and 6R7-GT used as combined detector, OKr 

—)tt\ amplifier, and avc tubes. Outlines 4, 39, and 21, ( j | J respectively, OUTLINES SECTION. Tubes 6R7-G 
require octal sockets. Within their maximum 
ratings, these types are identical electrically 6R7-GT 

S: 6R7 Wlt^ 6BF6 except for capacitances. Maxi- 
nc[6«7-0 K mum ratings of triode unit as class Ai amplifier: (6R7-GT plate volts, 250 max; plate dissipation, 2.5 max 

watts. For tvpical operation as a resistance-coupled amplifier, refer to Chart 7, RESISTANCE- 
COUPLED AMPLIFIER SECTION. Types 6R7-G and 6R7-GT are DISCONTINUED types listed 
for reference only. Type 6R7 is used principally for renewal purposes. 

6R7 

6R7-G 

6R7-GT 

MEDIUM-MU TRIODE 
cX] f-crX^ic Miniature types having high per- 

T~~j4— r veance used as vertical deflection am- 6S4 
J® plifiers in television receivers. Type Z.C A A 

r 'C 6S4-A has a controlled heater warm-up 0«>4—A 
p time for use in television receivers em- 

ploying series-connected heater strings. Outline 14, OUTLINES SECTION. Tubes 
require miniature nine-contact socket and may be mounted in any position. Type 
6S4 is a DISCONTINUED type listed for reference only. 

Heater Voltage (ac/dc)  
Heater Current  
Heater Warm-Up Time (Average) for GS4-A  
Direct Inteuelectrode Capacitances (Approx.): 

Grid to Plate  
Grid to Cathode and Heater  
Plate to Cathode and Heater  

Characteristics: CLASS Al AMPLIFIER 
Plate Voltage  250 
Grid Voltage  -8 
Amplification Factor  16.5 
Plate Resistance (Approx.)  3700 
Transconductance  4500 
Plate Current  24 
Plate Current for grid voltage of -15 volts  4 
Grid Voltage (Approx.) for plate current of 50   ~22 

VERTICAL DEFLECTION AMPLIFIER 
For operation in a 525-line, 80-frame system 

Maximum Ratings, (Design-Maximum Vnhic^i: 
DC Plate Voltage  550 max 
Peak Positive-Pulse Plate VoLTAGEt  2200 max 
Peak Negative-Pulse Grid Voltage  -250 max 
Peak Cathode Current  
Average Cathode Current  
Plate Dissipation  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode. 
Heater positive with respect to cathode. . 

105 max 
30 max 

8.5 wax 
200 max 
200'max 

Maximum Circuit Value: 
Grid-Circuit Resistance: 

For cathode-bias operation  2.2 max megohms 
t The duration of the voltage pulse must not exceed 15 per cent of one vertical scanning cycle. In a 
525-line, 30-frame system, 15 per cent of one vertical scanning cycle is 2.5 milliseconds. 
■ The dc component must not exceed 100 volts. 
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REMOTE-CUTOFF PENTODE 
02 Cj 

Metal type 6S7 and glass octal type 6S7-G (^) — ($) 
- used in ri and i! stages ot automobile receivers p^O1 

057 employing avc. Outlines 5 and 39, respectively, (if* j-1-] /\ 
OUTLINES SECTION. Type 6S7 is used -ZZJ ) 

ACT n principally for renewal purposes. Type 6S7-G is Ts?l^hy\ -\7 a DISCONTINUED type listed for reference 
only. Tubes require octal socket. Heater volts, 
B.3; amperes, 0.15, Typical operation as Class S:6S7^ 6S7 
Ai amplifier: plate volts, 250 (300 max)', grid- NC:6S7-g k.iS:6S7-g 

No.2 volts, see curve page 66; grid-No.2 supply volts, 300 max; grid-No.1 volts, -3 (0 max); grid No.3 
•onnected to cathode at socket; plate ma., 8.5; grid-No.2 ma., 2; plate resistance (Approx.), 1.0 meg- 
i<hm; transconductance, 1750 jimhos; plate dissipation, 2.25 max watts; grid-No.2 input: for grid-No.2 
voltages up to 150 volts, 0.25 max watt; for grid-No.2 voltages between 150 and 300 vulis, sen curve 
page 66. Peak heater-eathode volts, 90 max. 

S:6S7W 

•tJC:6S7-G 
<i) 6S7 K.lS; 6S7-G 

TRIPLE DIODE—HIGH-MU TRIODE 
Glass octal type used as audio amplifier, /vtkP'Tv^ 

AM detector, and FM detector in AM/FM re- 
£ £0 ceivers. Diode unit No.2 is used for AM detec- P^|/ \ j pT 

I tion, and diode units No.l and No.3 are used 
for FM detection. Outline 21, OUTLINES Km 
SECTION, except over-all length is 3-5/8 max ' 2 3 

inches and seated height is 3-1/16 max inches. 
Tube requires octal socket. Heater volts (ac/dc), 
6.3; amperes, 0.3. Typical operation of triode 

unit as class Ai amplifier: plate volts, 250 (300 max); grid volts, -2; amplification factor, 100; plate re- 
sistance (Approx.), 91000 ohms; transconductance, 1100 ^mhos; plate dissipation, 0.5 max watt; plate 
ma., 0.9; peak heater-cathode volts, 90 max. Maximum plate ma. for diode units, 1.0 max (each unit!. 
Peak heater-cathode volts (diode unit No.l), 90 max. For diode operation curves, refer to type 6.\V6. 
Type 6S8-GT is used principally for renewal purposes. 

PENTAGRID CONVERTER 

Metal type 6SA7 and glass octal 
type 6SA7-GT used as converters in 
superheterodyne circuits. They are 
similar in performance to type 6BE6. 
For general discussion of pentagrid 
types, see Frequency Conversion in 
ELECTRON TUBE APPLICA- 
TIONS SECTION. Both tubes have 
excellent frequency stability. Tubes re- 
quire octal socket and may be mounted 
in any position. Outlines 3 and 22, re- 
spectively, OUTLINES SECTION. 
Type 6SA7-GT is used principally for 
renewal purposes. 

ITkatek Voltage (ac/dc)        
Heater Current  
Direct Interelectrode Capacitances for 6SA7: 

Grid No.3 to AU Other Electrodes (RF Input)  
Plate to AU Other Electrodes (Mixer Output)  
Grid No.l to All Other Electrodes (Osc. Input)  
Grid No.3 to Plate       
' Irid No.3 to Grid No.l      
Grid No.l to Plate  
■ >rid No.l to Shell, Grid No.5, and AU Other Electrodes except Cathode 
Grid No.l to Cathode    
Gaihode to Shell, Grid No.5, and All Other Electrodes except Grid No.l 

YVUh shell connected to cathode. 

6.3 volts 
0.3 ampere 
9. 5* itiif 
9. 5* 

7* Wt 
i.25 mnx* 
M 5 max* /i/if 
). 06 max* p/if 
4.4 nvf 
2.6 nnt 

5 UJlf 
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CONVERTER 
Maximum Ratings: 
Plate Voltage  
Grid No.5 (surntEssoR grid) And Shell (6SA7 only). . . 
Gkids-No.2-And-No.4 (screen-grid) Voltage  
Guids-No.2-And-No.4 Supply Voltage  
Grid-No.3 (control-grid) Voltage: 

Negative bias value  
Positive bias value  

Plate Dissipation  
Grids-N 0.2-And-No.4 Input  
Cathode Current  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  
Heater positive with respect to cathode  

  300 max 
Connect to cathode 

, . ... 100 max 

-50 max 
0 max 

1.0 max 
1.0 wa.r 

14 max 

volts 
:it socket 

volts 
volts 

Typical Operation: Separate Excitation't 
Plate Voltage  100 250 vol t K 
Grid No.5 and shell (6SA7 only)  Connected to cathode at socket 
Grids-No.2-and-No.4 Voltage  100 100 volts 
Grid-No.3 Voltage  -2 -2 volts 
Grid-No.1 (Oscillator-Grid) Bnsistor  20000 20000 ohm?; 
Plate Ttesistance (Approx.)  0.5 1.0 megohm 
Conversion Transconductance  425 450 jimhos 
Grid-No.3 Voltage (Approx.) for transconductance of 10 anihos -25 -25 volts 
Grid-No.3 Voltage (Approx.) for conversion transconductance 

of 100 ^tinhos  -9 -9 volts 
Plate Current  3.3 3.5 mu 
Grids-No.2-and-No.4 Currcnt  8.5 8.5 ma 
Grid-No.1 Current  0.5 0.5 ma 
Cathode Current   12.3 12.5 ma 
NOTE: The transconductance between grid No.l and grids No.2 and No.4 connected to plate mn 
oscillating) is 4500 jumhos under the following conditions: grids No.L, No.3 at 0 volts; grids No.2 and 
No.4 and plate at 100 volts; for GSA7 only, grid No.5 and shell are connected to cathode at socket, 
f The characteristics shown with separate excitation correspond very closely to those obtained in * 
self-excited oscillator circuit operating with zero bias. 

PENTAGRID CONVERTER 
p ^ / i^] T\ Metal type used as converter in super- 
(3*f\^zzz[ heterodyne circuits. Because of its high conver- 

( l\~zzziy j sion and oscillator transconductance, it is espe- 
fix \ cially useful in FM converter service in the 100- OwD# I megacycle region. The 6SB7-Y has a micanol 

base which minimizes drift in oscillator fre- 
quency during warm-up period. For general dis- 
cussion of pentagrid types, see Frequency Con- 

version in ELECTRON TUBE APPLICATIONS SECTION. Outline 3, OUTLINES SECTION. TuIh 
requires octal socket and maybe mounted in any position. Heater volts (ac/de), 6.3; amperes, o.;i. 
For maximum ratings and characteristics in converter service, refer ro type 6BA7. Type GSB7-Y is 
used principally for renewal purposes. 

HIGH-MU TWIN TRIODE GT2<-3>r-i\| | V^K 
Metal type used as phase inverter r r ***¥ 

Al <—^/J in radio equipment. Each unit may 05C/ 
pt|A. a's0 b® usec' in voltage amplifier cir- 

0"*^) cuits. Except for common cathode, each 
s H triode is independent of the other. Out- 

line 3, OUTLINES SECTION. Tube requires octal socket and may be mounted in 
any position. 
HEATEK VOI.TAUE (AC/DC)  6.3 volts 
Heater Cuerbnt  0.3 ampen- 
Direct Interei.ectrode Capacitances (Each Unit, Approx.):4 

Grid to Plate  2 uut 
Grid to Cathode and Heater   2 
Plate to Cathode andHeater  2 A With shell connected to cathode. 
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Maximum Ratings: CLASS A! 
I m.ath Voltage  
Pc^k Heateb-Cathode Voltage: 

Heater negative with respect to cathode 
Hcator positive with respect to cathode. 

Characteristics: 
[ Uko Voltage  

CLASS Aj AMPLIFIER (Each Unit): 

' irid Voltage  
\ rnpruication Factor  
I'iaie Resistance (Approx.). 
i'ransconductance  
i'hiU' (.'urront   

HIGH-MU TRIODE 

6SF5 Metal type 6SF5 and glass octal M  j type 6SF5-GT are used in resistance- KgV— 
ASF5-GT coupled amplifier circuits. Outlines 3 

and 22, respectively, OUTLINES s:6sf5(MT'©h 
SECTION. Type 6SF5-GT may be nc«,5f5-gt 

>u!iplied with pin No.l omitted. Tubes require octal socket and may be mourned 
:ii any position. Characteristics, application, and references under type 6F5 apply 
to types 6SF5 and 6SF5-GT. Heater volts (ac/dc), 6.3: amperes, 0.3. Type 6SF5- 
GT is used principally for renewal purposes. 

DIODE- 
REMOTE-CUTOFF PENTODE 
Metal type used as combined rf or if ampli- 

fier and detector or avc tube in radio receivers. 
Also used as resistance-coupled af amplifier, 

ODr/ Outline 3, OUTLINES SECTION. Tube re- 
quires octal socket and may be mounted in any 
position. Heater volts (ac/dc), 6.3; amperes, 
0.3. Maximum ratings of pentode unit as class 
Ai amplifier: plate and grid-No.2 supply volts, 

-'x1 'iGi.r; grid-No.2 volts, 100 max-, grid-No.l volts, 0 max-, plate dissipation, 3.1! 
i-put, 0.5 max watt; peak heater-cathode volts, 90 max. For diode operation curv 

T; no GSF7 is used principally for renewal purposes. 

PENTODE UNIT AS CLASS A, AMPLIFIER 
Characteristics: 
r'late Voltage  100 
' i nd-No.2 Voltage  100 

rid-No.1 Voltage  -1 
i'late Resistance (Approx.)  0.2 
T ranficonductance  1975 
i j rid-No.1 Voltage (Approx.) for transconductance of 10 ^mhos. . -35 
Plate Current    12 
Crid-No. 2 Current  3.4 

s; gml-Nu.2 
• i vpo <;.A \ 'i. 

100 250 volts 
100 100 Volts 
-1 -1 volt 

0.2 0.7 ou-golirn 
975 2050 n mhos 
-35 -35 VoltS 

12 12.4 ■tin 
3.4 3.3 

SEMIREMOTE-CUTOFF PENTODE G|M--©K 

Metal type used as rf amplifier in 
/LC^lyT high-frequency and wide-band appli- (Mi 

cations. Features high transcon- 
ductance with low grid-No.l-to-plate H \. UT H 

capacitance. Suitable for frequencies sClMl^p 
up to 18 megacycles per second (approx.). Two separate cathode terminals enable 
the input and output circuits to be effectively isolated from each other. Outline 3, 
OUTLINES SECTION. Tube requires octal socket and may be mounted in any 
position. 
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Heatrr Voltage (ac/dc)  6.3 
Hbatek Current  0.3 
Direct Intereleotrode Capacitances:4 

Grid No.l to Plate    0.003 max 
Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3     8.5 
Plate to Cathode, Heater, Grid No.2, and Grid No.3  7 4 With shell connected to cathode. 

Maximum Ratings: CLASS Ai AMPLIFIER 
Plate Voltage  
Gmi»-No.2 (screen-grid) Voltage  
Grid-No.2 Supply Voltage  
Grid-No.1 (control-grid) Voltage, Positive bias value. 
Plate Dissipation  
Grid-Xo.2 Input: 

For prid-No.2 voltages up to 150 volts  
For grid-No.2 voltages be.tween 150 and 300 volts. . . . Peak Heater-Cathode Voltage: 
Heater negative with respect to cathode  
Heater positive with respect to cathode  

Characteristics: 
Plate; Voltage  
Grid-No.2 Voltage  
Grid-No.1 Voltage  
Plate Resistance (Approx.)  
Transconductance  
Grid-No.1 Voltage (Approx.) for transconductance 

of 40 jumhoM  
Plate Current  
Grid-No.2 Current  
*Grenter than 1 megohm. 

300 max volt? 
See curve page 00 

300 tnax volt? 
0 max volt? 
3 max watt? 

0.6 max watt 
See curve page (1(5 

100 250 250 volts 
100 125 150 voli? 
-1 -1 -2.5 volt? 

0.25 0.0 * megohm 
4100 4700 4000 junlio? 
-11.5 -14 -17.5 volt? 

8.2 11.8 9.2 ma 
3.2 4.4 3.4 ma 

# SHARP-CUTOFF PENTODE 
02 Metal type used as rf amplifier ^CLJT 

in high-frequency, wide-band applica- OSH/ 
tions and as a limiter tube in FM 

H equipment. Outline 3, OUTLINES 
SECTION. Tube requires octal socket 

and may be mounted in any position. Two separate cathode terminals enable the 
input and output circuits to be isolated effectively from each other. This type is 
not recommended for high-gain audio-amplifier applications because undesirable 
hum mav be encountered. For typical operation as a resistance-coupled amplifier, 
refer to RESISTANCE-COUPLED AMPLIFIER SECTION. 
Heater Voltage (ac/dc)  
Heater Current  
Direct Interelectrode Capacitances:4 

Grid No.l to Plate  
Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3. 
Plato to Cathode, Heater, Grid No.2, and Grid No.3   4 With shell connected to cathode 

0.003 max 
8.5 
7.0 

Maximum Ratings: CLASS Aj AMPLIFIER 
Plate Voltage  
Grid No.2 (screen-grid) Voltage  Giud-No.2 Supply Voltage  
Grid-No.1 (control-grid) Voltage, Positive bias value. 
Plate Dissipation  
Gicid-No.2 Input: 

For grid-No.2 voltages up to 150 volts  
For grid-No.2 voltages between 150 and 300 volts. . ,. 

Peak Heater-Cathode Voltage; 
Heater negative with respect to cathode  
Heater positive with respect to cathode  

Characteristics: 
Plate Voltage  
Grid-No.2 Voltage      
Grid-No.1 Voltage  
Plate Resistance (Approx.)  
Transconductance  
Grid-No.1 Voltage (Approx.) for plate current of 10 ^a. 
Plate Current  
Grid-No.2 Current  

300 max volts 
See curve page 0(5 300 max voli? 

0 max volt? 
3 max watts 

0.7 max watt 
See curve page 6(5 

100 250 volts 100 150 volts 
-1 -1 volt 

0.35 O.ft megohm 
4000 4900 umhns 
-4.0 -5.5 volts 

5.3 10.8 ma 
2.1 4.1 ma 
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Metal type 6SJ7 and glass octal 
17 r*T type 6SJ7-GT used as rf amplifiers I arlci biased detectors. As a detector, i1 H 

either type is capable of delivering 
large audio-frequency output voltage Bc:6sj7-cr 

with relatively small input voltage. Outlines 3 and 24, respectively, OUTLINES 
SECTION. Tubes require octal socket and may be mounted in any position . Type 
•iSJT-GT is used principally for renewal purposes. 

SHARP-CUTOFF PENTODE 

<27*12) sesj?^ ^-p BC:6SJ7-GT 

IIkater Voltage (ac/dc)  
IIrater Current  
Direct Intereleotrode Capacitances for 6SJ7:0 

IVntode Connoction: 
(irid No.l to Plate  
Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3. 
Plate to Cathode, Heater, Grid No.2, and Grid No.3  

Triode Connection:. 
Grid No.l to Plate  
Grid No.l to Cathode and Heater  
Plate to Cathode and Heater  

3 With shell connected to cathode. 
■ With grids No.2 and No.3 connected to plate. 

CLASS A! AMPLIFIER 
Maximum Ratings: 
Plate Voltage  
Grid No.3 (suppressor grid)  
Guin-No.2 (screen-grid) Voltage  
Gh)i>-\to.2 Supply Voltage  11 ki d-No.l (control-grid) Voltage, Positive bias value  
Plvte Dissipation  
<;k]]>-No.2 Input: 

For grid-No.2 voltages up to 150 volts  
For grid-No.2 voltages between 150 and 300 volts  

Pii vu Heater-Cathode Voltage: 
Heater negative with respect to cathode  
Heater positive with respect to cathode  

Triode 
(iounection* 
250 max 

Connect 

0 max 
2.5 mn.i; 

F'enlode 
Connti't/'im 
300 max 

to cathode ; 
See curve 

300 J)i(!.r 
0 max 

Typical Operation: 
Plato Voltage    
(irid No.3  
< Ind-No.2 Voltage. . . 
Grid-No.1 Voltage. . . 
\mnlitlcation Factor. 
1 vvinseonduetanee  230( 
irid-Xo.l Voltage (Approx.) for plate 

-•urrent of 10 ^a  
'luio Current  6 J 
. : id-No.2 Current  

: Grids No.2 and No.3 connected to plate. 

Connection* Connection 
180 250 100 250 VldlS 

- - Connected to < ral.hode al .sock* ■t 
- • - 100 100 volts 

-6 -8.5 •3 -3 volts 
19 19 - - 

8250 7600 700000 t ohms 
2300 2500 1575 1650 junhns 

_ -8 -8 vol ts 
6.0 9.2 2.9 3.0 ma 

- - 0.9 0.8 ma 
t Greater than 1 megohm. 

REMOTE-CUTOFF PENTODE 
Metal type 6SK7 and glass octal 

type 6SK7-GT are used as rf or if am- 
plifiers in radio receivers. They feature 
single-ended construction and inter- 
lead shields. Because of remote-cutoff 

1=^0®' 

S:6SK7^-^ BC.6SK7-GT 
characteristic, these types are able to handle large signal voltages without cross- 
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modulation or modulation-distortion and are often used in receivers with avc. Out- 
lines 3 and 24, respectively, OUTLINES SECTION. Tubes require octal socket 
and may be mounted in any position. Type 6SK7-GT is used principally for re- 
newal purposes. 

Heatkk Voltage (ac/dc)  
Heater Current  
Direct Interelectrode Capacitances for 6SK7:* 

Grid No.l to Plate  
Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3. 
Plato to Cathode, Heater, Grid No.2, and Grid No.3  

* With shell connected to cathode. 

0.003 max 
6.0 
7.0 

Maximum Ratings: CLASS Ai AMPLIFIER 
Plate Voltage    800 max volts 
Grid No.3 ^suppressor grid) Connect to cathode at socket 
Grid-No.2 (screen-grid) Voltage  See curve page (id 
Grid-No.2 Supply Voltage  300 max volts 
Grid-No.1 (control-grid) Voltage, Positive bias value  0 max volts 
Plate Dissipation    4.0 max watts 
Grid-No.2 Input: 

For grid-No.2 voltages up to 150 volts  0.4 max watt 
For grid-No.2 voltages between 150 and 300 volts  See curve page 66 

Peak: Heater-Cathode Voltage: 
Heater negative with respect to cathode  90 max volts 
Heater positive with respect to cathode  90 max volts 

Characteristics: 
Plate Voltage      100 250 volts 
Grid No.3 Connected to cathode at socket 
Gnd-No.2 Voltage  100 100 volts 
Grid-No.1 Voltage  -1 -3 volts 
Plate Resistance (Approx.)   0.12 0.8 megohm 
Transconductance  2350 2000 umlios Grid-No.I Voltage (Approx.) for transconductance of 10 jtmhos -35 -35 volts 
Plate (Current  13 9.2 ma 
Grid-No.2 Current  4.0 2,6 ma 

' HIGH-MU TWIN TRIODE 
*T20!yr:;:l-]"-L Glass octal type used as phase in- 

verter in radio equipment. Each unit 6SL7—GT 
Pt2(?Aa may also be used in resistance-coupled 

fXrffC amplifier circuits. Outline 22, OUT- 
g~>2 h LINES SECTION. Tube requires 

octal socket and may be mounted in any position. Except for the common heater, 
each triode unit is independent of the other. For typical operation as phase inverter 
or resistance-coupled amplifier, refer to RESISTANCE-COUPLED AMPLIFIER 
SECTION. 
Heater Voltage (ac/dc)   
Heater Current  
Direct Interelectrode Capacitances (Approx.):0 Unit No. 1 

Grid to Plate  2.8 
Grid to Cathode and Heater  3.0 
Plate to Cathode and Heater  3.8 0 With external shield connected to cathode. 

. . 6.3 

. . 0.3 
Unit No. 2 

2.8 
3.4 
3.2 

Maximum Ratings: CLASS A, AMPLIFIER (Each Unit) 
Plate Voltage  300 max 
Grid Voltage, Positive bias value  0 max 
Plate Dissipation  1 max 
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode     90 max 
Heater positive with respect to cathode   90 max 

Characteristics: 
Plate Voltage       250 
Grid Voltage      -2 
Amplification Factor  70 
Plate Resistance (Approx.) 44000 
Transconductance  1600 
Plate Current  2.3 
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6SN7 GT Glass octal types used as combined W " 

6SN7-GTA vertical oscillators and vertical deflec- —11—^ 
. *|. *''on amPlifiers' and as horizontal de- PT^tiA\ ^ 
0«)N/~wTD flection oscillators, in television re- CT^i) 

ceivers. Each unit may also be used in 072 M 

multivibrator or resistance-coupled amplifier circuits in radio equipment. Type 
6SN7-GTB has a controlled heater warm-up time to permit use in series-connected 
heater strings. Outline 22, OUTLINES SECTION. Tubes require octal socket and 
may be mounted in any position. Except for the common heater, each triode unit is 
independent of the other. For typical operation as resistance-coupled amplifier, 
refer to Chart 6, RESISTANCE-COUPLED AMPLIFIER SECTION. Types 
6SN7-GT and 6SN7-GTA are DISCONTINUED types listed for reference only. 

MEDIUM-MU TWIN TRIODE 

Heatcb Voltage (ac/dc)  6. 
Hkatkk Current  0. Mioatkr Warm-up Time (Average) for 6SN7-GTB   1 
niRKOT 1 \"TERELECTRODE CAPACITANCES (ApprOX.) for 6SN7-GTB: 

('rriil ro Plate  
(Irid to Cathode and Heater. , 
I'iuU- to Cathode and Heater. 

Unit No.l 
4.0 
2.2 
0.7 

Unit No.Z 
3.8 
2.6 
0.7 

Maximum Ratings: CLASS Aj 
Plate Voltage  Cathode Current  
Plate Dissipation: For cither plate  

For both plates with both units operating 
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode.. 
Heater positive with respect to cathode. . 

CLASS Aj AMPLIFIER (Each Unit) 

Characteristics: 
Plate Voltage   
Grid Voltage  
Amplification Factor  
Plate Kesistanco (Approx.)  
Transeotiductaiice    
Plate Current  
Plate Current for grid voltage of -12.5 volts  
Grid V oltage (Approx.) for plate current of 10 n&. 
Maximum Circuit Value: 
Grid-Circuit Resistance: 

For lixed-bias operation  
0The de component must not exceed 100 volts. 

6SN7-GTJi 
450 max 

20 max 
5 inax 

7. 5 max 
200 200o//m.r 

1. 0 inax megohm 

OSCILLATOR (Each Unit) 
For operation in a 525-line, 30-Jrame system 

6SN7-GTB 
Vertical Horizontal 

Deflection Deflection 
Maximum Ratings: Oscillator Oscillator 
DC Plate Voltage    450 max volts 
Peak Negative-Pulse Grid Voltage  -600 max volts 
Peak Cathode Current  300 max ma 
Average Cathode Current  20 max ma 
Plate Dissipation: 

For either plate  5 max watts 
For both plates with both units operating  7.5 max watts 

Peak Heater-Cathode Voltage: 
Healer negative with respect to cathode  200 max volt? 
Healer positive with respect to cathode  2QQ0)tiax vol ts 

Maximum Circuit Value: 
Grid-Circuit Resistance.    2.2 max megoh ms 
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VERTICAL DEFLECTION AMPLIFIER (Each Unit) 
For operation in a 525-line, 30-frame system 

Maximum Ratings: 
DC Plate Voltage    
Peak Positive-Pulse Plate Voltage f (Absolute maximum)  
Peak Negative-Pulse Grid Voltage  
Peak Cathode Curuent  
Average Cathode Current  
Plate Dissipation: 

For either plate  
For both plates with both units operating  

Peak Heater-Cathode Voltage: 
Heater negative with respect to cathode         
Heater positive with respect to cathode  

6SN7-GTB 
450 max 

1 
-250 max 

70 max 
20 max 

200 maa: 
200o?/iaj 

Maximum Circuit Value: 
Grid-Circuit Resistance: 

For cathode-bias operation   2.2 max megohms 
4 The duration of the voltage pulse must not exceed 15 per cent of one vertical scanning cycle. In a 
52s)-line, 30-frame system, 15 per cent of one vertical scanning cycle is 2.5 milliseconds. 
■Under no circumstances should this absolute value be exceeded. 0 The do oomponent must not exceed 100 volts. 

AVERAGE PLATE CHARACTERISTICS EACH TRIODE UNIT 

■ m 

wm 

WM 

m i mam 

SfiSQ? 8C:6SCI7-GT 

TWIN DIODE—HIGH-MU TRIODE 
"(syvlr-lc_v\A)PT , _ _ _ 

fyvir""" ) Metal type 6SQ7 and glass octal ACQ7 
type 6SQ7-GT used as combined de- 
tector, amplifier, and avc tube in radio 6S^D7— GT 

s. receivers. Outlines 3 and 24, respec- 
8c:6sq7-gt h tively, OUTLINES SECTION. Tubes 

require octal socket and may be mounted in any position. These types are similar 
electrically to type 6Q7 in many respects, but they have a higher-mu triode. Diode- 
biasing of the triode unit is not suitable because of the probability of triode plate- 
current cutoff even with relatively small signal voltages applied to the diode cir- 
cuit. Type 6SQ7-GT is used principally for renewal purposes. 
Heater Voltage (ac/dc)  6.3 volts 
Heater Current  0.3 ampere 
Direct Interelectrode Capacitances for 6SQ7:0 

Triode Unit: 
Grid to Plate  1.6 pui 
Grid to Cathode and Heater  3.2 Muf 
Plate to Cathode and Heater  3 mm! 

Either Diode Plate to Cathode and Heater    3.3 maa: mm! 
Triode Grid to Plate of Diode No.l  0.03 maa; mm! 
Triode Grid to Plate of Diode No.2  0.04 ma# MMf 0 With shell connected to cathode. 

1.6 
3.2 

3 
3.3 maa; 

0.03 maa; 
0.04 ma# 
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Maximum Ratings; TRIODE UNIT AS CLASS A, AMPLIFIER 
Plate Voltage  300 max volts 
Gkid Voltage, Positive bias value  0 max volts 
Plate Dissipation  0.5 max watt- 
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode    90 max volte 
Heater positive with respect to cathode  §0 max volts 

Characteristics: 
Plate Voltage  100 250 volts 
Grid Voltage  -1 -2 volts 
Amplification Factor  100 100 
Plate Resistance (Approx.)  110000 85000 ohms 
Transconductance    925 1175 Mrobos 
Plate Current  0.5 1.1 ma 
Maximum Rating: DIODE UNITS 
Plate Current (Each Unit)  1.0 max ma 

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. For diode operation curves, refer to type 6AV0. 

TWIN DIODE— 
MEDIUM-MU TRIODE "oa PD. 

Metal type used as combined-detector, am- ^ pt 
* mm plifier, and avc tube. It is equivalent in per- (SVy j I "-vVT) A ^ D f formance to miniature type 6BF6. Outline 3, 

OUTLINES SECTION. Tube requires octal —1 J—, 
socket and may be mounted in any position. gtwV— 
Heater volts (ac/dc), 6.3; amperes, 0.3. Maxi- 
mum .ratings and typical operation of triode 
unit as class Ai amplifier: plate volts, 250 max; 
grid volts, -9: amplification factor, 16; plate re- 

sistance (approx.), 8500 ohms; transconductance, 1900 jumhos; plate ma., 9.5; plate dissipation, 2.5 max 
watts; peak heater-cathode volts, 90 max. For diode-operation curves, refer to type GAVO. Type GSR7 
is used principally for renewal purposes. 

REMOTE-CUTOFF PENTODE G) — ^ 
Metal type used in rf or if stages of radio jjy 

receivers particularly those employing avc. Out- g-i/-n / [ r-x\\ 
X line 3, OUTLINES SECTION. Tube requires Q j joctal socket and may be mounted in any posi- I LZZZjl j 

tion. Heater volts (ac/dc), 6.3; amperes, 0.15. 
Tyincal operation as class Aa amplifier: plate h 
volts, 259 (300 max).; grid-No.2 supply volts, 
SOO max; grid-No.2 volts, 190; :grid-No.l volts, 
-3; grid No.3 connected to cathode at socket; 

plate resistance (approx.), 1 megohm; transconductance, 1850 jumhos; plate ma., 9; grid-No.2 ma., 2; 
plate dissipation, 2.25 max watts; grid-No.2 input, 0.35 max watts. Type 6SS7 is used principally for 
renewal purposes. 

TWIN DIODE—MEDIUM-MU TRIODE ^2 
Metal type used as combined detector, 

amplifier, and avc tube. Within maximum rat- K(3Y/ T 

^CTJT ings this type is electrically identical to type Wyf-L  
* * 6BF6 except forinterelectrode capacitances and IA \ ill—1 j 

heater current. Outline 8, OUTLINES SEC- cj(E)x— 
TION. Tribe requires octal socket and may be 
mounted in any position. Heater volts (ac/dc), Gyvi) 
6.3; amperes, 0.15. Maximum ratings of triode 5 H 

unit as class Ai amplifier: plate volts, 250 maa:; plate dissipation, 2^ max watts. For diode operation 
curves, refer to type 6AV6. Type 6ST7 is a DISCONTINUED type listed for reference only. 

6ST7 

TWIN DIODE—HIGH-MU TRIODE 
Metal type used as combined detector, am- 

plifier, and avc tube in radio receivers. Except 
for heater-current rating and interelectrode ca- 

z. C 77 pacitances, this type is essentially the same elec- 
trically as type 6AT6. Outline 8, OUTLINES 
SECTION. Tube requires octal socket. Heater 
volts (ac/dc), 6.3; amperes, 0.15. For diode 
operation curves, refer to type 6AV6. Type 
6SZ7 is a DISCONTINUED type listed for 
reference only. 
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MEDIUM-MU TRIODE 
Miniature type used as oscillator in tuners 

of uhf television receivers. Outline 9, OUT- 
LINES SECTION. Tube requires miniature 
seven-contact socket and may be mounted in 
any position. Heater volts (ac/dc), 6.3; am- 
peres, 0.225. This type is used principally for 
renewal purposes. 

AMj'i.iFicATiON Factor*. 
Tkansconductance*. ... 
:: For plate-supply volts, 80; cathode-bias resistor, 150 ohms; plate ma., 18. 

OSCILLATOR IN UHF TELEVISION RECEIVERS 
Maximum Ratings: 
Plate Voltage  
Grid Current  
Cathode Current  
Plate Dissipation  
Peak; Heater-Cathode Voltage: 

Heater negative with respect to cathode   
Heater positive with respect to cathode  

* The dc component must not exceed 25 volts. 

200 max 
8 max 

30 max 
3.5 max 

TWIN DIODE—HIGH-MU TRIODE 
Glass octal type used as combined detector, 

amplifier, and avc tube in radio receivers. Out- 
line 39, OUTLINES SECTION. Heater volts 
(ac/dc), 6.3; amperes, 0.15. Typical operation 
as class Ai amplifier: plate volts, 250 max; grid 
volts, -3; plate ma., 1.2; plate resistance (ap- 
prox.), 62000 ohms; amplification factor, 65; 
transconductance, 1050 ^mhos. For diode oper- 
ation curves, refer to type 6AV6. Type 6T7-G 
is a DISCONTINUED type listed for reference 
only. 

^ TRIPLE DIODE-HIGH-MU TRIODE 
_K^Kt.W3 Miniature types used as combined 

" ^71/ audio amplifier, AM detector, and FM AT Q A 
©llxyvljfi!® detector in AM/FM radio receivers. O I 0""/\ 

PD2 (7Y^==%) -T Diode unit No.l is used for AM de- pc3 pT tection, and diode units No.2 and No.3 
are used for FM detection. Type 6T8-A has a controlled heater warm-up time for 
use in receivers employing series-connected heater strings. Outline 12, OUTLINES 
SECTION. Tubes require miniature nine-contact socket and may be mounted in 
any position. For typical operation as resistance-coupled amplifier, refer to Chart 3, 
RESISTANCE-COUPLED AMPLIFIER SECTION. Type 6T8 is a DISCON- 
TINUED type listed for reference only. 
Heater Voltage (ac/dc)  
Heater Current  
Heater Warm-Up Time (Average) for 6T8-A  
Direct Interelectrode Capacitances for 6T8-A: 
Triode Unit: 

Grid to Plate  
Grid to Cathode, Internal Shield (pin 7), and Heater. . 
Plate to Cathode, Internal Shield (pin 7), and Heater.. 

I Mode Units: 
Diode-No.1 Plate to Cathode, Internal Shield (pin 7), 

and Heater  
Diode-No.2 Plate to Cathode, Internal Shield (pin 3), 

and Heater  
Diode-No.3 Plate to Cathode, Internal Shield (pin 7), 

and Heater  

6.3 volts 0.45 smpore 11 seconds 
Without With External External 
Shield Shield* 
1.7 1.7 Hfii 1.6 1.7 M/if 1.2 2.4 M/if 

3.8 3.8 M/if 
3.8 3.8* idfil 
3.1 3.6 nut 
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DiocU'-No.2 Cathode, Internal Shield (pin 3) to All Other 
Electrodes, and Heater  7.5 

Triorte Grid to any Diode Plate  0.034 max 
'■!l With external shield connected to pin 7 except as noted. 
• With external shield connected to pin 3. 
■ With external shield connected to pins 4 and 5. 

TRIODE UNIT AS CLASS A, AMPLIFIER 
Maximum Ratings, (Design-Maximum Values): 
Plate Voltage  
Guid Voltage, Positive bias value  
Plate Dissipation   
Peak Heater-Cathode Voltage: 

IloaKT negative with respect to cathode  
Healer positive with respect to cathode  

8.5" 
0. 034 -niax 

Characteristics: 
Plate Voltage  100 
Grid Voltage  -1 
Amplification Factor  70 
Plato Kesistance (Approx.)  54000 
Transconductance  1300 
Plate Current  0.8 

DIODE UNITS 
Maximum Ratings, {Design-MaximumValues): 
Plate Ci urent (Each Unit)  
Peak Heater-Cathode Voltage (Unit No.2); 

Heater negative with respect to cathode  
Heater positive with respect to cathode  

330 max 
0 max 

1.1 max 
100 max 
100 max 

100 max 
100 Mii.r 

AVERAGE PLATE CHARACTERISTICS TfilOOE UNIT 
TYPE 6T8-A Ef = 6,3 VOLTS 

ELECTRON-RAY TUBE 
Glass type used to indicate visually, by S/"" 

means of a fluorescent target, the effects of a nr T I f , \ 
| ^ change in a controlling voltage. It is used as a Pt(^i 
^ convenient, non-mechanical means of indicating rcS-'a —"/w/' 

accurate radio-receiver tuning. Outline 34, V SV J 
OUTLINES SECTION. Tube requires six- 
contact socket and may be mounted in any Vl/ vjy 
position. For a discussion of electron-ray tube H H 

vonsidorHtions, refer to ELECTRON TUBE APPLICATIONS SECTION. Heater volts (ac/dc), <U; 
amperes, 0.3. Typical operation in indicator service: plate- and target-supply volts, 250 (285 max), 
target-supply volts, 125 min; series triode-plate resistor, 1 megohm; target ma., 4; triode-plate ma.; 
0.21; triode-plate dissipation, 1 max watt; triode-grid volts (approx.), -22 lor 0° shadow angle, 0 for 
00° shadow angle; peak heater-cathode volts, 90 max. This type is used principally for renewal purposes. 
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REMOTE-CUTOFF PENTODE 
***(*) Glass octal type used in rf and if stages of J>r fv^*' radio receivers employing avc. It is also used as 

*VTy> |>—i j\. a mixer in superheterodyne circuits. Maximum 
L-IIJ \ over-all length, 4-7/8 inches; maximum di- All 7 f* 
r-n_. ameter, 1-9/16 inches. Tube requires octal OU/"w 

socket. Heater volts (ac/dc), 6.3; amperes, 0.3. 
Typical operation as class Ai amplifier: plate 

Cl) C®) volts, 250 (300 max); grid-No.2 supply volts, 
' 300 max; grid-No.2 volts, 100; grid No.3 con- 

nected to cathode at socket; grid-No.l volts, -3; plate resistance (approx.), 0.8 megohm; transconduc- 
tance, 1600 /smhos; plate ma., 8.2; grid-No.2 ma., 2; plate dissipation, 2.25 max watts; grid-No.2 input, 
0.25 max watt. This is a DISCONTINUED type listed for reference only. 

MEDIUM-MU TRIODE- 
SHARP-CUTOFF PENTODE 

:'2p(7/~~i Miniature types used as combined 6U8 
oscillator and mixer tubes in television 

n, receivers utilizing an intermediate fre- OUO'A 
0= ■/) quency in the order of 40 megacycles 

Pt gt per second. Type 6U8-A has a con- 
trolled heater warm-up time for use in television receivers employing series-con- 
nected heater strings. Outline 12, OUTLINES SECTION. Tubes require minia- 
ture nine-contact socket and may be mounted in any position. Type 6U8 is a DIS- 
CONTINUED type listed for reference only. 

Hkatek Voltage (ac/dc)  
Heateh Current  
Heater \Varm-Up Time (Average; for 6U8-A. 

Direct Inter electrode Capacitances: 
Triode Unit: 

Grid to Plate  
Grid to Cathode, Heater, Pentode Cathode, Pentode Grid 

No.3, and Internal Shield  
Plate to Cathode, Heater, Pentode Cathode, Pentode Grid 

No.3, and Internal Shield  
Pentode Unit: 

Grid No.l to Plate  
Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield  
Plate to Cathode, Heater, Grid No.2, Grid No.3, and In- 

ternal Shield  
Triode Cathode to Heater  
Pentode Cathode, Pentode Grid No.3, and Internal Shield to 

Heater  
Pentode Grid No.l to Triode Plate  
Pentode Plate to Triode Plate  
* With external shield connected to pin 4 except as noted. 
• With external shield connected to pin 6. 

IVilhout 
External 

Shield 
1.8 

6.3 
0.45 

11 
With 

External 
Shield* 

1.8 

3 
0.2 max 
0.1 max 

3# 
0.2 max 

0.02 max 

CLASS Aj AMPLIFIER 
Maximum Ratings, (Design-Maximum Valves): 
Plate Voltage  
Grid-No.2 (screen-grid) Supply Voltage  
Grid-No.2 Voltage  
Grid-No.1 (control-grid) Voltage, Positive bias value  
Plate Dissipation  
Giud-No.2 Input; 

For grid-No.2 voltages up to 165 volts  
For grid-No.2 voltages between 165 and 330 volts  

Pear Heater-Cathode Voltage: 
Hearer negative with respect to cathode  
Heater positive with respect to cathode  

Triode Unit Pentode Unit 
330 max 330 max 
- 330 max 
— See curve j 

0 max 0 max 
2.5 max 3 max 

0.55 max 
See curve 

200 max 
200Bmax 

200 max 
200Bma.r 
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CharacterisHcs: Triode Unit Pentode l'ni\ t 
Plate Yultage  125 125 volts 
Grid-Xo.2 Voltage  110 volts 
Grid-XoJ Voltage  -1 -1 volt Amplili'-aiion Factor  40 - 
Plate Resistance (Approx.)  0.2 megohm 
Transeomhictance  7500 5000 ytnhos 
Grki-N'o.l Voltage (Approx.) for plate current of 20 pa... . -9 -8 volts 
Plate Current  13.5 9.5 ma 
Grid-Yo.2 Current  3.5 ma 

component must not exceed 100 volts. 

HALF-WAVE VACUUM RECTIFIER c 

Miniature type used as a damper 'c(^/TTZir^w?)P 
A tube in horizontal deflection circuits Aj i—ui/ 1 

of television receivers. Outline 17, pv^\ \ y®Nc 
OUTLINES SECTION, except max- 0s-—-0 
imum over-all length 3-1/16 inches; NC p 

maximum seated length 2-25/32 inches. Tube requires miniature nine-contact 
socket and may be mounted in any position. It is especially important that this 
tube, like other power-handling tubes, be adequately ventilated. 
Heati-:h Voltage (ac/dc). 
HE VI UK rpRRENT  

volts 
nmperes 

DAMPER SERVICE 
Maximum Ratings: •For operation in a 525-line, 30-frame system 
Peak Inverse Plate Voltage# (Absolute Maximum)  6000t/WLr volts Peak Plate Current   800 max ma 
DC Plate Current  135 max ma 
Peak Heater-Cathode Voltage: 

H< aior negative with respect to cathode# {Absolute Maximum)  6750tBmf/x volts 
Hoai or positive with respect to cathode  300° max volts 

#TIh- duration of the voltage pulse must not exceed 15 per cent of one horizontal scanning cycle. In a 
525-lim*, d'l-frame system, 15 per cent of one horizontal scanning cycle is 10 microseconds, 
t Under no circumstances should this absolute value be exceeded. 
■ Tin- dc component must not exceed 750 volts. 0 The- dc ci.niponent must not exceed 100 volts. 

6V6 BEAM POWER TUBE prv^_v\ 
Metal type 6V6 and glass octal | 

O V O-vJI types 6V6-GT and 6V6-GTA are used 
M-ymr s as output amplifiers in automobile, \y 
OVO-KJ I J\ battery-operated, and other receivers (l)~,r®K 

in which reduced plate-current drain NC c3 

is desirable. Outlines 6, 22, and 22, respectively, OUTLINES SECTION. Type 
6V6-GT may be supplied with pin No.l omitted. Tubes require octal socket and 
may be mounted in any position. These tubes are equivalent in performance to 
type 6AQ5-A. Refer to type 6AQ5-A for average plate characteristic curves. Ex- 
cept for heater warm-up time, the 6V6-GTA is identical with type 6V6-GT. 

Heatkr Voltage (ac/dc)  
Heater Current  
Heater Waum-Up Time (Average) 6V6-GTA. 

Direct Intebelectrode Capacitances (Appro*.): 
Grid No.l to Plate .'  
Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3... 
Plato to Cathode, Heater, Grid No.2, and Grid No.3  

0 With shell connected to cathode. 

eve-GT 
6V6-GTA 

0.7 
9.0 
7.6 
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CLASS A, AMPLIFIER 
Maximum Ratings, (Desiyn-Maximuvt Values): 

volis 
GKII>-N0.2 iSCRKBN-OHID) VOLTAGE  315 viax volts 

Peak Heatek-Cathodb Voltage:  eve 6V6-GT 
Heater negative with respect to cathode  100 max 200 niax volt? 
Heater positive with respect to cathode  100 max 200 Vi>lt.< 

Typical Operation: 
Plate Voltage  180 250 315 volts: 
Grid No.2 Voltage  180 250 225 volts 
Grid-No.l (Control-Grid) Voltage  -8.5 -12.5 -13 voltp 
Peak AF Grid-No.l Voltage  8.5 12.5 13 volts 
Zero-Signal Plate Current  29 45 34 rna 
Maximum-Signal Plate Current  30 47 35 ma 
Zero-Signal Grid-No.2 Current  3 4.5 2.2 rna 
Maximum-Signal Grid-No.2 Current  4 7 6 ma 
Plate Hosistanee (Approx.)  50000 50000 80000 ohms 
Transconduotance  3700 4100 3750 urnhos 
Load Resistance  5500 5000 8500 ohms 
Total Harmonic Distortion  8 8 12 por ccin 
Maximum-Signal Power Output  2 4.5 6.5 warts 

Characteristics {Triode Connection):* 
Grid-No.l (Control-Grid) Voltage  -12.5 volts 

9.8 
Plate Resistance (Approx.)  1960 ohms 

5000 
49.5 

Grid-No.l Voltage (Approx.) for plate current of 0.5 ma  -36 volrs 
* Grid No.2 connected to plate. 

PUSH-PULL CLASS A! AMPLIFIER 
Maximum Ratings: (Same as for class Ai amplifier) 
Typical Operation (Values are for Uro tubes): 
Plate Voltage  250 285 volt a 
Grid-No.2 Voltage  250 285 vohs 
Grid-No.l (Control-Grid) Voltage  -15 -19 volts 
Peak AF Grid-No.l-to-Grid-No.l Voltage  30 38 volte 
Zero-Signal Plate Current  70 70 ma 
Maximum-Signal Plate Current  79 92 rna 
Zero-Signal Grid-No.2 Current  0 4 ma 
Maximum-Signal Grid-No.2 Current  13 13.5 ma 
Effective Load Resistance (Plate-to-Plate)  10000 8000 ohms 
Total Harmonic Distortion  5 3.5 per cent 
Maximum-Signal Power Output  10 14 watts 
Maximum Circuit Values: 
Grid-No. 1-Gircuit Resistance: 

For fixed-hias operation  0.1 max Hu-gohm 
For eathode-bia? operation  0. o max. megohm 

VERTICAL DEFLECTION AMPLIFIER (Triode Connexion)' 
For optration in a 525-line, SO-frame system 

Maximum Ratings, (Desujn-MaximuinValues): 

Peak Positive-Pulse Plate Voltage#  1200 ■mux volts 
Peak Negative-Pui.sk Grid-No.1 (control-grid) Voltage. 275 max volts 
Peak Cathode Current  115 max ma 
Average Cathode Current  40 max ma 

6V6-C;T 
Peak Heater-Cathode Voltage: 6V6 6V6-GTA 

Heater negative with respect to cathode  100 tnax 200 max volts 
Heater positive with respect to cathode  100 max 200ainax volts 

Maximum Circuit Value: 
Grid-Xo. 1 -Circuit Resistance: 

For cathode-bias operation  2.2 max megohms 
* Grid No.2 connected to plate. 
? The duration of the voltage puise must not exceed 15 per cent of one vertical scanning cycle. In a 525- 
line, 30-frame system, 15 per cent of one vertical scanning cycle is 2.5 milliseconds. 
■ The de component must not exceed 100 volts. 
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6V7-G 

TWIN DIODE—LOW-MU TRIODE 
Glass octal type used as combined detector, 

amplifier, and avc tube. Outline 39, OUT- 
LINES SECTION. Except for interelectrode 
capacitances, this type is identical electrically 
with type 85. Heater volts (ac/de), 6.3; am- 
peres, 0.3. For diode operation curves, refer to 
type 6AV6. Type 6V7-G is a DISCON TINUE I) 
type listed for reference only. 

HALF-WAVE VACUUM RECTIFIER 
Glass octal type used as damper I 

fAMA £1T tube in television receivers. Outline J 1 1 L «JV¥-T-V7I 22, OUTLINES SECTION. This type 
may be supplied with pin No. 1 omitted. 
Tube requires octal socket and may 10 H 

be mounted in any position. Socket terminals 1, 2, 4, and 6 should not be used as 
tie points. It is especially important that this tube, like other power-handling tubes, 
be adequately ventilated. Power-rectifier operation of this type is not recommended. 
For curve of average plate characteristics, see page 67. 
Hea'i i.u Voltage (ac)  HHA fCIC C(:KKE\"T  
Dun:-, i 1 ntekelectrode Capacitances (Approx.j: 

I'm i:i Cathode and Heater  1 ai h'dle to Plate and Heater  
I i it to Cathode  

volts 
amperes 

DAMPER 
For operation in a 525-line, 30-frame system Maximum Ratings: For operation in a 525-line, 30-frame system 

Peak ! \\t:use Plate Voltage (Absolvte Maximum)*  3850 mn..r volts 
Peak Plate Current  750 max ma 
DC Plate Current  125 max ma 
Plate iussrPATioN  3.5 max watts 
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode {Absolute Maximum)*  2300B»w:r volts Heater positive with respect to cathode  300*?mf.f volts 
* The duration of the voltage pulse must not exceed 15 per cent of one horizontal scanning cycle. In a 
52o-]ine, oO-frame system, 15 per cent of one horizontal scanning cycle is 10 microseconds. 
■ The do component must not exceed 500 volts. 
* The do component must not exceed 100 volts. 

BEAM POWER TUBE p /XVvX 

A\A/A T Glass octal type used in the audio MiLr—m \ OVVO- V? I output stage of radio and television PA,' 
receivers. Triode-connected, it is used 
as a vertical deflection amplifier in tele- 
vision receivers. Outline 22, OUT- ^ 03 

LINKS SECTION. This type may be supplied with pin No.l omitted. Tube 
requires octal socket and may be mounted in any position. 
Heater Voltage (ac/pc)  
Heater Current. .    
Direct Interelectrode Capacitances: (Approx.): 

Grid No.l to Plate  
Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3. 
Plaro to Cathode, Heater, Grid No.2, and Grid No.3  

volts 
amperes 

. D ,. CLASS A, AMPLIFIER Maximum Ratings: 1 

Plate Voltage  
Grid-No.2 (screen-grid) Voltage  
Plate Dissipation  
Grid-No.2 Input  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  
Iloaier positive with respect to cathode  

■ The do component must not exceed 100 volts. 

300 max 
150 max 
10 max 

1.25 -max 
200 max 
200"max 
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AVERAGE PL/tTE CHARACTERISTICS PENTODE CONNECTION 
K&a 

110 200 volts 
110 125 volts 

-7.5   Volts   180 ohms 
7.5 8.5 volts 

49 46 ma 
50 47 ma 

4 2.2 ma 
10 8.5 ma 

13000 28000 ohms 
8000 8000 /imhos 
2000 4000 ohms 

10 10 per cent 
2.1 3.8 watts 

Typical Operation: 
Plate Supply Voltage  
Grid-No.2 Supply Voltage  Grid-No.l (Control-Grid) Voltage. . . 
Cathode-Bias Resistor  
Peak AF Grid-No.l Voltage  
Zero-Signal Plate Current  
Maximum-Signal Plate Current  
Zero-Signal Grid-No.2 Current  
Maximum-Signal Grid-No.2 Current. 
Plate Resistance (Approx.)  
Transeonductance  
Load Resistance  
Total Harmonic Distortion (Approx.) 
Maximum-Signal Power Output  
Characteristics (Triode Connection)*'. 
Plate Voltage  
Grid-No.l Voltage  
Amplification Factor  
Plate Resistance (Approx.)  
Transeonductance    
Plate Current  
Grid No.l Voltage (Approx.) for plate current of 0.5 ma 
*Grid No. 2 connected to plate. 
Maximum Circuit Values: 
Grid-No.l Circuit Resistance: 

For tixed-bias operation    0.1 max megohm For cathode-bias operation  0.5??;ax megohm 
VERTICAL DEFLECTION AMPLIFIER 

For operation in a 525-line, 80-frame system 
Maximum Ratings: Triode 

Connection* 
DC Plate Voltage  300 max 300 max volts Peak Positive-Pulse Plate VoLTAGEt (Absolute Maximum) 1200omax 1500° max volts DC Guid No.2 (screen-grid) Voltage  - 150 max volts Peak Negative-Pulse Grid-No.1 Voltage  -250 max 250 max volts Peak Cathode Current  180 max 180 max ma Average Cathode Current  60 max 60 max ma Plate Dissipation  7.5 max 7 max Watts Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  200 max 200 max volts Heater positive with respect to cathode  200 "max 200 "max volts 
Maximum Circuit Value: 
Grid-No.l-Circuit Resistance: 

For cathode-bias operation  2.2 max 2.2 max megohms 
* Grid No.2 connected to plate. 
t The duration of the voltage pulse must not exceed 15 per cent of one vertical scanning cycle. In a 
525-line, 30-frame system, 15 per cent of one vertical scanning cycle is 2.5 milliseconds. 0 Under no circumstances should this absolute value be exceeded. 
■ The do component must not exceed 100 volts. 
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AVERAGE PLATE CHARACTERISTICS TRIOOE CONNECTION 

1 

i 

rirawjnMmni 

Ta 

SHARP-CUTOFF PENTODE 
Glass octal type used as biased detector p ^ 

or high-gain amplifier in radio receivers. Out- i r^TIj/ \ 
fayMy ^ne OUTLINES SECTION. Tube requires | ZZZJ | W* f ~\Sr octal socket. Heater volts (ac/dc), 6.3; am- /"■"V- ry^l\^n7) 

peres, 0.15. Maximum ratings: plate volts, 300 h/h 
max; grid-No.2 (screen-grid) volts, 100 moar; grid- nT^is) 
No.2 supply volts, 300 max; grid-No.l (control- n<: W^,!S 
grid) volts, 0 max; plate dissipation, 0.5 max 

watt; grid-No.2 input, 0.1 max watt. Within its maximum ratings, this type is identical electrically 
with type 6J7. Type 6W7-G is a DISCONTINUED type listed for reference only. 

FULL-WAVE VACUUM RECTIFIER Q—© 
H/-N // \^~sPD| 

Miniature type used in power sup-  ^" ty 
f%y[/L ply of automobile and ac-operated radio _((X <—l- ) 

receivers. Equivalent in performance nc'SasX^i y©t, 
to larger types 6X5 and 6X5-GT. Type 0—^ 
6X4 requires miniature seven-contact pdj 

socket and may be mounted in any position. Outline 13, OUTLINES SECTION. 
It is especially important that this tube, like other power-handling tubes, be ade- 
quately ventilated. For discussion of Rating Chart and Operation Characteristics, 
refer to INTERPRETATION OF TUBE DATA. 

Heater Voltage (ac/dc). 
Heater Current  

1250 wax volts 
245 wax ma 

See Hating Chart 
350 wax volts 

45 max ma 
# 
450 max volts 
200amax volt? 

FULL-WAVE RECTIFIER 
Maximum Ratings, (Design-Maximum Values): 
Peak Inverse Plate Voltage    
Steady-State Peak Plate Current (Per Plate)  
AC Plate Supply Voltage (Per Plate, rms)  
DC Output Voltage (At filter input)t  
DC Output Current (Each plate)t  
Hot-Switching Transient Plate Current   
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode   
Healer positive with respect to cathode   
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RATING CHART 

MBgia— 

0 100 200 300 400 500 
AC PLATE SUPPLY VOLTS (RMS) PER PLATE (WITHOUT LOAD) 

Typical Operation: 
Filter Input 

AC Plate Supply Voltage (Each plate, rms)*. 

Filter Input Choke. . 
DC Output Current. 

92CS-6025T2 
Sine-Ware Operation Vibrator Operution 
Capacitor Choke Capacitor 
. 325 400 - volts 

10 - 10 
. 525 — — ohms — 10 - henries 

70 70 70 ma 
. 310 340 240 volts 

4 When the heater is operated from a 3-cell (nominal-6-volt) storage-battery source, the permissible 
heater-voltage range is from 5 to 8 volts. 
t This rating applies when the 6X4 is used in vibrator operation with a minimum duty cycle of 75 per cent. 
# If hot-switching is regularly required in operation, the use of choke-input circuits is recommended. 
Such circuits limit the hot-switching current to a value no higher than that of the peak plate current. 
When capacitor-input circuits are used, a maximum peak current value per plate of 1.1 amperes during 
the initial cycles of the hot-switching transient should not be exceeded. 
■ The do component must not exceed 100 volts. 
• AC plate supply voltage is measured without load. 

OPERATION CHARACTERISTICS OPERATION CHARACTERISTICS FULL-WAVE CIRCUIT, CHOKE INPUT TO FILTER FULL-WAVE CIRCUIT, CAPACITOR INPUT TO FILTER 
I TYPE 6X4 ' ' ' ' ' ' I TYPE 6X4 ' TYPE 6X4 . E .f= 6.3 VOLTS 

~ FILTER-INPUT CAPACITOR = top.? | TOTAL EFFECT. PLATE-SUPPLY IMPEDANCE 
"PER PI ATF/520 0HMS FOR CURVES l-S 1 \400 OHMS FOR CURVES 6-8 

700 - DEA = SEE RATING CHART 

s 

m 

4—1 

\ 

"T" 
^o- 

^6- 
\ 

sj n N. 

J  Sgp 

8b 

Sal 
20 40 60 80 100 DC LOAD MILLIAMPERES 92CM-8030T) 

20 40 60 80 109 DC LOAD MILLIAMPERES 92CM-803IT1 
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FULL-WAVE VACUUM RECTIFIER 
6X5 Qfa- _L\ Metal type 6X5 and glass octal ( ,   ) 

AV R C*T type 6X5-GT are used in power sup- O A I ply of automobile and ac-operated re- H 

ceivers. Outlines 6 and 22,respectively, s. 
OUTLINES SECTION. Type 6X5- Nc^xs-or 

GT may be supplied with pin No.l omitted. Both types require octal socket. Type 
6X5 should be mounted in vertical position, but horizontal operation is permissible 
if pins 3 and 5 are in horizontal plane. Type 6X5-GT may be operated in any posi- 
tion. For maximum ratings, and typical operation, refer to type 6X4. Type 6X5 
is a DISCONTINUED type listed for reference only. 

S:6XS NC • 6X5-GT 

MEDIUM-MU TRIODE— 
SHARP-CUTOFF PENTODE 

ryjn Miniature type used as combined 
O A.O oscillator and mixer tube in television   

receivers utilizing an intermediate fre- ^\v=S7t'^ 
quency in the order of 40 megacycles 0^— 
per second. In such service, the 6X8 G3p PF' 

gives performance comparable to that obtainable with a 6AG5 mixer and an 
oscillator consisting of one unit of a type 6J6. When used in an AM/FM receiver, 
the triode unit is used as an oscillator for both sections. In the AM section, the 
pentode unit is used as a high-gain pentode mixer; in the FM section, the pentode 
unit is used either as a pentode mixer or as a triode-connected mixer depending on 
signal-to-noise considerations. Outline 12, OUTLINES SECTION. Tube requires 
miniature nine-contact socket and may be mounted in any position. 

[[f;ati:u Voi.tagr. 
Heathk Current. 

Direct Intekelectkode Capacitances: 
Triode Unit: 

O rid i:o Plate    
Grid to Cathode and Heater  
Plate to Cathode and Heater  

Pentode Unit: 
Grid No.l to Plate  
Grid No.l to Cathode, Heater, Grid No.2,and Grid No.3.. 
Plate to Cathode, Heater, Grid No.2r and Grid No.3. . . . 

Pentode Grid No.l to Triode Plate  
Pentode Plate to Triode Plate  
Heater 10 Cathode  

'Without 
Exlerna 1 

Shield 
1.5 

2 
0.5 

0.09 max 
4.6 
0.9 

0.05 max 
0.05 max 
6.5 

6.3 
0.45 
With 

External 
Shield* 

1.5 
2.4 

1 
0.06 max 
4.8 
1.6 

0.04 max 
0.008 max 

6.5* 
• With external shield connected to cathode except t 
* With external shield connected to pentode plate. 

CLASS A, AMPLIFIER 
Maximum Ratings/ (Design'Maxim,um Values): 
Pf.An: Voltage  
Gum No.3 (suppressor grid)  
Gum No.2 (screen-grid) Supply Voltage  
Grii>-No.2 Voltage   
Grid-No. 1 (control-grid) Voltage, Positive-bias value  
Plate Dissipation  
Gum-No.2 Input: 

{• nr grid-No.2 voltages up to 137.5 volts  
l'»>r gr\d-No.2 voltages between 137.5 and 275 volts  

Peak Heater-Cathode Voltage: 
Healer negative with respect to cathode  
Healer positive with respect to cathode  

Triode Unit Pentode Unit 
275 max 275 max volts 
- Connect to cathode at socket 
- 275 max volts 
- See curve page 66 
0 max 0 max volts 

1.7 max 2.3 max watts 

- 0.45 max wait 
- See curve page 66 

200 max 200 max volts 
200Bma.r 200Bmux volts 
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AVERAGE PLATE CHARACTERISTICS 7RIODE UNIT 

I 

Si 

200 250 PLATE VOLTS 

Characteristics: Triode [init Pentode Unit 
Plate Voltage  125 
Grid No.3  - Co 
Grid-No.2 Voltage  - 
Grid-No.1 Voltage  -1 
Amplilieation Faetor  40 
Plate Rosisianoe ( Approx.) 6000 Transconduelauce  6500 
Plate Current  12 
Grid-No.2 Current  - 
Grid-No.1 Voltage (Approx.) for plate current of 20 hb  -7 
"The dc component must not exceed 100 volts. 

AVERAGE PLATE CHARACTERISTICS PENTODE UNIT 

125 
Connected to cathode i 

125 
-1 

GRID-N2 | VOLTS EC| 1 

TYPE 6X8 
E.f=6.3 VOLTS GRID -Ns 2 VOLTS = ISO ~ GfilD-N® 3 VOLTS = D 

L \ 1 1_ . 

FULL-WAVE VACUUM RECTIFIER 
Glass type used in power supply of radio re- 

ceivers.Outline34or35,OUTLINES SECTION. 
Heater volts (ac/dc), 6.3; amperes, 0.8. The 
maximum ac plate voltage per plate is 350 
volts (rms), and the dc output current is 50 
ma. This is a DISCONTINUED type listed 
for reference only. 
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6Y6-G Glass octal types used as output \ 
amplifier in radio receivers. Also used 

O lO~GA in rf-operated, high-voltage power sup- - 
plies in television equipment. Except 0~,rt®)K 

for envelope size and direct interelec- Nc G3 

trode capacitances, type 6Y6-G and type 6Y6-GA are identical. Outlines 42 and 
od, respectively, OUTLINES SECTION. Tubes require octal socket and may be 
mounted in any position. 

BEAM POWER TUBE 

IllvYIKR VOLTACIK (AC/DC)  
Ugatwr Current  
OlUiX T IVTERELECTRODE CAPACITANCES (AppFOX.) : 

Grid No.l to Plate  
Grid No.l to Cathode, Heater. Grid No.2, and Grid No.3 
Plato to Cathode, Heater, Grid No.2, and Grid No.3  

6.3 
1.25 

6Yr>-GA 
0.7 

12 
7.5 

volrs 
ampere.- 

Maximum Ratings: CLASS A AMPLIFIER 
[M ate Voltage  
<'.ui[)-No.2 (screen-grid) Supply Voltage  
Gr[d-Nto.2 Voltage  
Grio-No.2 Input: 

For gnd-No.2 voltages up to 100 volts  
For gnd-No.2 voltages between 100 and 200 volts  

Fi.ate Dissipation  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  
Heater positive with respect to cathode  

200 HItix 
200 max 

See curve | 
1.75 max 

See curve ; 
12.5 max 

Typical Operation: 
I'laie Voltage  
Grid-\"o.2 Voltage  
Gvid-N'o.l (Control-Grid) Voltage. . . 
Peal-: \F Grid-No.1 Voltage •. 
Zero-Signal Plate Current  
Maximum-Signal Plate Current  
Zero-Signal Grid-No.2 Current  
Maximum-Signal Grid-No.2 Current, 
Plate Resistance (Approx.)  
Transconductance  
Load Resistance  
Total Harmonic Distortion  
Maximum-Signal Power Output  

135 200 volts 
135 135 vol is 

-13.5 -14 vnlls 
13.5 14 Vol ts 

58 61 ma 
60 66 ma 

3.5 2.2 ma 
11.5 9 ma 
9300 18300 ohms 
7000 7100 m mhos 2000 2600 ohms 

10 10 per com 
3.6 6 wairs 

Maximum Circuit Values: 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation. . . . 
For cathode-bias operation. 

HIGH-MU TWIN POWER TRIODE 
Glass octal type used as class B amplifier 

in output stage of radio receivers. Outline 36, 
OUTLINES SECTION. For electrical charac- 
teristics, refer to type 79. Heater volts (ac/dc), 
6.3; amperes, 0.6. This is a DISCONTINUED 
type listed for reference only. 

6Z4 Refer to type 84/6Z4 
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"O? « FULL-WAVE VACUUM RECTIFIER 
(^L. Glass type used in power supply of radio 

receivers. Outline 35, OUTLINES SECTION. / _L- Heater volts (ac/dc), 12.6 in series heater ar- 
H®K L-1 rangement and 6.3 in parallel arrangement; A7'> \\y]v J amperes, 0.4 (series), 0.8 (parallel). Maximum ac Plate voltage per plate is 230 volts, and T i maximum dc output current is 60 ma. This is a 

hm h DISCONTINUED type listed for reference 
only. 

^ct, high-mu twin power triode (4) (5) ' y/-—Glass octal type used as class R amplifier 
PT2(3Y^n_ f^VfivlpT> in output stage of radio receivers. Outline 36,  Ap OUTLINES SECTION. Tube requires octal A77 C* 

I i—l, ) socket. Heater volts (ac/dc), 6.3; amperes. 0.3. OAr "w 
Typical operation and maximum ratings as 

H >t _ H olass B power amplifier: plate volts, 180 max; 
NCCl) vo^s» peak plate ma. per plate, 60 max; 

average plate dissipation, 8 max watts; zero- 
signal plate ma. per plate, 4.2; plate-to-plate load resistance, 12000 ohms; output watts, 4.2 with average 
input of 320 milliwatts applied between grids. This is a DISCONTINUED type listed for reference only. 

NC NC 

H W H BS 

FULL-WAVE VACUUM RECTIFIER 
Glass octal type used in power supply of 

radio equipment where economy of power is 
i mportant. Outline 36, OUTLINES SECTION. 
Tube requires octal socket and may be mounted 
in any position. Heater volts (ac/dc), 6.3; 
amperes, 0.3. Maximum ratings: peak inverse 
nlate volts, 1250; peak plate ma. per plate, 
120; dc output ma., 40; peak heater-cathode 
volts, 450. This is a DISCONTINUED type 
listed for reference only. 

MEDIUM-MU TRIODE 
Glass lock-in type used as detector, ampli- 

fier, or oscillator in radio equipment. Outline 15, 
OUTLINES SECTION. Tube requires lock-in 
socket. Heater volts (ac/dc), 6.3; amperes, 0.3. 
Maximum ratings, typical operating conditions, 
and curves for type 7A4 are the same as for 
metal type 6J5. Type 7A4 is used principally 
for renewal purposes. 

6ZY5-G 

7A4 

^ ^ BEAM POWER TUBE 
^ c Glass lock-in type used as output amplifier 2(\||Z/~"*n raf^0 receivers in which the plate voltage 

~r>*~.zzzi /
/\ available for the output stage is relatively low. 7 ^ 

W G Outline 20, OUTLINES SECTION. Tube re- # 
pCiX /\ ~AZ)k quires lock-in socket. Heater volts (ac/dc), 6.3; 

ZZ amperes, 0.75. Typical operation and maximum 
CZ ratings as class Ai amplifier: plate volts, 110 H bs H (125 max); grid-No.2 volts, 110 (125 max); 

grid-No.1 volts, -7.5; peak af grid-No.l volts, 7.5; plate resistance (approx.), 16,000 ohms; transcon- 
duetunce 5800 ^mhos; plate ma., zero-signal, 40 (maximum-signal, 41); grid-No.2 ma., zero-signal, 3 
maximum-signal, 7); load resistance, 2500 ohms; total harmonic distortion, 10 per cent; maximum- 

signal power output, 1.5 watts; peak heater-cathode volts, 90 max. This type is used principally for 
renewal purposes. 

TWIN DIODE 
NC(^) __ (T)IS Glass lock-in type used as detector, low- 

POs/^-n v' \ —.pa, voltage rectifier, or avc tube. Outline 15, OUT- LINES SECTION. Tube requires lock-in sock- "y JL 
j j—, j J et. Heater volts (ac/dc), 6.3; amperes, 0.15. € 

. \ic\Koj Maximum ratings as rectifier: ac plate volts / >. per plate (rms), 150; dc output ma. per plate, 
> 8? peak ma. per plate, 45; peak heater-cathode 

0 Z/ volts, 330. The application of this type issimilar 
©s to that of metal type 6H6. Type 7A6 is used 

principally for renewal purposes. 

grid-No.l volts, • 

7A5 

7A6 
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REMOTE-CUTOFF PENTODE 
Glass lock-in type used as rf or if amplifier 

in radio receivers. Outline 15, OUTLINES 
7SECTION. Tube requires lock-in socket. Heater m m volts (ac/dc), 6.3; amperes, 0.3. For maximum 

ratings, typical operation, and curves, refer to 
metal type 6SK7. Type 7A7 is used principally 
for renewal purposes. 

OCTODE CONVERTER 0— 
Glass lock-in type used as converter in /^p"1 "T\. -^4 

superheterodyne circuits. Outline 15, OUT- 
LINES SECTION. Tube requires lock-in sock- \j 

' et. Heater volts (ac/dc), 6.3: amperes, 0.15. /^V r~r1-— 
Typical operation and maximum ratings as fre- \ v' 
quency converter: plate volts, 250 (300 max) \ PoTEHs) 9 

grids-No.3-and-No.5 volts, 100 max; grid-No.2 
supply volts, 250 applied through a 20000-ohm es 

flidpping resistor (300 max); grid-No.2 volts, 200 max; plate dissipation, 1 tnax watt; grids-Nn.S-and- 
No.j input, 0.3 max watt; grid-No.2 input, 0.75 max watt; grid-No.4 volts, -3 (0 max); grid-No.1 resistor. 
5000(1 ohms; plate ma., 3; grids-No.3-and-No.5 ma., 3.2; grid-No.2 ma., 4.2; grid-No.1 ma-, 0.4; plate 
r« -i^uuice (approx.), 0.7 megohm; conversion transconductance, 550 /rmhosjpeak heater-cathode volts, 
00 mcx. This type is used principally for renewal purposes. 

POWER PENTODE G30—0IS 

Lock-in type used in output stage of video G2/-s 
amplifier of television receivers. Outline 20,   

'TAr^'7 OUTLINES SECTION. Tube requires lock-in I J * socket. Heater volts (ac/dc), 6.3; amperes, 0.6. 
Characteristics and maximum ratings as Class p Xy 
Ai amplifier: plate supply volts, 300 max; grid- (i) fflTa) 
No.2 supply volts, 150 (300 max); grid-No.2 Q 
volts, see curve page 69; grid-No.1 volts, posi- BS 

(.-bias value, 0 max; grid-No.2 input, for grid-No.2 voltages up to 150 volts, 1.2 max watts 'Jor grid- 
<:1 vultages between 150 and 300 volts, see curve page 66); plate dissipation, 10 'max watts; eathode- 
ih v.slstor, 68 ohms; plate ma., 28; grid-No.2 ma., 7; plate resistance (approx.), 0.3 megohm; trans- 
nducianec, 9500 jumhos; peak heater-cathode volts, 90 max. Type 7AD7 is a DISCONTINUED 
i»- listed for reference only. 

MEDIUM-MU TWIN TRIODE 
Glass lock-in type used as voltage amplifier GT2(aN) '' 

or phase inverter in radio equipment. Outline 
m m mm 15, OUTLINES SECTION. Tube requires lock- || 
f f in socket. Heater volts (ac/dc), 6.3; amperes, j —h— j 

0.3. Characteristics and maximum ratings as 
Class Ai amplifier (each unit): plate supply kt x /'x 
volts, 250 (300 max); grid volts, positive-bias 2 ' 
value, 0 max; cathode-bias resistor, 1100 ohms; y 
plate ma., 9; transconductance, 2100 jtmhos; BS 
amplification factor, 16; plate resistance (ap- 

prox.), 7600 ohms, peak heater-cathode volts, 90 max. This type is used principally for renewal 
purposes. 

SHARP-CUTOFF PENTODE G30_©IS 

Glass lock-in type used as rf amplifier in ^ 
ac/dc receivers or in mobile equipment where C2}C/r~^) XD 

m m ^ow fieater current drain is important. Outline / f*  
/ Aw/ 15' OUTLINES SECTION. Tube requires A/ 

lock-in socket. Heater volts (ac/dc), 6.3; am- 
peres, 0.15. Characteristics and maximum rat- A) BJ (&) 
ings as class Ai amplifier: plate and grid-No.2 o 
supply volts, 250 (300 max); grid-No.l volts, 8s 

positive-bias value, 0 max; plate dissipation, 2 
• watts; grid-No.2 input, 0.75 max watt; grid No.3 and internal shield connected to cathode at 
u t; plate resistance (approx.), greater than 1 megohm; transconductance, 4200 jumhos; eathndc- 
; resistor, 250 ohms; plate ma., 6; grid-No.2 ma., 2; peak heater-cathode volts, 90 max. This type is 
;l pvineipally for renewal purposes. 
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7AH7 

SHARP-CUTOFF PENTODE 
Glass lock-in type used as rf amplifier in 

:-i high-frequencv and wide-band applications. 
Outline 15, OUTLINES SECTION. Tube *7 A LJ "7 
quires lock-in socket. Heater volts (ac/dc), 6.3; J f 
amperes, 0.15. Characteristics and. maximum 

< ratings as class Ai amplifier: plate and grid-No. 
2 supply volts, 250 (300 max); grid-No.2 volts, 

n ^ n 250 (see curve page 66); grid-No.l volts, posi- es tive-bias value, 0 max; plate dissipation, 2 max 
wai i.s; <rrid-Nf>.2 input, for grid-No.2 voltages up to 150 volts, 0.7 max watt (for grid-No.2 voltages from 
150 to 300 volts, see curve page 66); cathode-bias resistor, 250 ohms; grid No.8 and internal shield con- 
nected to cathode at socket; plate resistance (approx.), 1 megohm; transconductance, 3300 jumhos: 
place ma., 6.8; grid-No.2 ma., 1.9; peak heater-cathode volts, 90 max. Type 7AH7 is used principally 
for renewal purposi s. 

MT2(nJy^fT| MEDIUM-MU TWIN TRIODE 
KT2f3)//f=i- -AyTf1' Miniature type used as combined 

y'ity" — M vertical deflection amplifier and ver- 7 AU7 
CT2®\r~^dCv®KTi t'ca' deflection oscillator in television 

receivers. This type has a controlled 
Pt2 Hm heater warm-up time for use in re- 

ceivers employing series-connected heater strings. Each unit may also be used as a 
horizontal deflection oscillator, or in audio mixer, phase inverter, multivibrator, 
sync separator and amplifier, and resistance-coupled amplifier circuits in radio 
equipment. Outline 12, OUTLINES SECTION. Heater volts (ac/dc), 7 in series 
arrangement, 3.5 in parallel arrangement; amperes, 0.3 (series), 0.6 (parallel!: 
warm-up time (average) in parallel arrangement, 11 seconds. Except for heater 
rating, this type is identical with miniature type 12AU7-A. 

HIGH-MU TRIODE 
Glass lock-in type used in resistance- 

coupled amplifier circuits. Outline 15, OUT- 
LINES SECTION. Tube requires lock-in sock- 
et. Heater volts (ac/dc), 6.3; amperes, 0.3. 
Except for interelectrode capacitances, this 
type has the same maximum ratings and char- 
acteristics as metal types 6F5 and 6SE5. Type 
7Ji4 is used principally for renewal purposes. 

POWER PENTODE 
Glass lock-in type used in output stage of 

radio receivers. Outline 20, OUTLINES SEC- 
TION. Tube requires lock-in socket. Heater 
volts (ae/dc), 6.3; amperes, 0.4. Except for 
interelectrode capacitances, this type is the 
same electrically as glass-octal type 6K6-GT. 
Type 7B5 is used principally for renewal 
purposes. 

TWIN DIODE—HIGH-MU TRIODE 
Glass lock-in type used as combined de- 

tector, amplifier, and avc tube. Outline 15, 
OUTLINES SECTION. Tube requires lock-in 
socket. Heater volts (ac/dc), 6.8; amperes, 0.3. 
Except for interelectrode capacitances, this 
type is the same electrically as metal type 
6SQ7. Type 7B6 is used principally for renewal 
purposes. 
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REMOTE-CUTOFF PENTODE ^Q—®'S 

Glaas lock-in type used as rf or if amplifier G2(TV/^^i\ 
in radio receivers employing avc. Outline 15, WS/ x* 

"TD "T OUTLINES SECTION. Tube requires lock-in j 
w Dc socket. Heater volts (ac/dc),6.3; amperes, 0.15. yx1—4 

Characteristics and maximum ratings as class p Xy/ 
Ax amplifier: plate volts, 250 (300 max)', grid- uVlJlTs) 
No.2 volts, 100 max; grid-No.l volts, -3 (pos- H c? 
itive-bias value, 0 max); grid No.3 and internal 5S 

shiolu connected to cathode at socket; plate ma., 8.5; grid-No.2 ma., 1.7; grid-No.2 input, 0.25 
watt; plate dissipation, 2.25 max watts; plate resistance (approx.) 0.75 megohm; transconducl 
1750 /imhos; peak heater-cathode volts, 90 max. Type 7B7 is used principally for renewal pur^ 

PENTAGRID CONVERTER 
Glass lock-in type used as frequency con- 

—verter in superheterodyne circuits. Outline 15, 
7RS OUTLINES SECTION. Tube requires lock-in 

socket. Heater volts (ac/dc), 6.3; amperes, 0.3. 
Except for interelectrode capacitances, this type 
is the same electrically as metal type 6A8. Type 
7B8 is used principally for renewal purposes. 

7C5 

BEAM POWER TUBE 
Glass lock-in type used as output amplifier 

in radio receivers. Outline 20, OUTLINES 
SECTION. Tube requires lock-in socket. Heat- 
er volts (ac/dc), 6.3; amperes, 0.45. Refer to 
metal type 6V6 for maximum ratings and typi- 
cal operation as class Ai amplifier and as push- 
pull class Ai amplifier. Type 7C5 is used princi- 
pally for renewal purposes. 

TWIN DIODE—HIGH-MU TRIODE c ^ 5 PD2 

Glass lock-in type used as combined de- Crc~')//'—! TX^-Pn 
^ * tector, amplifier, and avc tube. Outline 15, 1 

/ to OUTLINES SECTION. Tube requires lock-in (/"""!/ 
socket. Heater volts (ac/dc), 6.3; amperes, 0.15. /gV ' . 7/ - 
Characteristics and maximum ratings of triode Pt 
unit as class Ai amplifier: plate volts, 250 (300 ('X~nrT6) 
max); grid volts, -1 (positive-bias value, 0 max); 9 ^"-'h 
plate ma., 1.3; amplification factor, 100; plate BS 

resistance (approx.), 0.1 megohm; transconductance, 1000 ^mhos; peak heater-eaihudo volts, 90 mo.w 
Kor diode operation curves and triode application, refer to miniature type 6AV6. Type 7C6 is used 
principally for renewal purposes. 

SHARP-CUTOFF PENTODE 0s 

Glass lock-in type used as biased detector /\r- 
or rf amplifier. Outline 15, OUTLINES SEC- rriJ 

^7 TION. Tube requires lock-in socket. Heater j 9 volts (ac/dc), 6.3; amperes, 0.15. Characteristics (z\ '/\ — /T^ 
and maximum ratings as class Ai amplifier: p nv ^ 
plate volts, 250 (300 max); grid-No.2 supply MjljnaS 
volts, 300 max; grid-No.2 volts, 100 max; grid- 9 
No.l volts, -3 (positive-bias value, 0 max); grid 

No.3 and internal shield connected to cathode at socket; grid-No.2 input, 0.1 max wart; plate dis- 
sipation, 1 max watt; plate resistance (approx.), 2 megohms; plate ma., 2; grid-No.2 ma., 0.5; trans- 
conductance, 1300 >tmhos; peak heater-cathode volts, 90 max. This type is used principally for re- 
newal purposes. 

TWIN DIODE—MEDIUM-MU TRIODE lc0 0Po2 
Glass lock-in type used as combined de- /—i j 

tector, amplifier, and avc tube. Outline 15, I 
OUTLINES SECTION. Tube requires lock-in \/ %—iJ/ ) 

' socket. Heater volts (ac/dc), 6.3; amperes, 0.3. (T)( 
For maximum ratings, typical operation, and p'r x/ \y/ 
curves, refer to miniature type 6BF6. Type 7E6 w'BJ'w 
is a DISCONTINUED type listed for reference ^ 9 h 
only. BS 

7C7 
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TWIN DIODE—REMOTE-CUTOFF 
# PENTODE 

Glass lock-in type used as combined de- 
tector, amplifier, and avc tribe. Outline 15, 7E7 
OUTLINES SECTION. Tube requires lock-in f E f 

K socket. Heater volts (ac/dc), fi.S; amperes, 0.3. c3p Characteristics -and maximum ratings of pen- 
tode unit as class At amplifier: plate volts, 250 

BS (300 max); grid-No.2 supply volts, 300 max; 
grid-No.2 volts, 100 max; grid-No.l volts, -3 

i.posiuve-bias vahu-. 0 max); plate dissipation, 2 max watts; grid-No.2 input, 0.3 max watt; cathode- 
bias r(?sistor, 330 ohms; plate resistance (approx.), 0.7megohm; transconductance, 1300 ^mhos; plat*, 
ma., 7.5; grid-No.2 ma., 1.6; peak heater-cathode volts, 90 max. For diode curves, refer to type 6.WO. 
Type 7E7 is used principally for renewal purposes. 

P®pr2- v\ BEAM POWER TUBE 

I | Glass octal type used as vertical 7CYA 
h!h deflection amplifier in television re- f E T O 

ceivers employing series-connected 
^ heater strings. Outline 26, OUTLINES 

g3 SECTION. Tube requires octal socket 
and may be operated in any position. Heater volts (ac/dc), 7.2; amperes, 0.6; 
warm-up time (average), 11 seconds. Except for beater ratings, this type is iden- 
tical with glass octal type 6EY6. 

HIGH-MU TWIN TRIODE 
Glass lock-in type used as phase inverter or 

resistance-coupled amplifier. Outline 15, OUT- 
LINES SECTION. Tube requires lock-in 
socket. Heater volts (ac/dc), 6.3; amperes, 0.3. 
For maximum ratings, typical operation as class 
Ai amplifier, and curves, refer to glass-octal 
type 6SL7-GT Type 7F7 is used principally 
for renewal purposes. 

7F7 

kt2 KT, MEDIUM-MU TWIN TRIODE 
Sr* ~ Glass lock-in type used as amplifier or oscil- 

rSv^PT' laior in radio equipment. Outline 15, OUT- 
 LINES SECTION, except over-ail length is 

11u—i r—»y ) 2-9/32 max inches and seated length is 1-3/4 
inches. Tube requires lock-in socket. Heater r TO 

/K ■■■ <■, volts (ac/dc), 6.3; amperes, 0.3. Characteristics 
OJWX^/gt and maximum ratings as class Ai amplifier (each 

es 1 unit): plate supply volts, 2150 ((300 max); grid 
volts, positive-bias value, 0 max; plate dissipation, IL5 max watts (both units, 3.5 max watts); cathode- 
bias resistor, 500 ohms; plate ma., 6.0; transconduCtanx^, 3300 juhhos; amplification factor, 48; peak 
heater-cathode volts, 90 ?uax. This type is used prinripally lor renewal purposes. 

O30_0IS SHARP-CUTOFF PENTODE 
-.Gf Glass lock-in type used in video amplifiers 

rrrJ )C£) of television receivers and in other applications 
[ / J requiring high transconductance. Outline 15, 

(zK OUTLINES SECTION.Tdbe requires lock-in f\9f X/'\y^K socket. Heater volts £ac/dc$, 6.3; amperes, 
^pr (gN 0^45. Characteristics and maximum ratings as 

8 Ai amplifier: plate volts, 250 ,(300 max); BS grid-No.2 supplyvolts^OOmaxj grid-N o£volts, 
100 max; plate dissipation, 1.5 max -watts; grid-iNo.2 input, 0.3 max watt; grid-No.l volts, -2; grid 
No.3 and internal shield connected to cathode at rocket; iplate resietance (approx.), 0.8 megohm; trans- 
conductance, 4500 jimhos; plate ma.,6; grid-No.2Tna.,2.1}; peak heater-cathode volts, 90 max, Thi« i ype 
is used principally for renewal purposes. 
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SEMIREMOTE-CUTOFF PENTODE GYQf5js 

Glass lock-in type used as rf or if amplifier C2 /~xGi 
in radio receivers. Outline 15, OUTLINES (I)C/rrrl 
SECTION. Tube requires lock-in socket. } 

w MM* Heater volts (ac/dc), 6.3; amperes, 0.3. Char- 'y\^~~7r7^ 
acteristics and maximum ratings as class Ai am- /\ 
plifier: plate volts, 250 (300 max); grid-No.2 MiHrTs^ 
supply volts, 300 max; grid-No.2 volts, 150 (see ' 0 
curve page 66); grid-No.1 volts, positive-bias BS 

value. 0 mux; plate dissipation, 2.5 max watts; grid-No.2 input for grid-No.2 voltages up to 150 vulis, 
'1.5 max watt (for grid-No.2 voltages between 150 and 300 volts, see curve page 66); grid No.3 and in- 
iernai shield connected to cathode at socket; cathode-bias resistor, 180 ohms; plate resistance fapproxj, 
0.8 megohm; transconductance, 4000 amhos; plate ma., 10; grid-No.2 ma., 3.2; pnak heater-calhode 
volts, 90 max. This type is used principally for renewal purposes. 

7J7 

TRIODE—HEPTODE CONVERTER 
Glass lock-in type used as combined oscil- 

lator and heptode mixer in radio receivers. Out- 
line 15, OUTLINES SECTION. Tube requires 
lock-in socket. Heater volts (ac/dc), 6.3; am- 
peres, 0.3. For maximum ratings and typical 
operation, refer to glass-octal type 6J8-G. Type 
7J7 is used principally for renewal purposes. 

C3HP(Vl (W^hP 

7K7 

TWIN DIODE— HIGH-MU TRIODE 
Glass lock-in type used as FM detector and 

audio amplifier in circuits which require diode 
and triode units with separate cathodes. Outline 
15, OUTLINES SECTION. Tube requires lock- 
in socket. Heater volts (ac/dc), 6.3; amperes, 
0.3. For ratings and typical operation, refer to 
glass-octal type 6AQ7-GT. Type 7K7 is used 
principally for renewal purposes. 

SHARP-CUTOFF PENTODE C3(^1_£),S 

Glass lock-in type used as rf and if ampli- 03 _^.-/u 
fierinradioequipraent.Outlinel5, OUTLINES 

717 SECTION. Tube requires lock-in socket. {/"ZZZ-/ J 
Heater volts (ac/dc), 6.3; amperes, 0.3. Typical fix 
operation as class Ai amplifier: plate volts, 250 / \ 
(300 max); grid-No.2 volts, 100; grid-No.1 UuBTs) 
volts, -1.5; grid No.3 tied to cathode at socket; <0 
cathode-bias resistor, 250 ohms; plate raa., 4.5; BS 

grid-No.2 ma., 1.5; plate resistance (approx.), 1 megohm; transconductance, 3100 /tmhos. This is 
DISCONTINUED type listed for reference only. 

MEDIUM-MU TWIN TRIODE 
Glass lock-in type used as voltage amplifier 

or phase inverter in radio equipment. Outline pts 
20, OUTLINES SECTION. Tube requires lock- 
in socket. Heater volts (ac/dc), 6.3; amperes, 
0.6. For maximum ratings and typical operation 1 

of each triode unit, refer to metal type 6J5. The KT' 
application of this type is similar to that of 
glass-octal type 6SN7-GT. Type 7N7 is used 
principally for renewal purposes. 

PENTAGRID CONVERTER 
Glass lock-in type used as converter in 

superheterodyne circuits. Outline 15, OUT- 
LINES SECTION. Tube requires lock-in socket. 
Heater volts (ac/dc), 6.3; amperes, 0.3. For 
maximum ratings, typical operation in conver- 
ter service, and curves, refer to metal type 6SA7. 
Type 7Q7 is used principally for renewal 
purposes. 
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TWIN DIODE— 
REMOTE-CUTOFF PENTODE 

5jp Glass lock-in type used as combined de- 
)' tector, amplifier, and avc tube. Outline 15, OUT- 

LINES SECTION. Tube requires lock-in socket, 
v Heater volts (ac/dc), 6.3; amperes, 0.3. Char- 

acteristics and maximum ratings of pentode 
unit as class Ai amplifier: plate volts, 250 max; 

7R7 

y grid-No.2 supply volts, 2507nax;grid-No.2 volts, BS 100 (see curve page 69); grid-No.1 volts, -1 (pos- 
itive-bias value, 0 max); plate dissipation, 2 max watts; grid-No.2 input for grid-No.2 voltages up to 
125, 0.25 max wait (for grid-No.2 voltages between 125 and 250 volts, see curve page 66); plate re- 
sistance (approx.), 1.0 megohm; transconductance, 3200 ^mhos; plate ma., 5.7; grid-No.2 ma., 2.1: 
peak heater-cathode volts, 90 max, liefer to type 6AV6 for diode curves. Type 7R7 is used principally 
for renewal purposes. 

G3HP(T) (T)G4HF TRIODE—HEPTODE CONVERTER 
Glass lock-in type used as combined triode 

oscillator and heptode mixer in radio receivers. 
[/zi^jEEEJJ) Hp Outline 15, OUTLINES SECTION. Tube re- TC7 

CzL r/\ at) quires loek-in socket. Heater volts (ac/dc), 6.3; » ^7 
k amperes, 0.3. Typical operation of heptode unit: 

PnTWTTM 05HP plate volts, 250 (300 max); grids-No.2-and-No.4 
U ,s volts, 100; grid-No.1 volts,-2; plate resistance, 

1.25 megohms; conversion transconductance, 
525 /xmhos; plate ma., 1.8; grids-No.2-and-No.4 ma., 3.0. Typical operation of triode unit: plate supply 
volts, 250 (300 max) applied through a 20000-ohm dropping resistor bypassed by a 0.1-^f capacitor; grul 
resistor, 50000 ohms; plate ma., 5.0; total cathode ma. (both units), 10.2. This is a DISCONTINUE! > 
typo listed for reference only. 

# SHARP-CUTOFF PENTODE 
'' Glass lock-in type used as rf or if amplifier 

in radio receivers. Outline 15, OUTLINES SEC- a mm 
TION. Tube requires lock-in socket. Heater \X7 
volts (ac/dc), 6.3; amperes, 0.45. Characteris- * 
tics and maximum ratings as class Ai amplifier: 
plate and grid-No.2 supply volts, 300 max; grid- 
No.2 series resistor, 40000 ohms; plate dissi- Bs pation, 4 max watts; grid-No.2 input, 0.8 max 

watt; grid No.3 connected to cathode at socket; cathode-bias resistor, 160 ohms; plate resistance (ap- 
prox.), 0.3 megohm: 1 ransconduetance, 5800 ^mhos; plate ma., 10; grid-No.2 ma., 3.9; peak heater- 
cathode volts, 96 mox. Tids type is used principally for renewal purposes. 

SHARP-CUTOFF PENTODE 
Glass lock-in type used as rf or if amplifier 

in radio receivers. Outline 15, OUTLINES SEC- 
TION. Tube requires lock-in socket. Heater 
volts (ac/dc), 6.3; amperes, 0.45. This type is 
the same as type 7V7 except for socket con- 
nections. Type 7W7 is used principally for 
renewal purposes. 

7W7 

kt&d, twin diode—high-mu triode is yj —- v/ Glass lock-in type used as combined de- 
X^./Ax /tector, amplifier, and avc tube in circuits which 

CTVyCP- ( f—ytVpa require diodes with separate cathodes. Outline 
(fij ""J.  ) 20, OUTLINES SECTION. Tube requires lock- 

(2a y\ aJ) 80C^et• Heater volts (ac/dc), 6.3; amperes, Pr-'V / 0.3. Characteristics and maximum ratings of # 
nyWJa) triode unit as class Ai amplifier: plate volts, 

0 250 (300 max); grid volts, -1; amplification fac- BS tor, 100; plate resistance (approx.), 67000 ohms; 
transconductance, 1500 jtmhos; plate ma., 1.9; peak heater-cathode volts, 90 max. This type is used 
principally for renewal purposes. 
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FULL-WAVE VACUUM RECTIFIER 
Glass lock-in type used in power supply of 

automobile radio receivers and compact ac- 
operated receivers. Outline 15, OUTLINES 

- SECTION. Tube requires lock-in socket. Heater 
g I volts (ac/dc), 6.3; amperes, 0.5. Maximum 
* * ratings: peak inverse plate volts, 1250; peak 

plate ma. per plate, 180; dc output ma., 70; 
peak heater-cathode volts, 450. For typical op- 
eration, refer to miniature type 6X4. Type 7Y4 
is used principally for renewal purposes. 

FULL-WAVE VACUUM RECTIFIER "fa ^Ng 

Glass lock-in type used in power supply of PD2/tv/^r 
automobile and ac-operated radio receivers. 

7 7 A, Outline 20, OUTLINES SECTION. Tube re- ( ,   j w quires lock-in socket. Heater volts (ac/dc), 6.3; 
amperes, 0.9. Maximum ratings: peak inverse nc^v r \ 
plate volts, 1250; peak plate ma. per plate, 300; /v ,, , 
dc output ma., 100; peak heater-cathode volts, XiJWC£)w 450. Typical operation with capacitor-input fil- bs 
ter: ac plate-to-plate supply volts (rms), 650; 

1 oiul eilecti ve plate-supply impedance per plate, 75 min ohms; dc output ma., 100. Typical operation with 
«'.hoku-input filter: ac plate-to-plate supply volts (rms), 900; filter-input choke, 6 min henries; dc output 
ma., 100. This type is used principally for renewal purposes. 

MEDIUM-MU TRIODE— 
SHARP-CUTOFF PENTODE ® ^rfsp.Kp is 

_ . . _ Miniature type used in a wide va- Pt®//-i rHJj®0'? 
qAUO riety of applications in television re- 

ceivers employing series-connected 
heater strings. The pentode unit is used  /?) 
as a video amplifier, an if amplifier, or Kt Pp 

an age amplifier. The triode unit is used in sync-amplifier, sync-separator, sync- 
clipper, and phase-inverter circuits. Outline 14, OUTLINES SECTION. Heater 
volts (ac/dc), 8.4; amperes, 0.45. Except for heater rating, this type is identical 
with type 6AU8. 

HIGH-MU TRIODE— 
SHARP-CUTOFF PENTODE H0^^)G3p,sKP 

QA\A#Q A Miniature type used in a wide va- —HYz)Glp 

O f\W O —/A riety of applications in television re- In/--- -"M 
ceivers employing series-connected //®G2p 
heater strings. The pentode unit is (t) ® 
used as an amplifier and the triode *T F'p 

unit is used in low-frequency oscillator or sync circuits. Outline 14, OUTLINES 
SECTION. Heater volts (ac/dc), 8.4; amperes, 0.45; warm-up time (average) 11 
seconds. Except for heater rating, this type is identical with miniature type 
6AW8-A. 

MEDIUM-MU TRIODE— A 
SHARP-CUTOFF PENTODE "(a)M^3p;Sp 

OQ a Q A Miniature type used in a wide va- PT®//, rS[Yx)0|p 

O D/\0-M riety of applications in color and black- (fA--- —"M 
and-white television receivers employ- r.T®\yv\ //^Gap 
ing series-connected heater strings. The (tj- IQ 
pentode unit is used as a video ampli- RT Pp 

fier, an age amplifier, or a reactance tube. The triode unit is used in low-frequency 
oscillator and phase-splitter circuits. Outline 14, OUTLINES SECTION. Tube 
requires miniature nine-contact socket and may be operated in any position. 
Heater volts (ac/dc), 8.4; amperes, 0.45. Except for heater ratings, the 8BA8-A is 
identical with miniature type 6BA8-A. 

8BA8-A 
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MEDIUM-MU TRIODE— 
SHARP-CUTOFF PENTODE 

PtQ(P_ Miniature type used in a wide va- O D LI O 
riety of applications in television re- ODrlO 

r.-p/vyv/\ j/'-^Q2p ceivers employing series-connected 
Cy A2)pp heater strings. The pentode unit is used 

KT as an if amplifier, a video amplifier, or 
an age amplifier. The triode unit is used in low-frequency oscillator circuits. Out- 
line 14, OUTLINES SECTION. Heater volts (ac/dc), 8.4; amperes, 0.45. Except 
for heater rating, this type is identical with type 6BH8. 

A p TWIN DIODE— 
HQ<^NPo'pt high-mu triode 

(Lf p1" _tfvL) Miniature type used in a wide va- ODKIO 
riety of applications in color and black- ODNo 
and-white television receivers employ- 

x2)kt ing series-connected heater strings. The 
triode unit is used in burst amplifier, 

af amplifier, and low-frequency oscillator applications. The diode units are used in 
phase-detector, ratio-detector or discriminator, and horizontal AFC discriminator 
circuits. Outline 14, OUTLINES SECTION. Heater volts (ac/dc), 8.4; amperes, 
0.45. Except for heater rating, this type is identical with type 6BN8. 

POWER PENTODE 
Miniature type used in the output 

stage of audio-frequency amplifiers 
employing series-connected heater 
strings. Outline 18, OUTLINES SEC- 
TION. Heater volts (ac/dc), 8; am- 
peres, 0.6; warm-up time (average), 
11 seconds. Except for heater rating, 
this type is identical with type 6BQ5. 

8BQ5 

MEDIUM-MU TWIN TRIODE 

i g (Wf—\ ^^iYU01"1 Miniature type used as combined 
Ivi fr vertical deflection and horizontal de- Qf ^7 flection oscillator in television receiv- OVaw/ 

'"lz KT| ers employing series-connected heater 
^is strings. Outline 14, OUTLINES SEC- 

TION. Heater volts (ac/dc), 8.4; amperes, 0.45; warm-up time (average), 11 
seconds. Except for heater rating, this type is identical with miniature type 6CG7. 

# MEDIUM-MU DUAL TRIODE 
^ Miniature type used as combined 

vertical oscillator and vertical de- 8CAA7 
gt2 flection amplifier in television receiv- 

ers employing series-connected heater 
era "wa strings. Outline 14, OUTLINES SEC- 

TION. Heater volts (ac/dc), 8.4; amperes, 0.45; warm-up time (average), 11 sec- 
onds. Except for heater rating, this type is identical with miniature type 6CM7. 
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TWIN DIODE- H A KT 

HIGH-MU TRIODE KD|i02 

_ . _ Miniature type used as combined 13 Sj®! 
oCNX horizontal phase detector and react- —1 x* /si 

ance tube in television receivers PD|A\N/ts//wpT 
employing series-connected heater Gj ^hm 
strings. The triode unit is used in sync- PD2 

separator, sync-amplifier, or audio-amplifier circuits. Outline 12, OUTLINES SEC- 
TION. Heater volts (ac/dc), 8.4 (series), 4.2 (parallel); amperes, 0.225 (series), 
0.45 (parallel); warm-up time (average), 11 seconds (parallel). Except for heater 
rating, this type is identical with type 6CN7. 

MEDIUM-MU TRIODE- h 
SHARP-CUTOFF PENTODE h©J^5G3p>Sp 

^,v. n Miniature type used in television rf3[Y7)':;ip 

receivers employing series-connected iTir"". """.f"] 
heater strings. Pentode unit is used as f.T©\y3\, LMCzp 
video amplifier; triode unit is used in 0-- *0 
sound if amplifier, sweep-oscillator, Kt Pp 

sync-separator, sync-amplifier, and sync-clipper circuits. Outline 14, OUTLINES 
SECTION. Heater volts (ac/dc), 8; amperes, 0.6; warm-up time (average), 11 
seconds. Except for heater rating, this type is identical with type 6CX8. 

HIGH-MU TRIODE— « (&) x~VG3P KP 
SHARP-CUTOFF PENTODE 

_ _ Miniature type used in color and PT^jrffzi_ r^|lYz)G|'' 
OCDO black-and-white television receivers J/rfcr; 

employing series - connected heater j/^Czp 
strings. The pentode unit is used as a 0 Ts) 
video output amplifier; the triode unit KT Pp 

is used in sync-separator, sync-clipper, and phase-inverter circuits. Outline 14, 
OUTLINES SECTION. Heater volts (ac/dc), 8; amperes, 0.6; warm-up time 
(average), 11 seconds. Except for heater rating, this type is identical with minia- 
ture type 6EB8. h 

BEAM POWER TUBE 
Miniature type used as' vertical Ti_0K,G3 

pCAAC deflection amplifier in television re- Jftv-pzl ]_ 
ceivers utilizing picture tubes having /i9ic 
diagonal deflection angles of 110 de- 0~ 0 
grees and employing series-connected c'2 p 

heater strings. Outline 18, OUTLINES SECTION. Heater volts (ac. tic), 8.4; 
amperes, 0.6; warm-up time (average), 11 seconds. Except for heater rating, this 
type is identical with miniature type 6EM5. 

TWIN DIODE- H(4)<^0,isep 

SHARP-CUTOFF PENTODE 

QrT7 Miniature type used in television AJ  , 
OC I / receivers employing series-connected j/Dszp 

heater strings. The pentode unit is (0- 0 
used as a video amplifier and the diodes kD| a d2 

pp 
are used as a horizontal phase in- ISD| a 02 

verte.r. Outline 14, OUTLINES SECTION. Tube requires miniature nine-contact 
socket and may be operated in any position. 
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IlKATKK VOi.TAOK (AC/DC)  
r{K\TKIl ('UKRKST  
HK vrER WAu?>t-UP Time (Average)  

PENTODE UNIT AS CLASS Ai AMPLIFIER 
Maximum Ratings, (Design-Maximum Vtilues): 
Plate Voltage    
O.rid-No.2 (soreen'-grid) Supply Voltage  
(iiiiD-No.2 Voltage  
(iRip-No.1 (control-grid) Voltage, Positive-bias value     
<3rid-i\to.2 Input: 

For grirl-N^o.2 voltages up to 165 volts  
For grid-Mo.2 voltages between 165 and 330 volts  

Pl\te Dissipation  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  
Heater positive with respect to cathode  

Characteristics: 
Plate Supply Voltage  60 
<jrid-No.2 Supply Voltage  150 
Grid-No.l Voltage  0 
Cathode-Bias Resistor  — 
Plato Resistance (Approx.)  — 
Transconduetance  — 
Plate Current  551 

Grid-No.2 Current  181 

Grid-No.1 Voltage (Approx.), for plate pa=100    — 
Maximum Circuit Values: 
Grid-No.l-Circuit Resistance 

For fixed-bias operation    
For cathode-bias operation   

DIODE UNITS 
Maximum Ratings, (Design'-Mo.ximnm'Values): 
DC Plate Current  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  
Heater positive with respect to cathode  

8 Vi >1 1 s 
0.6 ;i mpcri- 

U sernmls 

860 iiui.c V..1IS 
880 may VollS 

Soo curve ■ puge 66 
0 mo.-' veils 

L . 1. may walls 
Soo curve page 66 

5 max WtU i s 
200 may Veils 
2no0ijnr.<- Veils 

200 veils 

200 max 
200Br>K>.r 

Characteristics, Instantaneous Test Condition: 
Plate Current, for plate volts= 10  1.5 ma 0 The dc component must not exceed 100 volts. 
■ This value can be measured by a method involving a recurrent waveform such (hat the maximum 
rat ings of the tube will not be exceeded. 

' MEDIUM-MU TWIN TRIODE 
T2®fUri—-UaC' Miniature type used as combined QCf^~T 

vertical-and horizontal-deflection os- orVjf/ 
Gt2v^/V A^kT| cillator in television receivers employ- 

'iV—"A) ing series-connected heater strings. 
72 Outline 14, OUTLINES SECTION. 

Tube requires miniature nine-contact socket and may be operated in any position. 
Heater volts (ac/dc), 8.4; amperes, 0.45. Except for heater ratings, the 8FQ7 is 
identical with type 6FQ7. 

HIGH-MU TRIODE— 
SHARP-CUTOFF PENTODE 

Pr(3wZ rfE|lY3)<:ip Miniature type used in color and Qf* K| O 
black-and-white television receivers OwIMO 

c.S£s\by\ lA%2p employing series-connected heater 
(t/" "ts) strings. Triode unit is used in voltage- 

KT Pf, amplifier applications; pentode unit is 
used in output stage of video amplifier. Outline 14, OUTLINES SECTION. Tube 
requires miniature nine-contact socket and may be operated in any position. 
Heater volts (ac/dc), 8; amperes, 0.6; heater warm-up time (average), 11 seconds. 
Except for heater ratings, this type is identical with type 6GN8. 

8GN8 
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MEDIUM-MU TWIN TRIODE 

_ - - _ Miniature type used as combined Kl2@ffv^- ~^Pi35T' 
"AU/ vertical-deflection-amplifier and ver- 

tical-deflection-oscillator in television Gri^A^ytv^^/^KTi 
receivers employing series-connected Q*— 
heater strings. Outline 12, OUTLINES PT2 Hu 

SECTION. Heater volts (ac/dc), 9.4 (series), 4.7 (parallel); amperes, 0.225 (se- 
ries), 0.45 (parallel); warm-up time (average), 11 seconds (parallel). Except for 
heater rating, this type is identical with type 12AU7-A. 

9BR7 

TWIN DIODE— 
HIGH-MU TRIODE 

Miniature type used as combined sync 
separator and horizontal phase detector in tele- 
vision receivers employing series-connected 
heater strings. Outline 12, OUTLINES SEC- 
TION. Tube requires miniature socket and may 
be mounted in any position. Type 9BR7 is used 
principally for renewal purposes. 

H katkk Annangement: 
Hgateu Voltage (ac/dc)  
I-Ieatuu Current  
Heater Warm-Up Time (Average) 

Maximum Ratings: IKlUDt UN I 
Plate Voltage  
Grid Voltage, Negative-bias value  
Plate Dissipation  
Peak Heater-Cathode Voltage: 

Healer negative with respect to cathode 
Heater positive with respect to cathode 

TRIODE UN T AS CLASS A, AMPLIFIER 
300 max 
-50 max 
2.5 m ax 
300 max 
200ainax 

Characteristics. 
PUue Supply Voltage  
Cathode-Bias Resistor  
Amplification Factor  
Plate Resistance (Approx.)  
T ransconduetance  
Plate Current  
Grid Voltage (Approx.) for plate current of 10 pa. 

DIODE UNITS (Each Unit) 
Peak Inverse Plate Voltage.  
Peak Plate Current  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  
Heater positive with respect to cathode  

■ The dc component must not exceed 100 volts. 

300 max 
60 max- 

300 max 

MEDIUM-MU TRIODE— 
SHARP-CUTOFF TETRODE 
Miniature type used as combined 

oscillator and mixer in vhf tuners of 
OriR television receivers employing series- connected heater strings. Outline 12, 

OUTLINES SECTION. Tuberequires 
minature nine-contact socket and may 
be mounted in any position. 

Hhatek Voltage (ac/dc)  
Hkatf.k Current  
Hkatuu Waum-Up Time (Average). 

9.5 volts 
0.3 ampere 

11 seconds 
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CUSS Ai AMPLIFIER 
Maximum Ratings; 
Platjj Voltagk  
Grid-No.2 (screen-grid) Supply Voltage  
Grii>No.2 Voltage  
Grid-No. 1 (control-grid) Voltage, Positive-bias value  
(iRJi>-No.2 Input: 

For grid-No.2 voltages up to 150 volts  
For grid-No.2 voltages between 150 and 300 volts  

Plate Dissipation    
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  
Heater positive with respect to cathode  

■ The dc component must not exceed 100 volts. 
Maximum Circuit Values: 
Grid-No.l-Circuit Resistance: 

For lixed-bias operation  
For cathode-bias operation  

Characteristics; 
Plate Supply Voltage  
Grid-No.2 Supply Voltage  
Grid-No.1 Voltage  
Cathode-Bias Resistor      
Amplification Factor  
Plato Resistance (Approx.)  
Transconductance  
Plate Current  
Urid-No.2 Current  
Gi'id-No.l Voltage (Approx.) for plate current of 10 jia  

Triode Unit Tetrode Unit 
300 max v.ifis 
300 max volts 

see curve pa go 
0 max volts 

0.5 max watt 
See curve page M 

2.8 max watts 
200 max 
200"rnax 

Triode Unit Tetrode Unit 
0.5 max 0.25 max megohm 

1 max 1 max megohm 
Triode Unit Tetrode Unit 

H N pp MEDIUM-MU TRIODE— 
„ r SHARP-CUTOFF PENTODE 

15 Miniature type used in television A 
1—'Sx?) receivers employing series-connected VUO~/\ GKT heater strings. Tube is used as com- 

pCiT" ® bined oscillator and mixer tube in vhf 
T tuners of television receivers utilizing 

an intermediate frequency in the order of 40 megacycles per second. Outline 12, 
OUTLINES SECTION. Heater voltage (ac/dc), 9.45; amperes, 0.3, warm-up 
time (average), 11 seconds. Except for heater rating, this type is identical with 
type 6U8-A. 

POWER TRIODE 
P(^\Glass type used as an audio-frequency am- yyC—\ plifier. Outline 51, OUTLINES SECTION. 
I \ Tube requires four-contact socket. Filament v a 
(  j volts (ac/dc), 7.5; amperes, 1.25. Typical oper- lw 
\ /v J ation as class Aj af power amplifier: plate volts, 
(^25 max; grid volts, -40; peak af grid volts, 35; 

plate ma., 18; plate resistance, 5000 ohms; 
transconductance, 1600 jumbos; load resistance, 

10200 ohms; undistorted output watts, 1.6. This is a DISCONTINUED type listed for reference only. 

HIGH-MU TRIODE— 
"0^^0pp SHARP-CUTOFF PENTODE 

Miniature type used in diversified appli- 
KT(?y rhTp© cations in television receivers employing series- connected heater strings. The pentode unit is 

(2X1 use<l as a general-purpose amplifier tube; the 1^^^ T^\l r P triode unit is used in verticai-deflection-oscil- 
(TY^--lator, sync-separator, sync-clipper, and sync- 

Pi C3p,Kp amplifier circuits. Outline 12, OUTLINES SEC- 
TION. Tube requires miniature nine-contact 
socket and may be mounted in any position. 

Heat or volts tac dc), 10.5; amperes, 0.3; warm-up time (average), 11 seconds. This type is used princi- 
pally for renewal purposes. 
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CLASS Ai AMPLIFIER 
Maximum Ratings, (Design-Maximum Values): 
Plate Voltage  
Grid-No.'Z (screen-chid) Voltage  
G k n > - N < >. 2 V o i .t a c, E  
Gkid-N'o. '('ostkol-gutd) Voltage, Positive-bias value  
Guio-No.S Incut: 

For grid-No.2 voltages up to 150 volts  
For grid-No.2 voltages between 150 and 300 volts  

Plate Dissipation  
Peak f Ieateu-Cathodk Voltage: 

Healer negative with respect to cathode  
Heater positive with respect to cathode  

Characteristics: 
Plate Supply Voltage  
Grid-No.2 Supply Voltage  
Cathode-Bias Resistor  
Amplltiealion Factor  
Plate Resistance (Approx.)  
Transconducianee  
Plate < lunvnt  
Grid-No.2 Current  
Grid Voltage (Approx.) for plate current of 10 /ia  
Grid-No. Voltage (.Approx.) for plate current of 50 /ja  

Maximum Circuit Values: 
Grid-No.'l-Circuit Resistance: 

For fixed-bias operation. . . . 
For cathode-bias operation. 

Maximum Ratings, (Design-Maximum Values): 
Plate Voltage  
Peak Positive-Pulse Plate Voltage*  
Peak Negative-Pulse Grid Voltage  
Peak Negative-Pulse Grid-No.! Voltage... . 
Peak C athode Current  
Average Cathode Current  
Pi,ate Dissipation  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode... . 
Healer positive with respect to cathode. . .. 

Triode Unit Pentode U nit 
300 max 300 -max volts 
- 300 max volt? 
- Sec cur vo page BO 

0 max 0 max volts 
- 0. 55 max wail 
- Sec cur vo page 08 

2 max 2,2 max walls 
200 max 200 max volts 
200"max : volts 

250 135 vol t s 
- 135 volts 

390 100 ohms 
53 40* 

0.012 0.19 megohm 
4400 8000 Mmhos 
7.3 11.5 ma 
- 3.2 ma 

-10 - volts 
-6 volts 

0.5 max 0.25 max megohm 
1 max 1 max megohm 

> AMPLIFIER 
system 
Triode Unit Pentode Unit as 
as Oscillator Amplilier ■* 

300 max 300 max volts 
- 1000 max volts 

400 max - volts - 250 max volts 
35 max 55 max ma 
12 max 18 max ma 

1 max 2.5 max watts 
200 max 200 max volt 
200mniax 200mm,ax volts 

Triode Unit Pentode U nit* 
2.2 max - megohms 
- 2. 2 max megohms 

Maximum Circuit Values: 
Grid No.l-Circuit Resistance: Triode I'nU Pentode Unit* 

For lixed bias, grid-resistor-bias, or cathode-bias operation 2.2 max - megohms 
For grid-resistor-bias or cathode-bias operation  - 2.2 max megohms 

■ The do component must not exceed 100 volts. 
* Triode connection, grid No.2 connected to plate. 
• The duration of the voltage pulse must not exceed 15 per cent of one vertical scanning cycle. In a 
S2o-line, 30-frame system, 15 per cent of one vertical scanning cycle is 2.5 milliseconds. 

DUAL TRIODE h0^Y6)Pt' 
Miniature type used as combined 

irXI^C7 vertical oscillator and vertical de- (ffif ~l 
flection amplifier in television receiv- (Sxfc/C"1-?® 
ers employing series-connected heater 0x2 Nt KT' 
strings. Unit No.l is a medium-mu p-tj 

triode unit used as a blocking oscillator in vertical-deflection circuits, and unit No.2 
is a low-mu triode unit used as a vertical-deflection amplifier. Outline 14, OUT- 
LINKS SECTION. Heater volts (ac/dc), 9.7; amperes, 0.6; warm-up time (aver- 
age), 11 seconds. Except for heater rating, this type is identical with miniature 
type GDE7. 
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h0Jmh)pt' dual TR|ODE 

jC\7)0T| Miniature type used as combined 10r^D7 
~1wr™ vertical-deflection-oscillator and ver- Iwl^lx/ 

0T(i^|^X/~/S)KT, tical-deflection-amplifier tube in tele- 2 Q<__--Yv) ' vision receivers employing series-con- 
Pt2 Kt2 nected heater strings. Outline 14, OUT- 

LINES SECTION. Tube requires miniature nine-contact socket and may be op- 
erated in any position. Heater volts (ac/dc), 9.7; amperes, 0.6; warm-up time 
(average), 11 seconds. Except for heater ratings, the 10DR7 is identical with type 
6DR7. 

© DUAL TRIODE 
KT2(Wmj|_J_ Yykti Glass octal type used as combined 1 C ^ 7 

_Un—i) vertical-deflection oscillator and ver- IwEVi>/ 
PrtdXX tical-deflection amplifier in television 

receivers employing series-connected 
cTa H heater strings. Outline 19, OUTLINES 

SECTION. Tube requires octal socket and may be operated in any position. For 
maximum ratings and characteristics, refer to type 6EW7. 

Heater Voltage (ac/dc)  
Heater Current  
Heater Warm-Up Time (Average). 
Direct Interelectrode Capacitances (Approx.):0 

Grid to Plate ;  
Grid to Cathode and Heater  
Plate to Cathode and Heater  

"Without external shield. 

Unit No.l 
4.4 
2.2 
0.6 

W—© DUAL TRIODE 

yU'T' Glass octal type containing high- 1ft CJLA 7 
Uv—ir—tVI mu triode andhigh-perveance,low-mu I wEIYI/ 

"TaCsAA triode in same envelope. Used as com- 
rty-rfa) bined vertical-deflection oscillator and 

0t2 h vertical-deflection amplifier in televi- 
sion receivers employing series-connected heater strings. Heater volts (ac/dc), 9.7; 
amperes, 0.6; warm-up time (average), 11 seconds. Except for heater ratings, this 
type is identical with type 6EM7. 

. HIGH-MU TRIODE— 
H©J^©G3PsP SHARP-CUTOFF PENTODE 

—IrtlY7)G'p Miniature type used in color and IftUEO Wtt-1-HEEM" black-and-white television receivers IvlllrO 
dAft/v \/® employing series-connected heater 

0t /v Yt) G2p strings. Triode unit is used in high-gain, 
kt-^ pp sound-if stages and in sync-separator, 

sync-clipper, and phase-inverter circuits; pentode unit is used as video-output 
amplifier. Outline 14, OUTLINES SECTION. Tube requires miniature nine-con- 
tact socket and may be operated in any position. Heater volts (ac/dc), 10.5; am- 
peres, 0.45; warm-up time (average), 11 seconds. Except for heater ratings, this 
type is identical with miniature type 6HF8. 
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DETECTOR AMPLIFIER 
Glass type used as detector and amplifier 

in battery-operated receivers. Filament volts 
(dc), 1.1; amperes, 0.25. Typical operation as 
class Ai amplifier: plate volts, 135 max\ grid 
volts, -10.5; plate resistance (approx.), 15500 
ohms; transconductance, 440 ^tmhos; plate ma., 
3. This is a DISCONTINUED type listed for 
reference only. 

DUAL TRIODE 
Miniature type used in television 'vfO 

1 | C 1 / receivers employing series-connected GT2(ff—  
heater-strings. Low-mu triode unit is 
used as vertical-deflection amplifier; lc KT, 

high-mu triode unit is used as vertical- pt^ Mtrz 
deflection oscillator. Outline 14, OUTLINES SECTION. Heater volts (ao/dc), 
11; amperes, 0.45; warm-up time (average), 11 seconds. Except for heater rating, 
tins type is identical with miniature type 6CY7. 

DETECTOR AMPLIFIER 
Glass type used as detector and amplifier 

in battery-operated receivers. Filament volts 
(dc), 1.1; amperes, 0.25. Typical operation as 
class Ai amplifier: plate volts, 135 max\ grid 
volts, -10.5; plate resistance (approx.), 15500 
ohms; transconductance, 440 ^tmhos; plate ma, 
3. This is a DISCONTINUED type listed for 
reference only. 

POWER PENTODE rk fe 
Glass type used as output amplifior in ac/dc 

radio receivers. Outline 34 or 35, OUTLINES | 
I*) AC SECTION. Heater volts (ac/dc), 12.6 in series \/j heater arrangement and 6.3 in parallel arrange- p(£A ^LJ 

ment; amperes, 0.3 (series), 0.6 (parallel). Typi- \ 
cal operation as class Ai amplifier: plate volts 
and grid-No.2 volts, 180 max; grid-No.1 volts, >!«/ 
-25; plate ma., 45; grid-No.2 ma., 8; plate re- H H 

si.stance, 35000 ohms; transconductance, 2400 Atmhos; load resistance, 3300 ohms; output watts, 3.4. 
This is a DISCONTINUED type listed for reference only. 

HQ 

RECTIFIER—POWER PENTODE O) g!0 

Glass type used as combined half-wave 7m\£) 
rectifier and power amplifier. Outline 40, OUT- r\\ 

KJ LINES SECTION. Tube requires small seven- J *+•9^* contact (0.75-inch, pin-circle diameter) socket. \ 
Heater volts (ac/dc), 12.6; amperes, 0.3. Typi- \A/Nw</ 
cal operation of pentode unit as class At ampli- (\\ (t\ 
fier: plate volts and grid-No.2 volts, 135 max; v-/ V-^ 
grid-No.1 volts, -13.5; load resistance, 13500 

ohms; plate resistance, 100000 ohms; transconductance, 975 jtmhos; cathode-bias resistor, 1175 ohms; 
plate ma., 9; grid-No.2 ma., 2.5; output watts, 0.65. Maximum ratings of rectifier unit with capacitor- 
input filter: ac plate volts (rms), 125; dc output ma., 30. This is a DISCONTINUED type listed 
for roforonce only. 

PENTAGRID CONVERTER 
Glass octal type used as converter in ac/dc j/vof8 

receivers. Outline 23, OUTLINES SECTION. 
I AAmPiT Heater volts (ac/dc), 12.6; amperes, 0.15. Ex- ( zzz) 
■ ■ cept for heater rating, this type is identical with ( 

glass octal type 6A8-GT. Type 12A8-GT is 
used principally for renewal purposes. (j i ■ /q) 

12A8-GT 
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BEAM POWER TUBE 
Miniature type used in the out- 

put stage of automobile radio receivers 
operating from a 12-volt storage bat- 
tery. Outline 14, OUTLINES SEC- 
TION. Tube requires miniature nine- 
contact socket and may be mounted 
in any position. 

12AB5 

HEATKU-VOLTAGE RANGE (AO/DC)*  Heater Current (Apprnx.) at 12.6 volts  
Direct 1ntereue<tkoi>k Capacitances: 

Grid No.l to Plate  
Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3. 
Plate to Cathode, Heater, Grid No.2, and Grid No.3  

10.0 to 15.9 
0.2 

* For longest life, it is recommended that the heater be operated within the voltage range of 11 to 1-4 volts. 

Maximum Ratings: 
CLASS Ai AMPLIFIER 

Plate Voltage  
Grid-No.2 Iscreen-grid) Voltage  
Plate Dissipation  
Grid-No.2 Input  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode. 
Heater positive with respect to cathode. , 

Bulb Temperature (At hottest point).... 

315 max 
285 max- 

12 max 
2 max 

90 max 
90 max 

250 max 

Typical Operation with 12.6 Volts on Heater: 
Plate Supply Voltage   
Gnd-No.2 Supply Voltage  
Grid-No.1 (Control-Grid) Voltage  
Cathode-Bias Ressitor  
Peak AF Grid-No.1 Voltage  
Zero-Signal Plate Current  
Maximum-Signal Plate Current  
Zero-Signal Grid-No.2 Current  
Maximum-Signal Grid-No.2 Current  
Plate Resistance (Approx.)  
Transconductanee  
Load Resistance  
Total Harmonic Distortion  
Maximum-Signal Power Output  

250 250 volts 
200 250 volts - -12.5 volts 
270 _ ohms 

10.5 12.5 volts 
33.5 45 ma 

36 47 ma 
1.6 4.5 ma 
3.2 7 ma 

75000 50000 ohms 
4000 4100 ^mhos 
6000 5000 ohms 

8 8 per cent 
3.3 4.5 watts 

Maximum Circuit Values: 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation. . . 
For cathode-bias operation. 

0.1 maa: 
0.5 max 

megohm 
megohm 

PUSH-PULL CLASS ABl AMPLIFIER 
Maximum Ratings: (Same as for single-tube class At amplifier) 
Typical Operation with 12.6 Volts on Heater {Values are for two tubes): 
Plate Voltage  
Grid-No.2 Voltage  
Grid-No.1 Voltage  
Peak AF Grid-No.1-to-Grid-No.l Voltage  
Zero-Signal Plate Current  
Maximum-Signal Plate Current  
Zero-Signal Grid-No.2 Current  
Maximum-Signal Grid-No.2 Current    
Effective Load Resistance (Plate-to-plate)  
Total Harmonic Distortion  
Maximum-Signal Power Output    

volts 
volts 
volts 
volts 

ma 
ma 
ma 
ma 

ohms 
per cent 

watts 

Maximum Circuit Values: 
Grid-No. 1-Circuit Resistance: 

For fixed-bias operation. . .. 
For cathode-bias operation. 

0 .1 max megohm 
0.5 max megohm 
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AVERAGE CHARACTERISTICS' 

lb1 

type I2AB5 Efsl2.6 VOLTS 
6RI0-N22 VOIT&S250- 

| , 
-f-.m-mi voi-TS Eei»°- 

O <00 200 300 400 500 
P"TEV0LTS C2CM-6754T 

REMOTE-CUTOFF PENTODE H p 
Miniature type used as rf and if amplifier (a) (^) 

in automobile receivers operating from a 12- 
volt storage battery. Outline 11, OUTLINES (Ef [ ' 2 

| "J SECTION. Tube requires miniature seven-con- iY/f 
" V tact socket and may be mounted in any position. J/f I 

Heater-voltage range (ac/dc), 10 to 15.9; am- G3(£aAL/\T:y\7)u 
peres at 12.6 volts, 0.15. This type is used is 
principally for renewal purposes. vi/ <*1 

Maximum Ratings: CLASS Aj AMPLIFIER 
['late Voltage   30 max volts 
Grid No.3 (suppressor grid) Connm to cathode at socket 
Grid-No.2 (screen-grid) Voltage  30 ?naa! volts 
Cathode Current   20 max ma 
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  30 max volts 
Heater positive with respect to cathode.    30 max volts 

Characteristics with 12.6 Volts on Heater: 
Plate Voltage  12.6 volts 
Grid No.3 and Internal Shield  Connected to cathode at socket 
Grid-No.2 Voltage  12.6 volts 
Grid-No.l (Control-Grid) Supply Voltage  0 volts 
Grid-No.l Resistor (Bypassed)  2.2 megohms 
Plate Resistance (Approx.)  0.5 megohm Transconductance, Grid No.1 to Plate  730 Mmhoe 
Plate Current  550 pa. 
Grid-No.2 Current  200 na 
Grid-No.l Voltage (Approx.) for transconductance of 10 amhos  -5.2 volts 
Grid-No.S Voltage (Approx.) for transconductance of 10 jimhos  -3.7 volts 

  12.6 volts 
Connected to cathode at socket 
  12.6 volts 
  0 volts 
  2.2 megohms 
  0.5 megohm 
  730 Aunhos   550 A<a 

  200 Aia 
  -5.2 volts 
  -3.7 volts 

Maximum Circuit Value: 
Grid-No.1-Circuit Resistance  10 mux megohms 
•For longest life, it is recommended that the heater be operated within the voltage range of 11 to 14 volts. 

12AD6 

PENTAGRID CONVERTER 
Miniature type used as combined 

oscillator and mixer in low B+ vol- 
tage automobile radio receivers oper- 
ating directly from a 12-volt storage- 
battery system. Outline 11, OUT- 
LINES SECTION. Tube requires 
miniature seven-contact socket and 
may be mounted in any position. 
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Hli.VUOU-Yol/l.'AOH ItANGK (AC/DC)*  10.0 to 15.9 
Hjo.vtkk CruuF.NT (Approx.) at 12.6 volts. 

1 T iNTERFLECTRODE CAPACITANCES: 
Grid No.3 to AU Other Electrodes (RF Input)  
Plate to All Other Electrodes (Mixer Output)  
Grid No.l to Cathode, Heater, Plate, 

Grid No.5, and Grid No.3 (Oscillator Input)  
Grid No.2 and Grid No.4 to Cathode, Heater, Plate, 

Grid No.5, and Grid No.3 (Oscillator Output). . . Grid No.l to Grid No.2 and Grid No.4  
Grid No.3 to Plate  
Grid No.3 to Grid No.l  

Withou t 
External 
Shield 

7 

11 
2.2 
0.3 max 

0.15 max 

0.15 
With 

External 
Shield0 

11 
2 2 

0.26 max 
0.15 max 

•For longest life, it is recommended that the heater be operated wilhin the voltage range of 11 to 1 
- External shield connected to cathode. 

CONVERTER SERVICE 
Maximum Ratings, (Design-Maximum Values): 
Plate Voltage  16 max 
Gkii)s-No.2-and-No.4 (screen-grip) Supply Voltage  16 max 
Grids-No.2-and-No.4 Voltage  16 max 
Grip-No.3 (control-grid) Voltage: 

Negative bias value.     -16 max 
Positive bias value  0 max 

Total Cathode Current  20 max 
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  16 max 
Heater positive with respect to cathode  16 mux 

Typical Operation with 12.6 Volts on Heater (Separate Excitation)'. 
Plate Voltage  10.6 11 
Grids-No.2-and-No.4 Voltage     10.6 1! 
Grid-No.3 Supply Voltage  0 
Grid-No.1 (Oscillator-Grid) Voltage (peak to peak) ... 4.5 
Grid-No.3 Resistor   2.2 1 
Grid-No.1 Resistor  33000 33i 
Plate Resistance (Approx.)  0.5 i 
Conversion Transconductance  - ! 
Grid-No.3 Voltage (Approx.) for conversion 

transconduetance. of 5 /xmhos  — 

Grid-No.3 Voltage (Approx.) for conversion 
transconduetance of 0.5 /iinhos  

Plato Current  - 0 
Grids-No.2-aiid-No.4 Current  - 

Grid-No.1 Current  - 0 
Total Cathode Current  
Maximum Circuit Value: 
Grid-No.3-Circuit Resistance  

volts 
volts 
volts 
volts 

megohms 
ohms 

megohm 
jU mhos 

Grid-No.3-Circuit Resistance  10 max megohms 
NOTE: The transconduetance between grid No.l and grids No.2 and No.4 connected to plate (not 
oscillating) is approximately 3600 /imhos under the following conditions: heater at 12.6 volrs, grids 
No.2 and No.4 and plate at 12.6 volts, grids No.l and No.3 at 0 volts. Under the same conditions, the cathode current is 4.5 ma. and the amplification factor is 9.4. 

PTWIN DIODE— 
MEDIUM-MU TRIODE 

Pdi Miniature types used as combined 12AE6 
detector and af voltage amplifier in 

.T automobile radio receivers operating 12AE6—A 
from a 12-volt storage battery. Outline 
11, OUTLINES SECTION. Tube re- 

quires miniature seven-contact socket and may be mounted in any position. Type 
12AE6 is a DISCONTINUED type listed for reference only. 
Heater-'Voltage Range (ac/dc)•  10.0 to 15.9 volts 
Hkatku Current ( Approx.) at 12.6 volts  0.15 ampero 
•For longest life, it is recommended that the heater be operated within the voltage range of 11 to 11 volts. 

Maximum Ratings: TRIODE UNIT AS CLASS A, AMPLIFIER 
Plate Voltage  30 max volts 
Total Cathode Current  20 max ma 
Peak Heater-Cathode Voltage: 

Healer negative with respect to cathode   30 max volts 
Heater positive with respect to cathode *  30 max volts 
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AVERAGE PLATE CHARACTERISTICS TRIODE UNIT 
TYPE I2AE6-A Cf = 12.6 VOLTS 

IB 

Si 
Ha 

Charocferistics of 12AE6-A with 12.6 Volts on Heater: 
Plate Voltage  
Grid Voltage  
Grid Repistor  
Plate Resistance (Approx.)  
Transconductanee  
Amplitication Factor   
Plate Current  
Maximum Circuit Value: 
Grid-Circuit Resistance. . 
Maximum Rating: 
Platu Current (Each Unit) . 

DIODE UNITS 

12.6 12.6 volts - 0 volts 
10 - megohms 

20000 13000 ohms 
715 J 300 ^mhos 

14.3 16.7 
0.32 I ma 

10 -max megobms 

DUAL TRIODE 
HT 

Miniature type with medium-mu "n? n 
unit and low-mu unit; used as transis- (C--^ 
tor-driver in audio-output stage of Kt2Q/Ci_ 

I 2 At/ hybrid car radios. Outline 12, OUT- /Tjft""' 
LINES SECTION. Tube requires 
miniature nine-contact socket and may (iT~-- 
be operated in any position. pt2 

Heater Voltage (ac/dc)0  10 to 15.9 Heater Current (Approx.), at 12.6 volts  0.45 0 For longest, life, it is recommended that the heater be operated within the voltage range 
volts. 

CLASS Ai AMPLIFIER 
Characteristics with 12.6 Volts on Heater: Unit No. 1 Unit No. 2 
Plate Voltage  12.6 12.6 
Grid Resistor  1.5 1 
Amplification Factor  13 6.4 
Plate Resistance (Approx.)  3150 985 
Transconductance  4000 6500 
Plato Current  1.9 7.5 

volts 
ampere 

of 11 to 14 

volts 
megohms 

16 max volts 
16 max volts 

1.5 max megohms 

.. . n AUDIO DRIVER Maximum Ratings, (Each Unit): 
Plate Voltage  
Grid Voltage, Positive-bias value  
Pi,ate Dissipation*  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode. 
Heater positive with respect to cathode. 

Maximum Circuit Value: 
Grid-Circuit Resistance  
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HALF-WAVE VACUUM RECTIFIER 
(C/jy7 ZxnYV^iic Miniature type used as a damper 

M   U p tube in horizontal-deflection circuits 1 O A C Q 
•e(E\ K/\T aDic 0f television receivers employing se- 

ries-connected heater strings. Outline 
tcr M> 17, OUTLINES SECTION, except 

all vertical dimensions of this type are 1/8 inch greater. Heater volts (ac/dc), 12.6; 
amperes, 0.6; warm-up time (average), 11 seconds. Except for heater rating, this 
type is identical with miniature type 6AF3. 

REMOTE-CUTOFF PENTODE 
Miniature type used as if and rf 

/tzzz-Sy amplifier in automobile radio receivers 1 O A CZ. 
operating from a 12-volt storage bat- I ^J/VrO 

g '' tery. Outline 11, OUTLINES SEC- 
15 Q TION. Tube requires miniature seven- 

G| contact socket and may be mounted 
in any position. 

Heater-Voltage Hanue (ac/dc)®  10,0 to 15.9 volts Heater Current (Approx.) at 12.6 volts  0.15 amperes 
Direct Interelbctrode Capacitances: 

Crid NTo.l to Plate.    0.006 max uwf 
(iridNo.l to Cathode,Heater, Grid No.2,Grid No.3, and Internal Shield 5.5 uut Plate to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield.. 4.8 

•For longest life, it is recommended that the heater be operated within the voltage range of 11 to 14 voHs. 

CLASS Al AMPLIFIER 
Maximum Ratings: 
Plate Voltage  
(rRID-N0.3 (SUPPRESSOR GRID)  
Grid-No.2 (screen-grid) Voltage  
G rid-No. 1 (control-grid) Voltage, Positive-bias value  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  
Heater positive with respect to cathode  

Characteristics with 12.6 Volts on Heater: 
Plato Vollage  
Grid-No.3 and Internal Shield  
Grid-No.2 Voltage  
Grid-No..1 Supply Voltage  
Grid-No.1 Resistor (Bypassed)  Plate Resistance (Approx.)  
Transeonductanee  Grid-No.1 Voltage (Approx.) for transeonductanee of 10 /tmhos*. 
Plate Current  
Grid-No.2 Current  

12.6 VDltS 
ro carboil • a: s.x-ktrt 
12.6 it volts V o j t s 

2 2 mi'gohms 0.35 mi-guhm 1500 ,ooi)i»c 
-3.5 vohs 

1.1 ma 0.45 ma 
Maximum Circuit Value: 
Grid-No.l-Circuit Resistance  

With grid No.l connected to grid No.3 and grid No.l resistor^O. 
2.2 iitax mop1 

MEDIUM-MU TWIN TRIODE 
Glass octal tube used as audio amplifier in 

radio equipment. Outline 22, OUTLINES SEC- 
TION, except over-all length is 3-1/16 max 
inches and seated length is 2-1/2 inches. Tube 1 O Al LJ "7 T 
requires octal socket. Heater volts (ac/dc), 12.6; ■ i# I 
amperes, 0.15. Characteristics and maximum 
ratings (each unit) as class Ai amplifier: plate 
volts, 180 max; grid volts, -6.5; amplification 
factor, 16; transeonductanee, 1900 ^mhos; plate 
resistance (approx.), 8400 ohms; plate ma., 7.6. 
This type is used principally for renewal purposes. 
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TWIN DIODE— 
HIGH-MU TRIODE 

Miniature type used as combined detector 
and af voltage amplifier in automobile radio re- 

_ ^ « | m ceivers operating from a 12-volt storage battery. 
| X AJO Outline 11, OUTLINES SECTION. Tube re- 

quires miniature seven-contact socket. Heater- 
voltage range (ac/dc), 10 to 15.9 volts; amperes 
at 12.6 volts, 0.15. Characteristics with heater 
volts of 12.6 and maximum ratings of triode 
unit as class Ai amplifier: plate volts, 12.6 (30 

v/m.n ; grid volts, 0; amplification factor, 55; plate resistance (approx.), 45000 < 
1200 /irnhos; plate ma., 0.75; total cathode ma., 20 max,', peak heater-cathode a 
miing of each diode unit: plate ma., 1 max. This type is used principally for 

TWIN DIODE 
Miniature, high-perveance type « k.d2 

used as detector in FM and television 
circuits. It is especially useful as a HG//n~ 

1 O AL5 ratio detector in ac/dc FM receivers. ( ,—,,—.'v] 
Outline 9, OUTLINES SECTION. 
Heater volts (ac/dc), 12.6; amperes, ' 
0.15. Except for heater rating, this 4, 
type is identical with miniature type 
6AL5. 

MEDIUM-MU TRIODE— 
POWER TETRODE 

1 O A I O Miniature type used in automo- T iSitVy 
IxALo bile-radio receivers operating from a 

12-volt storage battery. The triode unit 
performs the trigger function and the U v) 
tetrode unit performs the relay-actua- Pt t 

ting function in automatic station-selection circuits. The triode unit is also used for 
AM-signal detection and af amplification; the tetrode unit is used as a driver for a 
transistorized af power-output stage. Outline 14, OUTLINES SECTION. Tube 
requires miniature nine-contact socket and may be mounted in any position. 

HRVmt-YoLTAtlE Kange (AC/DC)*   . 10 . 0 to 1 5 . h volts 
Heatek Cukubnt (Approx.) at 12.6 volts  amptuv 
Diuect Intterei,ectuode Capacitances: 
Triode Unit: 

(1 rid to Plate  5.7 p/d 
Grid to Cathode and Heater  1.8 wi 
Plate to Cathode and Heater  0.4 y/d' 

Tetrode Unit: 
Grid No.2 to Plate  14 mm1 

Grid No.2 to Cathode, Healer, and Grid Xo.l  13 um!' 
Plate to Cathode, Heater, and Grid Xu.l  1.6 a/d 

Tetrode Grid No.2 to Triode Grid  0.01, /itii.c 
• For longest life, it is recommended that the heater be operated within the voltage range of 11 to 1 1 volts. 

14 
13 

1.6 
0.01 /ita.c 

ange of 111 

CLASS Ay AMPLIFIER 
Maximum Ratings: 
Plate Voltage  
Gitij)-No.2 (control-grid) Voltage  
Grid-No.1 (space-ciiakge-grid) Voltage (Absolute 

Maximum)"  
Cathode Current   
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  
Heater positive with respect to cathode   

Triode Tnit Tetrode Unit 
30 itKi.r 30 iH.u.r volts 
- -20 max volts 

16 max volts 
20 max - ma 
30 max 30 max volts 
30 max 30 max volts 
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Characteristics with 12.6 Volts on Heater: 
Plate Voltage  
Control-Grid Voltage (Developed across 2.2-megohm resistor): 

Grid  
Grid-No.2  

Grid-No.3 (Space-Charge-Grid) Voltage  
Amplification Factor: 

Grid to Plate    
Grid No.2 to Plato  

Plato Resistance (Approx.)   
Transeonductance: 

Grid to Plate  
Grid No.2 to Plate  

Plate Current  
Grid-No.1 Current  

Triode Unit Tetrode Unit 

Maximum Circuit Values: Triode Unit 
Grid No.2-Circuit Resistance  - 
Grid-Circuit Resistance  10 max 
■ Under no circumstances should this absolute maximum value be exceeded. 

Tetrode Unit 
10 max megohms 

megohms 

beam power tube 
hQ(Y rr:^Xs)G2 Miniature type used as output 1 <"| A C 

(\lL • amplifier primarily in automobile ra- IxAvfO 
xaDg, dio receivers operating from a 12-volt 

ss storage battery. Outline 13, OUT- 
LINES SECTION. Heater volts 

(ac/dc), 12.6; amperes, 0.225. Except for heater rating, this type is identical with 
miniature type 6AQ5. Within its maximum ratings, the performance of the 12AQ5 
is equivalent to that of the larger type 12V6-GT. 

TWIN DIODE— 
HIGH-MU TRIODE 

Miniature type used as combined 
detector, amplifier, and avc tube in 
compact ac/dc radio receivers. Out- 
line 11, OUTLINES SECTION. Heat- 
er volts (ac/dc), 12.6; amperes, 0.15. 
Except for heater rating, this type is 
identical with miniature type 6AT6. 

T2AT6 

HT2(4p^6)PTl HIGH-MU TWIN TRIODE 
KT20/ta—LVvrf7' Miniature type used as push-pull 10 T 7 

~fw"" ;--jr cathode-drive amplifier or frequency I jL.f\ I / 
GT2C\KytC"y©KTi converter in the FM and television 

(j\—broadcast bands. Outline 12, OUT- 
er^ Mim LINES SECTION. Tube requires 

miniature nine-contact socket and may be mounted in any position. Each triode 
unit is independent of the other except for the common heater. For typical oper- 
ation as a resistance-coupled amplifier, refer to RESISTANCE-COUPLED AM- 
PLIFIER SECTION. 
Heater Arrangement: Series Piirallel 
Heater Voltage (ac/dc)  <5.3 volts 
Heater Current  0.3 ampere 

Without With External External 
Direct Interelectrode Capacitances: Shield Shield* 
Grid-Drive Operation: 

Grid to Plate (Each unit)    1.5 MM! 
Grid to Cathode and Heater (Each unit)  2.2 uui 

Plate to Cathode and Heater: 
Unit No.l  1.2 wf 
Unit No.2    1.5 uui 

327 



RCA Receiving Tube Manual 

Cat hodo-Drive Operation: 
Cathode to Plate (Each unit)  
Cathode to Grid and Heater (Each unit). Plato to Grid and Heater (Each unit).. . . 

Healer to Cathode (Each unit)  A With external shield connected to cathode of unit under test except as noted. 
■ With external shield connected to grid of unit under test. 
• With external shield connected to ground. 

Maximum Ratings: CLASS A' AMPLIFIER (Each Unit) 
l'L.\Th Voltage  
Gun) Voltage, Negative bias value  
'Plate Dissipation  
Peak Heateii-Cathode Voltage: 

Heater negative with respect to cathode  
Heator positive with respect to cathode  

Characteristics: 
Plate Supply Voltage  
Cathode-Bias Resistor  
Amplilication Factor  
Plate Uesistance (Approx.)  
Transconductance  
Grid Voltage ("Approx.) for plate current of 10 ^a. 
Plato Current  

300 max 
-50 max 
2.5 max 

AVERAGE PLATE CHARACTERISTICS FOR EACH UNIT 
TYPE I2AT7 
Ef = 12 6 VOLTS 

HE 

I 

a a a 

a 

300 400 PLATE VOLTS 

12AU6 

SHARP-CUTOFF PENTODE 
Miniature type used in compact 

ac/dc radio equipment as an rf ampli- 
fier especially in high-frequency, wide- 
band applications. Outline 11, OUT- 
LINES SECTION. Heater volts 
(ac/dc), 12.6; amperes, 0.15. Except 
for heater rating, this type is identi- 
cal with miniature type 6AU6. 

12AU7 

12AU7-A 

MEDIUM-MU TWIN TRIODE 

Miniature types used as phase in- 
verter or push-pull amplifier in ac/dc 
radio equipment and in diversified 
applications such as multivibrators or 
oscillators in industrial control de- 

vices. Also used as combined vertical oscillator and vertical deflection amplifier, 
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and as horizontal deflection oscillator, in television receivers. The 12AU7-A is also 
useful in applications critical as to microphonics. Outline 12, OUTLINES SEC- 
TION. Tubes require miniature nine-contact socket and may be mounted in any 
position. Each triode unit is independent of the other except for the common 
heater. For typical operation as a resistance-coupled amplifier, refer to RESIST- 
ANCE-COUPLED AMPLIFIER SECTION. Type 12AU7 is a DISCONTIN- 
UED type listed for reference only. 
11 T Fill A UK A N GEME N T1 Series Parallel 
/Ieater Voltage (ac/dc)  12.6 6.3 VolfS 
Heater Current  0.15 0.3 m npere 
1 mkkot Interelectrode Capacitances for 12AU7-A (Approx.): Unit No.l ' 'nii No.'l 

Crid to Plate  1.5 1.5 ,pt' 
Grid to Cathode and Heater  1.6 1.6 ifi Plato to Cathode and Heater  0.5 o 35 ;^r 

CLASS Aj AMPLIFIER (Each Unit Unless Otherwise Spcciftcl J 
Maximum Ratings for 12AU7-A, (Desxyn-Maxxmutn Values): 
1 'LATE VOLTAGE  330 max volls 
Plate Dissipation: 

Kach Plate     2.75 max waits 
Both Plates (Both units operating)  5.5 max wal is 

Cathode Current  22 max ma 
Peak. Heater-Cathode Voltage: 

Heater negative with respect to cathode  200 max vnhs 
Heater positive with respect to cathode  2(U)*max Volt? 

• The de component must not exceed 100 volts. 
Characteristics for 12AU7-A: 
Plate Voltage  100 250 Vo|(S 
Grid Voltage    0 S.5 Volts 
Amplification Factor  19.5 17 
Plate Resistance (Approx.)  6250 7700 ohms 
Transeonduetanee  3100 2200 . mhos 
Plate Current    11.8 10. o ma 
Grid Voltage (Approx,) for plate   - •24 volts 
Maximum Circuit Values: 
Grid-Circuit Resistance: 

For fixed-bias operation  0 25 max rm ■gohm 
For cathode-bias operation  1 . 0 max m< 'gninn 

OSCILLATOR (Ea^h Unit, Unless Otherwise Specified) 
For operation in a 525-line, 30-frame system 

Vertical- ilorizontal- 
Deflection Deflectivn 

Maximum Ratings for 12AU7-A, (Design-Maximum Values): Oscillator Oscillator 
DC Plate Voltage  330 max 330 max VollS 
Peak: Negative-Pulse Grid Voltage    -440 max -660 max volts 
Peak Cathode Current  66 max 330 max ma 
Werage Cathode Current  22 max 22 max ma 
Plate Dissipation: 

Each Plate  2.75 max 2.75 max wai I s 
Both Plates (Both units operating)  5.5 max 5.5 max waits 

Peak Heater-Cathode Voltage: 
Heater negative with respect to cathode  200 max 200 max volts 
Heater positive with respect to cathode  2Q0mmax 2Qfimmox volts 

Maximum Circuit Value: 
Grid-Circuit. Resistance  2.2 max 2.2 max met inhms 

VERTICAL-DEFLECTION AMPLIFIER (Each Unit Unless Otherwise Specified) 
For operation in a 525-line, 50-frame system 

Maximum Ratings for 12AU7-A, (Design-Maximum Values): 
DC Plate Voltage.       330 max Vi .Its 
Peak Positive-Pulse Plate Voltage#   1200 max volts 
Peak Negative-Pulse Grid Voltage  -275 max volts 
Peak Cathode Current   66 max ma 
Average Cathode Current    22 max ma 
Plate Dissipation-. 

Each Plate  2 .75 max watts 
Both Plates (Both units operating)  5.5 max watts 

Flak Heater-Cathode Voltage: 
Heater negative with respect to cathode.    200 max Volts 
Heater positive with respect to cathode  200*ma:r volts 
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Maximum Circuit Values: 
Grid-Circuit Resistance: 

For cathode-bias operation  2.2 wax megohms 
Tlht; duration of the voltage pulse must not exceed 15 per cent of one vertical scanning cycle. In a 
52ij-line, 30-frame system, 15 per cent of one vertical scanning cycle is 2.5 milliseconds. 
* The dc component must not exceed 100 volts. 

AVERAGE PLATE CHARACTERISTICS 
EACH UNIT 

TYPE I2AU7-A Ef = 12.6 VOLTS SERIES HEATER  ARRANGEMENT " 

w/mmmm 

300 400 PLATE VOLTS 

BEAM POWER TUBE 
_ _ _ _ . _ _ _ Glass octal type used as horizontal \ 
12 A V deflection amplifier in television receiv- I F1''") ) 

ers employing series-connected heater 
strings. Outline 33, OUTLINES SEC- Cn~'7a) 
TION. Heater volts (ac/dc), 12.6; am- e, G2 

peres, 0.6; warm-up time (average), 11 seconds. Except for heater rating, this type 
is identical with glass octal type 6AV5-GA. 

TWIN DIODE— H©-_©P02 

HIGH-MU TRIODE H(3/7^V)®eD, 
_ _ _ . . _ Miniature type used as combined (\ r—J X) 
12 A V 6 detector, amplifier, and avc tube in /© 

automobile and ac-operated receivers. K PT 

Outline 11, OUTLINES SECTION. gt^ 
Heater volts (ac/dc), 12.6; amperes, 

0.15. Except for heater rating, this type is identical with miniature type 6AV6. 

MEDIUM-MU TWIN TRIODE HT| 
Miniature type used as frequency converter ,^T2/-n (£) /^\pTj 

m m * g^W tuners of television receivers. Also used 
| 2 £x\m j as rf amplifier, oscillator, or mixer. Outline 12, 
" * OUTLINES SECTION. Tube requires minia-  lAI^ 

ture nine-contact socket. Heater volts (ac/dc), —'1— 
12.6inseriesarrangement,6.3 in parallel arrange- 
ment; amperes, 0.225 (series), 0.45 (parallel). 
Maximum ratings as class Ai amplifier (each PTg 
unit): plate volts, 300 max; negative dc grid 

volts, -50 max; plate dissipation, 2.7 max watts; peak heater-cathode volts, 90 max. This type is used 
principally for renewal purposes. 
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Characteristics: C.LAbb Ai AMI 
Plate Supply Voltage  
Cathode-Bias Resistor   
Amplification Factor  
Plate Resistance CApprox.)  
Tranfiroiuiuetanre  
Plate Current   
Grid V oh age 1 Apprnv.) for plate current of 10 

CLASS Ai AMPLIFIER (Each Unit) 
100 150 volts 
120 56 ohm- 37 41 

6100 4800 ohm> 
6100 8500 ^mhos 

9 18 m:; 
-9 -12 volts 

SHARP-CUTOFF PENTODE 
Hhy r^=iXhG2 Miniature type used as an rf or if 10 A \A/A 

(\ amplifier up to 400 megacycles in com- IA/WVO 
k(EXaL/^J Xz)G pact ac/dc FM receivers. Outline 11, 

15 OUTLINES SECTION. Tube re- 
Ci quires miniature seven-contact socket. 

Heater volts (ac/dc), 12.6; amperes, 0.15. Except for heater ratings and terminal 
connections, this type is identical with miniature type 6AG5. 

HALF-WAVE VACUUM RECTIFIER 12AX4-GT 
p Glass octal types used as damper 

^—-~T tubes in horizontal deflection circuits 12^^X4** 
Krjsy' J_ A of television receivers. Types 12AX4- 

y-S,-, ) OTA and 12AX4-GTB have a con- GTA 
(Tk /v -h?) trolled heater warm-up time for use in H series-connected heater strings. Out- | V A X4-" 

(2T,r©H line 22, OUTLINES SECTION. These 
,c types may be supplied with pin No. 1 QJB 

omitted. Heater volts (ac/dc), 12.6; 
amperes, 0.6; warm-up time (average) for 12AX4-GTA and 12AX4-GTB, U 
seconds. Except for heater rating, these types are identical with glass octal type 
6AX4-GT. Type 12AX4-GT is a DISCONTINUED type listed for reference only. 

Ht20®^)PTi HIGH-MU TWIN TRIODE 
Ay-n Miniature types used as phase in- 10AY7 

M/l vV-^ verter or twin resistance-coupled am- I AAA/V/ 
fCT (I\u3ivyfeWri plifi01" in radio equipment. The 12AX7 "l O A Xf "T A 

2 ' is also used in diversified applications I 
rig ^hm_ such as multivibrators or oscillators in 

industrial control devices. Type 12AX7-A has controlled hum and noise character- 
istics and is used in high-fidelity audio-amplifier applications. Outline 12, OUT- 
LINES SECTION. Tube requires miniature nine-contact socket and may be 
mounted in any position. Each triode unit is independent of the other except for 
common heater. For characteristics and curves, refer to type 6AV6. For typical 
operation as a resistance-coupled amplifier, refer to RESISTANCE-COUPLED 
AMPLIFIER SECTION. 

Heater Arrasgement: 
Heater Voltage (ac/dc). 
Heater Current  

Direct Istkuet.gctrode Capacitances (Approx.):0 

Grid to Plato : Kaeh unit)   
Grid to Cathode and Heater (Each unit)  
Plate to Cathode and Heater  0Wiihnul external shield. 

Unit No. 1 
1.7 
1.6 

0.46 

Unit No. 2 
1.7 
1.6 0.0-1 
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CLASS A, AMPLIFIER iKach Unit) 
Maximum Ratings, (Design-Maximum Values:) 
Plate Voltage    330 max 
Plate Dissipation  1.2 max 
Dkjd Voltage: 

Negative-bias value  -55 max 
Positive-bias value  0 max 

Peak Heater-Cathode Voltage: 
Heater negative with respect to cathode  200 max 
Heater positive with respect to cathode    200«max 

"The dc component must not exceed 100 volts. 

Equivalent Noise and Hum Voltage, (Reference to Grid, Each Unit):* 
Average Value  18 pvolts rras 
• Measured in "true rms" units under the following conditions: Heater voltage (parallel connection), 
'■>. 3 volts ac; center tap of heater transformer grounded; plate supply voltage, 250 volts dc; plate load 
resistor, 100000 ohms; cathode resistor, 2700 ohms bypassed by 100-^f capacitor; grid resistor, 0 ohms; nod amplifier covering frequency range between 25 and 10000 cps. 

HALF-WAVE VACUUM RECTIFIER 
_ _ _ „ _ Novar type used as damper tube lc(jyTf_lIzVV7)p 

I ji/Ki O in horizontal-deflection circuits of A/ <—4, FT 
black-and-white television receivers. p(E\_/V! /®ic 
Tube has controlled warm-up time for 
use in series-connected heater strings. ic k 

Outline 54, OUTLINES SECTION. Heater volts (ac/dc), 12.6; amperes, 0.6; 
warm-up time (average), 11 seconds. Except for heater rating, this type is iden- 
tical with novar type 6AY3. 

MEDIUM-MU TWIN TRIODE HT20^>©Pt' 
Miniature type used in the first 

"I O A V'T stages of high-gain audio-frequency -fii -yj 
IAA% I f amplifiers where reduction of micro- 

phonics, leakage noise, and hum are 0T2 KT' 
primary considerations. Outline 12, hm 

OUTLINES SECTION. Tube requires miniature nine-contact socket and may be 
mounted in any position. Each triode unit is independent of the other except for the 
common heater. Use of the 12.6-volt connection with an ac heater supply is not 
recommended for applications involving low hum. For typical operation as a 
resistance-coupled amplifier, refer to RESISTANCE-COUPLED AMPLIFIER 
SECTION. 

Heater Arrangement: 
Heater Voltage (ac/dc)  
Heater Current  
\mplification Factor (Each unit)*  
Pi.ate Keristance (Each unit, approx.)*  
Tran'sconductance*   
* Fop plate volts, 250; grid volts, -4; plate ma., 3. 

CLASS Ai AMPLIFIER (Each Unit) 
Maximum Ratings: 
Plate Voltage  300 urar volts 
Cum Voltage: 

Negative bias value  
Positive bias value  

Plate Dissipation  
<'athode Current  
Peak Heater-Cathode Volts: 

floater negative with respect to cathode  90 wax volts 
Heater positive with respect to cathode  90 wax volts 

-oO wax volts 
0 wax volts 

1 5 max watts 
10 max ma 
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HT2Q-^>©PT' high-mu twin triode 
Kts(^W=l_ XV)0t' Miniature types used in direct- 12AZ7 

($-" """fj coupled cathode-drive rf amplifier cir- 
cuits of vhf television tuners. Outline TO A 77—A 

CT2 (TWr^TT) T' 12, OUTLINES SECTION. Tubes re- 
era ^hm quire miniature nine-contact socket 

and may be mounted in any position. Heater volts (ac/dc): 12.6 in series arrange- 
ment, 6.3 in paralled arrangement; amperes, 0.225 (series), 0.45 (parallel); warm- 
up time (average), 12AZ7-A, 11 seconds. For characteristics, class A, amplifier, 
refer to miniature type 12AT7. 

Direct Interelectrode Capacitances (Approx.): Sf 
Grid to Plato (Each unit)  
Grid to Cathode and Heater (Each unit)  S 

Plate to Cathode and Heater: 
Unit No.l  0. 
Unit NTo.2  0. 4 With external shield connected to cathode of unit under teat. 

CLASS Ai AMPLIFIER {Each Uwirt 

Without 
External 

Shield 
2 

2.d 

With 
External 
ShieldA 

1.9 
2.8 

Maximum Ratings: 
Plate Voltage  
Grid Voltage, Negative-biae value  Plate Dissipation  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode.... 
Heater positive with respect to cathode. . . . 0 The do component must not exceed 100 volta. 

Ma ximum Circuit Values (Each Unit): 
Grid-Circuit Resistance: 

For fixed-bias operation  
For cathode-bias operation  

UIAZ? 12AZ7-A 
Design-Center Design-Mari- 

Values mum Values 
200 max 230 max 

— 55 mar 
2.5 mar 

— 50 max 
2.5 max 
200 max 
200emax 

200 max 
200° max 

0.25 max megohm 
1 max megohm 

HQJ4r6)NC LOW-MU TRIODE 
Hm(?/ \ _crjVi0c Miniature type having high per- 10R4—A 

) veance used as vertical deflection am- 
0©Cwlvl y®Nc phfier in television receivers. This type 

(tftZ—0 has a controlled heater warm-up time 
* p for use in series-connected heater 

strings. Outline 14, OUTLINES SECTION. Tube requires miniature nine-coinaci 
socket and may be mounted in any position. 
Heater Arrangement: Scries Parallel 
Heater Voltage (ac/dc)  12.6 6.3 volts 
Heater Current  0.3 0.6 ampere 
Heater Warm-Up Time (Average)  - 11 seconds 

CLASS Ai AMPLIFIER 
Maximum Ratings: 
Plate Voltage   
Grid Voltage, Negative-bias value  
Piate Dissipation  
Peak Heater-Cathode Voltage; 

Heater negative with respect to cathode  
Heater positive with respect to cathode. .    

Characteristics: 
Plate Voltage  
Grid Voltage  
Amplification Factor  
Plate Resistance (Approx.)  Transconductance     
Plate Current  
Grid Voltage (Approx.) for plate current of 200 pa. 
Plate Current for grid voltage of-23 volts  

550 max 
-50 maz 
5.5 max 
200 max 
200omax 
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Maximum Circuit Values: 
(JruJ-Circuit Resistance: 

For fixed-bias operation. ... 
For cathode-bias operation. 

0,47 max megohm 
2,2 max megohms 

VERTICAL DEFLECTION AMPLIFIER 
For operation in a 525-line, SO-frame system 

Maximum Ratings: 
DC Plate Voltage  
Peak Positive-Pulse Plate Voltage# (Absolute Maximum)  
Peak Negative-Pulse Grid Voltage  
Peak Cathode Current   
average Cathode Current  
Plate Dissipation  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  
Heater positive with respect to cathode  

550 max 
10OOfmax -250 max 

105 max 
30 max 

5.5 max 
200 max 
200° max 

Maximum Circuit Value: 
Grid-Circuit Resistance: 

For cathode-bias operation  2.2 max megohms 
#The duration of the voltage pulse must not exceed 15 per cent of one vertical scanning cycle. In a 
525-line, 30-frame system, 15 per cent of one vertical scanning cycle is 2.5 milliseconds, 
t Under no circumstances should this absolute value be exceeded. 51 The do component must not exceed 100 volts. 

TRIODE—PENTODE pt 
Glass octal type used as combined detector 

and rf or if amplifier in ac/dc receivers. Heater 
1 O DO volts (ac/dc), 12.6; amperes, 0.3. Characteristics riizllrr- /p 

of triode unit: plate volts, 90; grid volts, 0; ( 1"J
[ JJ) 

amplification factor, 90; plate resistance, 37000 
ohms; transconductance, 2400 Mmh08! plate ^ 
ma., 2.8. Characteristics of pentode unit: plate G^pCl/'vS/CT 
volts, 90; grid-No.2 volts, 90; grid-No.l volts, 

-3; plate resistance, 200000 ohms; transconductance, 1800 ^mhos; plate ma,, 7; grid-No.2 ma., 2. This Is 
a DISCONTINUED type listed for reference only. 

REMOTE-CUTOFF PENTODE h 

Miniature type used as rf ampli- 
10 R A A fier in ac/dc standard broadcast re- JYj ^ll_. ■AO^AO ceivers, in FM receivers, and in other r.]vSA\L^J~AZA< 

wide-band, high-frequency applica- 13 0=^ 
tions. Outline 11, OUTLINES SEC- ci 

TION. Heater volts (ac/dc), 12.6; amperes, 0.15. Except for heater ratings, this 
type is identical with miniature type 6BA6. 

12BA7 

PENTAGRID CONVERTER 
Miniature type used as converter in ac/dc 

superheterodyne circuits especially those for the 
FM broadcast band. Outline 14, OUTLINES 
SECTION. Heater volts (ac/dc), 12.6; am- 
peres, 0.15. Except for heater rating, this type 
is identical with miniature type 6BA7. Type 
12BA7 is used principally for renewal purposes. 

12BD6 

REMOTE-CUTOFF PENTODE 
Miniature type used as rf or if amplifier in 

radio receivers. Outline 11, OUTLINES SEC- 
TION. Heater volts (ac/dc), 12.6; amperes, 
0.15. Except for heater rating, this type is 
identical with miniature type 6BD6. Type 
12BD6 is used principally for renewal purposes. 
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PENTAGRID CONVERTER 
Miniature type used as converter 

in ac/dc receivers for both standard 
broadcast and PM bands. Outline 11, 
OUTLINES SECTION. Heater volts 
(ac/dc), 12.6; amperes, 0.15. Except 
for heater rating, this type is identical 
with miniature type 6BE6. 

TWIN DIODE— 
02 MEDIUM-MU TRIODE 

I "fTrVr''01 Miniature type used as combined lORFA (i !pi:J/U detector, amplifier, and avc tube IXDi O 
K -'y px primarily in automobile radio receiv- 

rn— ers operating from a 12-volt storage 
GT batt ery. Out line 11, OUTLINES SEC- 

TION. Heater volts (ac/dc), 12.6; amperes, 0.15. Except for heater rating, this type 
is identical with miniature type 6BF6. 

HT2©^)PT' MEDIUM-MU TWIN TRIODE 
KTa^ ZL. _2vv7)Ct' Miniature types used as combined 12BH7 
 "[] vertical deflection amplifiers and ver- 

c ^ca' osci"ators, and as horizontal de- 12BH7-A flection oscillators, m television receiv- 
PTa hm ers. Type 12BH7-A has a controlled 

heater warm-up time for use in series-connected heater strings. These types are also 
used in other applications including phase-inverter circuits and multivibrator cir- 
cuits. Outline 14, OUTLINES SECTION. Tubes require miniature nine-contact 
socket and may be mounted in any position. Each triode unit is independent of the 
other except for the common heater. Type 12BH7 is a DISCONTINUED type 
listed for reference only. 

Heater Arrangement: Seriez Parallel 
Heater Voltage (ac dc)  12.6 6.3 volts 
Heater Current  0.3 0.6 ampere 
Heater Warm-Up Time (Average) forl2BH7-A  .... — 11 seconds 
Direct Intukelectrode Capacitances (Appro*.): Unit No.l Unit No.2 

Gri<l to Plate   2.6 2.6 Wif 
Grid to Cathode and Heater  3.2 3.2 Mpf 
Plate to Cathode and Heater  0.5 0.4 ijfti 
Plato of Unit No.l to Plate of Unit No.2  0.8 MM* 

CLASS A, AMPLIFIER (Each Unit) 
Maximum Ratings: 
Plate Voltage  
Grid Voltage: 

Negative-bias value ,     
Positive-bias value    

Cathode Current   
Plate Dissipation: 

Each Plate  
Both Plates (Both units operating)  

Peak Heater-Cathode Voltage: 
Heater negative with respect to cathode  
Heater positive with respect to cathode  

■ The dc component must not exceed 100 volts. 

-SO ?Hax 
0 max 

20 max 

3.5 max 
7 max 

200 max 
200BLnax 
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Characteristics: 
I Mate. Voltage  
(Irid Voltage    
Amplification Factor  
riate Resistance (Approx.)     
Tranvssconductance  
(irid Voltage (Approx.) for plate current of 50^a. 
Plate Current  
Plate Current for grid voltage of -14 volts  
Maximum Circuit Values; 
(i fid-Circuit Resistance: 

For fixed-bias operation  
For cathode-bias operation  

OSCILLATOR (tfacfc Vnif) 
For operation in a 525-line, SO-frame system 

Vertical 
Deflection Maximum Ratings: Oscillator 

I >C Plate Voltage  450 max 
Pkak Nkgative-Pulse Grid Voltage  -400 max 
I'jvMv Cathode Current       70 max 
wkhage Cathode Current  20 max 
I'i.atk Dissipation: 

Faeh Plate    3.5 max 
Uoih Plates (Both units operating)  7 max Heater-Cathode Voltage: 
Heater negative with respect to cathode  200 max 
Heater positive with respect to cathode  200omax 

Maximum Circuit Values: 
' '.n<M'ifuit Resistance  2.2 max 

VERTICAL DEFLECTION AMPLIFIER (Each Unit) 
Maximum Ratings: For operation in a 525-linet 80-frame system 

0.25 max 
1.0 max 

Horizontal 
Deflection 
Oscillator 
450 max 

-ROO max 
300 max 

20 max 
3.5 max 

7 max 
200 max 
200° max 

megohm 
megohm 

Maximum Ratings: For operation in a 525-linet SO-frt 
DC Plate Voltage  
Peak Positive-Pulse Plate Voltage# (Absolute maximum) 
Peak Negative-Pulse Grid Voltage   
Peak Cathode Current  
average Cathode Current  
Plate Dissipation: 

Bach Plate  
Both Plates (Both units operating)  

peak Heater-Cathode Voltage: 
Heater negative with respect to cathode   
Ih ater positive with respect to cathode   

2.2 max megohms 

450 max 
loOOmmax 
-250 max 

70 max 
20 max 

200 max 
200° max 

AAaximum Circuit Value: 
(irid-Circuit Resistance: 

For cathode-bias operation  2.2 max 
The duration of the voltage pulse must not exceed 15 per cent of one vertical scanning 

VJ.'i-line, 30-frame system, 15 per cent of one vertical scanning cycle is 2.5 milliseconds. 
■ in dor no circumstances should this absolute value be exceeded. 

Tim do component must not exceed 100 volts. 
AVERAGE PLATE CHARACTERISTICS  EACH TRIOOE UNIT      

megohms 
cycle. In a 

TYPE 12BH7-A Ef a 12.6 VOLTS 
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h BEAM POWER TUBE 
Miniature type used in audio output stages G'^y p—11 Vt) of television and radio receivers employing _ 

series-connected heater strings. Outline 14, lODIf C 
J (f^trsUv OUTLINES SECTION. Heater volts (ac/dc), IADIXiJ 

12.6; amperes, 0.6; warm-up time (average), 11 
seconds. Peak heater-cathode volts, 200 max. 

(jj \2J "When the heater is positive with respect to the 
p cathode, the dc component of the heater-cath- 

ode voltage must not exceed 100 volts. Except 
for heater and heater-cathode ratings, this type is identical with miniature type 6BK5. Type 12BK5 
is used imncipally for renewal purposes. 

REMOTE-CUTOFF PENTODE 
Miniature type used as if and rf 

amplifier in automobile radio receivers 
operating from a 12-volt storage bat- 
tery. Outline 11, OUTLINES SEC- 
TION. Tube requires miniature seven- 
contact socket and may be mounted in 
any positicn. 

12BL6 

Heater-Voltage Range iac, do)*  10.0 to 15.9 volts 
Heater Current (Approx.) at 12.6 volts  0.15 ampere 
•Forlongestlife,it is recommended that the heater be operated within the voltage range of 11 to 14 volts. 
Direct Interelectrode Capacitances:* 

Grid No. 1 to Plate  0.006 max vmI 
Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield 5.5 ^f 
Plate to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield.. 4.8 uyf 

* With external shield connected to cathode. 

Maximum Ratings: CLASS Ai AMPLIFIER 
Plate Voltage  30 max volts 
Grid No.3 ^suppressor grid) Connect to cathode at socket 
Gbid-No.2 (screen-grid) Voltage  30 max volts 
Gkid-No.1 (control-grid) Voltage, Positive bias value  0 max volts 
Cathode Current  20 max ma 
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  30 max volts Heater positive with respect to cathode  30 max volts 
Typical Operation with 12.6 Volts on Heater: 
Plate Voltage    
Grid No.o and Internal Shield  Con: 
Grid-No,2 Voltage  
Grid-No.1 Supply Voltage  
Grid-No.l Resistor. .    
Plate Resistance (Approx.)  
Transconduetance  
Grid-No.l Voltage (Approx.) for transconduetance of 10 /imhos  
Grid-No.l andGnd-No.3 Voltage (Approx.) for transconduetance of 10/imhos 
Plate Current  
Grid-No.2 Current  
Maximum Circuit Value: 
Grid-No.l-Circuit Resistance. .      

  12.6 
Connected to cathode 
  12.6 

volts 
at socket 

volts 
volts 

megohms 
megohm 

emhos 
volts 
volts 

10 max megohms 

BEAM POWER TUBE 
12BQ6-GTB 

( ) Glass octal type used as horizontal / _ _ _! I , 
hCEa^-vVkaDh deflection amplifier in television re- / |2GUO ceivers employing series-connected 

^ heater strings. Outline 30, OUTLINES 
^3 SECTION. This type may be supplied 

with pin No.l omitted. Heater volts (ac/dc), 12.6; amperes, 0.6; warm-up time 
(average), 11 seconds. Except for heater rating, this type is identical with glass 
octal type 6BQ6-GTB 6CU6. 
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TWIN DIODE—HIGH-MU TRIODE 
Miniature type used as combined sync sep- 

arator and horizontal phase detector in tele- 
- ^ n n av vision receivers. Outline 12, OUTLINES SEO 

TION. Tube requires miniature nine-contact ■ ^ ^ 8^* socket and may be mounted in any position. 
Heater volts (ac/dc): 12.6 in series arrange- 
ment, 6.3 in parallel arrangement; amperes, 
0.225 (series), 0.45 (parallel). For maximum 
ratings, characteristics, and curves for triode 
unit, refer to type 12AT7. Type 12BR7 is used 
principally for renewal purposes. 

Maximum Ratings, {Each Unit): DIODE UNITS 
I'KAK iNVISKSE PLATE VOLTAGE  
Peak Plate Current  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  
Heater positive with respect to cathode  

■ The de component must not exceed 100 volts. 
200 max 
2QQmmaz 

12BV7 

SHARP-CUTOFF PENTODE 
Miniature type used as video amplifier in 

television receivers. Outline 14, OUTLINES 
SECTION. Tube requires miniature nine-con- 
tact socket and may be mounted in any position. 
Heater volts (ac/dc), 12.6 in series arrangement, 
6.3 in parallel arrangement; amperes, 0.3 (series), 
0.6 (parallel). This type is used principally for 
renewal purposes. 

CLASS Aj AMPLIFIER Maximum Ratings: CLASS Aj AMPLIFIER 
Plate Voltage  
Grid No.3 (suppressor grid)  GrlI'-Nto.2 (screen-grid) Voltage  
Grjd-No.1 (control-grid) Voltage. Nogauve bias value. 
Gkid-No.2 Input  
Plate Dissipation  
Peak 11 hater-Cathode Voltage: 

[h'uU-r negative with respect to cathode  
Heater positive with respect to cathode  

Maximum Circuit Values: 
G rid-No. 1 -Circuit Resistance: 

For fixed-bias operation .  
For cathode-bias operation  

■ The de component must not exceed 100 volts. 

3'm ini.i Vfiius 
to cafiiodc at; sockf-L 

J75 nuij- volts 
-50 imix volts 

1 max a ai t 
6.25 max a at t s 

200 max volts 
2(n)mm<ix volts 

0 .25 max megohm 
1.0 max niogolim 

H 
FULL-WAVE VACUUM RECTIFIER 

1«->D\A/yl Miniature type used in full-wave -c^?Xl)Po' 
I JL D W *r power supplies having high dc out- J \\ >—L 

put current requirements. Outline 14. ncvSM N/vfyvlW 
OUTLINES SECTION. Type 12BW4 (T>——0 
requires miniature nine-contact socket Pd2 k 

and may be mounted in any position. Heater volts (ac/dc), 12.6; amperes 0.45. It 
is especially important that this tube, like other power-handling tubes, be ad- 
equately ventilated. Except for heater rating, this type is identical with miniature 
type 6BW4. 

SHARP-CUTOFF PENTODE y-C^5 

ioovt Miniature types used as video 15 ifpl-zzzz^^ l2bY/ amplifier in television receivers. Type >; LLjs 
10D.Y7 A 12BY7-A has a controlled heater t JLO I / warm-up time for use in series-con- Cj si) 

nected heater strings. Outline 14, "is 
OUTLINES SECTION. Tubes require miniature nine-contact socket and may be 
mounted in any position. Type 12BY7 is a DISCONTINUED type listed for 
reference only. 
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Heater Akrangement: Series 
Heater Voltage (ac/dc)   12.6 
Heater Cerren't  0.3 
Heater Warm-Up Time (Average) for 12BY7-A  — 
Direct Interelectrode Capacitances: 

Grid No.l to Plate  
Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield 
Plate to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield  

Maximum Ratings; CLASS Ai AMPLIFIER 
Plate Supply Voltage  
Grid No.3 'suppressor grid)  
Grid-No.2 iscreen-grid) Voltage  
Grid-No.1 ^control-grid) Voltage: 

Negative bias value  
Positive bias value  

Grid-No.2 Input  
Plate Dissipation"  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode. .......... 
Heater positive with respect to cathode  

Characteristics: 
Plate Supply Voltage    
Grid No.3 and Internal Shield  
Grid-No.2 Supply Voltage  
Cathode-Bias Resistor  
Plate Resistance (Approx.)  
Transconductauce  
Plate Current  
Grid-No.2 Current  Grid-No.1 Voltage (Approx.) for plate current of 20 /ia. 
Maximum Circuit Values: 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation  
For cathode-bias operation   

The dc component must not exceed 100 volts. 

.... 300 max 
Connect to cathode at i 
.... 180 max 

-50 max 
0 max 

1.1 max 
6.5 max 
200 max 
200omax 

  250 
Connected to cathode i 
  180 
  100 
  93000 
  11000 
  26 
  5.75 
  -11.6 

0.25 max 
1 max 

AVERAGE PLATE CHARACTERISTICS 
type I2BY7-A Ee = l2.6 VOLTS SERIES HEATER ARRANGEMENT. GRID N«3 AND INTERNAL SHIELD- CONNECTED TO CATHODE AT SOCKET. GRID-NS2 VOLTS = 180 

300 400 PLATE VOLTS 

#SEMIREMOTE-CUTOFF PENTODE 
02 Miniature type used in gain-con- 12BZ6 

trolled video if stages of television 
g3 receivers. Outline 11, OUTLINES 
13 SECTION. Tube requires miniature 

seven-contact socket and may be 
mounted in any position. Heater volts (ac/dc), 12.6; amperes, 0.15. Except for 
heater rating, this type is identical with miniature type 6BZ6. 
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HIGH-MU TWIN TRIODE HT2(T| 

Miniature type used in sync-sepa- —^\z)0Tl 

10R77 rator and sync-amplifier circuits of 
television receivers. This tube is also 
used in clipping circuits and in general- (fy—-AC) 
purpose audio amplifier applications. PTz HM 

Outline 14, OUTLINES SECTION. Tube requires miniature nine-contact socket 
and may be mounted in any position. 
11 MATiiu Arrangement: Series Parallel 
ILeatek Voltage (ac/dc)  12.6 6.8 volts 
Heater Current  0.3 0,6 ampere 
Maximum Ratings: CLASS Ai 
I T,ate Voltage  
Crip Voltage: 

Negative-bias value  
Positive-bias value  

Plate Dissipation  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode 
Heater positive with respect to cathode . 

Characteristics: 
Plate Voltage  
(Irid Voltage  
Amplification Factor  
Plate Resistance (Approx.)  
T ransconductance  
Plate Current  
Maximum Circuit Value: 
(irid-Circuit Resistance: 

For contact-potential-bias operation. . .. 

CLASS Ai AMPLIFIER {Each Unit) 

Parallel 
6.8 volts 
0.6 ampere 

300 ma.r volts 
-50 max volts 

0 wi«J* volts 
1.5 max watts 
180 max volts 
180 vnix volts 

250 volts -O volts 
100 

31800 ohms 
3200 ^mhos 
2,5 ma 

5 wax megoh ms 

12C5 Refer to type 12CU5/12C5 

TWIN DIODE- 
SEMIREMOTE-CUTOFF PENTODE TEEM 

■I ^ ^ Metal type used as combined detector, 
amplifier, and avc tube in ac/dc receivers. Out- 
line 4, OUTLINES SECTION. Heater volts mYrrTs1, 
(ac/dc), 12.6; amperes, 0.15. Except for heater s~'/ 
rating, this type is identical with metal type 
6B8. Type 12C8 is used principally for renewal 
purposes. 

BEAM POWER TUBE 
1 rif* * jr Miniature type used in the audio H[\ 
IxC/XD output stages of television receivers. AA"' 'T 

This type has a controlled heater c,f\V-/N| /Dr 
warm-up time for use in series-con- 
nected heater strings. Outline 13, G3 

OUTLINES SECTION. Tube requires miniature seven-contact socket and may be 
mounted in any position. 
I [e ater Voltage (ac/dc)  12 B volt. Heater Current  0.6 ampere 
Heater Warm-Up Time (Average)  11 seconds 1)[Kect Interelectrode Capacitances (Approx.): 

Grid No.1 to Plate    0.5 Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3  15 aaf 
Plate to Cathode, Heater, Grid No.2, and Grid No.3  9 aai 

12CA5 

Maximum Ratings: CLASS Ai AMPLIFIER 
Plate Voltage  
GiiioNo.2 (screen-grid) Voltage  
C kid-No.1 (control-grid) Voltage, Positive bias value . 
Plate Dissipation  
c;uii)-No.2 Input  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  
Heater positive with respect to cathode  

Mvlh Temperature (At hottest point)  

12.6 volts 
0.6 ampere 

11 seconds 
0.5 
15 MMf 9 MM* 

130 max volts 130 max vol ts 
0 max volts 
5 max watts 

1.4 max watts 
300* max volts 
200imax volts 
180 max 3C 
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Typical Operation: 
Plato Voltage    110 
Grid-No.2 Voltage  110 
Grid-No.l Voltage  -4.0 
Peak AF Grid-No.l Voltage   4.0 
Zero-Signal Plate Current  32 
Maximum-Signal Plate Current  31 
Zero-Signal Grid-No.2 Current  3.5 
Maximum-Signal Grid-No.2 Current  7.5 
Plate Resistance (Approx.)   16000 
Transconductance  8100 
Load Resistance     3500 
Total Harmonic Distortion  5 
Maximum-Signal Power Output   1.1 
Maximum Circuit Values: 
Grid-No. 1-Circuit Resistance: 

For tixed-bias operation  
For cathode-bias operation  4 The dc component must not exceed 200 volts. 

* The dc component must not exceed 100 volts. 
AVERAGE PLATE CHARACTERISTICS 

0.1 max megohm 
0. 5 max megohm 

BE 

m 

£3 
200 PLATE VOLTS 

HQ—©G' REMOTE-CUTOFF PENTODE   Miniature type used as if amplifier in auto- 
^ mobile radio receivers operating from a 12-volt 

storage battery. Outline 13, OUTLINES SEC- 
yvj /7s) TION. Tube requires miniature seven-contact 

Gr^VAZ^jJsocket and may be mounted in any position. 
Heater voltage range (ac/dc), 10 to 15.9; am- 
peres, at 12.6 volts, 0.45, This type is used prin- 
cipally for renewal purposes. 

Maximum Ratings: CLASS A! AMPLIFIER 
Plate Voltage  
GKin-No.2 (SOkeen'-guip) Voltage  
Gjuu-No.1 icONTUOL-GHin) Voltage, Positive bias value  
Peak Heater-Cathode Voltage: 

Heater negative with respect, to cathode  
Heater positive with respect to cathode  

Characteristics with 12.6 Volts on Heater: 
Plate Voltage  
Grid-No.2 Voltage  
Grid-No.l Supply Voltage    
Grid-No.l Resistor (Bypassed)  
Plate Resistance (Approx.)  
Transconductance  
Plate CuiTont  
Grid-No.2 Current      
Maximum Circuit Value: 
Grid-No.l-Circuit Resistance. 

12CN5 

2.2 max megohms 
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DIODE— H(iI_i5)Pp 

REMOTE-CUTOFF PENTODE H(Ty Yy 
1 £. Miniature type used as combined (V iEEvl7) 
IXx^lxO detector and audio amplifier in auto- GCX* 

mobile and ac-operated radio receiv- pd zip 
ers. The diode unit is used as an AM K(i) 
detector, and the pentode unit as an G3p 

automatic-volume-controlled audio amplifier. Outline 11, OUTLINES SECTION. 
Tube requires miniature seven-contact socket and may be mounted in any position. 
Huatci: Voltage (ac/dc)  12.6 volts 
fJu.viT.it Currrnt  0.15 ampere 

PENTODE UNIT AS CLASS Ai AMPLIFIER 
Maximum Ratings: 
Platr Voltage  
Gri!)-No.2 (screen-grid) Voltage  
Guij)-No.2 Supply Voltage  
Gkjd-No.I (control-grid) Voltage, Positive-bias value  
Plate Dissipation  
Grid-No.2 Input: 

For grid-No.2 voltages up to 150 volts  
For grid-No.2 voltages between 150 and 300 volts  

Peak Heater-Cathode Voltage: 
Heater negative with respect to cathode  
Heater positive witli respect to cathode  

Characteristics: 
Plate Voltage  
Grid-No.2 Voltage   
Grid-No.1 Voltage  
Plate llesistance (Approx.)  
Transconductance  
Plate Current  
Grid-No.2 Current  
Grid-No.1 Voltage (Approxd lor transconductance of 10 amhos. 
Maximum Circuit Values: 
Grid-No. 1-Circuit Resistance: 

For fixed-bias operation  
For cathode-bias operation  

300 iiwix volts 
See curve page 66 

300 max volts 
0 max volts 

2.5 max watts 
0.3 max watt 

See curve page 66 
100 max volts 
100 max voUs 

volts 
volts 
volts 

megohm 
/jmhos 

0.25 max 
1.0 mux 

megohm 
megohm 

Maximum Rating 
Plate Current. 

DIODE UNIT 

MEDIUM-MU TRIODE— 
SHARP-CUTOFF PENTODE 
Miniature type used in television receivers 

employing series-connected heater strings. Pen- 
tode unit is used as video amplifier; triode unit 

"I O Q is used in sweep-oscillator sync-amplifier, sync- 
I ^ I O separator, and sync-clipper circuits. Outline 14, 

OUTLINES SECTION. Tube requires mini- 
ature nine-contact socket and may be operated 
in any position. Heater volts (ac/dc), 12.6; am- 
peres, 0.3; warm-up time (average), 11 seconds. 
This type is used principally for renewal pur- 
poses. 

CLASS A, AMPLIFIER 
Maximum Ratings, {Design-Maxiniuni Values); Triode I 
Plate Voltage  300 m 
Gkid-No.2 (screen-grid) Supply Voltage  
Grid-No.2 Voltage  
(iniD-No.l (control-grid) Voltage, Positive-bias value  0 m 
Plate Dissipation  2.5 m 
Gr[1)-No.2 Input: 

For grid-No.2 voltages up to 150 volts  
For grid-No.2 voltages between 150 and 300 volts  - 

Peak Heater-Cathode Voltage: 
Heater negative with respect to cathode  200 »j 
Heater positive with respect to cathode  200 "jj 

Triode Unit Pentode Unit 
300 max 300 max 

0 max 
2.5 max 

200 max 
200 mmax 

300 max volts 
See curve page 66 

0 max volts 
2.1b max watts 

0 .9 max watt 
See curve page 66 

200 max volts 
200Btnfa- volts 

Characteristics: 
Plate Supply Voltage  
Grid-No.2 Supply Voltage. 
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Calinxli'-Bias Resistor    
Ampliiieation Factor  
Plate Resistance (Approx.)  
Transc.onductance  
Grid-NTo.t Voltage (Approx.) for plate current of 100 ^a. 
Plate Current  
Grid Mo.2 Current  
Maximum Circuit Values: 
Grid-No. 1-Circuit Resistance: 

For fixed-bias operation  
For cathode-bias operation  

■ The de eomponem must not exceed 100 volts. 

150 82 ohm? 
40 - 

8200 150000 ohm? 
4900 7000 ^mho? 
-6.5 -8 volt? 

9 15 ma 
- 3.4 ma 

Triode Unit Pentode Unit 
0.5 max 0.25 max megohm 

1 max 1 max mognhm 

BEAM POWER TUBE 
Miniature type used in the audio IQfllC 

l}r[* \J output stage of television receivers em- A V< W 
r.p\\ lN] A^p ploying series-connected heater strings. /lO^^ 

Outline 13, OUTLINES SECTION. / 
63 Heater volts (ac/dc), 12.6; amperes, 

0.6; warm-up time (average), 11 seconds. Except for heater rating, this type is 
identical with miniature type 6CU5. 

Refer to type 12BQ6-GBT12CU6 

REMOTE-CUTOFF PENTODE 
Miniature type used as rf amplifier in low 
voltage automobile radio receivers operal- 

I f . ing directly from 12-volt storage-battery sys- 
terns. Outline 11, OUTLINES SECTION. Tube 

/~V\ /- requires miniature seven-contact socket and k may be mounted in any position. Heater volt- 
age range (ac/dc) 10.0 to 15.9; amperes (approx.) 
at 12.6 volts, 0.15. This type is used principally 
for renewal purposes. 

CLASS Ai AMPLIFIER 
Maximum Ratings, (Design-Maximum Values); 
Plate Voltage  
GltII> No.3 (SUPPRESSOR GRID)  Co 
Grid-No.2 (screen'-grid) Voltage  
Grid-No.1 (control-grid) Voltage, Positive-bias value  
Peak Heater-cathode Voltage: 

Heater negative with respect to cathode  
Heater positive with respect to cathode  

Chorocterisfics with 12.6 Voltj on Heater: 
Plate Voltage  
Grid No.3  Conn 
Grid-No.2 Voltage  
Grid-No,1 Supply Voltage  
Grid-No.1 Resistor (Bypassed)  
"Plate Resistance (Approx.)     
Transconductance  
Grid-No.l Voltage (Approx.) for plate current of 10 pa  
Plate Current  
Grid-No.2 Current  
Maximum Circuit Value: 
Grid-No.l-Circuit Resistance  

12CU6 

12CX6 

  33 max 
Connect to cathode 
  33 max 
  0 max 

  12.6 
Connected to cathode 
  12.6 

40000 
  3100 

volts 
at socket 

volts 
volts 

volts 
at socket, 

volts 
volts 

megohms 
ohlltR 

HALF-WAVE VACUUM RECTIFIER 
GX. \ Glass octal type used as damper 

I 1 1 diode in horizontal-deflection circuits 12D4 
/iX. of television receivers employing senes- 

Zyrta) connected heater strings. Outline 22, 
ir » OUTLINES SECTION. Tube re- 

quires octal socket and may be mounted in any position. Socket terminals 1, 2, 4, 
and 6 should not be used as tie points. This type may be supplied with pin 1 omit- 
ted. It is especially important that this tube, like other power-handling tubes, lie 
adequately ventilated. 
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liEATEit Voltage (ac/dc)  12.6 volts 
Heater Current  0.6 ampen 
Heater Warm-Up Time (Average)  11 seconds 

DAMPER SERVICE 
For operation in a 525-line, 80-frame system 

Maximum Ratings, {Design-Maximum Values): 
Peak Inverse Plate Voltage#  4400 max volts 
Peak Plate Current  900 max ms 
DC Plate Current  165 wax ms 
Plate Dibbipation  5.5 max watts 
Peak Heater-Cathode Voltage: 

ilfatrr negative with respect to cathode#    4400awgx volts 
Heater positive with respect to cathode    300Bmax volts 

* The duration of the voltage pulse must not exceed 15 per cent of one horizontal scanning cycle. In a 
525-line, 30-frame system, 15 per cent of one horizontal scanning cycle is 10 microseconds. A The dc component must not exceed 900 volts. 
■ The dc component must not exceed 100 volts. 

BEAM POWER TUBE 
Miniature type used as vertical- 

deflection-amplifier tube in television 
receivers employing series-connected 

1Q nD C heater strings. Outline 14, OUTLINES 
SECTION, except all vertical dimen- 
sions of this type are 1/8 inch greater. 
Tube requires miniature nine-contact 
socket and may be operated in any 
position. 

Heater Voltage (ac/dc)  
Heater Current  
Heater Warm-Up Time (Average). 
Maximum Ratings: CLASS AMPLIFIER 
Plate Voltage   
(jRH)-Nr0.2 (SCREEN-GRID) VOLTAGE  
Grhj-No.S Input  
Plate Dissipation  
Peak Heater-Cathode Voltage: 

Healer negative with respect to cathode.  
Heater positive with respect to cathode  

Typical Operation: 
Plate Supply Voltage  
Grid-No.2 Supply Voliagc  
Cathode-Bias Resistor  
Peak AF Grid-No.1 Voltage  
Zero-Signal Plate Current  
Maximum-Signal Plate Current  
Zero-Signal Grid-No.2 Current  
Maximum-Signal Grid-No.2 Current  
Plate TTesistanee (Approx.)  
Transconduetanee  
Load Resistance  
Total Harmonic Distortion  
Maximum-Signal Power Output    
Maximum Circuit Values: 
Grid-No 1 Circuit Resistance: 

For fixed-bias operation  
For cathode-bias operation  

VERTICAL-DEFLECTION AMPLIFIER 
Maximum Rating*: For operation in a 525-line, 80-frame system 
DC Plate Voltage  
Peak Positive-Pulse Plate Voltage (Absolute Maximum)*1  
DC Grid-No.2 (screen-grid) Voltage   
Peak Negative-Pulse Grid-No.1 (control-grid) Voltage  
Peak Cathode Current  
Average Cathode Current  
Grid-No.2 Input  
Pi.ate Dissipation  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode......................... 
Heater positive with respect to cathode  

Maximum Circuit Value*: 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation  
For cathode-bias operation,    

12.6 volts 
0.6 ampere 

11 seconds 

300 max volts 
150 max volts 

1.25 max watts 
10 max watts 

200 max volts 
200 •max volts 

200 volts 
125 volts 180 ohms 
8.5 volts 46 ma 

47 ma 
2.2 ma 
8.5 ma 

28000 ohms 
8000 ^mhos 4000 ohms 

10 per cent 
3.8 watts 

0.1 wax megohm 
2.2 max megohms 

300 max volts 
2000Bmax volts 

150 max volts 
250 max volts 
200 max ma 

55 max ma 
1.25 max watts 10 max watts 
200 max volts 
200Bmax volts 

0.1 max megohm 
2.2 max megohms 
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• The dc component must not exceed 100 volts. 
* The duration of the voltage pulse must not exceed 15 per cent of one vertical scanning cycle. In a 
525-line, 30-frame system, 15 per cent of one vertical scanning cycle is 2.5 milliseconds. B Under no circumsrances should this absolute maximum value be exceeded. 

DIODE— 
H p REMOTE-CUTOFF PENTODE 

Miniature type used in automobile 
pD/5vifcL _Zy7sc3p radio receivers; pentode unit is used as 1Q r\ C Q 

[f 1::^) rf or if amplifier. Outline 12, OUT- 
kd=2p LINES SECTION. Tube requires min- 

(iV——iature nine-contact socket and may be Gip Kp operated in any position. 
Hkatkr Voltage Range (dc)0 10 to 15.9 vulis 
Heater Current (A.pprox.), at 12.6 volts  0.2 ampere 0 For longest life, it is recommended that the heater be operated within the voltage range of 11 to 14 
volts. 
Maximum Ratings: PENTODE UNIT AS CLASS A, AMPLIFIER 

. Plate Voltage  30 max volis 
Grid No.3 (suppressor gkid»    Connect to cathode at socket 
Grid-No.2 (screen-grid) Voltage  30 mtu- volts 
Cathode Current  20 vxvx ma 
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode    30 ?nax vol ts 
Heater positive with respect to cathode  30 max volts 

Characteristics with 12.6 Volts on Heater: 
Plate Voltage  12.6 votes Grid Mo.3  Connected to cathode at socket 
Grid-No.2 Voltage  Grid-No.1 Voltage, Developed across a 2.2-megohm grid resistor. 
Plate Resistance (Approx.)  
T ranseonductance  Plate Current  
Grid-No.2 Current  
Grid-No.1 Voltage (Approx.), for transconductance of 10 /umhos.. 
Maximum Circuit Values: 
Grid-No.1-Circuit Resistance   
Maximum Ratings: DIODE UNIT 
Plate Current    

volts 
volt 

megohm 
/j mh or 

ma 
ma 

volt s 

10 max megohms 

Characteristics, Instantaneous Test Condition: 
Plate Current, for plate volts =5  

TWIN DIODE —POWER TETRODE 

Miniature type used as combined l ry-y 
(SvipmtjJ /iV detector, avc diode, and power am- 12Div7 

K P'ifier in low B+ voltage automobile © 12) radio receivers operating directly from 
oitr pd, 12-volt storage-battery systems. Out- 

line 14, OUTLINES SECTION. Tube requires miniature nine-contact socket and 
may be operated in any position. 
Heater Voltage Range (dc)" 10 to 15.9 volte Heater Current (Approx.), at 12.6 volts   0.5 ampere 
° For longeat life, it is recommended that the heater be operated within the voltage range of 11 ta 14 
volts. 
Maximum Ratings: TETRODE UNIT AS CLASS A, AMPLIFIER 
Plate Voltage  30 max volts 
GRtD-NO.2 (SCREEN-GRID) VOLTAGE  30 max yolts 
Plate Current  10 max ma 
Plate Dissipation-  0.5 max watt 
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  30 max volts 
Heater positive with respect to cathode  30 max volts 

Typical Operation with 12.6 Volts on Heater: 
Plate Voltage   12.6 volts 
Crid-No.2 Voltage  12.6 volts 
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Grid-No.1 Voltage Obtained by rectification through 
15-megohm grid-No. 1 resistor 

Peak A.F Grid-No.1 Voltage, from 0.2-megohm signal source. 
Zero-Signal Plate Current  
Maximum-Signal Plate Current  
Load Resistance  
Total Harmonic Distortion  
Maximum-Signal Power Output  
Maximum Circuit Values: 
Grid-No.l-Circuit Resistance    

DIODE UNITS (Each Unit) 
Characteristics, Instantaneous Test Condition: 
Heater Voltage  
Plate Current, for plate volts=10  

volts 
ma 
ma 

ohms 
per cent 

mw 

15 max megohms 

12DL8 

TWIN DIODE—POWER TETRODE 
Miniature type used as combined detector 

and power amplifier driver in low B-l- voltage 
automobile radio receivers operating directly G|TR/^V^ 
from 12-volt storage-battery systems. Outline 
14, OUTLINES SECTION. Heater voltage 
range (ac/dc), 10.0 to 15.9; amperes (approx.) KTfts-^\o= 
at 12.6 volts, 0.55. Tube requires miniature (n 
nine-contact socket and may be mounted in 
any position. This type is used principally for 
renewal purposes. 

TETRODE UNIT AS AUDIO DRIVER Maximum Ratings: ifclKUUt UNll AO AUUlU UKlVfcK 
Plate Voltage  
Grid-No.2 (control-grid) Voltage, Negative-bias value    
Grid-No. 1 (apace-charge-grid) Voltage (Absolute Maximum) ... Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode    
Heater positive with respect to cathode   

Chorocteristics with 1 2.6 Volts on Heater: 
Plate Voltage  
Grid-No.2 Voltage*  
Grid-No.l Voltage  Plate Resistance (Approx.)  
Transconductance (Grid No.2 to Plate)  
Amplitication Factor (Grid No.2 to Plate)  
Plate Current  
Grid-No.l Current   
Typical Operation with 12.6 Volts on Heater: 
Plate Voltage   
Grid-No.2 Voltage*    
Peak AF Grid-No.2 Voltage#  
Grid-No.l Voltage...     
Zero-Signal Plate Current    
Maximum-Signal Plate Current    
Grid-No.l Current   
Load Resistance    
Total Harmonic Distortion    
Maximum-Signal Power Output  
Maximum Circuit Value: 
Grid-No.2-Circuit Resistance  
Maximum Rating,: DIODE UNITS (Ea*h 

Plate Current   
Peak Heater-Cathode Voltage: 

Heater positive with respect to cathode   
Heater negative with respect to cathode  

■ Under no circumstances should this absolute maximum value be exceeded. 
* Developed across a 2.2-megohm resistor. 
• Obtained by rectification through a 2.2-megohm resistor. 
# Obtained from O.l-megohm source. 

HALF-WAVE VACUUM RECTIFIER 
Glass octal type used as damper 

Tjn AA A tube in horizontal-deflection circuits of ' L/iYI'F television receivers employing series- 
connected heater strings. Outline 29, 
OUTLINES SECTION. Heater volts 

30 max volts 
-20 max volts 

IGPmax volts 
30 max volts 
30 max volts 

12.6 volts 
-0.5 volt 
12.6 volts 
480 ohms 

15000 jimhos 
7.2 

40 ma 
75 ma 

12.6 volts 
-2 volts 

2.5 volts 
12.6 volts 

40 ma 8 ma 
75 ma 

800 ohms 10 per cent 
40 mw 

10 max megohms 

5 max ma 
30 max volts 
30 max volts 
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(ac/dc), 12.6; amperes, 0.6; warm-up time (average), 11 seconds. Except for heater 
rating, this type is identical with glass octal type 6r)M4. 

G2 p cl 
Qxl® beam power tube 

NC(3y _L \\ Glass octal types used as horizon- _ » A 
[ :::I1 j tal-deflection-amplifier tubes in tele- 12DQO<,"A 

vision receivers employing series-con- 
H H nected heater strings. Outline 37, OUT- 12DQO "■ D 

eT'T?) LINES SECTION. Heater volts 
=3 (ac/dc), 12.6; amperes, 0.6; warm-up 

time (average), 11 seconds. Except for heater ratings, these types are identical with 
glass octal types 6DQ6-A and 6DQ6-B, respectively. 

h POWER PENTODE 
# Miniature type used as video-output-am- 

plifier tube in television receivers employing p series-connected heater strings. Outline 14, 
OUTLINES SECTION. Tube requires mini- 
ature nine-contact socket and may be operated 1 O 

Sg in any position. Heater volts (ac/dc): 12.6 in 1 
series arrangement, 6.3 in parallel arrangement; 

r. amperes, 0.3 (series), 0.6 (parallel); warm-up 
is time (average), 11 seconds. This type is used 

principally for renewal purposes. 
CLASS At AMPLIFIER 

Maximum Ratings, {Design-Maximum Values): 
Plate Voltage  330 max volts 
Grid No.3 (suppressor grid)  Connect to cathode at socke1. 
Grid-No.2 (screen-grid) Supply Voltage  330 max volis 
Grid-No.2 Voltage  See curve page 66 
Grid-No.1 (control-grid) Voltage, Positive-bias value  0 max volts 
Grid-No.2 Input: For grid-No.2 voltages up to 165 volts  l.l?riax watrs 

For grid-No.2 voltages between 165 and 330 volts  See curve page 66 
Plate Dissipation  6.5 max watts 
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  200 max volts 
Heater positive with respect to cathode  200Bmax volts 

12DQ7 

  330'max volts 
Connect to cathode at sockei   330 mux volis 
  See curve page 66 
  0 max volts 

1.1 max watrs 
See curve page 66 

6. 5 max watts 
200 max volts 
200Bmax volts 

Characteristics: 
Plate Supply Voltage  
Grid No.3 and Internal Shield  
Grid-No.2 Supply Voltage  Cathode-Bias Resistor  
Plate Resistance (Approx.)  
Transeonductance  
Plate Current  
Grid-No.2 Current  
Grid-No.1 Voltage ( Approx.) for plate current of 100 fia. 
Maximum Circuit Values: 
Grid-No. 1 -Circui t Resistance: For fixed-bias operation  

For cathode-bias operation  
■ The do component must not exceed 100 volts. 

  200 
Connected to cathode 
  125 
  68 
  53000 
  10500 
  26 
  5.6 
  -9 

volts 
at socket 

volts ohms 
ohms 

jimhos 
ma 
ma volts 

0.25 max megohm 
1 max megohm 

TWIN DIODE-POWER TETRODE 
Miniature types used as combined 

12DS7 yP" I I detectors and power amplifier drivers 
in low B+ voltage automobile radio 190*17 A 

Nc—receivers operating directly from 12- ~ 
fija poi volt storage-battery systems. The diode 

units are used for AM signal detection and automatic volume control, and the tet- 
rode unit is used as the driver for the output stage. Outline 14, OUTLINES SEC- 
TION. Tubes require miniature nine-contact socket and may be mounted in any 
position. For characteristics and typical operation with grid-No.2-resistor bias of 
tetrode unit of the 12DS7 as class A! amplifier, refer to type 12DL8. Type 12DS7-A 
is a DISCONTINUED type listed for reference only. 
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Heatbu-Volt age Range (ac/dc) • 10.0 to 15.9 
Heater Current (Approx.) at 12.6 volts  0.4 at 
Direct Interelectrode Capacitances for 12DS7: 
Tiitrode Unit: 

Grid No.2 to Plate  13 
Grid No.2 to Cathode, Heater, and Grid No.l  13 
Plate to Cathode, Heater, and Grid No.l  2.4 

Diode Units: 
Plate to Cathode and Heater (Each unit)  0.5 
Plate of Unit No.l to Plate of Unit No.2  0.1 

Tetrode Grid No.2 to Plate of Diode Unit No.l  0.3 wax 
Tetrode Grid No.2 to Plate of Diode Unit No.2  0.3 max 
•For longest life, it is recommended that the heater be operated within the voltage range of 11 to 14 

TETRODE UNIT OF 12DS7 AS AUDIO DRIVER 
Maximum Ratings, {Design-Maximum Values): 
Plate Voltage  16 max 
Grid-No.2 (control-grid) Voltage, Negative-bias value  -16 max 
GUJD-NO.1 fSPACE-CHARGE-GRID) VOLTAGE  16A/?n/.C 
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  16 max 
Heater positive with respect to cathode  16 max 

Typical Operation with 12.0 Volts on Heater:0 

Plate and Grid-No.1 Supply Voltage  11.2 
Gnd-No.2 Supply Voltage  0 
Peak AF Grid-No.2 Supply Voltage (Approx.)t  4 .25 
Grid-No.l Supply Voltage  11.2 
Zero-Signal Plate Current  20 
Maximum-Signal Plate Current  7 
< lrid-No.1 Current  58 
'Total Harmonic Distortion  5 pet 
Signal Power Output  8 
Maximum Circuit Value: 
G rid-No.2-Cireuit Resistance  10 max meg 
* 1 nder no circumstances should this absolute value he exceeded. : OMained from 3.3-megohm signal source. 
Grid-No.2 voltage obtained by a cathode resistor. 

DIODE UNITS OF 12DS7 {Each Vnit) 
Maximum Ratings, (Design-Maximum VctZties): 
Plate Current  5 max 

AVERAGE CHARACTERISTICS 
TETRODE UNIT 

volts 
volts 
volts 
volts 

ma 
ma 
ma 

per cent 
mw 

megohms 

type I2DS7 | | I | 
E f = 12.6 VOLTS 
GRID -NS I (SPACE-CHARGE-GRID] VOLTS =12.6 " 

BEAM POWER TUBE 
) 'G3 Miniature type used as vertical- 

deflection-amplifier tube in television 
'lc receivers employing series-connected 

heater strings. Outline 14, OUTLINES 
SECTION. Heater volts (ac/dc), 12.6; 
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amperes, 0.6; warm-up time (average), 11 seconds. Except for heater rating, this 
type is identical with type 6DT5. 

HIGH-MU TWIN TRIODE 
KT2(?/Y=i- -CyVTf'r' Miniature type used as push-pull _ — Q 

Mti-~ Vp rf amplifier and as combined oscillator IX U I O 
g (lA^'KyX^-y© and mixer in FM tuners. Also useful T2 rjV KT| in a wide variety of applications in 

'Tz is radio and television receivers. Outline 
12, OUTLINES SECTION. Heater volts (ac/dc), 12.6; amperes, 0.15. Except for 
beater rating, interelectrode capacitances, and basing arrangement, this type is 
identical with miniature type 12AT7. Except for heating rating, type 12DT8 is 
identical with miniature type 6DT8. 

TWIN-DIODE—POWER TETRODE 
2TR(S^Lrb |)pPDa Miniature type used as combined 10 FM 17 

pi rf:^, YL detector, avc, and power amplifier IX L/U / 
driver in low B+ voltage automobile 

0 0 radio receivers operating directly from 
'TR Pdi 12-volt storage-battery systems. Out- 

line 12, OUTLINES SECTION. Tube requires miniature nine-contact socket 
and may be operated in any position. 

Hbatkb Volatcb Range (dc)° 10 to 15.9 volts 
Heater Cukrent (Approx.), at 12.6 volts  0.25 ampere 0 For longest life, it is recommended that the heater be operated within the voltage range of 11 to 14 
volts. 

TETRODE UNIT AS AUDIO DRIVER 
Maximum Ratings, (Design-MaxirmimValues): 
Plate Voltaee  16 max volts 
(Htn>No.2 (screen-grid) Voltage  16 max volts 
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  16 max volts 
Heater positive with respect to cathode  16 max volts 

Typical Operation with 12.6 Volts on Heater: 
Plate Voltage  12.6 volts 
(Trid-No.2 Voltage  12.6 volts 
Grid-No.1 Voltage Obtained by rectification through 

2.2-megohm grid-No.1 resistor 
Peak AF Grid-No.l Voltage  2.2 volts 
Load Resistance  2700 ohms 
Total Harmonic Distortion  10 percent 
Maximum-Signal Power Output     25 mw 

Maximum Circuit Values: 
Grid-No.l-Circuit Resistance. 10 max megohma 

DIODE UNITS 
Each Unit 

Maximum Ratings, (Design-Maximum Values): 
Plate Current  

Characteristics, Instantaneous Test Condition: 
Heater Voltage  
Plate Current, for plate volts=10  
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SP-- "T 

TWIN DIODE—POWER TETRODE 
Miniature type used as combined G|TR(3¥fcir-jr^n2)G2Tf 

15DV8 detector and power-amplifier driver in p-jjL, low B+ voltage automobile-radio re- 
ceivers operating directly from 12-volt (y" is 
storage-battery systems. The diode D2 pDi 

units are used for AM signal detection and automatic-volume control; the tetrode 
unit is used as the driver for a transistorized power-output stage. Outline 14, OUT- 
LINES SECTION. Tube requires miniature nine-contact socket and may be 
mounted in any position. 

Hkathr-Voltage Range (ac/dc)# 10.0 to 15.9 vohs 
Hkatkk Current (Approx.) at 12.6 volts  0.375 ampcrv 
•For longestlile, it is recommended that the heater be operated within the voltage range of U to 11 volts. 

CLASS A,^ AMPLIFIER (Tefrode Unit) 
Characteristics with 12.6 Volts on Heater: 
Plate Supply Voltage  12.6 volts 
Grid-No.I (Space-Charge-Grid) Voltage  12.6 volts 
Grid-No.2 (Control-Grid) Resistor  4.7 megohms 
Cathode-Bias Resistor  18 ohms 
Plate Resistance (Approx.)  900 ohms 
Transeonductance (Grid No.2 to Plate)  8500 ^mhos Unplilioation Factor (Grid No.2 to Plate)  7.6 
Plate Current  9 ma 
Grid-No.1 Current  53 mu 

Typical 1 

Plate Suj 
Grid-No. Grid-N'n. 
('at 'nude- 
Peak AF 
Sndicaiet 
Grid-No. 
Goad in-; 
Total Ha 
indicaie> 

Operation with 12.6 Volts on Heater: 
pply Voltage  
..f Supply Voltage  
.'2 Resistor  
-Bias Resistor  

Grid-No.2 Supply Voltage (Approx.)1. 
d-Signal Plate Current  
-. 1 Current  
armonic Distortion  
d-Signal Power Output. 

Maximum Circuit Value: 
Grid-\o.2-Cirouit Resistance  
* Obtained from 0.3-megohm signal source. 

DIODE UNITS (Each Unit) 
Maximum Ratings, (Design-Maximum Values): 
Pl.ATi: CuUKENT  
Peajc 11katek-Cathode Voltage: Tleator negative with respect to cathode  

Heater positive with respect to cathode  

volts 
volts 

mogob ms 
ohms 
ohms 

/jmhos 

TETRODE UNIT AS AUDIO DRIVER 
Maximum Ratings, (Design-Maximum Values): 
Plate Voi.tagk  
Guii>-\o.2 fcosTiioL-GRiP) Voltage, Negative-bias value  
Guid-No.I (spagk-charge-grip) Voltage  
Peak Keathk-Cathope Voltage: 

Heater negative with respect to cathode      
flrater positive with respect to cathode  

16 ■max VO U s 
-16 mux volts 

16 mux Vi )l!S 
16 mux volts 
16 ma.r volts 

12.6 volts 12.6 volts 
4.7 megohms 18 ohms 
1.2 volts 
6.8 ma 

54 ma 1250 ohms 3 per twu 
5 n i w 

10 iKOX megohms 

5 max ma 
16 max volts 
16 max volts 

12DW7 

Hkatkk Akkasgemext: 
Heater Voltage (ac/dc) Hkatkk Current  

DUAL TRIODE 

Miniature type containing high- 
mu and medium-mu triodes; used as 
amplifier and phase inverter in audio 
equipment. Outline 12, OUTLINES 
SECTION. Tube requires miniature 
nine-contact socket and may be oper- 
ated in any position. 

Scries 
  12.6 
  0.15 
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CLASS Ai AMPLIFIER 

Maximum Ratings, {Design-Maximum Values)' 
Plate Voltage    
Grid Voltage: 

Negative-bias value  
Positive-bias value  

Cathode Current  
Plate Dissipation  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode..., 
Heater positive with respect to cathode,.., 

Characteristics: 
Plate Voltage  
Grid Voltage   
Amplification Factor   
Plate Resistance (Approx.)  
Transconductance   
Plate Current  
Grid Voltage (Approx.) for plate ^a=10  

Maximum Circuit Values-: 
Grid-Circuit Resistance: 

For fixed-bias operation   
For cathode-bias operation  0 The dc component must not exceed 100 volts. 

Unit No.l Unit No.2 
330 max 330 max volts 

55 max - volts 
0 ?nax - volts 
- 22 max ma 

1.2 max 3.3 max watts 
200 max 200 max volts 
200omax 200o?»ax volts 

Unit No.i 
100 250 
-1 -2 

100 100 
80000 62500 

1250 1600 
0.5 1.2 

Unit No.l Unit No.2 
0.25 max 0.25??u/x megohm 

1 max 1 -max megohm 

Unit No.2 
100 250 volts 

0 -8.5 volts 
20 17 

6500 7700 ohms 
3100 2200 fiinhos 
11,8 10.5 ma 

- -24 volts 

k MEDIUM-MU TRIODE— 
"qJ^L©02 REMOTE-CUTOFF TETRODE 

TR(£hLzEzffXl)PT'* Miniature type used in low B+ lOfWO 
A 1f^J h voltage automobile radio receivers op- | XL/ Y O 

erating directly from 12-volt storage- 
0 C) battery systems; tetrode unit is used 

GlTR Pdi for relay service in a signal-seeker. 
Outline 12, OUTLINES SECTION. Tube requires miniature nine-contact socket 
and may be operated in any position. 

Heater Voltage Range (dc)® 10 to 15.9 volts 
Heater Current (Approx.) at 12.6 volts  0.35 ampere 0 For longest life, it is recommended that the heater be operated within the voltage range of 10 to 14 
volts. 

TETRODE UNIT AS RELAY CONTROL 
Maximum Ratings, (Design-Maximum Values): 
Plate Voltage    16 max volts 
Grid-No.2 (screen-grid) Voltage  16 max volts Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode    16 max volts 
Heater positive with respect to cathode  16 max volts 

Typical Operation: 
Heater Voltage  Plate Supply Voltage. 
Grid-No.2 Voltage.... 
Grid-No.l Voltage.... 
Grid-No.1 Resistor. .. 
Plate Load Resistor. . 
Plate Current  

Maximum Circuit Values: 
Grid-No.l-Circuit Resistance. 

CLASS Ai AMPLIFIER 
Maximum Ratings, (Design-Maximum Values): 
Plate Voltage  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  
Heater positive with respect to cathode  

10 15 volts 
10 15 volts 
10 15 volts — -6 volts 
10 - megohms 700 700 ohms 
5 min 3 max ma 

10 max megohms 

(Triode Unit) 
. ... ... u* 16 max volts 
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Characteristics with 12.6 Volts on Heater: 
Plata Voltage  
Griii-No.2 Voltage.   
Grid-No.1 Voltage  
Grid-No.1 Resistor  
Amplification Factor  
Plate Resistance (Approx.)  
Transconductance  
Plate Current  Grid-No.2 Current  
Grid Voltage (Approx.) for plate ^a=10  
Grid-No.1 Voltage (Approx.) for plate ^a=20. 

Triode Tetrode 
Unit Unit 
12.6 12.6 volts 

- 12.6 volts 
0 - volts - 2.2 megohms 

20 — 
10000 5000 ohms 2000 6000 jxmhos 1.2 14 ma — 2 ma 

-2 — volts - -9 vol 1« 

Maximum Circuit Values: (Triode Unit) 
Grid-<'ireuit Resistance  10 inav megohms 

REMOTE-CUTOFF PENTODE /[/K 
_ _ _ _ . Miniature type used as rf and if ®( Lrrr 
I jiU/L.0 amplifier in low B+ voltage automo- _1/M 

bile radio receivers operating directly C3(i)CLlAj~AA 
from 12-volt storage-battery systems. is 
Outline 11, OUTLINES SECTION. ^ 

Tube requires miniature seven-contact socket and may be mounted in any position. 

He ate u-Voltage Range (ac/dc)* 10.0 to 15.9 volts 
Uk.vieu Cuuuent (Approx.) at 12.6 volts  0.19 ampere 
DiuEc/r Interelectuodb Capacitances: Grid No.1 to Plate  0.05 vwax 

Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield 9.5 jx/xf 
Plate to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield  4 /x^f 

CLASS Ai AMPLIFIER 
Maximum Ratings, (Design-MaximumValues): 
Plate Voltage  
Gmn No.3 (suppressor grid)  
Grid-No.2 (screen-grid) Voltage  
Grid-No.1 (control-grid) Voltage, Positive-bias value  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode    
Heater positive with respect to cathode  

  16 max 
Connect to cathode 
  16 max 
  0 max 

AVERAGE CHARACTERISTICS 

TYPE I2DZ6 E^-s 12.6 VOLTS 

m 

St. 
m 
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Characferistics with 1 2.6 Volts on Heater: 
Plate Voltage  
Grid No.3 and Internal Shield  Conr 
Grid-No 2 Voltage  
Grid-No.1 Supply Voltage    
Grid-No.1 Resistor (Bypassed)  
Grid-No.3 Resistor (Bypassed)  
Plate Resistance (Approx.)  
Transconductance  
Grids No.I and No.3 Supply Voltage (Approx.) for transconductance, grid 

No.l to plate, of 10 pmhos  
Plate Current      
Grid-No.2 Current  

  12.6 
Connected to cathode 
  12.6 
  0 
  10 
  10 
  25000 
  3800 

volts 
at socket 

volts 
volts 

megohms 
megohms 

ohms 
M/nhos 

Maximum Circuit Values: 
Grid-No. 1-Cireuit Resistance  10 mux megohms 
Grid-No.3-Circuit Resistance  10 mux megohms 
•For longest life, it is recommended that the heater be operated within the voltage range of 11 to 14 volts. 

REMOTE-CUTOFF PENTODE 
Miniature type used as rf amplifier in low 

B-f voltage automobile radio receivers operat- 
ing directly from 12-volt starage-battery sys- 
tems. Outline 11, OUTLINES SECTION. Tube 
requires miniature seven-contact socket and 
may be mounted in any position. Heater volt- 
age range (ac/dc), 10.0 to 15.9; amperes (ap- 
prox.) at 12.6 volts, 0.19. This type is used 
principally for renewal purposes. 

12EA6 

CLASS A! AMPLIFIER 
Moximum Ratings, (Detsign-Maximum Values): 
Plate Voltage  
Grid No.3 (suppressor grid)    
Grjd-No.2 (screen-grid) Voltage  
Guid-No.I (contuol-grid) Voltage, Positive-bias value  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  
Heater positive with respect to cathode  

Characteristics with 12.6 Volts on Heater: 
Plate Voltage  
Grid No.3 and Internal Shield  
Grid-No.2 Voltage  Grid-No.1 Resistor (Bypassed)  
Plate Resistance (Approx.)  
Transconductance  
Grid-No.1 Voltage (Approx.) [or plate current of 10 ^a  
Plate Current  
Grid-No.2 Current  

  16 max volts 
Connect to cathode at socket 
  16 max volts 
  0 mux volts 

   12.6 volts 
Connected to cathode at socket    12.6 volts 
  10 megohms 
   32000 ohms 
  3800 Mtnhos 
  -3.4 volts 

Maximum Circuit Value: 
Grid-No.l-Cireuit Resistance. 12 max megohms 

„ MEDIUM-MU TRIODE — 
semiremote-cutoff pentode 

KT<2y«P- —Miniature type used as a combined - _ _ _ 
Zwiifci K'> oscillator and mixer in low B+ IxlcCo 

[1
//5)G3p voltage automobile radio receivers op- 

' erating directly from 12-volt storage- 
GT G|p battery systems. Outline 12, OUT- 

LINES SECTION. Tube requires miniature nine-contact socket and may be op- 
erated in any position. 
Hkater Voi.taoe Range (dc)" 10 to 15.9 volts 
Heater Current (Approx.) at L2,fi volts  0.225 ampere 0 For longest life, it is recommended that the heater be operated within the voltage range of 11 to 14 
volts. 
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CLASS A, AMPLIFIER 
Maximum Ratings, (Design-Maximum Values): 
Platn Voltage  
Gui[)-No.2 (screen-grid) Voltage  
Peak Heater-Cathode Voltage: 

Itoater negative with respect to cathode... 
Hearer positive with respect to cathode. . . 

Characteristics with 12.6 Volts on Heater: 
Huu> Supply Voltage  
Grid-No.2 Voltage  
G rid-No. 1 Supply Voltage  
Grid-No. 1 Resistor  
A.mp)ifieation Factor  
Plait' Resistance (Approx.)  
T runseonduetance  
Plate Current  
Gnd-No.2 Current  
Grid-No.1 Voltage (Approx.), for plate ^a=10. 

Maximum Circuit Value: 
Grid-No. 1-Circuit Resistance . 

Triodc Pentode 
Unit Unit 
16 max 16 max voits 
- 16 wax volts 

16 max 16 max vol ts 
16 wax 16 vi".>' volts 

Triad e Pentodt. 
Unit Unit 
12.6 12.6 volts 

- 12.6 voks 
0 0 volts 

4700 33000 ohms 
25 — 

6000 750000 ohms 
4700 2000 amhns 
2.4 0.66 ma 

0.28 ma 
-2.2 -1.6 vnl'S 

Triode Pentoth 
Unit Unit 

1 max 1 wax meg'diin 

BEAM POWER TUBE 
Miniature type used as audio-out- 

put amplifier in radio and television 
I Q CfA C receivers employing series-connected 
' J heater strings. Outline 13, OUTLINES 

SECTION. Tube requires miniature 
seven-contact socket and may be 
mounted in any position. 

Heater Voltage (ac/dc)  
Heater Current  
Heater Warm-Ue Time (Average). 

CLASS Aj AMPLIFIER 
Maximum Ratings, (Design-Maximum Values): 
Plate Voltage  
Grid-No.2 (screen-grid) Voltage   
Gkid-No.2 Input  
Plate Dissipation  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  
Heater positive with respect to cathode  

Typical Operation: 
Plato Voltage  
Grid-No.2 Voltage  
Grid-N<>. 1 (control-grid) Voltage      
Peak AF Grid-No.l Voltage  
Zero-Signal Plate Current  
Maximum-Signal Plate Current  
Zero-Signal Grid-No.2 Current  
Maximum-Signal Grid-No.2 Current  
Plato Resistance (Approx.)  
Transconductance  
Load Resistance  
Total Harmonic Distortion   
Maximum-Signal Power Output  
Maximum Circuit Values: 
Grid-No. 1-Circuit Resistance: 

For fixed-bias operation  
For cathode-bias operation  

• The dc component must not exceed 200 volts. 
* The dc component must not exceed 100 volts. 

12.6 volis 
0.45 ampere 

11 seconds 

150 mux 
150 max 
1.5 max 

6.25 max 

300*max 
200*max 

110 125 volts 
110 125 volts 
-4 -4.5 volts 

4 4.5 volts 
32 37 ma 
31 36 ma 

4 7 ma 
8 11 ma 

14000 14000 ohms 
8100 8500 Mmhos 
4500 4500 ohms 

5 5 per cent 
1.1 1.6 watts 

0.1 wa.r megohm 
0.5 wax megohm 
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PENTAGRID AMPLIFIER 
Miniature type used as rf amplifier in low 

B+ voltage automobile radio receivers oper- 
ating directly from 12-voIt storage-battery sys- 
tems. Outline 11, OUTLINES SECTION. Grid 
No.l and grid No.3 are independent control 
electrodes. Tube requires miniature seven-con- 
tact socket and may be mounted in any po- 
sition. This type is used principally for renewal 
purposes. 

12EG6 

Heatf.u Voi/rAGr, Range (ac/dc)* 10.0 to 15.9 volt? 
Heatek Cvkuent (Approx.) at 12.6 volts  0.15 ampere 
•For longest, life, it is recommended that the heater be operated within the voltage range of 11 to 14 volis. 

CLASS Ai AMPLIFIER 
Maximum Ratings: 
Plate Voltage  
Grid-No.3 (control-grid) Voltage: 

Positive-bias value  
Negative-bias value  

Giui>s-No.2-and-No.4 (screen-grid) Voltage  
Grii>s-No.2-and-No.4 Supply Voltage  
Cathode Current  
Peak Heater-Cathode Voltage: 

Healer negative with respect to cathode  
Heater positive with respect to cathode  

Characteristics with 12.6 Volts on Heater and Grid No. 3 Connected 
to Grid No. 1 through 100,000-ohm resistor: 

Plate Voltage  Grids-No.2-and-No.4 Voltage  
Grid-No.l (Control-Grid) Voltage (Developed across 2.2-megohmresistor).. . 
Plate Resistance (Approx.)  
Transconductaneo (Grid No.3 to Plate)  
Grid-No.l Voltage (Approx.) for grid-No.3-to-plate transconductance of 20 

^mhos   
Plate Current  
Grids-No.2-and-No.i Current  

Maximum Circuit Value: 
G rid-No.3-Circui t Resistance. 

POWER PENTODE 
"G-Y Miniature type used in the audio 

output stage of radio and television 10 C|_| C 
r.pAALCjlreceivers employing series-connected 

heater strings. Outline 13, OUTLINES 
ca SECTION. Heater volts (ac/dc), 

12.6; amperes, 0.6; warm-up time (average), 11 seconds. Peak heater-cathode 
voltage when the heater is negative with respect to the cathode, 300 mm: volts. 
Except for heater and heater-cathode ratings, this type is identical with miniature 
type 6EH5. 

REMOTE-CUTOFF PENTODE 
Miniature type used as if and rf 

amplifier in low B+ voltage automobile 
radio receivers operating directly from 
12-volt storage-battery systems. Out- 
line 11, OUTLINES SECTION. Tube 

12EK6 

requires miniature seven-contact socket and may be mounted in any position. 
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11 'CAT EH-\ OI.TAGB RANGE (AC/DC)* 10.0 to 15.0 
IIeateu Cukkent (Approx.) at 12.6 Volts  0.19 
Dikect Inteuelectrode Capacitances: 

Grid fso.l to Plate  o.oae max 
Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield. 10 
Plate to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield  5 

•For longest life, it is recommended that the heater be operated within the voltage range of 11 to 11 volts. 
CLASS Ai AMPLIFIER 

Maximum Ratings, (J)esiQn~Maxhnuni Values): 
Plate Voltage      16 wa.>- volts 
Grd No 3 (SUPPRESSOR GRID)  Connect to cathode at socket 
Grid-No.2 (screen-grid) Voltage  Hi max volts 
Ghid-No.1 icontrol-grid) Voltage, Positive-hias value  0 max volts Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  H» mux volts 
Heater positive with respect to cathode  Hi max volts 

Characteristics with 12,6 Volts on Heater: 
Plate Voltage  
Grid No.3 and Internal Shield  
Grid-No.2 Voltage  Grid-No.1 Supply Voltage  
Grid-No.l Resistor (Bypassed)  
Plate Resistance (Approx.)  
Transconductance  
Grid-No.l Voltage (Approx.) for plate current of 10 ^a. 
Plate Current    
Grid-No.2 Current     

  12.6 
Comieeted to cathode 
  12.6 
  0 

2.2 
50000 

  4200 
  -3.8 
  4 
  1.7 

volts 
at socket 

volts 
volts 

megohms 
ohms 

^mhos 

Maximum Circuit Value: 
Grid-No. 1-Circuit Resistance. 10 max megohms 

AVERAGE CHARACTERISTICS 
TYPE I2EK6 E-f = 12.6 VOLTS GRID NaS AND INTERNAL SHIELD CONNECTED TO CATHODE AT SOCKE GRID —Na2 V0LTS=I2.6 

VOLTS ECle0 

S 10 15 20 2S 30 PLATE VOLTS 

TWIN-DIODE— 
HIGH-MU TRIODE 

Miniature type used as combined detector 
and audio-amplifier tube in low 13+ voltage 
automobile-radio receivers operating directly 
from 12-volt storage-battery systems. Outline 
11, OUTLINES SECTION. Tube requires min- 
iature seven-contact socket and may be mounted 
in any position. Heater voltage range (ac/dc), 
10.0 to 15.9; amperes (approx.) at 12.6 volts, 
0.15. Characteristics: amplification factor, 55; 
plate resistance (approx.), 45000 ohms; trans- 
conductance, 1200 /mihos; for plate volts, 12.6; 
grid volts, 0; plate jta, 750. 
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TRIODE UNIT AS CLASS A, AMPLIFIER 
Maximum Ratings: 
Plati: Voltage   
Cathode Cukrest  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  
Heater positive with respect to cathode  

Typical Operation As Resistance-Coupled Amplifier with 12.6 Volts on Heater: 
Plate Supply Voltage  12. 
Grid Voltage  
Flare Load liesistor  
Grid liesistor  
Grid Kosistor of Following Stage  
Input Capacitor  O.C 
Output Capacitor    O.C 
Voltage Gain at 100 cps with rms output voltage of 1 volt  1 
Maximum Circuit Value: 
Grid-Circuit llesistance    1 

Maximum Ratings: 
Plate Curkevf . . 

DIODE UNITS {Each Unit) 

" . DIODE-POWER TETRODE h (T) 
Miniature type used as combined detector 

and driver for transistorized power output stage 
low ^"1" voltage automobile-radio receivers 12EM6 1 , L- operating directly from 12-volt storage-battery 

r(£aT/v^!)10 s>'stems- Outline 14, OUTLINES SECTION. Heater voltage range (ac/dc), 10.0 to 15.9; 
amperes (approx.) at 12.6 volts, 0.5. Cbarac- TR teristics for tetrode unit: plate resistance (ap- 
prox.), 4000 ohms; transconductance, 5000 

Mmhos; plate and grid-No.2 volts, 12.6; grid-No.1 resistor (bypassed), 2.2 megohms; plate ma., 0; 
grid-No.2 ma., 1. Maximum ratings, tetrode unit: plate and grid-No.2 volts, 30 max; plate dissipaii.m, 
0.5 mux watts; peak heater-cathode volts, 30 max. Maximum ratings, tetrode unit: plate ma., 10 max. 
Tube 2'f'Quire.s miniature nine-contact socket and may be operated in any position. Type 12EM6 is a 
DISCONTINUED type listed for reference only. 

BEAM POWER TUBE 
Glass octal type used as vertical-deflection- 

G2(4ni CT?' amplifier tube in television receivers employing vJ-—series-connected heater strings. Outline 22, 
PrN/--?—^ \\ OUTLINES SECTION. Tube requires octal 

\ socket and may be operated in any position. ( I This tube may be supplied with pin 1 omitted. 
Heater volts (ac/dc), 12.6; amperes, 0.6; warm- H up time (average), 11 seconds. Characteristics: 

Ck) * (Sk plate resistance (approx.), 28000 ohms; trans- conductance, 8000 ^mhos; for plate volts, 200; 
grid-No.2 volts, 110; grid-No.l volts, -9.5; 
plate ma., 50; grid-No.2 ma., 2.2. This type is 
used principally for renewal purposes. 

VERTICAL-DEFLECTION AMPLIFIER 
For opcrafton in a 525-linc, SO-frame system 

Maximum Ratings, (Design-MaximumValues): 
DC Plate Voltage  300 max 
Peak Positive-Pulse Plate Voltage*  1200 max 
DC Gktd-No.2 (screen-grid) Voltage  150 max 
Peak Negative-Pulse Grid-No.1 (control-grid) Voltage. 250 max 
Peak Cathode Current  175 max 
Average Cathode Current   50 max 
Plate Dissipation  7 max 
Grid-No.2 Input  1.25 max 
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  300 •max 
Heater positive with respect to cathode  200B}»ax 

12EN6 

Triode 
Connectionf 

300 max 
1200 ?nax 
250 max 
175 max 

50 max 
7.5 max 

300 •max 
200"max 
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, Triode Maximum Circuit Values: Connection! 
i/rid-No.l-Circuit Resistance  2.2 max '2.2 max megohms 
r Grid No.2 connected to plate. 
* The duration of the voltage pulse must not exceed 15 per cent of oue vertical scanning cycle. In a 
525-11116, 30-frame system, 15 per cent of one vertical scanning cycle is 2.5 milliseconds. 
• The dc component must not exceed 200 volts. 
■ The dc component must not exceed 100 volts. 

DIODE— h 
REMOTE-CUTOFF PENTODE 

_ _ Miniature type used as combined Ir^TTiC)Pp 

if amplifier and AM detector in AM L 
and AM/FM radio receivers. Outline 
14, OUTLINES SECTION. Tube re- 
quires miniature nine-contact socket G3p 15 

and may be operated in any position. Heater volts (ac/dc,) 12.6; amperes, 0.15. 
Except for heater rating, this type is identical with miniature type 6EQ7. 

12F5-GT 

HIGH-MU TRIODE 
Glass octal type used in resistance-coupled 

amplifier circuits of ac/dc receivers. Outline 21, 
OUTLINES SECTION. This type may be sup- 
plied with pin No.l omitted. Heater volts 
(ac/dc), 12.6; amperes, 0.15. Except for heater 
rating, this type is identical with glass-octal 
type 6F5-GT. Type 12F5-GT is a DISCON- 
TINUED type listed for reference only. 

TWIN DIODE— 
REMOTE-CUTOFF PENTODE nc 

____ Miniature type used as combined QT  /\ 
12rO detector and af voltage amplifier in I >—i ) 

low B+ voltage automobile radio re- 
ceivers operating directly from 12-volt /v-We) 
storage-battery systems. Outline 12, nc k 

OUTLINES SECTION. Tube requires miniature nine-contact socket and may be 
mounted in any position. 
Heater-Voltage Range (ac/dc)* 10.0 to 15.9 volts 
Heater Current (A.pprox.) at 12.6 volts  
Direct Interelectrode Capacitances (Approx.): 
Pentode Unit: 

Grid No.l to Plate    
Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3. 
Plate to Cathode, Heater, Grid No.2, and Grid No.3  

Plate of Diode Unit No.l to Plate of Diode Unit No.2  
•Tor longest life, it is recommended that the heater be operated within the voltage range of 11 to 14 volts. 

Maximum Ratings: PENTODE UNIT AS CLASS A, AMPLIFIER 
Plate Voltage  30 max volts 
Grid No.3 '.sureREflSOR grid)  Connect to cathode at socket 
GHID-NO.2 (SCREEN-GRID) VOLTAGE  30 max VOltS 
Guin-No.l (control-grid) Voltage, Positive-bias value  0 max volts Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  30 max volts 
Heater positive with respect to cathode  30 max volts 

Typical Operation with 12.6 Volts on Heater: 
Plate Voltage  
Grid N'o.B  
Grid-No.2 Voltage  
Grid-No.1 Voltage  
Plate Resistance (Approx.)  Transconductance  
Grid-No.1 Voltage (Approx.) for transconductance of 10 /imhos. 
Plate Current  
Grid-No.2 Current   

  12.6 volts 
Connected to cathode at socket   12.6 volts 
  0 volts 
  0.33 megohm 
  1000 jimhos 
  -5 volts 
  1 ma 
  0.38 ma 
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Maximum Circuit Value: 
Grid-No.l-Oircuit Resistance. 

Maximum Rating: 
Pi.ate Cuuhent (Each unit). 

DIODE UNITS 
10 max megohms 

TWIN DIODE-LOW-MU TRIODE 
h(3/ _i=4o®poi Miniature type used as combined 

(\ j-*-' ] X) detector and af amplifier in low B+ 12FK6 
At) voltage automobile radio receivers op- k xTJ/ Pt erating directly from 12-volt storage- 

Kit-i battery systems. Outline 11, OUT- 
LINES SECTION. Tube requires miniature seven-contact socket and may be 
mounted in any position. 
Heatkr-voi.tage range (ac/dc)* 10.0 to 15.9 vui 
Heater Current (Approx.) at 12.6 volts  0.15 ampcuu 
Direct Interelectrode Capacitances (Approx.): 

Triode Grid to Triode Plate  1.0 p/ii 
Triode Grid to Cathode and Heater  1.8 p/C 
Triode Plate to Cathode and Heater  0.7 
Plate of Diode Unit No.1 to Plate of Diode Unit No.2  0.9 pui 

• For longest life, it is recommended that the heater be operated within the voltage range of 11 to 14 volt*. 
Maximum Ratings: TRIODE UNIT AS CLASS AMPLIFIER Maximum Ratings: TRIODE UNIT AS < 
Plate Voltage  
Grid Voltage:  

Positive-bias value  
Negative-bias value  

Peak Heater-Cathode Voltage: 
Heaier negative with respect to cathode  Heater positive with respect to cathode  

Characteristics with 12.6 Volts on Heater: 
Plate Vollage  
G rid-S u p p I y V u It age  
Grid Resistor i Bypassed;  
Plate Kesisiance t.Approxj  
Transconduciance  
Amplificaiion Factor  
Plate Current  
Grid Voltage i Approx.) for plate current of 10 ^a. 
Maximum Circuit Value: 
Grid-Circuit Resistance  
Maximum Ratings: 
late Current iKach unit) 

DIODE UNITS 

16 mux volth 
0 max volt> 

-16 mux voiis 
16 max V'ol i.x 
16 MUX v<iUs 

12.6 vo] i> 
0 voli > 

2.2 niegoJiiu- 
6200 ohin- 
1200 ^rnhos 
7.4 
1.8 ina 
-4 vo! 1 ■» 

10 max rnegoli -us 

1 mux run 
AVGRAGe CHARACTERISTICS TRIODE UNIT 

2S 
&2CM-&799T 
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TWIN DIODE— 
MEDIUM-MU TRIODE 

lOCAAA Miniature type used as combined l\ r— /() Ixr/VlO detector and af-voltage amplifier in /© 
low B+ voltage automobile-radio re- * ^ PT 

ceivers operating directly from 12- W 
volt storage-battery systems. Outline 

11, OUTLINES SECTION. Tube requires miniature seven-contact socket and 
may be mounted in any position. 
Heater-Voltage Range (ac/dc)* 10.0 to 15.9 volts 
Heater Current (Approx.) at 12.6 volts  0.15 amriere 
Amplification Factor*  10 
Plate Resistance (Approx.)*  7700 ohms 
Transconductance*  1300 umhos 
Plate Resistance (Approx.)*  7700 ohms 
Transconductance*  1300 ^mhos 
• For 1 ongestlife, it is recommonded that the heater be operated within the voltage range of 11 to 14 volts. 

I or iriode unit. Plate volts, 12.6; grid resistor (bypassed), 2.2 megohms; plate ma., 1. 

Maximum Ratings: 
Plate Voltage  
Cathode Current  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode. 
Heater positive with respect to cathode. 

Maximum Circuit Value: 
Grid-Circuit Resistance  

TRIODE UNIT AS CLASS AMPLIFIER 

Maximum Ratings: 
Plate Current. .. 

DIODE UNITS (Each Unit) 
10 max megohms 

HIGH-MU 
TWIN DOUBLE-PLATE TRIODE I 

Miniature type used in frequency- 
_ _ _ divider and complex-wave-generator 2Pa(3) 
| jtl"V*O circuits of electronic musical instru- ( 

ments. Outline 12, OUTLINES SEC- 2G© 
TION. Tube requires miniature nine- 
contact socket and may be operated 2P 

in any position. 
Heater Voltage (ac/dc)  1£ 
Heater Current. .'  0. 

FREQUENCY-DIVIDER AND COMPLEX-WAVE GENERATOR 
Each Unit 

Maximum Ratings, t Dexi(fn-Mu.ruHtnn Yalm-iS): 

Plate B Voltage  
Grid Voltage, Positive-bias value  Plate A Dissipation  
Plate B Dissipation  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  
Heater positive with respect to cathode  

0 The dc component must not exceed 100 volts. 
CLASS Ai AMPLIFIER 

Characteristics, {Each Unit):* 
Plate Voltage  
Grid Voltage  
Amplification Factor  
Plate Resistance (Approx.)  
Transconductance  
Plate Current  
■ I'sing either plate A or plate B, with plate not in use connected to ground. 

330 max 
330 max 

0 max 
0. 5 max 
0.5 max 
200 max 
200° max 



   = Technical Data — 

G3pKp DIODE — 

medium-mu triode- 

Gip/y^^^TNPp REMOTE-CUTOFF PENTODE 
"NF-. llT Miniature type used as combined 12FR8 

0 1 amPl1fier» af amplifier, and second Kd detector in low B+ voltage automobile 
Gj pT radio receivers operating directly from 

12-volt storage-battery systems. Out- 
line 14, OUTLINES SECTION, except vertical dimensions are 3/16 inch shorter. 
Tube requires miniature nine-contact socket and may be operated in any position. 

Heater Voltage Range (dc)0 10 to 15.9 volts 
Heater Current (Approx.) at 12.6 volts  0.32 ampere 

For longest life, it is rocommended that the heater be operated within the voltage range of 11 toll 

CLASS Aj AMPLIFIER 
Maximum Ratings: 
Plate Voltage  
Grid-No.2 (screen-grid) Supply Voltage  
Grid-No.2 Voltage  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  
Heater positive with respect to cathode  

Characteristics with 12.6 Volts on Heater: 
Plato Voltage  
(irid-No.2 Voltage  
Grid-No.1 Voltage"  
Amplification Factor  Plate Resistance (Approx.)  
Transconductance  Plate Current  
Grid-No.2 Current  
Grid-No.1 Voltage (Approx.), 

for transconductance of 30 ^imhos  
Grid Voltage (Approx.), for plate current of 10 n-a. . . 
■ Developed across a 2.2-megohm grid-No.1 resistor. 

Maximum Circuit Values: 
Grid-No.l-Circuit Resistance  

Triode Pentode 
Unit Unit 

16 max 16 max VullS 
- 16 max voi is 
- 16 max vnl IS 

16 max volts 16 max Vf»!ls 
Triode Pentode 
Unit Unit 
12.6 12.6 volis - 12.6 volrs -0.6 -0.8 volt 10 - 

- 0.4 nu'gohm 1200 2700 jdnhos 1 1.9 ma 0.7 ma 

3. 5 
2 8 volts volts 

Triode Pent-ode 
Unit Unit 

10 max 10 max mogohms 

DIODE UNIT 
Maximum Ratings: 
Plate Current. . . 

Characteristics, Instantaneous Test Condition: 
Plate Current, for plate volts = 10  

h.k-t medium-mu triode— 
H®^^©GT pentagrid converter 

/—nX/"—\®5'^ HP ^pCiK| fi-rmL) is Miniature type used as combined lonxxo 
IL rf amplifier and frequency converter l^rxxO 

in low B+ voltage automobile radio 
receivers operating directly from 12- g2'g4hp g3HP vojt storage-battery systems. Outline 

14, OUTLINES SECTION, except vertical dimensions are 3/16 inch shorter. 
Tube requires miniature nine-contact socket and may be operated in any position. 

Heater Voltage Range (dc)0 10 to 15.9 volts 
Heater Current (Approx.), at 12.6 volts  0.27 ampere 0 For longest life, it is recommended that the heater be operated within the voltage range of 11 to 14 
volts. 
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HEPTODE UNIT AS CONVERTER 
Maximum Ratings: 
Plate Voltage  
Giui)-No.3 (control-grid) Voltage: 

Negative-bias value  
Positive-bias value  

Gums-No. 2 and No. 4 (screen grid) Voltage    Peak Heater-Catiiode Voltage: 
Heater negative with respect to cathode  
Heater positive with respect to cathode  

Typical Operation and Characteristics with 12.6 Volts on Heater:" 
Plat;' Voltage  
Grid-No.3 Voltage*.    
Grids-No.2 and No.4 Voltage  
liMS Grid-No. 1 (Oscillator-Grid) Voltage  
Grid-No.L Resistor  
Plate Resistance (Approx.)  
Conversion Transconductance  
Grid-No.3 Voltage CApprox.), 

For conversion transconductance of 10 /imhos  
Plate Current  
Grids-No.2 and No.4 Current  

vo! ts 
vol t 

volts 
volts 
ohms 

megohm 
jimhos 

Oscillator Characteristics {"Not Oscillating) 
Plate and Grids-No.2 and No.4 Voltage  
Grid-No.3 Voltage  
Grid-Xo.l Voltage  A.mplilication Factor (between grid No. I and grids 

No.2 and No.4 connected to plate)  
Transconductance (between grid No.l and grids 

No.2 and No.4 connected to plate)  
Cathode Current  
Grid-No.1 Voltage (Approx.) for plate ^a^lO  
~;:\\ ilh grids No.2 and No.4 connected to plate and with 12.6 volts on heater. 

Maximum Circuit Values: 
Grid-No.G-Cireuit Resistance  
■ With self-excitation. 
• Developed across a 2.2-megohm grid-No.3 resistor. 

10 max megohms 

Maximum Ratings: 
Pi ate Voltage. . . . 

IRJODE tiNIT AS CLASS A, AMPLIFIER 

16 max volts 

Characteristics with 12.6 Volts on Heater: 
Plate Voltage  
Grid Voltage   
Amplilication Factor  
Plate Resistance (Approx.)  
Transconductance  
Plate Current  
Grid Voltage (Approx.) For plate /ia= 10  
■"Developed across a 2.2 megohm grid resistor 

PENTAGRID CONVERTER 

12GA6 Miniature type used as converter H<M\\ in low B+ voltage automobile radio (\\JI=zlA 
receivers operating directly from 12- kCsAJA/N y 
volt storage-battery systems. Outline 05 

11, OUTLINES SECTION. Tube re- gV 
quires miniature seven-contact socket and may be operated in any position. 

Hkatkr Voltage Range (dc)° io to 15 !) volts 
Hlatgu Current (Approx.), at 12.f> volts  0.15 ampere 0 I- or lont'est life, it is recommended that the heater be operated within the. voltage range of 11 to 14 
Volts. 
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CONVERTER 
Maximum Ratings, (Design-Maximum Values): 
"PiiATE Voltage    
Grid-No.3 (control-grid) Voltage: 

Negative-bias value  
Positive-bias value  

Grtds-No.2 and No.4 (screen-grid) Voltage  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  
Heater positive with respect to cathode  

Typical Operation and Characteristics with 12.6 VoKs on Heater (Separate excitation):0 

  12.6 VnllS 
Grids-No.2 and No.4 Voltage    12.6 volts 
Grid-No.3 Supply Voltage    0 VnltS 
Grid-No.3 Resistor (Bypassed)    2.2 megohms RMS Grid-No.1 (Oscillator-Grid) Voltage    1.6 volts 

  33000 
Plate Resistance (Approx.)    1 megohm 
Conversion Transconductance    140 jirnhos 
Grid-No.3 Voltage (Approx.): 

For conversion transconductance of 5 /imhos    -3 volts 
For conversion transconductance of 20 fimhos    -2.5 volts 

  0.3 
Grids-No.2 and No.4 Current    0.8 mn 
Grid-No.1 Current    0.06 ma 

Oscillator Characteristics (Not Oscillating) with 12.6 Volts on Heater:" 
Plate and Grids-No.2 and No.4 Voltage  
Grid-No.3 Voltage  
Grid-No.1 Voltage  
Amplification Factor, between grid No.l and 

grids No.2 and No.4 connected to plate  
Transconductance, between grid No.l and grids 

No.2 and No.4 connected to plate  
Cathode Current  
Grid-No.1 Voltage (Approx.) for plate current of 10 /ia  

Maximum Circuit Values: 
Grid-No.3-Cireuit Resistance  10 max znegohms 0 The characteristics shown with separate excitation correspond closely with those obtained in a sclf- 
exciled oscillator circuit operating with zero-bias. 
■ Virh yn'ds No.2 and No.4 connected to plate. 

G2 p el BEAM POWER TUBE 
Glass octal type used as horizon- 

tal-deflection amplifier in television re- 
ceivers employing series-connected 
heater strings. Outline 37, OUTLINES 
SECTION. Tube requires octal socket 
and may be operated in any position. 

HU.VTEH VOLTAI'.K 1AC DC)  Heater Current  
Heater Warm-Up Time (average) . 

Charactensfics: 
Plate Voltage   
Grid-\:o.2 (Screen-Grid) Voltage  
Grid-No.1 (Control-Grid) Voltage  
Triodo Amplification Factor, for 

plate and grid-No.2 voltages= 150. 
Plate Resistance (Approx.)  
Transconductance  
Plate Current  
Grid-No.2 Current  
Grid-No.1 Voltage (Approx.), for 

plate current of 1 ma.    

CLASS At AMPLIFIER 
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HORIZONTAL-DEFLECTION AMPLIFIER 
For operation in a 525-line, SO-frame system 

Maximum Ratings, (Design-Maximum Values): 
DC Plate Voltage  
Peak Positive-Pulse Plate Voltage"  
Peak Negative-Pulse Plate Voltage  
DO Grid-No.2 Voltage  
Peak Negative-Pulse Grid-No.1 Voltage. , 
Peak Cathode Current  
Average Cathode Current  
Plate Dissipation*  
Grid-No.2 Input  
Peak Heater-Cathode Voltage: 

Healer negative with respect to cathode. 
Heater positive with respect to cathode. . 

Bulh Temperature (At hottest point)   

Maximum Circuit Values: 
Grid-No.l-Circuit Resistance  1 mux megohm 0 This value can be measured by a method involving a recurrent waveform such that the maximum 
ratings will not be exceeded. 
■ Tins rating is applicable where the duration of the voltage pulse does not exceed 15 per cent of one 
horizontal scanning cycle. In a 52o-Une, 30-frame system, 15 per cent of one horizontal scanning cycle 
is I 0 microseconds. 
• An adequate bias resistor or other means is required to protect the tube in the absence of excitation. 0 The dc component must not exceed 100 volts. 

BEAM POWER TUBE k 

Novar type used in horizontal-de- e3Q(4 AXz)52 

[JLyyJj flection-amplifier circuits of television llTl 
receivers employing series-connected ic 

heater strings. Outline 55, OUTLINES © 
SECTION. Tube requires novar nine- G2 IC 

contact socket and may be operated in any position. Heater volts (ac/dc), 12.6; 
amperes, 0.6; warm-up time (average), 11 seconds. Except for heater ratings, this 
type is identical with novar type 6GJ5. 

BEAM POWER TUBE 

Novar type used as horizontal- Kryf <■ ^Y?f3 

12GT5 deflection amplifier in television re- 
ceivers employing series-connected G(2A©rxAPAa)|C 
heater strings. Outline 54, OUTLINES ' 
SECTION, except vertical dimensions g2(1/ UVp 

are 0.6 inch shorter. Tube requires octal socket and may be operated in any po- 
sition. Heater volts (ac/dc), 12.6; amperes, 0.6; warm-up time (average), 11 sec- 
onds. Except for heater ratings, this tube is identical with novar type 6GT5. 

BEAM POWER TUBE NVv^TT\ 

Glass octal type used as horizon- | ) 
IZV^WO tal-defleetion amplifier in high-effici- 

ency deflection circuits of television H H 

receivers employing series-connected GT*""© 
heater strings. Outline 37, OUTLINES NC c*, 

SECTION. Tube requires octal socket and may be operated in any position. 
Heater volts (ac/dc), 12.6; amperes, 0.6; heater warm-up time (average), 11 sec- 
onds. Except for heater ratings, this type is identical with glass octal type 6GW6. 
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TWIN DIODE 
Metal type used as detector, low- 

voltage rectifier, or avc tube in ac/dc 
radio receivers. Outline 1, OUTLINES 
SECTION. Heater volts (ac/dc), 12.6; 
amperes, 0.15. Except for heater rat- 
ing, this type is identical with metal 
type 6H6. 

MEDIUM-MU TRIODE 
Glass octal type used as detector, amplifier, 

or oscillator in ac/dc radio equipment. Outline 
24, OUTLINES SECTION. This type may be 
supplied with pin No.l omitted. Heater volts 
(ac/dc), 12.6; amperes, 0.15. Except for heater 
rating and base, this type is identical with glass- 
octal type 6J5-GT. Type 12J5-GT is used prin- 
cipally for renewal purposes. 

SHARP-CUTOFF PENTODE 
Glass octal type used as biased detector or 

high-gain audio amplifier in ac/dc radio receiv- 
ers. Outline 2 3, OUTLINES SECTION. Heater 
volts (ac/dc), 12.6; amperes, 0.15. Except for 
heater rating, this type is identical with glass- 
octal type 6J7-GT. Type 12J7-GT is used 
principally for renewal purposes. 

TWIN DIODE—POWER TETRODE 
Miniature type used as combined detector 

-vPTR and audio driver in low B+ voltage automobile 
) radio receivers operating directly from 12-volt 

storage-battery systems. Outline 12, OUT- 
oK/ _ LINES SECTION. Tube requires miniature 
aI—>. nine-contact socket and may be mounted in any 

position. Heater voltage range (ac/dc), 10.0 to 
["n 15.9; amperes (approx.) at 12.6 volts, 0.325. 
•^POj Maximum ratings of tetrode unit as audio 

driver: plate volts, grid-No.2 volts, peak heater- 
cathode volts, 30 max (each). This type is used 
principally for renewal purposes. 

Typical Operation with 12.6 Volts on Heater: 
Plate Voltage  
iirid-No.2 Voltage  
Grid-No.1 (Control-Grid) Voltage  
Peak AF Grid-No.1 Voltage  
Grid-No.l Resistor  
Grid-No. 1-Resistor Bypass Capacitor  
Zero-Signal riate Current  
Zero-Signal Grid-No.2 Current  
Plate Resistance (Approx.)  
Transconductance  
Load Resistance  
Total Harmonic Distortion  
Maximum-Signal Power Output  
Maximum Circuit Value: 
Grid-No.l-Cireuit Resistance  

DIODE UNITS (Eacfc Vnii) 
Maximum Ratings: 
Plate Cuhuent  
Peak Heater-Cathode Voltage: 

Healer negative with respect to cathode  
Heater positive with respect to cathode  

12J8 

12. (» volts 
12.6 volts 

0 volts 2.26 volts 
2 2 megohms 

1 Mf 12 ma 
1.5 ma 

6000 ohms 5500 it! 11 hos 
2700 ohms 

5 per cent 
20 mw 

10 on ax megohms 

5 max rna 
30 max volrs 
30 max volts 
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c^CK 

POWER TETRODE to—!3 H/-^/i ri\r^i 
irjixi- Miniature type used as power am- 121 LrhKAy 
IZlVD plifier driver in low B+ voltage auto- (yf^ \) 

mobile radio receivers operating di- cpX\V*N 
rectly from 12-volt storage-battery 2 ^ 
systems. Outline 13, OUTLINES k 

SECTION. Tube requires miniature seven-contact socket and may be mounted in 
any position. Heater-voltage range (ac/dc), 10.0 to 15.9; amperes (approx.) at 
12.6 volts, 0.4. Maximum ratings and characteristics are the same as those of the 
tetrode unit of miniature type 12DL8. 

REMOTE-CUTOFF PENTODE 
Glass octal type used as rf or if amplifier in 

_ ^ a M ^ ac/dc radio receivers particularly those emplov- 
12K7-GT ing avc- 0utUne 23' OUTLINES SECTION Heater volts (ac/dc), 12.6; amperes, 0.15. Ex- 

cept for heater rating, this type is identical wi! h 
glass octal type 6K7-GT. Type 12K7-GT is 
used principally for renewal purposes 

12K8 

TRIODE—HEXODE CONVERTER 
Metal type used as combined triode oscil- 

lator and hexode mixer in ac/dc radio receivers. 
Outline 5, OUTLINES SECTION. Heater volts 
(ac/dc), 12.6; amperes, 0.15. Except for heater 
rating, this type is identical with metal type 6K8, 
Type 12K8 is used principally for renewal 
purposes. 

BEAM POWER TUBE 
Glass octal type used in audio output stages rt of television receivers employing series-connect-  ^ 

ed heater strings. Outline 22, OUTLINES SEC- P/Ty^f'^1 ' 
TION. This type may be supplied with pin No.    

1 I 1 omitted. Heater volts (ac/dc), 12.6; amperes, I ~~~~\ 
I I 0.6; warm-up time (average), 11 seconds. Peak 

heater-cathode volts: heater negative with re- H \. 
spect to cathode, 300 vnax; heater positive with (Tj *'(j 
respect to cathode, 200 max; (the dc component nc 
must not exceed 100 volts). Except for heater 
and heater-cathode ratings, this type is iden- 

tical with glass octal type 50L6-GT. Type 12L6-GT is used principally for renewal purposes. 

12Q7-GT 

TWIN DIODE—HIGH-MU TRIODE 
Glass octal type used as combined detector, 

amplifier, and avc tube in ac/dc radio receivers. 
Outline 23, OUTLINES SECTION. Heater 
volts (ac/dc), 12.6; amperes, 0.15. Except for 
heater rating, this type is identical with glass 
octal type 6Q7-GT. Type 12Q7-GT is used 
principally for renewal purposes. 

BEAM POWER TUBE 
Miniature type used as a vertical 

deflection amplifier in television re- 
1 O D 5 ceivers employing series-connected 

heater strings. Outline 13, OUTLINES 
SECTION. Tube requires miniature 
seven-contact socket and may be 
mounted in any position. 
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Heater Voltage (ac/dc)  12.6 
Heater Current  0.6 ai 
Heater Warm-Up Time (Average)  11 se 
PijAte Resistance (Approx.)*  13000 
Transconductance*  7000 /. 
* For plate and grid-No.2 volts, 110; grid-No.l volts, -8.5, plate ma., 40; grid-No.2 ma., 3.3. 

VERTICAL DEFLECTION AMPLIFIER 
For opemfion in a 525-line, SO-frame system 

Maximum Ratings: 
DC Plate Voltace  
Peak Positive-Pulse Plate Voltage+ (Absolute Maximum). . 
Grid-No.2 (screen-ukid) Voltage  
Peak Negative-Pulse Grid-No.1 (control-grid) Voltage. .. 
Peak Cathode Current  
Average Cathode Current  
Plate Dissipation  
Grii)-No.2 Input  
Peak Heater-Cathode Voltage: 

Healer negative with respect to cathode  
Heater positive with respect to cathode  

150 max 
1500*m«2 

150 max 
-ISO max 

155 max 
45 max 

4.5 max 
1 max 

300 max 
200mmax 

Maximum Circuit Value: 
Grid-No.1-Circuit Resistance: 

For cathode-bias operation  2.2 max megohms 
t The duration of the voltage pulse must not exceed 15 per cent of one vertical scanning cycle. In a 
525-line, 30-frame system, 15 per cent of one vertical scanning cycle is 2.5 milliseconds. 
* Under no circumstances should this absolute value be exceeded. 
■ The dc component must not exceed 100 volts. 

TRIPLE DIODE—HIGH-MU TRIODE 
Glass octal type used as audio amplifier, 

AM detector, and FM detector in AM/FM re- 
ceivers. Outline 21, OUTLINES SECTION, 
except over-all length is 3-9/16 max inches and 
seated height is 3 max inches. Heater volts 
(ac/dc), 12.6; amperes, 0.15. Except for heater 
rating, this type is identical with glass octal type 
6S8-GT. Type 12S8-GT is a DISCONTINUED 
type listed for reference only. 

PENTAGRID CONVERTER 
Metal type 12SA7 and glass octal 

type 12SA7-GT used as converter in 
ac/dc receivers. Outlines 3 and 22, 
respectively, OUTLINES SECTION. 
Heater volts (ac/dc), 12.6; amperes, 
0.15. Except for heater ratings, these 
types are identical with metal type 
6SA7 and glass octal type 6SA7-GT. 
Type 12SA7-GT is used principally 
for renewal purposes. 

HIGH-MU TWIN TRIODE 
Metal type used as phase inverter 

or voltage amplifier in ac/dc radio 
equipment. Outline 3, OUTLINES 
SECTION. Heater volts (ac/dc), 12.6; 
amperes, 0.15. Except for heater rat- 
ing, this type is identical with metal 
type 6SC7. 
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HIGH-MU TRIODE 

|OCCC Metal type 12SF5 and glass octal   ] 
type 12SFo-GT used in resistance- K(£A—/V^-AL) 

12SF5-GT coupled amplifier circuits of ac/dc K H 

radio equipment. Outline 3 and 22, re- 'C'kC 
spectively, OUTLINES SECTION. nI IIIfI-gt h 

Heater volts (ac/dc), 12.6; amperes, 0.15. Except for heater rating, these types 
are identical with metal type 6SF5 and glass octal type 6SF5-GT, respectively. 
Type 12SF5-GT is a DISCONTINUED type listed for reference only. 

S125F5 NC: I2SF5-GT 

12SF7 

DIODE—REMOTE-CUTOFF PENTODE 
Motal type used as combined rE or it am- 

plifier and detector or avc tube in ac/dc radio 
receivers. Outline 3, OUTLINES SECTION. 
Heater volts (ac/dc), 12.6; amperes, 0.15. Ex- 
cept for heater rating, this type is identical with 
metal type 6SF7. Type 12SF7 is used princi- 
pally for renewal purposes. 

SEMIREMOTE-CUTOFF PENTODE 
Metal type used as rf amplifier in 

ac/dc receivers involving high-fre- 
12^G7 quency, wide-band applications. Out- 1 *•****' line 3, OUTLINES SECTION. Heater 

volts (ac/dc), 12.6; amperes, 0.15. Ex- 
cept for heater rating, this type is 
identical with metal type 6SG7. 

SHARP-CUTOFF PENTODE 
Metal type used as rf amplifier in ac/dc 

receivers involving high-frequency, wide-band 
applications and as limiter tube in FM equip- 

1 ^ ment. Outline 3, OUTLINES SECTION. Heat- 
| er volts (ac/dc), 12.6; amperes, 0.15. Except for 

heater rating, this type is identical with metal 
type 6SH7. Type 12SH7 is used principally for 
renewal purposes. 

SHARP-CUTOFF PENTODE gs^/Qx^G^ 

17 Metal type 12SJ7 and glass-octal f iiEE/Yj • type 12SJ7-GT used as rf amplifiers 

12SJ7-GT and biased detectors in ac/dc radio H H 

receivers. Outlines 3 and 24, respec- s izsJA 
tively, OUTLINES SECTION. Bc;'23-I7-GT 

fleater volts (ac/dc), 12.6; amperes, 0.15. Except for heater rating, these types are 
identical with metal type 6SJ7 and glass-octal type 6SJ7-GT. Type 12SJ7-GT is 
a DISCONTINUED type listed for reference only. 

REMOTE-CUTOFF PENTODE 
Metal type 12SK7 and glass octal ( tz:E/r| 

' type 12SK7-GT used as rf and if am- 
fiT plifiers in ac/dc radio receivers. Out- h X__V; h 
wl iines 3 an(j 24, respectively, OUT- 

LINES SECTION. Heater volts ec:i2SK7-GT 
(ac/dc), 12.6; amperes, 0.15. Except for heater rating, these types are identical with 
metal type 6SK7 and glass octal type 6SK7-GT. Type 12SK7-GT is used prin- 
eipallv for renewal purposes. 
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HIGH-MU TWIN TRIODE 
Glass octal type used as phase in- 

verter or resistance-coupled amplifier 
in ac/dc radio equipment. Outline 22, 
OUTLINES SECTION. Heater volts 
(ac/dc), 12.6; amperes, 0.15. Except 
for heater rating, this type is identical 
with glass octal type 6SL7-GT. 

12SL7-GT 

MEDIUM-MU TWIN TRIODE 
12SN7-GT 

I :— /) Glass octal types used as combined - _ _ 
Ptj(5a\ vertical oscillators and vertical deflec- | ^ J |V| / — tion amplifiers, and as horizontal de- fsy A 

CtW flection oscillators in television receiv- \J I A 
ers. May also be used in multivibrator 

or resistance-coupled amplifier circuits in radio receivers. Outline 22, OUTLINES 
SECTION. Heater volts (ac/dc), 12.6; amperes, 0.3. Except for heater rating, 
these types are identical with glass octal types 6SN7-GT and 6SN7-GTB, re- 
spectively. 

K 
twin DIODE—HIGH-MU TRIODE 

'""/ylr--- y Metal type 12SQ7 and glass octal 12SQ7 
^\/\UrT type 12SQ7-GT used as combined de- _ 

Ct tector, amplifier, and avc tube in ac/dc 12SQ7~GT 
s radio receivers. Outlines 3 and 24, re- 

Bciigsor-or spectively, OUTLINES SECTION. 
Heater volts (ac/dc), 12.6; amperes, 0.15. Except for heater rating, these types are 
identical with metal type 6SQ7 and glass octal type 6SQ7-GT. 

5:12SR7 BC:I2SR7-GT 

TWIN DIODE— 
MEDIUM-MU TRIODE 

Metal type 12SR7 and glass octal type 
12S117-GT used as combined detector, amplifier, 
and avc tube in ac/dc radio receivers. Outlines 
3 and 22, respectively, OUTLINES SECTION. 
Heater volts (ac/dc), 12.6; amperes, 0.15. Ex- 
cept for heater rating, type 12SK7 is identical 
with type 6SR7, and type 12SR7-GT is elec- 
trically identical with type 6SR7 except for in- 
terelectrode capacitances. Type 12SR7 is used 
principally for renewal purposes. The 12SK7- 
GT is a DISCONTINUED type listed for ref- 
erence only. 

12SR7 

12SR7-GT 

MEDIUM-MU TWIN TRIODE 
Miniature type used as general-purpose- 

amplifier tube in automobile-radio receivers op- 
erating directly from 12-volt storage-battery 

GTj systems. Outline 12, OUTLINES SECTION. 
) Tube requires miniature nine-contact socket 

and may be mounted in any position. Heater 
)kt* voltaEe range (ac/dc), 10.0 to 15.9; amperes (approx.) at 12.6 volts, 0.15. Maximum ratings 

(each unit) as class Ai amplifier: plate volts, 30 
max; cathode ma., 15 max; peak heater-cathode 
volts, 30 max. This type is used principally for 
renewal purposes. 
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CLASS Ax AMPLIFIER (Each Unit) 
Maximum Ratings: 
I'i ati-: Voltage  
( 'ATUODK ClIUURNT  
Pi;\k Ueatek-Cathode Voltage: 

lleniyr negative with respect to cathode.      
Heater positive with respect to cathode  

Characteristics: 
Plate Voltage  
Iirid Voltage    
\. tap! ill cat ion Factor  
Plato Uosistance (Approx.)    
Traiiscoiuluctance  
Plate (-urrent    
tlriil Voltage (Approx.) for plate current ot 10   
Maximum Circuit Values: 
Griil-Circuit Resistance: 

For lixed-bias operation      
For cathode-bias operation  

megohm 
meg'dim 

BEAM POWER TUBE 

T Glass octal type used as output 
IZVO-V?! amplifier primarily in automobile radio ( L 

receivers operating from a 12-volt stor- 
age battery. Outline 22, OUTLINES OyWeC 
SECTION. Tube requires octal socket NV 

03 

and may be mounted in any position. Heater volts (ac/dc), 12.6; amperes, 0.225. 
Except for heater rating, this type is identical with glass octal type 6V6-GT. 

BEAM POWER TUBE /TN, 
_ Glass octal type used in the audio ®/l-—\ \ 

12WO-GT outputstagesoftelevisionreceiversem- I 
ploying series-connected heater strings. 
Triode-connected, this type is used as 0-Tr-0K 
a vertical deflection amplifier. Outline nc 03 

22, OUTLINES SECTION. This type may be supplied with pin No.l omitted. 
Leaver volts (ac/dc), 12.6; amperes, 0.6; warm-up time (average), 11 seconds. 
Peak heater-cathode volts: heater negative with respect to cathode, 300 may (the 
dc component must not exceed 200 volts); heater positive with respect to cathode, 
200 max (the dc component must not exceed 100 volts). Except for heater and 
heater-cathode ratings, this type is identical with glass octal type 6W6-GT. 

FULL-WAVE VACUUM RECTIFIER h 

_1_v_ . Miniature type used in power  ' 
12X4 supply of automobile radio receivers a-l\(\ ' 

operating from a 12-volt storage bat- _/Wk 
tery. Outline 13, OUTLINES SEC- 0  
TION. Heater volts (ac/dc), 12.6; am- pDa 

peres, 0.3. Except for heater rating, this type is identical with miniature type 6X4. 

HALF-WAVE VACUUM RECTIFIER 
Glass types used in power supply of ac/dc 

receivers. Outline 34 or 35, OUTLINES SEG- 
TION. Tube requires four-contact socket. 

1 Heater volts (ac/dc), 12.6; amperes, 0.3. Maxi- 
mum ratings as half-wave rectifier: peak in- 
verse plate volts, 700 max; peak plate ma., 330 
max; dc output ma., 55 max; peak heater- 
cathode volts, 350 max. This is a DISCONTIN- 
UED typo listed for reference only. 
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71 DUAL TRIODE 
CTZ®fMT. Miniature type used as combined 

vertical-deflection-oscillator and ver- nDF7 
CT^'ilfc^L_Z Ti tical-deflection-amplifier tube in tele- 

QJ*—ijL vision receivers employing series-con- 
T2 T2 nected heater strings. Unit No.l is a 

medium-mu triode unit used as a blocking oscillator in vertical-deflection circuits, 
and unit No.2 is a low-mu triode unit used as a vertical-deflection amplifier. Out- 
line 14, OUTLINES SECTION. Heater volts (ac/dc), 13; amperes, 0.45; warm- 
up time (average), 11 seconds. Except for heater rating, this type is identical with 
miniature type 6DE7. 

H®^S£>PT' DUAL TR,ODE 

<^(3-/^—l \7)GT| Miniature type containing high- _ . _ _ _ 
JTm" mu and low-mu triodes; used as com- | oUK/ 

y®KT| bined vertical-deflection-oscillator and 
(fj- ^0 vertical-deflection-amplifier tube in 

pT2 Kt'2 television receivers. Outline 14, OUT- 
LINES SECTION. Tube requires miniature nine-contact socket and may be op- 
erated in any position. Heater volts (ac/dc), 13; amperes, 0.45; warm-up time 
(average), 11 seconds. Except for heater ratings, the 13DIt7 is identical with typo 
GDR7. 

yL-£y' dual triode 
KT2Q(/rrHi-L YE)Kti Glass octal type containing high- 

mu triode and high-perveance, low- I O tfVi/ 
Pt2®\\ -<0^7©" mu triode; used as combined vertical- 

deflection oscillator and vertical-de- 
&T2 flection amplifier in television receiv- / 

ers employing series-connected heater strings. Heater voftS; (ac/dc), 13; amperes, 
0.45; warm-up time (average), 11 seconds. Except for heat'er ratings, this type is 
identical with type 6EM7. 

MEDIUM-MU TRIODE 
Glass lock-in type used as detector, ampli- 

fier, or oscillator in ac/dc radio receivers. Out- 
line 15. OUTLINES SECTION. Tube requires 
lock-in socket. Heater volts (ac/dc), 12.6; am- 
peres, 0.15. Except for heater rating and capac- 
itances, this type is electrically identical with 
lock-in type 7A4 and metal type 6J5. Type 
14A4 is a DISCONTINUED type listed for 
reference only. 

NC NC 
© 0 BEAM POWER TUBE 

c2/-r-y//—| n. /—-.Gi Glass lock-in type used as output amplifier 
  in ac/dc radio receivers. Outline 15, OUTLINES 

( / ZZl~y\ SECTION. Tube requires lock-in socket. Heater 1 >1 A C 
>y\^~/X)G3 volts (ac/dc), 12.6; amperes, 0.15. Typical op- I^rAD \y/ K eration and ratings as class Ai amplifier: plate 

(jjprjTe) volts and grid-No.2 volts, 250 (300 max); plate 
h ^ h dissipation, 7.5 watts; grid-No.2 input, 1.5 

watts; grid-No.l volts, -12.5; plate ma., 32; 
grid-No.2 ma., 5.5; plate resistance, 70000 ohms; transconductance, 3000 jimhos; load resistance 7500 
ohms; output watts, 2.8. This is a DISCONTINUED type listed for reference only. 

371 



RCA Receiving Tube Manual 

14A7 

REMOTE-CUTOFF PENTODE 
Glass lock-in type used as rf or if amplifier 

in ac/dc radio receivers. Outline 15, OUTLINES 
SECTION. Tube requires lock-in socket. Heater 
volts (ac/de), 12.6; amperes, 0.15. Except for 
heater rating and capacitances, this type is elec- 
trically identical with metal type 6SK7 and 
lock-in type 7A7. Type 14A7 is used principally 
for renewal purposes. 

14AF7 

MEDIUM-MU TWIN TRIODE 
Glass lock-in type used as voltage amplifier 

or phase inverter in radio equipment. Outline 
15, OUTLINES SECTION. Tube requires lock- 
in socket. Heater volts (ac/dc), 12.6; amperes, 
0.15. Except for heater ratings, this type is elec- 
trically identical with lock-in type 7AF7. Type 
14AF7 is used principally for renewal purposes. 

14B6 

TWIN DIODE—HIGH-MU TRIODE 
Glass lock-in type used as combined de- 

tector, amplifier, and avc tube in ac/dc radio 
receivers. Outline 15, OUTLINES SECTION. 
Tube requires lock-in socket. Heater volts 
(ac/dc), 12.6; amperes, 0.15. Except for heater 
rating and capacitances, this type is electrically 
identical with lock-in type 7B6 and metal type 
6SQ7. Type 14B6 is used principally for renewal 
purposes. 

PENTAGRID CONVERTER 
Glass lock-in type used as converter in 

ac/dc radio receivers. Outline 15, OUTLINES 
SECTION. Tube requires lock-in socket. Heater 

1488 volts (ac/dc), 12.6; amperes, 0.15. Except for beater rating and capacitances, this type is elec- 
trically identical with lock-in type 7B8 and 
metal type 6A8. Type 14B8 is a DISCONTIN- 
UED type listed for reference only. 

14C5 

BEAM POWER TUBE 
Glass lock-in type used as output amplifier 

in ac/dc radio receivers. Outline 20, OUT- 
LINES SECTION. Tube requires lock-in 
socket. Heater volts (ac/dc), 12.6; amperes, 
0.225. Except for heater rating, this type is 
electrically identical with lock-in type 7C5 and 
metal type 6V6. Type 14C5 is a DISCON- 
TINUED type listed for reference only. 

SHARP-CUTOFF PENTODE 
Glass lock-in type used as rf amplifier and \T)G| 

biased detector in ac/dc radio receivers. Out- 
1 AfJT line 15, OUTLINES SECTION. Tube requires 1/ 
I Vrfr lock-in socket. Heater volts (ac/dc), 12.6; am- /\ s^Z) 

peres, 0.15. Typical operation and maximum p K 

ratings as class Ai amplifier: plate volts, 250 QyWk®) 
(300 mac); grid-No.2 volts, 100; plate dis- H BS H 

sipation, 1 max watt; grid-No.2 input, 0.1 
max watt; grid No.l volts, -3; grid No.3 connected to cathode at socket; plate resistance, greater than 
I megohm; transconductance, 1575 amhos; plate ma., 2.2; grid-No.2 ma., 0.7. Within the limits of its 
maximum ratings, this type is similar in performance to metal types 6SJ7 and 12S.T7. Type 14C7 is used 
principally for renewal purposes. 
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TWIN DIODE—MEDIUM-MU TRIODE 
Glass lock-in type used as combined de- 

tector, amplifier, and avc tube in ac/dc radio 
receivers. Outline 15, OUTLINES SECTION. 
Tube requires lock-in socket. Heater volts, 
(ac/dc), 12.6; amperes, 0.15. Except for heater 
rating, this type is electrically identical with 
lock-in type 7E6 and miniature type 6BF6. 
Type 14E6 is a DISCONTINUED type listed 
for reference only. 

TWIN DIODE—REMOTE-CUTOFF 
PENTODE 

Glass lock-In type used as combined de- 
tector, amplifier, and avc tube in ac/dc re- 
ceivers. Outline 15, OUTLINES SECTION. 
Tube requires lock-in socket. Heater volts 
(ac/dc), 12 6; amperes, 0.15. Except for heater 
rating, this type is electrically identical with 
lock-in type 7E7. Type 14E7 is a DISCON- 
TINUED type listed for reference only. 

HIGH-MU TWIN TRIODE 
Glass lock-in type used as phase inverter 

or resistance-coupled amplifier in ac/dc radio 
receivers. Outline 15, OUTLINES SECTION. 
Tube requires lock-in socket. Heater volts 
(ac/dc), 12.6; amperes, 0.15. Except for heater 
rating, this type is electrically identical with 
lock-in type 7F7 and glass-octal type 6SL7-GT. 
Type 14F7 is used principally for renewal 
purposes. 

MEDIUM-MU TWIN TRIODE 
Glass lock-in type used as amplifier or 

oscillator in ac/dc radio equipment. Outline 15, 
OUTLINES SECTION, except over-all length 
is 2-9/32 max inches and seated length is 1-3/4 
inches. Tube requires lock-in socket. Heater 
volts (ac/dc), 12.6; amperes, 0.15. Except for 
heater rating, this type is electrically identical 
with lock-in type 7F8. Type 14F8 is used 
principally for renewal purposes. 

TWIN DIODE—HIGH-MU TRIODE 
Miniature type used as combined 

detector and af voltage amplifier in 
radio receivers. Outline 12, OUT- 
LINES SECTION. Tube requires 
miniature nine-contact socket and may 
be operated in any position. 

Heater Voltage (ac/dc)  
Heater Current   
Amplieication Factor0  
Plate Resistance (Approx.)0  
Transco.nductan'ce0  0 For triode unit; plate volts, 250; grid volts, -3; plate ma., 0.7. 

TRIODE UNIT AS CLASS A, AMPLIFIER 
Maximum Ratings, (Design-Maximum Values): 
Plate Voltage  
Grid Voltage, Positive-bias value  
Plate Dissipation  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  
Heater positive with respect to cathode  

330 max 
0 max 

1.1 ma:. 
200 max 
200Biuax 
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DIODE UNITS (Each Unit) 
Moximum Ratings, (Design-Maximum Values): 
Plate Current      
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode     
Heater positive with respect to cathode  

Choracteristics, Instantaneous Test Condition: 
Plate Current, for plate volts = 5  
■ The dc component must not exceed 100 volts. 

200 max 
200"max 

AVERAGE PLATE CHARACTERISTICS 
TYPE I4GT8 E,M4 VOLTS 

Wa m 

wm 

a 

Bi 

300 400 PLATE VOLTS 

14H7 

SEMI REMOTE-CUTOFF PENTODE 
Glass lock-in type used as rf or if amplifier 

in ac/dc radio receivers. Outline 15, OUT- 
LINES SECTION. Tube requires lock-in socket. 
Heater volts (ac/dc), 12.6; amperes, 0.15. Ex- 
cept for heater rating, this type is electrically 
identical with type 7H7. Type 14H7 is a DIS- 
CONTINUED type listed for reference only. 

TRIODE—HEPTODE CONVERTER 
Glass lock-in type used as combined triode 

oscillator and heptode mixer in ac/dc radio re- 
ceivers. Outline 15, OUTLINES SECTION. 

14J7 Tube requires lock-in socket. Heater volts (ac/dc), 12.6; amperes, 0.15. Except for heater 
rating, this type is electrically identical with 
lock-in type 7J7. Type 14J7 is a DISCON- 
TINUED type listed for reference only. 

MEDIUM-MU TWIN TRIODE 
Glass lock-in type used as voltage ampli- 

fier or phase inverter in ac/dc radio equipment. 
Outline 20, OUTLINES SECTION. Tube re- 

1 A klT quires lock-in socket. Heater volts (ac/dc), 12.6; I4N/ amperes, 0.3. Except for heater rating and 
capacitances, this type is electrically identical 
with lock-in type 7N7 and glass-octal type 
6SN7-GT. Type 14N7 is a DISCONTINUED 
type listed for reference only. 
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PENTAGRID CONVERTER 
Glass lock-in type used as converter in 

ac/dc radio receivers. Outline 15, OUTLINES 
SECTION. Tube requires lock-in socket. Heater 
volts (ac/dc), 12.6; amperes, 0.15. Except for 
heater ratings and capacitances, this type is 
electrically identical with metal type 6SA7 and 
lock-in type 7Q7. Type 14Q7 is used principally 
for renewal purposes. 

TWIN DIODE— 
REMOTE-CUTOFF PENTODE 

G (p , 1 Glass lock-in type used as combined de- 
tector, amplifier, and avc tube in ac/dc radio 
receivers. Outline 15. OUTLINES SECTION. 

K Tube requires lock-in socket. Heater volts G3P (ac/dc), 12.6; amperes, 0.15. Except for heater 
's rating, this type is electrically identical with 

lock-in type 7K7. Type HUT is used principally 
for renewal purposes. 

SHARP-CUTOFF PENTODE 
Glass type used as rf amplifier in battery- 

upi-rated receivers. Outline 40, OUTLINES 
SECTION. Tube requires five-contact socket. 
Heater volts (dc), 2.0; amperes, 0.22. Typical 
operation as class Ai amplifier: plate volts, 135 

grid-No.2 (screen-grid) volts, 67.5 max) 
grid-No.1 volts, -1.5; plate ma., 1.85; grid-No.2 
ma., 0.3; plate resistance, 0.80 megohm; trans- 
conductance, 750 ^mhos. This is a DISCON- 
TINUED type listed for reference only. 

HALF-WAVE VACUUM RECTIFIER 17AX4-GT 
| Glass octal types used as damper __ . - _ _ 

A 1 1 jL tubes in horizontal deflection circuits of \/ 
television receivers employing series- A 

(2y,rtf) connected heater strings. Outline 22, \j ( j\ 10 H OUTLINES SECTION. Heater volts 
(ac/dc), 16.8; amperes, 0.45; warm-up time (average), 11 seconds. Except for heater 
rating, these types are identical with glass octal types 6AX4-GT and 6AX4-GTB, 
respectively. 

HALF-WAVE VACUUM RECTIFIER 

—r~pN7)'' ^0Var USe^ as damPer tu^e 'n I -w A. \I O , I p horizontal-deflection circuits of black- I f A i O 
pfSA _/Vjl/5)ic and-white television receivers employ- 

series-connected heater strings. 
,y Mc Outline 54, OUTLINES SECTION. 

Heater volts (ac/dc), 16.8; amperes, 0.45; warm-up time (average), 11 seconds. 
Except for heater rating, this type is identical with novar type 6AY3. 

HALF-WAVE VACUUM RECTIFIER 
N ovar type used as damper tube in 

horizontal-deflection circuits of black- 
and-white television receivers employ- 
ing series-connected heater strings. 
Outline 54, OUTLINES SECTION. 

17BH3 
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Heater volts (ac/dc), 17.0; amperes, 0.6; warm-up time (average), 11 seconds. 
Except for heater rating, this type is identical with novar type 6BH3. 

BEAM POWER TUBE "wtlTx 

17BQ6- Glass octal type used as horizon- | ] 
tal deflection amplifier in television 
receivers employing series-connected " 
heater strings. Outline 30, OUTLINES 0Tt(5 
SECTION. Heater volts (ac/dc), 16.8; NC gK3 

amperes, 0.45; warm-up time (average), 11 seconds. Except for heater rating, this 
ivpo is identical with glass octal type 6BQ6-GTB/6CU6. 

HALF-WAVE VACUUM RECTIFIER Y,n/(\ 
Glass octal type used as damper j 

tube in horizontal-deflection circuits yv^fT) 
I * l*-?' of television receivers employing series- ic H 

connected heater strings. Outline 22, (v*"® 
OUTLINES SECTION. Heater volts IC H 

(nr dc), 16.8; amperes, 0.45; warm-up time (average), 11 seconds. Except for 
heater rating, this type is identical with glass octal type 6DA4. 

(LPte) 
IC h 

HALF-WAVE VACUUM RECTIFIER v-—® 
"VSy JL \ Glass octal type used as damper \ 

tube in horizontal-deflection circuits of ,-1 ' 
L/Cr television receivers employing series- 

connected heater strings. Outline 29, 
OUTLINES SECTION. Heater volts "H 

(uc dc), 17; amperes, 0.6; warm-up time (average), 11 seconds. Except for heater 
rating, this type is identical with glass octal type 6DE4. 

HALF-WAVE VACUUM RECTIFIER 

- * m m Glass octal type used as damper \ 
I / D/Vl4 tube in horizontal-deflection circuits of ( 1 I 

television receivers employing series- i<®\. 
connected heater strings. Outline 29, 
OUTLINES SECTION. Heater volts H 

(ac dc), 16.8; amperes, 0.45; warm-up time (average), 11 seconds. Except for 
heater rating, this type is identical with glass octal type 6DM4. 

BEAM POWER TUBE 
. Glass octal type used as horizon- 

| / L/vjf O - A tal deflection amplifier in television 
receivers employing series-connected 
heater strings. Outline 37, OUTLINES 
SECTION. Heater volts (ac/dc), 16.8; 

amperes, 0.45; warmup time (average), 11 seconds. Except for 
type is identical with glass octal type 6DQ6-A. 

heater ra 
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BEAM POWER TUBE 
e^<Sr-4-—2 Novar type used in horizontal-de- - ^ f* ic 

© flection-amplifier circuits of television I / V7J J 
AJ ic receivers employing series-connected 

(jj" \T) heater strings. Outline 55, OUTLINES 
62 10 SECTION. Tube requires novar nine- 

contact socket and may be operated in any position. Heater volts (ac/dc), 16.S; 
amperes, 0.45; warm-up time (average), 11 seconds. Except for heater ratings, 
this type is identical with type 6GJ5. 

h Jk G, BEAM POWER TUBE 

K^yy -c- tcVtI2 Novar type used in horizontal-de- 
G3^A©;;iljf H flection-amplifier circuits of television I f \P \ J 
g receivers employing series-connected 

' heater strings. Outline 54, OUTLINES 
02© ©p SECTION, except vertical dimensions 

are 0.6 inch shorter. Tube requires octal socket and may be operated in any po- 
sition. Heater volts (ac/dc), 16.8; amperes, 0.45; warm-up time (average), 11 
seconds. Except for heater ratings, this tube is identical with novar type 6GT5. 

NC(WnJL\\ BEAM POWER TUBE 

( ) Glass octal type used in horizon- - "¥ f>\klZ. 
tal-deflection-amplifier circuits of high- | / \^Vw O 

" H efficiency deflection circuits of tele- 
© © vision receivers employing series-con- 

03 nected heater strings. Outline 37, OUT- 
LINES SECTION. Tube requires octal socket and may be operated in any po- 
sition. Heater volts (ac/dc), 16.8; amperes, 0.45; warm-up time (average), 11 
seconds. Except for heater ratings, this type is identical with glass octal type 6G W6. 

« c HALF-WAVE VACUUM RECTIFIER 
(©©A©© Miniature type used as damper tube in 

r /T .©AN — IC horizontal-deflection circuits o[ television re- 
— \ V) ceiversemployingseries-connectedheaterstrings. 

I 1—1 \l Outline 14, OUTLINES SECTION. Tube re- 17LI') 
■ cdX l//\ /©P quires miniature nine-contact socket and may | X fl O p©/ t»e mounted in any position. Socket terminals 2, 

i© ©1 6, 7, and 9 should not be used as tie points. It is K especially important that this tube, like other 
power-handling tubes, be adequately ventilated. 

Heater volts iac/dc), 17.5; amperes, 0.3; warm-up time (average), 11 seconds. This type is used prin- 
cipally for renewal purposes. 

DAMPER SERVICE 
For operation in a 525-line, 30-frame system 

Maximum Ratings, (Design-Maximum Values); 
Peak In'versb Plate Voltage#  2000 max volts 
Peak Plate Current  450 max ma 
DC Plate Current  75 max ma 
Plate Dissipation  3 max watts 
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  2000'ni,ax volts 
Heater positive with respect to cathode  200,tiiax volts 

# The duration of the voltage pulse must not exceed 15 per cent of one horizontal scanning cycle. In a 
525-line, 30-frame system, 15 per cent of one horizontal scanning cycle is 10 microseconds. 
• The dc component must not exceed 500 volts. 
■ The dc component must not exceed 100 volts. 
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BEAM POWER TUBE 
Glass octal type used as horizontal-deflec- 

ticm-amplifier tube in television receivers em- 
ploying series-connected heater strings. Outline 

|Q Ag 26, OUTLINES SECTION. Tube requires 
octal socket and may be operated in any position. 
Heater volts (ac/dc), 18.5; amperes, 0.3; warm- 
up time (average), 11 seconds. Characteristics 
as horizontal-deflection amplifier: transcon- 
ductance, 4800 /imhos; plate resistance (ap- 

prox.) 27000 ohms; for plate volts, 200; grid-No.2 volts, 125; grid-No.1 volts, 
Ni>.2 ma., 1.1. 

HORIZONTAL-DEFLECTION AMPLIFIER 
For operation in a 525~line, 80-frame system 

Maximum Ratings, (Design-Maximum Values): 
DC Pi,atk Voltage  
Peak Positive-Pulse Plate Voltage#  
Peak Negative-Pulse Plate Voltage. . .    
DC Grii)-No.2 (screen-grid) Voltage  
Peak Negative-Pulse Grid-No.1 (control-grid) Voltage  
Peak Cathode Current  
Average Cathode Current  
Grid-No.2 Input  
Plate Dissipation  
Peak Heater-Cathode Voltage: 

ITi-aler negative with respect to cathode  
Heater positive with respect to cathode  

Bull Temperature (At hottest point)  

-17; plate ma., 40; grid- 

350 mux 
3000 ihox 

600 max 
160 Wfu 
250 max 
310 mar. 

90 max 
2.5 mar 

9 max 

200 max 
200"mar 
190 mar 

Maximum Circuit Value: 
Grid-No.1-Circuit Resistance: 
For grid-resistor-bias operation  1 max megohm 
# The duration of the voltage pulse must not exceed 15 per cent of one horizontal scanning cycle. In a 
525-line, 30-frame system, 15 per cent of one horizontal scanning cycle is 10 microseconds. 0 Under no circumstances should this absolute value be exceeded. 
• An adequate bias resistor or other means is required to protect the tube in the absence of excitation. 
■ Tin* dc component must not exceed 100 volts. 

REMOTE-CUTOFF PENTODE 

IftFWA Miniature type used as rf-and if- jX/IizE-T'U ' ® ^ amplifier tube in ac/dc radio receivers. (/Y ' r7\/ X?) 
18FW6-A Outline 11, OUTLINES SECTION. ■ www- Tube requires miniature seven-contact 

socket and may be mounted in any 
position. Heater volts (ac/dc), 18; amperes, 0.1; warm-up time (average), 18- 

20 seconds. 
CLASS A, AMPLIFIER 

Maximum Ratings, (Desifin-MaximiirnVulnes): 
Plate Voltage  150 max volts 
GitiD-.\'o.3 (suppressor grid)  Connect to cathode at socket 
Gkid-N'o.2 (screen-grid) Supply Voltage  15ft max volts 
Grii)-N:o.2 Voltage  See curve page 66 
Grid-N'o.I (control-grid) Voltage, Positive-bias value  0 max volts 
Grid-No.2 Input: 

For grid-No.2 voltages up to 75 volts  0.6 max watt 
For grid-No.2 voltages between 75 and 150 volts  See curve page 66 

Plate Dissipation  2.5 max watts 
Peak Heater-Cathode Voltage: 

Ueafer negative with respect to cathode  100 max volts 
Ht-ator positive with respect to cathode  100 max volts 

. .... loft max 
Connect to cathode at 

. . . . . 15ft max 
  See curve r 
  0 max 

0.6 max 
See curve j 

2.5 max 
100 max 
100 m,n.x 

Characteristics: 
Plate Supply Voltage  
Grid No.3  
Grid-No.2 Supply Voltage. 

  100 volts 
Connected to cathode at socket 
  100 volts 
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Cathode-Bias Resistor  
Plate Resistance (Approx.)  
Transconductance  
Plate Current  
Grid-No.2 Current  
Grid-No.1 Voltage (Approx.) Tor transconductance of 25 jtmhos. 

PENTAGRID CONVERTER 

"SY/ Miniature type used for converter 1 ft FX A 
(\\ applications in ac/dc radio receivers. IOI xxv/ 

K0VV-A I Outline 11, OUTLINES SECTION. IftFXA-A 
(T)^^ Tube requires miniature seven-con- IOi /VV/-r\ 

Gr tact socket and may be mounted in 
any position. Heater volts (ac/dc), 18; amperes, 0.1; warm-up time (average), 
18FX6-A, 20 seconds. 

CONVERTER 
Maximum Ratings, (Design-Maximum Values): 
Plate Voltage  150 rnux volts 
Grids-No.2-Ani>-No.4 (screen-grid) Supply Voltage  150 max volts 
Grids-No.2-And-No.4 Voltage  110 max volts 
Grids-No.2-And-No.4 Input  1.2 max watts 
Plate Dissipation    1 max wati 
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode    100 max volts 
Heater positive with respect to cathode  100 max volts 

150 max 
150 max 
110 rnax 
1.2 max 

1 max 
100 max 
100 max 

Typical Operation (Separate Excitation):* 
Plate Voltage    100 volts 
Grids-No.2-and-No.4 (Screen-Grid) Voltage  100 volts 
Grid-No.3 (Control-Grid) Voltage  -1.5 volts 
Grid-No.1 (Oscillator-Grid) Resistor  20000 ohms 
Plate Resistance (Approx.)  0.4 megohm 
Conversion Transconductance  480 ^mhos 
Grid-No.3 Voltage (Approx.) for conversion transconductance of 10 ^mhos -21 volts 
Plate Current  2.3 ma 
Grids-No.2-and-No.4 Current  6.2 ma 
Grid-No.1 Current  0.5 ma 
Total Cathode Current  9 ma 
Note: The transconductance between grid No.l and grids No.2 and No.4 connected to plate (not oscil- 
lating) is approximately 7000 pmhos under the following conditions: grids No.l and No.3 at 0 volts; 
grids No.2 and No.4 and plate at 100 volts. Under the same conditions, the plate current is 24 ma., ami 
the amplification factor is 22. 
* The characteristics shown with separate excitation correspond very closely with those obtained in a 
self-excited oscillator circuit operating with zero bias. 

0—© 2 TWIN DIODE—HIGH-MU TRIODE 
H0( | _C~t\YI)P01 Miniature type used for combined IftFYA 

detector, amplifier, and avc tube in lOl I V/ 
^yv)pT compact ac/dc radio receivers. Out- IftCYA A 

line 11, OUTLINES SECTION. Tube I Or I »-M 
or requires miniature seven-contact sock- 

et and may be mounted in any position. Heater volts (ac/dc), 18; amperes, 0.1; 
warm-up time (average), 18FY6-A, 20 seconds. 

TRIODE UNIT AS CLASS A, AMPLIFIER 
Maximum Ratings, {Design-Maxirnitm Values): 
Plate Voltage  
Grid Voltage, Positive-bias value  
Plate Dissipation  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  
Heater positive with respect to cathode  

150 max 
0 max. 

0.5 m.ax 
100 ma:r 
100 max 
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Characferistics; 
Plate Voltage  
Gri<l Voltage  
Amplification Factor  
Plate Resistance (Approx.). 
Transeonductance  
Plate Current  

DIODE UNITS {EacKUniO 
Maximum Ratings, (Desvjn-MaxinivmValues): 
Platr Current  

SHARP-CUTOFF PENTODE 
Miniature type used in the if, rf, H 

1 q a an^ converter stages of ac/dc AM 
I OVjUO-A radioreceivers.Outlinell,OUTLINES 

SECTION. Tube requires miniature G, 
seven-contact socket and may be op- 15 

erated in any position. 
Heater Voltage (ac/dc)  
Heater Current  
Warm-Up Time (average)   
Direct Intekelectrode Capacitances:0 

Grid-No.1 to Plate  0. 
Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield 
Plate to Cathode, Heater, Grid No.2, Grid No.3 and Internal Shield.. . 0 Values are same without external shield, or with external shield connected to c;1 

CLASS Al AMPLIFIER 
Characferistics: 
Plate Supply Voltage  
Grid No.3 (Suppressor Grid) Connected 
Grid-No.2 (Screen-Grid) Voltage  
Cathode-Bias Resistor  Plate Resistance (Approx.)  
Transoonduetance    
Plate Current  
Grid-No.2 Current  
Grid-No.1 Voltage (Approx.), for plate current of 10 /ia  

RF AMPLIFIER AND CONVERTER 
Moximum Ratings, {Design-Maximum Values): 
Plate Voltage    
Grid-No^ Supply Voltage  
Grid-No.2 Voltage  
Plate Djssjpatjon  
<;ii!D-No.2 Input: 

Cor grid-No.2 voltages up to 75 volts  
Per grid-No.2 voltages between 75 and 150 volts  

Bean Heater-Cathode Voltage: 
Healer negative with respect to cathode  
Heater positive with respect to cathode  

100 
to cathode s 100 

150 
O.o 

4300 

150 rniix vi 
150 in<ix vi 
See curve page 

0.6 max wa 
See curve page 

19AU4 

19AU4- 

GTA 

HJGH-MU TWIN POWER TRIODE 
Glass type used in output stage of battery- 

operated receivers. Outline 34 or 35, OUT- 
LINES SECTION. Tube requires six-contact 
socket. Filament volts (dc), 2.0; amperes, 0.26. 
Except for filament current, this type is elec- 
trically identical with type 1J6-GT. Type 19 is 
a DISCONTINUED type listed for reference 
only. 

HALF-WAVE VACUUM RECTIFIER 
Glass octal types used as damper 

diode in horizontal-deflection circuits 
of black-and-white television receivers 
employing series-connected heater 
strings. Outline 29, OUTLINES SEC- 
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TION. Tubes require octal socket and may be mounted in any position. These 
types may be supplied with pin 1 omitted. Socket terminals 1, 2, 4, and 6 should 
not be used as tie points. It is especially important that these tubes, like other 
power-handling tubes, be adequately ventilated. Heater volts (ac/dc), 18.9; am- 
peres, 0.6; warm-up time (average), 11 seconds. Type 19AU4-GTA is used prin- 
cipally for renewal purposes. 

DAMPER SERVICE 
For operation in a 525-line, 30-frame ayztem 

... n t' 19AUI-GTA 19Alrl Maximum Katings: Design Maximum Design Center 
Peak Inverse Flatii Voltage*  4500 mar 4500° mar volts 
Peak Plate Cukren't  1300 mar 1050 mar ma 
DC Plate Current  210 mar 175 mar ma 
Plate Dissipation"  6.5 mar 6 max watts 
Peak Heater-Cathode Voltage: 

Hyater negative with respect to cathode  4500tmar 4500otma.r volts 
Heater positive with respect to cathode  300Amar 300*mar vnlis 

# The duration of the voltage pulse must not exceed 15 per cent of one horizontal scanning cycle 
52o-Iine, 30-frame system, 15 per cent of one horizontal scanning cycle is 10 microseconds. 0 Under no circumstances should this absolute value be exceeded, 
t The dc component must not exceed 900 volts. 
* The dc component must not exceed 100 volts. 

BEAM POWER TUBE 
vJJjUJy Glass octal types used as output ampiiners 

horizontal deflection circuits of television 1QRG6—G 
C3v£X--~.r_"II equipment of the "transformerless" type where » zwwW w 

j \. ZZZTJ | high pulse voltages occur during short duty 
/gV ' LsJct) cycles. Outlines 52 and 46, respectively, OUT- "I A 

LINES SECTION. Tubes require octal socket. * * 
(yTTTTg) Vertical tube mounting is preferred but hori- 

NC ^^2 zontal operation is permissible if pins No.2 and 
No.7 are in vertical plane. Heater volts (ac/dc), 

18.9; amperes, 0.3. Except for heater rating and interelectrode capacitances, type 19BG6-GA is eler- 
trirally identical with glass octal type 6BG6-G. Type 19BG6-G is a DISCONTINUED type listed 
for reference only. Type 19BG6-GA is used principally for renewal purposes. 

MEDIUM-MU TRIODE— 
H(^©(j)PTn SHARP-CUTOFF PENTODE 

NN(T|G2tr Miniature type used as combined r% a 
/I/tK vi/J- oscillator and mixer in television IVGLo—A pt(1as3K3-w®Ktr receivers employing series-connected 
// '0 heater strings. Outline 12, OUTLINES 

Gt G|tr SECTION. Tube requires miniature 
nine-contact socket and may be operated in any position. Heater volts (ac/dc), 
18.9; amperes, 0.15; warm-up time (average), 11 seconds. Except for heater rating, 
this type is identical with miniature type 6CL8-A. 

h MEDIUM-MU TRIODE— 
SHARP-CUTOFF PENTODE 

Yz)^ Miniature type used as combined mr1 a O 
oscillator and mixer in television re- iVtAO 

Gi^Axv/x/j/Syr ceivers employing series-connected 
heater strings and using an intermedi ate 

Pt Gt frequency in the order of 40 megacycles 
per second. Outline 12, OUTLINES SECTION. Tube requires miniature nine- 
contact socket and may be operated in any position. Heater volts (ac/dc), 18.9; 
amperes, 0.15; warm-up time (average), 11 seconds. Except for heater rating this 
type is identical with miniature type 6EA8. 
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MEDIUM-MU TWIN TRIODE 
Miniature type used for converter service 

in ac/dc AM and FM receivers and as oscil- - /T jN. 
tJL lator, amplifier, or mixer in television receivers r X£)Gt2 

f w of the "transformerless" type. Outline 11, OUT- \j> ) 
LINES SECTION. Tube requires miniature (zjSaX 
seven-contact socket and may be mounted in T|^--Av\VV^^> /V^K 

any position. Heater volts (ac/dc), 18.9; am- p ^ 
peres, 0.15. For direct interelectrode capaci- T2vV 

! :nic(:.s, rating?, and typical operation as a class Ai amplifier, and curves, refer to type 6J6. Maximum 
'•livings and characteristics for mixer service (each unit): plate volts, 150 (300 max); cathode-bias 
k ?i?(.or, 810 ohms; peak oscillator volts, 3; plate resistance, 10200 ohms; conversion transconductance, 
l!"iO umbos; plate ma., 4.8; plate dissipation, 1.5 max watts; peak heater-cathode volts, 90 wux. Typo 
I'Ud i* used principally for renewal purposes. 

TRIPLE DIODE-HIGH-MU TRIODE 
Miniature type used aa combined audio 

T OT g amplifier, AM detector, and FM detector in is CMGrrn 
AM/FM receivers of the a/c or "transformer" l/rV" 
type. Outline 12, OUTLINES SECTION. (Sa\\ 
Tube requires miniature nine-contact socket pD2 \N- 
and may be mounted in any position. Heater pr,^-' 
volts (ac/dc), 18.9; amperes, 0.15. Except for 3 

:ii' r rating, this type is identical with miniature type 6T8-A. Type 19T8 is used princip 
rmrposes. 

MEDIUM-MU TRIODE— H ^ 
SHARP-CUTOFF PENTODE C| 

1QYO Miniature type used as combined oscillator and mixer tube in "trans- ^CXC'/^ryT)2'' 
formerless" AM/FM receivers. Out- 
line 12, OUTLINES SECTION.Tube 4/ 
requires miniature nine-contact socket 

may be mounted in any position. Heater volts (ac/dc), 18.9; amperes, 0.15. 
Except for heater rating, this type is identical with miniature type 6XS. 

POWER TRIODE 
Glass type used as output amplifier in dry- p g 

battery-operated receivers. Filament volts (dc), (TV—' '"•*-/£) 
3.3; amperes, 0.132. Characteristics as class Ai / "~1 |V 

20 amplifier: plate volts, 135 max; grid volts, /  I \ -22.5; plate ma., 6.5; plate resistance, 6300 \ J 
ohms; amplification factor, 3.3; transconduc- 
tance, 525 ^mhos; load resistance, 6500 ohms; (TjXl _ 
output mw., 110. This is a DISCONTINUED F f 
type listed for reference only. 

DIODE—REMOTE-CUTOFF 
PENTODE 

Miniature type used as combined (/-J-rTM)Pr> 

20EQ7 if amplifier and AM detector in AM r/ 
and AM/FM radio receivers. Outline 
14, OUTLINES SECTION. Tube re- (V ® 
quires miniature nine-contact socket G3p 15 

and may be operated in any position. Heater volts (ac/dc), 20; amperes, 0.1. Ex- 
cept for heater rating, this type is identical with miniature type 6EQ7. 
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Q^v® HIGH-MU TWIN TRIODE 
-fcV?) T| Miniature type used in high-gain, 0/\C77 
^IALg resistance-coupled, low-level audio am- jAjfe.!-/ 

" )/- ' Plifiers operating at low-signal levels, 
H(Jr—such as preamplifiers for stereo phono- 

kt, graphs. Outline 12, OUTLINES SEC- 
TION. Fortypical operation as resistance-coupled amplifier,refer toRESISTANCE- 
COUPLED AMPLIFIER SECTION. Tube requires miniature nine-contact 
socket and may be operated in any position. 

Heater Volts (.ac/dc)  
Heater Current  
Heater Warm-Up Time (average)  
Direct Interelectrodes Capacitances:0 

Grid to Plate  
Grid ro Cathode and Heater  
Plate to Cathode and Heater  

CLASS Aj AMPLIFIER (Each Unit) 
Moximum Rotings, (DcHifm-Maxm-um Values): 
Plate Voltage  
Grid Voltage; 

Negative-bias value  
Positive-bias value  

Plate Dissipation   
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  
Heater positive with respect to cathode  

Chorocferistics: 
volts 
volts 
ohms 

/xmhos 
ma 0 Without external shield. 

• The de component must not exceed 100 volts. 

Plate \ ollage  
Grid Voltage  
Amplification Factor  
Plate Resistance tApprox.). 
Transconductiri^e  
Plate CurreirfSe  

100 250 
-1 -2 

100 100 
80000 • 62500 

1250 1600 
-■0.5 1.2 

AVERAGE PLATE CHARACTERISTICS 

■ 
n 

■ 
■innnn 

nnraoiBQia&ipBHH 

300 400 
PLATE V0LT9 
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BEAM POWER TUBE /"rK 

Glass octal type used as horizon- A\~zzzL \ 
y. I CyvO tal-deflection amplifier in television re- J_ 

ceivers employing series-connected 
heater strings. Outline 46, OUTLINES ^r-0 
SECTION. Tube requires octal socket G2 

and should be operated vertically (base down or up) or horizontally with pins 2 
and 7 in a vertical plane. Heater volts (ac/dc), 21.5; amperes, 0.6; warm-up time 
(average), 11 seconds. Except for heater ratings, this tube is identical with glass 
octal type 6EX6. 

SHARP-CUTOFF TETRODE 
Glass type used as rf amplifier in dry-bat- 

cery-operated receivers. Maximum over-al 
length, 5-1/32 inches; maximum diameter, 1- 
13/16 inches. Filament volts (dc), 3.3; amperes, 
0.132. Characteristics as class Ai amplifier: plate 
volts, 135 max; grid-No.2 (screen-grid) volts, 67.5 
max; grid-No.l volts, -1.5; plate ma., 3.7; grid- 
Mo.2 ma., 1.3; plate resistance, 325000 ohms; 
cransconductance, 500 ^mhos. This is a DIS- 
CONTINUED type listed for reference only. 

HALF-WAVE VACUUM RECTIFIER (Tv/tU^ 

O O O L11 Novar type used as damper tube in A 
2.2. BrlO horizontal deflection circuits of black- M ,—lL lT 

and-white television receivers employ- p(i\ 
ing series-connected heater strings. /v-— 
Outline 54, OUTLINES SECTION. ^ «■ 

Heater volts (ac/dc), 22.4; amperes, 0.450; warm-up time (average), 11 seconds. 
Except for heater rating, this type is identical with novar type 6BH3. 

HALF-WAVE VACUUM p 
RECTIFIER 

_ _ _ _ . Glass octal type used as damper ^j\ 1 
22XjCt1 tube in horizontal-deflection circuits of I ^ 1 

black-and-white television receivers 
employing series-connected heater 
strings. Outline 29, OUTLINES SEC- H 

TION. Heater volts (ac/dc), 22.4; amperes, 0.45; warm-up time (average), 11 sec- 
onds. Except for heater rating, this type is identical with glass octal type 6DE4. 

SHARP-CUTOFF TETRODE ^ 
Glass type used as rf amplifier or biased 

detector in aooperated receivers. Maximum / / 1 | /A 
r\ Jk Jk over-all length, 5-1/32 inches; maximum diam- pl^Y Z'Z j 
S—r— M\ eter, 1-13/16 inches. Tube requires five-contact 

socket. Heater volts (ac/dc), 2.5; amperes, 1.75. V ss. J 
Typical operation and maximum ratings as {if*-— 
class Ai amplifier: plate volts, 250 (275 max); ^ 
grid-No.2 volts, 90; grid-No.1 volts, -3; plate re- 

sisiance, 0.6 megohm; transconductance, 1050 ^mhos; plate ma., 4; grid-No.2 ma., 1.7 w.r. This type 
is used principally for renewal purposes. 
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POWER PENTODE 02 «| 
(4) (5) Metal type 25A6 and glass octal type 

25A6-GT used in output stage of ac/dc re- 
I \ ceivers. Outlines 6 and 22, respectively, OUT- 05 A6 

( -EEli ) LINES SECTION. Tubes require octal socket. r—nT j-v. Heater volts (ac/dc), 25; amperes, 0.3. Maxi- 25A6-GT 
mum ratings as class At amplifier: plate volts, 
160; grid-No.2 volts, 135; plate dissipation, 5.3 

S:25A6^ K watts; grid-No.2 input, 1.9 watts. These are fclC :25A(j-GT G3 DISCONTINUED types listed for reference 
only. 

G£P0—@&P RECTIFIER—POWER PENTODE 
pprv^/Glass octal type used as combined half- wave rectifier and power amplifier. Outline 22, 

( bZZZ-j j OUTLINES SECTION. Heater volts (ac/dc), amPeres, 0.3. Typical operation of pentode 25A7-GT 
h unit as class Ai amplifier: plate volts and gnd- 

No.2 volts, 100 (117 max); grid-No. 1 volts,-15; 
Kp G3p plate ma., 20.5; grid-No.2 ma., 4; plate resist- 

ance, 50000 ohms, transconductance, 1800 
jtmhos; load resistance, 4500 ohms; output watts, 0.77. Maximum ratings of rectifier unit: peak invoi 
plate volts, 350; peak plate ma., 450; dc output ma., 75; peak heater-cathode volts, 175. This is 
DISCONTINUED type listed for reference only. 

/ W HIGH-MU POWER TRIODE 
-»_J \ Glass octal type used in output stage of 

{ ,—. ) ac/dc receivers. Outline 22, OUTLINES SEC- 
TION. Heater volts (ac/dc), 25: amperes, 0.3. 

\y h Maximum ratings: plate volts, 180 max-, plate 
dissipation, 10 max watts. This is a DISCON- 

nc k TINUED type listed ior reference only. 

25AC5-GT 

Gj BEAM POWER TUBE 
K (|~EEE-! | Glass octal type used as horizon- 25AV5- 

fivS/s1 LJb) tal-deflection amplifier rube in tele- vision receivers employing either trans- GA 
(i5~,r(®) former coupling or direct coupling to 01 G2 the deflecting yoke. Outline 33, OUT- 

LINES SECTION. Heater volts (ac/dc), 25; amperes, 0.3. Except for heater rat- 
ing, this type is identical with glass octal type GAV5-GA. 

HALF-WAVE VACUUM RECTIFIER 

\ Glass octal type used as a damper O C A V A 
A ' tube in horizontal deflection circuits 

of television receivers. Outline 22, 
OUTLINES SECTION. This type ^ 1 

'c H may be supplied with pin No.l omit- 
ted. Heater volts (ac/dc), 25; amperes, 0.3. Except for heater rating, this type is 
identical with glass octal type 6AX4-GT. 

DIRECT-COUPLED POWER AMPLIFIER 
Glass type used as class Ai power amplifier. 

One triode, the driver, is directly connected 
within the tube to the second, or output, triode. 
Heater volts (ac/dc), 25; amperes, 0.3. Maxi- 
mum ratings and characterist ics are the same as 
for type 25N6-G. Type 25B5 is a DISCON- 
TINUED type listed for reference only. 
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POWER PENTODE 
Glass octal type used in output stage of 

ac/dc receivers. Outline 42, OUTLINES SEC- 
TION. Heater volts (ac/dc), 25; amperes, 0.3. 
Typical operation as class Ai amplifier: plate 
Volts, 200 raaz; grid-No.2 volts, 135 max; grid- 
No.1 volts, -23; plate ma., 62; grid-No.2 ma., 
1.8; plate resistance, 18000 ohms; transcon- 
ductance, 5000 ^mhos; load resistance, 2500 
ohms; output watts, 7.1. This is a DISCON- 
TINUED type listed for reference only. 

TRIODE—PENTODE G2p Pt 
Glass octal type used as amplifier. High- (AJ - (5/r..r mu triode unit and remote-cutoff pentode unit pp/_ 

f) j-n o are independent. Outline 22, OUTLINES SEC- \t) XDBw"w I TION. Heater volts (ac/dc), 25; amperes, 0.15. f  "j/J 
Typical operation of pentode unit as class Ai 
amplifier: plate and grid-No.2 volts, 100; grid- HvVH 
No.l volts, -3; plate ma., 7.6; grid-No.2 ma., 2; Kp (jpr^e) 
plate resistance, 185000 ohms; transconduc- Gapw V/Cr 

tjjiuM-, 2000 ^mhos. Triode unit: plate volts, 100; grid volts, -1; plate ma., 0.6; amplitk-ai ion factor, 112; 
plan- r- sistance, 75000; transconductance, 1500 ^mhos. This is a DISCONTINUED type listed for 
rofcn'm-e only. 

BEAM POWER TUBE 
Miniature type used in audio out- 

put stages of television and radio re- 
ceivers. Also used as video amplifier. 
Outline 14, OUTLINES SECTION. 
Heater volts (ac/dc), 25; amperes, 0.3. 
Except for heater rating, this type is 
identical with miniature type 6BK5. 

BEAM POWER TUBE p = 
25BQ6-GT Glass octal types used as horizon— j /a. 

jr D/"% il tal deflection amplifiers in circuits of M [rr: A \ 
xODVarO" television equipment. OutlineSO, OUT- ( ! 

LINES SECTION. These types may hCIa^/'VwQh 
^ ® be supplied with pin No.l omitted. /ttt/ 

/ fy c /^| IJL Tubes require octal socket and may be nc k 
/ mounted in any position. Heater volts C3 

(ac <lc), 25; amperes, 0.3. Except for heater rating, these types are identical with 
glass octal types 6BQ6-GT and 6BQ6-GTB/6CU6, respectively. Type 25BQ6-GT 
is a DISCONTINUED type listed for reference only. 

BEAM POWER TUBE /T75n 
Miniature type used in the audio hU/ riiJAXSloa 

ry C/-C output stage of radio receivers. Be- \J_ 
X3 v.3 cause of its high power sensitivity and GyAAlvM jAZ)p 

high efficiency at low plate and screen- 
grid voltages, it is capable of provid- cj 

ing a relatively high power output. Outline 13, OUTLINES SECTION. Tube 
requires miniature seven-contact socket and may be mounted in any position. 
Heater volts (ac/dc), 25; amperes, 0.3. Except for heater rating, this type is iden- 
tical with miniature type 50C5. 
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BEAM POWER TUBE 
Glass octal type used as output amplifier. 

Outline 42, OUTLINES SECTION. Heater 
volts (ac/dc), 25; amperes, 0.3. Refer to type 
6Y6-G for typical operation as a class Ai am- 
plifier. Type 25C6-G is a DISCONTINUED 
type listed for reference only. 

BEAM POWER TUBE 
Miniature type used in audio-out- 

put stage of radio and television re- 
ceivers. Outline 13, OUTLINES SEC- 
TION. Heater volts (ac/dc), 25; am- 
peres, 0.3. Except for heater rating, 
this type is identical with miniature 
type 12CA5. 

25CA5 

#BEAM POWER TUBE 
Glass octal types used as hori- 

zontal deflection amplifiers in tele- 25CD6-GA 
vision receivers employing series- ^ ■_ f*r\r f* n 

h connected heater strings. Outlines 52 J. 
and 46, respectively, OUTLINES 

Nt ft? SECTION. Heater volts (ac/dc), 25; 
amperes, 0.6; warm-up time (average), 11 seconds. Except for heater ratings, these 
types are identical with glass octal types 6CD6-G and 6CD6-GA, respectively. 
Type 25CD6-GA is a DISCONTINUED type listed for reference only. 

Refer to type 25BQ6-GTB /25CU6 25CU6 

#BEAM POWER TUBE 
NC 

Glass octal type used as horizon- , 
tal deflection amplifier in television x£)DNO 

h receivers employing series-connected 
heater strings. Outline 46, OUT- 

"2 LINES SECTION. Tube requires 
octal socket. Vertical tube mounting is preferred but horizontal operation is per- 
missible if pins 1 and 3 are in vertical plane. 
Heateii Voltage (ac/dc)  25 volts 
Heater Current   0.6 rmipore 
Heater Warm-Up Time (Average)  11 seconds 
Plate Resistance (Approx.)t  4000 ohms 
TRANSCONDUCTANCEt  9000 /tinhos 
MU-Factor,f Grid No.2 to Grid No.l  4.35 
t For plate and grid-No.2 volts, 125; grid-No.1 volts, -18; plate ma., 70; grid-No.2 ma., 6.3. 

HORIZONTAL DEFLECTION AMPLIFIER 
Maximum Ratings: .For operation in a 525-Une, SO-frame system Maximum Ratings: For operation in a 525-Une, SO-fr 
DC Plate Voltage   
Peak Positive-Pulse Plate Voltage# (Absolute Maximum) 
Peak Negative-Pulse Plate Voltage  
DC Grio-No.2 (screen-grid) Voltage  
Peak Negative-Pulse Grid-No.1 (control-grid) Voltage 
Peak Cathode Current  
Average Cathode Current    
Grid-No,2 Input  
Plate DissiPATiONf  

700 max 
6600D?^<7r 

-1500 max 
175 max 

-200 max 
700 max 
200 max 

3 max 
15 max 
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Peak Heater-Cathode Voltage: 
Heater negative with respect to cathode. 
Heater positive with respect to cathode. , 

Bulb Temperature (A.t hottest point) 
200 yiko: 
200B//fa/ 
22.5 max 

Maximum Circuit Value: 
Grid-No. 1-Circuit Resistance  0.47 vuax megohm 

The duration of the voltage pulse must not exceed 15 per cent of one horizontal scanning cycle. In a 
525-line, 30-frame system, 15 per cent of one horizontal scanning cycle is 10 microseconds. 
-1 Under no circumstances should this absolute value be exceeded. 
t An adequate bias resistor or other means is required to protect the tube in the absence of oanlaf ion. 
■ The do component must not exceed 100 volts. 

BEAM POWER TUBE 

25EC6 

Glass octal type used as horizon- 
tal deflection amplifier in television re- 
ceivers employing series-connected 
heater strings. Outline 44, OUTLINES 
SECTION, except vertical dimensions 
are inch shorter. Tube requires 
octal socket and may be operated in 
any position. 

Heater Voltage (ac/dc)  
Heater Cukhent  
Warm-Up Time (average)  
f) IUKCT IN'TERELECTRODE CAPACITANCES:0 

Grid No.l to Plate  
Grid No.l to Cathode, Heater, Grid No.3, and Grid No.2. 
Plate to Cathode, Heater, Grid No.3, and Grid No.2  

CLASS A! AMPLIFIER 
Characterislics: 
Plate Voltage    
Grid-No.2 (Screen-Grid) Voltage  
Grid-No.'1 (Control-Grid; Voltage  
Triode Amplification Factor  
Plato Ri'sistance (Approx.)  
Transconductance  Plate Current  
Grid-No.2 Current  
G rid-No. 1 Voltage (Approx.) for plate current of 1 ma  

HORIZONTAL-DEFLECTION AMPLIFIER 
For operation in a 525-h'nc, 30-framc system 

Maximum Ratings, (pe&iw-Maximam VaJues): 
I )C Plate Supply Voltage   
Peak Positive-Pulse Plate Voltage*  
Pevk Negative-Pulse Plate Voltage  
IK' Gun»-No.2 Voltage  
Pear Negattve-Pulse Grid-No.1 Voltage  
Peak C athode Current  
Average Cathode Current  
Gr[|)-No.2 Input    
Plate Dissipation-1  
I' ha k 11 eater-Cathode Voltage : 

Heater negative with respect to cathode    
Heater positive with respect to cathode  

Bi/r.n Temperature (At hottest point)       

700 tnax volts 
7000 ontx volts 
1500 max volts 

175 ■max volts 
300 max volts 
700 max ma 
200 max ma 

1 mn.!- wart? 
30 max watts 

200 ■max v< >1 IS 
200: '■'■max vol ts 
225 max V 

Maximum Circuit Values: 
Grid-No. 1-Circuit Resistance: 

Fur grid resistor-bias operation    1.5 max megohms 0 Without external shield. 
■ This value can be measured by a method involving a recurrent waveform such that the maximum 
rat ings of the tube will not be exceeded. 
• This rating is applicable where the duration of the voltage pulse does not exceed 15 per cent of the 
horizontal scanning cycle. In a 525-line, 30-frame system, 15 per cent of the horizontal scanning cycle 
is 1 h microseconds. 

- An adequate bias resistor or other means is required to protect the tube in the absence of exc.itaGon. 
'':i The dc component must not exceed 100 volts. 
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POWER PENTODE 
( Miniature type used in the audio 
Ga output stage of radio and television 

receivers and in phonographs. Outline 
p 13, OUTLINES SECTION. Heater 

volts (ac/dc), 25; amperes, 0.3. Except 
for heater rating, this type is identical 
with miniature type 6EH5. 

25EH5 

BEAM POWER TUBE 
Metal type 25L6 and glass octal 25L6 
25L6-GT used in output stage OCI A 

of ac/dc receivers. Outlines 6 and 22, »I 
nc'!!1:I-gt C3 respectively, OUTLINES SECTION. 

These tubes require octal sockets and 
may be mounted in any position. Type 25L6-GT may be supplied with pin No.l 
omitted. Heater volts (ac/dc), 25; amperes, 0.3. For maximum ratings and typical 
operation, refer to type 50L6-GT. Refer to miniature type 50C5 for curves, instal- 
lation, and application information, but take into consideration the differences in 
heater ratings. Type 25L6 is used principally for renewal purposes. 

(T) (s) 

DIRECT-COUPLED TWIN 
POWER AMPLIFIER 

Glass octal type used as class Ai power am- 
plifier. Heater volts (ac/dc), 25; amperes, 0.3. 
Characteristics as class Ax amplifier—input 
triode: plate volts, 100 (180 max); grid volts, 0; 
peak af grid volts, 29.7; plate ma., 5.8. Output 
triode: plate volts, 180 max; plate ma., 46; load 
resistance, 4000 ohms; output watts, 3.8. This is 
a DISCONTINUED type listed for reference 
only. 

25N6-G 

HALF-WAVEVACUUM RECTIFIER 
Glass octal type used as damper tube in 

magnetic-deflection circuits of television receiv- 
ers. Outline 22, OUTLINES SECTION. This 
type may be supplied with pin No.l omitted. 
Tube requires octal socket and may be mounted 
in any position. It is especially important that 
this tube, like other power-handling tubes, be 
adequately ventilated. Type 25W4-GT is used 
principally for renewal purposes. 

25W4-GT 

Heatkk Voltage (ac) . 
Heateii Curkent  

DAMPER SERVICE 
Maximum Ratings: For operation in a 525-line, BO-frame system 
Peak Inverse Plate Voltage# (Absolute Maximum)  3850*maa; volts 
Peak Plate Current  750 max ma 
DC Plate Current  125 max ma 
Plate Dissipation  3.5 max watts 
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode (Absolute Maximum)  500"max volts 
Heater positive with respect to cathode  200Amax volts 

:t The duration of the voltage pulse must not exceed 15 per cent of one horizontal scanning cycle. In a 
o25-line, 30-frame system, 15 per cent of one horizontal scanning cycle is 10 microseconds. 
• Under no circumstances should this absolute maximum value be exceeded. 4 The dc component must not exceed 100 volts. 
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VACUUM RECTIFIER-DOUBLER 
Glass type used as half-wave rectifier or vol t- 

agedoublerin ac/dc receivers. Outline 34or35, 
OUTLINES SECTION. Heater volts (ac/dc), 
25; amperes, 0.3. Maximum ratings: peak in- 
verse plate volts, 700; peak plate ma. per plate, 
450; peak heater-cathode volts, 350; dc output 
ma. per plate, 75. This is a DISCONTINUED 
type listed for reference only. 

VACUUM RECTIFIER-DOUBLER 
Glass type used as half-wave rectifier or 

voltage doubler in ac/dc receivers. Outline 34 
or 35, OUTLINES SECTION. Tube requires 
six-contact socket and may be mounted in any 
position. Heater volts (ac/dc), 25; amperes, 0.3. 
This type is electrically identical with metal 
type 25Z6. Type 25Z5 is used principally for 
renewal purposes. 

VACUUM RECTIFIER-DOUBLER /^~J\ 
ncyf. Metal type 25Z6 and glass octal SVp-3 —\ 

type 25Z6-GT used as half-wave recti- (y 1 r~7 
25Z6-GT fiers or voltage-doublers in ac/dc re- ceivers. These types are used particu- OT'W 

larly in "transformerless" receivers of nc ssIs-gt KD| 

either the ac/dc type or the voltage-doubler type. Outlines 6 and 22, respectively, 
OUTLINES SECTION. Type 25Z6-GT may be supplied with pin No.l omitted. 
Tubes require octal socket and may be mounted in any position. Type 25Z6 is a 
DISCONTINUED type listed for reference only. 

S :25Z6^—' NC:2SZ6-GT 

Heater Voltage fAC/oc) . 
Heater Current  

Maximum Ratings: 
Pkak Inverse Plate Voltage .. . 
Peak Plate Current (Per Plate). 
DC Output Current (Per Plate). P eak Heater-Cathode V oltage . 

HALF-WAVE RECTIFIER 
700 max 
450 mux 

75 max 
350 ?H«.r 

Typical Operation (Capaciior-Input Filter):0 

(Unless otherwise indicated, values are for both plates in parallel.) 
AC Plate-Supply Voltage per Plate (rms)  117 
Filter-Input Capacitor  16 
Min. Total Effective Plate-Supply Impedance per 

Platef   15 
DC Output Current per Plate  76 
DC Output Voltage At Input to Filter (Approx.): 

At half-load current (75 ma.)  115 
At full-load current (150 ma.)   80 

Voltage Regulation (Approx.): 
Half-load to full-load current   35 

117 150 235 
16 16 16 
15 40 100 
76 75 75 

115 255 
80 - 200 
35 - 55 

VOLTAGE DOUBLER 
Maximum Ratings: (Same as for Half-Wave Rectifier.) 
Typical Operation: Half-Wave Full-Wave 
AC Plate-Supply Voltage per Plate (rms)    117 117 volts 
Filter-Input Capacitor (Each)  16 16 ^f 
Min. Total Effective Plate-Supply Impedance per Platet  30 15 ohms 
DC Output Current  75 75 ma 
0 In half-wave rectifier service, the two units may be used separately or in parallel. 
t When a filter-input capacitor larger than 40 /if 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. 
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MEDIUM-MU TRIODE 
Glass type used as rf voltage amplifier in 

ac-operated receivers. Outline 43, OUTLINES 
SECTION. Tube requires four-contact socket. 
Filament volts (ac/dc), 1.5; amperes, 1.05. Typi- 
cal operation as class Ai amplifier: plate volts, 180 
max', grid volts,-14.5, plate ma., 6.2; plate re- 
sistance, 7300 ohms; transconductance, 1150 
nmhos; amplification factor, 8.3. This is a DIS- 
CONTINUED type listed for reference only. 

LOW-MU TRIODE 
Glass type used as voltage amplifier or de- 

tector in ac-operated receivers Outline 34 or 35, 
OUTLINES SECTION. Tube requires five- 
contact socket. Heater volts (ac/dc), 2.5; am- 
peres, 1.75. Maximum ratings and character- 
istics as class Ai amplifier: plate volts, 250 max4, 
grid volts, -21; amplification factor, 9; plate 
resistance, 9250 ohms; transconductance, 975 
jmihos; plate ma., 5.2. This type is used princi- 
pally for renewal purposes. 

MEDIUM-MU TRIODE 
Glass type used as voltage amplifier or de- 

tector in battery-operated receivers. Outline 34 
or 35, OUTLINES SECTION. Tube requires 
four-contact socket. Filament volts (dc), 2.0; 
amperes, 0.06. Except for interelectrode capaci- 
tances, this type is electrically identical with 
glass-octal type 1H4-G. Type 30 is a DISCON- 
TINUED type listed for reference only. 

POWER TRIODE 
Glass type used in output stage of battery- 

operated receivers. Outline 34 or 35, OUTLINES 
SECTION. Tube requires four-contact socket. 
Filament volts (dc), 2.0; amperes, 0.13. Typical 
operation as class Ai amplifier: plate volts, 180 
max; grid volts, -30; plate ma., 12.3; plate re- 
sistance, 3600 ohms; amplification factor, 3.8; 
transconductance, 1050 ^mhos; load resistance, 
5700 ohms; output watts, 0.375. This is a DIS- 
CONTINUED type listed for reference only. 

SHARP-CUTOFF TETRODE 
Glass type used as rf amplifier or biased 

detector in battery-operated receivers. Maxi- 
mum over-all length, 5-1/32 inches; maximum 
diameter, 1-13/16 inches. Tube requires four- 
contact socket.Filament volts (dc), 2.0; amperes, 
0.06. Typical operation as class Ai amplifier: 
plate volts, 180 Tnaa;; grid-No.2 ma., 0.4 7?iax; 
plate resistance, greater than 1 megohm; plate 
ma., 1.7; transconductance, 650 Mmhos. This is a 
DISCONTINUED type listed for reference only. 

POWER PENTODE 
Miniature type used in audio out- 

put stage of compact ac/dc radio re- 
ceivers. Outline 13, OUTLINE SEC- 
TION. Tube requires miniature seven- 
contact socket and may be mounted 
in any position. Heater volts (ac/dc), 
32; amperes, 0.1. 
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CLASS A, AMPLIFIER 
Maximum Ratings, (Design-Maxiinum Valves): 
T^late Voltage  
Gkid-No.2 (screen-grid) Voltage  
Grid-No.2 Input  
Plate Dissipation  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  
Heater positive with respect to cathode  

150 max 
130 max 
1.2 max 
5.4 max 

200 max 
200*m(Jx 

Typical Operation and Characteristics: 
Plate Voltage  
Grid-No.2 Voltage  
Grid-No.1 (Control-Grid) Voltage  
Peak AF Grid-No.l Voltage  
Zero-Signal Plate Current  
Zero-Signal Grid-No.2 Current  
Plate Resistance (Approx.)  
Transoonductance  
Load Resistance  
Total Harmonic Distortion  
Maximum-Signal Power Output  

Maximum Circuit Values: 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation  
For cathode-bias operation  

■ The dc component must not exceed 100 volts. 

0.1 max megohm 
0.5 max megohm 

RECTIFIER—BEAM POWER TUBE 
Glass octal type used as combined half- / 

wave rectifier and output amplifier in ac/dc QatZZZ]/ i— 
0017 receivers. Outline 23, OUTLINES SECTION. llzzzJ J wl Tube requires octal socket. Heater volts (ac/dc), 

32.5; amperes, 0.3. Maximum ratings for rec- 
tifier unit: ac plate volts (rms), 125; dc output 
ma., 60. Typical operation of beam power unit G33 
as class Ai amplifier: plate and grid-No.2 volts, 

!H>: grid-No. 1 volts, -7; plate ma., 27; grid-No.2 ma., 2; plate resistance, 17000 ohms: transoonductance, 
iKOO/iinhos; load resistance, 2600 ohms; maximum-signal output watts, 1.0. This is a DISCONTINUED 
typo listed for reference only. 

POWER PENTODE ^ 
Glass type used in output stage of battery- 

operated receivers. Outline 42, OUTLINES //f~\ 
SECTION. Tube requires five-contact socket. (/\ 

OO Filament volts (dc), 2.0; amperes, 0.26. Typical p(i)\ L — 7—)® 02 

operation as class A: amplifier: plate and grid- V J J 
No.2 volts, 180 max; grid-No.l volts, -18; plate 
ma., 22; grid-No.2 ma., 5; plate resistance, (Tj t^)c3 
55000 ohms; transconductance, 1750 /nnhos; f+ f- 

loarl resistance, 6000 ohms; output watts, 1.4. This is a DISCONTINUED typo listed for reference only. 

REMOTE-CUTOFF PENTODE g, P r*] 2 
Glass type used as rf or if amplifier in bat- 

tery-operated radio receivers, particularly those / I 
0% jt employing avc. Maximum over-all length, / ZZZld \ 

5-1/32 inches; maximum diameter, 1-13/16 i ' T J 
inches. Tube requires four-contact socket. Fila- 
ment volts (dc), 2.0; amperes, 0.06. Character- 
istics as class Ai amplifier: plate volts, 180 max; r* f- > 
grid-No.2 volts, 67.5 max; grid-No.l volts, -3 

mi a: pinto ma., 2.8; grid-No.2 ma., 1.0; plate resistance, 1.0 megohm; transconductance, 620 /unhos. 
Tins is a DISCONTINUED type listed for reference only. 
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BEAM POWER TUBE 
Miniature types used in audio out- 

put stages of compact ac/dc radio re- 
ceivers. Outline 13, OUTLINES SEC- 
TION. Tubes require miniature seven- 
contact socket and may be operated 
in any position. 

Hevtbr Voltage (ac/dc)  
Heatek C'likrent  
Heater Warm-Up Time (average) for 34GD5-A  
Direct Intekelectkode Capacitances (Approx.):0 

Grid No.l to Plate  
Grid No.l to Cathode, Heater, Grid 1^0.2, and Grid No.S, 
Plate to Cathode, Heater, Grid No.2, and Grid No.3: 

For 34GD5  
Fur 34GDf)-A  

'•'Without external shield. 
CLASS Ai AMPLIFIER 

Maximum Ratings, {Design-Maximum Values): 
Plate Voltage  
Guip-No.2 (screen-grid) Voltage  
Grid-No.1 (control-grid) Voltage: 

Negative-bias value  
PosUive-bias value  

34GD5 

34GD5-A 

34 vol 5 •-: 
0.1 ampere 
20 scconcF 

0.6 
12 pui 
6 ppi 
9 

150 tnax VC>llS 
130 max vol IS 

AVERAGE CHARACTERISTICS 
type 34GD5-A 
grid-No.z volts-ho 

VOLTS ECig 

a 
^■1 

80 100 PLATE VOLTS 

Grh>-\'o.2 Input  
Pl.VfE DfSSIRATION'  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode. 
Heater positive with respect to cathode. 

Bulb Temperature (At hottest point): 
For 34GD5  
For 34GD5-A  

Typical Operation and Characteristics: 
Plate Voltage  
Grid-No.2 Voltage  
Grid-No.1 Voltage  
Peak AF Grid-No.1 Voltage  
Zero-Signal Plate Current  
Zero-Signal Grid-No.2 Current  
Plate Itesistanee (Approx.)  
T ransconduetance  
Load Resistance  
Total Harmonic Distortion  
Maximum-Signal Power Output  

200 mux 
200amox 
180 max 
250 mux 
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MaKimum Circuit Values: 
Grid-No. 1-Circuit Resistance: 

For fixod-bias operation  
For cathode-bias operation    

■ The do component must not exceed 100 volts. 

0.1 max megohm. 
megohm 

REMOTE-CUTOFF TETRODE 
Glass type used as rf or if amplifier in ac 

receivers. Maximum over-all length, 5-1/32 / 
inches; maximum diameter, 1-13/16 inches. C^Y 

OO Tube requires five-contact socket. Heater volts 
(ac/dc), 2.5; amperes, 1.75. Characteristics as V 
class Ai amplifier: plate volts, 250 (275 max) \ s 
grid-No.2 volts, 90 max', grid-No.l volts, -3 ^ 
min', plate ma., 6.5; grid-No.2 ma., 2.5; trans- 

conductance, 1050 /iinhos. This is a DISCONTINUED type listed for reference only. 

35A5 

BEAM POWER TUBE 
Glass lock-in type used in output stage of 

ac/dc receivers. Outline 20, OUTLINES SEC- 
TION. Tube requires lock-in socket. Heater 
volts (ac/dc), 35; amperes, 0.15. For maximum 
ratings and typical operation, refer to glass octal 
type 35L6-GT. Type 35A5 is used principally 
for renewal purposes. 

BEAM POWER TUBE "SMk/ 
_ _ _ _ Miniature type used in output A'--'" 
35D5 stageof compact, ac/dc radio receivers. Ml::::/] 

Because of its high power sensitivity at (Ia\l7\ //Do 
plate and screen-grid voltages available £3 1 

in ac/dc receivers, it is capable of pro- g'—' 
viding a relatively high power output. Outline 13, OUTLINES SECTION. Tube 
reciuires miniature seven-contact socket and may be mounted in any position. 
Within its maximum ratings, type 35B5 is equivalent in performance to glass-octal 
type 35L6-GT, and miniature type 35C5. Refer to type 35C5 for typical operation, 
maximum circuit values, installation, application information, and curves. 
Heatek Voltage (ac/dc)  35 volte 
Heatek Current  0.15 ampere 
Direct Interelectrode Capacitances (Approx.): 

Grid No.1 to Plate  0.6 wf 
Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3  12 auf 
Plate to Cathode, Heater, Grid No.2, and Grid No.3  9 

Maximum Ratings: 
Plate Voltage  
Grid-No.2 (screen-grid) Voltage  
Plate Dissipation  
Grid-No.2 Input  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode 
Heater positive with respect to cathode. 

CLASS Aj AMPLIFIER 

4.5 max 
1.0 max 
150 max 
150 max 

BEAM POWER TUBE 
Miniature type used in output 

stage of compact, ac/dc radio receivers. 
O Because of its high power sensitivity 

and high efficiency at plate and screen- 
grid voltages available in ac/dc re- 
ceivers, the35C5is capableof providing 
a relatively high power output. Except 
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for terminal connections and slightly higher ratings, type 35C5 is equivalent in 
performance to miniature type 35B5 and, within its maximum ratings, to glass 
octal type 35L6-GT. The basing arrangement of the 35C5 simplifies the problem of 
meeting Underwriters' Laboratories requirements in the design of ac/dc receivers. 
Heater Voltage (ac/dc)  35 volu 
Heater Current  0.15 ampere 
Direct Interelectrode Capacitances (Approx.): 

Grid No.l to Plate   0.6 
Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3  12 
Plalo to Cathode, Heater, Grid No.2, and Grid No.3  9 

CLASS Ai AMPLIFIER 
Maximum Ratings, {Dvsign-Maximum Values): 
Plate Voltage  150 max vo)i> 
Grid-N'o.2 (screen-grid) Voltage  130 max voiis 
Plate Dissipation  5.2 max wati^ 
Grid-N o.2 Input  1.1 max wati 
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  200 max volts 
Heater positive with respect to cathode       200Bmax volts 

Bulb Temperature (At hottest point)     250 max 0C 
Typical Operations 
Plate Voltage    110 volts 
Grid-No.2 Voltage  110 volt.- 
Grid-No.1 (Control-Grid) Voltage  -7.5 volts 
Peak AF Grid-No. 1 Voltage  7.5 volt;- 
Zero-Signal Plate Current  40 ma 
Maximum-Signal Plate Current  41 ma 
Zero-Signal Grid-No.2 Current  3 ma 
Maximum-Signal Grid-No.2 Current    7 rna 

Total Harmonic Distortion  
Maximum-Signal Power Output. 

AVERAGE PLATE CHARACTERISTICS   PENTODE CONNECTION  

150 max voli- 
130 max volis 
5.2 max walls 
1.1 max wall 
200 max volls 
200 "max volis 
250 max oc 

110 volts 
110 voll.- 

-7.5 VOlts 
7.5 volt;- 

40 rna 
41 ma 

3 ma 
7 rna 

13000 ohms 5800 ^mhos 
2500 ohms 10 per cent 
1.5 walls 

type 35C5 
mZ4- 35 VOLTS OniD-Na2VOLTS = IIO 

0 100 ' 200 " 300 400 
Maximum Circuit Values: plate volts escM-saisTt 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation  0.1 max megohm 
For cathode-bias operation  0.5 max megohm 

• The dc component must not exceed 100 volts. 
INSTALLATION AND APPLICATION 

Type 35C5 requires miniature seven-contact socket and may be mounted in 
any position. Outline 13, OUTLINES SECTION. It is especially important that 
this tube, like other power-handling tubes, should be adequately ventilated. 

The 35-volt heater is designed to operate under the normal conditions of line- 
voltage variation without materially afieeting the performance or serviceability 
of the 35C5. For operation of the 35C5 in series with other types having 0.15- 
ampere rating, the current in the heater circuit should be adjusted to 0.15 ampere 
for the normal supply voltage. 
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HIGH-MU TRIODE— 
POWER PENTODE 0-%^ 

35DZ8 Miniature type used as two-stage G|p(3WH?-EW7)Gaf' af amplifier where plate supply voltage _(£p~ 
is obtained from single half-wave rec- 
tifier connected directly to 120-volt ac 15 

line. Similar to Outline 18, OUTLINES gt pt 
SECTION but maximum seated length is 2 7/8 inches and other vertical dimen- 
sions are 1/16 inch shorter than shown. Tube requires miniature nine-contact 
socket and may be operated in any position. 

Hkatek Voltage (ac/dc). 
Heatek Current  

CLASS A, AMPLIFIER 
Maximum Ratings: 
Plate Voltage  
Grip-No.2 (screen-grid) Voltage   
Cathode Current   
Plate Dissipation  
Grid-No.2 Input  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode. 
Heater positive with respect to cathode. , 

Typical Operation and Characteristics: 
Plate Supply Voltage  
Gnd-No.2 Supply Voltage  
Cathode-Bias Resistor  
Amplification Factor  
Plate Current  
Grid-No.2 Current  
Transconductance    
Load Resistance  
Power Output  
Grid Voltage (Approx.), for plate current of 20 jta. 
Maximum Circuit Values: 
Grid-No. 1-Circuit Resistance  
" The dc component must not exceed 100 volts. 

35 volts 
0.15 ampere 

Triode Pentode 
Unit Unit 

150 max 150 max volts - 135 max volts 
5 max 60 max ma 

0.75 max 6. 5 max watts 
- 1.5 max watts 

200 max 200 max volts 
200omax 200° wcj; volts 

Triode Pentode 
Unit Unit 
120 145 volts — 120 volts 

1500 180 ohms 
100 - 
0.8 45 ma — 6 ma 

1400 7500 .uhmos — 2500 ohms — 2 watts 
-2.5 - volts 
Triode Pentode 
Unit Unit 

5 max 0.5 max megohms 

POWER PENTODE h /TTaN 
Miniature type used in the audio ztiV/V1 

QCCUC output stage of radio and television \u 
receivers and in phonographs.This type 0C\V^V//^

)p 
has unusually high power sensitivity 0^^ 
and is capable of providing relatively £3 

high power output at low plate and screen-grid voltages with a low af grid-No.1 
driving voltage. Outline 13, OUTLINES SECTION. Tube requires miniature 
seven-contact socket and may be mounted in any position. 

Heater Voltage (ac/dc).     
Heater Current  
Direct InterelectrodeCapacitances (Approx.): 

Grid No.l to Plate  
Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3. 
Plate to Cathode, Heater, Grid No.2, and Grid No.3  

CLASS Aj AMPLIFIER 
Maximum Ratings, (Design-Maximum Values): 
Plate Voltage  
Grid-No.2 (screen-grid) Voltage  
Grid-No.] (control-grid). Voltage, Positive-bias value  
Plate Dissipation    
Grid-No.2 Input  

150 max 
130 max 

0 max 
5 rnaz 

1.75 max 
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Peak Heater-Cathode Voltage: 
Heater negative with respect to cathode. 
Heater positive with respect to cathode. 

Buui Temperature (At hottest point)  

200 iHa./r 
200B7fm.c 
225 mar 

Typical Operation: 
Plate Supply Voltage  
Grid-No.2 Supply Voltage  
Cathode-Bias Resistor  
Peak AF Grid-No.i Voltage  
Zero-Signal Plate Current   
Maximum-Signal Plate Current  
Zero-Signal Grid-No,2 Current  
Maximum-Signal Grid-No.2 Current  
Plate Resistance (Approx.)  
Transconductance  
Load Resistance  
Total Harmonic Distortion  
Maximum-Signal Power Output  
* The dc component must not exceed 100 volts. 
Maximum Circuit Values: 
Grid-No. l-Circuit Resistance: 

For fixed-bias operation  
For cathode-bias operation 

[)"!• cent 
wat ts 

megohm 
megohm 

In a series-heater circuit of the "dc power line" type employing several 0.15- 
ampere types and one or two 35C5s, the heater(s) of the 35C5(s) should be placed 
on the positive side of the line. Under these conditions, heater-cathode voltage of 
the 35C5 must not exceed the value given under maximum ratings. In a series- 
heater circuit of the "universal" type employing rectifier tube 35W4, one or two 
35C5s and several 0.15-ampere types, it is recommended that the heater(s) of the 
35C5(s) be placed in the circuit so that the higher values of heater-cathode bias 
will be impressed on the 35C5(s) rather than on the other 0.15-ampere types. 
This is accomplished by arranging the 35C5(s) on the side of the supply line which 
is connected to the cathode of the rectifier, i.e., the positive terminal of the rec- 
tified voltage supply. Between this side of the line and the 35C5(s), any necessary 
auxiliary resistance and the heater of the 35W4 are connected in series. 

As a power amplifier (class A,), the 35C5 is recommended for use either singly 
or in push-pull combination in the power-output stage of ac/dc receivers. The 
operating values shown under typical operation have been determined on the basis 
that grid-No.1 current does not flow during any part of the input cycle. 

AVERAGE CHARACTERISTICS 
TYPE 35EH5 = 35 VOLTS - CRiD-NfiZ VOLTS a lib ■ 

MlBBXaE 
60 100 120 

fLATC VOLTS 
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BEAM POWER TUBE 
,r. . . , "Of 

r Miniature type used m af power- M\ r:::J I rf 
ODwLO output stage of radio receivers. Out- JMi-v 

line 13, OUTLINES SECTION. Tube 
has heater tap which may be used for (jj 
operating a 6.3-volt, 150-ma. panel k.gs 

lam]) in equipment using semiconductor rectifiers. For dc output currents greater 
than 70 ma., a resistor shunting the panel lamp is required. Tube requires mini- 
ature seven-contact socket and may be operated in any position. 

Without With No.ho 
Panel or U7 Panel 

Heatkk Voltage (ac/dc): 
Entiug Heater (pins 3 and 4)  
Panel Lamp Section (pins 4 and 6) , 

Heater Current: 
Between Pins 3 and 4  
Between Pins 3 and 6  

CLASS Ax AMPLIFIER 
Maximum Ratings, (Design-Maximum Values): 
RMS Heater-Tap Voltage, when panel lamp fails, 
Plate Voltage  
Grjd-No.2 (screen-grid) Voltage  
Plate Dissipation  
Grid->10.2 Input  
Peak Heater-Cathode Voltage: 

Hoaier negative with respect to cathode  
Huau-r positive with respect to cathode  

Bull Temperature (At hottest point)  

14 max 
150 max 
130 max 
5.5 max 
1.1 max 
200 max 
200 max 
225 max 

Typical Operation and Characteristics: 
Plate Voltage  
Grid-No.2 Voltage  
Grid-No.! (Control-Grid) Voltage  
Peak Af Grid-No.I Voltage  
Zero-Signal Plate Current  
Maximum-Signal Plate Current  
Zero-Signal Grid-No.2 Current  
Maximum-Signal (jri<i-No.2 Current.. . . 
Plate Resistance (Approx.)  
Transronductance  
Load Resistance  
Total Harmonic Distortion  
Maximum-Signal Power Output  
Maximum Circuit Values: 
Grid-No.i-Cireuil Resistance: 

For fixed-bias operation. ... 
For cathode-Idas operation. 

0.1 max 
0. 5 max 

mogohm 
megohm 

BEAM POWER TUBE /OTTn 
Glass octal type used in output \ 

QCI A. stage of ac/dc radio receivers. Out- PUT 1-. ADLO-\J I line 22, OUTLINES SECTION. Tube H 

requires octal socket and may be GTir®K 

mounted in any position. This type 03 

may be supplied with pin No.l omitted. Refer to miniature type 35C5 for installa- 
tion, application information, and curves. 
Heater Voltage (ac/dc)       85 volts 
Heater Current  0.15 ampere 
Direct Xntkrelectrode Capacitances (Approx.): 

Grid No.l to Plate  0.6 
Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3  13 ^1 
Pine- to Cathode, Heater, Grid No.2, and Grid No.3  9.5 
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Maximum Ratings; CLA 
Plate Voltage  
GmD-No.2 (screen-(iR3i>) Voltage  
Plate Dissipation  
Grid-Mo.2 Input  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode 
Heater positive with respect to cathode. 

Typico! Operation: 
Plate Supply Voltage  
Grid-No.2 Supply Voltage  
Grid-Mo.I (Control-Grid) Voltage  
Cathode-Bias Resistor  
Peak AF Grid-No.1 Voltage  
Zero-Signal Plate Current  
Maximum-Signal Plate Current  
Zero-Signal Grid-No.2 Current  
Maximum-Signal Grid-No.2 Current  

CLASS A, AMPLIFIER 

Transconductance  
Load Resistance  
Total Harmonic Distortion  
Maximum-Signal Power Output. 
Maximum Circuit Values: 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation  
For cathode-bias operation . . 

200 max 
125 mar 
8.5 mar 
1.0 max 

Fixed Bias Cathode Bias 
110 200 volts 
110 125 volts 

-7.5 — volts — 180 ohms 
7.5 8 volts 

40 43 ma 
41 43 ma 

3 2 ma 7 5.5 in a 
14000 34000 ohms 

5800 6100 .umhos 
2500 5000 ohms 

10 10 per cent 
1.5 3.0 watts 

0.1 max 
0.5 in ax 

megohm 
megohm 

HALF-WAVE VACUUM RECTIFIER 
Miniature type used in power sup- 

ply of ac/dc receivers. Equivalent in 
performance to glass-octal type 
35ZS-GT. The heater is provided with 
a tap for operation of a panel lamp. 

Beater Voltage (ac/dc): 
Entire Heater (pins 3 and 4)  Panel Lamp Section (pins 4 and 6). 

Heater Current: 
Between Pins 3 and 4  
Between Pins 3 and 6  

* Without panel lamp. ** With ** With No.40 or No.47 panel lamp. 
HALF-WAVE RECTIFIER 

Maximum Ratings, (Design-Maximum Values): 
Peak Inverse Plate Voltage  
Peak Plate Current  
DC Output Current: 

TUTifv. x ( No Shunting Resistor. With Panel Lamp and j shunting Resistor  
Without Panel Lamp  

Panel-Lamp-Section voltage (rms): 
When Panel Lamp Fails  

Peak Heater-Cathode Voltage: 
Heater negative with respect to cathode. 
Heater positive with respect to cathode. . 

Typical Operation with Panel Lamp:! 

35W4 

360 'mux 
660 max 
66 max 

100 max 
HO max 

360 max 
360 max 

Filter-Input Capacitor  Minimum Total Effective Plate-Supply 
117 117 117 117 volts 
40 40 40 40 4 
15 15 15 15 ohms - 300 150 100 ohms 
60 70 80 90 ma 

Panel-Lamp Shunting Resistor    - 300 150 100 
DC Output'Current  60 70 80 90 
t No.40 or No.47 panel lamp used in circuit given below with capacitor-input filter. 
Typical Operation without Panel Lamp: 
AC Plate-Supply Voltage (rms)    117 Filter-Input Capacitor  40 
Minimum Total Effective Plate-Supply Impedance  15 
D C Output Current  100 
DC Output Voltage at Input to Filter (Approx.): At half-load current (50 ma.)      135 

At full-load current (100 ma.)  120 
Voltage Regulation (Approx.): 

Half-load to full-load current    lo 
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Maximum Circuit Values: 
Panel-Lamp Shunting Resistor*: 170 ma  

For dc output current of { 80 ma  
(90 ma   

• Required when dc output current is greater than 60 milliamperes. 

OPERATION CHARACTERISTICS HALF-WAVF RF.CT1FIER  1 1 1 1 '| I 1 1 1 1 
-TYPE35W4 E^ = 35V0LTS BETWEEN PINS N23 & N24 (NO TAP CONNECTION) • 
PLATE VOLTS-117RMS 
'TOTAL EFFECTIVE PLATE-SUPPLY " IMPEDANCE = I50HMS 
C = CAPACITOP INPUT TO FILTER 

INSTALLATION AND APPLICATION 
Tube requires miniature seven-contact 

y5TFER'STICS socket and may be mounted in any position. 
1 11 1 Outline 13, OUTLINES SECTION. For 
en pins N23 & heater considerations, refer to miniature 
section) ' type 35C5. 
ate-supcly ' With the panel lamp connected as show;: 
to filter ' in the diagram, the drop across E and ah 
———— heaters (with panel lamp) should equal 117 
   volts at 0.15 ampere. The shunting resistor 
  R8 is required when dc output current ex- 
  ceeds 60 milliamperes. Values of Rs for dc 
  output currents greater than 60 milliamperes 
  are given in tabulated data. 

LOAD MILLIAMPERES 92CM-66t5Tr 

OTHER HEATERS 

HALF-WAVE VACUUM RECTIFIER 
Glass lock-in type used in power supply 

of ac/dc receivers. The heater is provided with 
tap for the operation of a panel lamp. Outline 
20, OUTLINES SECTION. Tube requires lock- 
in socket. Heater volts (ac/dc), 35; amperes, 
0.15. For maximum ratings, refer to glass octal 
type 35Z5-GT. For typical operation and 
curves, refer to miniature type 35W4. Type 
35Y4 is used principally for renewal purposes. 

HALF-WAVE VACUUM RECTIFIER 
Glass lock-in type used in power supply of 

ac/dc receivers. Outline 20, OUTLINES SEC- 
TION. Tube requires lock-in socket. Heater 
volts (ac/dc), 35; amperes, 0.15. For maximum 
ratings and typical operation, refer to glass 
octal type 35Z5-GT without panel lamp. Type 
35Z3 is used principally for renewal purposes. 

njTETi *) 

HALF-WAVE VACUUM RECTIFIER 
Glass octal type used in power supply of 

ac/dc receivers. Outline 22, OUTLINES SEC- 
TION Tube requires octal socket. This type 
may be supplied with pin No.l omitted. Heater 
volts (ac/dc), 35; amperes, 0.15. For maximum 
ratings and typical operation, refer to glass octal 
type 35Z5-GT without panel lamp. Type 35Z4- 
GT is used principally for renewal purposes. 
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Ht /^y\ HALF-WAVE VACUUM RECTIFIER 
\ Glass octal type used in power 

' f JL supply of ac/dc receivers. The heater O C7't! ftT 
h is provided with a tap for operation w 

0"Tr-0 of a panel lamp. Outline 22, OUT- 
nc « LINES SECTION. Tube requires 

octal socket and may be mounted in any position. This type may be supplied with 
pin No.l omitted. For installation and application considerations, refer to minia- 
ture type 35W4. 
Heater Voltage (ac/dc): * ** 

Entire Heater (pins 2 and 7)  35 32 volts 
Panel Lamp Section (pins 2 and 3)  7.5 5.5 volts Heater Current: 
Between Pins 2 and 7  0.15 - ampere 
Between Pins 3 and 7  - 0.15 ampere 

* Without panel lamp. ** With No.40 or No. 47 panel lamp. ** With No.40 or No. 47 panel lamp. 

Maximum Ratings: HAI 
Peak Inverse Plate Voltage  
Peak Plate Current  
DC Output Current: 

With Panel Lamp and { NoJhantingK^to,; 
Without Panel Lamp  

Panel-Laaip-Section Voltage (rms): When Panel Lamp Fails  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode 
Heater positive with respect to cathode. 

HALF-WAVE RECTIFIER 
700 max 
600 max 

60 max 
90 max 

100 max 

350 max 
350 max 

Typical Operation with Panel Lamp.-f 

Filter-Input Capacitor  
Minimum Total Effective Plate-Supply Impedance. 
Panel-Lamp Shunting Resistor  
DC Output Current  

117 117 117 117 235 volte 
40 40 40 40 40 Ml' 15 15 15 15 100 ohms 

300 3 50 100 - ohms 60 70 80 90 60 nui fv., v/uLpuv e^urreni,  ou iu ou ov uu 
t No.40 or No.47 panel lamp used in circuit with capacitor-input filter given under type 35W4 

Typical Operation without Panel Lamp: 
AC Plate-Supply Voltage (rms)  
Filter-Input Capacitor  
Minimum Total Effective Plate-Supply Impedance. 
DC Output Current  
DC Output Voltage at Input to Filter (Approx.): 

At half-load current (50 ma.)  
At full-load current (100 ma.)  

Voltage Regulation (Approx.): 
Half-load to full-load current  

Maximum Circuit Values: 
Panel-Lamp Shunting Resistor:* 

( 70 ma  
For do output current of < 80 ma  

/ 90 ma  
* Hcquired when dc output current is greater than 60 railliamperes. 

800 max 
400 max 
250 max 

ance, 0.55 
euce only. 

H H 
0.55 megohm; 

SHARP-CUTOFF TETRODE 
Glass type used as rf or if amplifier or as 

biased or grid-resistor detector in radio receiv- 
ers. Outline 40, OUTLINES SECTION. Tube _ 

)K requires five-contact socket. Heater volts wO 
(ac/dc), 6.3; amperes, 0.3. Characteristics as 
class Ai amplifier: plate volts, 250 max; grid- 
No.2 volts, 90 max; grid-No.1 volts, -3; plate 
ma., 3.2; grid-No.2 ma., 1.7 max; plate resist- 

transconductance, 1080 ^mhos. This is a DISCONTINUED type listed for refer- 
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36AM3 
« Miniaturetypesusedinpowersup- ^ 

OOA/VlO-A ply of ac/dcreceivers. These types have i\ r~vsCL 
q a tapped heater so that the heater sec- ncvEaXL^//I^k 

OOAIWO-D tion between pins 4 and 6 can be used 0— 
as a limiting resistance in the rectifier nc 

plate circuit. This heater section is not to be used as a panel-lamp shunt. Outline 
13, OUTLINES SECTION. Tubes require miniature seven-contact socket and 
may be operated in any position. 
Heatbr Voltage (ac/dc): 

Entire Heater (pins 3 and 4)  3<; voltii 
Tap Section (pins 3 and 6)  32 volts 

Heater Current (pins 3 and 6)  0.1 amport- 
Heatek Warm-Up Time (Average), For 36AM3-B  20 HecnmlA 

HALF-WAVE VACUUM RECTIFIER 

HALF-WAVE RECTIFIER 
Maximum Ratings, (Desiqn-MaximmnValues): 
Pkak Inverse Plate Voltage  
Peak Plate Current  
DC Output Current  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode... 
Heater positive with respect to cathode. . . 

Typical Operation with Capacitor Input to Filter: 
AC Plate-Supply Voltage (rms)  
Filler-Input Capacitor  
Total Effective Plate Supply Resistance  
DC Output Current  
DC Output Voltage  
Characteristics: 
TuYjg Voltage Drop, For plate current o! 150 ma. 
• The dc component must not exceed 350 volts. ■ The dc component must not exceed 100 volts. 

S6AM3-A 
S6AM3-B 36 AM 3 

365 max 365 max volts 580 max 530 max m -a 
82 max 82 max ma 

350'max 3509max VOl ti 
200mmax 200"m«.r vol ts 

120 117 VuU-H 
40 40 -uf See fcxf abor-' 75 75 inn 

118 105 volts 

16 20 volt 3 

MEDIUM-MU TRIODE 
Glass type used as voltage amplifier or de- 

tector in radio receivers. Outline 34 or 35, OUT- 
LINES SECTION. Tube requires five-contact 
socket. Heater volts (ac/dc;, 6.3; amperes,0.3. 
Characteristics as class Ai amplifier: plate volts, 
250 max; grid volts, -18; plate ma., 7.5; plate 
resistance, 8400 ohms; amplification factor, 9.2; 
transconductance, 1100 jumhos. This is a DIS- 
CONTINUED type listed for reference only. 

POWER PENTODE c. 
Glass type used in output stage of radio JA) , 

receivers. Outline 40, OUTLINES SECTION. S— NTsf 
Tube requires five-contact socket. Heater volts // -J— |7\ 
(ac/dc), 6.3; amperes, 0.3. Characteristics as pfzj 

*30 class Ai amplifier: plate and grid-No.2 volts, 250 ^ / 
max; grid-No.1 volts, -25; plate ma., 22; grid- 
No.2 ma., 3.8; plate resistance, 0.1 megohm; (Vj*  
transconductance, 1200 jumhos; load resistance, h 
10000 ohms; output watts, 2.6. This is a DIS- 
CONTINUED type listed for reference only. 

REMOTE-CUTOFF PENTODE 0 
Glass type used as rf or if amplifier in radio y— \*Nf> ' 

receivers, particularly those employing avc. // I ] /\ 
oq /A A Outline 40, OUTLINES SECTION. Tube re- pfiy \izzil 
$"/ quires five-contact socket. Heater volts (ac/dc), Li—3 

6.3; amperes, 0.3. Characteristics as class Ai am- V y\ / 
plifier: plate volts, 250 max; grid-No.2 volts, 90 
max; grid-No.l volts, -3 mini plate ma., 5.8; j!, 
grid-No.2 ma., 1.4; plate resistance, 1.0 meg- 

ohm; transconductance, 1050 jumhos. This is a DISCONTINUED type listed for reference only 
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MEDIUM-MU TRIODE 
Glass type used as resistance-coupled or 

impedance-coupled amplifier in battery-oper- 
ated receivers. Outline 43, OUTLINES SEC- 
TION. Filament volts (dc), 5; amperes, 0.25. 
Characteristics as class Ai amplifier: plate-sup- 
ply volts, 180; load resistance, 250000 ohms; 
grid volts, -3; plate ma., 0.2; plate resistance, 
150000 ohms; amplification factor, 30; trans- 
conductance, 200 fimhos. This is a DISCON- 
TINUED type listed for reference only. 

POWER PENTODE 
Glass type used in output stage of radio re- 

ceivers. Outline 34 or 35, OUTLINES SECTION. 
Tube requires six-contact socket. Heater volts 
(ac/dc), 6.3; amperes, 0.4. This type is elec- 
trically identical with type 6K6-GT. Type 41 
is used principally for renewal purposes. 

POWER PENTODE 
Glass type used in audio output stage of 

ac receivers. Outline 43, OUTLINES SEC- 
TION. Tube requires six-contact socket. Heater 
volts (ac/dc), 6.3; amperes, 0.7. This type is 
electrically identical with type 6F6. Type 42 is 
used principally for renewal purposes. 

POWER PENTODE 
Glass type used in audio output stage of 

ac/dc receivers. Outline 43, OUTLINES SEC- 
TION. Tube requires six-contact socket. Heater 
volts (ac/dc), 25; amperes, 0.3. This type is 
electrically identical with type 25A6. Type 43 
is used principally for renewal purposes. 

p G POWER TRIODE 
m Glass type used in output stage of radio re- 

ceivers. Outline 43, OUTLINES SECTION. 
Tube requires four-contact socket. Filament AC 
volts (ac/dc), 2.5; amperes, 1.5. Typical opera- 
tion as class Ai amplifier: plate supply volts, 
275 wax; grid volts, -56; cathode-bias resistor, 

^ t 1550 ohms; amplification factor, 3.5; plate re- 
sistance, 1700 ohms; transconductance, 2050 

jimhos; plate ma., 36; load resistance, 4600 ohms; undistorted power output, 2 watts. This is a !)]> 
CONTINUED type listed for reference only. 

V ^NC HALF-WAVE VACUUM RECTIFIER 
Miniature type used in power supply of ,c(3y (/ T small, portable^ ac/dc/battery receivers where 

[ \ small size and low heat dissipation are impor- 45 Z3 
pJj L-, 1 J"^H tant. Outline 11, OUTLINES SECTlON.Tube 

requires miniature seven-contact socket and 
^>4 may be mounted in any position. Heater volts 
vl/ (ac/dc), 45; amperes, 0.075. Maximum ratings: 

peak inverse plate volts, 350 max; peak plate 
ma., 390 7nax; dc output ma.f 65 max; peak heater-cathode volts, 175 max. Typical operation with 
capacitor-input filter: ac plate volts (rms), 117; minimum total effective plate-supply impedanop, If- 
ohms: dc output ma., 65. This is a DISCONTINUED type listed for reference only. 
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HALF-WAVE VACUUM RECTIFIER 
P Glass octal type used in power supply of 

ac/dc receivers. The heater is provided with a H 
tap for operation of a panel lamp. Outline 22, L(3y J_ \ 
OUTLINES SECTION. Tube requires octal \ 

A socket. Without panel lamp, heater volts (ac/dc) r-Ax ' \ 
of entire heater (pins 2 and 7), 45; amperes, 
0.15. With panel lamp, heater volts (ac/dc) of Ns 
panel-lamp section (pins 2 and 3 with 0.15 v!/ \jy 
ampere between pins 2 and 7), 5.5. Except for NG ^ 
difference in heater voltage, this type has the 

same ratings and typical operation values as glass octal type 35Z5-GT. Type 45Z5-GT is a DISCON- 
TINUED type listed for reference only. 

DUAL-GRID POWER AMPLIFIER ^ 
Glass type used as class Ai or class B am- 

plifier in radio equipment. Outline 51, OUT- f /~Dl— 
LINES SECTION. Tube requires five-con- pfzY   
tact socket. Filament volts (ac/dc), 2.5; ----' KJ amperes, 1.75. Typical operation as class Ai V y/V / 
amplifier (grid No.2 connected to plate at 
socket): plate volts, 250 max; grid volts, -33; 
plate ma., 22; plate resistance, 2380 ohms; am- 

plification factor, 5.6; transconductance, 2350 ^mhos; load resistance for maximum unrlistorted power 
output, 6400 ohms; output watts, 1.25. This is a DISCONTINUED type listed for reference only. 

POWER PENTODE eg. 
Glass type used in audio output stage of 

radio receivers. Outline 51, OUTLINES SEC- // H- j \ 
A*] TION. Tube requires five-contact socket.and p(Ti 

should preferably be mounted in vertica Jposi- """ J* 
tion. Horizontal operation is permissible if pins vL/'TV/ 
1 and 5 are in vertical plane. Filament volts 
(ac/dc), 2.5; amperes, 1.75. Typical operation 
as class Ai amplifier: plate and grid-No.2 volts, 

250 max; cathode-bias resistor, 450 ohms; plate ma., 31; grid-No.2 ma., 6; plate resistance, 60000 ohms; 
iransconductance, 2500 Mmhos; load resistance, 7000 ohms; power output, 2.7 watts. This type is used 
principally for renewal purposes. 

POWER TETRODE 
Glass type used in audio output stage of 

radio receivers designed to operate from dc 
power lines. Outline 51, OUTLINES SECTION. 
Heater volts (dc), 30; amperes, 0.4. Typical 
operation as class Ai amplifier: plate volts, 
125 moz; grid-No.2 volts, 100 max; grid-No.1 
volts, -20; plate ma., 56; grid-No.2 ma., 9.5; 
transconductance, 3900 Mmhos; load resistance, 
1500 ohms; output watts, 2.5. This is a DIS- 
CONTINUED type listed for reference only. 

DUAL-GRID POWER AMPLIFIER X 
Glass type used in output stage of battery- 

operated receivers. Outline 43, OUTLINES //"H. ] \ 
SECTION. Tube requires five-contact socket. pCTv •■*"7x4^ 

nry Filament volts (dc), 2.0; amperes, 0.12. Typical X-l ' 7^ 
operation as class Ai amplifier (grid No.2 con- V /v / 
nected to plate at socket): plate volts, 135 max-, 
grid volts, -20; plate ma., 6; plate resistance, ^ 
4175 ohms; amplification factor, 4.7; transcon- 

ductance, 1125 /imhos; load resistance, 11000 ohms; output watts (approx.), 0.17, This is a DIS- 
CONTINUED type listed for reference only. 
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POWER TRIODE 
Glass type used in output stage of af am- 

plifiers employing transformer input coupling. 
Maximum over-all length, 6-1/4 inches; maxi- 
mum diameter, 2-7/16 inches Tube requires 
four-contact socket and should be mounted in 
vertical position with base down. Filament volts 
(ac/dc), 7.5; amperes, 1.25. Characteristics as 
class Ai amplifier: plate volts, 450 max; grid 
volts, -84; cathode resistor, 1530 ohms; plate 

ance, 1800 ohms; amplification factor, 3.8; transconductance, 2100 /itmhos; load 
is; output watts, 4.6. This is a DISCONTINUED type listed for reference only 

BEAM POWER TUBE 
Glass lock-in type used in output stage of 

ac/dc receivers. Outline 20, OUTLINES SEC- 
TION. Tube requires lock-in socket. Heater 
volts (ac/dc), 50; amperes, 0.15. For ratings 
and data, refer to glass-octal type 50L6-GT. 
Type 50A5 is used principally for renewal 
pu eposes. 

BEAM POWER TUBE 
\ Miniature type used in output 

(\\[E:E<J stage of compact ac/dc receivers. Be- 50B5 
yWc/s" cause of its high power sensitivity at 

C3 1 plate and screen-grid voltages avail- 
able in ac/dc receivers, it is capable of 

providing a relatively high power output. Outline 13, OUTLINES SECTION. 
Tube requires miniature seven-contact socket and may be mounted in any position. 
Except for basing arrangement, type 50B5 is identical with miniature type 50C5. 

50A5 

50B5 

"(T; C?,0' 
BEAM POWER TUBE 

S "Nn Miniature type used in output 
hS/ r^E//0(£-'G2 stage of compact, ac/dc radio receiv- 

rW-b \) ers. Because of its high power sensi- 50C5 
r(jXX--dy /©p tivity and high efficiency at plate and 

screen-grid voltages available in ac/dc 
£3 receivers, the 50C5 is capable of pro- 

viding a relatively high power output. 
Within its maximum ratings, type 50C5 is equivalent in performance to glass octal 
type 50L6-GT. The basing arrangement of the 50C5 simplifies the problem of meet- 
ing Underwriters' Laboratories requirements in the design of ac/dc receivers. 

11 cater Voltage (ac/dc)  50 volis 
Heater Current    0,15 ampere ] >irect Intereleotrode Capacitances (Approx.): 

Grid No.l to Plate     0.6 ppl' 
Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3  13 
Plate to Cailinde, Heater, Grid No.2, and Grid No.3  8.5 *0'- 

CLASS Ai AMPLIFIER 
Maximum Ratings, (Dexiyn-Maxiinuni Values): 
Plate Vot.tacik  150 max volts 
Grii)-No.2 (scueen-guid) Voltage    130 max volts Grip-No.I (control-grid) Voltage, Positive bias value.    0 max volts 
Plate Dissipation    7 max watis 
Gkid-No.2 Input      1.4 max watt^ 
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode      200 max volts 
Heater positive with respect to cathode  200"max volts 

Bulb Temperature (At hottest point)   220 max 0C 
■ The do component must not exceed 100 volts. 
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Typical Operations 
Plate Voltage  120 
Grid-No.2 Voltage  110 
Grid-No.l (Control-Grid) Voltage  -8 
Peak AF Grid-No.1 Voltage  8 
Zero-Signal Plate Current  49 
Maximum-Signal Plate Current  50 
Zero-Signal Grid-No.2 Current  4 
Maximum-Signal Grid-No.2 Current  8.5 
Plate Resistance (Approx.)  2 0000 
Transconductance  7500 
Load Resistance      2500 
Total Harmonic Distortion  10 
Maximum-Signal Power Output  2.8 
Maximum Circuit Values: 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation    0.1 max 
For cathode-bias operation    0.5 nwx 

ma 
ohms 

jxmhos 
ohms 

per cent 
watts 

megohm rnegi >h m 

INSTALLATION AND APPLICATION 
Type 50C5 requires miniature seven-contact socket and may be mounted in 

any position. Outline 13, OUTLINES SECTION. It is especially important that 
this tube, like other power-handling tubes, be adequately ventilated. 

The 50-volt heater is designed to operate under the normal conditions of line- 
voltage variation without materially affecting the performance or serviceability 
of the 50C5. For operation of the 50C5 in series with other types having 0.15- 
ampere rating, the current in the heater circuit should be adjusted to 0.15 ampere 
for the normal supply voltage. 

In a series-heater circuit of the "dc power line" type employing several 0.15- 
ampere types and one or two 50C5s, the heater(s) of the 50C5(s) should be placed 
on the positive side of the line. Under these conditions, heater-cathode voltage of 
the 50C5 must not exceed the value given under maximum ratings. In a series- 
heater circuit of the "universal" type employing rectifier tube 35W4, one or two 
50C5s, and several 0.15-ampere types, it is recommended that the heater(s) of the 
50C5(s) be placed in the circuit so that the higher values of heater-cathode bias will 
be impressed on the 50C5(s) rather than on the other 0.15-ampere types. This is 
accomplished by arranging the 50C5(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 50C5(s), any necessary 
auxiliary resistance and the heater of the 35W4 are connected in series. 

AVERAGE PLATE CHARACTERISTICS  PENTODE CONNECTION  
TYPE 50C5 C^eSO VOLTS L'Sr-r GRlQ-NBg VOLTS'IIQ - 

/•.am-Ntl VOLTS EC1 

120 160 PLATE VOLTS 
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As a power amplifier (class Ai), the 50C5 is recommended for use either singly 
or in push-pull combination in the power-output stage of "ac/dc" receivers. The 
operating values shown under typical operation have been determined on the basis 
that grid-Xo. 1 currpnt does not flow during any part of the input cycle. 

BEAM POWER TUBE 
Glass octal tvpe used in output stage of 

ac/dc receivers. Outline 42, OUTLINES SEC- 
TION. Heater volts (ac/dc), 50; amperes, 0.15. 
Except for heater rating, this type is identical 
with glass octal type 6Y6-G. Type 50C6-G is 
•a DISCONTINUED type listed for reference 
only. 

50C6-G 

HALF-WAVE VACUUM RECTIFIER 
vUf Miniature type used in power sup- 

\ ' ' y J-v Ply of ac/dc radio receivers. The heater 50DC4 is provided with a tap for operation of 
A")— a panel lamp. For typical circuit, refer 

uc to type 35W4. Outline 13, OUTLINES 
SECTION . Tube requires seven-contact socket and may be mounted in any po- 
sition. 

Heater Voi.taee (ac/dc): * volts 
Entire Heatkh (FIN'S 3 and 4)  50 45 volts 
Panel-Lamp Section (pins 4 and 6)  7.5 5.5 volt* 

Heater Current: 
Between Pins 3 and 4  0.15 - amporo 
Between Pins 3 and 6  - 0.15 ampi r- 

* "Without panel lamp. :i!* With No.40 or No.47 panel lamp. 

HALF-WAVE RECTIFIER 
Maximim Ratings, (Desi'jn-Maximum Values): 
Peak Inverse Plate Voltage  
Peak Plate Current  
DC output Current: 

With Panel Lamp and ' No Shunting Resistor  i Shunting Resistor*  
Without Panel Lamp  

Pane/-Lamp-Section Voltage (rms): 
When Panel Lamp Pails   

Peak Heater-Cathode Voltage: 
Heater negative with respect to cathode   
Heater positive with respect to cathode    

Typical Operation with Panel lamp:t 

Filter-Input Capacitor   
Minimum Total Effective Plate-Supply Impedance. 

330 max 
720 7na.r 

70 wax 
110 mux 
120 max 

330 wax 
330 wax 

117 117 117 117 volts 
40 40 40 40 u; 
15 15 15 15 ohms 

450 200 100 75 ohms 
70 80 90 100 ma DC Output Current  70 80 90 100 

t No.40 or No.47 panel lamp used in circuit with capacitor-input filter given under type 35W4. 
Typical Operation without Panel Lamp: 
AC Plate-Supply Voltage (rms)      117 
Filter-Input Capacitor    40 
Minimum Total Effective Plate-Supply Impedance    15 
DC Output Current     110 
DC Output Voltage at Input to Filter (Approx.): 

At half-load current (55 ma.)     130 
At full-load current (110 ma.)   110 

Voltage Regulation (Approx.): 
Half-load to full-load current   20 

• Required when dc output current is greater than 70 xnilliamperes. 
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POWER PENTODE 
Miniature type used in the audio 

output stage of radio and television 
50EH5 receivers and in phonographs. Outline 

13, OUTLINES SECTION. Heater 
volts (ac/dc), 50; amperes, 0.15. Ex- 
cept for heater rating, this type is 
identical with miniature type 6EH5. 

BEAM POWER TUBE 
Glass octal type used in audio- 

output stages of compact stereophonic \ 
5QFE5 and monophonic phonographs and ra- -1 

dio and television receivers. Outline 
29, OUTLINES SECTION. Tube re- 
quires octal socket and may bemounted K'G3 

in any position. Heater volts (ac/dc), 50; amperes, 0.15. Peak heater-cathode volts, 
heater negative with respect to cathode, 200 max. Except for heater ratings and 
heater-cathode voltage, this type is identical with glass octal type 6FE5. 

POWER PENTODE 

C 1/ c Miniature type used as audio out- 
OUrKD put amplifier in ac/dc radio receivers. 

Outline 13, OUTLINES SECTION. 
Tube requires seven-contact socket 
and may be operated in any position. 

IIratkr Voltage (ac/dc)       
Hkatkk Current  
Direct Intekelectrode Capacitances:0 

Grid No.l to Plate  
Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3. 
Plate to Cathode, Heater, Grid No.2, and Grid No.3  

CLASS Ai AMPLIFIER 
Maximum Ratings, (Design-Maximum Values): 
Plate Voltage  
Urid-No.2 (screen-grid) Voltage  
Guid-No.1 (control-grid) Voltage, Positive-bias value  
Plate Dissipation  
Grid-No.2 Input  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  
Heater positive with respect to cathode  

Pulh Temperature (At hottest point)  
Typical Operation and Characteristics: 
Plate Supply Voltage  
Grid-No.2 Supply Voltage   Calhodo-Kias Resistor  
Peak AF Grid-No.1 Voltage  
Zero-Signal Plate Current  
Maximum-Signal Plate Current  
Zero-Signal Grid-No.2 Current  
Maximum-Signal Grid-No.2 Current  
Pliuo Resistance (Approx.)  
Transconductance  
Load Resistance    
Total Harmonic Distortion    
Maximum-Signal Power Output  
Maximum Circuit Values: 
G rid-N o.l-Circuit Resistance: 

For fixed-bias operation.    
For cathode-hias operation   0 Wilhout external shield. m The de component must not exceed 100 volts. 

50 volts 
0.1 ampere 

150 max 
130 max 

0 mox* 
5 max 

1.75 max 
200 max 
200 "wwx 225 max 

ma 
ma 

ohms 
^mhos 

ohms 
per cent 

watts 

megohm 
megobm 
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AVERAGE PLATE CHARACTERISTICS 

■HI 

©G| BEAM POWER TUBE 
y\ Glass octal type used in output 

| | stage of ac/dc radio receivers. Out- _ _ . , _ — 
line 22, OUTLINES SECTION. Tube 50LO-V7I 

hS-^^ h requires octal socket and may be 
mounted in any position. This type 

fJC may be supplied with pin No.l omit- 
ted. Refer to miniature type 50C5 for installation and application information. 

200 mux volis 
125 ma-x volts 

] 0 max %\uits 
1.25 max '.vatts 

90 max volts 
90 max volts 

vol'rs 
\ filfS 
volts ilirns 

ma 
ma 
ma ma 

ohms 
.■mhos 
ohms 

por cant, WH! Ls 

Hkater Voltage (ac/dc)    
Heater Current  
Direct Interelectrode Capacitances (Approx.): 

Grid No.l to Plate  
Grid No.l to Cathode .Heater Grid No.2, and Grid No.3 
Pi site to Cathode, Heater, Grid No.2, and Grid No.3  

CLASS A[ AMPLIFIER Maximum Ratings: 
Plate Voltage  
(iHiD-No.2 (screen-grid) Voltage  
Plate Dissipation  
Grid-No.2 Input  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode    
Heater positive with respect to cathode   

Typical Operation: 
Plato Supply Voltage  
Grid-Xo.2 Supply Voltage  
Grid-No.l (Control-Grid) Voltage. . . 
Peak AP Grid-No.l Voltage  
Cathode-Bias Resistor  
Zero-Signal Plate Current  
Maximum-Signal Plate Current.... 
Zero-Signal Grid-No.2 Current. ... 
Maximum-Signal Grid-No.2 Current 
Plate Resistance (Approx.)  
Transconductance  
Load Resistance.   
Total Harmonic Distortion  
Maximum-Signal Power Output. . . . 

Fixed Bias Cnthodt flia.-- 
110 200 
110 125 

-7.5 - 
7.5 3.0 — 180 

49 40 
50 17 

4 2.2 
10 8.5 

13000 28000 
8000 8000 
2000 4000 

10 10 
2.1 3.8 
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VACUUM RECTIFIER-DOUBLER 
Lock-in type used as half-wave rectifier or 

voltage doubler in ae/dc receivers. Outline 20, 
fWf jr OUTLINES SECTION. Tube requires lock-in 

socket. Heater volts (ac/dc), 50: amperes, 0.15. 
This type is electrically identical with glass 
octal type 50Y6-GT and, except for heater 
rating, with glass octal type 2oZ6-GT. Refer to 
type 25Z6-GT for maximum ratings, typical 
operation, and curves. Type 50X6 is used 
principally for renewal purposes. 

VACUUM RECTIFIER-DOUBLER ^2 . D 
Glass octal type used as half-wave TX 

50Y6-GT rectifier or voltage doubler in ac/dc il~ | receivers. This type is used particu- 1 r~J l~ 
larly in "transformerless" receivers of 
either the ac/dc type or the voltage- 
doubler type. Outline 22, OUTLINES NC KDI 

SECTION. This type may be supplied with pin No.l omitted. Tube requires octal 
socket. Heater volts (ac/dc), 50; amperes, 0.15. Except for heater rating, tin's type 
is electrically identical with type 25Z6-GT. 

VACUUM RECTIFIER-DOUBLER rd. 
Glass octal type used as half-wave rectifier 

or voltage doubler in ac/dc receivers. This type 
f+JT is used particularly in "transformerless" receiv- / L   f\ 

I # ™ I ers of either the ac/dc type or the voltage- / Ur^ 
doubler type. The heater is provided with a tap 
for operation of a panel lamp. Outline 22, OUT- 
LINES SECTION. Tube requires octal socket. NC^ 
Without panel lamp, heater volts (ac/dc) of ' 

entire heater (pins 2 and 7), 50; amperes, 0.15. With panel lamp, heater volts (ac/dc) of panel-lamp 
section (pins 6 and 7 with 0.15 ampere between pins 2 and 7), 5.5. For maximum ratings and typical 
operation as half-wave rectifier or voltage doubler without panel lamp, refer to glass octal type 25Z6-GT. 
Whe n operated with a panel lamp and 250-ohm panel-lamp shunting resistor, ratings and vypieal 
oporavion are the same as for type 25Z6-GT, except that dc output current per plate is 65 ma. Typ. 
5uY7-(iT is used principally for renewal purposes. 

VACUUM RECTIFIER-DOUBLER Q-gT' 
Glass octal type used as half-wave rectifier PD2/~Vj£-i fV~YHL 

or voltage doubler in ac/dc receivers. Outline 
f* 36, OUTLINES SECTION. The heater is pro- | Li—, i—i /J vided with a tap for operation of a panel lamp. /Tv X/tw) 

Without panel lamp, heater volts (ac/dc) of 
entire heater (pins 2 and 7), 50; amperes, 0.15. (iT^Te) 
With panel lamp, heater volts (ac/dc) of panel- kdi 
lamp section (pins 6 and 7 with 0.15 ampere 

between pins 2 and 7), 2. Maximum ratings as rectifier or doubler: peak inverse plate volts, 700 max-, 
peak plate ma. per plate, 400 max; dc output ma. per plate with panel lamp, 65 max; peak heater- 
cathode volts, 350 max; panel lamp section volts (pins 6 and 7), 2.5 max. This is a DISCONTINUED 
type listed for reference only. 

HIGH-MU TWIN POWER TRIODE 
Glass type used in output stage of ac- 

operated receivers as a class B power amplifier. 
Outline 43, OUTLINES SECTION. Tube re- 
quires medium seven-contact (0.855-inch pin- 
circle diameter) socket. Heater volts (ac/dc), 
2.5; amperes, 2.0. Except for heater rating, this 
type is electrically identical with metal type 
6N7. Type 53 is a DISCONTINUED type 
listed for reference only. 
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H(3yT3W2 POWER PENTODE 
Miniature type used in output c 

(SYU/w /7) stages of audio amplifiers, especially OOl/vib 
0| P in two-tube series-string stereo sys- 

KW tems. This type has extremely high 
03 power-sensitivity and can be driven to 

lull output by a ceramic or crystal phonograph pickup. Outline 13, OUTLINKS 
SECTION. Tube requires seven-contact socket and may be mounted in any po- 
sition. 
Heater V oltage (ac/dc) . 
Heater Current  
Direct Interelectrode Capacitances (Approx.): 

Grid No.l to Plate  
Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3. 
Plate to Cathode, Heater, Grid No.2, and Grid No.3  

CLASS Ai AMPIIFIER 
Maximum Ratings, (Design-Maximum Values): 
Plate Voltage  
Grjd-No.2 (screen-grid) Voltage  
Plate Dissipation  
Grid-No.2 Input  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  
Heater positive with respect to cathode.   Bulb Temperature (At hottest point)  

Typical Operation: 
Plate Supply Voltage  
Grid-No.2 Supply Voltage  
Cathode-Bias Resistor  Peak AF Grid-No.1 Voltage  
Zero-Signal Plate Current  
Maximum-Signal Plate Current  
Zero-Signal Grid No.2 Current  
Maximum-Signal Grid No.2 Current  Plate Resistance    
Transconductance  Load Resistance  
Total Harmonic Distortion  
Maximum-Signal Power Output  
Maximum Circuit Values: 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation    
For cathode-bias operation   

<>0±6 volis 
0.1 am pero 

0,65 .lid 
17 9 ,11, i 

150 max '.'oils 
130 max volts 
5.5 max walls 

2 max watts 
200 max •volts 
200*max Volts 
225 max r,(- 

no volls 
115 volt s 
62 ohms 

3 cults 
He ma 
35 ma 
10 ma 
12 ma 

17500 ohms 
13500 Mmhos 
3000 ohms 

8 per cent 
1 3 watts 

^. 1 max megohm 
i). 5 mar megohm 

AVERAGE CHARACTERISTICS 

B 
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RECTIFIER—BEAM POWER TUBE _^G,B 
Glass octal type used as combined hall- 

wave rectifier and output amplifier in ac/dc —[□JWT)KB 
/ \JL/ -V7 I receivers. Outline 26, OUTLINES SECTION. rZLlzzzffr0^ 

Tube requires octal socket. Heater volts (ac/dc), A ,—, 
70; amperes, 0.15. Maximum ratings of rectifier 
unit: peak inverse plate volts, 350; peak plate 
ma., 420; dc output ma., 70; peak heater- Ko^ 
cathode volts, 175; minimum total effective 

plate-supply impedance, 15 ohms. Typical operation and maximum ratings of beam power unit as class 
Ai amplifier: plate and grid-No.2 volts, 110 (117 max); grid-No.l volts, -7.5: plate ma.. 40; grid-No.2 
ma., 3; plate resistance, 15000 ohms; transconductance, 7500 ^mhos; load resistance, 2000 ohms; 
output watts, 1.8; plate dissipation, 5 max watts; grid-No.2 input, 1 max watt. This type is used 
principally for renewal purposes. 

TWIN DIODE—HIGH-MU TRIODE 
Glass type used as combined detector, am- 

plifier, and avc tube in radio receivers. Outline 
40, OUTLINES SECTION. Tube requires six- / 
contact socket. Heater volts (ac/dc), 6.3; am- pt 
peres, 0.3. Except for interelectrode capaci- 
tances and plate volts of 250 max, this type is 
identical electrically with metal type 6SQ7. 
Type 75 is used principally for renewal purposes. 

REMOTE-CUTOFF PENTODE 
Glass type used in rf and if stages of radio 

receivers, particularly those employing avc. 
Outline 40, OUTLINES SECTION. Tube re- 
quires six-contact socket. Heater volts (ac/dc), 
6.3; amperes, 0.3. Except for capacitances, this 
type is identical electrically with metal type 
6K7. Type 78 is used principally for renewal 
purposes. 

FULL-WAVE VACUUM RECTIFIER 
Glass type used in power supply of radio pDn 

equipment having moderate direct-current re- (2)/^ 
quirements. Outline 43 and 34, OUTLINES f 1 1 
SECTION, except maximum over-all length 4 / \ 
inches; maximum seated length, 3-3/8 inches. y J 
Tube requires four-contact socket and should V J 
be mounted preferably in a vertical position. rTjsZ. 
Horizontal mounting is permissible if pins 1 and f f 
4 are in a horizontal plane. Filament volts (ac), 

5.0; amperes, 2.0. For filament operation, refer to type 5U4-G. Type 80 is electrically identical with 
glass octal type 5Y3-GT. Type 80 Is used principally for renewal purposes. 

FULL-WAVE VACUUM RECTIFIER g 
Glass type used in power supply of auto- 

mobile and ac-operated radio receivers. Outline /r-\ i \ 
Q A j^mW A 34 or 35,OUTLINES SECTION. Tube requires -J/ 

five-contact socket. Heater volts (ac/dc), 6.3; c—n—— 
' amperes, 0.5. Maximum ratings: peak inverse 02 V vv J 

plate volts, 1250 max; peak plate ma., 180 max; 
dc output ma., 60 max; peak heater-cathode (i/ \2/ 
volts, 450 max. Typical operation with capaci- ' 

tor-input filter: ac plate-to-plate supply volts (rms), 650; minimum total effective plate-supply imped- 
ance per plate, 150 ohms; dc output ma., 60. Typical operation with choke-input filter: ac plate-to-plate 
supply volts (rms), 900; minimum filter-input choke, 10 henries; dc output ma., 60. This type is used 
principally for renewal purposes. 
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^ Gaa RECTIFIER-BEAM POWER TUBE 
# Glass octal type used as combined half- 

Pa wave rectifier and output amplifier in ac/dc m m m mm / 9 receivers. Outline 26, OUTLINES SECTION. | |/ L# / 
Tube requires octal socket. Heater volts (ac/dc), ' 
117; amperes, 0.09. For ratings and operation AA7 

H of rectifier unit, refer to type 117N7-GT. Typi- ITI# ™ 1 
cal operation of beam power unit as class At 
amplifier: plate and grid-No.2 volts, 105 (117 
max); grid-No.1 volts, -5.2; peak af grid-No.1 

volts, 5.2; plate ma., 43; grid-No.2 ma., 4 (zero-signal); 5.5 (maximum-signal); plate input, 6 max waits; 
grid-No.2 dissipation, 1 max watt; plate resistance (approx.), 17000 ohms; transconductanoo, 5300 
wmhos; load resistance, 4000 ohms; total harmonic distortion, 5 per cent; maximum-signal power 
output, 0.85 watt. Type 117L7/M7-GT is used principally for renewal purposes. 

RECTIFIER-BEAM POWER TUBE 
\Zl Glass octal type used as combined half- 

wave rectifier and output amplifier in ac/dc re- 
ceivers. Outline 26, OUTUNES SECTION. 

( \ I Tube requires octal socket and may be mounted « ■ mm jk ■ wmm mm 
In any position. Heater volts (ac/dc), 117; am- | |# IMv V? I rt \sW| £/ H peres, 0.09. Maximum ratings of rectifier unit 

(n ■ nT) as half-wave rectifier: peak inverse plate volts, NC Ko 350 max; peak plate ma., 450 max; dc output 
ma., 75 max; peak heater-cathode volts (heater 

negative with respect to cathode), 175 max. Typical operation with capacitor-input filter: ac plate 
supply volts (rms), 177; minimum total effective plate-supply impedance, 15 ohms; dc output ma., 75; 
dc output volts at input to filter, 122. Typical operation of beam power unit as class Ai amplifier: 
plate and grid-No.2 volts, 100 (117 max); grid-No.l volts, -6; peak af grid-No.l volts, 6; plate ma., 51; 
grid-No.2 ma., 5; plate dissipation, 5.5 max watts; grid-No.2 input, 1 max watt; plate resistance (approx.), 
16000 ohms; transconductance, 7000 /xmhos; load resistance, 3000 ohms; total harmonic distoviion, 
6 per cent; maximum-signal power output, 1.2 watts. This type is used principally for renewal purposes. 

117N7-GT 

RECTIFIER—BEAM POWER TUBE 
Glass octal type used as combined half- 

wave rectifier and output tube. Outline 26, 
OUTLINES SECTION. Tube requires octal 
socket. Heater volts (ac/dc), 117; amperes, 0.09. 
This type is electrically identical with glass- 
octal type 117L7/M7-GT. Type 117P7-GT is 
used principally for renewal purposes. 

117P7-GT 

„ >f—K „ HALF-WAVE VACUUM RECTIFIER 
Wi; — }£) Miniature type used in power sup- __ __ _ 

(\ i—I ply of ac/dc/battery radio receivers. 117x13 
.Ai),c The heater is designed for operation 

Q  directly across a 117-volt ac or dc sup- 
lc ply line. Outline 13, OUTLINES SEC- 

TION. Tube requires miniature seven-contact socket and may be mounted in any 
position. It is especially important that this tube, like other power-handling tubes, 
be adequately ventilated. 
Heater Voltage (ac/dc)  117 volte 
Heatek Current  0.04 ampere 
Maximum Ratings: HALF-WAVE RECTIFIER 
Peak Inverse Plate Voltage          880 max volts 
Peak Plate Current   540 max ma 
DC Output Current   90 max ma 
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  175 max volts 
Heater positive with respect to cathode      100 ma volts 

Typical Operation, (Capacttor-Jnpwf to Filter); 
A C Plate-Supply Voltage (rms)  
Filter-Input Capacitor  
Minimum Total Effective Plate-Supply Impedancef. 
DC Output Current      
)1C Output Voltage at Input to Filter (Approx): 

At half-load current (45 ma.)  
At full-load current (90 ma.)    

117 volts 1.04 ampere 

880 max volts 
540 max ma 90 max ma 
175 max volts 100 ma volts 

117 volts 
30 
20 ohms 
90 ma 

130 volts 110 volt* 
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Voltage Regulation (Approx.): 
Half-load to full-load current  20 volts 

t "When a filter-input capacitor larger than 40 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. 

HALF-WAVE VACUUM RECTIFIER 
Glass octal type used in power supply of  Cj) 

ac/dc/battery radio receivers. Maximum over- / n. 
_ _ __ . all length, 3 inches; maximum diameter, 1-5/16 \ 
117Z4-GT inches. Tube requires octal socket. Heater volts [ I (ac/dc), 117; amperes, 0.04. Maximum ratings ys. 

as half-wave rectifier: peak inverse plate volts, 
350 max\ peak plate ma., 540 max; peak heater- oT^To) 
cathode volts, 175 max. Typical operation with NCV-' 
capacitor-input filter: ac plate supply volts 

(nns), 117; minimum total effective plate-supply impedance, 30 ohms; dc output ma., 90. This is a 
DISCONTINUED type listed for reference only. 

VACUUM RECTIFIER-DOUBLER k02 Pd> 
Glass octal type used as half-wave rectifier vli—it) 

or voltage doubler in ac/dc receivers. Outline Pd2/TV^1 |\ 
<| lay ly y ^2, OUTLINES SECTION. Tube requires octal 7j \ 
J|^ Q—tj | socket and may be mounted in any position. I u—i r—i I 

This type may be supplied with pin No.l omit- d3j'^-+S\*b70~) 
ted. Heater volts (ac/dc), 117; amperes, 0.075. JS M 

Maximum ratings: peak inverse plate volts, 
700 wax; peak plate ma. per plate, 360 max; 
dc output ma. per plate, 60 max; peak heater- 

cal hode volts, 350 max. Typical operation as half-wave rectifier with capacitor-input filter or as half- 
wave or full-wave voltage doubler: ac plate supply volts per plate (rms), 117; filter-input capacitor, 
50 ^f; minimum total effective plate-supply impedance per plate, 15 (30 for half-wave doubler service); 
dc output ma. per plate, 60. This type is used principally for renewal purposes. 

SHARP-CUTOFF PENTODE 
Miniature type used as audio K/^y /1— 

C07Q amplifier in applications requiring re- EEE-ffp 
" duced microphonics, leakage noise, and NcClV't^sl La2)p 

hum. Especially useful in the input 
stages of medium-gain public-address gi g3 

systems, home sound recorders, and general-purpose audio systems. Outline 12, 
OUTLINES SECTION. Tube requires miniature nine-contact socket and may be 
mounted in any position. For operation as resistance-coupled amplifier, refer to 
RESISTANCE-COUPLED AMPLIFIER SECTION. 

5879 

Heater Voltage (ac/dc)       
Heater Current  
Direct Interelectrode Capacitances: 
Pentode Connection: 

Grid No.l to Plate  
Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3.. 
Plate to Cathode, Heater, Grid No.2, and Grid No.3  

Triode Connection*: 
Grid No.l to Plate  
Grid No.l to Cathode and Heater  
Plate to Cathode and Heater  

* Grid No.2 and grid No.3 connected to plate. 
CLASS Aj AMPLIFIER 

Maximum Ratings, (Design-Maximum Values): 
Plate Voltage  
Grid No.3 (suppressor grid)  
Guid-No.2 (screen-grid) Voltage.        
Grid-No.2 Supply Voltage  
Grid-No.1 (control-grid) Voltage: 

Negative bias value  
Positive bias value  

Plate Dissipation  
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts  
For grid-No.2 voltages between 165 and 330 volts  

6.3 volts 
0.15 ampere 

0.11 max /i/if 
2.7 Ai/rf 2.4 Wd 
1.4 Ai/if 1.4 Ai/d 0.85 wf 

Triode Pentode 
Connection* Connection 

275 max 330 max volts - Connect to cathode at socket 
See curve page 66 

330 max volts 
-55 max 

0 wax 
1.7 max 

-55 max volts 
0 max volts 

1.25 max watts 
0.25 wax watt 

See curve page 66 
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Peak Heater-Cathode Voltage: 
Heater negative with respect to cathode. 
Heater positive with respect to cathode.. 

100 max 
100 max 

100 max 
100 max 

Characteristics: Com 
Plate Voltage   100 
Grid No.3  - 
Grid-No.2 Voltage    - 
Grid-No.1 Voltage  -3 
Amplitieation Factor  21 
Plate Resistance (Approx.)    0.017 
Transconductanee  1240 
Grid-No.1 Voltage (Approx.) for plate current of 10 
Plate Current  2.2 
Grid-No.2 Current  - 
Maximum Circuit Value: 
Grid-No.1-Circuit Resistance   
* Grid No.2 and grid No.3 connected to plate. 

Triode 
Connection* 

Pentode 
Connection 

250 volts 
Connected to cathode at socket 

megohms 
^imhos 

volts 

2.2 max megohniB 

AVERAGE CHARACTERISTICS 
PENTODE CONNECTION 

AVERAGE CHARACTERISTICS TRIODE CONNECTION 

WATAWMM 
£ 

100 200 300 400 -300 600 PLATE VOLTS 
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BEAM POWER TUBE 
Glass octal type used in the out- \ 

C O 01 put stages of radio receivers and audio I ~ ~f L 
amplifiers, particularly in the push-pull 
stages of high-fidelity audio amplifiers. nT'TaV 
Outline 27, OUTLINES SECTION. nc g3 

Tube requires octal socket and may be mounted in any position. For typical 
operation as push-pull class Ai, class AB, (within maximum ratings), and class AB2 
amplifier, and for curves of average plate characteristics, refer to type 6L6-GC. 

ITeateu Voltage (ac/dc). 
llEATEit Current  

CLASS Ai AMPLIFIER 
Maximum Ratings: 
Plate Voltage.      
(rRir>-No.2 (screen-grid) Voltage   
Plate Dissipation  
<;nip-No.2 Input  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode. 
Heater positive with respect to cathode. . 

Typical Operation and Characteristics: 
Plate Voltage  , irid-No.2 Voltage  
(itid-No.l (Control-Grid) Voltage  
Peak AF Grid-No.l Voltage  
Zero-Signal Plate Current  
Maximum-Signal Plate Current  
Zero-Signal Grid-No.2 Current  
Maximum-Signal Grid-No.2 Current. 
Amplification Factor  
Plain Resistance (Approx.)  

Vital Harmonic Distortion. 

Triode Pentode 
Connection* Connection 

400 max 400 max volts - 400 wax volts 
26 max 23 max watts 
~ 3 max watts 

200 max 200 max volts 
200 max 200 max volts 

Triode Pentode 
Connection* Connection 
250 300 250 350 volts — - 250 250 volts 
-18 -20 -14 -18 volts 

18 20 14 18 volts 
52 78 75 53 ma 
58 85 80 65 ma - - 4.3 2.5 ma 

Q - 7.6 8.5 ma 
O 

30000 48000 ohms 
5250 - 6100 5200 Minhos 
4000 4000 2500 4200 ohms 

6 5.5 10 13 per cent 
1.4 1.8 6.7 11.3 watts 

Maximum Circuit Values: 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation    0.1 max megohm 
For cathode-bias operation  0.5 max megohm 

Grid No.2 connected to plate. 

BEAM POWER TUBE 
Miniature type used as power am- G|(3yl l-cqfy^K 

A^Q7plifier in compact high-fidelity audio 03 

' equipment. Tube features linear opera- Nc(iAAf[^P)®02 
tion over a wide range of power, high —AZ 
power sensitivity, high stability, and gj p 

low heater power, and is capable of delivering high power output at low distortion. 
Double base-pin connections for both grid No.l and grid No.2 provide cool 
operation of grids and thus minimize grid emission and permit use of high values of 
grid-circuit resistance to reduce driving power. Outline 18, OUTLINES SECTION. 
Tube requires miniature nine-contact socket and may be mounted in any position. 

Heatet! Voltage (ac/dc)  
UEvmi Cuuiient    
UlliECT IS'TERELECTUODE CAPACITANCES: 

Grid No.l to Plate  
Grid No.l to Cathode, Heater, Grid No.2, and Grid No.S. 
rinte to Cathode, Heater, Grid No.2, and Grid No.S  

0.4 tnax 
9 
6 
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Characteristics: ClASS AI AMPLIFIER 
Plate Voltage  250 
Grid-No.2 (Screen-Grid) Voltage   250 
Grid-No.I (Control-Grid) Voltage  -15 
Plate Resistance (Approx.)  73000 
Transconduetance   4800 
Plate Current  46 
Grid-No.2 Current      3.5 
Grid-No. I Voltage (Approx.) for plate current of 100 pa    -40 

PUSH-PULL CLASS ABi AMPLIFIER 
Maximum Ratings, (Design-Maximum Values): 
Plate Voltage   440 ? 
Grid-No.2 Voltage    330 i 
Plate Dissipation  12 ? 
Grid-No.2 Input  2 j 
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode   200 j 
Heater positive with respect to cathode  200" 

Bulb Temperature (At hottest point)  250 i 

440 max vohif 
330 max volts 

12 max watt? 
2 max watt? 

200 max volts 
200mmax volt? 
250 max oc 

Typical Operation, {Values are/or two tubes): 
Plate Supply Voltage   
Grid-No.2 Supply Voltage      
Grid-No.1 Voltage  
Cathode-Bias Resistor  
Peak AF Grid-No.l-to-Grid-No.l Voltage.... 
Zero-Signal Plate Current  
Maximum-Signal Plate Current  
Zero-Signal Grid-No.2 Current  
Maximum-Signal Grid-No.2 Current  
Effective Load Resistance (Plate-to-plate).... 
Total Harmonic Distortion  
Maximum-Signal Power Output  

Fixed Bias Cathode Bias 
250 350 400 300 310 volts 
250 280 290 300 310 volts 
-15 -22 -25 - - volts - - - 230 270 ohm? 

80 44 50 48 55 volts- 
92 58 50 80 77 ma 

105 106 107 96 92 ma 
7 3 5 2.5 6 5 ma 

16 14 13.7 14 14 ma 
8000 7500 8000 5500 6000 ohm? 

2 1.5 2 2 4 per cent 
12.5 20 24 15 17 wat ts 

AVERAGE CHARACTERISTICS 
WITH tCz AS VARIABLE 

0 SO 100 ISO 200 230 OOO 050 400 
PLATE VOLTS 9ZCM-9 38 0T 

Maximum Circuit Values: 
Grid-No. 1-Circuit Resistance: 

For fixed-bias operation  0.5 max megohm 
For cathode-bias operation  1 max megohm 

* The dc component must not exceed 100 volts. 
PUSH-PULL CLASS ABi AMPLIFIER 

Grid No.2 of Each Tube Connected to Tap on Plate Winding of Output Transformer 
Maximum Ratings, (Design-Maximum Values): 
Plate and Grid-No.2 Supply Voltage  410 max 
Plate Dissipation     12 max 
Grid-No.2 Input  1.75 max 
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode   200 max 
Heater positive with respect to cathode     200Bm<n- 

Bulb Temperature (At hottest point)     250 max 
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ma 
ohms 

per cent 
waits 

Typical Operation, (Values are for two tubes): Fixed Bias Cathode Bias 
Plate Supply Voltage  375 370 volts 
Grid-No.2 Supply Voltage      * ;/ volts 
Urid-No.l Voltage*     -33.5 - volts 
('athodoBias Resistor    - 355 ohms 
Peak AF Crid-No.l-to-Grid-No.l Voltage  07 02 volts 
Zero-Signal Cathode Current.        €2 74 ma 
Maximum-Signal Cathode Current  95 84 ma 
PITooiive Load Resistance (Plate-to-plate)   12500 13000 ohms 
Total Harmonic Distortion  1.5 1.2 percent 
Maximum-Signal Power Output   18.5 15 watts 
Maximum Circuit Values:* 
(Irid-No.l-Circuit Resistance: 

For iixed-bias operation  Q.omax megohm 
For cathode-bias operation  1 max megohm 

■ The dc component must not exceed 100 volts. ;; Obtained from taps on the primary winding of the output transformer. The taps are located on each 
side of the center tap (B-j-) so as to apply 50 per cent of the plate signal voltage to grid No.2 of each 
output tube. 

Obtained from taps on the primary winding of the putput transformer. The taps are located on each 
side of the center tap (B-j-)so as to supply 43 per cent of the plate signal voltage to grid No.2 of each 
output tube. 
• The type of input-coupling network used should not introduce too much resistance in the grid-No.1 
circuit. Transformer- or impedance-coupling devices are recommended. 

AVERAGE CHARACTERISTICS 
WITH Eci AS VARIABLE 

300 400 PLATE VOLTS 

HIGH-MU TWIN TRIODE HT2Q^©©r'T' 
Miniature type used as phase in- KTg^yjL^ _SV?fT' 

7005 verter or resistance-coupled amplifier Mji Vj 
in high-quality, high-fidelity audio (EAfTtC-^/SXr, 
amplifiers where low noise and hum CT:> ' 
are primary considerations. Outline pts hm 

12, OUTLINES SECTION. This type is identical with miniature type 12AX7 
except that it has a controlled equivalent noise and hum characteristic. For oper- 
ation as resistance-coupled amplifier, RESISTANCE-COUPLED AMPLIFIER 
SECTION. 
EquWalent-Noise and Hum Voltage Referenced to Grid, (Each Unit): 
Average Value ('rms)t  1.8 fivolts 
Maximum Value (rms)*  7 mvolts 
r Measured in "true rms" units under following conditions: heater volts (ac), 6.3 (parallel connection); 
center tap of heater transformer connected to ground; plate supply volts, 250; plate load resistor, 2700 
ohms; cathode-bypass capacitor, 100 Mf; grid resistor, 0 ohms; and amplifier covering frequency range 
between 25 to 10000 cycles per second. 
• Same conditions as for "Average Value" except: cathode resistor is unbypassed and grid resistor, 
0.05 megohm. 
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G2®—®0' BEAM POWER TUBE 
p(3VC4ci_ \ )®g' Glass octal types used in push-pull 709 7 

( -Eizly) power amplifier circuits of high-fidelity wx/ 
audio equipment. Tubes provide high 7 A 

H H power sensitivity and high stability and » \J JLf ~r\ 
^k.gs are capable of delivering high power 

output at low distortion. Double base-pin connections for both grid No.l and grid 
No.2 provide for flexibility of circuit arrangement and also cool operation of the 
grids with the result that reverse grid current is minimized. Outline 41, OUT- 
LINES SECTION. Tubes require octal socket and may be mounted in any position. 
It is especially important that these tubes, like other power-handling tubes, be 
adequately ventilated. Type 7027 is a DISCONTINUED type listed for reference 
only. 

Heater Voltage (ac/dc)  
Heater Current  
Direct Interelectrode Capacitances (Approx.): 

Grid No.l to Plate  
Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3. 
Plato to Cathode, Heater, Grid No.2, and Grid No.3  

Characteristics: 
Plato Voltage  
Grid-No.2 (Screen-Grid) Voltage.. 
Grid-No.1 (Control-Grid) Voltage. 
Plate Resistance (Approx.)  
Transconductance  
Plate Current  
Grid-No.2 Current  

CLASS A! AMPLIFIER 

PUSH-PULL CLASS ABi AMPLIFIER 
Maximum Ratings for 7027-A, {Deaign-Maximum Values): 
Plate Voltage  
Grid-No.2 Voltage  
Plate Dissipation  
Grid-No.2 Input  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  
Heater positive with respect to cathode  

600 max 
500 max 

35 max 
5 max 

200 max 
200B?»ax 

AVERAGE PLATE CHARACTERISTICS 
type 7027-A Ef = 6.3 VOLTS 

*00 500 PLATE VOLTS 
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Typical Operation for 7027-A, (Values are for two tubes): 
Plate Supply Voltage    Fixed Bias Cathode Bias 

400 450 540 400 380 425 VoltS Grid-No.Z Supply Voltage  300 350 400 300 380 425 volts Grid-No.1 Voltage  -25* -30* -38* - _ _ volts Cathode-Bias Resistor  _ 200 180 200 ohms Peak AF Grid-No.l-to-Grid-No.l 
Voltage  50 60 76 57 68.5 86 volts Zero-Signal Plate Current  102 95 100 112 138 150 ma Maximum-Signal Plate Current  152 194 220 128 170 196 ma Zero-Signal Grid-No.2 Current  6 3.4 5 7 5.6 8 ma Maximum-Signal Grid-No.2 Current. . 17 19.2 21.4 16 20 20 ma FfFeetive Load Resistance (Plate-to- 
Plate)  6600 6000 6500 6600 4500 3800 uhms Total Harmonic Distortion  2 1.5 2 2 3.5 4 per cent Maximum-Signal Power Output  34 50 76 32 36 44 watts 

AVERAGE CHARACTERISTICS 
type 7027-A Ef =6.3 VOLTS 
CRID-N2 2 VOLTS=300 . 

CRID-Nal VOLTS EpsO, 

300 400 PLATE VOLTS 

 130 j  1-35 I 
—— - —-TZTf'"i 15

0 

600 700 

600 max 
35 max 

4.5 max 
200 max 
200"max 

Maximum Circuit Values: 
(> rid-No.l-Circuit Resistance: 

For fixed-bias operation*  0.1 max megohm 
For cathode-bias operation  0.5??iax megohm 

The dc component must not exceed 100 volts. 
• The type of input coupling network used should not introduce too much resistance in the grid-No.1 
circuit. Transformer- or impedance-coupling devices are recommended. 

PUSH-PULL CLASS AB! AMPLIFIER 
Grid No.'l of Each Tube Connected to Tap on Plate Winding of Output Transformer 

Maximum Ratings, for 7027-A, (Design-MaximumValues): 
Plate and Grid-No.2 Supply Voltage  600 ?nax volts 
Plate Dissipation  35 rnax waits 
(rKin-No.2 Input  4.5 max watts 
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  200 max volts 
Heater positive with respect to cathode  200Bmax volts 

Typical Operation (Values are for two tubes): 
Plate Supply Voltage  410 volts 
Grid-No.2 Supply Voltage  * volts 
Cathode-Bias Resistor  220 ohms 
Peak AF Grid-No.1-to-Grid-No.l Voltage  68 volts 
Zero-Signal Cathode Current  134 ma 
Maximum-Signal Cathode Current    155 ma 
FfTeetive Load Resistance (Plate to plate)   8000 ohms 
Total Harmonic Distortion  1.6 percent 
Maximum-Signal Power Output  24 watts 
Maximum Circuit Value: 
Grid-No.l-Circuit Resistance: 

For cathode-bias operation  0.5 max megohm 
■ The dc component must not exceed 100 volts. 
* Obtained from taps on the primary winding of the output transformer. The taps are located on each 
side of the center tap (B-p) so as to apply 43 per cent of the plate signal voltage to grid No.2 of each 
output tube. 

volts 
volts ohms 
volts 

ma 
ma 

ohms 
per cent 

watts 

0.5 max megohm 
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POWER PENTODE 

Miniature type used as power am- 
plifier tube in high-fidelity audio equip- 
ment. Outline 18, OUTLINES SEC- 
TION. Tube requires miniature nine- 
contact socket and may be mounted 
in any position. Heater volts (ac/dc), 
6.3; amperes, 0.76. 

7189 

CLASS A! AMPLIFIER 
Characteristics; 
Plato Voltago    250 
Gnd-Ko.2 (Scroon-Grid) Voltage  250 
Grid-No.1 (Control-Grid) Voltage  -7.3 
Mu-Factor, Grid No.2 to Grid No.l  19.5 
Plate Resistance (Approx.)    40000 
Transconduetance  11300 
Plate Current  48 
Grid-No.2 Current    5.5 

PUSH-PULL CLASS ABi AMPLIFIER 

Maximum Ratings: 
Plate Voltage  
Grid-No.2 Voltage   
Cathode Current  
Plate Dissipation  
Zero-Signal Grid-No.2 Input  
Maximum-Signal Grid-No.2 Input  
Peak Heater-Cathode Voltage; 

Heater negative with respect to cathode. 
Heater positive with respect to cathode.. 

Typical Operation, (Values are /or two tubes): 
Plate Supply Voltage  
Plate Voltage  
Grid-No.2 Supply Voltage  
Grid-No.2 Voltage  
Grid-No.1 Voltage   
Cathode-Bias Resistor   
Peak AF Grid-No.1 Voltage  
Zero-Signal Plate Current   
Maximum-Signal Plate Current  
Zero-Signal Grid-No.2 Current  
Maximum-Signal Grid-No.2 Current  
Effective Load Resistance (Plate-to-plate)  
Total Harmonic Distortion  
Maximum-Signal Power Output  

Grid-No.Z 
Special 

Connection* 
400 max 375 max volts 
300 max • volts 

55 max 55 max ina 
12 max 12 max watts 
2 max 2 mux watts 
4 max •I max watts 

100 max 100 ma.r volts 
100 max 100 max volts 

Grid-No.2 
Special 

Connection* 

ma 
ohms 

per cent 
watts 

Maximum Circuit Values: Fixed Bias Cathode, Bias 
Grid-No.1-Circuit Resistance  0.3 max 1 max megohm 
• Grid No.2 of each tube connected to tap on plate winding of output transformer. 
■ Obtained from taps on primary winding of the output transformer. The taps are located on each side 
of the center rap (B+) so as to supply 43 per cent of the plate signal voltage to grid No.2 of each output 

MEDIUM-MU TRIODE— 
SHARP-CUTOFF PENTODE 
Miniature type used in a wide 

variety of applications in high-quality, 
high-fidelity audio equipment, par- 
ticularly in phase-splitters, tone-con- 
trol amplifiers, and high-gain voltage 

7199 

421 



RCA Receiving Tube Manual 

amplifiers in which low hum and reduced noise are required. Outline 12, OUT- 
LINES SECTION. Tube requires miniature nine-contact socket and may be 
mounted in any position. For operation as resistance-coupled amplifier, refer to 
Charts 14 and 15, RESISTANCE-COUPLED AMPLIFIER SECTION. In direct- 
coupled voltage-amplifier phase-splitter circuits, the pentode unit should drive the 
triode unit. 

HEAfEii Voltage (ac/dc)  
Heatek Cukrent  
Direct Tnteuelectrode Capacitances: 
Triodo Unit: 

Grid to Plate  
Grid to Cathode and Heater    
Plato to Cathode and Heater  

Pentode Unit: 
Grid No.l to Plate  
Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield. 
Plato to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield.. . . 

Equivalent-Noise and Hum Voltage Referenced to Grid: 
Triode Unit Pentode Unit 

Median Value (rms)  lOf 35* yvolts 
Maximum Value (rms)    150t 100* /tvolts 
t Measured in ''true rms" units under the following conditions: heater volts (ac), 6.3; center tap oi 
heater transformer connected to ground; plate-supply volts, 250: plate load resistor, 0.1 megohm: 
cathode resistor, 1500 ohms; grid resistor, 0.05 megohm; and amplifier covering frequency range be- 
tween 25 and 10000 cycles per second. 
• Same conditions as for triode unit except: grid-No.2 supply volts, 250; grid-No.2 resistor, 0.33 meg- 
ohm: grtd-No.2-bypass capacitor, 0.22 /d', cathode resistor, 1200 ohms; and grid-No.1 resistor, 0.05 
megohm. 

CLASS Ai AMPLIFIER 
Maximum Ratings, {Detsiyn-Maximum Values): 
Plate Voltage  
Guu>-No.2 (screen-grid) Voltage  
Gkid-No.2 Supply Voltage.    
Grid-No.1 (control-grid) Voltage, Positive bias value  
Plate Dissipation  
Grip-No.2 Input: 

For grid-No.2 voltages up to 165 volts  
For grid-No.2 voltages between 165 and 330 volts  

Peak Heater-Cathode Voltage: 
Heater positive with respect to cathode  
Heater negative with respect to cathode  

Triode 
Unit 

330 luas. 

200 max 
200 "wmx 

Pentode 
Unit 

330 ntax volts 
See curve page 66 

330 max volts 
0 mar volts 
3 mar watts 

0.6 max wall 
See curve page 66 

200 mar volts 
2(K)B7»ax volts 

AVERAGE CHARACTERISTICS TRIODE UNIT 

PI  

Inpi 

o SO 100 ISO ZOO 250 300 3S0 400 
PIATC VOLTS 
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Characteristics: 
Plate Supply Voltage  
Urid-No.2 Supply Voltage. 
Grid-No.l Voltage  
Cathode-Bias Resistor  
Amplification Factor  
Transconductance      
Crid-No.l Voltage (Approx.) for plate current of 10 jua. . 
Plate Current   
Crid-Nd.2 Current   

215 100 220 Volts — 50 130 Volts 
-8.5 — — volts — 1000 62 ohms 

17 — — 
0.0081 1 0.4 megohm 

2100 1500 7000 /imhos 
-40 -4 — vol Is 

9 1.1 12.5 ma — 0.35 3.5 ma 

Triode Unit Pentode Uni t 
0.5 max 0.25 max megohm 
1.0 max 1.0 nxix mogohm 

Maximum Circuit Values: 
Grid-No.l-Circuit Resistance:* Triode Unit Pentode 

For fixed-bias operation  0.5 max 0.25 ij 
For cathode-bias operation  1.0 max 1.0;; 

*■ The dc component must not exceed 100 volts. 
" If eilher unit is operated at maximum rated conditions, grid-No. 1-circuit resistance 
should not. exceed the stated values. 

average characteristics 
PENTODE UNIT 251            1 , , i  

■type 7199 {  kf = 6.3 VOLTS_J  „ :GRI0-N82 VOLTS = (30 

tt-Msi volts ect=~q 

o 10 _ 
§ U V 

-I -3 

100 (50 ZOO 250 300 350 400 
PLATE VOLTS 

ZXX GT DUAL TR,ODE 

 Y] Miniature type used for combined ti\ AT 
first-and second-stage audio preampli- / JLt/ 

CT2 ' fication in high-fidelity phonograph 
pvL/ or tape equipment. Tube has high-mu 

unit and medium-mu unit. Outline 12, 
OUTLINES SECTION. Tube requires miniature nine-contact socket and may be 
operated in any position. 
Hii-:atKit Arrangement: Series Poralld 
liEATEU Vol.TAGB (AC/DC)  12.6 6.3 volts 
Heater Current  0.15 0.3 ampere 

CLASS A! AMPLIFIER 
Maximum Ratings, (Design-Maximum Values): 
Plate Voltage  
Grid Voltage: 

Negative-bias value  
Vositivo-bias value    < ^ATrrooE < 'ukrent    

Plate Dissipation   
Puk Heater-Cathode Voltage: 

Heater negative with respect to cathode    
Heater positive with respect to cathode  

Series Parallel 
12.6 6.3 volts 
0.15 0.3 ampere 

Unit Umt. 
No.l So.1 

330 max 330 max vol ts 
55 max 55 max volts 

0 max 0 max volts — 22 max ma 
1.2 max 3 max watts 
200 max 200 max volts 
200amax 200o7/o'.c volts 
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Characferistics: Unit 
No.l 

Unit 
No.2 Plate Voltage  100 250 100 250 volts Grid Voltage  -1 -2 0 -8.5 volts 

AmpUfication Factor  100 100 20 17 Plate Resistance (Approx.)  80000 62500 6500 7700 ohmft Transconductance   1250 1600 3100 2200 ^mhos Plate Current  0.5 1.2 11.8 10.5 ma 
Grid Voltage (Approx.), For plate current of 10 /ta - - -24 volts 

Maximum Circuit Values: 
Grid-Circuit Resistance: 

For fixed-bias operation 
For cathode-bias operation. 

Unit 
No.'4 

0.5 max megohms 
1 max megohm 

Hum Output Voltage: 
Average Value (rms, cathode bypassed)"    1.8 /ivolts 
Maximum Value (rms, cathode unbypassed)•  7 /ivolts 0 The dc component must not exceed 100 volts. 
■ Measured in "true rms" units under the following conditions: heater volts (ac), 6.3 (parallel con- 
nection); center tap of heater transformer connected to ground; dc plate supply volts, 250; plate load 
resistor, 0.1 megohm; cathode resistor, 2700 ohms; cathode-bypass capacitor, 100 pf; grid resistor, 
ohms; amplifier covering frequency range of 25 to 10000 cps. 
• Same conditions as above, except that cathode resistor is unbypassed and grid resistor is 0,05 megohm. 

SHARP-CUTOFF PENTODE 

7543 Miniature type used in compact audio equipment, especially in low- /Vf 
hum, low-microphonic, high-gain, re- 
sistance-coupled-amplifier appli- 
cations. Outline 11, OUTLINES SEC- C| 

TION. This type is identical with miniature type 6AU6 except that it has a con- 
trolled hum characteristic. 

Hum Output Voltage: 
Average Value (rms, cathode bypassed)  1.2t millivolts 
Average Value (rms, cathode unbypassed)  0.9* millivoli 
t Measured in "true rms" units under the following conditions: heater volts (ac), 6.3; center tap of 
heater transformer connected to ground; plate and grid-No.2 supply volts, 250; plate load resistor, 0.27 
megohm; gridNo.3 and internal shield connected to cathode at socket; grid-No.2 resistor, 0.68 megohm: 
grid-No.l resistor, 0.1 megohm; cathode resistor, 1000 ohms; grid resistor of following stage, 10 meg- 
ohms: and stage gain, 340 
• Same conditions as above except cathode resistor is unbypassed and stage gain is 110. 

POWER PENTODE 

_0 0 Novar type used in output stages krjy/ 
/OOO of high-fidelity audio amplifiers or 63 piElr'r 

radio receivers; used in applications 
requiring relatively large power out- ' 
put. Outline 53, OUTLINES SEC- ^ 

TION, except that tube is 0.6 inch shorter in vertical dimensions. Tube requires 
novar nine-contact socket and may be operated in any position. It is especially 
important that this tube, like other power-handling tubes, be adequately ven- 
tilated. 

Heatkr Voltage (ac/dc)  
Heater Ouurent  
Direct Interelectrode Capacitances (Approx.):0 

Grid No.l to Plate  
(Aid No.l to Cathode, Heater, Grid No.2, and Grid No.3. 
Pinie to Cathode, Heater, Grid No.2, and Grid No.3  0 Without external shield. 
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CLASS At AMPLIFIER 
Maximum Ratings, {Dc&ign-Maximum System): 
Plate Voltage   
Grid-No.2 (screen-grid) Voltage  
Plate Dissipation  
GKtD-No.2 Input  
DC Cathode Current   
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode  
Heater positive with respect to cathode  

Hulb Temperature (At hottest point)  

Typical Operation and Characteristics: 
Plate Supply Voltage  
Grid-No.2 Voltage  
Grid-No. 1 (Control-Grid) Voltage  Peak AP Grid-No.1 Voltage  
Zero-Signal Plate Current  
Maximum-Signal Plate Current  
Zero-Signal Grid-No.2 Current  
Maximum-Signal Grid-No.2 Current. 
Plate Kesistanco (Approx.)  
Transconductance  
Effective Load Resistance   
Total Harmonic Distortion  
Maximum-Signal Power Output  

PUSH-PULL CUSS ABt AMPLIFIER 
Maximum Ratings, (Same as for Class Ai Amplifier) Cathode 
Typical Operation (Values are for two tubes): Fixed Bias Bias 
Plate Supply Voltage  300 350 400 450 450 450 volts 
Grid-No.2 Supply Voltage  300 350 350 350 400 400 volts 
Grid-NoJ Voltage -12.5 -15.5 -16 -16.5 -21 - volts 
Cathode-Bias Resistor (Common 

to both cathodes)  — - — — - 170 ohms 
Peak AF Grid-No.l-to-Grid-No.l 

Voltage  25 31 32 33 42 31 volts 
Zero-Signal Plate Current  74 72 64 60 40 86 ma 
Maximum-Signal Plate Current  116 130 135 142 145 94 ma 
Zero-Signal Grid-No.2 Current  10 0.5 8 7.2 5 10 ma 
Maximum-Signal Grid-No.2 Current.. 28 32 28 26 30 20 ma 
KlTective Load Resistance 

(Plate-to-plate)  6600 6600 6600 6600 6600 10000 ..hms 
Total Harmonic Distortion  5 2.5 2 2.5 5 2 percent 
Maximum-Signal Power Output  24 30 34 38 44 28 watts 

PUSH-PULL CLASS AB! AMPLIFIER 
Grid No.2 of Each Tube Connected to Tap 
on Plate Winding of Output Transformer* 

Maximum Ratings: (Same as for Class Ai Amplifier) Fixe 
Typical Operation (Values are for two tubes): Bia. 
Plate Supply Voltage  401 
Grid-No.2 Supply Voltage  
Grid-No.! Voltage  -20j 
Cathode-Bias Resistor (Common to both cathodes)  
Peak AF Grid-No.l-to-Grid-No.l Voltage  4 
Zero-Signal Plate Current    6i 
Maximum-Signal Plate Current  11. 
Zero-Signal Grid-No.2 Current   
Maximum-Signal Grid-No.2 Current  1 
effective Load Resistance (Plate-to-plate)  660 
Total Harmonic Distortion   2. 
Maximum-Signal Power Output  2 

Fixed Cathode 
Bias Bias 

400 425 volts * * volts 
-20.5 — volts — 185 ohms 41 42 volts 

60 88 ma 
115 100 ma 

8 12 ma 
18 16 ma 

6600 6600 ohms 2.5 3.5 per cent 
23 21 watts 

Maximum Circuit Values: 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation  0.3 max megohm 
For cathode-bias operation  1 max megohm 

■ In push-pull circuits where the grid No.2 o£ each tube is connected to a tap on the plato winding of 
the output transformer, this maximum eating is 440 volts. 
• Grid No.2 input may reach 6 watts during peak levels of speech and music signals. 2 The dc component must not exceed 100 volts. 
* Grid No.2 supply voltage is obtained from taps on the primary winding of the output transformer. 
The taps are located on each side of the center tap (B-f-) so as to apply 50 per cent of the plate signal 
voltage to the grid No.2 of each output tube. 
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AVERAGE CHARACTERISTiCS 

GRID-Ne.2 VOLTS *300 

— No.I VOLTS 

300 400 PLATE VOLTS 

ELECTRON-RAY TUBE 
Miniature type with triode unit r~V0RC 

used to indicate visually by means of —llK Z-^"jllJ-> 
a fluorescent target the effects of ,c^/\KvV</^2/'lc 

changes in a controlling voltage. Tube O*  
is used for accurate tuning or modu- Ct Pt 

lation control. Outline 14, OUTLINES SECTION, except all vertical dimensions 
of this type are Vx inch greater. Tube requires nine-contact socket and may be 
mounted in any position. Heater volts (ac/dc), 6.3; amperes, 0.27. For additional 
considerations, refer to Tuning Indication with Electron-Ray Tubes in ELECTRON 
TUBE APPLICATIONS SECTION. 

INDICATOR SERVICE 
Maximum and Minimum Ratings: 
R AY-O 0 N TKOL-ELECTRODE VOLTAGE: 

Without current flowing through series triode-plate resistor.   550 max volts 
Witli current flowing through series triode-plate resistor  300 max volts 

Fluorbscbnt-Target Voltage: 
Without current flowing through series triode-plate resistor  550 max volts 
With current flowing through series triode-plate resistor  j 300 max volts 

Cathode Current  
Triode-Plate Dissipation  
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode. 
Heater positive with respect to cathode. , 

Bull Temperature (At hottest point)  

550 max 
300 max 
550 max 

J 300 max 
1150 min 

3 max 
0.5 max 
100 max 
100 max 
120 max 

Typical Operation with Ray-Control Electrode Connected to Triode Plate: 
Triode-Plate Supply Voltage    250 250 volts 
Fluorescent-Target Voltage    250 250 volts 
Series Triode-Plate Resistor    0.47 0.47 megohm 
Triode-Grid Supply Voltage  -22 volts 
Triode-Grid Resistor  3 megohms 
Triode-Plate Current   0.06 ma 
Fluorescent-Target Current    1.1 1.6 ma 
Length of Dark Part of Fluorescent Target   0.83 ds 0.20 0 inch 
Length of Dark Part of Fluorescent Target when triode-grid 

resistor is 0 ohms   — inch 
Maximum Circuit Value: 
Trmde-Grid-Circuit Resistance.       3 mag megohms 
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RCA Picture Tube Characteristics'1, 

Afliroi. 
Diigmul Minimum Focusing Deflection Deflec- High Screen Sin Method Method tron VolUge 

Inches Angle Terminil Degrees 

Maiimum i Fine! PM ; High-Voltage Ion-Trap ; Basing Electrode Magnei j (UltOfb)c Required 1 volts ; 

Alumimzed Envelope Screen Facepiite" Type | 

Black*and*White Type* 
5TP4tf 

7JP4 14R 
12AB 8DP4 

10BP4A 
FG 
FG 12N 

10FP4A 
12KP4A 
121P4A 
T4ATP45 

14BAP4 

FG 12N 
FG 11 H Dia 12N 

II Dia 
FG 12L 
FG 12L 

14EP4 
14HP4 

14QP4A 

FG 
FG UVo x 12L 

12L 
14RP4A 
14WP4 

I6AP4A 
16DP4A 

12L 
FG 12L 
FG 12D 

12D 
FFG 16GP4B 

16LP4A 
12D 

FG 12N 
FG 16RP4A 

T6TP4 
T6WP4A 
17AVP4A 

17BJP4 

12N 
FG 12N 
FG 12L 

12L 
17BP4B 
17BVP4 
T7BZP4 
17CDP49 

FG 12N 
FG 7FA 

110 8HR 
FG 110 8HR 

17CFP4 FG 12L 
17CP4 

17CYP4 
17DAP4' 
17DKP4 
f7DSP4 
17DWP4 

FFG 12D 
FG 12L 
FG 
FG 110 
FG 8HR 

12L 
I7DXP4 
17GP4 

17HP4B 
I7LP4A 
I7QP4A 
17TP4 

19AFP4 
19AJP4'' 
l9ANP4k 

FG 8JR 
FFG 12M 
FG 

12L 
FG 
FFG 12M 
FG 8HR 
FG 114 7 FA 
FG 8TR 

I9AP4B 
19AYP4 
19AXP4fc 

19AYP4t: 

T9BDP4 
19BFP4 

FFG 66» 
Yes FG 8HR 

15VbX 12 8HR 
Yes FG 8HR 

FG ISVix 12 12L 
FG 12L 

19BTP4 
T9XP4 

8JR 
FG 114 8HR 
FG 19YP4 

20DP4C 
Yes x 12 8JR 
Yes FG 12N 
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Dtatml Mnhtni Wb(md Faesdat Defltditn Defiec- Envciop Sens fieefJitr3 ScmaSa IfetM MetM tin 
I IrIks Aqto 

Detna 

Mirimum 
rma) PM Hifh-VolUte lon-rnp 

B»A| CMtdt Mnmt 
(Ultor^)1: Required 

Vote 
White Types 

20HP4P 
21AMP4A 

Yes FG 12L Yes 
Yes FG Yes L2N 

Yes 21AP4 
21AVP4B 
21AWP4 
21CBP4A 

12D 
12L 
12N 

Yes FG 12L 
21CEP4 
21CQP4 

21DEP4A 
21DFP4 
21PHP4t: 

21DIP4 
21D5P4 

Yes FG 8HR 
FG Yes 110 7FA 

Yes FG BHR 
Yes FG 10 8HR 
Yes FG 110 8HR 
Yes FG 12L 
Yes FG 12L 
Yes FG 2iEAP4q 

21EMP4 
21EP4B 

no 
Yea FG no 8HR 
Yes FG"1 

FG 
FG'" 

FFG 

no 21EQP4 
2TFP4C 
21MP4 

21WP4A 
21XP4A 

Yes FG l.'N 
Yes FG 12L 
Yes FG Yes 21YP4A 

21ZP4B Yes FG 
23AFP4 
23AHP4 

12L 
12L 

23ALP4* 
23ANP4 

8HR 

Key to Notes 
Active RCA P Active RCA Picture-Tube Types shown here can replace more than 300 different types of industry picture tubes. The RCA Picture Tube Replacement and Inter- changeability Chart La available on request. 
Unless otherwise noted, all picture tubes lined have 6-3-volt, 600-mHliampere beaters. 

(g) Olasa round. 
[m| Metal rectangular. 
(^) Metal tcund. 
CL Clear glass. 
FO Filterglass. 
FFG Frosted FUtefglatt. 
M Magnetic. 

E Electrostatic. 
o Spherical, unless otherwise specified. 

Basing Diagrams for RCA Picture Tubes 

0 

1 0 o 

u i 
o 

0 O 

0 o 

0 
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T|pe 
Envelope Aluminized Screen faceplate0 Minimum Screen Size Inches 

focusing Method Deflection Method 

Approt. Diagonal Deflec- tion Angle 
Degrees 

High Voltage Terminal Be»ng 

Maiimum Final High-Vollage 
Elertrode (l}llorb)c 

V.IU 

1 PM 5 Ion-Trap 1 Magnet Required ! 
! 

Block-ond-White Types | 
23ASP4_ [G] Yes FG 19}4 x 15} k E M 92 Cavity Cap 12L 22()OOh No j 
23AVP4 i«i;r Yes ~FG~ 19+fi K 15# E M 110 Cavity Cap 2200f>h NO ; 
23AWP4 [g! Yes FG 19V,' x 15 + E M 92 Cavity Cap 12L 22000hP No 
23BJP4 [G] Yes FG 19+ x 15 + E M 92 Cavity Cap 12L 25000hP No 
23BKP4 iGin Yes FG 19+ x 15 + E M 92 Cavity Cap 12L 25000'" No 
23BLP4 [gJ- Yes FG' 19-+c x 15 + i M 92 Cavity Cap 12L 25000'" No 
23CP4 rpi" Yes FG 19+ x 15 + E M 110 Cavity Cap 8HR 22000'" No 
23EP4 Yes FG 19+ x 15+' E M no Cavity Cap 8KP 22000hP No 

23MP4 
  

lOj Yes FG 19+ x 15 + E M 114 Cavity Cap 8HR 22000'' No 
23NP4 lG| Yes FG 19+ x 15 + E M 114 Cavity Cap 8HR 22000^ 
23XP4 FG 19+ x 15,+' E M | 92 Cavity Cap 12L 18000'" No ^ 
23YP4 ;G " Yes FG 19+ x 15 + E M 92 Cavity Cap 12L 22000'" No 

24AEP4 :G' Yes FG 21+ x 16 + E M 90 Cavity Cap 12L 20000 No 
24AHP4 Yes FG 21+6 x 16 + E M no Cavity Cap 8HR 20000 No 1 

24ATP4 Yes FG 21+6 x 16+ E M 90 Cavity Cap 12L 20000P No 
24AUP4 +1 Yes FG 21+6 x 16 + E M 90 Cavity Cap 12L 20000 No 
24BAP4 1°: Yes FG 21+6 x 16 + E M 110 Cavity Cap 8HR 20000 No 
24CP4A ioi Yes FG 21+o X 16 + M M 90 Cavity Cap J2N 22000 Yes 
27MP4 [Mj Yes FFG 23+6 x 18 + M M 90 Metal-Shell Lip 12D 18000 Yes 
27RP4 ;g~ Yes FG 24+ x 18 + M M 90 Cavity Cap 12N 20000 Yes 
27XP4 M Yes FG 24+ x 18+ E M 90 Cavity Cap 12L 23000'" No 

Color Types 
^5GP22,' (G) Yes CL 11+x 8+ E M 45® Metal Flange 20A 20000 No 

21AXP22A' 'Mi Yes FG 19+6 * 15 + E M 70® Metal Shell HAH 25000 No 
21CYP22A" (G) Yes FG 19+' x 15+ E M 70® Two Cavity Caps HAL 25000 No 

21FBP22' Yes FG 19+ x 15 + E M 70® Cavity Cap HAU 27500'" No 
21FJP22, 'G,* Yes FG' 19+ x 15 + E M 70® Cavity Cap HAU 27500'" No 

Key to Notes 
d Projci- tio:i type. h Design-Maximum Value. <1 2.35-volt, 600-milliampere heater. 
• Horiu )[na! (I'.floction nhgle. / 2.68-volt, 450-milliampere heater. * This type has a flat, aluminized, filterelase. k 6.3-voIt, 450-milliampere heater. phosphor-dot screen pJare. t Typ-C; a) deflection facto rs (volts dc/in.) for .•oUasc of 6000 volt*: m Cylindrical faceplate- 1 6.3-volt, 1.8-ampere heater (three . heater* 

Bipanel type. paralleled internally). 
1 w, 11 PJ (Durv Uim)' , 1 Dh t DJ, (IIXBblU) i B 

i 18t 10 24 j 1 ISttolM 1 P Referred to Grid No. 1: Cathode-Drive u 6-3-volt, 1.6-ampere heater (three ; heater* Service. paralleled internally). 
0 8.4-vo St, ^SO-milHamper e heater. Treated to reduce specular reflection. * This type has an integral protective windov.-. 

Basing Diagrams for RCA Picture Tubes 

8JK 
ULTOR = G3 + G5 + CL 

FOCUSING ELECTRODE = G4 

8JR 8KP 
ULTOR = G4 + CL ULTOR = 03+65 + 

FOCUSING ELECTRODE = Go FOCUSING ELECTRODE 

(More diagrams on next page) 
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Basing Diagrams for RCA Picture Tube (cont'd) 

m 0 

o 

i 

m H 0 

ULTOR - G3 + G5 + Ct 
FOCUSING ELECTRODE - G4 

ULTOR « G4 + CL 
FOCUSING ELECTRODE « G3 

121 
ULTOR = G3 + G5 + CL 

FOCUSING ELECTRODE - G4 

12M 
ULTOR = G3 + G5 + CC 

FOCUSING ELECTRODE - G 

01 0*© K 

H H 
12N 

ULTOR =- G3 ' Cl 

DJ3 DJ4 G2 
Ct) {&) ^ ^4 

H H 
14R 

ULTOR - 0-2 -r G4 + Ct 
FOCUSING ELECTRODE - G3 

g2G G4?5 
(7)RnCt>vG3 

G4.G5 H H 

(14AL> 
CAP OVER PIN No. 1: 

ULTOR « G4 G5 
CAP OVER PIN No. 2: 

G6 + CL & HIGH-VOLTAGE 
TERMINAL. Connect High-Volt- 
age Supply to this Cap and also 
connect 50,000-ohm resistor 
between this Cap and the Cap 
over Pin No. I (Ultor Cap). 
FOCUSING ELECTRODE - G-, 

KCJfesr 

H H H H 

14AH '"A" 
ULTOR = G4 + G5 + CL + R ULTOR = 04 + 05 + 01 
FOCUSING ELECTRODE = G3 FOCUSING ELECTRODE = G3 

20A 
ULTOR = G5 + G6 + CL 

FOCUSING ELECTRODE =» G 
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Electron Tube Testing 

The electron tube user—service 
man, experimenter, or 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 deter- 
mine the condition of a tube, some 
method of test is necessary. Because the 
operating capabilities and design fea- 
tures of a tube are indicated and de- 
scribed by its electrical characteristics, 
a tube is tested by measuring its charac- 
teristics and comparing them with val- 
ues established as standard for that type. 
Tubes which read abnormally high with 
respect to the standard for the type are 
subject to criticism just the same as 
tubes which are too low. 

Certain practical limitations are 
placed on the accuracy with which a 
tube test can be correlated with actual 
tube performance. These limitations 
make it impractical for the service man 
and dealer to employ complex and costly 
testing equipment having laboratory ac- 
curacy. Because the accuracy of the tube- 
testing device need be no greater than 
the accuracy of the correlation between 
test results and receiver performance, 
and since certain fundamental charac- 
teristics are virtually fixed by the manu- 
facturing technique of leading tube man- 
ufacturers, it is possible to employ a 
relatively simple test in order to deter- 
mine the serviceability of a tube. 

In view of these factors, dealers and 
service men will find it economically ex- 
pedient 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 charac- 
teristic. Consequently, it is very desirable 
that the characteristic selected for the 
test be one which is truly representative 
of the tube's over-all condition. 

The following information and cir- 
cuits are given to describe and illustrate 
general theoretical and practical tube- 
tester considerations and not to provide 
information on the construction of a 
home-made tube tester. In addition to 
the problem of determining what tube 
characteristic is most representative of 
performance capabilities in all types of 
receivers, the designer of a home-made 
tester faces the difficult problem of de- 

termining satisfactory limits for his par- 
ticular tester. Getting information of this 
nature, if it is to be accurate and useful, 
is a big job. It requires the testing of many 
tubes of each type, testing of many types, 
and correlation of the data with per- 
formance in many kinds of equipment. 

Short-Circuit Test 
The fundamental circuit of a short- 

circuit tester is shown in Fig. 100. Al- 
though this circuit is suitable for tetrodes 
and types having less than four elec- 
trodes, tubes of more electrodes may be 
tested by adding more indicator lamps 
to the circuit. Voltages are applied be- 
tween the various electrodes with lamps 
in series with the electrode leads. The 
value of the voltages applied will depend 

O—AC--Q 
Fig. 100 

on the type of tube being tested and its 
maximum ratings. Any two shorted elec- 
trodes 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 
temperatureduringtheshort-circuittest, 
because short-circuits in a tube may 
sometimes occur only when the elec- 
trodes are heated. However, a short- 
circuit tester having too high a sensi- 
tivity may indicate very-high-resistance 
shorts that do not adversely affect tube 
operation. 

Selection of a Suitable 
Characteristic for Test 

Some characteristics of a tube are far 
more important in determining its oper- 
ating worth than are others. The cost of 
building a device to measure any one of 
the more important characteristics may 
be considerably higher than that of a 
device which measures a less representa- 
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tive characteristic. Consequently, three 
methods of test will be discussed, rang- 
ing from relatively simple and inexpen- 
sive equipment to more elaborate, more 
accurate, and more costly devices. 

An emission test is perhaps the 
simplest method of indicating a tube's 
condition. (Refer to Diodes, in ELEC- 
TRONS, ELECTRODES, AND ELEC- 
TRON TUBES SECTION, for a discus- 
sion of electron emission.) Since emission 
falls off as the tube wears out, low emis- 
sion is indicative of the end of tube 
serviceability. However, the emission 
f est is subject to limitations because it 
! ests the tube under static conditions 
and does not take into account the ac- 
tu al operation of the tube. On the one 
'.and, coated filaments, or cathodes, 

often develop active spots from which 
the emission is so great that the rela- 
tively small grid area adjacent to these 
spots cannot control the electron stream. 
Under these conditions, the total emis- 
sion 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 
t he original value. 

Fig. 101 shows the fundamental cir- 
cuit diagram for an emission test. All of 
the electrodes of the tube, except the 

\C \ DIRECT- -L H-"-- 1 CURRENT (A ) , , V/X/ METER V/ J 

Fig. 101 
cathode, are connected to the plate. The 
filament, or heater, is operated at rated 
voltage; after the tube has reached con- 
stant temperature, a low positive volt- 
age is applied to the plate and the elec- 
tron emission is read on the meter. Read- 
ings 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. 

A transeonductance test takes 
into account a fundamental operating 
principle of the tube. (This fact will be 
seen from the definition of transconduct- 

Tube Manual ~ ~ 

ance in the Section on ELECTRON 
TUBE CHARACTERISTICS.) It fol- 
lows that transeonductance tests, when 
properly made, permit better correlation 
between test results and actual perform- 
ance than does a straight emission test. 

There are two forms of transeon- 
ductance test which can be utilized in a 
tube tester. In the first form (illustrated 
by Fig. 102 giving a fundamental circuit 
with a tetrode under test), appropriate 
operating voltages are applied to the 

(l——I 1 A DIRECT- w/Vy <A)CURRENT T"T y METER 

e$i=iv. , ZJ "T 

I ^liW.hf  
Fig. 102 

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 volt- 
age, a new plate-current reading is ob- 
tained. The difference between the two 
plate-current readings is indicative of 
the transeonductance of the tube. This 
method of transeonductance testing is 
commonly called the "grid-shift" meth- 
od, and depends on readings under static 
conditions. The fact that this form of 
test is made under static conditions im- 
poses limitations not encountered in the 
second form of test made under dynamic 
conditions. 

The dynamic transeonductance test 
illustrated in Fig. 103 gives afundamental 
circuit with a tetrode under test. This 
method is superior to the static trans- 
conductance test in that ac voltage is 
applied to the grid. Thus, the tube is 
tested under conditions which approxi- 
mate actual operating conditions. The 
alternating component of the plate cur- 
rent is read by means of an ac ammeter 
of the dynamometer type. The trans- 
conductance of the tube is equal to the 
ac plate current divided by the input- 
signal voltage. If a one-volt rms signal 
is applied to the grid, the plate-current- 
meter reading in milliamperes multi- 
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plied by one thousand is the value of 
transconductanee in micromhos. 

Fig. 103 
The power-output test probably 

gives the best correlation between test 
results and actual operating performance 
of a tube. In the case of voltage ampli- 
fiers, 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. Conse- 
quently, although more complicated to 
set up, the power-output test will give 
closer correlation with actual perform- 
ance than any other single test. 

Fig. 104 shows the fundamental cir- 
cuit of a power-output test for class A 

plied to the grid of the tube, the current, 
in the plate circuit is read on a dc milli- 
ammeter. The power output of the tube 
is approximately equal to: 

(lb* X Rl)/0.105, 
where Po is the power output in watts, 
lb is the dc current in amperes, and Ri, 
is the load resistance in ohms. 

Fig. 101 
operation of tubes. The diagram illus- 
trates the method for a pentode. The ac 
output voltage developed across the 
plate-load impedance (L) is indicated by 
the current meter. The current meter is 
isolated as far as the dc plate current is 
concerned by the capacitor (C). The 
power output can be calculated from the 
current reading and known load resist- 
ance. In this way, it is possible to deter- 
mine the operating condition of the tube 
quite accurately. 

Fig. 105 shows the fundamental cir- 
cuit of a power-output test for class B 
operation of tubes. With ac voltage ap- 

«—ZHl-Wh ' 
Fig. 105 

Essential Tube-Tester Requirements 
1. The tester should provide for 

making a short-circuit test before meas- 
urement 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 ac operated, a line-voltage con- 
trol permits the supply of proper elec- 
trode voltages. 

3. It is essential that the rated volt- 
age applied to the filament or heater lie 
maintained accurately. 

4. It is suggested that the character- 
istics test follow one of the methods de- 
scribed. The method selected and the 
quality of the parts used in the test will 
depend upon the user's requirements. 

Tube-Tester Limitations 
A tube-testing device can only indi- 

cate the difference between a given tube's 
characteristics and those which arestand- 
ard 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 performance capabilities for all appli- 
cations. The tube tester, therefore, can- 
not 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. 
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Resistance-Coupled Amplifiers 

Resistance-coupled, audio-frequency 
voltage amplifiers utilize simple compo- 
nents and are capable of providing essen- 
tially uniform amplification over a rela- 
tively wide frequency range. 

Suitable Tubes 
In this section, data are given for 

over 50 types of tubes suitable for use 
in resistance-coupled circuits. These types 
include low- and high-mu triodes, twin 
triodes, triode-connected pentodes, and 
pentodes. The accompanying key to tube 
types will assist in locating the appro- 
priate data chart. 

Circuit Advantages 
For most of the types shown, the data 

pertain to operation with cathode bias; 
for all of the pentodes, the data pertain to 
operation with series screen-grid resistor. 
The use of a cathode-bias resistor where 
feasible and a series screen-grid resistor 
where applicable offers several advantages 
over iixed-voltage operation. 

The advantages are: (1) effects of 
possible tube differences are minimized; 
(2) operation over a wide range of plate- 
supply voltages without appreciable 
change in gain is feasible; (3) the low 
frequency at which the amplifier cuts off 
is easily changed; and (4) tendency to- 
ward motorboating is minimized. 

Number of Stages 
These advantages can be enhanced 

by the addition of suitable decoupling 
filters in the plate supply of each stage 
of a multi-stage amplifier. With proper 
filters, three or more amplifier stages can 
be operated from a single power-supply 
unit of conventional design without en- 
countering any difficulties due to coupling 
through the power unit. When decoupling 
filters are not used, not more than two 
stages should be operated from a single 
power-supply unit. 

Type Char) No. Type Char) No. 

1S5 1 6CF6 13 
1114 2 6CG7 6 
1U5 1 6CN7 3 
3AU6 4 6EU7 7 
3AV6 7 6J5 6 
3BC5 13 6J5-GT 6 

3CB6 12 6SH7 4 
3CF6 13 6SL7-GT 3 
4A'U6 4 6SN7-GTB 6 
4BC5 13 6T8 3 
4BQ7-A 12 6T8-A 3 
4BZ7 12 7AU7 5 

4CB6 13 8CG7 6 
5BK7-A 12 12AT6 3 
5BQ7-A 12 12AT7 10 
5T8 3 12AU6 4 
6AB4 10 12AU7-A 5 
6 AG 5 13 12AV6 7 

6AQ6 3 12AX7 7 
6AT6 3 12AX7-A 7 
6AU6 4 12AY7 11 
6AU6-A 4 12SL7-GT 3 
6AV6 7 12SN7-GT 6 
6BC5 13 12SN7-GTA 6 

6BK7-B 12 19T8 3 
6BQ7-A 12 20EZ7 7 
6BZ7 12 5879P 8 
6C4 5 5879T 9 
6CB6 13 7025 7 
6CB6-A 13 7199P 14 

7199T 15 

T=Triode Unit or Triode Connection 
P=Pentode Unit or Pentode Connection 

KEY TO CHARTS 
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Resistance-Coupled Amplifiers 

Symbols Used in Resistance- 
Coupled Amplifier Charts 

C = Blocking Capacitor (/if). 
Ck - Cathode Bypass Capacitor (/if). 
C/jo =■■ Screen-Grid Bypass Capacitor 

(A)- 
Ew, Plate-Supply Voltage (volts). 

Voltage at plate equals plate- 
supply voltage minus drop in Rd 
and Rk. 

Rk = Cathode Resistor (ohms). 
Rirs = Screen-Grid Resistor (megohms).. 
Rjj = Grid Resistor (megohms) 

for following stage. 
Rp Plate Resistor (megohms). 
V.G.= Voltage Gain. 
Eo = Output Voltage (peak volts). 

This voltage is obtained across 
Rg (for following stage) at any 
frequency within the flat region 
of the output vs. frequency curve, 
and is for the condition where the 
signal level is adequate to swing 
the grid of the resistance-coupled 
amplifier tube to the point where 
its grid starts to draw current. 

General Circuit Considerations 
In the discussions which follow, the 

frequency (f2) is that value at which the 
high-frequency response begins to fall 
off. The frequency (fi) is that value at 
which the low-frequency response drops 

420-^ 
FREQUENCY - 

Note: The listed values for Eo are the peak uo;- 
put voltages available when the grid is diiwn 
from a low-impedance source. The listed vr'uj. s 
for the cathode resistors are optimum for any 
signal source. With a high-impedance source, p' o- 
tection against severe distortion and loss of gain 
due to input loading may be obtained by the use 
of a coupling capacitor connected directly to the 
input grid and a high-value resistor connected 
between the grid and ground. 

Triode Amplifier 
Heater-Cathode Type 

Capacitors C and Ck have been 
chosen to give an output voltage equal 
to 0.8 E0 for a frequency (f,) of 100 
cycles. For any other value of fi, multi- 
ply values of C and Ck by 100/fi. In the 

ckT |Rk 

>Rp <Rq 

below a satisfactory value, as discussed 
below. A variation of lOper cent in values 
of resistors and capacitors has only slight 
effect on performance. One-half-watt re- 
sistors are usually suitable for Rg2, Rg, 
Rp, and Rk resistors. Capacitors C and 
Co. should have a working voltage equal 
to or greater than Ew,. Capacitor Ck 
may have a low working voltage in the 
order of 10 to 25 volts. 

Ebb 
Diagram No. 1 

case of capacitor C ., the values shown 
in the charts are for an amplifier with dc 
heater excitation; when ac is used, de- 
pending on the character of the asso- 
ciated circuit, the gain, and the value 
of fi, it may be necessary to increase the 
value of C to minimize hum disturb- 
ances. It may be desirable to operate the 
heater at a positive voltage of from 15 
to 40 volts with respect to the cathode. 
The voltage output at fi of "n" like 
stages equals (0.8)n X E0, where E,. is 
the peak output voltage of final stage. 
For an amplifier of typical construction, 
the value of f. is well above the audio- 
frequency range for any value of R,,. 

Pentode Amplifier 
Filament- Type 

Capacitors C and Cg2 have been 
chosen to give an output voltage equal 
to 0.8 X E0 for a frequency (fi) of 100 
cycles. For any other value of f,, multi- 
ply values of C and Cg. by 100/fi. The 
voltage output at fi for "n" like stages 
equals (0.8)n X Eo where E„ is peak out- 
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put voltage of final stage. For an ampli- 
fier of typical construction, and for Rp 
values of 0.1, 0.25, and 0.5 megohm, ap- 
proximate values of f2 are 20000,10000, 
and 5000 cps, respectively. Note: The 

100/fi. In the case of capacitor Ci,, the 
values shown in the charts are for an 
amplifier with dc heater excitation; when 

— -IT+ — Ehi, — 
Diagram No. 2 

values of input-coupling capacitor in 
microfarads and of grid resistor in meg- 
ohms should be such that their product 
lies between 0.02 and 0.1. Values com- 
monly used are 0.005 A and 10 megohms. 

Pentode Amplifier 
Heater-Cathode Type 

Capacitors C, Ci(, and have 
been chosen to give an output voltage 
equal to 0.7 X E0 for a frequency (fi) of 
100 cycles. For any other value of f,, 
multiply values of C, Ck, and Cgj by 

(See page 135 for 

© 

Ebb I Rp 

~ ~ Ebb " 
Diagram No. 3 

ac is used, depending on the character 
of the associated circuits, the voltage 
gain, and the value of fi, it may be neces- 
sary to increase the value of Cr to mini- 
mize hum disturbances. It may be de- 
sirable to operate the heater at a positive 
voltage of from 15 to 40 volts with re- 
spect to the cathode. The voltage out- 
put at fi for "n" like stages equals (0.7)" 
X Eo where Eo is peak output voltage 
of final stage. For an amplifier of typical 
construction, and for Rp values of 0.1, 
0.25, and 0.5 megohm, approximate val- 
ues of f2 are 20000, 10000, and 5000 eps, 
respectively. 

explanation of column heading? 

Rk I Cg2 I Ck I c I V.G.l 

1 
0.22 | 

i i 

0.22 1 
ON 7 i 
1.0 j 

0.26 
0.36 
0.4 

i 
0.47 | 

i 

RQI 
wflnm 

0.82 
1.0 
1.1 

1 
1.0 | 

1.0 ! 
2.2 | 
3.3 | 

1.9 
2.0 
2.2 

i 
0.22 , 

0.22 j 
0.47 j 
1.0 j 

0.5 
0.59 
0.67 

0.47 
0.47 | 
1.0 | 
2.2 ] 

1.2 
1.4 
1.6 

i 1.0 i 
1.0 2.5 
2.2 2.9 1 

j 3.3 3.1 

0.22 
0.22 
0.47 
1.0 

0.66 
0.71 
0.86 

0.47 
0.47 
1.0 
2.2 

1.45 
1.8 
1.9 

1.0 
1.0 
2.2 
3.3 

3.1 
3.7 
4.3 

0.0055 
0.003 
0.002 
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{See page hS5 for explanation of column headings) 

Ebb I Rp | Rg Rg2 Rk Cg2 Ck C Eo* 

0.22 0.06 
0.47 0.07 
1.0 0.011 
0.47 0.34 
1.0 0.44 
2.2 0.5 
1.0 1.0 
2.2 1.0 
3.3 1.1 
0.22 0.3 
0.47 0.36 
1.0 0.4 
0.47 0.9 
1.0 1.0 
2.2 1.1 
1.0 1.9 
2.2 2.0 
3.3 2.2 
0.22 0.4 
0.47 0.49 
1.0 0.52 
0.47 1.1 
1.0 1.3 
2.2 1.4 
1.0 2.3 
2.2 2.5 
3.3 2.9 

0.011 11 1 23 
0.006 15 33 
0.003 17 1 39 
0.005 13 1 34 
0.003 16 | 46 
0.002 18 1 55 
0.003 14 ; 43 
0.002 17 1 51 
0.001 17 60 
0.01 27 37 
0.006 36 54 
0.003 39 63 
0.0045 29 61 
0.003 35 82 
0.002 38 96 
0.0025 30 77 
0.002 35 98 
0.001 37 114 
0.011 44 ! 46 
0.005 55 71 
0.003 60 83 
0.0045 45 77 
0.003 53 106 
0.002 59 123 
0.0025 45 104 
0.0015 53 1 136 
0.001 56 , 163 

2.5 0.025 5.4 22 
2.2 0.014 7.5 27 
2.0 0.0065 9.1 30 
1.5 0.013 7.3 30 
1.3 0.007 10 34 
1.1 0.0035 12 37 
0.83 0.006 10 36 
0.7 0.0035 14 39 
0.6 0.002 16 41 
3.6 0.027 19 30 
3.1 0.014 25 35 
2.8 0.0065 32 37 
2.2 0.014 24 38 
1.7 0.0065 34 42 
1.5 0.0035 38 44 
1.1 0.0065 29 44 
0.9 0.0035 38 46 
0.8 0.002 43 47 
4.4 0.027 40 34 
3.6 0.014 54 38 
3.0 0.0065 63 41 
2.5 0.013 51 42 
1.9 0.0065 65 46 
1.6 0.0035 77 48 
1.2 0.006 61 48 
1.0 0.0035 74 50 
0.9 0.002 85 51 

• One triode unit. * Peak volts. 

0 

5T8 
6AQ6 
6AT6 
6CN7 

6SL7-GT' 
6T8 

6T8-A 
12AT6 

12SL7-GT* 
19T8 

See Circuit 
Diagram 1 
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(See page 1*35 for explanation of column headings) 

Ebb | Rp } Rg | Rg2 [ Rlc j Cg2 1 Ck | C 

6AU6-A 

12AU6 

See Circuit. 
Diagram 3 

90 0.47 

1.90 10800 
2.40 13100 

0.22 
0.47 
1.0 1 0.520 
0.47 1.05 
1.0 1.15 
2.2 1.20 

0.22 

12AU7-A* 

See Circuit 
Diagram 1 

0.1 
300 0.1 0.22 

0.47 

• One triode unit. * Peak volts. 

c 
——i— 
0.0081 
0.0055 
0.0034 

16 
22 
25 

0.0042 
0.0027 
0.0019 

13 
17 
25 

0.0025 
0.0017 

10 
19 

0.0081 
0.0053 
0.0032 

31 
43 
48 

0.0041 
0.0027 
0.0019 

34 
43 
50 

0.0023 
0.0015 

33 
40 

0.0082 
0.0053 
0.0033 

53 
65 
74 

0.0045 
0.0027 
0.0017 

56 
72 
82 

0.0022 
0.0015 

57 
72 

0.061 9 
0.033 11 
0.015 14 

0.062 20 
0.037 26 
0.016 29 
0.032 24 
0.016 33 
0.007 40 
0.015 31 
0.007 44 
0.0035 54 
0.065 38 
0.034 52 
0.016 68 
0.032 44 
0.016 68 
0.007 80 
0.015 5 
0.007 8 
0.0035 9 
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• "   Resistance-Coupled Amplifiers —• 

f.SYc pane U35 for explanatian of column headinys) 

_Ebb 1 Rp" ( Rg 1 Rg2 Rk [ Cg2 Ck C Eo* V.G. 

0.047 
0.047 0.1 

0.063 14 
0.031 18 

| 0.016 20 
0.034 15 
0.015 20 
0.006 23 

0.017 
0.047 0.1 

0.047 
0.047 0.1 

See Circuit 
Diagram 1 

0.031 68 
0.014 82 
0.0065 96 
0.015 68 
0.0065 85 
0.0035 96 

0.025 18 
0.013 25 
0.006 32 
0.012 24 
0.006 34 
0.003 39 

0.027 43 
0.013 57 
0.006 66 
0.013 54 
0.006 69 
0.003 79 
0.006 62 
0.003 77 
0.002 92 

• ('no triocle unit. * Peak volts. 



RCA Receiving Tube Manual 

(See -pwjt US5 for explanation of column heaAiuox) 

Rk j Cg2 jCk 

© 

5879 

See Circuit 
Diagram 3 

© 

As Triode: 

5879 

See Circuit 
Diagram 1 

0.047 
0.047 0.1 

0.22 

0.047 
0.047 0.1 

0.22 

0.047 
0.047 0.1 

0.22 

0.044 4.6 0.020 13 29 
0.046 4.5 0.012 17 39 
0.047 4.4 0.006 20 47 
0.034 3.2 0.010 15 43 
0.035 3.1 0.005 21 59 
0.036 3.0 0.003 24 67 
0.021 1.8 0.005 21 59 
0.022 1.7 0.003 25 75 
0.023 1.7 0.002 28 87 
0.060 7.4 0.020 24 39 
0.062 7.3 0.012 28 56 
0.064 7.2 0.006 33 65 
0.045 5.5 0.010 24 65 
0.046 5.3 0.005 31 87 
0.048 5.2 0.003 34 101 
0.033 3.5 0.005 27 98 
0.034 3.4 0.003 32 122 
0.035 3.3 0.002 37 140 
0.075 10.8 0.020 25 51 
0.077 10.6 0.012 32 68 
0.080 10.5 0.006 35 83 
0.056 7.9 0.010 28 81 
0.057 7.5 0.005 1 37 109 
0.058 7.4 0.003 1 41 123 
0.044 5.3 0.005 1 34 125 
0.046 5.2 0.003 1 42 152 
0.047 5.1 0.002 1 48 174 

2.9 0.060 9 10 
2.4 0.033 12 11 
2.3 0.016 14 21 
1.8 0.027 | 10 12 
1.3 0.015 . 13 13 
1.0 0.007 16 13 
0.87 0.015 12 13 
0.53 0.006 16 13 
0.49 0.003 19 14 
3.5 0.063 21 12 
2.6 0.033 29 13 
2.4 0.016 35 13 
1.9 0.031 26 13 
1.35 0.015 33 14 
1.1 0.007 40 14 
0.92 0.015 28 14 
0.61 0.006 39 14 
0.52 0.003 47 14 
3.9 0.063 42 13 
2.8 0.033 65 13 
2.5 0.016 71 14 
2.1 0.032 45 15 
1.4 0.015 74 15 
1.1 0.007 83 15 
0.97 0.015 SO 15 
0.63 0.007 88 15 
0.63 0.003 94 15 



Reststance-Coupled Amplifiers 

En* V.G Cg2 Ck Ebb K Rg2 Rk 

2.4 
2.00 
1.84 

0.026 
0.014 
0.0074 
0.0136 
0.0067 
0.0038 

1.33 
1.01 
0.92 

6AB4 
12AT7* 

0.63 
0.52 
0.47 

0.007 
0.0043 
0.0031 
0.029 
0.016 
0.0083 See Circuit 

Diagram 1 
0.0140 
0.0077 
0.0047 
0.0075 
0.0046 
0.0032 
0.028 
0.015 
0.0083 
0.015 
0.0074 
0.0046 
0.0076 
0.0041 
0.0030 

0.1 0.24 
.24 0.51 

0.51 1.0 
0.1 0.24 
0.24 0.51 
0.51 1.0 12AY7 
0.1 0.24 
0.24 0.51 
0.51 1.0 

See Circuit 
Diagram 2 
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(See page Jf35 for explanation of column headings) 

Ebb Rp Rg Rg2 Rk Cg2 Ck 

I 
I 

0.047 
0.047 0.10 

0.22 

4BQ7-A 
4BZ7® 

5BK7-A 
5BQ7-A 
6BK7-B 
6BQ7-A 

6BZ7# 

0.98 0.0135 
0.78 0.0075 
0.63 0.0036 

0.047 
0.047 0.1 

0.22 
2.80 0.030 
2.30 0.0152 
2.00 0.0073 

6.70 0.062 
5.50 0.032 
4.30 0.016 

0.031 
0.015 
0.0074 

1.5 0.015 
1.1 0.0073 
0.88 0.0039 

50 24 
70 24 
84 24 

0.22 0.480 3800 
0.47 0.480 3800 
1.0 0.500 4400 

0.22 0.47 
1.0 

0.0044 
0.0029 
0.0020 

0.47 
0.47 1.0 

3BC5 
3CB6 
3CF6 
4BC5 
4CB6 
6AG5 
6BC5 
6CB6 

6CB6-A 
6CF6 

KIUI 
2.50 16000 
2.50 18600 

0.018 
0.016 I 1.2 

30 161 
36 208 
43 239 

0.072 9. 
0.062 8. 
0.062 8. 

0.22 
0.22 0.47 :nii 

0.0048 
0.0031 
0.0020 

34 183 
41 229 
46 262 

0.47 
0.47 1.0 

1.00 3400 
1.00 3500 

59 6.0 
59 6.0 

0.059 5.8 1.00 3800 
2.60 7300 
2.60 7400 

0.22 
0.22 0.47 

33 227 
38 281 

980 
. . 1090 

0.700 1150 

See Circuit 
Diagram 3 

0.47 
0.47 1.0 1.34 2150 

1.53 2350 
2.60 4000 
3.00 4700 

0.064 7.9 
0.061 7.6 
0.057 7.1 
0.044 5.2 
0.038 4.3 

• One triode unit. * Peak volts. 
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——— Resistance-Coupled Amplifiers 

{Sea pwje h35 for explanation of column headings) 

Cg2 | Ck 

0.22 0.560 3700 
0.47 0.600 3900 
1.0 0.640 4200 

46 4.50 
43 4.30 
39 4.00 

0.036 2.7 
0.044 3.0 
0.043 2.8 

2.00 12200 
2.20 12800 

0.0046 
0.0030 
0.0020 

0.22 
0.22 
0.47 
1.0 

0.530 
0.600 
0.650 

1 1570 
1 1730 
, 1820 

0.069 
0.064 
0.061 

7.50 
7.40 
7.30 

0.0088 
0.0064 
0.0034 

180 0.47 
0.47 
1.0 
2.2 

1.12 
1.40 
1.57 

3200 
3500 
3740 

0.053 
0.042 
0.040 

5.30 
5.10 
5.40 

0.0046 
0.0028 
0.0019 

1.0 | 
1.0 
2.2 

2.50 
3.40 

6500 
7500 

0.039 
0.026 

2.80 
2.30 

0.0024 
0.0015 

0.22 ! 0.22 
0.47 
1.0 

0.600 
0.670 
0.720 

9200 
1010 
1100 

0.086 
0.076 
0.076 

11.2 
10.5 
10.0 

0.0085 
0.0052 
0.0033 

300 0.47 
m 

1.25 
i 1.43 
, 1.45 1 

1950 
3210 
2200 1 

0.060 
0.053 
0.055 

7.0 
6.4 
6.3 

0.0044 
0.0027 
0.0019 

1.0 
1.0 
2.2 

3.00 
| 3.30 

4100 
4340 

0.040 | 
0.037 

4.2 , 
3.6 1 

0.0022 
0.0016 

m 

7199 

Pentode 
Unit 

See Circuit 
Diagram 3 

m 

0.047 
0.047 0.1 

0.22 

7199 

Triode Unit 

0.047 
0.047 o.i 

0,22 See Circuit 
Diagram 1 

* Peak volts. 
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Circuits 

The circuits in this section include 
several representative broadcast receiv- 
ers, a 144-Mc receiver and a 10-meter 
preamplifier for amateur use, two two- 
channel amplifiers for stereophonic use, 
five amplifier circuits ranging in power 
output from 1 watt to 50 watts, several 
preamplifier, mixer, and tone control 
circuits, a code-practice oscillator, an 
intercommunication set, and an elec- 
tronic volt-ohm meter. 

These circuits are included in this 
Manual to illustrate some of the more 
important applications of RCA receiv- 
ing tubes; they are not necessarily ex- 
amples of commercial practice. These 
circuits have been conservatively de- 
signed and are capable of excellent per- 
formance. Electrical specifications are 
given for circuit components to assist 
those interested in home construction. 
Layouts and mechanical details are 
omitted because they vary widely with 
the requirements of individual set build- 
ers and with the sizes and shapes of the 
components employed. 

Performance of these circuits de- 
pends as much on the quality of the com- 
ponents selected and the care employed 
in layout and construction as on the cir- 
cuits themselves. Good signal reproduc- 
tion from receivers and amplifiers re- 
quires the use of good-quality speakers, 
transformers, chokes, and input sources 
(microphones, phonograph pickups, etc). 

Coils for the receiver circuits may 
be purchased at local parts dealers by 

specifying the characteristics required: 
for rf coils, the circuit position (antenna 
or interstage), tuning range desired, and 
tuning capacitances employed; for if 
coils or transformers, the intermediate 
frequency, circuit position (1st if, 2nd 
if, etc.), and, in some cases, the associ- 
ated tube types; for oscillator coils, the 
receiver tuning range, intermediate fre- 
quency, type of converter tube, and type 
of winding (tapped or transformer- 
coupled). 

The voltage ratings specified for 
capacitors are the minimum dc working 
voltages required. Paper, mica, or ce- 
ramic capacitors having higher voltage 
ratings than those specified may be used 
except insofar as the physical sizes of 
such capacitors may affect equipment 
layout. However, if electrolytic capaci- 
tors having substantially higher voltage 
ratings than those specified are used, 
they may not "form" completely at the 
operating voltage, with the result that 
the effective capacitances of such units 
may be below their rated value. The watt- 
age ratings specified for resistors assume 
methods of construction that provide 
adequate ventilation; compact instal- 
lations having poor ventilation may re- 
quire resistors of higher wattage ratings. 

Information on the characteristics 
and application features of each tube 
will be found in the TUBE TYPES 
SECTION. This information will prove 
of assistance in understanding and utiliz- 
ing the circuits. 
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Circuits 

(21-1) 

PORTABLE BATTERY-OPERATED SUPERHETERODYNE RECEIVER 

(/*■" Ganged tuning capaci- tors: Oi, 10-274 nfit; Ci, 
7.5-122.5 nni 
Cs = Trimmer capacitors, 2-15 

''j = 56 ^>iff ceramic 
Cn C- Cio f-n = Trimmer ca- 

pacitors [or if transformers 
(%=0.05 nt, paper, 50 v. 
C's Ci5~0.02 nt, paper, 100 v. 
f''is=82 ceramic Gjj (',ifi=0.002 m'", paper, 150 v. = ceramic 

Ch=10 h(, electrolytic, 100 y. 
(.'16=0.0022 m[> paper, 600 v. Li = Loop antenna, 540-1600 Kc 
Ui = 100000 ohms, 0.25 watt 
[12 = 15000 ohms, 0.25 watt 
R3 = 3.3 megohms. 0.25 watt 
R« = 68000 ohms, 0.25 watt 
Rfi = Volume control, potenti- 

ometer, 2 megohms 
Rfl = 10 megohms, 0.25 watt 
R7 = 4.7 megohms, 0.26 watt 
RaRa = 1 megohm, 0.25 watt 

Rio = 390 ohms, 0.25 watt 
Si = Switch, double-pole, single- 

throw 
Ti—Oscillator coil for use 

with tuning capacitor of 
7.5-122.5 nni, and 455 Kc if 
transformer 

Tt Tj = Intermediate-frequency 
transformers, 455 Kc 

T4 = Output transformer for 
matching impedance of voice 
coil to 10000-ohm tuho I'-ad 
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RCA Receiving Tube Manual 

(21-2) 

PORTABLE 3-WAY SUPERHETERODYNE RECEIVER 

PENTAGRID DIODE DETECTOR, AVC, RF AMPLIFIER CONVERTER IF AMPLIFIER AUDIO AMPLIFIER POWER AMPLIFIER Li TVPE ITA TYPE iRb TYPE IT4 TYPE IU5 TYPE 3V4 

cirrTR7:locf ,c'^rr im M 

^24 ^16 C2^ 5R|7 
RECTIFIER r„ _ S| TYPE II7Z3 u 

fl7V AC OR DC 

/7.V7 CONNECT TO GROUND 

CiCiC-s® Ganged tuning ca- 
pui itnrs, 20-450 

C-> (' Gv^Trimmer capacitors, 
4-30 nnt 

C-i (-11 ('io (■;; = 100 ceramic Cfi=K2 uyd, ceramic 
Ca=olii) n/dl, ceramic 
Cn Ca Cm C]6=Trimmer ca- pacitors lor if transformers 
C;a = 0J)l ^f, paper 400 v. 
Ci- C-:\ -O.OO'i nf, paper, 400 v. 
Ci3 -270 ^xf, ceramic 
C2l;rr;ii.02 ^f, paper, 400 V. 
C22 (.'r.'-O.OOo /dt, paper, 400 v. 
(-23 -O.l pf, paper, 400 v. Cqv'O.O") mC paper, 200 v. 
Cij-O.On idi, paper, 50 v. Cig ('■; ('.>•,=0.05 idi, paper, 400 v. 
Cid —-10 ^f, electrolytic, 25 v. 

Cjo=160 tit, electrolytic, 25 v. CjiCj3=20 electrolytic, 150 v. 
Li = Loop antenna, 540-1600 Kc 
Ri R2 Ru = 4.7 megohms, 0.25 

watt 
Rj = 2.2 megohms, 0.25 watt 
R4=100000 ohms, 0.25 watt 
R5 = 5.6 megohms, 0.25 watt 
R6=::27000 ohms, 0.25 watt 
R7=68000 ohms, 0.25 watt 
Ra * 3.3 megohms, 0.25 watt 
R#* Volume control, potenti- 

ometer, 1 megohm 
Rio= 10 megohms, 0.25 watt 
Ri2=220000 ohms, 0.25 watt 
Ri3 = l megohm, 0.25 watt 
Ru Ri6=1800 ohms, 0.25 watt 
R]5=220000 ohms, 0.5 watt 
Ri: = 1000 ohms, 0.25 watt 

Ri8 = 2700 ohms, 0.25 wart 
Ri9= 1500 ohms, 0.25 watt 
R20 = 1800 ohms, 10 watts 
R2i=2300 ohms, 10 watts 
Si = Switch, 4-pole double- 

throw 
82 = Switch, double-pole, single- 

throw 
Ti = RF transformer, 540-1600 

Kc 
T2 = Oscillator coil for use with a 560-^f padder, 20-450 ^f 

tuning capacitor, and 455 Kc 
if transformer 

Ts T4 = Intermediate-frequency transformers, 455 Kc 
Ts = Output transformer for 

matching impedance of voice 
coil to 10000-ohm tube load 
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Circuits 

{27-3) 

AC-OPERATED SUPERHETERODYNE RECEIVER 

Rr AMPLIFIER TYPE 6DA6 CONVERTER TYPE 6BE6 

?—i J 71 X X )o / C 5 j C 612 , 

RECTiFiER T5 TYPE 5Y3-GT 

1CI9 1- 

I C2i 

IF AMPLIFIER TYPE 6BA6 
Ts 

DIODE DETECTOR AUDIO AMPLiFi TYPE 6AVG 

bC2l POWER AMPLIFIER =■ ,, TYPE 6AQ5-A 

i O 0^4 ~ R|7 2J 

PHASE INVERTER TYPE 6AV6 POWER AMPLIFIER TYPE 6AQ5-A 

Ci ( - Ca^Gangod tuning 
oapacit'Ts, KI-dtL") 

G. Gs (,9=Trin]mer capacitors, 4-30 fifii 
<'3 Cij=().05 paper, 50 v. ('.•-0.05 fii, paper, 400 v. 
("7 — Oseiliator padding 

capaciior-—follow oscillator- coil manufacturer's recom- 
mendation 50 fifii, mica 

On (j? ("u Cii —Trimmer 
capacitors for if transformers Cit Git-ISOuni, mica 

('2?= 0.01 mU papor, 400 v. Ois Cjo— 20 ^f, electrolytic, 450 v. 

C-.'i=120/i/if> mica C.-'s ('•>! = 0.02 ^f, paper, 400 v. 
(,2i=20 ut, electrolytic, 50 v. 
C2-; = 0.05/if> paper, 600 v. L = Loop antenna, 540-1600 Kc Hi 115=180 ohms, 0.5 watt 
112 = 12000 ohms, 2 watts 
lts=22000 ohms, 0.5 watt 
Ri Ri' = 2.2 megohms, 0.5 watt Rr= 100000 ohms, 0.5 watt 
Rs^Volume control, 

potentiometer, 1 megohm 
Rd Ri3=10 megohms, 0.5 watt 
Rio=1800 ohms, 2 watts 
Rn Ri?=220000 ohms, 0.5 watt Ru Ris=470000 ohms, 0.5 watt 
Ris = 8200 ohms .0.5 watt 

Ri; = 270 ohms, 5 watts 
Ris=15000 ohms, 1 watt 
S = Sw]*tch on volume control 
Ti = RF transformer. 540-1600 Kc 
T2=Oscillator coil for use witli 

10-365-jUMf tuning capacitor and 45o-Kc if transformer 
Ts T4 = Inter mediate-frequency transformers, 455 Kc 
Ts=Power transformer, 250-0- 

250 volts rms, 120 ma. dc 
Tc=Output transformer for matching impedance of voice 

coil to a 10000-ohm plate-to- 
plate tube load 
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(21-4) 

AC/DC SUPERHETERODYNE RECEIVER 

f-f-NTAGRi D CONVERTER TYPE I2BE6 ir ampliriep TYPE I2BA6 
OlODE DETECTOR,AVC AUDIO amplifier TYPE 12AV6 

POWER AMPLIFIER 
TYPE 50CB 

1 
■U 

■ 

m 

i r - i iimgod tuning capaci- 
t Cu 10-365 /x/if; Cs, 7-115 U/; I 

I i rnmor capacitor, 4-30 wit c-> paper, 50 v. 
4---0.1 /if, paper, 400 v. 
- i inmer capacitor, 2-17/i/if 

t —;><> /i/if, ceramic 
*---o0 /if, electrolytic, 150 v, 

< 150 u/if, ceramic 
i! ( •.J----0.02 /if, paper, 400 v. v. - ii.nos.iif, paper. 400 v. 

013=330/i/if, mica 
Cis=0.05 /if, paper, 400 v. 
Ci6=30 /if, electrolytic, 150 v. 
L=Loop antenna, 540-1600 Kc 
Hi R8=220000 ohms, 0.5 watt 
R2=22000 ohms, 0.5 watt 
R3=l00 ohms, 0.5 watt 
R4=3.3 megohms, 0.5 watt 
Ra=47000 ohms, 0.5 watt 
R6=Volume control, potenti- 

ometer, 500000 ohms 
Ri=4.7 megohms, 0.5 watt 

R9=470000 ohms, 0.5 wan 
Rio=150 ohms, 0.5 watt 
Rii = 1200 ohms, 1 watt 
Ti = Oscinator coil for use wr 

7-115-/i/if tuning capaciior 
and 455-Kc intermediate- 
frequency transformer 

Ts T.i=Intermedial.e-frequerif- 
transformers, 455 Kc 

T4=Output transformer for 
matching impedance of voi 
coil to 2500-ohTn tubo load 
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Circuits    

(21-5) 

AUTOMOBILE RECEIVER 

L4 " t-5 

92CL-II302 RC-21 21-5 

Ci, Ct, Cis=(.isinged tuning 
capacitors; Ci, 7-100 
Ct, Cis; 80-350 MMf 

C-2, C:(, Cs, Cis, Cw, C2o=100 MMf, mi(ta 
C.i=27 mmC mica 
('., = 0.047 paper, 100 volts 
C.,, Cif—0.1 mC paper, 100 volts 
('si, Cio, 012, ii=Trimmer 

('apacitors for if transformers 
(.'11 = 330 mica 
('i;>= 125 nni, mica 
('i7 = 130 wt, mica 
C'lm^O.OOoO paper, 100 volts 
('22=0.01 ^f, paper, 100 volts 
C('26=0.47 n\, paper, 100 

volts 
('24, 026=300 nni, mica 
('27=500 pf, electrolytic, 25 v. 
C7h=250 /if, electrolytic, 25 v. 
('2-= 500 /if, electrolytic, 3 v. 
K^Fuse, 5 a. 
Ci • - Anlenna Coil for use with Ci 

L->=RF coil for use with C7 
L ;= Oscillator coil, tapped, for 

use with Cis, and 262.5-Kc 
if transformer 

L4= RF choke, 5 a. 
Li,= Filter choke, 10 mh., 5 a. 
Ri=5fi0000 ohms, 0.5 watt 
R >=470000 ohms, 0.5 watt 
R;;, Ri2=2.2 megohm, 0.5 watt 
R4=150 ohms, 0.5 watt 
Ro=l megohm, 0.5 watt 
R6= 33000 ohms, 0.5 watt 
R7=100 ohms, 0.5 watt 
Rs, R9, Ri3=4.7 megohms, 0.5 watt 
Rio=22 megohms, 0.5 watt 
Rii=47000 ohms, 0.5 watt 
Ki4 = 10 megohms, 0.5 watt 
Ri5=82000 ohms, 0.5 watt 
R]fi=Volume control, 

potentiometer, 1 megohm, 
tapped at 300000 ohms 

ICr^Tone control, 

potentiometer, 1 megohm 
Uis=47 ohms, 1 watt 
Ri9=220 ohms, 1 watt 
R2o = 15 ohms, 0.5 watt 
R2i=l ohm, I watt 
S=Speaker, 3.2-ohm voice coil 
Ti=IF input transformer, 

262.5 Kc 
T2=IF output transformer, 

262.5 Kc 
T3= Audio driver transformer: 

impedance of primary, 2200 
ohms; of secondary, 10 
ohms; dc resistance of 
primary, 180 ohms; of 
secondary, 1.6 ohms; 
primary current, 15 ma. dc. 

T4=Audio output transformer; 
impedance of primary, 20 
ohms, of secondary, 4 ohms; 
dc resistance of primary, 2 
ohms max.; primary current, 
0.5 amperes dc. 
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(21-6) 

144-Mc SUPERREGENERATIVE RECEIVER 

ANTENNA SYSTEM SUPERREGENERATIVE J (—. rr- [DETECTOR C"» TYPE.—|t_ Al TYPE u  AF AMPLIFIER aupmfFFP I 1  T2 

I '-'6* 
RECTIFIER Rpr-: X aSriCoT TYPE 6X4 . , RFC, TcVc 

2< 9L. 
^-ar^lfesc3 TfEsl;fc" ?"• 

M Jf 

I w. m&tr 

X R| R2 XC7 

('i < ':= '1.1 nU paper, 400 v. 
('3 ^4= 100 uvU mica, 500 v. 
t.'i C-, 0?= 20 nf, electrolytic, 450 v. 
t'< = 25 electrolytic, 50 v. 
C-i = 25 fit, electrolytic, 25 v. 
Cm 0.002 paper, 600 v. 
Cii - 0.01 paper, 400 v. Cm = 0.005 ni, paper, 400 v. 
Cm — 50 lifit, silver mica, 300 v, 
Cn-Gangcd or split-stator tun- 

ing capacitor, 10 max. per section 
Cm. = 0.006 pi, mica, 300 v. Cn ^Quench-frecjuency control, 

trimmer capacitor, 3-30 ppl, 
ceramic or mica 

Ji «= Jack for earphones 
L]= Antenna pickup winding 
L2=4 turns of No. 12 Enam. cop- 

per wire on a W LD. form 
(144 Mc): adjust spacing to 
set band 

Ls = Speaker field or filter choke, 
12 henries, 70 ma. 

Ri = Potentiometer, 50000 
ohms, 1 watt, wire wound 

R2 Rj = 47000 ohms, 1 watt 
Ri — 27000 ohms, 0.5 watt 
Rs» 2700 ohms, 1 watt 

Rri lir==100000 ohms, 0.5 wait 
1U= 270 ohms, 1 watt 

Volume control, potenti- 
ometer, 500000 ohms 

K10 = 4.7 megohms, 0.5 watt 
RFCi= One-quarter wave lengt i 

(20.5 inches at 144 Me) of N-- 
23 Enam. close wound on a 
\i" form 

RFCi = RF choke, 8 mh. 
Ti = Power transformer, 

300-0-300 volts rms, 70 ma. 
T2= Output transformer for matching impedance of voice 

coil to 5000-ohm tube load 
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— Circuits 

21-7) 

TRF AM TUNER 

For High-ridelity Local Broadcast Reception 

OUTPUT 
1 RF AMPLIFIER 

TYPE 6BA6 5i  +_L DETECTOR 
-T> 1—6 AUDIO Ji-Q ✓ \ AMPLIFIER "l -=• -=• 2/_L J_\ TYPE I2AU7 

t. n ? rn: I 

7 < <R8 + 
<C 10 ^ > 12 

Tcm -T 

<\ ('c.-uining capaci- 
mrs, I 0~:J(>5 nrf 

C-j (U^Trimmer capacitors, 
1-ttO mmI" 

<— 0.01. [it, paper or ceramic, 200 v. 
0.01 ^f, paper or ceramic, 

-100 v. < \, Cu=0.1 paper, 400 v. 
2">0 ufji. mica or ceramic -I no v. 

Cii=10 (uf» electrolytic, 350 v. 
C)o=250 mica or ceramic, 

200 v. 
Ci2=25 ni, electrolytic, 25 v. 
Ci3=0.05 fxi, paper, 200 v. 
Ci4 015=20 juf, electrolytic, 450 v. 
F=Fuse, 1 ampere 
L=Loop antenna, 540-1600 Kc. 
Hi = 180 ohms, 0.5 watt 
R2=Sensitivity control, poten- 

tiometer, 5000 ohms 

Ri=33000 ohms, 1 wall 
R4 Re^lOOO ohms, 0.5 wan 
R5=100000 ohms, 0.5 wati 
R7 = 150000 ohms, 0.5 watl 
R8=1500 ohms, 0.5 watt 
R<»=470000 ohms, 0.5 watt 
Rio=7000 ohms, 10 watts 
Ti=RF transformer, 540-100" 

Kc. 
T2=Power transformer, 250-0- 

250 volts rms, 40 ma. 
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FM TUNER 

MIXER 
TYPE 6BE6 
cse-ioe Mc) 

»F AMPLIFIER 
TYPE 6BJ6 (10.7 Mc) 

IF AMPLIFIER 
TYPE 6BJ6 (10.7 Mc) 

ici6 dh cd Ns i\\t c3o|_ 

ici7 I C24^r ic29L c3ii X IR? ^ 5 iRi3 X 

Lefe JR,,' 

OSCILLATOR 
TYPE 6C4 (98.7 TO 118.7 Mc) 

a 

Tc 

TU 
TO USE LIMiTER 8. DISCRIMINATOR IN PLACE OF RATIO detector,con- NECT LEADS X.Y & Z TO CORRES- PONDING POINTS MARKED ON CIR- CUIT ABOVE 



Circuits 

(21-8) 

FM TUNER (.Cont'd) 

(!. Clusiyed lunin^ ca- 
pacitors, 7.5 - 20 nn£ 

(.)•> Cia = Trimmer ca- 
pacitors, 1.5—o.Ojiuf. ceramic 

('3 = 0.01 /ii, euramic or mica, 
200 v. 

ft CH C-i C37 C.31 C35 CM COS®3 

1500 p/if. ceramic or mica, 
200 v. 

C: C: (.Or. Cit Ci2 C26 C29 Cat Cjt 
Cv- = I50o f.i,uL ceramic or mi<,a, -100 v. 

Or = 0.1 ,uf, paper, 400 v. 
uuf, mica, 400 v. 

Oil-=3 silver mica, 200 v. 
('-.2 Cis C25 Cr> Caa Cj-4=0.01 /if, ceramic or mica, 200 v. 

of C23 C^ ('30 Oac CSS Cig Cts 
Cao (O; ('.-7 -- Trimmer 
trapaeitors, 22-50 npil, mica, xisually part of if transformer 

C;u-i>3 vmL silver mica, 200 v. -J.OO uftf, ceramic or mica. 200 y. 
Cs'.t ('io=350 ceramic or mica, 200 v. 
Oi! = 0.()5 /if, paper, 200 v. 
C12 C13 —0.005 /if, ceramic or 

paper, 200 v. 
Cu- 10 af, electrolytic, 200 v. 

Co Cig=250 ju/if, ceramic or mica, 200 v. 
C4-=0.1 juf, paper, 200 v. 
Csi^SOO /i/jf, ceramic or mica, 

400 v. 
Li = 1 turn of No.14 Enam. 

wound on a diam. coil 
form 

L2 = 2.5 turns of No.14 Enam. 
spaced 1 wire diameter wound 
on same form as Li with the 
ground end of Ls spaced 
from Li 

La Lt Lt Ls Ls Lio Ln — Choke, 1 
/ih (approx.), 25 turns of 
No.24 Enam. close-wound 
on resistor (47000 ohms, 0.5 
watt), connected in parallel 
with resistor. 

L6 = 2.5 turns of No.14 Enam. 
spaced 1 wire diameter, 
wound on form. 

L6 = 2 turns of No.14 Enam. 
spaced 1 wire diameter, 
wound on form, tapped 
at H turn from ground end 

Li2=Choke, 2.5 mh. (may not 
he required: follow trans- 
former manufacturer's recom- 
mendation) 

Ri Rn Rii R3(5= 120 tihitis, 
watt 

R2.R12 Ri6=39000 ohms, 0.5 : 
Ra R- Ria Ri:=470 ohms. 0.5 

watt 
R4 R2a R28=10000 ohms, 0.5 

watt 
R5=47 ohms, 0.5 watt 
R6=33000 ohms, 1 watt 
R8=47000 ohms, 0.5 wan 
R9=4700 ohms, 1 watt. 
Rio R14 R32=220000 ohms, 0.5 

watt 
Ris=56 ohms, 0.5 watt 
Rio R27=Volume controls. potentiometers, 1 megnhn; 
R2o=15000 ohms, 0.5 watt 
R2i=820 ohms, 0.5 watt 
Rm=560 ohms, 0.5 watt 
R24 R3i=2.2 megohms, 0.5 v.-a:: 
R25 R26= 100000 ohms, 0.5 wa- R29=150000 ohms, 1 watt: 
Ti T2 Ts^Intermediate-fre- 

quency transformers, 10.7 Mr 
T4=Ratio-detector transformer. 10.7 Mc 
T5= Discriminator transformer. 

10.7 Mc 

NOTE: A high-frequency de-emphasis network having a time constant of 75 microseconds (such as 
that formed hy Rji and C42) should be inserted between R2G and C47 in the discriminator output ieiui. 

Fig. 21-8 illustrates a circuit for an FM broadcast tuner. The basic circuit has 
been arranged to show the use of a ratio detector, but the limiter/discriminutor 
circuit shown in the lower right-hand corner of the diagram can be substituted 
as indicated at points X, Y, and Z in the schematic. 

A word of caution is necessary in connection with this circuit. Because it works 
at very high frequencies and is required to handle a very wide bandwidth, its 
construction requires more than ordinary skill and experience. Placement of com- 
ponent parts is quite critical and may require considerable experimentation. All 
i f leads to components including bypass capacitors must be kept short and must 
be properly dressed to minimize undesirable coupling and capacitance effects. Cor- 
rect circuit alignment and oscillator tracking require the use of a cathode-ray 
oscilloscope, a high-impedance vacuum-tube voltmeter, and a signal generator 
capable of supplying a frequency-modulated signal on 10.7 Mc as well as accurate 
marker signals in the 88-108-Mc band. Unless the builder has the necessary equip- 
ment and has had considerable experience with broad-band, high-frequency cir- 
cuits. he should not undertake the construction of this circuit. 
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PHONOGRAPH AMPLIFIER 
Power Output, 1 Watt 

■ m 

V-r 

0.02 juf, paper, 400 v. 
('2 = 0.082 juf, paper, 400 v. 
( C4= 40^f, electrolytic, 150 v. 
r = Fuse, 1 ampere 
.1 —Input connector, shielded, 

for crystal phonograph 
pickup. 

Ri = Volume control, potenti- 
ometer, 0.5 megohm, audio 
taper 

R3= 10000 ohms, 0.5 watt R3=220000 ohms, 0.5 watt 
R4 Ro=56 ohms, 0.5 watt 
11.6=22 ohms, 0.5 watt 

Rt=3300 ohms, I wave 
Rs=2I0 ohms, ID watts 
T = ()utput transformer for 

matching intpethanco of vnir 
coil to 30(H)-ohm tuhe load. 

(21-10) 
TWO-CHANNEL STEREOPHONIC AMPLIFIER 

Power Output, 1 Watt Each Channel 

t~l. "3 
TYPE 60FX5 

R*~T 

^7 CHASES 

TYPE 
60FX5 

TO SPEAKER VOICE COIL 

INPUTS- ? CRYSTAL OR CERAMIC PHONOGRAPH PICKUP 

60FX5 60FX5 

TYPE 7T 

Rjn 1NI763 
-vW   

; STO SPEAKER 
I £ VOICE COIL 

C8T- C7'T- 
 L 

Ci, (.'0.22 juf, 400 v., paper 
( ■2--:0.1 400 v., paper 
Ci, 50 25 v., electrolytic 
Ch-^oO /if, 150 v., electrolytic (;7r Q^oO /if, 150 v., electrolytic 
F-- Fuse, 3 amperes 

Ri, R2=Volume control, 
potentiometer, 1.5 megohms 
ganged 

Rs, R4=47000 ohms, 0.5 watt 
R5=Balance control, 

potentiometer, 2 megohms 
Re,, R7=60 ohms, 1 watt 

R6=220 ohms, 2 watts 
Ry=280 ohms, 2 watts 
Ri(i=12 ohms, 1 watt 
TV T2—Output transformer 

for matching impedance of 
voice coil lo IlOOO-nhm tuhe 
load. 
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    — Circuits ===== 

(27-77) 
TWO-CHANNEL STEREOPHONIC AMPLIFIER 

Power Output, 3.5 Watts Each Channel 

TYPE 
MT" 

-f *' 

C5 

Sr type 50FE5 TO SPEAKER VOICE COIL 

TYPE «|q INI763 0 

Ci Cij=0.047 mI, paper, 150 v. 
Cs Cs^O.Ol ^1, paper, 150 v. 
O4 Cr=0.022 paper, 150 v. Ci On = 8 electrolytic, 150 v. 
C: Cs — SSO ceramic or 

mica, 400 v. 
Co Cio=50 lit, electrolytic, 25 v, 
C\3=0.068 paper, 150 v. Cu —200 lit, electrolytic, 150 v. 
Cii—lOO electrolytic, 150 v. 
F-Kus'.1. 2 ampcret- 

Ri Its=Volume control, 
potentiometer, 2 megohms, ganged, 

R3 It4 —10 megohms, 0.5 watt 
Re R6=0.22 megohm, 1 watt 
R7= 0.022 megohm, 2 watts 
Rs R9=Tone control, potenti- 

ometer, 2 megohms, ganged. 
Rio Rii=0.47 megohm, 0.5 watt 
R12 Ri3=0.22 megohm, 0.5 watt 

Ri4Ris=120 ohms, 2 watts 
Rie—750 ohms, 2 watts 
Rn^B.S ohms, 2 watts 
Ri8=100 ohms, 10 watts 
Ti T2=Output transformer for 

matching impedance of voice 
coil to 1000-ohm plate tube 
load. Turns ratio 20 to 1; 
primary current 90 ma. dc; 
power-handling capacity, 
3.5 watts minimum. 
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MICROPHONE AND PHONOGRAPH AMPLIFIER 

Power Output, 8 Watts 

r5 rI2 
—  

c c. -ic» 5i- . . 

eTEYuP7E5M: 
TYPE 

-C7 6AV6 
TYPE 6L6-GC ' 

ac'4 In4 

ttw f Tg 

<Xf"0—OxC -X TYPE 5Y3-GT 
R|9 Rgo 

+L I- +L R22+L 
-JCI5 -JCI7 

('*2=100 wi, disc-ceramic, :5()0 v. 
'..--•0.05 ni, paper, 200 v. 
.'; = 8 fxi, clf'f.trolytie, 4-50 v. 

- 10 jxf, electrolytic, 450 v. 
'■-,•-25 electrolytic, 450 v. ',- =0.1 nf, paper, 200 v. 
V-0.001 disc-ceramic, 300 v. 

'%••= 0.01 disc-ceramic, 300 v. 
'' i n = 4 70 disc-ceramic, 300 v. 
':i=-4706 disc-ceramic, 

300 v. 
rv = 4 pif, electrolytic, 450 v. 

' .- = 0.05 paper, 600 v. 
'';} = 25 electrolytic, 25 v. 
"'is Cic (^17=20 Mf, electrolytic, 450 v. [-"-Fuse, 1 a. 

Ji=Jack for high-impedance 
crj'stal microphone input; 
max. input: 2 millivolts peak 

J:'=Jack for crystal phono- pickiip input; max. input: 
0.5 volt peak 

L=Filter choke, 5 henries. 
200 ma. 

Ri Rie=10000 ohms, 0.5 watt 
R2=Volume Control, potenti- 

ometer, 1 megohm 
R3=2.2 megohms, 0.5 watt 
Ri Rs Rm=220000 ohms, 0.5 

watt 
Ro=27000 ohms, 0.5 watt 
Re—1200 ohms, 0.5 watt 
R? Ri3=100000 ohms, 0.5 watt 
R# Rii=Tone control, potenti- 

ometer, 0.5 megohm 

Rio=22000 ohms, 0.5 wart 
Ri2= 12000 ohms, 0.5 watt 
Ku=1800 ohms, 0.5 watt R]5=470000 ohms, 0.5 watt 
Ri7=150000 ohms, 0.5 wait 
Ri8=180 ohms, 2 watts 
Ri9=47000 ohms, 1 wait 
R2i = 50 ohms, 10 watts 
R22=8200 ohms, 2 watts 
S^Switch, SPST 
S2=Switch, SPOT 
Ti=Power transformer, 300- 0-300, 90 ma.; 6.3 v., 3.5 a. 

center tapped; 5 v., 2 a. 
T2=Output transformer for 

matching impedance of voice 
coil to 4000-ohm tube load; 
L0 watts audio 
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Civcutts 

'27-73) 

HIGH-FIDELITY AUDIO AMPLIFIER 

Class AB,; Power Output, 15 Watts 

i 

i 

I 

m 

" r3 "16 ClOT14 Sr17 TYPE 53C3 

K2= 10000 ohms, 0.5 watt 
113=0.82 megohm, 0.5 watt 
1.14=820 ohms, 0.5 watt 
Ka=0.22 megohm, 0.5 watt 
He R,7=15000 ohmsd=5 per 

cent, 2 watts 
Rs=3900 ohms, 2 watts 
Kg Rio=0.1 megohm, 0.5 watt 
Ru Ri2=1000 ohms, 0.5 watt 
Ria Ri4=100 ohms, 0.5 watt Ris=8200 ohms, 0.5 watt 
Ri6= 15000 ohms, 1 watt 
Ri7=68000 ohms, 0.5 watt 
Ri8=4700 ohms, 2 watts 
Ri9=0.27 megohm, 1 watt 
R«e=47000 ohms, 0.5 watt 
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HIGH-FIDELITY AUDIO AMPLIFIER 
Class AB,; Power Output, 30 Watts 

AM 

Rii 
w\ 

tvpe a 7668 J> r7 ^rf'io rI6 "14 
2'6 

u typc 2 7199 
3/ — 

"13 15^4- TYPE 
Six 7068 

T X X 
RIS 

V\AA/ 
~ TO / SPEAKER voir.c 

I I 

TYPE 5BC3 I r20 

POWER FOR PREAMPLIFIER, 
TONE-CONTROL, 

AND MIXER 
CIRCUITS 

Ci = 25 (if, electrolytic, 50 v. 
Cl'=22 wU ceramic or mica, 

000 v, 
C.i=80 pf, electrolytic, 600 v 
C\ C:,—0.25 ^{, paper, 600 v. 
O(;=0.01 ni, paper, 600 v. 
Ci Cs^O.OS ni, paper, 600 v. 
Cg Ci]=40 electrolytic, 

600 v. 
Cio=100 fit, electrolytic, 50 v. 
Ci2=20 mI. electrolytic, 450 v. 
F = Fuse, 3 amperes, 150 v. 
Ri=Volume control, potenti- 

ometer, 1 megohm 
Ri = 10000 ohms, 0.5 watt 

Ra=220000 ohms, 0.5 watt 
R4 = 820 ohms, 0.5 watt 
1U=10 ohms, 0.5 watt 
Rg= 180000 ohms, 0.5 watt 
R-= 15000 ohms ^ 5 per cent, 

2 watts 
Rs=15000 ohms,±5 per cent 

0.5 watt 
R9 = 1000 ohms, 0.5 watt 
Rios=22000 ohms, 0.5 watt 
Rti = 2000 ohms, 2 watts 
R12 100000 ohms, 0.5 watt 
R14 Ri6=1000 ohms, 0.5 watt 
Rie Ri7=56 ohms, 0.5 watt Ris=270 ohms, 0.5 watt 

Ri9=Hum balance adjustment, 
potentiometer, 100 ohms, 0.5 watt 

R2o=120 ohms, 10 watts 
R2i = 50 ohms, 10 watts 
R22—10000 ohms, 2 watts 
Ti = Output transformer (hav- ing 16-ohm tap for feedback 

connection) for matching 
impedance of voice coil to 
6600-ohm plate-to-plate tube 
load; 50 watts; frequency 
response, 10 to 50000 eps. 

Ta^Power transformer, 375-0- 
375 volts rms, 160 ma.: 6.3 



" —^ Circuits ———— 

HIGH-FIDELITY AUDIO AMPLIFIER 
Closs AB,; Power Output, 50 Watts 

r4 |R7 

P0< f>l6< 

"37 '<■— M-4 

^ "22 

TO APPROPRIATE ^TAP^ 

R(0< R,6^ 
I R|4 T V>

r26 TYPE ■j 7027-A 
1 x x 

TO / SPEAKER •— VOICE CdL 

^ [ R28> 

LR^1 

jR345 r365 
j TYPE I 5R4-.GY0 

117 V ;— AC -L 
^ ~C9' 

R32< flC,, ^ 

Y Y S 37 AUXILIARY POWER 1,5  < FOR PREAMPLIFIER, pi TONE-CONTROL, 

>r39 
> R40 r4I 

K* mL i.-lfflrolytic, 450 v. 
— 0.02 paper, 400 v. 

V<i=i p.f, paper, 400 v. 
'r—0.002 to i-ohm tap; 

0.0015 /if to 8-ohm tap; or, 
0.001 /if to 16-ohin tap; 
paper, 400 v. 

\ C u = 0.05 fxf, paper, 600 v. 
.•io — 20 /if, electrolytic, 600 v. 
'n = 100 /if, electrolytic, 150 v. 
• 40 /if, electrolytic, 450 v. '—Fuse, 5 amperes 

o—Clhoke, 8 h., 250 ma., dc 
resistance 60 ohms, or less 

:t;-Volumo control, potenti- 
ometer, 0.5 megohm 

iv2=;4700 ohms, 0.5 watt 
Iv:,—"0.82 megohm, 0.5 watt 
ivi^O.22 megohm, 0.5 watt 
It:,=820 ohms, 0.5 watt 
ltii=10 ohms, 0.5 watt 
It? m=l5000 ohms, 2 watts 
It? lti.i = 1.5 megohms, 0.5 watt 
ltii=33000 ohiiivS, 2 watts 

Iti2 Rn=1.3 megohms, 0.5 watt 
lti3=4,7 ohms, 0.5 watt 
ftis Ri9=0.15 megohm, 0.5 watt 
Rie Ri8=390 ohms, 0.5 watt Ri7=AC balance control, 

potentiometer, 500 ohms, 
Note 4 R20=O.15 megohm, 1 watt 

R21 R24=0.33 megohm, 1 watt 
R22 R23=0.12 megohm, 2 watts 
R25 R26— 0.1 megohm, 0.5 watt 
R27 R28=4700 ohms, 0.5 watt 
R29=600 ohms to 4-ohm tap; 

820 ohms to 8-ohm tap; or, 
1200 ohms to 16-ohm tap; 
0.5 watt 

R3o=Hum balance adjustment, 
potentiometer, 100 ohms. 
Note 3 

R3i = 0.12 megohm, 5 watts 
Rss R34 Rss R37=33000 ohms, 2 watts 
R33=Bias adjustment, potenti- 

ometer 50000 ohms. Note 1 

R.ic=0.27 megohm, 1 wati 
R39= 10000 ohms, 1 wait Rs9=Sereen-grid voltage ad- 

justment, potentiometer, 
25000 ohms, 2 watts, Note 2 

R4o= 15000 ohms, 2 waits R4! = 12000 ohms, 2 watts 
R42=0.22 megohm, 2 watts 
R43=22000 ohms, 2 watts 
SR^Selenium rectifier, 20 ma.. 

135 volts rms 
Ti=Output transformer for 

matching impedance of vnict 
coil to 5000-ohm plate-io- 
plate tube load; 50 walls; frequency response, 10 1.0 
50000 cps. 

T2=Power transformer, 600-0- 
600 volts rms, 200 ma.. 0.:} 
v., 5 a.; 0 v., 3 a. 

T3=Filament transformer, 0.0 
volts, center tapped, 
1 ampere 

NOTES: All of the following adjustments should be made before amplifier is placed into operalion. 
(1) Make this adjustment with 5R4-GYB rectifier out of socket so that there is no B-f applied to 
power output tubes. Adjust R33 for reading of -40 volts between junction of R25 and R26 and B- 
; ground bus). (2) Make this adjustment with speaker connected. Adjust R39 for reading of 400 volts 
between pin 3 of 6EM7 and -B (ground bus). (3) With input shorted, adjust Rno for minimum hum 
from speaker. (4) With input open and volume control Ri set for maximum volume, adjust Ri? for 
minimum hum from speaker. 
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(27-76) 

TWO-CHANNEL AUDIO MIXER 
Voltage Gain From Each Grid of 6EU7 to Output is Approximately 20 

+250 v 

C2 

Rs 
|—Wv A/V— Re 

I—uW 
R#, 

Wv—f 

TVPE & ' 6EU7 
INPUT INPUT 2 r3 R? 

r '2 

R4*> 

OUTPUT TO 
GRID OF NEXT STAGE 

Ci = 10 /if, electrolytic, 25 v. Ki Rs 118=1 megohm, 0.5 watt Rs Rt=Pote.ntiomete.rs, 100000 
Cj=0.05 ^if, paper, 400 v. R2 Rti=100000 ohms, 0.5 watt ohms, audio taper 

Ri=1200 ohms, 0.5 watt 

(27-77) 

PREAMPLIFIER FOR MAGNETIC PHONOGRAPH PICKUP 
With R1AA Equalization 

r9 
WV 

Cz-n. 

C9 

3 R 

TYPE 

T 
702 5 

ST0 

Rfl -i- r 7 

»—O 
AF OUTPUT c8 CL0AD=220000 OHMS MINI.) 

r-O 

Ci C«s=25 /tf, electrolytic, 25 v. 
C2 C:, = 20 /rf, electrolytic, 450 v. 
G?.= 0.1 paper, 600 v. 

0.0033 Mf, paper, 600 v. 
(..'7=0.01 /if, paper, 600 v. 
Ca=180 /i/if, ceramic or mica 

500 v. 
Cj=0.22 /if, paper, 600 v. 

J=Input connector, shielded, 
for high-impedance magnetic 
phono pickup (10 mv. output, 
approx.) 

Ri=Value depends on type of 
magnetic pickup used. Fol- 
low pickup manufacturer's recommendations. 

R-2 R7=2700 ohms, 0.5 watt 
Rs R5= 100000 ohms, 0.5 wait 
114=39000 ohms, 0.5 watt R6=470000 ohms, 0.5 watt 
Rs=680000 ohms, 0.5 watt 
R<a= 15000 ohms, 1 watt 
Rio=22000 ohms, 0.5 watt 
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Circuits 

(21-18) 

PREAMPLIFIER FOR CERAMIC PHONOGRAPH PICKUP 
Cathode-Follower (Low-Impedance) Output 

I +±C3 
>R6 "I 

I+230-300 V 

AF OUTPUT (LOAD= 50000 OHMS MIN.) 

Ci=0.1 ni, paper, 400 v. 
C2=0.01 uf, paper, 400 v. 
€a=20 electrolytic, 400 v. 
€4=0.25 m{, paper, 400 v. 
C.i=0.22 Mi, paper, 600 v. 
J--Input connector, shielded, 

for high-impedance ceramic 

phono pickup (0.5 v. output) 
Ki = 1.8 megohms, 0.5 watt 
R2=Volume control, potenti- 

ometer, 500000 ohms, audio 
taper 

11,3=820000 ohms 0.5 watt 

R4=220000 ohms, 0.5 wall 
Rs=1000 ohms, 0.5 watt 
Re R9=47000 ohms, 0.5 wall R7=4700 ohms, 0.5 watt 
Ra=l megohm, 0.5 watt 
Rw=l800 ohms ,0.5 watt 

(21-19) 

LOW-DISTORTION PREAMPLIFIER 
For Low-Output High-Impedance Microphones 

I +250-300 V 
* T"c 

X 

OUTPUT 
(LOAD= 220000 OHMS MIN,). 

R3e=rci 

€i = 25 Mi, electrolytic, 25 v. €4=40 jtf, electrolytic, 450 v. 
€2=0.047 Mi, paper, 400 v. Ri=2.2 megohms, 0.5 watt 
€3=0.22 Mi, paper, 400 v. R2=0.1 megohm, 0.5 watt 
Sensitivity=3 millivolts for output of 220 millivolts 

R3=1000 ohms, 0.5 watt 
R4=0.47 megohm, 0.5 watt 
R(=22000 ohms, 0.5 watt 



20 >i(, electrolytic, 450 v. 
==0.047 /if, paper, 400 v. 
= 0.1 /if, paper, 400 v. 
= 0.22 /if, paper, 400 v. 
= 0.0022 /if, paper, 400 v. 
= 0.022 /if, paper, 400 v. 
= 220 /i/if, ceramic or mica, 

=00 v. R 
watt R 
tt 
5 watt R -att R 



(21-22) 

Circuits 

AUDIO CONTROL UNIT 
With Volume and Tone Controls 

B+ TO PHONO PREAMP. R 

TYPE , 12 AU7-A Ji« 

RSSAUX. 51 Ws6 

./ 9 

Hfe PREAWP- rioS 

? r   .1 /I coAF OUTPUT    \ J. t C13 | (LOAD=50000 
-J-Ct Ri9> OHMS WIN.) 

r'^p 
TREBLE -T--<r20 ) 1 >r

27 

i Ct^O.OI paper, 400 v. 
'a (*n =20 electrolytic, 450 v. ■3 C.i = 0.1 fxi, paper, 400 v. 

Cio=25 ^f, electrolytic, 25 v. 
s=0.001 ,uf, paper, 400 v. 
s=470 fifii, mica, 300 v. 
9 = 4700 utii, mica, 300 v. 
12 Cn = 0.47 yuf, paper, 400 v. 
15=0.033 ni, paper, 400 v. 
.i Ra R7 = 270000 ohms, 0.5 watt 
:3=1.5 megohms, 0.5 watt 

R4=2 megohms, 0.5 watt 
Rs=Potentiometer, 500000 

ohms, audio taper 
R6=330000 ohms, 0.5 watt 
RsRis R2s=15000 ohms, 0.5 watt R9=560000 ohms, 0.5 watt 
Rio=2200 ohms, 0.5 watt 
Ru Ri6=220000 ohms, 0.5 watt 
R12 R27=l megohm, 0.5 watt 
Ria R2i= 100000 ohms, 0.5 watt 

Ru=1200 ohms, 0.5 watt 
Rit Ri9=Potentiometer9,500000 

ohms, audio taper 
Ri8=22000 ohms, 0.5 watt 
R2o=2700 ohms, 0.5 watt 
R22=5600 ohms, 0.5 watt 
R23=27000 ohms, 0.5 watt 
R24=470000 ohms, 0.5 watt 
R26=Potentiometer, 100000 

ohms, audio taper 

(21-23 

PREAMPLIFIER FOR AMATEUR RECEIVER 
FOR 10-METER (30-MEGACYCLE) BAND 

Power Gain. 25 to 35 db 

TYPE c p . 6CW4 <r3 C7 

CRT > 4 
-P-O+lOO TO 
C9 150 V R| 3Kc3 

Ci, ^i, 500 v., mica 
C2, Cz, C-i, Co, Ce, Cb, C9=0.001 

/if, 500 v., ceramic 
Li, L2 = 18 turns of No.32 

Enam. copper wire wound 

on H i.D. slug-tuned form. 
Li tuned to 32 Mc; La to 
29.5 Mc. Input and output 
link, IK turns. Input and 
output impedance, 75 ohms. 

Ri, R2=100 ohms, 0.5 watt 
R3=470000 ohms, 0.5 watt 
R4=1000 ohms, 0.5 watt 
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(21-24) 

INTERCOMMUNICATION SET 
With Master Unit and Two or More Remote Units 

TYPE €>EH5 I 6.3 V. <-2 *5 
TYPE TYPE 6AV6 6X4 

*3 
"6 R? 

r2 

r-s 
t; LISTEN 

T SW2 

■TJ^J 

SW3 

REMOTE UNIT 

REMOTE UNIT 

C] 02=0.0022 pf, paper, 200 v. 
O -0.005 /jf, paper, 200 v. O • Cr. =60 /if, electrolytic, 150 v. 
F — Fuse, 1 ampere 
Rj= Volume control, potentiom- 

eter, 500000 ohms, audio 
taper 

112=6.8 megohms, 0.5 watt 
11, 11^=470000 ohms, 0.5 watt 
K.--= 10000 ohms, 0.5 watt 

Rg R7=68 ohms, 0.5 watt Rs=2500 ohms, 1 watt 
Si S2 S3=:Speaker, permanent- 

magnet, voice-coil impedance 
3-4 ohms 

SWi=On-off switch, single-pole 
single-throw, attached to vol- 
ume control Ri 

SW2=Talk-listen switch, 
double-pole double-throw 

SW3=Station-selector switch, 
rotary 

Ti = Input transformer, 4-ohm 
primary, 25000-ohm second- 
ary 

T2 = Output transformer, 3000-ohm 
primary, 4-ohm secondary 

T^=I>ower transformer, 125 
volts rms, 50 ma., 6.3 volts 
rms, 2 amperes 

NOTES: The leads from the LISTEN-TALK switch toTi and Ta should be kept as far apart as possible 
to prevent undesirable regeneration effects. 
Oonnections to the remote speaker units should be made with low-resistance wire, preferably shielded 
"intercom" cable. 

(21-25) 
CODE-PRACTICE OSCILLATOR 

T|   T2 

7 TYPE v 6BJ8 117 V AC 
1 A /— C4-T £ + 

r. 4Hf J vW— bJ X X 
Ca 

C2 
r -1 VOLUME 

(u C2=20 /if, electrolytic, 150 v. J=Input jack for key volts rms, 15 ma; 6.3 volts, 
('3 = 0.001 /if, paper, 200 v. Ri= 1500 ohms, 1 watt 0.6 ampere 
C"4 = 0.03 /if, paper, 200 v. R2= Potentiometer, 100000 T2=Output transformer, 
F=l/8 ampere ohms, 0.5 watt universal 

Ti=Power transformer, 125 
NOTE: Select any two terminals of secondary of Ta to give desired tone. 

464 



Ctrcmts 

21-26 

ELECTRONIC VOLT-OHM METER 

RECTVFIER _ .POWER RECTIFIER / 
ON-OFF 
rm si-e R2 52-8,4^607. {?5s300V. 

 —> Sl-G 
5 (P) 0^ 

Ci=0.1 iif, paper, 200 v. 
C2=0.Ii3 ^fitlO per cent, paper, 

400 v. 
C3=10 electrolytic, 250 v. 
C4=0.01 paper, 400 v. 
R=DC-voltage probe isolating resistor, 1 megohm ±5 per 

cent, 0.5 watt 
Ri = 5 megohms±1 per cent, 

0.5 watt R2=800000 ohms±l per cent, 
0.5 watt 

R3=1.36 megohms.e 1 percent, 
0.5 watt R4=250000 ohmsm I per cent, 
0.5 watt Ru=678000 ohmsil per cent, 
0.5 watt 

R(5=361000 ohms±l per cent, 
0.5 watt 

R7 = 3.75 megohms ±1 per cent, 
0.5 wat t 

R^=l megohm ±1 per cent, 
0.5 watt 

Rs—200000 ohms±l per cent, 
0.5 watt 

Rio=37500 ohms±l per cent, 
0.5 watt 

Ru= 12500 ohms± I per cent, 
0.5 watt 

Ri3=10 megohms ±5 per cent, 
0.5 watt 

RiaRi8=l megohm± 5 per cent. 0.5 watt 
Ri4=l00rt0 ohms ±5 per cent, 

0.5 watt 
Ri5=1000 ohms ±5 per cent, 

1 watt 
Ri6=10 ohms ±5 per cent. 

2 watts 
Ri7=330 ohms ±5 per cent, 

0.5 watt 
Ri9= 15000 ohms ±5 per cent, 0.5 watt 
R2o= Potentiometer, 15000 ohms, 0.5 watt 
Rji=Potentiometer, 

7500 ohms, 0.5 watt 

R22 Rsfi=1500 ohms zt. 5 per cr»ni, 0.5 watt 
R23=470 ohmsrfcS per cent. 

0.5 watt 
R24=Potentiometer, 12500 ohms, 0.5 watt 
1126=12000 ohmszbo per eem 

0.5 watt R27=47000 ohms 1:5 per cem. 
0.5 watt 

R2s=130 ohms t 5 per cent, 
0.5 watt 

R29 Rao=68000 ohms±5 per cent, 0.5 watt 
Sl = Function-selector switcii. 

7-circuit, 5-position S2=Range-selector switch. 
4-circuit, 5-position 

Ti = Power transformer, 125 
volts rms, 2.75 ma; 10 volis 
rms. 0.25 ampere 

nA= Meter, dc, 0-200 

In the diagram the FUNCTION-SELECTOR SWITCH (St) and RANGE-SELECTOR SWITCH 
(S2) are shown in their maximum counterclockwise positions (Si = "OFF"; S2="3 VOLTS, R X 1") 
NOTE: This electronic volt-ohm meter circuit, similar to those used in RCA VoltOhmystsf, is included 
here solely to illustrate a particular application of RCA Receiving Tubes. It is not recommended for 
home construction because of the large number of special components required. 
For home construction of an electronic volt-ohm meter, a complete kit such as IiCA-WY-77F K 
is recommended. 
t Trade Mark Hog. U. S. Pat. Off. 
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Outlines 

METAL TUBES—Outlines 1-7 A 

' ^2 MAX. r~~ 
^—-4 '^2 
MT8K j r±'/32 

V-1 ^jz"" 
mmrrr ^ 

_J ' /s'2 u_ —* MAX. ^— 

~r~i 
j zm t MAX. i MTT SA 

>—I 7/32" 
TTF ±l/i2" 

i a'le I MAX. MT 8G 

_r—i 32 A-r i^z* 

TMINIATURE CAP 

32 

{£? J—I 7/32" 
TTf ±'^2 

C- SMALL- WAFER OCTAL 

TMINIATURE CAP 

>3/32 
P'^z" 

Jp"1 7/32" 
Tf ±'/32" 

'Hz 
J ■ i ^ 
VT ± ^2" 
I'nL SMALL* vVAFLR OCTAL. 

' 9Ae±]/ie! 
'7- 

—H MAX.N— 
I 0,A-1 

NUVISTOR 
TWELVAR BASE 

rrl MtX, iSOO" W MAX. 

I .435" | —>[ MAX. k- 
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Outlines 

GLASS TUBES—Outlines 8-T9 

i r4 

1 4 T3 ±.060" MAX. MAX. I | 

SMALL-BUTTON SUB-MINAP 
8-PIN BASE 

ii */ L" 1 '/'2 

MAX. Ts!fe 
I *^2 

SMALL-BUTTON MINIATURE 7-PIN 

(34 TS'/p « 

SMALL-BUTTON MINIATURE 9-PIN 

-34 MAX 

V 
AX. TS'/j 

—_jWi\ 

1^; i 
I 7, » 

1 „ T.I, I 2 T'e 25/s 
1 :>/2 "z" MAX. 

MAX. £ 3/32 I 
2 3/|6 I '16 MAX. 

2 l/8 T 5>2 r | \, MAX. MAX. T 6'/2 i 3^| 

SMALL-BUTTON MINIATURE 9-PIN 

-»jl 0/jgMAX. ■6- 
r 

2 W 2' * T9 MAX. 2 /32 

OljUJD ^ 

A/l» LOCK-IN 
MAX.-1 TYPE 

C:mai I ^ RI ITTDKI SMALL-BUTTON 1 _ .9^ SMALL BUI I UN MIN1ATURF 9—PINI W — /"xo ~*l MINIATURE 9-PIN MINIAIUKL 9 PIN ^^32 
-17- -18- -19- 

*MEASUPED FROM BASE SEAT TO BULB TOP LINE AS DETERMINED BY RING GAUGE OF I.D 
^MEASLRED FPOM BASE SEAT TO BULB TOP LINE AS DETERMINED BY RING GAUGE OF .2l0"j D. 
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RCA Receiving Tube Manual 

GLASS TUBES-Outlines 20-28 

, 3, " SKIRTED ' 16*1 MINIATURE r* MAX.~*j MAX. ^ CAP 

uuyyu | 

^le^J lock-in MAX. TYPE 

p MAX. *| —^gMAX-p- 

m 

2 % MAX. i „ 
| 3^6 MAX. 

I 9/32 J OCTAL 
MAX. 
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Outlines 

GLASS TUBES—Outlines 29-37 

max. ■» 
I MAX. 

13/" SKIRTED MINIATURE MAX. CAP -|9/|5MAX.-*j 

i ^2 max.f*— 

1 SMALL 
MAX. CAP 

I 9/^p OCTAL 
' MAX. 

■I9/^'MAX.->| 

T12 J 
MAX. 

I-' /|6-i p MAX. j 

SMALL-SHELL SMALL OR 7-PIN 

|— Ig/16"MAX.—| 
-H^6WAX.|J- 

SKIRTLD MAX.-M MINIATURE 

•^azj 0CTAL 

MAX. ~ 



RCA Receiving Tube Manual 

GLASS TUBES—Outlines 38-46 

max.-h SKIRTED 
l3/ifiMAX.K M1NJATURE I- ^ CAP 

«-l WAX ->| 

ST,2 

-39- 
H-l l^gMAX.-H 

-H i^eWx-l-r- 

SMALL-SHELL SMALL 4-,L-,fe- OP 7-PIN 
■*40~ 

U-l 13/IQ MAX. --| 
-T-M I T'JQ MAX. H ■' 

. iD/a —A u<-'/;L 

MAX. OCTAL MCOIUM-SHELL SMALL 4-,5-.OR 6-P[N MEDIUM 7-PIN 
-41- -42- 

*1 ^16 WAX- 
-43- 

i 9/C"MAX.—1 
-HI 3^gMAX.| ̂  SMALL . -— CAP ^|^6MAXr»jj^«LL 

(13/^MAX. (—-OCTAL 



X i LARGE-BUTTON NOVAR 9-PIN LARGE-BJTTON NOVAR 9-PIN 
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Index 

A.bs*olme Maximum System oi' Ratings  65 
AX'/DC Superheterodyne Receiver  44S 
AC-Operaled Superheterodyne Receiver... . 447 
Admii lance. Input  15 
Amplification Factor 0*)  H 
Amplilier: 

audio control unit, circuit  463 
audio-frequency  13 
audio mixer, circuit  460 
cathode-drive  25 
cathode-follower 25, 28 
cathode-follower, circuit    462 
class A 13, 16 
class AB 13, 21 
class A B,  22 
class A1X.   24 
class 13 13, 25 
class O  13 
de  47 
high-ltdelily 457-459 
li miter 34, 43 
low-distortion input, circuit:  461 
luminance  35 
parallel  16 
phase-in verier '  31 
proamplitior, circuit 460, 461 
push-pull 16, 19 
radio-frequency 13, 34 
renioU-cutolf 15, 47 
resisianee-eoupled ..14, 27, 434 
shurp-cuioif  47 

toiu'-con i rol  32 
tone-control, circuit  462 
video  35 
voHatfo  13 
volume-expander  31 

Amplitude .Modulation (AM)  39 
Anode  5 
Arc-Back Limit  68 
Audio Control Unit with Volume and 

Tone Controls  463 
Audio Mixer  460 
Automatic frequency Control (AFC)  53 
Automatic Cain Control < AGC)  44, 45 
Autornalic Volume Control (AVC)  44 
Automobile Receiver :  449 

Bass and Treble Tone-Cuntrol 
Amplilier Stage  

Beam Power Tubes  
Bias: 

butiery  
eat node I self)  

•id-resistor 42, 57, 58 
11 ■ cathode)   57 

Calcularion of: 
amplideatiun factor. 

Pas/r 
cathode (self-bias) resistor  57 
cathode load resistor  30 
control-grid-plate transconductanec. . . 12 
filament resistor power dissipation  56 
filament (or heater) resistor value  55 
harmonic distortion 18, 20, 21 
heater warm-up time  05 
load resistance 18, 19 
operating conditions from 

conversion nomograph  20 
peak inverse plate voltage  68 
plate efficiency  12 
plate resistance  11 
power output 17, 19, 20, 23 
power sensitivity  12 
screen-grid voltage dropping resistor. . 66 
transconductance 12, 29 
voltage amplification (gain) 14, 28, 30 

Capacitor-Input Filter  62 
Cathode: 

bias  57 
bypassing  58 
connection  57 
current  56 
directly heated  3 
drive  25 
follower 25, 28. 162 
indirectly heated  I 
ionic-heated  6 
resistor  58 
types  

Characteristic Curves, Interpretation of . . 67 
Characteristics: 

amplification factor  11 
control-grid-plate transconductance. . . 12 
conversion transconductance  12 
dynamic  11 
plate resistance  U 
static  11 

Charts and Tables: 
grid-No. 2 input rating chart  66 
picture tube characteristics chart  427 
outline drawings  466 
resistance-coupled amplifier  431 
tube-part materials  70 
types not recommended for new 

equipment design Inside Back Cover 
Choke-Input Filter  62 
Chrominance Channel  36 
Circuit Diagram of: 

ac/dc superheterodyne receiver (21-1). 4-18 
ac-operated superheterodyne receiver 

(21-3)  447 
audio-control unit (21.-22)  463 
automobile receiver (21.-5)  449 
bass and treble tone-control amplifier 

stage (21-21)  462 
code practice oscillator (21-25)  461 
electronic volt-ohm meter (21-26)  465 
FM tuner (21-8)  452 
high-fidelity, 15-w audio amplifier 

(21-13)  457 
high-fidelity, 30-w audio amplifier 

(21-14)  458 
high-fidelity, 50-w audio amplifier 

(21-15)  459 
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Page 
intercommunication sot (21-24)  464 
low-distortion preamplifier (21-19).... 461 
microphone and phonograph preamplifier 

121-12)  456 
phonograph amplifier (21-9)  454 
portable superheterodyne receiver 

(21-1)  445 
portable 3-wav superheterodyne receiver 

(21-2)   446 
preamplifier for 10-m, 30-Mc amateur 

receiver (21-23)  463 
preamplifier for ceramic phonograph- 

pickup (21-18)  461 
preamplifier for magnetic phonograph- 

pickup (21-17)  460 
superregenerative (144-Mc) receiver 

(21-6)  450 
TUP AM tuner (21-7)  451 
two-channel audio mixer (21-16) 460 
two-channel, 1-w stereo amplifier 

(21-10)  454 
two-channel, 3.5-w stereo amplifier 

(21-11)  455 
two-stage input amplifier (21-20)  462 

Code Practice Oscillator  464 
Contact Potential  59 
Conversion Nomograph, Use of  20 
Conversion Transconductance  12 
Corrective Filter  30 
Cross-Modulation 15, 59 
Current: 

cathode  56 
do output  67 
grid 13, 22 
peak plate  68 
plate  5 

Curves, Interpretation of Characteristic. . . 69 
Cutoff 15, 71 

DC Amplifier  
Dellection Circuits: 

horizontal output  
vertical output  

Degeneration (See Inverse Feedback). 
Delaved Automatic Volume Control 

iDAVC)  
Demodulation  
Design-Center System of Ratings  
Design-Maximum System of Ratings.. 
1 >etee1ion: 

diode  
discriminator  
full-wave diode  
grid bias  
grid resistor and capacitor  
ratio detector  

Diode: 
biasing   
considerations   
deiection   
loud resistor  

Diseriminaior  
Dress of Circuit Leads  
Driver  
Dynamic Characteristics  

Page 
Electron: 

considerations  3 
secondary   8, 9 

Electronic Volt-Ohm Meter  465 
Electrons, Electrodes, and Electron 

Tubes  3 
Electron Tube Application  13 
Electron Tube Charactertisics  11 
Electron Tube Installation  55 
Electron Tube Testing  131 
Electron-Ray Tubes  46 
Emission: 

current  5 
secondary 8, 9 
test  132 

Feedback, Inverse  1 
Filament (also see Heater and Cathode): 

operation 3, : 
resistor  
series operation  ; 
shunt resistor  i 
supply voltage  ; 

Filter: 
capacitor-input  ( 
choke-input      i 
corrective  ! 
radio-frequency  1 

smoothing  ' 
FM Tuner  1 
Formulas (see Calculation) 
Frequency Conversion  
Frequency Modulation (FM) 39, 
Full-Wave Diode Detection  
Full-Wave Rectifier 5, 
Fuses, Use of  

Gain (Voltage Amplification)  
Generic Tube Types  
Grid: 

anode  
bias 5' 
bias detection  
control i 
current 13 
resistor 14, 57 
resistor and capacitor detection  
screen   
suppressor  
voltage supply 57 

Grid-Plate Capacitance  
Grid-Plate Transconductance  

.16, 22, 24 
  11 

Half-Wave Rectifier.. 
Harmonic Distortion. 
Heater: 

cathode  
cathode bias  
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<-vuhode (.-onnection  57 
resistor  57 
series operation  56 
shunt resistor  57 
supply voltage  55 
warm-uptime  65 

Hoxode Mixer  53 
High-Fidelity, 15-w Audio Amplifier  457 
High-Fidelity, 30-w Audio Amplifier  458 
High-Fidelity, BO-w Audio Amplifier  459 
High-Voltage Regulation  51 
Horizontal Output Circuits  50 
Hum and Noise Characteristics  69 

Impodcince, Input  15 
Input Capacitance  69 
Instantaneous Peak Voltage  62 
Intercommunication Set  464 
Interelectrode Capacitances 7, 69 
Intermediate Frequency, Production of. . , 51 
Interprcttation of Tube Data  65 
Inverse Feedback: 

constant-current type  27 
constant-voltage type  26 

Key: Basing Diagrams Inside Front Cover 
Kinescopes  10 

Limiters  34 
Load: 

resistance 19, 20 
resistance line 17, 22 

Low-Distortion preamplifier  461 
Luminance Amplifier  35 

Mercury-Vapor Rectifier: 
considerations  6 
interference from  62 

Mho-micromho  12 
Microphone and Phonograph Amplifier... . 456 
Mixer: 

audio  460 
hexode  53 
pontagrid  53 

Modulated "Wave 39, 42 
Modulation  39 
Modulal ion-Distortion 15, 59 
Multi-KIectrode and Multi-Unit Tubes.... 9 
Multivibrator  48 
Mutual Conductance (see Transconductance) 

Oscillator: 
considerations, 
multivibrator.. 
relaxation, 
synchroguide. . 

Outlines of Tubes  466 
Output Capacitance  69 
Output Circuits: 

horizontal  50 
vertical  49 

Output-Coupling Devices  63 

Parallel Operation 16, 
Peak Inverse Plate Voltage  
Peak Plate Current  
Pentagrid Converter 9, 
Pentagrid Mixer 31, 
Pentode Considerations  
Phase Inverter  
Phonograph Amplifier  4 
Picture Tube: 

basing diagrams  428-4 
characteristics chart  1 
corona considerations  
deflection  
dust considerations  
essential elements  
handling precautions  
high-voltage considerations  
humidity considerations  
safety considerations  
screen   
structure  
x-ray radiation precautions  

Plate: 
current  
dissipation  
efficiency  
load  
resistance  
voltage supply  

Plate-Cathode Capacitance 7, 
Portable Superheterodyne Receiver  -1 
Portable 3-Way Superheterodyne 

Receiver  4 
Power Output: 

calculations 17, 19, 20, 
test  4 

Power Sensitivity  
Power Supply  
Preamplifier for Ceramic Phonograph 

Pickup  4 
Preamplifier for Magnetic Phonograph 

Pickup  4 
Push-Pull Operation 16, 

Radio-Frequency: 
amplifier 13, 34 
filter  62 

Ratings: 
absolute-maximum system  65 
design-center system  65 
design-maximum system  65 

Ratio Detector  43 
Reading List    480 
Receiving Tube Chart   71 
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Page 
RceUfierp.: 

5 37 
 5, 37 

ionic-heated cathode    6 
parallel operation of    38 
plate-characteristics curves...   67 
voltage doubler    38 

Relaxation Oscillator    48 
Remote-Cutoff Tubes   15, 47 
Resistance-Coupled Amplifier. . . . . . .14, 27, 434 
Resistance Coupling    31 
Resistor: 

cathode (self-biasing)    57 
  57 
  55 
  61 
  14 
 19, 20 

screen-grid   60, 66 

Saturation Current  5 
Screen Grid (Grid No. 2): 

considerations  7 
input  66 
voltage supply  60 

Secondary Electrons 8, 9 
Secondary Emission  8 
Self Bias (cathode bias)  57 
Shielding  60 
Short-Circuit Test  431 
Space Charge 5, 9 
Static Characteristics  11 
Superheterodyne Receiver: 

ae dc  448 
ac-operated  447 
portable  445 
portable 3-way  446 

Superregenerative Receiver  450 
Suppressor Grid (Grid No. 3)  8 
Symbols Used in Resistance-Coupled 

Amplifier Charts  435 
Sync Circuits  36 
Synchroguide  48 

Television RF Amplifiers   
Television Sync Circuits  
Testing Electron Tubes  
Tetrode Considerations  
Tone-Control Amplifier Stage  
Tone Control  
Transconductance: 

conversion  
grid-plate  
test  

TRF AM Tuner  
Triode Considerations  
Tube: 

outlines  
ratings, interpretation of  
tester requirements  

Tube Types, Technical Data  
Tuner: 

FM  
TRF AM  

Tuning Indicators  
Twin diode—triode  
Two-Channel Audio Mixer  
Two-Channel Stereophonic Amplifier. . .45 
Two-Stage Input Amplifier, Cathode- 

Follower (Low-Impedance) Output... 
Typical Operation Values, 

Interpretation of  
Typical Tube-Part Materials  

Vertical Output Circuits  49 
Video Amplifiers  35 
Voltage: 

amplification, class A  13 
doubler rectifier  38 
peak heater-cathode  67 
peak inverse plate  68 
supply  65 

Voltage Doubler  38 
Volume Control: 

automatic (AVC)  44 
by grid-voltage variation  59 
by screen-grid-voltage variation  60 
delayed automatic (DAVC)  45 

Volume Expander  31 

Tables and Charts (see Charts a;nd Tables) 
Technical Data for Tube Types  
Television Picture Tubes  Zero-Bias Operation. 
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RCA Technical Publications 

on Tubes, Semiconductor Products, Electronic Components, 

Batteries, and Test and Measuring Equipment 

Copies of the publications listed below 
may be obtained from your RCA dis- 
i ributor or from Commercial Engineer- 
ing, Radio Corporation of America, 
Harrison, N. J. 

Electron Tubes 
• RCA ELECTRON TUBE HANDBOOK—HB- 

Five binders, each 1% " Lx 5^" Wx2% " 
D, having gold-imprinted black covers. 
The "bible" of the industry—contains 
over 5000 pages of loose-leaf data and 
curves on RCA receiving tubes, trans- 
mitting tubes, cathode-ray tubes, pic- 
ture tubes, photocells, phototubes, 
camera tubes, ignitrons, vacuum and gas 
rectifiers, magnetrons, traveling-wave 
tubes, premium tubes, pencil tubes, and 
other miscellaneous types for special ap- 
plications. Available on subscription 
basis. Price $20.00* including service 
for first year. Also available with RCA 
Semiconductor Products Handbook 
ilB-10 at special combination price of 
$25.00.* Write to Commercial Engineer- 
ing for descriptive flyer and order form. 
• RCA RECEIVING TUBE MANUAL—RC- 
21 (8Jdi" x 5%")—480 pages. Revised, 
expanded, and brought up to date. Con- 
tains technical data on 903 receiving 
tubes and 106 picture tubes for black- 
and-white and color television. Features 
tube theory written for the layman, ap- 
plication data for radio and television 
circuits, Resistance-Coupled Amplifier 
Section, new receiving-tube and picture- 
tube charts, and several circuits for 
high-fidelity audio amplifiers. Features 
lie-fiat binding. Price $1.00.*° 
• RADIOTRONf DESIGNER'S HANDBOOK 
-4th Edition (8M" x 5>i")-1500 
pages. Comprehensive reference thor- 
oughly covering the design of radio and 
audio circuits and equipment. Written 
for the design engineer, student, and ex- 
perimenter. Contains 1000 illustrations, 
2500 references, and cross-referenced in- 
dex of 7000 entries. Edited by F. Lang- 
ford-Smith of Amalgamated Wireless 
Valve Co., Pty., Ltd. in Australia. Price 
$7.00.* 

• RCA MAGNETRONS AND TRAVELING- 
WAVE TUBES-MT-301A (lOyg" x 
8%")-48 pages. Operating theory for 
magnetrons and traveling-wave tubes, 
application considerations, and tech- 
niques for measurement of electrical para- 
meters. Price 60 cents.*0 

• RCA TRIPLE PINDEX — PINDEX-109 
(8M" x 5J4")—240 pages. Gives base 
diagrams for more than 2000 JEDEC- 
registered receiving types including pic- 
ture tubes. Base diagrams of over 1500 
receiving types are presented in tripli- 
cate to provide the user with any three 
base diagrams at any one time. More 
than 200 small industrial-receiving types 
andmorethan200foreignreceivingtypes 
are cross-referenced to the receiving- 
tube section for base diagrams. Price 
$1.75.*° 
• RCA 1NTERCHANGEABILITY DIRECTORY 
OF FOREIGN vs. U.S.A. RECEIVING-TYPE 
ELECTRON TUBES—1CE-197A (8%" x 
lO^s")—4 pages. Covers approximately 
500 foreign tube types used principally 
in AM and FM radios, TV receivers, and 
audio amplifiers. Indicates U.S.A. direct 
replacement type or similar type if avail- 
able. Single copy free on request. 
• RCA HIGH-FIDELITY AMPLIFIER CIRCUITS 
BOOKLET—HF-110 (8%"x 10%")-28 
pages. Includes circuit diagrams with 
parts lists, design considerations and 
performance requirements, and char- 
acteristics chart of RCA high-fidelity 
tube types. For hobbyists, technicians, 
and others interested in construction of 
their own high-fidelity amplifier systems. 
Price 35 cents.*0 

• RCA COLOR TELEVISION PICT-O-GUIDE 
— (9^4" x 5US")-200 pages. Devel- 
oped and written by John R. Meagher, 
RCA's nationally recognized authority 
on practical TV servicing. Prepared to 
aid TV technicians in trouble-shooting 
and adjusting color TV receivers. Color 
photographs are included to assist in 
recognizing and understanding visible 
symptoms of troubles and misadjust- 
ments. Price $4.50.*° 
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• RCA POWER AND GAS TUBES-PG- 
101E (10K" x 8H")-46 pages. Com- 
pletely revised and brought up to date. 
Technical information on 200 RCA 
vacuum power tubes, rectifier tubes, 
thyratrons, and ignitrons. Includes ter- 
minal connections. Price 75 cents.*0 

• RCA RECEIVING-TYPE TUBES FOR IN- 
DUSTRY AND COMMUNICATIONS- RIT- 
104B (10K" x 8%")-32 pages. Tech- 
nical information on over 190 RCA "spe- 
cial red" tubes, premium tubes, nuvis- 
tors, computer tubes, pencil tubes, glow- 
discharge tubes, small thyratrons, low- 
microphonic amplifier tubes, vacuum- 
gauge tubes, mobile communications 
tubes, and other special types. Includes 
socket-connection diagrams. Price 30 
cents.*" 
• RCA RECEIVING TUBES AND PICTURE 
TUBES-1275-J (10^" x 8^")-48 
pages. New booklet contains classifi- 
cation chart, characteristics chart, and 
base and envelope connection diagrams 
on more than 900 entertainment receiv- 
ing tubes and picture tubes. Price 35 
cents.*0 

• TECHNICAL BULLETINS—Authorized 
information on RCA transmitting tubes 
and other tubes for communications and 
industry. Be sure to mention tube-type 
bulletin desired. Single copy on any type 
free on request. 
• RCA PHOTOSENSITIVE DEVICES AND 
CATHODE-RAY TUBES —CRPD-105B 
(10%" x 8%") —36 pages. Contains 
technical information on 151 RCA tubes 
including single-unit, twin-unit, and 
multiplier phototubes; photocells; cam- 
era and image-converter tubes; flying- 
spot tubes; monitor, projection, tran- 
scriber, and view-finder kinescopes; os- 
cillograph and storage tubes. Price 50 
cents.*0 

• RCA INTERCHANGEABILITY DIRECTORY 
OF INDUSTRIAL-TYPE ELECTRON TUBES— 
ID-1020C (10%" x 8%")-16 pages. 
Lists more than 1450 basic type desig- 
nations for 18 classes of industrial tube 
types; shows the RCA Direct Replace- 
ment Type or the RCA Similar Type, 
when available. Price 35 cents.*0 

• RCA PENCIL TUBES —1CE-219 (10%" x 
Sjkg")—28 pages. Contains operating 
theory for pencil tubes, electrical and 
mechanical circuit-design considera- 
tions, environmental considerations, ap- 
plication considerations, and data for 
commercial types. Price 50 cents.*" 

• RCA PHOSPHORS—TPM-1508A (10 • s" 
x 8%")—20 pages. Contains defining 
data for over 25 different industrial 
phosphors, spectral-energy emission 
curves, persistence curves, and quick- 
reference classification charts. Price 75 
cents.*" 

Semiconductor Products 

• RCA SEMICONDUCTOR PRODUCTS 
HANDBOOK—HB-10. Two binders, each 
7%" L x 5%" W x 2%" D, having gold- 
imprinted red covers. Contains over 
1000 pages of loose-leaf data and curves 
on RCA semiconductor devices such as 
germanium transistors, silicon transis- 
tors, silicon rectifiers, and semiconductor 
diodes. Available on subscription basis. 
Price $10.00* including service for first 
year. Also available with RCA Electron 
Tube Handbook HB-3 at special com- 
bination price of $25.00*.Write to Com- 
mercial Engineering for descriptive flyer 
and order form. 
• RCA SEMICONDUCTOR PRODUCTS 
GUIDE—60S16R2 (10%" x 8%")-10 
pages. Contains classification chart, in- 
dex, and ratings and characteristics on 
RCA's line of transistors, silicon recti- 
fiers, semiconductor diodes, and photo- 
cells. Single copy free on request. 
• RCA SILICON POWER TRANSISTORS 
APPLICATION GUIDE—1CE-215 (10%" 
x 8%")—28 pages. Describes outstand- 
ing features of RCA silicon power tran- 
sistors and their use in many critical in- 
dustrial and military applications. In- 
cludes construction details, discussion 
of voltage ratings, thermal stability con- 
ditions, and equivalent circuits for these 
transistors. Price 50 cents.*" 
• RCA SILICON VHF TRANSISTORS AP- 
PLICATION GUIDE—1CE-228 (10%" x 
8%")—20 pages. Dascribes unique cap- 
abilities of RCA silicon vhf transistors 
and their use in critical industrial and 
military applications up to 300 Mc. 
Price 50 cents.*" 
• TECHNICAL BULLETINS — Authorized 
information on RCA transistors. Be 
sure to mention transistor-type bulletin 
desired. Single copy on any type free 
on request. 
• RCA SILICON RECTIFIERS—Technical 
bulletins containing authorized informa- 
tion on 69 silicon rectifiers of the dif- 
fused-junction type. Bulletin includes 
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characteristics and performance curves. 
Single copy free on request. 

Components and Service 

Parts 
• SERVICE PARTS DIRECTORIES FOR RCA 
VICTOR TV RECEIVERS 
SP-1007—1946-1950 (IO'/b" X 16%")— 
80 pages. Schematic diagrams and re- 
placement parts lists for all RCA Victor 
TV receivers manufactured from 1946 
through June 1950 (56 models). Each 
schematic diagram faces its correspond- 
ing parts list for quick reference. Price 
75 cents.*0 

SP-1014—1950-1951 (10%" x 16%")— 
142 pages. Schematic diagrams, replace- 
ment parts lists, and top and bottom 
chassis views for the 71 models of 1950 
and 1951 RCA Victor TV receivers. The 
comprehensive index for model and 
chassis numbers provides a ready source 
of reference. Price $1.50.*° 
SP-1021—1952 (10%" x 16%")—36 
pages. Schematic diagrams, wiring dia- 
grams, replacement parts lists, and top 
and bottom chassis views for the 27 
models of 1952 RCA Victor TV receiv- 
ers. The comprehensive index cross- 
references RCA TV model names to 
model numbers, and model numbers to 
the publication in which information 
may be found. Price 50 cents.*0 

SP-1028—1953 (10%" x 16%")—84 
pages. Schematic diagrams, wiring dia- 
grams, replacement parts lists, and top 
and bottom chassis views for the 108 
models of 1953 RCA Victor TV receiv- 
ers. Also includes schematic diagrams, 
replacement parts, and other informa- 
tion for radio chassis used in radio-TV 
combination receivers. Cross-references 
model names to model numbers of all 
RCA TV receivers from 1946 through 
1953. Cross-references all model num- 
bers and chassis numbers to the publi- 
cation in which information may be 
found. Price $1.35.*° 
5P-1035—1954 (10%" x 16%")—72 
pages. Schematic diagrams, top and bot- 
tom chassis views, replacement parts 
lists, and top and bottom chassis adjust- 
ments for the 106 models of 1954 RCA 
Victor TV receivers. Also included is in- 
formation on the CT-100 and the 21- 
CT55 Color Television Receivers, and 
the RP-197 and RP-198 3-speed record 

changers. The comprehensive index ref- 
erences model names to model numbers 
of all RCA Victor TV receivers from 
1946 through 1954, and all model and 
chassis numbers to the Service Parts Di- 
rectory in which information may be 
found. Price $1.25.*° 
SP-l042—1955-1957 (10%"x 16%")— 
128 pages. Schematic diagrams, top and 
bottom chassis views, replacement parts 
lists, and chassis adjustments for more 
than 250 models of 1955, 1956, and 1957 
RCA Victor black-and-white and color 
TV receivers. Includes servicing infor- 
mation on printed circuit boards and 
adjustment and trouble-shooting infor- 
mation on the RP-205 and RP-208 record 
changers. Cross-references all RCA 
model names to model numbers, and 
model numbers to the publication in 
which information may be found. Price 
$2.00.*° 
• TV SERVICING. Bulletin TVS-1030 
(10%" x 8%")—48 pages. Contains ar- 
ticles on TV trouble shooting, TV tuner 
alignment, and TV circuit analysis by 
RCA's expert in the field of TV servicing 
and test equipment—John R. Meagher. 
Price 35 cents.*0 

• TV SERVICING, SUPPLEMENT 1. Bul- 
letin TVS-1031 (10%" x 8%")- 12- 
page booklet by John R. Meagher on 
solving trouble shooting problems in 
those hard-to-service television receiv- 
ers known to service technicians as 
"tough" sets or "dogs." Price 15 cents.*0 

• RCA VICTOR TV SERVICE PARTS GUIDE 
—SP-2001B (10%" x 8%")-16 pages. 
Lists stock numbers of major replace- 
ment parts for RCA Victor TV sets by 
receiver-model number and correspond- 
ing receiver-chassis number. Also lists 
stock numbers of tuner-replacement 
parts for individual tuner chassis. Covers 
period from 1946 through 1956. Price 
25 cents.*0 

• PRACTICAL COLOR TELEVISION - Re- 
vised Edition (11" x 8J/2")—84 pages. 
Black-and-white and color illustrations. 
Comprehensive information on color 
principles, color signal, color camera, and 
color picture tubes. Covers commercial- 
model receiver circuit using the RCA- 
15GP22 picture tube, as well as instal- 
lation and service of color receivers. Pro- 
vides detailed description of color-test 
equipment. Price $2.00.*° 
• PRACTICAL COLOR TELEVISION, SUP- 
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MENT I —(11" x 8y/')—36 pages. 
Describes theory, operation and servic- 
ing of large-screen color television re- 
ceiver utilizing RCA-21AXP22 color 
picture tube. Includes 55 black-and- 
white and color illustrations, wave-forms, 
and explanations of color circuits and 
adjustments. Price 75 cents.*0 

• RADIO AND RECORD CHANGER SERV- 
ICE PARTS DIRECTORY—SP-1008B (8%" 
x lOJd)") —16 pages. Lists stock numbers 
of major replacement parts by receiver 
model number for all RCA Victor radios 
from 1954 through June 1958. Also in- 
cludes stock numbers of major replace- 
ment parts for RCA phonographs, and 
an index cross-reference of RCA record 
changers to cartridge and styli. Price 25 
cents.*0 

Batteries 
• RCA BATTERIES—BAT-134E (10%" x 
8%") —16 pages. Technical data on 106 
Leclanche, alkaline, and mercury-type 
dry batteries, for radios, industrial ap- 
plications, flashlights, lanterns, elec- 
tronic toys, and for photoflash service. 
Price 35 cents.*" 
• RCA BATTERIES FOR TRANSISTOR AP- 
PLICATIONS-TBA-107A (10%"x 8%") 
— 12 pages. Contains technical data on 
25 Leclanche and mercury-type dry 
cells and batteries. Specifically designed 
for use in compact portable radio re- 
ceivers, communications equipment, and 
other applications utilizing transistors. 
Price 25 cents.*" 
• RCA ALKALINE BATTERIES — 1CE-237 
(10%" x 8%")—2 pages. Contains tech- 
nical data, curves, and dimensional out- 
lines for 4 alkaline batteries in appli- 
cations having a wide range of current- 
drain requirements. No recovery period 
required; batteries have exceptionally 
long shelf life .Single copy free on request. 

Test and Measuring 
Equipment 

INSTRUCTION BOOKLETS — Illustrated 
instruction booklets, containing specifi- 
cations, operating and maintenance data, 
application information, schematic dia- 
grams, and replacement parts lists, are 
available for all RCA test instruments. 
Booklets for the following popular in- 
struments are available at the prices in- 
dicated. Prices for booklets on other in- 
struments are available on request. 

WA-44A (Audio Signal 
Generator) $0.50* 

WA-44C (Audio Oscillator)  l.Oih 
WO-33A (Super-Portable 

Oscilloscope)  1.00" 
WO-88A (5-in. Oscilloscope).... 0 .50s 

WO-91A (5-in. Oscilloscope).... 1. 00* 
WR-36A (Dot-Bar Generator).. 0. 50s 

WR-SgC (TV Calibrator)  0.50* 
WR-46A (Video Dot/Crosshatch 

Generator)  0.75* 
WR-49A (RF Signal Generator) 0.50* 
WR-49B (RF Signal Generator) 1.00* 
WR-61B (Color-Bar Generator) 1.00* 
WR-64A (Color-Bar/Dot/ 

Crosshatch Generator) 1.00* 
WR-67A (Test-Oscillator)  0.25* 
WR-69A (TV-FM Sweep 

Generator)  1.00* 
WR-70A (RF-IF-VF Marker 

Adder)  0.75* 
WR-86A (UHF Sweep 

Generator  0.50* 
WR-99A (Marker Calibrator) . . 1.00* 
WV-37B (Radio Battery Tester) 0.25* 
WV-38A (Volt-Ohm- 

Milliammeter)  0.50* 
WV-65A (VoltOhmystf)  0.25* 
WV-74A (High-Sensitivity 

ACVTVM)  0.75* 
WV-75A (VoltOhmystf)  0.25* 
WV-77A (VoltOhmystf)  0.25* 
WV-77B (VoltOhmystf)  0.25* 
WV-77E (VoltOhmystf)  1.00* 
WV-84C (Ultra-Sensitive 

DC Microammeter). . 0.75* 
WV-95A (VoltOhmystt)  0.25* 
WV-97A (VoltOhmystf)  0.50* 
WV-98A (VoltOhmystf)  1.00* 
WV-98B (Senior VoltOhmystf) 1.00* 
195-A (VoltOhmystf)  0.25* 
WT-100A (Electron-Tube 

MicroMhoMeter).... 1.75* 
WT-100A (Electron-Tube 

MicroMhoMeter, Ser. 
No. 1001 and over) . . 2.00* 

WT-100A (Tube Chart ICE 
-163)  3.00* 

WT-110A {Automatic Electron- 
Tube Tester)  1.00* 

WT-110A (1CE-174 Card 
Punch Data)  0.25* 

WT-110A (1CE-234 Card 
Punch Data)  1.00* 

tirade Mark Reg.U.S.Pat.Off. 
•Prices shown apply in U.S.A. and are subject to 

change without notice. 
"Optional List Price. 
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Reading List 

This list includes references of both elementary and advanced character. 
Obviously, the list is not inclusive, but it will guide the reader to other references. | 
Ai.bert, A. L. Electrons and Electron Devices, The MacMillan Co. 1 
Heck, A. H. W. Thermionic Valves, Cambridge University Press, t 

(Tiute, G. M. Electronics in Industry. McGraw-Hill Book Co., Inc. 
Dome, R. B. Television Principles. McGraw-Hill Book Co., Inc. | 
Dow, W. G. Fundamentals of Engineering Electronics. John Wiley and Sons, Inc. ^ 
Ivastman, A. V. Fundamentals of Vacuum Tubes. McGraw-Hill Book Co., Inc. 
Kdson, W. A. Vacuum Tube Oscillators, John Wiley and Sons, Inc. 
Fi.yk, D. G. Television Engineering. McGraw-Hill Book Co., Inc. 
Ghirardi, A. A. Radio and Television Receiver Circuitry and Operation. Rinehart * 

and Co., Inc. * 
Gray, T. S. Applied Electronics. John Wiley and Sons, Inc. 
Grob, B. Basic Television. McGraw-Hill Book Co., Inc. 
Hexnky, Keith. Radio Engineering Handbook. McGraw-Hill Book Co., inc. 
HYuo, J. B. Basic Radio. D. Van Nostrand Co., Inc. 
Koi.I.er, L. R. Physics of Electron Tubes. McGraw-Hill Book Co., Inc. 
Maedel, G. F. Basic Mathematics for Television and Radio. Prentice-Hall, Inc. 
Marcus, A. Elements of Radio. Prentice-Hall, Inc. 
MARICUS AND Zeluff. Handbook of Industrial Electronic Circuits. McGraw-Hill 

Book Co., Inc. 
Mil.].man and Seely. Electronics. McGraw-Hill Book Co., Inc. • 
Mover and Wostrel. Radio Receiving and Television Tubes. McGraw-Hill Book 

Co., Inc. 
Fender, Delmar, and McIlwain. Handbook for Electrical Engineers—Comnttini- 

cations and Electronics. John Wiley and Sons, Inc. t 
Preisman, A. Graphical Constructions for Vacuum Tube Circuits. McGraw-Hill f 

Book Co., Inc. 
I 

Mickey, H. V., and Villines, Jr., W. M. Elements of Electronics. McGraw-Hill 1 
Book Co., Inc. 

RCA Technical Book Series. Electron Tubes, Vol. I and Vol. II. RCA Review. | 
Reich, H. J. Theory and Applications of Electron Tubes. McGraw-Hill Book | 

Co., Inc. 8 
Richter, Walther. Fundamentals of Industrial Electronic Circuits. McGraw-Hill * 

Book Co., Inc. - £< 
Seely, S. Electron Tube Circuits. McGraw-Hill Book Co., Inc. 
Spangenberg, K. R. Vacuum Tubes. McGraw-Hill Book Co., Inc. 
Sturley, K. R. Radio Receiver Design. Chapman and Hall, Ltd. 
Terman, F. E. Fundamentals of Radio. McGraw-Hill Book Co., Inc. 
Terman, F. E. Radio Engineers Handbook. McGraw-Hill Book Co., Inc. 
The Radio Amateurs Handbook. American Radio Relay League. 
Zworykin AND Morton. Television: The Electronics of Image Transmission. John 

Wiley and Sons, Inc. 
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RCA Receiving Types NOT Recommended 

For New Equipment Design 

In the design of new equipment, the use of certain receiving 
tubes should be avoided because they are approaching obsolescence 
or are in limited demand; such RCA types are listed below. For fur- 
ther assistance in the selection of tube types for new equipment, refer 
to the Receiving Tube Chart and Technical Data Section of this 
manual. 

OZ4 5Z3 6FW8 7B6 12BV7 17H3 
OZ4-G 6A7 6G6-G 7B7 12C8 18A5 
OZ4-A 6A8 6J7-GT 7B8 12CN5 19AU4-GTA 
1A5-GT 6A8-G 6K7 7C5 12CT8 19BG6-GA 
1A7-GT 6A8-GT 6K7-GT 7C6 12CX6 19J6 
1AX2 6AB5/6N5 6N7 7C7 12DL8 19T8 
1C5-GT 6AB7 6Q7 7E7 12DQ7 24A 
1DN5 6AC5-GT 6Q7-GT 7F7 12EA6 25L6 
1H5-GT 6AD7-G 6R7 7F8 12EG6 25W4-GT 
1L6 6AH4-GT 6S7 7G7 12EL6 25Z5 
1LA6 6AL7-GT 6S8-GT 7H7 12EN6 27 
1LB4 6AM4 6SA7-GT 7J7 12J5-GT 35A5 
1LC6 6AQ7-GT 6SB7-Y 7K7 12J7-GT 35Y4 
1LD5 6AR5 6SF5-GT 7N7 12J8 35Z3 
1LE3 6B8 6SF7 7Q7 12K7-GT 35Z4-GT 
1LG5 6BD6 6SJ7-GT 7R7 12K8 41 
1LH4 6BF5 6SK7-GT 7V7 12L6-GT 42 
1LN5 6BG6-G 6SQ7-GT 7W7 12Q7-GT 43 
1S4 6BK5 6SR7 7X7 12SA7-GT 47 
1-v 6BY5-GA 6SS7 7Y4 12SF7 50A5 
1X2-A 6BZ8 6T4 7Z4 12SH7 50X6 
2BN4 6C6 6U5 9BR7 12SK7-GT 50Y7-GT 
2EN5 6C8-G 7A4 10C8 12SR7 70L7-GT 
3A2 6CK4 7A5 12A8-GT 12U7 75 
3B2 6D6 7A6 12AC6 14A7 78 
3LF4 6DN6 7A7 12AH7-GT 14AF7 80 
3Q4 6EH8 7A8 12AJ6 14B6 84, 6Z4 
3Q5-GT 6EX6 7AF7 12AV7 14C7 117L7/ 
5AZ4 6F6-G 7AG7 12BA7 14F7 M7-GT 
5BE8 6F6-GT 7AH7 12BD6 14F8 117N7-GT 
5BT8 6F7 7B4 12BK5 14Q7 117P7-GT 
5T4 6F8-G 7B5 12BR7 14R7 117Z6-GT 
5X4-G 




