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This manual, like its preceding editions, has been prepared to assist 
those who work or experiment with home-entertainment or industrial 
receiving types of electron tubes and circuits. It will be found valuable 
by engineers, service technicians, educators, experimenters, electricians, 
radio amateurs, hobbyists, students, and others technically interested 
in electron tubes. 

Easy-to-read text chapters explain the basic principles of operation, 
significant electrical characteristics, circuit applications, and testing of 
various types of electron tubes. Detailed ratings and characteristics 
data are given on all current RCA home-entertainment and industrial 
types of electron tubes. For more convenient referencing of the latest 
types, the Technical Data for Receiving Tubes—^Entertainment and 
Industrial Types section has been restricted to coverage of active RCA 
tubes; basic data for replacement and discontinued tubes are given in 
the Characteristics Chart for Entertainment and Industrial Receiving 
Tubes. This manual also features an extensive Applications Guide for 
RCA Receiving Tubes, a section for Terminal Diagrams fc.r Receiving 
Tubes, a Relacement Guide—Entertainment Receiving Types, a Re- 
placement Guide—Industrial Receiving Types, and a Pictue Tube Char- 
acteristics Chart. A Circuits section illustrates the use of RCA tubes in 
practical circuit applications. 
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Electrons, Electrodes 

and Electron Tubes 

THE electron tube is a marvelous 
device. It makes possible the per- 

forming of operations, amazing in con- 
ception, with a precision and a certainty 
that are astounding. It is an exceedingly 
sensitive and accurate instrument—the 
product of coordinated efforts of engi- 
neers and craftsmen. Its construction 
requires materials from every corner 
of the earth. Its use is world-wide. 

The importance of the electron 
tube lies in its ability to control almost 
instantly the flight of the millions of 
electrons supplied by the cathode. It 
accomplishes this control with a mini- 
mum of energy. Because it is almost 
instantaneous in its action, the electron 
tube can operate efficiently and accu- 
rately at extremely high electrical fre- 
quencies. 

Electrons 

All matter exists in the solid, 
liquid, or gaseous state. These three 
forms consist entirely of minute divi- 
sions known as molecules, which, in 
turn, are composed of atoms. Atoms 
have a nucleus which is a positive 
charge of electricity, around which re- 
volve tiny charges of negative electricity 
known as electrons. Scientists have es- 
timated that electrons weigh only 1/30- 
billion, billion, billion, billionths 
(Vso x 10"™) of an ounce, and that they 
may travel at speeds of thousands of 
miles per second. 

Electron movement may be accele- 
rated bv 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 
cathode, which Supplies electrons, and 
one or more additional electrodes, 
which control and collect these elec- 
trons, mounted in an evacuated en- 
velope. 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 cath- 
ode may be used to distinguish between 
the different forms of cathodes. For ex- 
ample, a directly heated cathode, or 
filament-cathode, is a wire heated by 
the passage of an electric current. An 
indirectly heated cathode, or heater- 
cathode, consists of a filament, or 
heater, enclosed in a metal sleeve. The 
sleeve carries the electron-emitting ma- 
terial on its outside surface and is 
heated by radiation and conduction 
from the heater. 

A filament, or directly heated cath- 
ode, such as that shown in Fig. 1 may 
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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 dazzling white) to emit sufficient 
electrons, a relatively large amount of 
filament 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 tung- 
sten 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 700-750°C (a dull red) 
to produce a copious supply of elec- 
trons. Coated filaments operate very 
efficiently and require relatively little 
filament power. However, each of these 
cathode materials has special advan- 
tages which determine the choice for a 
particular application. 

Directly heated filament-cathodes 
require comparatively little heating 
power. They are used in tube types de- 
signed for battery operation because it 
is, of course, desirable to impose as 
small a drain as possible on the bat- 
teries. They are also used in rectifiers 
such as the 1G3GTA/1B3GT and the 
5Y3GT. 

An indirectly heated cathode, or 
heater-cathode, consists of a thin metal 
sleeve coated with electron-emitting ma- 
terial such as alkaline-earth oxides. The 
emissive surface of the cathode is main- 
tained at the required temperature 
(approximately 1050°K) by resistance- 
heating of a tungsten or tungsten-alloy 
wire which is placed inside the cath- 
ode sleeve and electrically insulated 
from it, as shown in Fig. 2. The heater 
is used only for the purpose of heat- 
ing the cathode sleeve and sleeve coat- 
ing to an electron-emitting temperature. 

Useful emission does not take place 
from the heater wire. 

A new dark heater insulating coat- 
ing developed by RCA has better heat 
transfer than earlier aluminum-oxide 
coatings, and makes it possible to oper- 
ate heaters at lower temperatures for 
given power inputs. Because the tensile 
strength of the heater wire increases 
at the lower operating temperatures, 
tubes using dark heaters have increased 
reliability, stability, and life. 

CATHODE COATINO INSULATED 
HEATER^ 

Fig. 7—Filament Fig. 2—Indirectly 
or directly heated heated cathode or 

cathode. heater-cathode. 

The heater-cathode construction is 
well adapted for use in electron tubes 
intended for operation from ac power 
lines and from storage batteries. The 
use of separate parts for emitter and 
heater functions, the electrical insula- 
tion of the heater from the emitter, 
and the shielding 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 interference which 
might enter the tube circuit through the 
heater-supply line. From the viewpoint 

' of circuit design, the heater-cathode 
construction offers advantages in con- 
nection flexibility because of the elec- 
trical 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 cath- 
ode and plate, and of an amplifier tube 
having close spacing between its cath- 
ode 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 increases the gain obtain- 
able from the tube. Because of the 
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advantages of the heater-cathode con- 
struction, almost all present-day receiv- 
ing tubes designed for ac operation 
have heater-cathodes. 

Generic Tube Types 

Electrons are of no value in an 
electron tube unless they can be put to 
work. Therefore, a tube is designed 
with the parts necessary to utilize elec- 
trons as well as those required to pro- 
duce them. These parts consist of a 
cathode and one or more supplemen- 
tary electrodes. The electrodes are en- 
closed in an evacuated envelope having 
the necessary connections brought out 
through air-tight seals. The air is re- 
moved from the envelope to allow free 
movement of the electrons and to pre- 
vent 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 poten- 
tial within the evacuated envelope of- 
fers a strong attraction to the electrons 
(unlike electric charges attract; like 
charges repel). Such a positive electric 
potential can be supplied by an anode 
(positive electrode) located within the 
tube in proximity 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 
potential is supplied by a suitable elec- 
trical 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 al- 
ternately made positive and negative 
Because plate current flows only during 
the time when the plate is positive, cur- 
rent flows through the tube in only one 
direction and is said to be rectified. 
Fig. 4 shows the rectified output current 
produced by an alternating input volt- 
age. 

j?/ OUTPUT CURRENT LtJr n "~7T n-•:—— 

PLATE VOLTS 

ALTERNATING 
VOLTAGE INPUT 

Fig- 3—Basic diode circuit. 

Fig- 4—Current characteristics of rectifier 
circuit. 

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 
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, 5Y3GT, and 5U4GB 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 re- 
turn to the cathode, while others re- 
main in the space between the cathode 
and plate for a brief period to produce 
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an effect known as space charge. This 
charge has a repelling action on other 
electrons which leave the cathode sur- 
face and impedes their passage to the 
plate. The extent of this action and the 
amount of space charge depend on the 
cathode temperature, the distance be- 
tween 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 increas- 
ingly higher plate voltages to a tube 
operating at a fixed heater or filament 
voltage. Under these conditions, the 
maximum number of available electrons 
is fixed, but increasingly higher plate 
voltages will succeed in attracting a 
greater proportion of the free electrons. 

Beyond a certain plate voltage, 
however, additional plate voltage has 
little effect in increasing the plate 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. 

Saturation Point 

y PLATE VOLTAGE—►" 
Fig. 5—Current characteristic of diode 

tube. 

Although tubes are sometimes 
tested by measurement of their emission 
current, 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 char- 
acteristics or even to damage the tube. 
Consequently, while the test value of 
emission current is somewhat larger 
than the maximum current which will 
be required 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 in- 
dicate whether the cathode can supply 
a sufficient number of electrons for 
satisfactory operation of the tube. 

If space charge were not present to 
repel electrons coming from the cath- 
ode, 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 5V4GA and the 
6AX5GT. In these types, the radial dis- 
tance between cathode and plate is only 
about two hundredths of an inch. 

Another method of reducing space- 
charge effect is utilized in mercury- 
vapor rectifier tubes. When such tubes 
are operated, a small amount of mer- 
cury contained in the tube is partially 
vaporized, 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 evi- 
denced by a bluish-green glow between 
the cathode and plate. When ionization 
occurs, the space charge is neutralized 
by the positive mercury atoms so that 
increased numbers of electrons are 
made available. Mercury-vapor tubes 
are used primarily for power rectifiers. 

lonic-heated-cathode rectifiers de- 
pend 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 con- 
taining a reduced pressure of inert gas. 
The cathode becomes hot during tube 
operation, but the heating effect is 
caused by bombardment of the cath- 
ode by ions within the tube rather than 
by heater or filament current 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- 
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tween the anode which is instan- 
taneously positive and the cathode. 
Under normal operating voltages, ioni- 
zation does not take place between the 
anode that is negative and the cathode, 
so that the requirements for rectifica- 
tion are satisfied. The initial small flow 
of current through the tube is sufficient 
to raise the cathode temperature quickly 
to incandescence, whereupon the cath- 
ode emits electrons. The voltage drop 
in such tubes is slightly higher than 
that of the usual hot-cathode gas rec- 
tifiers because energy is taken from the 
ionization discharge to keep the cath- 
ode at operating temperature. Proper 
operation of these rectifiers requires a 
minimum flow of load current at all 
times to maintain the cathode at the 
temperature required to supply sufficient 
emission. 

Triodes 

When a third electrode, called the 
control grid, is placed between the cath- 
ode 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 (siderods) and extending 
the length of the cathode. The spacing 
between turns of wire is large compared 
with the size of the wire so that the 
passage of electrons from cathode to 
plate is practically unobstructed by the 
grid. In some types, a frame grid is used. 
The frame consists of two siderods sup- 
ported by four metal straps. Extremely 
fine lateral wire (diameter of 0.5 mil or 
less) is wound under tension around the 
frame. This type of grid permits the 
use of closer spacings between grid 
wires and between tube electrodes, and 
thus improves tube performance. 

The purpose of the grid is to con- 
trol 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 conditon 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 readily attracts electrons to it and 
plate current increases. Hence, when 
the voltage on the grid is varied in ac- 
cordance with a signal, the plate cur- 
rent varies with the signal. Because a 
small voltage applied to the grid can 
control a comparatively large amount 
of plate current, the signal is ampli- 
fied by the tube. Typical three-electrode 
tube types are the 6C4 and 6AF4A. 

ELECTRON FLOW 
'r ®— PLATE ^TN PLATE CURRENT CRIP / "7"_\ 

I V^j/CATHOPE ^OUTPUT 
INPUT > HEATERI ^ 

Fig. 6—Basic triode circuit. 

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. 
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 
capacitance may act to produce unde- 
sired coupling between the input circuit, 
the circuit between grid and cathode, 
and the output circuit, the circuit be- 
tween plate and cathode. This coupling 
is undesirable in an amplifier because 
it may cause instability and unsatisfac- 
tory performance. 

Tetrodes 
The capacitance between control 

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, ac- 
cordingly, called a tetrode. The screen 
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grid or grid No. 2 is mounted between 
the grid No. 1 (control grid) and the 
plate, as shown in Fig. 7, and acts as 
an electrostatic shield between them, 
thus reducing the grid-to-plate capaci- 
tance. The effectiveness of this shield- 
ing action is increased by a bypass 

[PLATE PLATE 
CNscreen current 
-- 1 GRID 
\fCATHODE 

INPUTS HEATER 

Pig. 7—Basic tetrode circuit. 

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 several 
picofarads (pF) for a triode to 0.01 pF 
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 
supplies an electrostatic force pulling 
electrons 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 exerts very little electrostatic 
force on electrons near the cathode. 

So long as the plate voltage is 
higher than the screen-grid voltage, 
plate current in a screen-grid tube de- 
pends 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 tube is largely independ- 
ent of plate voltage makes it possible 
to obtain much higher amplification 
with a tetrode than with a triode. The 

low grid-plate capacitance makes it 
possible to obtain this high amplifica- 
tion without plate-to-grid feedback and 
resultant instability. In receiving-tube 
applications, the tetrode has been re- 
placed to a considerable degree by the 
pentode. 

Pentodes 
In all electron tubes, electrons 

striking the plate may, if moving at suf- 
ficient speed, dislodge other electrons. 
In two- and three-electrode types, these 
dislodged electrons usually do not cause 
trouble because no positive electrode 
other than the plate itself is present to 
attract them. These electrons, therefore, 
are drawn back to the plate. Emission 
caused by bombardment of an electrode 
by electrons from the cathode is called 
secondary emission because the effect is 
secondary to the original cathode 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 
reduces 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 elec- 
trode is known as the suppressor grid 
(grid No. 3) and is usually connected 
to the cathode, as shown in Fig. 8. Be- 
cause of its negative potential with 
respect to the plate, the suppressor grid 
retards the flight of secondary electrons 
and diverts them back to the plate. 

ELECTRON FLOW 

SUPPRESSOR. GRID CT 
erorrw PLATE S^EEN CURRENT 

-^M'Vhr — 1 1 + + 
Fig. 8—Basic pentode circuit. 
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The family name for a five-elec- 
trode tube is "pentode." In power-out- 
put pentodes, the suppressor grid makes 
possible 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 volt- 
age. These desirable features result 
from the fact that the plate-voltage 
swing can be made very large. In fact, 
the plate voltage may be as low as, 
or lower than, the screen-grid voltage 
without serious loss in signal-gain capa- 
bility. Representative pentodes used for 
power amplification are the 6CL6 and 
6K6GT; representative pentodes used 
for voltage amplification are the 6AU6A, 
6BA6, and 5879. 

grid and control grid causes the elec 
trons to travel in sheets between thi 
turns of the screen grid so that ver 
few of them strike the screen grid 
Because of the effective suppressor ac 
tion provided by space charge and be 
cause of the low current drawn by th( 
screen grid, the beam power tube has 
the advantages of high power output 
high power sensitivity, and high effi- 
ciency. 

Fig. 9 shows the structure of s 
beam power tube employing space- 
charge suppression and illustrates how 

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 control grid (grid No. 1), a screen 
grid (grid No. 2), a plate, and, op- 
tionally, a suppressor grid (grid No. 3). 
When a beam power tube is designed 
without an actual 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 region, the space charge 
produced is sufficient to repel second- 
ary electrons emitted 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 
ivound so that each turn of the screen 
grid is shaded from the cathode by a 
grid turn. This alignment of the screen 

g 

Fig. 9—Structure of beam power tube 
showing beam-confining action. 

the electrons are confined to beams. 
The beam condition illustrated is that 
for a plate potential less than the 
screen-grid potential. The high-density 
space-charge region is indicated by the 
heavily dashed lines in the beam. Note 
that the edges of the beam-confining 
electrodes coincide with the dashed por- 
tion of the beam. In this way the 
space-charge potential region is ex- 
tended beyond the beam boundaries 
and stray secondary electrons are pre- 
vented 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 
6AQ5A, 6L6GC, 6V6GTA, and 50C5. 

Multi-Electrode and 
Multi-Unit Tubes 

Early in the history of tube devel- 
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opment and application, tubes were de- 
signed for a 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 
design are the development of "spe- 
cialty" types. These types are intended 
either to give optimum performance in 
a particular application or to combine 
in one bulb functions which formerly 
required two or more tubes. The first 
class of tubes includes such examples 
of specialty types as the 6CB6A 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 espe- 
cially interesting type in this class. 
This tube has an unusually large num- 
ber of electrodes, namely seven, ex- 
clusive of the heater. Plate current in 
the tube is varied at two different fre- 
quencies 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 
6CN7 and 6AV6, as well as triode-pen- 
todes such as the 6EA8 and 6GH8A. 
This class also includes class A twin 
triodes such as the 6FQ7/6CG7 and 
12AX7A, and types such as the 6CM7 
containing dissimilar triode units used 
primarily as combined vertical oscilla- 
tors and vertical deflection amplifiers 
in television receivers. Full-wave rec- 
tifiers 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 6BE6 and 6SA7. 
These tubes are similar to the multi- 
electrode types in that they have seven 
electrodes, all of which affect the elec- 
tron stream; and they are similar to the 
multi-unit tubes in that they perform 
simultaneously the double function of 
oscillator and mixer in superheterodyne 
receivers. 

Receiving Tube Structure 

Receiving tubes generally utilize a 
glass or metal envelope and a base. 
Originally, the base was made of metal 
or molded phenolic material. Types 
having a glass envelope and a molded 
phenolic base include the "octal" types 
such as the 5U4GB and the 6SN7GTB. 
Types having a metal envelope and 
molded phenolic octal base include the 
6V6 and the 6L6. Many modern types 
utilize integral glass bases. Present-day 
conventional tube designs utilizing glass 
envelopes and integral glass bases in- 
clude the seven-pin and nine-pin mini- 
ature types, the nine-pin novar and 
neonoval types, and the twelve-pin duo- 
decar types. Examples of the seven-pin 
miniature types are the 6AU6A and 
6AV6. Examples of the nine-pin mini- 
ature types are the 12AU7A and 6EA8. 
Examples of the novar types are the 
6CJ3 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 nuvistor concept provided a 
new approach to electron tube design. 
Nuvistor tubes utilize a light-weight 
cantilever-supported cyclindrical elec- 
trode structure housed in a ceramic- 
metal envelope. These tubes combine 
new materials, processes, and fabrica- 
tion techniques. Examples of the nu- 
vistor are the 6CW4 and the 6DV4. 

Television Picture Tubes 

The picture tube, or kinescope, is 
a multi-electrode tube used principally 
in television receivers for picture dis- 
play. It consists essentially of an elec- 
tron gun, a glass or metal-and-glass 
envelope and faceplate combination, 
and a fluorescent screen. 

The electron gun includes a cath- 
ode for the production of free elec- 
trons, one or more control electrodes 
for accelerating the electrons in the 
beam, and, optionally, a device for 
"trapping" unwanted ions out of the 
electron beam. 

Focusing of the beam is accom- 
plished either electromagnetically by 
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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 envelope 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 
picture tube and illustrates how the 
electron beam is formed and how the 
beam is deflected by means of an elec- 
tromagnetic deflecting yoke. In this 
type of tube, ions in the beam are 
prevented from damaging the fluores- 
cent screen by an aluminum film on 
the gun side of the screen. This film 
not only "traps" unwanted ions, but 
also improves picture contrast. In many 
types of non-aluminized tubes, ions 
are separated from the electron beam 
by means of a tilted-gun and ion-trap- 
magnet arrangement. 

Color television picture tubes are 
similar to black-and-white picture tubes, 
but differ in three major ways: (1) The 
light-emitting screen is made up of trios 

of phosphor dots deposited in an inter- 
laced pattern. Each dot of a trio is capa- 
ble of emitting light in one of the three 
primary colors (red, green, or blue). 
(2) A shadow mask mounted near the 
screen of the tube contains over 300,- 
000 apertures, one for each of the 
phosphor dot trios. This mask provides 
color separation by shadowing two of 
the three phosphor dots of each trio. 
(3) Three closely spaced electron guns, 
built as a unit, provide separate beams 
for excitation of the three different 
color-phosphor-dot arrays. Thus it is 
possible to control the brightness of 
each of the three colors independently 
of the other two. Fig. 11 shows a cut- 
away view of a color television picture 
tube. 

The three electron guns are 
mounted with their axes tilted toward 
the central axis of the envelope, and 
are spaced 120 degrees with respect to 
each other. The focusing electrodes of 
the three guns are interconnected in- 
ternally, and their potential is adjusted 
to cause the separate beams to focus 
at the phosphor-dot screen. All three 
beams must be made to converge at 
the screen while they are simultaneously 
being deflected. Convergence is accom- 
plished by the action of static and 

CLASS NECK- SECTION 

-ELECTRON BEAM 

-CONDUCTIVE COATING 

-CENTERING MAGNET! « 
REFERENCE! LINE—H 

—GLASS ENVELOPE 

Fig. 10—Structure of television-picture-tube electron gun. 
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dynamic magnetic fields set up by 
the radial-converging magnet assembly 
mounted on the neck of the tube. 
These fields are coupled into the radial- 
converging pole pieces within the tube. 
Another pair of pole pieces in the 
tube is activated by the lateral-converg- 
ing magnet also mounted on the neck 
of the tube. These pole pieces permit 
lateral shift in position of the blue 
beam in opposition to the lateral shift 
of the green and red beams. 

A purifying magnet is used with 
color picture tubes to provide a mag- 
netic field, adjustable in magnitude and 
direction, to effect register over the en- 
tire area of the screen. A magnetic 
shield is used to minimize the effects 
of the earth's magnetic field. 

Deflection of the three beams is 
accomplished simultaneously by a de- 
flecting yoke using four electromagnetic 
coils similar to the deflecting yoke used 
for black-and-white picture tubes. 

A totally new- concept in color 
television display systems utilizing an 
advanced design of electron gun, de- 
flection yoke, and picture tube has 

been developed by RCA. Instead of 
dots, this tube utilizes a screen con- 
sisting of continuous vertical phos- 
phor lines of alternating green, red, 
and blue emitting phosphors. The mask 
apertures are vertical slits with small 
cross ties to provide strength. This 
line-screen arrangement has the ad- 
vantage of reducing beam-to-phosphor 
misregister, enhancing color purity, and 
improving white uniformity 

The electron gun of this tube uses 
a horizontal in-line structure rather 
than the 120° spacing of the phos- 
phor-dot tube and is designed for use 
with a precision static toroid line- 
focus-type deflecting yoke. With this 
structure, the three beams arid the de- 
flecting field are in precise alignment. 
As a result, this precision in-line tube 
assembly is inherently self-converging 
and does not require dynamic con- 
vergence correction or its associated 
circuitry Consequently, the deflecting 
yoke and neck components can be pre- 
adjusted and permanently attached to 
the picture tube by the tube manufac- 
turer. 

INTEGRAL PROTECTIVE WINDOW FUNNEL SECTION 

ALUMINIZED TRICOLOR PHOSPHOR DOT SCREEN (ON INNER SURFACE OF FACEPLATE) 

ELECTRON GUN ASSEMBLY 

SHADOW MASK 
EXTERNAL CONDUCTIVE COATING 

PANEL SECTION 

Fig, u—CuMway view of color television picture tube. 



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 
example, Static Characteristics are the 
values obtained with different dc po- 
tentials applied to the tube electrodes, 
while Dynamic Characteristics are the 
values obtained with an ac voltage on 
a control grid under various condi- 
tions of dc potentials on the electrodes. 
The dynamic characteristics, therefore, 
are indicative of the performance capa- 
bilities of a tube under actual working 
conditions. 

Static characteristics may be shown 
by plate characteristics curves and 
transfer (mutual) characteristics curves. 
These curves present the same informa- 
tion, but in two different forms to 
increase its usefulness. The plate char- 
acteristic curve is obtained by varying 
plate voltage and measuring plate cur- 
rent for different grid-bias voltages, 
while the transfer-characteristic curve 
is obtained by varying grid-bias voltage 
and measuring plate current for differ- 
ent plate voltages. A plate-characteristic 
family of curves is shown in Fig. 12. 
Fig. 13 gives the transfer-characteristic 
family of curves for the same tube. 

Dynamic characteristics 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. 

(00 150 200 PLATE VOLTS 
Fig. 12—Family of plate-characteristics 

curves. 

The amplification factor, or p., is 
the ratio of the change in plate voltage 
to a change in control-electrode voltage 
in the opposite direction, under the 
condition that the plate current remains 

-30 -20 -ro 0 GRID VOLTS 
Fig. 13—Family of transfer-characteristics 

curves. 

unchanged and that all other electrode 
voltages are maintained constant. For 
example, if, when the plate voltage 
is made 1 volt more positive, the con- 
trol-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 varia- 
tion in the grid circuit of a tube has 
the same effect on the plate current as 
a large plate-voltage change—the lat- 
ter equal to the product of the grid- 
voltage change and amplification factor. 
The p of a tube is often useful for 
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calculating stage gain. This use is dis- 
cussed in the Electron Tube Applica- 
tions section. 

Plate resistance (rp) of an electron 
tube is the resistance of the path be- 
tween cathode and plate to the flow of 
alternating current. It is the quotient 
of a small change in plate voltage di- 
vided by the corresponding change in 
plate current and is expressed in ohms, 
the unit of resistance. Thus, if a change 
of 0.1 milliampere (0.0001 ampere) is 
produced by a plate-voltage variation of 
1 volt, the plate resistance is 1 divided 
by 0.0001, or 10000 ohms. 

Control grid-to-plate transconduct- 
ance, or simply transconductance (gm), 
is a factor which combines in one term 
the amplification factor and the plate 
resistance, and is the quotient of the 
first 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 con- 
trol-grid voltage producing it, under 
the condition that all other voltages 
remain unchanged. Thus, if a grid- 
voltage change of 0.5 volt causes a 
plate-current change of 1 milliampere 
(0.001 ampere), with all other voltages 
constant, the transconductance is 0.001 
divided by 0.5, or 0.002 mho. A "mho" 
is the unit of conductance and was 
named by spelling ohm backwards. For 
convenience, a millionth of a mho, or 
a micromho Gumho), is used to express 
transconductance. Thus, in the exam- 
ple, 0.002 mho is 2000 micromhos. 

Conversion transconductance (gc) 
is a characteristic associated with the 
mixer (first detector) function of tubes 
and may be defined as the quotient of 
the intermediate-frequency (if) current 
in the primary of the if transformer di- 
vided by the applied radio-frequency 
(rf) voltage producing it; 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-to-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 ^ ]qq 
% Eb volts X It> amperes 

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

, , Po watts Power sensitivity (mhos) = —rnis)*' 

X-RADIATION 
CHARACTERISTICS OF 

TELEVISION PICTURE TUBES 

X-rays are produced when the atoms 
of a material are bombarded by elec- 
trons (or ions). The relative intensity 
and spectral energy distribution of the 
X-radiation at the source are deter- 
mined by the accelerating voltage, the 
electron (or ion) current, and the 
atomic number of the bombarded ma- 
terials. Because of the selective filter- 
ing effect of the glass bulb and/or of 
other tube components, the relative in- 
tensity external to the tube is given by 
the following relationship: 

Relative Intensity « iVnZ 

where 
i = current 

V = accelerating voltage 
Z = atomic number of the "target" 
In present monochrome and color 

picture tubes, which use high absorp- 
tion glass, "n" is the order of 20. 

X-radiation also may be produced in 
the neck by stray electrons (or ions) 
that are accelerated by voltages that 
may be as high as the anode voltage. 
This radiation is independent of that 
produced by the beam and, in fact, may 
be produced when there is no beam 
current; it is dependent upon voltages 
that are related to interelectrode po- 
tential differences or charge patterns 
on the glass, and upon leakage currents. 
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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: Rectification; 
Detection; Amplification; TV Scanning, 
Sync, and Deflection; Oscillation; Fre- 
quency Conversion; and Tuning Indica- 
tion with Electron-Ray Tubes. Although 
these operations may take place at 
either radio or audio frequencies and 
may involve the use of different cir- 
cuits and different supplemental parts, 
the general considerations of each kind 
of operation are basic. 

General System Functions 
When speech, music, or video in- 

formation is transmitted from a radio 
or television station, the station radiates 
a modulated radio-frequency (rf) car- 
rier. The function of a radio or tele- 
vision receiver is simply to reproduce 
the modulating wave from the modu- 
lated carrier. 

As shown in Fig. 14, a superhetero- 
dyne radio receiver picks up the trans- 
mitted modulated rf signal, amplifies it, 
converts it to a modulated intermediate- 
frequency (if) signal, amplifies the 
modulated if signal, separates the 
modulating signal from the basic car- 
rier wave (Detection), and amplifies the 

resulting audio signal to a level suffi- 
cient to produce the desired volume 
in a speaker. In addition, the receiver 
usually includes some means of produc- 
ing automatic gain control (age) of the 
modulated signal before the audio in- 
formation is separated from the carrier. 

The transmitted rf signal picked up 
by the radio receiver may contain either 
amplitude modulation (AM) or fre- 
quency modulation (FM). (These mod- 
ulation techniques are described later 
in the section on Detection.) In either 
case, amplification prior to the detector 
stage is performed by tuned amplifier 
circuits designed for the proper fre- 
quency and bandwidth. Frequency con- 
version is performed by mixer and 
oscillator circuits or by a single con- 
verter stage which performs both mixer 
and oscillator functions. Separation of 
the modulating signal is normally ac- 
complished by one or more diodes in 
a detector or discriminator circuit. Am- 
plification of the audio signal is then 
performed by one or more audio am- 
plifier stages. 

Audio-amplifier systems for phono- 
graph or tape recordings are similar to 
the stages after detection in a radio 
receiver. The input to the amplifier is a 
low-power-level audio signal from the 

IF 
AMPLIFIER 

RF 
AMPLIFIER CONVERTER DETECTOR ANTENNA 

AUDIO 
AMPLIFIER 

AUDIO POWER 
AMPLIFIER 

Fig. 14—Simplified block diagram for a broadcast-band receiver. 
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phonograph or magnetic-tape pickup 
head. This signal is usually amplified 
through a preamplifier stage, one or 
more low-level (pre-driver or driver) 
audio stages, and an audio power am- 
plifier. The system may also include 
frequency-selective circuits which act 
as equalization networks and/or tone 
controls. 

The operation of a television re- 
ceiver is more complex than that of 
a radio receiver, as shown by the sim- 
plified block diagram in Fig. 15. The 
tuner section of the receiver selects the 
proper rf signals for the desired channel 
frequency, amplifies them, and converts 
them to a lower intermediate frequency. 

formation to the television picture tube 
and thus controls instantaneous "spot" 
brightness. At the same time, deflection 
circuits cause the electron beam of the 
picture tube to move the "spot" across 
the faceplate horizontally and vertically. 
Special "sync" signals derived from 
the video signal assure that the hori- 
zontal and vertical scanning are timed 
so that the picture produced on the re- 
ceiver exactly duplicates the picture 
being viewed by the camera or pickup 
tube. 

A communications transceiver con- 
tains transmitting circuits, as well as 
receiving circuits similar to those of a 
radio receiver. The transmitter portion 

Fif, 15—Simplified block diagram for a black-and-white television receiver. 

As in a radio receiver, these functions 
are accomplished in rf-amplifier, mixer, 
and local-oscillator stages. The if sig- 
nal is then amplified in if-amplifier 
stages which provide the additional 
gain required to bring the signal level 
to an amplitude suitable for detection 
of the video information. 

After detection, the video signal is 
amplified and separated into sound and 
picture information. The sound signal 
is amplified and processed to provide an 
audio signal which is fed to an audio 
amplifier system similar to those de- 
scribed above. The picture (video) sig- 
nal is passed through a video amplifier 
stage which conveys beam-intensity in- 

of such a system consists of two sections. 
In one section, the desired intelligence 
(voice, code, or the like) is picked up 
and amplified through one or more 
amplifier stages (which are usually com- 
mon to the receiver portion) to a high- 
level stage called a modulator. In the 
other section, an rf signal of the desired 
frequency is developed in an oscillator 
stage and amplified in one or more 
rf-amplifier stages. The audio-frequency 
(af) modulating signal is impressed on 
the rf carrier in the final rf-power- 
amplifier stage (high-level modulation), 
in the rf low-level stage (low-level mod- 
ulation), or in both. Fig. 16 shows a 
simplified block diagram of the trans- 
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Fig. 16—Simplified block diagram lor the transmitter portion of a 27-MHz communi- 
cations receiver. 

mittei' portion of a citizens-band trans- 
ceiver that operates at a frequency of 
27 MHz (megacycles per second). The 
transmitting section of a communica- 
tions system may also include fre- 
quency-multiplier circuits which raise 
the frequency of the developed rf signal 
as required. 

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, Electrodes, 
and Electron Tubes section. High- 
voltage pulse rectification is described 
later under Horizontal Output Circuits. 

The function of a filter is to 
smooth out the ripple of the tube out- 

TRANSFORMER SECONDARY VOLTAGE 

RECTIFIED VOLTAGE PLATEN'I 

/RECTIFIED WXTACE ' PLATE N« 2 
V COMBINED \ RECTIFIED \ VOLTAGE —*■ PLATES N9! 4 2 

SMOOTHED VOLT- AGE AFTER FIRST SECTION — OF FILTER 
f ■ DC VOLTAGE AVAILABLE FOR Ql RADIO RECEIVER 

Tig* 17—Voltage waveforms of full-wave 
rectifier circuit. 

put, as indicated in Fig. 17, and to 
increase rectifier efficiency. The action 
of the filter is explained in the Electron 
Tube Installation section under Filters. 
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. 

A half-wave rectifier and a full- 
wave rectifier circuit are shown in Fig. 
18. In the half-wave circuit, current 

HALF-WAVE RECTIFIER 

INPUT ott VOLTS «=>([' 

FULL- WAVE RECTIFIER 

Fig. 18—Half-wave and full-wave rectifier 
circuits. 

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 
positive with respect to the cathode, 
and through plate No. 2 on the next 
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half-cycle when plate No. 2 is positive 
with respect to the cathode. 

Because the current flow to the 
filter is more uniform in the full-wave 
circuit than in the half-wave circuit, 
the output of the full-wave circuit re- 
quires less filtering. Rectifier operating 
information and circuits are given under 
each rectifier tube type and in the 
Circuits 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 rectifier tubes are connected in 
parallel, the plates of each tube are 
connected together and each tube acts 
as a half-wave rectifier. The permis- 
sible voltage and load conditions per 
tube are the same as for full-wave 
service but the total load-current- 
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 
connected in series with each plate 
lead in order that each tube will carry 
an equal share of the load current. The 
value of the resistor to be used will de- 
pend on the amount of plate current 
thati passes through the rectifier. Low 
plate current requires a high value; high 
platj; current, a low value. When the 
plates of mercury-vapor rectifier tubes 
are1 connected in parallel, the corre- 
sponding filament leads should be simi- 
larly connected. Otherwise, the tube 
drops will be considerably unbalanced 
and larger stabilizing resistors will be 
required. 

Two or more vacuum rectifier 
lubes can also be connected in parallel 
to give correspondingly higher output 
current and, as a result of paralleling 
their internal resistances, give some- 
what increased 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. 19. The circuit 
derives its name from the fact that its 
dc voltage output can be as high as 
twice the peak value of ac input. Basic- 
ally, a voltage doubler is a rectifier cir- 

cuit arranged 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 accumulates on the upper 
plate of the capacitor, a positive volt- 
age 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 side, 
the lower diode passes current so that 

AC _L+e 1 input Tir o 
o—5    oc 
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Fig. 19—Full-wave voltage-doubler circuit. 

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 
the ac input. It can be seen from the 
diagram that with a voltage of -fE 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 volt- 
age drops below 2E by an amount that 
depends on the magnitude of the load 
current and the capacitance of the 
capacitors. The arrangement shown in 
Fig. 19 is called a full-wave voltage 
doubler because each rectifier passes 
current to the load on each halt of the 
ac input cycle. 

A rectifier type especially designed 
for use as a voltage doubler is the 
25Z6GT. This tube combines two 
separate diodes in one tube. As a volt- 
age doubler, the tube is used in "trans- 
formerless" receivers. In these receiv- 
ers, the heaters of all tubes in the set 
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VOLTAGE-DOUBLER CIRCUIT FULL-WAVE VOLTAGE-DOUBLER CIRCUIT HALF-WAVE 

R c HEATERS OF OTHER TUBES IN SERIES •WITH VOLTAGE-DROPPING RESISTOR R|=PROTECTlVE RESISTOR 
Fig. 20—Full-wave and half-wave voltage-doubler circuits showing heater-supply 

connections. 
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. 20. 

With the full-wave voltage-doubler 
circuit in Fig. 20, it will be noted that 
the dc load circuit cannot 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 because of the high ac potential 
between the heaters and cathodes of the 
tubes. 

The half-wave voltage-doubler cir- 
cuit in Fig. 20 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 
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 volt- 
age doubler because rectified current 
flows to the load only on alternate 
halves of the ac input cycle. The volt- 
age regulation of this arrangement is 
somewhat poorer than that of the full- 
wave voltage doubler. 

Detection 
When speech, music, or video in- 

formation 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 
modulated when its frequency remains 
constant and the amplitude is varied. 
In the other type, the wave is said 
to be frequency modulated when its 
amplitude remains essentially constant 
but its frequency is varied. 

The function of the receiver is to 
reproduce the original modulating wave 
from the modulated rf wave. The re- 
ceiver 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. 21. There are three differ- 
ent basic circuits used for the detection 
of amplitude-modulated waves: the di- 
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 varia- 
tions of the other half-cycles can be 

UNMODULATED RF CARRIER AF MODULATING WAVE AMPLITUDE -MODULATED RF WAVE 
Fig. 21—Waveforms showing effect of amplitude modulation on an rf wave. 
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amplified to drive headphones or a loud- 
speaker. 

A diode-detector circuit is shown 
in Fig. 22. The action of this circuit 
when a modulated rf wave is applied is 

INPUT 3K -T* M* 
JJP rHT-S o | s T 0UTPUT 

I  1—1 o 
Fig. 22—Basic diode-detector circuit. 

illustrated by Fig. 23. 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 
cathode at a potential more positive 
than the voltage applied to the anode. 

•|jH 

Fig. 23—Waveforms showing modulated rf 
input (light line) and output voltage (heavy 

line) of diode-detector circuit. 
The capacitor thus temporarily cuts off 
current through the diode. While the 
diode current 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 shown in Fig. 23, is some- 
what jagged. However, this jaggedness, 
which represents an rf component in 
the voltage across the capacitor, is 

exaggerated 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 amplified, the output of the amplifier 
reproduces the speech or music originat- 
ing 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 posi- 
tive, the tube conducts and the rectified 
current flows through the load resistance 
R. Because the dc output voltage of a 
rectifier depends on the voltage of the 
ac input, the dc voltage across C 
varies in accordance with the amplitude 
of the rf carrier and thus reproduces 
the af signal. Capacitor 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 pro- 
vide full-wave detection. However, in 
practice, the advantages of this con- 
nection generally do not justify the 
extra circuit complication. 

The diode method of detection 
produces less distortion than other 
methods because the dynamic character- 
istics of a diode can be made more 
linear than those of other detectors. 
The disadvantages of a diode are that 
it does not amplify the signal, and that 
it draws current from the input circuit 
and therefore reduces the selectivity of 
the input circuit. However, because the 
diode method of detection produces less 
distortion and because it permits the 
use of simple avc circuits without the 
necessity for an additional voltage sup- 
ply, the diode method of detection is 
most widely used in broadcast receivers. 

A typical diode-detector circuit 
using a diode—triode tube is shown 
in Fig. 24. 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 Rt may 
be tapped so that five-sixths of the 
total af voltage across Ri is applied to 
the volume control. This tapped con- 
nection reduces the af voltage output 
of the detector circuit slightly, but it 
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Fig. 24—Typical diode-detector circuit 
using a twin diode—triode tube. 

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 by- 
pass any rf voltage on the grid to cath- 
ode. A diode—pentode may also be 
used in this circuit. With a pentode, 
the af output should be resistance- 
coupled rather than transformer-cou- 
pled. 

Another diode-detector circuit, 
called a diode-biased circuit, is shown 
in Fig. 25. In this circuit, the triode grid 

Fig. 25—Diode-biased detector circuit. 
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 modu- 
lated, 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. 25 over the self-biased arrange- 
ment shown in Fig. 24 is that the 
diode-biased circuit does not employ a 
capacitor between the grid and the 
diode load resistor, and consequently 
does not produce as much distortion of 
a signal having a high percentage of 
modulation. 

However, there are restrictions on 
the use of the diode-biased circuit. Be- 

cause the bias voltage on the triode de- 
pends on the average amplitude of the 
rf voltage applied to the diode, the 
average amplitude of the voltage ap- 
plied to the diode should be constant 
for all values of signal strength at the 
antenna. Otherwise there will be differ- 
ent values of bias on the triode grid 
for different signal strengths and the 
triode will produce distortion. Because 
there is no bias applied to the diode- 
biased triode when no rf voltage is 
applied to the diode, sufficient resist- 
ance 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 prac- 
tice, that the receiver should have a 
separate-channel automatic-volume-con- 
trol (avc) system. With such an avc 
system, the average amplitude of the 
signal voltage applied to the diode can 
be held within very close limits for all 
values of signal strength at the antenna. 

The tube used in a diode-biased 
circuit should be one which operates at 
a fairly large value of bias voltage. The 
variations in bias voltage are then a 
small percentage of the total bias and 
hence produce small distortion. Tubes 
taking a fairly large bias voltage are 
types such as the 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. 26. In this circuit, the 
grid is biased almost to cutoff, i.e., 
operated so that the plate current with 
zero signal is practically zero. The bias 
voltage can be obtained from a cathode- 
bias resistor, a C-battery, or a bleeder 
tap. Because of the high negative bias, 
only the positive half-cycles of the rf 
signal are amplified by the tube. The 
signal is, therefore, detected in the 

BYPASS CAPACITOR Ar 
  OUTPUT 

Fig. 26—Grid-bias detector circuit. 
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plate circuit. The advantages of this 
method of detection are that it am- 
plifies the signal, besides detecting it, 
and that it does not draw current from 
the input circuit and therefore does not 
reduce the selectivity of the input 
circuit. 

The grid-resistor-and-capacitor 
method, illustrated in Fig. 27, 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 capac- 
itor then reproduces the af modulation 
in the same manner as has been ex- 
plained for the diode detector. This 
voltage appears between the grid and 
cathode and is therefore amplified in 

GRID CAPACITOR 

\/ RF X 6 T BYPASS^ AF CAPACITOR OUTPUT 

UNMODULATED RF CARRIER 

AF MODULATING WAVE 

27—Detector circuit using grid-resistor- 
and-capacitor bias. 

the plate circuit. The output voltage 
thus reproduces the original af signal. 

In this detector circuit, the use of 
a 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 reduces 
the selectivity of the input circuit. 

FM Detection 
The effect of frequency modulation 

on the waveform of the rf wave is 
shown in Fig. 28. In this type of trans- 
mission, the frequency of the rf wave 
deviates from a mean value, at an audio- 
frequency rate depending on the modu- 

FREQUENCY-MODULATED RF WAVfiy 
Fig. 28—Waveforms showing effect of 
frequency modulation on an rf wave. 

lation, 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. 29. With modulation, the 

I t.ntV 

FREQUENCY 
Fig. 29—Resonance curve of a tuned cir- 
cuit showing desired operating range for 

frequency-modulation converter. 
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AUDIO 
OUTPUT 

Fig. 30—Balanced phase- 
frequency swings between B and C, and 
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, 
such as that shown in Fig. 30, called a 
balanced phase-shift discriminator. In 
this detector, the mutually coupled 
tuned circuits in the primary and sec- 
ondary windings of the transformer T 
are tuned to the center frequency. A 
characteristic of a double-tuned trans- 
former is that the voltages in the primary 
and secondary windings are 90 degrees 
out of phase at resonance, and that the 
phase shift changes as the frequency 
changes from resonance. Therefore, the 
signal applied to the diodes and the RC 
combinations for peak detection also 
changes with frequency. 

Because the secondary winding of 
the transformer T is center-tapped, the 
applied primary voltage E,, is added 
to one-half the secondary voltage Es 
through the capacitor Cc. The addition 
of these voltages at resonance can be 
represented by the diagram in Fig. 31(a); 
the resultant voltage Ej is the signal 
applied to one peak-detector network 
consisting of one diode and its RC load. 
When the signal frequency decreases 
(from resonance), the phase shift of 
E,/2 becomes greater than 90 degrees, 
as shown at (b) in Fig. 31, and Ei be- 
comes smaller. When the signal fre- 

■shift discriminator circuit. 
quency increases (above resonance), the 
phase shift of Ea/2 is less than 90 de- 
grees as shown at (c), and Ei becomes 

El \ Es/2 

Ep Ep 
(b) (C) 

Fig. 31—Diagram illustrating phase shift 
in double-tuned transformer (a) at reso- 
nance, (b) below resonance, and (c) above 

resonance. 
larger. The curve of Ej as a function of 
frequency in Fig. 32 is readily identified 
as the response curve of an FM detector. 

CENTER 
FREQUENCY 

Fig. 32—Diagram showing resultant volt- 
age E, in Fig. 31 as a function of frequency. 

Because the discriminator circuit 
shown in Fig. 30 uses a push-pull con- 
figuration, the diodes conduct on alter- 
nate half-cycles of the signal frequency 
and produce a plus-and-minus output 
with respect to zero rather than with 
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respect to Ej. The primary advantage 
of this arrangement is that there is no 
output at resonance. When an FM sig- 
nal is applied to the input, the audio 
output voltage varies above and below 
zero as the instantaneous frequency 
varies above and below resonance. The 
frequency of this audio voltage is de- 
termined by the-modulation frequency 
of the FM signal, and the amplitude of 
the voltage is proportional to the fre- 
quency excursion from resonance. (The 
resistor Rs in the circuit provides a dc 
return for the diodes, and also maintains 
a load impedance across the primary 
winding of the transformer.) 

One disadvantage of the balanced 
phase-shift discriminator shown in Fig. 
30 is that it detects audio modulation 
(AM) as well as frequency modulation 
(FM) in the if signal because the cir- 
cuit is balanced only at the center fre- 
quency. At frequencies off resonance, 
any variation in amplitude of the if 
signal is reproduced to some extent in 
the audio output. 

The ratio-detector circuit shown in 
Fig. 33 is a discriminator circuit which 
has the advantage of being relatively 

placed "back-to-back" (in series, rather 
than in push-pull) so that both halves 
of the circuit operate simultaneously 
during one-half of the signal frequency 
cycle (and are cut off on the other half- 
cycle). As a result, the detected voltages 
Ei and E. are in series, as shown for 
the instantaneous polarities that occur 

_during the conduction half-cycle. When 
the audio output is taken between 
the equal capacitors Ci and Cs, there- 
fore, the output voltage is equal to 
(£,-£0/2 (for equal resistors Ri and 
RO. 

The dc circuit of the ratio detector 
consists of a path through the secondary 
winding of the transformer, both diodes 
(which are in series), and resistors Ri 
and Rj. The value of the electrolytic 
capacitor C, is selected so that the time 
constant of Ri, R2, and C, is very long 
compared to the detected audio signal. 
As a result, the sum of the detected 
voltages (Ei T- E,) is a constant and the 
AM components on the signal frequency 
are suppressed. This feature of the ratio 
detector provides improved AM rejec- 
tion as compared to the phase-shift 
discriminator circuit shown in Fig. 30. 

'I M tu3 [S-r1^ 
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Fig. 33—Ratio-detector circuit. 

insensitive to amplitude variations in 
the FM signal. In this circuit, Ep is 
added to Es/2 through the mutual 
coupling M, (this voltage addition may 
be made by either mutual or capacitiye 
coupling). Because of the phase-shift 
relationship of these voltages, the re- 
sultant detected signals vary with fre- 
quency variations in the same manner 
as described for the phase-shift discrimi- 
nator circuit shown in Fig. 30. However, 
the diodes in the ratio detector are 

Amplification 
The amplifying action of an elec- 

tron tube was mentioned under Triodes 
in the section on Electrons, Electrodes, 
and Electron Tubes. This action can 
be utilized in electronic circuits in a 
number of ways, depending upon the 
results desired. Four classes of am- 
plifier service recognized by engineers 
are covered by definitions standardized 
by the Institute of Electrical and 
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Electronics Engineers. This classifica- 
tion depends primarily on the fraction 
of input cycle during which plate cur- 
rent 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 very small (i.e., 
approaches zero). 

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 identifica- 
tion to denote that grid current does 
not flow during any part of the input 
cycle. The sutfix 2 may be used to 
denote that grid current flows during 
part of the cycle. 

For radio-frequency (rf) amplifiers 
which operate into a selective tuned 
circuit, as in radio transmitter applica- 
tions, or under requirements where dis- 
tortion is not an important factor, any 
of the above classes of amplifiers may 
be used, either with a single tube or 
with a push-pull stage. For audio- 
frequency (af) amplifiers in which dis- 

tortion is an important factor, only 
class A amplifiers permit single-tube 
operation. In this case, operating con- 
ditions are usually chosen so that dis- 
tortion is kept below the conventional 
5 per cent for triodes and the con- 
ventional 7 to 10 per cent for tetrodes 
or pentodes. Distortion can be reduced 
below these figures by means of special 
circuit arrangements such as that dis- 
cussed under inverse feedback. With 
class A amplifiers, reduced distortion 
with improved power performance can 
be obtained by using a push-pull stage 
for audio service. With class AB and 
class B amplifiers, a balanced 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 
impressed on the grid, but their am- 
plitude is increased. This increase is 
accomplished by operation of the tube 
at a suitable grid bias so that the 
applied grid input voltage produces 
plate-current 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 obtained. 

Fig. 34 gives a graphical illustra- 
tion of this method of amplication and 
shows, by means of the grid-voltage vs. 
plate-current characteristics curve, the 
effect of an input signal (S) applied to 
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Fig. 34—Current characteristics of class A 
amplifier. 
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the grid of a tube. The output signal (0) 
is the resulting amplified plate-current 
variation. 

The plate current flowing through 
the load resistance (R) of Fig. 35 
causes a voltage drop which varies di- 
rectly with the plate current. The ratio 
of this voltage variation produced in the 
load resistance to the input signal volt- 

W LOAD I 4 I \ RESISTANCE < A   < OUTPUT I R< VOLTAGE INPUT . > SIGNAL "•I'l'P | T 
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Fig. 35—Triode amplifier circuit. 
age is the voltage amplification, or gain, 
provided by the tube. The voltage am- 
plification due to the tube is expressed 
by the following convenient formulas: 

Voltage amplification = „ X^ JAI. + Tp 
Bm X rp X RL 0r 1000000 X (rp + Rid 

where p. is the amplification factor of 
the tube, Rn is the load resistance in 
ohms, Tp 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 
amplification factor, but that the gain 
approaches the amplification factor 
when the load resistance is large com- 
pared to the tube plate resistance. Fig. 
36 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 resistance-coupled amplifier, 
the load resistance of the tube is ap- 
proximately 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. However, the plate resistor 
should not be too large because the 
flow of plate current through the plate 
resistor produces a voltage drop which 
reduces the plate voltage applied to the 
tube. If the plate resistor is too large, 
this drop will be too large, the plate 
voltage on the tube will be too small, 
and the voltage output of the tube will 
be too small. Also, the grid resistor 
of the following stage should not be 
too large, the actual maximum 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 
increased 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. 

VOLTAGE AMPLIFICATION vs.LOAD RESISTANCE FOR THEORETICAL TRIODE HAVING! PLATE RESISTANCE -10000 OHMS AMPLIFICATION -FACTORslO TRANSCONDUCTANCE = 1000 MICROMHOS 

200000 300000 
LOAD RESISTANCE-OHMS 

Fig. 36—Gain curve jor triode amplifier circuit. 
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When cathode-resistor bias is used, a 
loss in bias due to gas or grid-emission 
effects is almost completely offset by an 
increase in bias due to the voltage drop 
across the cathode resistor. Typical val- 
ues of plate resistor and grid resistor 
for tube types used in resistance-coupled 
circuits, and the values of gain obtain- 
able, are shown in the Resistance- 
Coupled Amplifier section. 

The input impedance of an elec- 
tron tube (that is, the impedance be- 
tween grid and cathode) consists of 
(1) a reactive component due to the 
capacitance between grid and cathode, 
(2) a resistive component resulting from 
the time of transit of electrons between 
cathode and grid, and (3) a resistive 
component developed by the part of 
the cathode lead inductance which is 
common to both the input and output 
circuits. These components are de- 
pendent on the frequency of the in- 
coming signal. The input impedance is 
very high at audio frequencies when 
a tube is operated with its grid biased 
negative. In a class Ai or ABi trans- 
former-coupled audio amplifier, there- 
fore, the loading imposed by the grid 
on the input transformer is negligible. 
As a result, the secondary impedance 
of a class Ai or class ABi input trans- 
former can be made very high because 
the choice is not limited by the input 
impedance of the tube; however, trans- 
former design considerations may limit 
the choice. 

At the higher radio frequencies, 
the input impedance may become very 
low even when the grid is negative, due 
to the finite time of passage of elec- 
trons between cathode and grid and to 
the appreciable lead reactance. This 
impedance drops very rapidly as the 
frequency is raised, and increases input- 
circuit loading. In fact, the input im- 
pedance may become low enough at 
very high radio frequencies to affect 
the gain and selectivity of a preceding 
stage appreciably. Tubes such as the 
"acorn" and "pencil" types and the 
high-frequency miniatures have been 
developed to have low input capac- 
itances, low electron-transit time, and 
low lead inductance so that their input 
impedance is high even at the ultra- 

high radio frequencies. Input ad- 
mittance is the reciprocal of input 
impedance. 

A remote-cutoff amplifier tube is 
a modified construction of a pentode 
or a tetrode type designed to reduce 
modulation-distortion and cross-modu- 
lation in radio-frequency stages. Cross- 
modulation is the effect produced in a 
radio or television receiver by an in- 
terfering station "riding through" on 
the carrier of the station to which the 
receiver is tuned. Modulation-distortion 
is a distortion of the modulated carrier 
and appears as audio-frequency distor- 
tion in the output. This effect is pro- 
duced by a radio-frequency amplifier 
stage operating on an excessively curved 
characteristic when the grid bias has 
been increased to reduce volume. The 
offending stage for cross-modulation is 
usually the first radio-frequency am- 
plifier, while for modulation-distortion 
the cause is usually the last interme- 
diate-frequency stage. The character- 
istics of remote-cutoff types are such 
as to enable them to handle both large 
and small input signals with minimum 
distortion over a wide range of signal 
strength. 

Fig. 37 illustrates the construction 
of the grid No. 1 (control grid) in a 
remote-cutoff tube. The remote-cutoff 

CATHODE. PLATE 

SUPPRESSOR GRID SCREEN GRID GRID 
Fig. 37—Stnictwe of remote-cutoff grid. 
action is due to the structure of the grid 
which provides a variation in amplifica- 
tion factor with change in grid bias. The 
grid No. 1 is wound with open spacing 
at the middle and with close spacing 
at the ends. When weak signals and 
low grid bias are applied to the tube, 
the effect of the non-uniform turn spac- 
ing of the grid on cathode emission and 
tube characteristics is essentially the 
same as for uniform spacing. As the 
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grid bias is made more negative to 
handle larger input signals, the electron 
flow from the sections of the cathode 
enclosed by the ends of the grid is 
cut off. The plate current and other 
tube characteristics are then dependent 
on the electron flow through the open 
section of the grid. This action changes 
the gain of the tube so that large 
signals may be handled with minimum 
distortion due to cross-modulation and 
modulation-distortion. 

Fig. 38 shows a typical plate-cur- 
rent vs. grid-voltage curve for a remote- 
cutoff type compared with the curve 
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Pig, 38—Plate-current curves for triodes 
having remote-cutoff and uniformly spaced 

grids. 

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 re- 
mote-cutoff tube drops quite slowly 
with large values of bias voltage. This 
slow change makes it possible for the 
tube to handle large signals satisfac- 
torily. Because remote-cutoff types can 
accommodate large and small signals, 
they are particularly suitable for use 
in sets having automatic volume con- 
trol. Remote-cutoff tubes also are 
known as variable-mu types. 

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 sup- 
ply a relatively large amount of power 
to the loudspeaker. For this applica- 
tion, large power output is of more 
importance than high voltage amplifica- 
tion; 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 dis- 
tortion. Power tubes of the pentode 
type are characterized by high power 
sensitivity, high plate-power efficiency 
and, usually, somewhat higher distor- 
tion than class A triodes. Beam power 
tubes have higher 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 AB2 or a class B stage. It is 
usually advisable to use a triode, rather 
than a pentode, in a driver stage be- 
cause 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. 
39) provides twice the output of a 
single tube with the same value of grid- 
signal voltage. With this connection, 
the effective transconductance of the 
stage is doubled, and the effective plate 

0+ 0— AC FILAMENT SUPFLV 
Fig. 39—Power amplifier with tubes 

connected in parallel. 

resistance and the load resistance re- 
quired are halved as compared with 
single-tube values. 

The push-pull connection (Fig. 40), 
although it requires twice the grid- 
signal voltage, provides increased power 
and has other important advantages 
over single-tube operation. Distortion 
caused by even-order harmonics and 
hum caused by plate-voltage-supply 
fluctuations are either eliminated or 
decidedly reduced through cancellation. 
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Because distortion for push-pull opera- 
tion is less than for single-tube opera- 
tion, appreciably more than twice 
single-tube output can be obtained with 
triodes by decreasing the load resist- 
ance for the stage to a value approach- 
ing 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. 

AC HEATER 5UPPU 
Fig. 40—Power amplifier with tubes 

connected in push-pull. 

If oscillations occur with either type of 
connection, they can often be elimi- 
nated by the use of a non-inductive 
resistor of approximately 100 ohms 
connected in series with each grid at 
the socket terminal. 

Operation of power tubes so that 
the grids run positive is inadvisable 
except under conditions such as those 
discussed in this section for class AB 
and class B amplifiers. 

Power-Output Calculations 
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. 41 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)//i 
where Eb is the chosen value in volts of 
dc plate voltage at which the tube is to 
be operated, and /i 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, L, corresponding to 
point P. 

(3) Locate the point 2I0, which is 
twice the value of L, and corresponds to 
the value of the maximum-signal plate 
current Im.x. 

(4) Locate the point X on the dc 
bias curve at zero volts, Ec = 0, corre- 
sponding to the value of 1m,!. 

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

Line XY is known as the load re- 
sistance line. Its slope corresponds to 
the value of the load resistance. The 
load resistance in ohms is equal to 
(Emir — Eralb) divided by (Im.r — Imln), 
where E is in volts and I is in amperes. 

It should be noted that in the case 
of filament types of tubes, the calcula- 
tions are given on the basis of a dc- 
operated filament. When the filament is 
ac-operated, the calculated value of dc 

Ef = 2.5 VOLTS 0 C 

j\ 
IMAX=2IO U 

< 0.08 
y o.oel-2- 

250 
PLATE VOLTS 

Fig. 41—Graphic calculations for class A amplifier using a power triode. 
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bias should be increased by approxi- 
mately one-half the filament voltage 
fating of the tube. 

The value of zero-signal plate cur- 
rent lo should be used to determine the 
plate dissipation, ah important factor 
influencing tube life. In a class A am- 
plifier under zero-signal conditions, the 
plate dissipation is equal to the power 
input, i.e., the product of the dc plate 
voltage Eo and the zerO-signal dc plate 
current L. If it is found that the plate- 
dissipation rating of the tube is exceeded 
with the zero-signal bias Eco 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 fur- 
ther 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 Eco 
to zero bias (Ec = 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 current reach values of E„,ss and 

during the positive swing, they 
reach values of Emm and Im»x. Because 
power is the product of voltage and 
current, the power output Po as shown 
by a watt-meter is given by 

_ (Imax—I m In ) X (Emax—•Bmln) Po = g 

where E is in volts, I is in amperes, 
and Po 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 H- Im In T  * Ao 

where L is the zero-signal plate current 
in amperes. If the distortion is exces- 
sive, the load resistance should be in- 
creased 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. 41. 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) 14.2 = -40.5 volts. 
From the curve for this voltage, it is 
found that the zero-signal plate current 
is 0.08 ampere and, therefore, the plate- 
dissipation rating is exceeded (0.08 X 
250 = 20 watts). Consequently, it is 
necessary to reduce the zero-signal 
plate current to 0.06 ampere at 250 
volts. The grid bias is then —43.5 volts. 
Note that the curve was taken with a 
dc filament supply; 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 then be determined. 
Point X is at the intersection of the dc 
bias curve at zero volts with Im,i, where 
In,.* = 2Io = 2 X 0.06 = 0.12 ampere. 
Line XY is drawn through points P and 
X. Em.*, En, 1„, and Imin are then found 
from the curves. When these values 
are substituted in the power-output for- 
mula, the following result is obtained: 

p0 = (0-12 - 0-012) X 065 - 105) = 3 „ ^ 

The resistance represented by load 
line XY is 

= 2410 ohms (0.12 — 0.012) 
When the values from the curves 

are substituted in the distortion for- 
mula, the following result is obtained: 

0.12 + 0.012 ^ 
2 

% distortion = _ q 012 * 100 ^ 5'5^ 

It its 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, 
however, the distortion is excessive and 
it is desirable, therefore, to use a slightly 
higher load resistance. A load resistance 
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of 2500 ohms will provide a distortion 
of about 4.9 per cent. The power out- 
put 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 re- 
quired to produce plate-current cutoff 
at a plate voltage of 1.4Eo, where Eo is 
the operating plate voltage. Higher bias 
than this value requires higher grid- 
signal voltage and results in class ABi 
operation, 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. 
42), intersecting the Eo = 0 curve at the 
point Imai. Then, Im.x is determined 
from the curve for use in the formula 

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

Example: Assume that the plate 
voltage (Eo) is to be 300 volts, and the 
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 
cutoff with a plate voltage of 1.4 x 300 
= 420 volts. (Since cutoff bias is ap- 
proximately —115 volts at a plate volt- 
age 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 ampere and, there- 
fore, the plate dissipation is 0.054 x 
300 or 16.2 watts. Since —57.5 volts 
is the limit of bias for class A opera- 
tion of these tubes at a plate voltage 
of 300 volts, the dissipation cannot be 
reduced by increasing the bias and it 
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 
current is 0.06 ampere, and the plate 
dissipation is 15 watts. Then, following 
the method for calculating power out- 
put, erect a vertical line at O.6E0 = 150 

150 250 300 
PLATE VOLTS 

Fig. 42—Graphic calculations for push-pull class A amplifier using a power Mode. 
The method for determining the 

proper load resistance for triodes in 
push-pull is as follows: Draw a load line 
through Imai on the zero-bias curve and 
through the Eo 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, 

Rpp = 4 X (Eo — 0.6Eo)/Iniax 

where Eo is expressed in volts, Ira ax in 
amperes, and Rpp in ohms. 

volts. The intersection of the line with 
the curve Eo = 0 is In,.,i or 0.2 ampere. 
When this value is substituted in the 
power formula, the power output is 
(0.2 x 250)15 = 10 watts. The load 
resistance is determined from the load 
formula: Plate-to-plate load (RpP) = 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. Calculations can be 
made graphically from a special plate 
family of curves, as shown in Fig. 43. 
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ly EC|g|.70TV 
Eci«2V 

t-o PLATE VOLTS 

Fig. 43—Graphic calculations for class A amplifier using a pentode or beam power tube. 

From a point A at or just below 
the knee of the zero-bias curve, draw 
arbitrarily selected load lines to inter- 
sect the zero-plate-current axis. These 
lines should be on both sides of the 
operating point P, whose position is 
determined by the desired operating 
plate voltage, Eo, 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 opti- 
mum 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, 
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) = Enuix — Ein 1 it 

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

  [Imix — Imln -|- 1.41 (Ix Ty)]- Itr, Po - 32 

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

Calculations for distortion mav be 
made by means of the following formu- 

las. The terms used have already been 
defined. 

% 2nd-harmonic distortion = 
 Imtx -f- Im In — 2 lo  ^ jqq 
Iiukx — Imln H- 1.41 (Ix ly) 

% 3rd-harmomc distortion = 
Imtx — Imln — 1.41 (Ix ly) ^ ^qq 
Imtx — Im In + 1.41 (Ix — ly) 

% total rind and 3rd) hantionic distortion = 
\/(% 2nd)H- (% 3rd)'- 

Conversion Factors 

Operating conditions for voltage 
values other than those shown in the 
published data can be obtained by use 
of the nomograph shown in Fig. 44 
when all electrode voltages are changed 
simultaneously in the same ratio. The 
nomograph includes conversion factors 
for current (Fi), power output (Fp), 
plate resistance or load resistance (Fr). 
and transconductance (Fgm) for voltage 
ratios between 0.5 and 2.0. These fac- 
tors are expressed as functions of the 
ratio between the desired or new volt- 
age for any electrode (Edc) and the 
published or original value of that volt- 
age (Epub). The relations shown are ap- 
plicable 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 E,i«, and 
Epub at the desired values. The desired 
conversion factor may then be read 
directly or estimated at the point where 
the straight-edge intersects the Fi, Fp 
Fr, or Fgm scale. 
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For example, suppose it is desired 
to operate two 6L6GC's in class Ai 
push-pull, fixed bias, with a plate volt- 
age of 200 volts. The nearest published 
operating conditions for this class of 
service are for a plate voltage of 250 
volts. The operating conditions for the 
new plate voltage can be determined 
as follows: 

The voltage conversion factor, Fe, 
is equal to 200/250 or 0.8. The dashed 
lines on the nomograph of Fig. 44 indi- 
cate that for this voltage ratio Fi is 
approximately 0.72, Fp is approximately 
0.57, Fr is 1.12, and Fgm is approxi- 
mately 0.892. These factors may be 
applied 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 E,i„/Epub departs from unity. In 
general, results are substantially correct 
when the value of the ratio E.ic/Epui, 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. 
Because contact-potential effects be- 
come noticeable only at very small dc 
grid-No. 1 (bias) voltages, they are 
generally negligible in power tubes. 
Secondary emission may occur in con- 
ventional tetrodes, however, if the plate 
voltage swings below the grid-No. 2 
voltage. Consequently, the conversion 

Fig. 44—Nomograph oj tube conversion /actors. 
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factors shown in the nomograph apply 
to such tubes only when the plate volt- 
age is greater than the grid-No. 2 volt- 
age. Because secondary emission may 
also occur 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 conditions. 

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 
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 be- 
cause the increased negative bias holds 
plate current within the limit of the 
tube 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 AB?. 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 ABs, the peak signal voltage is 
greater than the bias so that the grids 
are driven positive and draw current. 

Ef=2.5 VOLTS D C 

Because of the flow of grid current 
in a class ABz stage, there is a loss of 
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 
output 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 ABa stage, it is 
important that the plate power supply 
have good regulation. Otherwise the 
fluctuations in plate current cause fluc- 
tuations 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 5V4GA, 
with a choke-input filter. In all cases, 
the resistance of the choke and trans- 
formers should be as low as possible. 

Class ABi Power Amplifiers 
In class ABi push-pull amplifier 

service using triodes, the operating 
conditions may be determined graphi- 
cally by means of the plate family if 
Eo, 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. 45. Its position is not 
affected by the operating grid bias pro- 
vided the plate-to-plate load resistance 
remains constant. 

Under these conditions, grid bias 
has no appreciable effect on the power 

< o,U 
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Plgt 45—Graphic calculations for class ABj amplifier Fig. 46—Instantaneous curve 
using a power triode. for class ABj amplifier. 
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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. Be- 
cause the grid bias is higher in class 
ABi than in class A service for the same 
plate voltage, a higher signal voltage 
may be used without grid current be- 
ing drawn and, therefore, higher power 
output is obtained. 

In general, for any load line 
through point D, Fig. 45, the plate-to- 
plate load resistance in ohms of a push- 
pull amplifier is Rpp = 4Eo/I', where 
I' is the plate-current value in am- 
peres at which the load line as pro- 
jected intersects the plate-current axis, 
and Eo is in volts. This formula is an- 
other form of the one given under push- 
pull class A amplifiers, RpP = 4(Eo — 
0.6Eo)/Imnr, but is more general. Power 
output = (Im.i/V2)a X Rpp/4, where 
Im.t is the peak plate current at zero 
grid volts for the load chosen. This 
formula simplified is (Im„)2 x Rpp/8. 
The maximum-signal average plate cur- 
rent is Zlmtx/ir or 0.636 Ima*; the maxi- 
mum-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, Im«, 
occurs at the point of the zero-bias 
curve corresponding approximately to 
0.6 Eo, the condition for maximum 
power output. The simplified formulas 
are: 

Po (for two tubes) = (Im.x X Eo)/5 
Rpp = 1.6Eo/Imax 

where Eo is in volts, I max 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. 45 illustrates the 
application of this method to a pair of 
power triodes operated at Eo = 300 
volts. Each tube has a plate-dissipation 
rating of 15 watts. The method is to 

erect a vertical line at 0.6E„, or at 180 
volts, which intersects the Eo = 0 curve 
at the point I,,,a* = 0.26 ampere. Using 
the simplified formulas, the following 
values are obtained: 

Rpp = (1.6 X 300)/0.26 = 1845 ohms 
Po = (0.26 X 300)/5 = 15.6 watts 

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 I max ) mentioned previously, the 
maximum-signal average plate current 
is 0.166 ampere. The product of this 
current 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 ob- 
tain 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 assume another and higher 
load resistance so that the plate-dissipa- 
tion rating will not be exceeded. 

It will be found that at an operat- 
ing plate voltage of 300 volts the tubes 
require a plate-to-plate load resistance 
of 3000 ohms. From the formula for 
Rpp, the value of P is found to be 0.4 
ampere. The load line for the 3000- 
ohm load resistance is then represented 
by a straight line from the point P = 
0.4 ampere on the plate-current ordi- 
nate to the point Eo = 300 volts on 
the plate-voltage abscissa. At the inter- 
section of the load line with the zero- 
bias curve, the peak plate current, In,.,, 
can be read at 0.2 ampere. Then 

Po ; : (Imax/ V2)2 X Rpp/4 
= (0.2/1.41)2 X 3000/4 = 15 watts 

Proceeding as in the first approxima- 
tion, it is found that the maximum- 
signal average plate current, 0.636Im«T1 
is 0.127 ampere, and the maximum- 
signal average 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 then be found 
by use of a curve which is derived from 
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the plate family and the load line. Fig. 
46 is a curve of instantaneous values of 
plate current and dc grid-bias voltages 
taken from Fig. 45. Values of grid bias 
are read from each of the grid-bias 
curves of Fig. 45 along the load line 
and are transferred to Fig. 46 to pro- 
duce 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 operat- 
ing point for each tube at P. The plate 
current must be doubled, of course, to 
obtain 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 of sig- 
nal voltage per tube is 60 volts, or the 
grid-to-grid value is 120 volts. 

As in the case of the push-pull class 
A amplifier, the second-harmonic dis- 
tortion in a class ABi amplifier using 
triodes is very small and is largely can- 
celed by virtue of the push-pull con- 
nection. Third-harmonic distortion, 
however, which may be larger than 
permissible, can be found by means of 
composite characteristic curves. A com- 
plete family of curves can be plotted, 
but for the present purpose only the one 
corresponding to a grid bias of one-half 
the peak grid-voltage swing is needed. 
In the example, the peak grid voltage 
per tube is 60 volts, and the half value 
is 30 volts. The composite curve, since 
it is nearly a straight line, can be con- 
structed with only two points (see Fig. 
45). These two points are obtained from 
deviations above and below the operat- 
ing grid and plate voltages. 

In order to find the curve for a 
bias of —30 volts, a deviation of 30 
volts from the operating grid voltage 
of —60 volts is assumed. Next assume 
a deviation 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 cur- 
rent at this intersection, which is 0.167 
ampere; likewise, at the intersection 
of a vertical line at 300 + 40 = 340 
volts and the (—60) -f (—30) = -90- 
volt bias curve, read the plate current. 
In this example, the plate current is 
estimated to be 0.002 ampere. The dif- 
ference 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. 

These steps provide 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 com- 
posite curve for a bias of —30 volts, 
shown as a long-short dash line in Fig. 
45. At the intersection of the composite 
curve and the load line, G, the instan- 
taneous composite plate current at the 
point of one-half the peak signal swing 
is determined. This current value, desig- 
nated Io.s and the peak plate current, 
Imax, are used in the following formula 
to find the peak value of the third- 
harmonic component of plate current. 

Ih3 = (2Io.5 — Imax)/3 
In the example, where L.e is 0.097 am- 
pere and In,ax is 0.2 ampere, Im = 
(2 X'0.097 - 0.2)/3 = (0.194 - 0.2)/3 
= —0.006/3 = —0.002 ampere. (The 
fact that Ii,s is negative indicates that the 
phase relation of the fundamental (first- 
harmonic) and third-harmonic com- 
ponents of the plate current is such as 
to result in a slightly peaked wave form. 
Ins is positive in some cases, indicating 
a flattening of the wave form.) 

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

Ihl = 2/3 X (Imax -'- lo.o) 
In the example, In = 2/3 X (0.2 + 
0.097) = 0.198 ampere. Thus, the per- 
centage of third-harmonic distortion is 
(Win) X 100 = (0.002/0.198) X 100 
= 1 per cent approx. 
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Class ABi Power Amplifiers 
A class ABo 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 cur- 
rent 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 consumed in the grid circuit. 
These conditions permit high power out- 
put to be obtained without excessive 
plate dissipation. 

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-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. 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 operat- 
ing conditions involves a series of 
approximations. The load resistance and 
signal swing are limited by the per- 
missible grid current and power and the 
distortion. If the load resistance is too 
high or the signal swing is excessive, the 
plate-dissipation 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 ABa, 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 ABa operation. 

Because certain triodes used as 
class B amplifiers are designed to op- 
erate 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 operation, considerable grid cur- 
rent is drawn and there is a loss of 
power in the grid circuit. This condi- 
tion imposes the same requirement in 
the driver stage as in a class ABs stage; 
i.e., the driver should be capable of de- 
livering considerably more power out- 
put than the power required for the 
grid circuit of the class B amplifier so 
that distortion will be low. Similarly, 
the interstage transformer between the 
driver and the class B stage usually has 
a step-down turns ratio. Because 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 ABa 
stage. 

Power amplifier tubes designed for 
class A operation can be used in class 
AB. and class B service under suitable 
operating conditions. There are several 
tube types designed especially for class 
B service. The characteristic common to 
all of these types is a high amplifica- 
tion factor. With a high amplification 
factor, plate current is small even when 
the grid bias is zero. These tubes, there- 
fore, can be operated in class B service 
at a bias of zero volts so that no bias 
supply is required. A number of class B 
amplifier tubes consist of two triode 
units mounted in one tube. The two 
units can be connected in push-pull so 
that only one tube is required for a 
class B stage. 

Cathode-Drive Circuits 
The preceding text has discussed 

the use of tubes in the conventional 
grid-drive type of amplifier—that is, 



38 RCA Receiving Tube Manual 

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-drivc circuit is 
shown in Fig. 47. The load is placed in 

OUTPUT VOLTAGE 

Fig. 47—Cathode-drive circuit. 

the plate circuit and the output voltage 
is taken off between the plate and 
ground 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 par- 
ticularly useful for vhf and uhf applica- 
tions, in which it is necessary to obtain 
the low-noise performance usually asso- 
ciated with a triode, but where a con- 
ventional 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/gm when the load resistance is small 
compared to the rp of the tube. A cer- 
tain amount of power is required, there- 
fore, to drive such a circuit. However, 
in the type of service in which cathode- 
drive circuits are normally used, the 
advantages of the grounded-grid con- 
nection usually outweigh this disad- 
vantage. 

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 in- 
put of the same or a preceding tube in 
opposite phase to the signal applied to 
the tube. Two important advantages of 
feedback are (1) reduced distortion from 
each stage included in the feedback 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 tu.be 
varies with frequency. When the output 
tube is a pentode or beam power tube 
having high plate resistance, this varia- 
tion in plate load impedance can, if not 
corrected, produce considerable fre- 
quency distortion. Such frequency dis- 
tortion can be reduced by means of 
inverse feedback. Inverse-feedback cir- 
cuits are of the constant-voltage type 
and the constant-current type. 

The application of the constant- 
voltage type of inverse feedback to a 
power-output stage using a single beam 
power tube is illustrated in Fig. 48. In 
this circuit, R,, Rs, and C are connected 
as a voltage divider across the output of 
the tube. The secondary winding of the 
grid-input transformer is returned to a 
point on this voltage divider. Capacitor 

Fig. 48—Power-output stage using constant 
voltage inverse feedback. 
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C blocks the dc plate voltage from the 
grid. However, a portion of the tube 
af output voltage, approximately equal 
to the output voltage multiplied by the 
fraction R./fRi + R2), is applied to the 
grid. This voltage reduces the source im- 
pedance of the circuit and a decrease in 
distortion results which is explained in 
the curves of Fig. 49. 

nent of plate current i'pt. It is evident 
that the irregularity of 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 

Fig. 49—Voilage and current waveforms showing effect of inverse feedback. 

Consider first the amplifier without 
the use of inverse feedback. Suppose 
that when a signal voltage e, 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'p. 
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 
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 
e'p, the feedback voltage appearing on 
the grid is as shown by e'-(. This voltage 
applied to the grid produces a compo- 

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 ampli- 
tude of the output current. Conse- 
quently, when inverse feedback is 
applied to an amplifier there is a de- 
crease in gain or power sensitivity as 
well as a decrease in distortion. Hence, 
the application of inverse feedback to 
an amplifier requires that more driving 
voltage be applied to obtain full power 
output, but this output is obtained with 
less distortion. 
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Inverse feedback may also be ap- 
plied to resistance-coupled stages, as 
shown in Fig. 50. The circuit is conven- 
tional except that a feedback resistor, 

Fig. 50—Resistance-coupled stages using 
feedback resistor. 

Rs, is connected between the plates of 
tubes Ta and T2. The output signal volt- 
age of Ti and a portion of the output 
signal voltage of T2 appear across R2. 
Because the distortion generated in the 
plate circuit of T2 is applied to its grid 
out of phase with the input signal, the 
distortion in the output of T2 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 
ABi 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- 
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 be- 
cause the variation in speaker imped- 
ance with frequency does not produce 
much distortion in a triode stage hav- 
ing 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 provide 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 output of 
beam power tubes can be combined 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 
shown in Fig. 51. 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 
voltage is obtained between the cathode 
and ground. The voltage amplification 
(V.A.) of this circuit is always less than 
unity and may be expressed by the fol- 
lowing convenient formulas. 
For a triode: 

Y A —  *L ^ ^r'  
rp + [Rr,X (.P +1)1 

For a pentode: 
v A 8l" x Rl  l + (gmXRr.) 

In these formulas, p. is the amplifi- 
cation factor, Rr, is the load resistance 
in ohms, r,, is the plate resistance in 
ohms, and gm is the transconductance 
in mhos. 

The use of the cathode follower 
permits the design of circuits which 
have high input resistance and high out- 
put voltage. The output impedance is 

> LOAD OUTPUT 
>RESISTANCE VOLTAGE 

Fig. 51—Cathode-follower circuit. 
quite low and very low distortion may 
be obtained. Cathode-follower circuits 
may be used for power amplifiers or as 
impedance transformers designed either 
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to match a transmission line or to pro- 
duce 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 1 Vz 
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 
adequate 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 
relatively low values of cathode resistor, 
the circuit may be designed to supply 
significant amounts of power and to 
match the impedance of the device to 
a transmission line. With somewhat 
higher values of cathode resistor, the 
circuit may be used to decrease the out- 
put impedance sufficiently to permit the 
transmission of audio signals along a 
line in which appreciable 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 
vacuum-tube voltmeter. Such circuits 
can be designed to provide effective 
impedance transformation with no sig- 
nificant loss 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. 

Required g,„ Umhos) = 1 ■000,000 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 
Technical Data section. The tube se- 
lected should have a value of transcon- 
ductance 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. 44 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 a triode: 

Cathode Rr, = — _ rp 
For a pentode: 

Cathode Rr, = 

Zo x rp  
- [Zo X (1 + /0] 

Resistance and impedance values are in 
ohms; transconductance values are in 
mhos. 

If the value of the cathode load re- 
sistance calculated to provide the re- 
quired output impedance does not 
provide the required operating bias, the 
basic cathode-fofiower circuit can be 
modified in a number of ways. Two of 
the more common modifications are 
shown in Figs. 52 and 53. 

In Fig. 52 the bias is increased by 
adding a bypassed resistance between 

Fig. 52 Cathode-follower circuit modified 
for increased bias. 

the cathode and the unbypassed load 
resistance and returning the grid to the 
low end of the load resistance. In Fig. 
53 the bias is reduced by adding a by- 
passed resistance between the cathode 
and the unbypassed load resistance but, 
in this case, the grid is returned to the 
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junction of the two cathode resistors 
so that the bias voltage is only the dc 
voltage drop across the added resistance 
The size of 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 increased to make up for the 
voltage taken for biasing. 

Fig. 53—Cathode-follower circuit modified 
for reduced bias. 

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, determine the ap- 
proximate transconductance required. 

Required gm = 1,000,000 : 2000 /umhos 

A survey of the tubes that have a 
transconductance in this order of mag- 
nitude shows that type 12AX7A 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 micromhos, the plate resistance is 
62500 ohms, the amplification factor is 
100, and the plate current is 0.0012 am- 
pere. When these values are used in the 
expression for determining the cathode 
load resistance, the following result is 
obtained: 

C-'hodc K-^^0°_=2600 ohms 

The voltage across this resistor for 
a plate current of 0.0012 ampere is 
2600 X 0.0012 = 3.12 volts. Because 

the required bias voltage is only —2 
volts, the circuit arrangement given in 
Fig. 53 is employed. The bias is fur- 
nished by a resistance that will have a 
voltage drop of 2 volts when it carries 
a current of 0.0012 ampere. The re- 
quired bias resistance, therefore, is 
2/0.0012 = 1670 ohms. If 60 Hz is 
the lowest frequency to be passed, 20 
microfarads is a suitable value for the 
bypass capacitor. The B-supply, of 
course, is increased by the voltage drop 
across the cathode resistance which, in 
this example, is approximately 5 volts. 
The B-supply, therefore, is 250 + 5 
= 255 volts. 

Because it is desirable to eliminate, 
if possible, the bias resistor and bypass 
capacitor, it is worthwhile to try other 
tubes and other operating conditions to 
obtain a value of cathode load resist- 
ance which will also provide the re- 
quired bias. If the triode section of twin 
diode—high-mu triode 6AT6 is operated 
under the conditions given in the tech- 
nical data section with a plate voltage 
of 100 volts and a bias of —1 volt, it 
will have an amplification factor of 70, 
a plate resistance of 54000 ohms, a 
transconductance of 1300 micromhos, 
and a plate current of 0.0008 ampere. 
Then, 

Cathode Rr, = 
500 X 54000  

*54000 — 500 X (70 + 1) = 1460 ohms 
The bias voltage obtained across 

this resistance is 1460 X 0.0008 =: 1.17 
volts. Since this value is for all practical 
purposes close enough to the required 
bias, no addition bias resistance will 
be required and the grid may be re- 
turned directly to ground. There is no 
need to adjust the B-supply voltage to 
make up for the drop in the cathode 
resistor. The voltage amplification 
(V.A.) for the cathode-follower circuit 
utilizing the triode section of type 
6AT6 is 

VA 
70 X 1460 -,,65 54000 + 1460 X (70 + 1) 

For applications in which the cath- 
ode follower is used to isolate two cir- 
cuits—for example, when it is used 
between a circuit being tested and the 
input stage of an oscilloscope or a 
vacuum-tube voltmeter—voltage output 
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and not impedance matching is the pri- 
mary consideration. In such applica- 
tions it is desirable to use a relatively 
high value of cathode load resistance, 
such as 50,000 ohms, in order to get the 
maximum voltage output. In order to 
obtain proper bias, a circuit such as 
that of Fig. 53 should be used. With a 
high value of cathode resistance, the 
voltage amplification will approximate 
unity. 

Corrective Filters 
A corrective filter can be used to 

improve the frequency characteristic of 
an output stage using a beam power 
tube or a pentode when inverse feed- 
back is not applicable. The filter consists 
of a resistor and a capacitor connected 
in series across the primary of the out- 
put transformer. Connected in this way, 
the filter is in parallel with the plate 
load impedance reflected from the voice- 
coil by the output transformer. The 
magnitude of this reflected impedance 
increases with increasing frequency in 
the middle and upper audio range. The 
impedance of the filter, however, de- 
creases with increasing frequency. It 
follows that, by use of the proper values 
for the resistance and the capacitance 
in the filter, the effective load impedance 
on the output tubes can be made prac- 
tically constant for all frequencies in 
the middle and upper audio range. The 
result is an improvement in the fre- 
quency characteristic of the output 
stage. 

The resistance to be used in the 
filter for a push-pull stage is 1.3 times 
the recommended plate-to-plate load re- 
sistance; or, for a single-tube stage, is 
1,3 times the recommended plate load 
resistance/The capacitance in the filter 
should have a value such that the volt- 
age gain of the output stage at a fre- 
quehcy of 1000 Hz or higher is equal 
to the voltage gain at 400 Hz. 

A method of determining the 
proper value of capacitance for the fil- 
ter is to make two measurements of the 
output voltage across the primary of 
the output transformer: first, when a 
400-Hz signal is applied to the input, 
and second, when a 1000-Hz signal 
of the same voltage as the 400-Hz 
signal is applied to the input. The cor- 
rect value of capacitance is the one 
which gives equal output voltages for 
the two signal inputs. In practice, this 
value is usually found to be in the order 
of 0.05 microfarad. 

Phonograph and Tape Preamplifiers 
The frequency range and dynamic 

range* which can be recorded on a 
phonograph record or on magnetic tape 
depend on several factors, including the 
composition, mechanical characteristics, 
and speed of the record or tape, and 
the electrical and mechanical character- 
istics of the recording equipment. To 
achieve wide frequency and dynamic 
ranges, manufacturers of commercial 
recordings use equipment which intro- 
duces a no'nuniform relationship be- 
tween amplitude and frequency. This 
relationship is known as a "recording 
characteristic." To assure proper re- 
production of a high-fidelity recording, 
therefore, some part of the reproducing 
system must have a frequency-response 
characteristic which is the inverse of 
the recording characteristic. Most manu- 
facturers of high-fidelity recordings use 
the RIAA characteristic for discs and 
the NARTB characteristic for mag- 
netic tape. 

The simplest type of equalization 
network is shown in Fig. 54. Because 
the capacitor C is effectively an open 
circuit at low frequencies, the low fre- 
quencies must be passed through the 
resistor R and are attenuated. The ca- 
pacitor has a lower reactance at high 

AMPLIFIER 
STAGE 

AMPLIFIER 
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Fig. 54—Simple RC frequency-compensation network. 
The dynamic range of an amplifier is a measure of its signal-handling capability. The 
dynamic range expresses in dB the ratio of the maximum usable output signal (generally 
for a distortion of about 10 per cent) to the minimum usable output signal (generally for 
a signal-to-noise ratio of about 20 dB). A dynamic range of 40 dB is usually acceptable; 
a value of 70 dB is exceptional for any audio system. 
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frcquoncies, however, and bypasses 
high-frequency components around R so 
that they receive negligible attenuation. 
Thus the network effectively "boosts" 
the high frequencies. This type of equal- 
ization is called "attennative." 

Some typical preamplifier stages 
are shown in the Circuits section. The 
location of the frequency-compensating 
network or "equalizer" in the repro- 
ducing system will depend on the types 
of recordings which are to be repro- 
duced and on the pickup devices used. 

A ceramic high-fidelity phonograph 
pickup is usually designed to provide 
proper compensation for the RIAA re- 
cording characteristic when the pickup 
is operated into the load resistance spec- 
ified by its manufacturer. Because this 
type of pickup also has relatively high 
output (0.5 to 1.5 volts), it does not 
require the use of either an equalizer 
network or a preamplifier, and can be 
connected directly to the input of a 
tone-control amplifier and/or power 
amplifier. 

A magnetic high-fidelity phono- 
graph pickup, on the other hand, usually 
has an essentially flat frequency-re- 
sponse characteristic and very low out- 
put (1 to 10 millivolts). Because a 
pickup of this type merely reproduces 
the recording characteristic, it must be 
followed by an equalizer network, as 
well as by a preamplifier having suf- 
ficient voltage gain to provide the input 
voltage required by the tone-control 
amplifier and/or power amplifier. Many 
designs include both the equalizing and 
amplifying circuits in a single unit. 

A high-fidelity magnetic-tape pick- 
up head, like a magnetic phonograph 
pickup, reproduces the recording char- 
acteristic and has an output of only a 
few millivolts. This type of pickup de- 
vice, therefore, must also be followed 
by an equalizing network and pream- 
plifier, or by a preamplifier which pro- 
vides "built-in" equalization for the 
NARTB characteristic. 

R| 
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Feedback networks may also be 
used for frequency compensation and 
for reduction of distortion. Basically, 
a feedback network returns a portion 
of the output signal to the input circuit 
of an amplifier. The feedback signal 
may be returned in phase with the input 
signal (positive or regenerative feed- 
back) or 180 degrees out of phase with 
the input signal (negative; inverse, or 
degenerative feedback). In either case, 
the feedback, can be made proportional 
to either the output voltage or the out- 
put current, and can be applied to either 
the input voltage or the input current. 
A negative feedback signal proportional 
to the output current raises the output 
impedance of the amplifier; negative 
feedback proportional to the output 
voltage reduces the output impedance. 
A negative feedback signal applied to 
the input current decreases the input 
impedance; negative feedback applied 
to the input voltage increases the input 
impedance. Opposite effects are pro- 
duced by positive feedback. 

A simple negative or inverse feed- 
frequency boost is shown in Fig. 55. 
back network which provides high- 
This network provides equalization 
comparable to that obtained with Fig. 
54, but is more suitable for Tow-level 
amplifier stages because it does not re- 
quire the first amplifier stage to provide 
high-level low frequencies. In addition, 
the inverse feedback improves the dis- 
tortion characteristics of the amplifier. 

Some preamplifier or low-level 
audio amplifier circuits include variable 
resistors or potentiometers which func- 
tion as volume or tone conlrois. Such 
circuits should be designed,.to minimize 
the flow Of dc currents through these 
controls so that little or no noise will 
be developed by the movable contact 
during the life of the circuit. Volume 
controls and their associated circuits 
should permit variation of gain from 
zero to maximum, and should attenuate 
all frequencies equally for all positions 

AMPLIFIER 
STAGE 

Fig. 55—Negative-feedback frequency-compensation network. 
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of the variable arm of the control. Sev- 
eral examples of volume controls and 
tone controls are shown in the Circuits 
section. 

Tone Controls 

A tone control is a variable filter 
(or one in which at least one element is 
adjustable) 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 "equaliz- 
ing" network such as that shown in 
Fig. 56. This type of network is often 

5 MEGOHMS 
5 CRYSTAL MEG65HM 

Fig. 56—Tone-control circuit for fixed tone 
compensation or "equalizing". 

used to equalize the low- and high-fre- 
quency response of a crystal phono- 
graph pickup. At low frequencies the 
attenuation of this network is 20.8 dB. 
As the frequency is increased, the 
100-picofarad capacitor serves as a 
bypass for the 5-megohni resistor, and 
the combined impedance of the resistor- 
capacitor network is reduced. Thus, 
more of the crystal output appears 
across the 0.5-megohm resistor at high 

frequencies than at low frequencies, and 
the frequency response at the grid is 
reasonably flat over a wide frequency 
range. Fig. 57 shows a comparison be- 
tween the output of the crystal (curve 
A) and the output of the equalizing 
network (curve B). The response curve 

100 1000 10000 FREQUENCY-Hz 
Fig. 57—Curve showing output from 
crystal phonograph pickup (A) and from 

equalizing network (B). 

can be "flattened" still more if the 
attenuation at low frequencies is in- 
creased by changing the 0.5-megohm 
resistor to 0.125 megohm. 

The tone-control network shown in 
Fig. 58 has two stages with completely 
separate bass and treble controls. Fig. 
59. shows simplified representations of 
the bass control of this circuit when the 
potentiometer is turned to its extreme 
variations (usually labeled "Boost" and 
"Cut"). In this network, as in the crys- 
tal-equalizing network shown in Fig. 
56, the parallel RC combination is the 
controlling factor. For bass "boost," the 
capacitor C2 bypasses resistor Ra so that 
less impedance is placed across the out- 
put to grid B at high frequencies than 
at low frequencies. For bass "cut," the 
parallel combination is shifted so that 
Ci bypasses Ra, causing more high- 
frequency than low-frequency output. 
Essentially, the network is a variable- 

BASS TREBLE 
Fig. 58—Two-stage tone-control circuit incorporating separate bass and treble controls. 
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frequency voltage divider. With proper 
values for the components, it may be 
made to respond to changes in the R.i 
potentiometer setting for only low fre- 
quencies (below 1000 Hz). 

BASS BOOST 

B A R| 

Fig. 59—Simplified representations of bass- 
control circuit at extreme ends of 

potentiometer. 
Fig. 60 shows extreme positions of 

the treble control. The attenuation of 
the two circuits is approximately the 
same at 1000 Hz. The treble "boost" 
circuit is similar to the crystal-equaliz- 
ing network shown in Fig. 56. In the 
treble "cut" circuit, the parallel RC ele- 
ments serve to attenuate the signal volt- 
age further because the capacitor by- 
passes the resistance across the output. 

TREBLE BOOST 
R4 

TREBLE CUT 
R4 

C4 R6 

Fig. 60—Simplified representations of 
treble-control circuit at extreme ends of 

potentiometer. 
The effect of the capacitor is negligible 
at low frequencies; beyond 1000 Hz, 
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 in the plate circuit of the 
power tube, the coupling circuit be- 
tween the first af amplifier tube and 
the power tube, or the grid circuit of 
the first tube. In an amplifier using a 
beam power tube or pentode power 
amplifier without negative feedback, it 
is desirable to connect a resistance- 

capacitance filter across the primary of 
the output transformer. This filter may 
be fixed, with a supplementary tone 
control elsewhere, or it may form the 
tone control itself. If the amplifier in- 
corporates negative feedback, the tone 
control may be inserted in the feedback 
network or else should be connected to 
a part of the amplifier which is ex- 
ternal to the feedback loop. The over- 
all gain of a well designed tone-control 
network should be approximately unity. 

Automatic Volume or 
Gain Control 

The chief purpose of automatic 
volume control (avc) or automatic gain 
control (age) in a radio or television 
receiver is 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 sig- 
nal 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 if 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 stage when the 
signal increases. A simple avc circuit is 
shown in Fig. 61. 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 
OP LAST 
IF STAGE 

Fig. 61—Automatic-volume-control (avc) 
circuit. 

Because of the flow of diode current 
through Ri, there is a voltage drop 
across Ri which makes the left end of 
Ri negative with respect to ground. This 
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voltage drop across Ri is applied, 
through (he filter Rs 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 decreased. Thus the in- 
crease in signal strength at the antenna 
does not produce 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, apply- 
ing less negative bias, permitting the rf 
and if gain to increase, and thus reduc- 
ing the decrease 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 output 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- 
ceived. IE avc voltage were taken di- 
rectly 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 Ra in series with C, the capa- 
citor C can charge and discharge at only 
a comparatively slow rate. The avc volt- 
age therefore cannot vary at frequencies 
as high as the audio range but can vary 
at frequencies high enough to compen- 
sate for most fading. Thus the filter 
permits the avc circuit to smooth out 
variations in signal due to fading, but 
prevents the circuit from smoothing out 
audio modulation. 

It will be seen that an avc circuit 
and a diode-detector circuit are much 
alike. It is therefore convenient in a 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 Circuits section. 
In the circuit shown in Fig, 61, a 

certain amount of avc negative bias is 
applied to the preceding stages on a 
weak signal. Because it may be desir- 
able 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 davc circuits. 

A davc circuit is shown in Fig. 62. 
In this circuit, the diode section Di of 
the 6AL5 acts as detector and avc diode. 

OUTPUT OF LAST IF STAGE 

DAVC —s v Cm i n.) 
TO AF AMPLIFIER 

Fig. 62—Delayed avc (davc) circuit. 
Ri is the diode load resistor and Rs and 
Cs are the avc filter. Because the cath- 
ode of diode Da is returned through a 
fixed supply of —3 volts to the cathode 
of Dj, a dc current flows through Ri 
and Ra in series with D2. The voltage 
drop caused by this current places the 
avc lead at approximately —3 volts (less 
the negligible drop through Da). When 
the average amplitude of the rectified 
signal developed across Ri does not ex- 
ceed 3 volts, the avc lead remains at 
—3 volts. Hence, for signals not strong 
enough to develop 3 volts across Rj, 
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 
Ri exceeds 3 volts, the plate of diode 
Da becomes more negative than the 
cathode of Da and current flow in diode 
Da ceases. The potential of the avc 
lead is then controlled by the voltage 
developed across Ri. Therefore, with 
further increase in signal strength, the 
avc circuit applies an increasing avc 
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In the keyed age system, the nega- 
tive output of the video detector is fed 
directly to the grid No. 1 of the first 
video amplifier. The positive output of 
the video amplifier is, in turn, fed di- 
rectly to the grid No. 1 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 biased so that current flows only 
when the grid No. 1 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 (RiCi). 
Because the dc voltage developed across 
Ri is negative, it is suitable for appli- 
cation to the grids of the rf and if tubes 
as an age voltage. 

High-Fidelity Amplifiers 

Several high-fidelity amplifiers are 
shown in the Circuits section. The per- 
formance capabilities of such amplifiers 
are usually given in terms of frequency 
response, total harmonic distortion, 
maximum power output, and noise 
level. 

To provide high-fidelity reproduc- 
tion of audio program material, an am- 
plifier should have a frequency response 
which does not vary more than 1 dB 
over the entire audio spectrum. General 
practice is to design the amplifier so 
that its frequency response is flat within 
1 dB from a frequency below the low- 
est to be reproduced to one well above 
the upper limit of the audible region. 

Harmonic distortion and inter- 
modulation distortion produce changes 
in program material which may have 
adverse effects on the quality of the 
reproduced sound. Harmonic distortion 
causes a change in the character of an 
individual tone by the introduction of 
harmonics which were not originally 
present in the program material. For 

high-fidelity reproduction, total har- 
monic distortion (expressed as a per- 
centage of the output power) should not 
be greater than about 1 per cent at the 
desired listening level. Types such as 
the 6973, 7027A and 7868 are designed 
to provide extremely low harmonic dis- 
tortion in suitably designed push-pull 
amplifier circuits. 

Intermodulation distortion is a 
change in the waveform of an individual 
tone as a result of interaction with an- 
other tone present at the same time in 
the program material. This type of dis- 
tortion not only alters the character of 
the modulated tone, but may. also result 
in the generation of spurious signals at 
frequencies equal to the sum and dif- 
ference of the interacting frequencies. 
Intermodulation distortion should be 
less than 2 per cent at the desired listen- 
ing level. In general, any amplifier 
which has low intermodulation distor- 
tion will have very low harmonic dis- 
tortion. 

The maximum power output which 
a high-fidelity amplifier should deliver 
depends upon a complex relation of sev- 
eral factors, including the size and 
acoustical characteristics of the listen- 
ing area, the desired listening level, and 
the efficiency of the loudspeaker sys- 
tem. Practically, however, it is possible 
to determine amplifier requirements in 
terms of room size and loudspeaker 
efficiency. 

The acoustic power required to re- 
produce the loudest passages of orches- 
tral music at concert-hall level in the 
average-size living room is about 0.4 
watt. Because high-fidelity loudspeakers 
of the type generally available for home 
use have an efficiency of only about 5 
per cent, the output stage of the ampli- 
fier should therefore be able to deliver 
a power output of at least 8 watts. Be- 
cause many wide-range loudspeaker sys- 
tems, particularly those using frequency- 
divider networks, have efficiencies of 
less than 5 per cent, output tubes used 
with such systems must have corre- 
spondingly larger power outputs. The 
6973, 7027A, 7189, and 7868 can pro- 
vide ample output for most systems 
when used in suitable push-pull circuits. 

The noise level of a high-fidelity 
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amplifier determines the range of 
volume the amplifier is able to repro- 
duce, i.e., the difference (usually ex- 
pressed in decibels) between the loudest 
and softest sounds in program material. 
Because the greatest volume range util- 
ized in electrical program material at 
the present time is about 60 dB, the 
noise level of a high-fidelity amplifier 
should be at least 60 dB below the sig- 
nal level at the desired listening level. 

Limiters 
An amplifier may also be used as 

a limiter. One use of a limiter is in 
receivers designed for the reception of 
frequency-modulated signals. The lim- 
iter 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 disturb- 
ances, the use of a limiter prevents 
such disturbances from being repro- 
duced in the audio output. The limiter 
usually follows the last if stage so 
that it can minimize the effects of dis- 
turbances 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, ot 
course, does not interfere with the re- 
production 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. 

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 
amplifier. 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 
instant depends on the modulation at 
that instant, it follows that excessive 
attenuation 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 capa- 
ble of amplifying, for the maximum 
permissible frequency deviation of 75 
kHz, a band 150 kHz wide. Suitable 
tubes for this purpose are the 6BA6 and 
6BJ6. 

Volume Compressors and Expanders 
Volume compression and expan- 

sion are used in FM transmitters and 
receivers and in recording devices and 
amplifiers to make more natural the 
reproduction of music which has a very 
large volume range. For example, in the 
music of a symphony orchestra the 
sound intensity of the soft passages is 
very much lower than that of the loud 
passages. When this low volume level 
is raised above the background noise 
for transmitting or recording, the peak 
level of the program material may be 
raised to an excessively high volume 
level. It is often necessary, therefore, to 
compress the volume range of the pro- 
gram content within the maximum capa- 
bilities of the FM transmitter or the 
recording device. Exceeding a maximum 
peak volume level for FM modulation 
corresponds to exceeding the allowed 
bandwidth for transmission. In some re- 
cording devices, excessive peak volume 
levels may cause overloading and dis- 
tortion. 

Volume compression may be ac- 
complished by either manual or auto- 
matic control. The types of compression 
used include peak limiters, volume limi- 
ters, and volume compressors. A peak 
limiter limits the peak power to some 
predetermined level. A volume limiter 
provides gain reduction based on an 
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average signal level above a prede- 
termined level. A volume compressor 
provides gain reduction for only the 
sustained loud portions of the sound 
level. Only volume compressors can be 
correctly compensated for with volume 
expanders. 

For faithful reproduction of the 
original sound, the volume expander 
used in the FM receiver or audio ampli- 
fier should have the reverse characteris- 
tic of the volume compressor used in 
the FM transmitter or recording device. 
In general, the basic requirements for 
either a volume compressor or expander 
are shown in the block diagram of 
Fig. 65. In a volume compressor, the 

v, 
VARIABLE-GAIN AMPLIFIER 

V2 AMPLIFIER V3 
RECTIFIER 

Fig. 65—Block diagram of volume com- 
pressor or expander circuit. 

variable-gain amplifier Vi has greater 
gain for a low-amplitude signal than for 
a high-amplitude signal; therefore, soft 
passages are amplified more than loud 
ones. In an expander, the gain is greater 
for high-amplitude signals than for low- 
amplitude signals; therefore, loud pas- 
sages are amplified more than soft ones 
and the original amplitude ratio is re- 
stored. 

In the diagram shown in Fig. 65, 
the signal to be amplified is applied to 
Vi, and a portion of the signal is also 
applied to Vs. The amplified output 
from Va is then rectified by Vj, and ap- 
plied as a negative (for compressors) or 
positive (for expanders) bias voltage to 
Vi. As this bias voltage varies with 
variations in signal amplitude, the gain 
of Vi also varies to produce the de- 
sired compression or expansion of the 
signal. 

Tubes having a large dynamic 
range provide the best results in volume 

compressor or expander applications. 
An example of this type is the 6BJ6. 
Push-pull operation is generally de- 
sired for the variable-gain amplifier to 
prevent high distortion and other un- 
desirable effects which may occur in 
volume compressors and expanders. 

Phase Inverters 
A phase inverter is a circuit used 

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

Fig. 66 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 T-. The out- 
put voltage of Ti is applied to the grid 
No. 1 of tetrode T3. A portion of the 
output voltage of Ti is also applied 
through the resistors R, and Rr. to the 

Fig. 66—Push-pull power amplifier resist- 
ance-coupled to triode by means of phase 

inverter. 
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grid of T2. The output voltage of T2 
is applied to the grid No. 1 of tetrode 
Tj. 

When the output voltage of Ti 
swings in the positive direction, the 
plate current of T? increases. This action 
increases the voltage drop across the 
plate resistor IL and swings the plate of 
Ts in the negative direction. Thus, when 
the output voltage of Ti swings positive, 
the output voltage of T2 swings negative 
and is, therefore, 180 degrees out of 
phase with the output voltage of Ti. 

In order to obtain equal voltages at 
E,, and Ei„ (IT, + R.-D/Rr, should equal 
the voltage gain of To. Under the con- 
dition where a twin-type tube or two 
tubes having the same characteristics are 
used as Ti and T», IL should be equal 
to the sum of IT, and Rs. The ratio of 
R3 -f Re to Re should be the same as 
the voltage gain ratio of Tz in order to 
apply the correct value of signal voltage 
to To. The value of Re is, therefore, 
equal to Ri divided by the voltage gain 
of To; Re is equal to Ri minus Re. Values 
of Ri, Re, Re plus Re, and R* may be 
taken from the chart in the Resistance- 
Coupled Amplifiers section. In the prac- 
tical application of this circuit, it is con- 
venient to use a twin-triode tube com- 
bining Ti and Te. 

Tuned Amplifiers 

In radio-frequency (rf) and inter- 
mediate-frequency (if) amplifiers, the 
bandwidth of frequencies to be amplified 
is usually only a small percentage of 
the center frequency. Tuned amplifiers 
are used in these applications to select 
the desired bandwidth of frequencies 
and to suppress unwanted frequencies. 
The selectivity of the amplifier is ob- 
tained by means of tuned interstage 
coupling networks. 

The properties of tuned amplifiers 
depend upon the characteristics of 
resonant circuits. A simple parallel reso- 
nant circuit (sometimes called a "tank" 
because it stores energy) is shown in 
Fig. 67. For practical purposes the 
resonant frequency of such a circuit 
may be considered independent of the 
resistance R, provided R is small com- 
pared to the inductive reactance Xl. 

The resonant frequency f, is then given 
by 

fr _2^VLC 
For any given resonant frequency, the 
product of L and C is a constant; at low 
frequencies LC is large; at high fre- 
quencies it is small. 

The Q (selectivity) of a parallel 
resonant circuit alone is the ratio of 
the current in the tank (L, or Ic) to the 
current in the line (I). This unloaded Q, 
or Qo, may be expressed in various 
ways, for example: 

lo Xr. _ R„ 
Qr' _ I R Xe 

where Xi, is the inductive reactance 
(= 27rfL), Xc is the capacitive reactance 
(= l/[27rfC]), and R,, is the total im- 
pedance of the parallel resonant circuit 

rE i    

T JIc 
Rp I C^p I 

t=Q2Rs) <Rs * 

Fig. 67—Simple parallel resonant circuit. 
(tank) at resonance. The Q varies in- 
versely with the resistance of the induc- 
tor. The lower the resistance, the higher 
the Q and the greater the difference 
between the tank impedance at frequen- 
cies off resonance compared to the tank 
impedance at the resonant frequency. 

The Q of a tuned interstage cou- 
pling network also depends upon the 
impedances of the preceding and follow- 
ing stages. The output impedance of 
a tube can be considered as consist- 
ing of a resistance Ro in parallel with a 
capacitance Co, as shown in Fig. 68. 
Similarly, the input impedance can be 
considered as consisting of a resistance 
Ri in parallel with a capacitance Ci. Be- 
cause the tuned circuit is shunted by 
both the output impedance of the pre- 
ceding tube and the input impedance of 
the following tube, the effective selec- 
tivity of the circuit is the loaded Q (or 
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OUTPUT OF 
PRECEDING 

TUBE COUPLING 
NETWORK 

INPUT OF 
FOLLOWING 

TUBE 

Fig. 68 Equivalent output and input circuits of tubes connected by a coupling network 

Qi,) based upon the total impedance of 
the coupled network, as follows: 

{total loading on) 
Qr _ lepil at resonance} 

Xi, or Xc 
The capacitances C„ and C, in Fig. 

68 are usually considered as part of the 
coupling network. For example, if the 
lequired capacitance between terminals 
1 and 2 of the coupling network is cal- 
culated to be 500 picofarads and the 
value of Co is 10 picofarads, a capacitor 
of 490 picofarads is used between ter- 
minals 1 and 2 so that the total capa- 
citance is 500 picofarads. The same 
method is used to allow for the capa- 
citance Ci at terminals 3 and 4. 

When a tuned resonant circuit in 
the primary winding of a transformer 
is coupled to the nonresonant secondary 
winding of the transformer, as shown 
in Fig. 69, the effect of the input im- 
pedance of the following stage on the 
Q of the tuned circuit can be deter- 
mined by considering the values reflected 
(of referred) to the primary circuit by 

Ro < 1 
rjL Csp^-F CP' ILs!4^csF 

L^_nTJ 
Fig. 69 Equivalent circuit for transformer- 
coupling network having tuned primary 

winding. 

transformer action. The reflected re- 
sistance ri is equal to the resistance 
Ri in the secondary circuit times the 
square of the effective turns ratio 
between the primary and secondary 
windings of the transformer T: 

L = Ri (Ni/Na)2 

where N./N, represents the electrical 
turns ratio between the primary winding 

and the secondary winding of T. If there 
is capacitance in the secondary circuit 
(Cs), it is reflected to the primary cir- 
cuit as a capacitance Cap, and is given 
by 

Cap = Cp H- (Ni/Ns)2 

The loaded Q, or Ql, is then calculated 
on the basis of the inductance Lp, the 
total shunt resistance (R„ plus r, plus 
the tuned-circuit impedance Zt = QoXc 
= QoXl), and the total capacitance 
(Cp + Cap) in the tuned circuit. 

Fig. 70 shows a coupling network 
which consists of a single-tuned circuit 
using mutual inductive coupling. The 

OUTPUT OF PRECEDING 
TUBE 

INPUT OF 
FOLLOWING 

TUBE 
  : 1 I | Fig. 70—Equivalent circuit for transformer- 

coupling network using inductive coupling. 

capacitance Ct includes the effects of 
both the output capacitance of the pre- 
ceding tube and the input capacitance 
of the following tube (referred to the 
primary of transformer Ti). The band- 
width of a single-tuned transformer is 
determined by the half-power points on 
the resonance curve (—3 dB or 0.707 
down from the maximum). Under these 
conditions, the band pass Af is equal 
to the ratio of the center or resonant 
frequency f,. divided by the loaded (ef- 
fective) Q of the circuit, as follows: 

Af = fr/Cfc 
In high-frequency tuned amplifiers, 

where the input impedance is typically 
low, mutual inductive coupling may be 
impracticable because of the small 
number of turns in the secondary wind- 
ing. It is extremely difficult in practice 
to construct a fractional part of a turn, 
in such cases, capacitance coupling may 
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OUTPUT OF PRECEDING 
TUBE 

INPUT OF 
FOLLOWING TUBE 

Fis, 71—Single-tuned coupling network using capacitive division. 

be used, as shown in Fig. 71. This ar- 
rangement, which is also called capaci- 
tive division, is similar to tapping 
down on a coil at or near resonance. 
Impedance transformation in this net- 
work is determined by the ratio between 
capacitors Ci and Cz. Capacitor Ci is 
normally much smaller than Cz; thus the 
capacitive reactance Xci is normally 
much larger than Xcz. Provided the in- 
put resistance of the following tube is 
much greater than Xcz, the effective 
turns ratio from the top of the coil to 
the input of the following tube is (Ci + 
Cz)/Ci. The total capacitance Ct across 
the inductance L is given by 

r 
- Ci + Cz 

The resonant frequency fr is then given 

£r_ 27rVLiCt 
Double-tuned interstage coupling 

networks are often used in preference to 
single-tuned networks to provide flatter 
frequency response within the pass 
band, a sharper drop in response im- 
mediately adjacent to the ends of the 
pass band, or more attenuation at fre- 
quencies far removed from resonance. 
In synchronous double-tuned networks, 
both the resonant circuit in the input 
of the coupling network and the reson- 
ant circuit in the output are tuned to 
the same resonant frequency. In "stag- 
ger-tuned" networks, the two resonant 
circuits are tuned to slightly different 
resonant frequencies to provide a more 
rectangular band pass with sharper 
selectivity at the ends of the pass band. 
Double-tuned or stagger-tuned networks 
may use capacitive, inductive, or mutual 
inductance coupling, or any combina- 
tion of the three. 

Television Tuners 
The vhf tuner of a television re- 

ceiver selects the desired frequency 

channel in the range from 55 to 216 
MHz, amplifies it, and converts it to a 
lower intermediate frequency. These 
functions are accomplished in rf-ampli- 
fier, mixer, and local-oscillator stages 
employing tube types that are designed 
specifically for these applications. The 
rf-amplifier stage uses a high-transcon- 
ductance tube that has small dimensions 
to maintain low interelectrode capa- 
citances, particularly between grid and 
plate. The mixer and oscillator stages 
usually employ a dual-unit triode-pen- 
tode unit and a medium-mu triode unit. 

Fig. 72 shows a simplified sche- 
matic diagram of a typical vhf televi- 
sion tuner. The balun converts the 300- 
ohm balanced antenna impedance to an 
unbalanced impedance of 75 ohms. The 
high-pass filter eliminates lower-fre- 
quency interference signals. The tuner 
is set to the desired frequency by simul- 
taneous adjustment of the inductances 
indicated by the several sets of arrows 
in Fig. 72. The inductances are either 
replaced completely or incremental 
amounts of inductance are added as 
the tuner is switched from high fre- 
quencies to lower frequencies. Some 
tuners use a combination of the two 
methods. 

Because noise generated in the first 
amplifier stage is often the controlling 
factor in determining the over-all sensi- 
tivity of a radio or television receiver, 
the "front end" is designed with special 
attention to both gain and noise char- 
acteristics. The input circuit of an am- 
plifier inherently contains some thermal 
noise contributed by the resistive ele- 
ments in the input device. When an 
input signal is amplified, therefore, the 
thermal noise generated in the input 
circuit is also amplified. If the ratio of 
signal power to noise power (signal-to- 
noise ratio, S/N) is the same in the 
output circuit as in the input circuit, 
the amplifier is considered to be "noise- 
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Y Y HIGH p—PASS BALUN , FILTER 

- RF AMPLIFIER ■ 
Fig. 72—Simplified schematic 

less," and is said to have a noise figure 
of unity, or zero dB. 

In practical circuits, however, all 
amplifier stages generate a certain 
amount of noise as a result of thermal 
agitation of electrons in resistors and 
other components, minute variations in 
the cathode emission of tubes (shot 
effect), and minute grid currents in the 
amplifier tubes. As a result, the ratio 
of signal power to noise power is in- 
evitably impaired during amplification. 
A measure of the degree of impairment 
is called the noise figure (NF) of the 
amplifier, and is expressed as the ratio 
of signal power to noise power at the 
input (S1/N1) divided by the ratio of 
signal power to noise power at the out- 
put (S„/Ni>), as follows: 

- (So/No) 

The noise figure in decibels (dB) is 
equal to ten times the logarithm of this 
power ratio. For example, a one-dB 
noise figure in an amplifier decreases 
the -signal-to-noise ratio by a factor of 
1.26, a 3-dB noise figure by a factor 
of 2, a 10-dB noise figure by a factor 

 MIXER *!< - LOCAL  ' 
i OSCILLATOR , 

of typical vhf television timer. 
of 10, and a 20-dB noise figure by a 
factor of 100. 

The over-all noise figure of a re- 
ceiver is affected by the total number 
of stages, as shown by the following 
relationship: 

NFrccc I v er = NFl + (NF^+ 0 

(NF3 + 1) 
G1G2 

where G represents power gain and the 
subscripts indicate the number of each 
stage. This relationship indicates that 
the contribution of the second-stage 
noise factor to that of the over-all re- 
ceiver is reduced by the gain of the 
first stage. Therefore, it is important 
that the rf amplifier have enough gain 
to make the effect of the second stage 
negligible. The third stage will then 
have even less effect. The maximum 
available power gain G of an rf stage is 
given by 

„ gnia Rln Rout 
G=: 4   

For maximum gain, therefore, the rf- 
amplifier tube should have high trans- 
conductance and high input and output 
impedances. At frequencies in the vhf 
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television band, the input resistance is 
small enough to affect the gain. As 
mentioned previously, the rf tube is 
designed to have low interelectrode ca- 
pacitances, small interelectrode spac- 
ings, and low lead inductances (par- 
ticularly the cathode lead). 

The gain of the rf stage must be 
reduced as the incoming-signal ampli- 
tude changes to prevent overload dis- 
tortion in the following stages. As the 
signal amplitude increases, an auto- 
matic-gain-control (age) circuit biases 
the rf tube to decrease its gain. The rf 
tube usually employs a semiremote- 
cutoff grid to reduce cross-modulation 
distortion. 

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

Pentodes or tetrodes do not pro- 
vide the useful sensitivity of triodes 
because of the "partition noise" intro- 
duced by the screen grid. The direct- 
coupled cathode-drive circuit provides 
both the gain and the stability capabili- 
ties of the pentode, as well as the ad- 
vantages of a low-noise triode input 
stage. Because the cathode-drive stage 
provides a low-impedance load to the 
grounded-cathode stage, the gain of the 
latter stage 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 cath- 
ode of the second stage, is often used 
at higher frequencies to provide a de- 
gree of impedance matching between 
the units. The cathode-drive portion of 
the circuit is matched to the input net- 

work and provides most of the stage 
gain. Because the feedback path of the 
cathode-drive circuit is the plate-cath- 
ode 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, such 
as the 6BN4A has made possible the 
design of neutralized triode rf circuits. 
Tubes such as the 6GK5 and 6CW4 
are specially designed to minimize grid- 
plate capacitance to permit easier neu- 
tralization of a grounded-cathode cir- 
cuit over the wide frequency band. 
Bridge-neutralized rf-amplifier stages 
are widely used in television tuners; 
in this arrangement, 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 excellent gain and noise 
performance with stable operation 
across the band. 

The mixer stage of a vhf tuner 
usually employs a pentode tube, or the 
pentode unit of a triode-pentode tube. 
Although triodes such as the 6J6A were 
used as mixers in early receivers, they 
have been replaced by pentodes because 
the higher output impedance of a pen- 
tode provides a higher mixer gain than 
can be obtained with a triode. 

The amplified signal from the rf 
stage in Fig. 72 is applied to the mixer 
grid along with a local-oscillator signal 
of much larger amplitude. The local- 
oscillator signal varies the mixer grid 
voltage from cutoff into the grid-current 
region. This signal develops a grid- 
resistor bias, called the injection voltage, 
which is a measure of the local-oscillator 
voltage. Because the transfer curve of 
the mixer tube is nonlinear, mixing 
action between the rf signal and the 
local-oscillator signal produces sum and 
difference frequencies. The output cir- 
cuit of the mixer is tuned to the dif- 
ference frequency (about 44 MHz) and 
rejects all other frequencies. This signal 
is then fed to the intermediate-frequency 
amplifier. 

The mixer gain is a function of 
the amplitude of the local-oscillator 
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signal. The gain has a broad maximum 
over a range of injection voltages from 
—2.5 to —5.0 volts for conventional- 
grid mixers and slightly lower for 
frame-grid mixers. Good impedance 
matching between the rf-amplifier plate 
and the mixer grid, consistent with 
bandpass requirements, is important to 
achieve maximum signal power trans- 
fer. A slight amount of regeneration is 
provided by a small screen-grid induct- 
ance. This regeneration effectively in- 
creases the mixer-grid input impedance 
and thus improves power gain. 

The local-oscillator stage shown 
in Fig. 72 is a Colpitts type in which 
the tuned circuit is located between 
the grid and plate and the feedback 
path is through the tube interelectrode 
capacitances. A large signal is devel- 
oped in the local oscillator and coupled 
loosely to the mixer grid to minimize 
the effects of changes in the mixer in- 
put on the frequency of oscillation. 
The circuit is designed to keep fre- 
quency shift within a very narrow range 
with supply-voltage and temperature 
changes. Fine tuning is provided by a 
variable inductance or capacitance 
across the tuned circuit. Tubes com- 
monly used in local-oscillator and mixer 
circuits are the 6EA8, 6KZ8, and 6KE8. 

Television IF Amplifiers 
The intermediate-frequency (if) 

amplifier stages in a television receiver 
provide the additional gain required to 
bring the signal level to an amplitude 
suitable for final detection. A constant 
peak signal of about three to five volts 
is required at the input to the detector. 
The mixer output signal is passed 
through two or three stages of ampli- 
fication to attain this level. High-trans- 
conductance pentodes having low grid- 
No.l-to-plate capacitances are normally 
used in if amplifiers. The coupling cir- 
cuits are usually tuned transformers 
which may be single- or double-tuned. 
The traasformers are either synchro- 
nously (same frequency) tuned or 
stagger-tuned, depending on circuit re- 
quirements. The over-all bandwidth 
varies from a maximum of 3.58 MHz 
at the 6-dB points for color receivers to 

values in the order of 2.0 to 2.5 MHz 
for the most inexpensive receivers. An 
expression for the figure of merit for a 
single tuned if-amplifier tube is the gain- 
bandwidth product G X B, which is 
given by 

where C is the total tuning capaci- 
tance. This relationship again demon- 
strates the need for high transconduct- 
ance and low interelectrode capacitance. 

The first stage (or first two stages 
in the case of a three-stage if) is gain- 
controlled like the rf amplifier. How- 
ever, the bias applied to the if-amplifier 
tube varies the input resistance and 
capacitance of the tube and thus de- 
tunes the circuit. It is important for 
proper reception to maintain the fre- 
quency response of the if stages con- 
stant, particularly in the case of the 
color receiver. Therefore, a small un- 
bypassed cathode resistor is used which 
provides degenerative feedback to min- 
imize the effect of bias changes. In 
addition, the effects on input impedance 
caused by the grid-plate capacitance 
are reduced by use of a partial bypass 
capacitor at the screen grid to provide 
neutralization of the grid-to-plate ca- 
pacitance. 

Tubes used in the gain-controlled 
stages of the if amplifier have remote- 
or semiremote-cutoff characteristics to 
reduce cross-modulation or intermodu- 
lation interference. Tube types com- 
monly used in this application include 
the 6BZ6, 6GM6, 6JH6, 6JD6A, and 
6KT6. 

The last if-amplifier stage is a 
relatively-large-signal amplifier. For 
this reason, the tube must be biased so 
that it will operate over a region of 
linear operation for large voltage ex- 
cursions. Because such a quiescent op- 
erating point provides a transconduct- 
ance somewhat below the maximum 
value for the tube, the selection of the 
operating point involves a compromise 
between signal-handling capacity and 
gain. For purposes of linearity, the 
final if-amplifier stage is not gain-con- 
trolled, and operates with the cathode 
bypassed to ground. Because fixed bias 
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is used, a sharp-cutoff tube is used to 
provide higher transconductance than 
could be obtained with an equivalent 
remote- or semiremote-cutoff tube. Ex- 
amples of types used in this stage are 
the 6EW6 and 6JC6A. 

Wideband (Video) Amplifiers 

In some applications, it is neces- 
sary for a circuit to amplify signals 
ranging from very low frequencies (sev- 
eral hertz) to high frequencies (tens of 
megahertz) with a minimum of fre- 
quency and time-delay distortion. For 
example, very exacting requirements are 
demanded for such applications as tele- 
vision camera chains, ac voltmeters, 
and vertical amplifiers for oscilloscopes. 
In response to these demands, circuit 
compensation techniques have been de- 
veloped to minimize the amplitude and 
time-delay variation as the upper or 
lower frequency limits of the amplifier 
are approached. 

The need for such compensation is 
evident when many identical stages of 
amplification are employed. If ten cas- 
caded stages are used, a variation of 
0.3 dB per stage results in a total 
variation of 3 dB. In an uncompensated 
amplifier, this total variation occurs 
two octaves (a frequency ratio of 
four) prior to the half-power point. Be- 
cause two octaves are lost from both 
the high and low frequencies, the band- 
width of ten cascaded uncompensated 
amplifies stages is only one-sixteenth 
that of a single amplifier stage. Fig. 73 
shows the amplitude response charac- 
teristics of various numbers of identical 

uncompensated amplifiers. 
In general, the output of an ampli- 

fier may be represented by a current 
generator i„ut and a load resistance 
Rl, as shown in Fig. 74(a). Because the 
signal current is shunted by various 
capacitances at high frequencies, as 
shown in Fig. 74(b), there is a loss in 
gain at these frequencies. If an induc- 
tor L is placed in series with the load 
resistor Rl, as shown in Fig. 74(c), a 
low-Q circuit is formed which some- 
what suppresses the capacitive loading. 
This method of gain compensation, 
called shunt peaking, can be effective 
for improving high-frequency response. 
Fig. 74 shows the frequency response 
for the circuits in Fig. 74(a), (b), and (c). 
If the inductor L in Fig. 74(c) is made 
self-resonant approximately one octave 
above the 3-dB frequency of the circuit 
of Fig. 74(b), the amplifier response is 
extended by about another 30 per cent. 

If the stray capacitance C shown 
in Fig. 74(b) is broken into two parts 
C and C" and an inductor Li is placed 
between them, a heavily damped form 
of series resonance may be employed 
for further improvement. This form 
of compensation, called series peaking, 
is shown in Fig. 75(a). If C and C" are 
within a factor of two of each other, 
series peaking produces an appreciable 
improvement in frequency response as 
compared to shunt peaking. A more 
complex form of compensation em- 
bodying both self-resonant shunt peak- 
ing and series peaking is shown in 
Fig. 75(b). 

The effects of various high-fre- 

,1,2 4 6 el, 2 4 6 8,5 2 « S ... 6 z 4 6 8,^ 2 4 6 8^ 
FREQUENCY—Hz 

Fig. 73—Amplitude response characteristics of various numbers (N) of identical uncom- 
pensated amplifiers. 
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Fig. 74—Equivalent circuits and frequency response of uncompensated and shunt-peaked 
amplifiers. 

quency compensation systems can be 
demonstrated by consideration of an 
amplifier consisting of three identical 
stages. If each of the three stages is 
down 3 dB at 1 MHz, and if a total 
gain variation of plus 1 dB and minus 
3 dB is allowed, the bandwidth of the 
amplifier is 0.5 MHz without compen- 
sation. Shunt peaking raises the band- 
width to 1.3 MHz. Self-resonant shunt 

Fig. 75—Circuits using (a) series peaking, 
and (b) both self-resonant shunt peaking 

and series peaking. 

peaking raises it to 1.5 MHz. An in- 
finitely complicated network of shunt- 
peaking techniques could raise it to 
2 MHz. If the distribution of capaci- 
tance permits it, series peaking alone 
can provide a bandwidth of about 2 
MHz, while a combination of shunt 
and series peaking can provide a band- 

width of approximately 2.8 MHz. If 
the capacitance is perfectly distributed, 
and if an infinitely complex network 
of shunt and series peaking is em- 
ployed, the ultimate capability is about 
4 MHz. 

The frequency response of a wide- 
band amplifier is influenced greatly by 
variations in component values due to 
temperature effects, variation of tube 
parameters with voltage and cur- 
rent (normal large-signal excursions), 
changes of stray capacitance due to re- 
located lead wires, or other variations. 
A change of 20 per cent in any of the 
critical parameters can cause a change 
of 0.7 dB in gain per stage over the 
last half-octave of the response for 
the most simple case of shunt peaking. 
As the bandwidth is extended by more 
complex peaking, a circuit becomes 
substantially more critical. (Measure- 
ment probes generally alter circuit per- 
formance because of their capacitance; 
this effect should be considered during 
frequency-response measurements. 

In the design of wideband ampli- 
fiers using many stages of amplifica- 
tion, it is necessary to consider time- 
delay variations as well as amplitude 
variation. When feedback capacitance 
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is a major contributor to response limi- 
tation, the more complex compensa- 
ing networks may produce severe 
ringing or even sustained oscillation. If 
feedback capacitance is treated as input 
capacitance produced by the Miller 
effect, the added input capacitance CY 
caused by the feedback capacitor Cf 
is given by 

CY = C, (1 - VG) 
where VG is the input-to-output volt- 
age gain. The gain VG, however, has 
a phase angle that varies with fre- 
quency. The phase angle is 180 degrees 
at low frequencies, but may lead or 
lag this value at high frequencies; the 
magnitude of VG then also varies. In 
the design of very wideband amplifiers 
(20 MHz or more), the phase of the 
transconductanee gm must be consid- 
ered. 

The video amplifier stage in a tele- 
vision receiver usually employs a pen- 
tode-type tube specially designed to 
amplify the wide band of frequencies 
contained 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 transconductanee (to 
provide high gain) together with low 
input and output intereleetrode ca- 
pacitances (to permit the broadband 
requirements to be satisfied). An approx- 
imate "figure of merit" for a particular 
tube for this application can be deter- 
mined from the ratio of its transcon- 
ductanee, gm, to the sum of its input 
and output capacitances. Cm and Com, 
as follows: 

frequency. The inductance Li isolates 
the output capacitance of the tube so 
that only stray capacitance is placed 

Figure of Merit: gm 
Cln -f- Cout 

Typical values for this figure are in the 
order of 500 x 10° or greater. 

A typical video amplifier stage, 
such as that shown in Fig. 76, is con- 
nected between the second detector of 
the television receiver and the picture 
tube. The contrast control, Ri, in this 
circuit controls the gain of the video 
amplifier tube. The inductance, Lz, in 
series with the load resistor, Ri, main- 
tains the plate load impedance at a rela- 
tively constant value with increasing 

TO PICTURE TUBE 
q > con- > I > TRAST > 

FROM dCONTROLj SECOND f DETECTOR _L 

Fig. 76—Typical video amplifier stage. 

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, CiRz, is used to im- 
prove the low-frequency response. 
Tubes used as video amplifiers include 
types 6CL6 and 12BY7A, or the pen- 
tode sections of types 6AW8A and 
6AN8A. 

The luminance amplifier in a color- 
television receiver is a conventional 
video amplifier having a bandwidth of 
approximately 3.5 MHz. In a color re- 
ceiver, the portion of the output of 
the second detector which lies within 
the frequency band from approxi- 
mately 2.4 to 4.5 MHz is fed to a 
bandpass amplifier, as shown in the 
block diagram in Fig. 77. The color 

I—J DELAY LINE DETECTOR 

LUMINANCE 
AMPLIFIER 

BANDPASS 
AMPLIFIER 

BURST KEYER 
AND AMPLIFIER 

COLOR KILLER 

TO CATHODES OF COLOR PICTURE TUBE 
TO GRIDS OF COLOR PICTURE TUBE 

1 DEMODULATORS 

3.5B MHz 
OSCILLATOR 

Fig. 77—Block diagram of video-amplifier 
section of color television receiver. 

synchronizing signal, or "burst," con- 
tained in this signal may then be fed 
to a "burst-keyer" tube. At the same 
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time, a delayed horizontal pulse may 
be applied to the keyer tube. The out- 
put of the keyer tube is applied to the 
burst amplifier tube and the signal is 
then fed to the 3.58-MHz 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-MHz os- 
cillator 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-differ- 
ence signal, i.e., an actual color signal 
minus the black-and-white, or lumi- 
nance, signal. The two color-difference 
signals are combined to produce the 
third color-difference signal; each of 
the three signals 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. 

TV Scanning, 
Sync, and Deflection 

For reproduction of a transmitted 
picture in a television receiver, the 

A C 

face of a cathode-ray tube is scanned 
with an electron beam while the inten- 
sity of the beam is varied to control 
the emitted light at the phosphor 
screen. The scanning is synchronized 
with a scanned image at the TV trans- 
mitter, and the black-through-white 
picture areas of the scanned image 
are converted into an electrical signal 
that controls the intensity of the elec- 
tron beam in the picture tube at the 
receiver. 

Scanning Fundamentals 

The scanning procedure used in 
the United States employs horizontal 
linear scanning in an odd-line inter- 
laced pattern. The standard scanning 
pattern for television systems includes 
a total of 525 horizontal scanning lines 
in a rectangular frame having an aspect 
ratio of 4 to 3. The frames are re- 
peated at a rate of 30 per second, with 
two fields interlaced in each frame. The 
first field in each frame consists of all 
odd-number scanning lines, and the 
second field in each frame consists of 
all even-number scanning lines. The 
field repetition rate is thus 60 per sec- 
ond, and the vertical scanning rate is 
60 Hz. 

The geometry of the standard odd- 
line interlaced scanning pattern is illus- 
trated in Fig. 78. The scanning beam 
starts at the upper left corner of the 
frame at point A, and sweeps across 
the frame with uniform velocity to 
cover all the picture elements in one 
horizontal line. At the end of each 
trace, the beam is rapidly returned to 
the left side of the frame, as shown 
by the dashed line, to begin the next 
horizontal line. The horizontal lines 
slope downward in the direction of 
scanning because the vertical deflecting 
signal simultaneously produces a verti- 
  C 

B B D 
Fig. 78—The odd-line interlaced scanning procedure. 
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cal scanning motion, which is very slow 
compared with the horizontal scanning 
speed. The slope of the horizontal line 
trace from left to right is greater than 
the slope of the retrace from right to 
left because the shorter time of the re- 
trace does not allow as much time for 
vertical deflection of the beam. Thus, 
the beam is continuously and slowly 
deflected downward as it scans the 
horizontal lines, and its position is suc- 
cessively lower as the horizontal scan- 
ning proceeds. 

At the bottom of the field, the ver- 
tical retrace begins, and the beam is 
brought back to the top of the frame 
to begin the second or even-number 
field. The vertical "flyback" time is 
very fast compared to the trace, but 
is slow compared to the horizontal 
scanning speed; therefore, some hori- 
zontal lines are produced during the 
vertical flyback. 

All odd-number fields begin at 
point A in Fig. 78 and are the same. 
All even-number fields begin at point 
C and are the same. Because the be- 
ginning of the even-field scanning at 
C is on the same horizontal level as 
A, with a separation of one-half line, 
and the slope of all lines is the same, 
the even-number lines in the even fields 
fall exactly between the odd-number 
lines in the odd field. 

Sync 
In addition to picture information, 

the composite video signal from the 
video detector of a television receiver 
contains timing pulses to assure that 
the picture is produced on the face- 
plate of the picture tube at the right 
instant and in the right location. These 
pulses, which are called sync pulses, 

control the horizontal and vertical 
scanning generators of the receiver. 

Fig. 79 shows a portion of the de- 
tected video signal. When the picture 
is bright, the amplitude of the signal 
is low. Successively deeper grays are 
represented by higher amplitudes until, 
at the "blanking level" shown in the 
diagram, the amplitude represents a 
complete absence of light. This "black 
level" is held constant at a value equal 
to 75 per cent of the maximum ampli- 
tude of the signal during transmission. 
The remaining 25 per cent of the signal 
amplitude is used for synchronization 
information. Portions of the signal in 
this region (above the black level) can- 
not produce light. 

In the transmission of a television 
picture, the camera becomes inactive 
at the conclusion of each horizontal 
line and no picture information is 
transmitted while the scanning beam 
is retracing to the beginning of the 
next line. The scanning beam of the 
receiver is maintained at the black level 
during this retrace interval by means 
of the blanking pulse shown in Fig. 79. 
Immediately after the beginning of the 
blanking period, the signal amplitude 
rises further above the black level to 
provide a horizontal-synchronization 
pulse that initiates the action of the 
horizontal scanning generator. When 
the bottom line of the picture is 
reached, a similar vertical-synchroniza- 
tion pulse initiates the action of the 
vertical scanning generator to move the 
scanning spot back to the top of the 
pattern. 

The sync pulses in the composite 
video signal may be separated from tne 
video information in the output of the 
second or video detector by means of 

- MAXIMUM LEVEL 
SYNC.J BLANKING 

7g PULSE p [PULSE_ J  BLACK LEVEL OR 
BLANKING LEVEL 

^ PICTURE INFORMATION 

 MAXIMUM WHITE 
LEVEL 

Fig. 79—Detected video signal. 
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the triode circuit shown in Fig. 80. In 
this circuit, the time constant of the 
network RiG is long with respect to the 
interval between pulses. During each 
pulse, the grid is driven positive and 
draws current, thereby charging ca- 
pacitor Ci. Consequently, the grid de- 
velops a bias which is slightly greater 

FROM SECOND DETECTOR 

TO SCANNING CIRCUITS 

Fig. SO—Sync-separalor circuit. 
than the cutoff voltage of the tube. 
Because plate current flows only dur- 
ing the sync-pulse period, only the 
amplified pulse appears in the output. 
This sync-separator stage discriminates 
against the video information. Because 
the bias developed on the grid is pro- 
portional to the strength of the in- 
coming signal, the circuit also has the 
advantage of being relatively inde- 
pendent of signal fluctuations. 

After the synchronizing signals are 
separated from the composite video 
signal, it is necessary to filter out the 
horizontal and vertical sync signals so 
that each can be applied to its respec- 
tive deflection generator. This filtering 
is accomplished by RC circuits designed 
to filter out all but the desired syn- 
chronizing signals. Although the hori- 
zontal, vertical, and equalizing pulses 
are all rectangular pulses of the same 
amplitude, they differ in frequency and 
pulse width, as shown in Fig. 81. The 
horizontal sync pulses have a repetition 
rate of 15,750 per second (one for 

HORIZ. EQUALIZING 
PULSES PULSES 63.5/is-, 0.5H-, ua-i uon-i 
i—t1 i-P 

each horizontal line) and a pulse width 
of 5.1 microseconds. The equalizing 
pulses have a width approximately half 
the horizontal pulse width, and a repe- 
tition rate of 31,500 per second; they 
occur at half-line intervals, with six 
pulses immediately preceding and six 
following the vertical synchronizing 
pulse. The vertical pulse is repeated at 
a rate of 60 per second (one for each 
field), and has a width of approxi- 
mately 190 microseconds. The serra- 
tions in the vertical pulse occur at 
half-line intervals, dividing the complete 
pulse into six individual pulses that 
provide horizontal synchronization dur- 
ing the vertical retrace. (Although the 
picture is blanked out during the verti- 
cal retrace time, it is necessary to keep 
the horizontal scanning generator syn- 
chronized.) 

All the pulses described above are 
produced at the transmitter by the 
synchronizing-pulse generator; their 
waveshapes and spacings are held 
within very close tolerances to pro- 
vide the required synchronization of 
receiver and transmitter scanning. 

The horizontal sync signals are 
separated from the total sync in a dif- 
ferentiating circuit that has a short 
time constant compared to the width 
of the horizontal pulses. When the total 
sync signal is applied to the differen- 
tiating circuit shown in Fig. 82, the 
capacitor charges completely very soon 
after the leading edge of each pulse, 
and remains charged for a period of 
time equal to practically the entire 
pulse width. When the applied voltage 
is removed at the time corresponding 
to the trailing edge of each pulse, the 
capacitor discharges completely within 
a very short time. As a result, a posi- 
tive peak of voltage is obtained for 

VERTICAL PULSE 
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Fig. 81—Waveform of TV synchronizing pulses (H = horizontal line period of 1/15,750 
seconds, or 63.5 us). 
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fjV 82—Separation of the horizontal sync signals from the total sync by a differentiating 
circuit. 

each leading edge and a negative peak 
for the trailing edge of every pulse. 
One polarity is produced by the charg- 
ing current for the leading edge of the 
applied pulse, and the opposite polar- 
ity is obtained from the discharge cur- 
rent corresponding to the trailing edge 
of the pulse. 

As mentioned above, the serrations 
in the vertical pulse are inserted to 
provide the differentiated output needed 
to synchronize the horizontal scanning 
generator during the time of vertical 
synchronization. During the vertical 
blanking period, many more voltage 
peaks are available than are necessary 
for horizontal synchronization (only 
one pulse is used for each horizontal 
line period). The check marks above 
the differentiated output in Fig. 82 in- 
dicate the voltage peaks used to syn- 
chronize the horizontal deflection 
generator for one field. Because the 
sync system is made sensitive only to 
positive pulses occurring at approxi- 
mately the right horizontal timing, the 
negative sync pulses and alternate dif- 
ferentiated positive pulses produced by 
the equalizing pulses and the serrated 
vertical information have no effect on 
horizontal timing. It can be seen that 
although the total sync signal (includ- 
ing vertical synchronizing information) 
is applied to the circuit of Fig. 82, only 
horizontal synchronization information 
appears at the output. 

The vertical sync signal is sepa- 
rated from the total sync in an integrat- 
ing circuit which has a time constant 
that is long compared with the duration 
of the 5-microsecond horizontal pulses, 
but short compared with the 190-micro- 
second vertical pulse width. Fig. 83 
shows the general circuit configuration 

jjijinnfinnub' 
ODD FIELDS 
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Fig. 83—Separation of vertical sync signals 
from the total sync for odd and even fields 
with no equalizing pulses. (Dashed line in- 
dicates triggering level for vertical scanning 

generator.) 

used, together with the input and out- 
put signals for both odd and even fields. 
The period between horizontal pulses, 
when no voltage is applied to the RC 
circuit, is so much longer than the hori- 
zontal pulse width that the capacitor 
has time to discharge almost down to 
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zero. When the vertical pulse is ap- 
plied, however, the integrated voltage 
across the capacitor builds up to the 
value required for triggering the verti- 
cal scanning generator. This integrated 
voltage across the capacitor reaches its 
maximum amplitude at the end of the 
vertical pulse, and then declines prac- 
tically to zero, producing a pulse of 
the triangular wave shape shown for 
the complete vertical synchronizing 
pulse. Although the total sync signal 
(including horizontal information) is 
applied to the circuit of Fig. 83, there- 
fore, only vertical synchronization in- 
formation appears at the output. 

The vertical synchronizing pulses 
are repeated in the total sync signal 
at the field frequency of 60 per sec- 
ond. Therefore, the integrated output 
voltage across the capacitor of the RC 
circuit of Fig. 83 can be coupled to 
the vertical scanning generator to pro- 
vide vertical synchronization. The six 
equalizing pulses immediately preced- 
ing and following the vertical pulse 
improve the accuracy of the vertical 
synchronization for better interlacing. 
The equalizing pulses that precede the 
vertical pulses make the average value 
of applied voltage more nearly the 
same for even and odd fields, so that 
the integrated voltage across the capa- 
citor adjusts to practically equal values 
for the two fields before the vertical 
pulse begins. The equalizing pulses that 
follow the vertical pulse minimize any 

difference in the trailing edge of the 
vertical synchronizing signal for even 
and odd fields. 

In fringe areas, two conditions 
complicate the process of sync separa- 
tion. 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 ex- 
tremely susceptible to interference from 
pulse-type noise generated by certain 
types of electrical equipment, ignition 
systems, switches, or the like. Some 
type of noise-immunity provision is 
almost essential for acceptable per- 
formance. Noise may be reduced or 
eliminated from the sync and age cir- 
cuits by gating or by a combination of 
gating, inversion, and cancellation. An 
example, of the latter method is shown 
in Fig. 84. In this circuit the 6GY6, 
which has two independent control 
grids, serves the dual function of age 
amplifier and noise inverter. Because 
the sync tips of the video signal at 
grid No. 1 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" 
in Fig. 84, where noise cancellation 
takes place. This process leaves the 
sync pulses relatively free of disturbing 
noise and results in a stable picture. 

HORIZONTAL GATING 
PULSE INPUT 

I TYPE - 6GY6 . 

AGO ^ CONTROL "NOISE-FREE" 
i/ OUTPUT TO 
ir* SYNC. SEPARATOR 

Fig. 84—Typical noise-cancellation circuit. 
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To prevent reduction of receiver gain 
due to the effect of noise on the age 
amplifier, a portion of the inverted 
noise signal is fed to the second con- 
trol grid, grid No.3, of the 6GY6 to 
cut off or gate the age amplifier when 
a noise pulse occurs. 

Horizontal Deflection 

In the horizontal-deflection stages 
of a television receiver, a current that 
varies linearly with time and has a 
sufficient peak-to-peak amplitude must 
be passed through the horizontal-de- 
flection-yoke winding to develop a 
magnetic field adequate to deflect the 
electron beam of the television picture 
tube. (This type of deflection is differ- 
ent from that used in a cathode-ray 
oscilloscope, where the beam is de- 
flected electrostatically.) After the 
beam is deflected completely across the 
face of the picture tube, it must be 
returned very quickly to its starting 
point. (As explained previously, the 
beam is extinguished during this re- 
trace by the blanking pulse incorporated 
in the composite video signal, or in 
some cases by additional external 
blanking derived from the horizontal- 
deflection system.) 

The simplest form of a deflection 
circuit is shown in Fig. 85. In this cir- 
cuit, the yoke impedance L is assumed 
to be a perfect inductor. When the 

high, theoretically approaching infinity. 
In addition, if very little of the total 
time is spent at zero current, the circuit 
would require a tremendous amount of 
dc power. Furthermore, the operation 
of the switch would be rather critical 
with regard to both its opening and its 
closing. Finally, because the deflection 
field would be phased in only one di- 
rection, the beam would have to be 
centered at the extreme left of the 
screen for zero yoke current. 

If a capacitor is placed across the 
switch, as shown in Fig. 86, the yoke 

Fig. 85—Simplest form of deflection circuit. 

switch is closed, the yoke current starts 
from zero and increases linearly. At 
any time t, the current i is equal to 
Et/L, where E is the applied voltage. 
When the switch is opened at a later 
time t,, the current instantly drops from 
a value of Eti/L to zero. 

Although the basic circuit of Fig. 
85 crudely approaches the requirements 
for deflection, it presents some obvious 
problems and limitations. The voltage 
across the switch becomes extremely 

Fig. 86—Addition of capacitor to permit 
flyback ringing, and yoke-current (upper) 

and switch-voltage (lower) waveforms. 

current still increases linearly when the 
switch is closed at time t = 0. How- 
ever, when the switch is opened at time 
t = h, a tuned circuit is formed by 
the parallel combination of L and C. 
The resulting yoke currents and switch 
voltages are then as shown in Fig. 86. 
The current is at a maximum when 
the voltage equals zero, and the volt- 
age is at a maximum when the current 
equals zero. If it is assumed that there 
are no losses, the ringing frequency 
f„SL. is equal to l/(2ir\/LC). 

If the switch is closed again at any 
time the capacitor voltage is not equal 
to zero, an infinite switch current flows 
as a result of the capacitive discharge. 
However, if the switch is closed at the 
precise moment t- that the capacitor 
voltage equals zero, the capacitor cur- 
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rent effortlessly transfers to the switch, 
and a new transient condition results. 
Fig. 87 shows the yoke-current and 
switch-voltage waveforms for this new 
condition. 

If the switch is again opened at 
ti, closed at L, and so on, the desired 

Fig. 87—Yoke-current (upper) and switch- 
voltage (lower) waveforms when switch is 

closed at t„. 

sweep results, the peak switch voltage 
is finite, and the average supply cur- 
rent is zero. The deflection system is 
then lossless and efficient and, because 
the average yoke current is zero, beam 
decentering is avoided. The only fault 
of the circuit of Fig. 86 is the critical 
timing of the switch, particularly at 
time t =: L. However, if the switch is 
shunted by a damper diode, as shown 
in Fig. 88, the diode acts as a closed 
switch as soon as the capacitor voltage 
reverses slightly. The switch may then 
be closed at any time between ts and tn. 

Fig. 88—Incorporation of damper diode. 

Fig. 89 shows a typical horizontal- 
output-and-deflection circuit used in tele- 
vision receivers. In addition to supply- 
ing the deflection energy required for 
horizontal deflection of the picture-tube 
beam, this circuit provides the high dc 
voltage required for the ultor (anode) of 
the picture tube and the "boosted" B vol- 
tage for other portions of the receiver. 
The horizontal-output tube is usually a 
beam power tube such as the 6JB6A, 
6JG6A, or 6LQ6/6JE6C. 

In this circuit, a sawtooth voltage 
from the horizontal-oscillator tube is 
applied to the grid No. 1 of the horizon- 
tal-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-de- 
flecting yoke. At the end of the horizon- 
tal-scanning cycle, which lasts for 63.4 
microseconds, the sawtooth voltage on 
the grid suddenly cuts off the output 
tube. This sudden change sets up an 
oscillation of about 50 to 70 kHz in 
the output circuit, which may be consid- 
ered as an inductor shunted by the stray 
capacitance of the circuit. During the first 
half of this oscillation, a positive voltage 
appears across the transformer. In the 
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HORIZONTAL OUTPUT TUBE 

TO ULTOR OF 
PICTURE TUBE 

^HORIZONTAL 3 WINDINGS OF  1 ^ DEFLECTINGl , hjt YOKE jST BOOST SrX /S. CAPACITOR /!> T 

—r. — WIDTH EFFICIENCY BOOSTED 6 CONTROL ^ETVTORK 

Fig. 89—Typical horizontal-deflection and 
high-voltage circuit. 

second half of the cycle, the voltage 
swings below the plate supply voltage, 
and the damper diode conducts, damp- 
ing 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 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 
is increased by means of an extra wind- 
ing on the transformer. This high- 
voltage pulse charges a high-voltage 
capacitor through the high-voltage rec- 
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tifier. The output of this circuit is the 
dc high-voltage supply for the picture 
tube. The high-voltage rectifier also ob- 
tains its filament power through a sepa- 
rate winding 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 other low- 
current-drain circuits in the receiver. 

Vertical Deflection 

The vertical-deflection circuit in a 
television receiver is essentially a class 
A audio amplifier with a complex load 
line, severe low-frequency requirements 
(much lower than 60 Hz), and a need 
for controlled linearity. The equivalent 
low-frequency response for a 10-percent 
deviation from linearity is 1 Hz. 

The required performance can be 
obtained in a vertical-deflection circuit 
in any of three ways. The amplifier 
may be designed to provide a flat re- 
sponse down to 1 Hz. This design, 
however, requires an extremely large 
output transformer and immense ca- 
pacitors. Another arrangement is to 
design the amplifier for fairly good 
low-frequency response and predistort 
the generated signal. 

The third method is to provide ex- 
tra gain so that feedback techniques 
can be used to provide linearity. If 
loop feedback of 20 or 30 dB is used, 
tube gain variations and nonlinearities 
become fairly insignificant. The feed- 
back automatically provides the neces- 
sary "predistortion" to correct low- 
frequency limitations. In addition, the 
coupling of miscellaneous signals (such 
as power-supply hum or horizontal- 
deflection signals) in the amplifying 
loop is suppressed. 

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 
deflection of the picture-tube beam. A 
simplified combined vertical-oscillator- 
output stage is shown in Fig. 90. Wave- 
shapes at critical points of the circuit 
are included to illustrate the develop- 
ment of the desired current through the 
vertical-output transformer and deflect- 
ing 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 into 
consideration, however, particularly 
during retrace. The fast rate of current 
change during retrace time (which is 
approximately 1/15 as long as trace 
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Fig. 90—Simplified combined vertical-oscillator-and-output stage. 
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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 suf- 
ficiently negative during retrace to keep 
the tube close to cutoff, as described 
below. 

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 R3 and 
the RC combination RaCz, as explained 
in the section on multivibrators. The 
desired trapezoidal waveshape at the 
grid of Va is created by capacitor Ci 
and resistor R2. If R2 were equal to 
zero, Ci would cause the grid-voltage 
waveshape to take the form shown in 
Fig. 91(a). When R2 is sufficiently large, 
Ci does not discharge completely when 
Vi conducts. When Vi is cut off, there- 
fore, the voltage on the grid of V2 im- 
mediately rises to the voltage across 
Ci. The resulting waveshape is shown 
in Fig. 91(b). The negative-going pulse 
of the grid-voltage waveshape prevents 
the high plate pulse from causing ex- 
cess conduction, and thereby prevents 
overdamping. 

Fig. 91—Waveforms showing effect of R2 
in Fig. 90. 

This vertical-deflection stage uti- 
lizes twin-triode tubes such as the 6DR7 
and 6GF7A. The 6GF7A is particularly 
suitable for this application because it 
incorporates dissimilar units to provide 
for the different operating requirements 
of the oscillator and output sections. 

High-Voltage Regulation 
In color television receivers, it is 

very important to regulate the high- 
voltage supply for the picture tube. 
Poor regulation of the high voltage can 
adversely affect the performance of the 
focusing and convergence circuits so 
that picture blooming results. In addi- 

tion, excessive voltage or current may 
be applied to the high-voltage rectifier, 
horizontal-output tube, and horizontal- 
output (flyback) transformer so that 
the useful life of these components is 
substantially shortened. In modern color 
television receivers, regulation of the 
high voltage is accomplished by use of 
a shunt-type electronic voltage regulator 
connected across the output of the high- 
voltage power supply or by use of a 
pulse-type regulator connected in shunt 
with the flyback transformer. 

Shunt Regulator Circuit—Fig. 92 
shows the schematic diagram of a typi- 
cal shunt regulator circuit. This circuit 
uses a 6BK4C/6EL4 or 6EN4 sharp- 
cutoff beam triode for the regulator 
tube and is suitable for regulation of 
the output of a high-voltage, high- 
impedance supply. The cathode of the 
regulator beam triode is held at a fixed 
positive potential with respect to 
ground. Because the grid potential is 
kept slightly less positive by the volt- 
age drop across resistor Ra, the tube 
operates in the negative grid region 
and no grid current is drawn. 

When the output voltage, eo, rises 
as a result of a decrease in load current, 

ei (UNREGULATED INPUT) 
/, eo (REGULATED 

OUTPUT) 

Fig. 92—High-voltage regulator circuit for 
color television. 

a small fraction of the additional volt- 
age is applied to the grid of the tube by 
the voltage-divider circuit consisting of 
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 
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grid may be connected to a variable 
point on the voltage divider to allow 
some adjustment of the output-voltage 
level. 

The grid voltage for the regulator 
can also be obtained from a tap on the 
B-boost voltage supply. The use of this 
lower voltage (about 375 volts) elimi- 
nates the need for costly and trouble- 
some high-voltage resistors. In this 
arrangement, variations in high voltage 
also vary the tapped-down B-boost volt- 
age at the regulator grid, and the result- 
ing variations in conduction of the 
regulator increase or decrease the load- 
ing of the high-voltage supply so that 
the total load remains nearly constant. 

The shunt regulator circuit, in ef- 
fect, presents a variable load impedance 
to the output of the high-voltage rec- 
tifier. Because the regulator is connected 
directly across the output of the recti- 
fier, the regulator tube is required to 
handle the full amount of the high 
voltage (approximately 25 kilovolts) 
applied to the picture tube. The tube 
area, therefore, must be well shielded 
to provide adequate X-ray protec- 
tion, and a relatively large area is 
required for voltage insulation. In addi- 
tion, the high-voltage rectifier is re- 
quired to conduct full-load current 
continuously. The shunt regulator main- 
tains a constant high voltage by sensing 
changes in the B Boost voltage, which 
are indicative of changes in beam 
current, and increasing or decreasing 
conduction accordingly. 

Pulse Regulator Circuit—In a 
pulse-regulator system, the regulator 
circuit is effectively shunted across part 
of the horizontal winding of the hori- 
zontal-output transformer. During oper- 
ation, the pulse-regulator circuit main- 
tains a substantially constant pulse 
amplitude in the primary winding of 
the horizontal-output transformer with 
changing loads on the high-voltage 
power supply. A constant-amplitude, 
stepped-up pulse is then applied to the 
high-voltage rectifier tube, and the high 
voltage developed from this pulse is 
maintained at a constant value. In the 
pulse-regulator system, regulator con- 
trol is achieved by sampling the picture- 

tube current by means of a special 
winding on the fly-back transformer 
and use of the resultant voltage drop 
(across a resistor) to control the grid 
circuit of the regulator tube. 

Fig. 93 shows the schematic dia- 
gram and significant waveforms for a 
circuit that uses a 17KV6A beam-power 
pentode for the regulator tube. During 
trace and retrace, the cathode of the 
17KV6A is held at B-)-. During the trace 
period, the screen grid of the 17KV6A 
is biased well below the cathode volt- 
age and is unaffected by the beam cur- 
rent drawn by the picture tube. The 
control-grid bias is determined by the 
resistive voltage-divider network Rz, 
R„, R,, and Rs and is directly dependent 
on the beam current of the picture 
tube. The damper tube conducts during 
the trace period and holds the plate 
potential of the 17KV6A at B+. With 
the plate-to-cathode potential at zero 
and the screen grid negative with re- 
spect to the cathode, The regulator tube 
is completely cut off during the trace 
period. At the start of the retrace 
period, however, the damper tube be- 
comes reverse-biased, and the voltage 
on the plate of the regulator tube be- 
gins to rise. This increasing voltage is 
coupled to the screen grid through 
Ci and Ri and to the control grid 
through the interelectrode capacitance 
of the tube. 

The waveforms in Fig. 93 show 
that at the start of retrace the plate 
and screen grid of the 17KV6A have 
both been driven positive with respect 
to the cathode and the control grid 
has become less negative with respect 
to the cathode. The regulator tube then 
begins to conduct. The pulses impressed 
on the screen and control grids are 
short in duration so that the screen 
grid remains positive with respect to 
the cathode and the control grid re- 
mains near cathode potential for only 
a short time. The regulator tube is 
driven into conduction for approxi- 
mately 2 to 4 microseconds at the start 
of retrace and is then cut off. As the 
beam current increases or decreases, 
the voltage developed across the re- 
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Fig. 93—Schematic diagram and significant waveforms for a typical pulse-regulator 
circuit. 

sistive voltage-divider network R2, Ra, moval of the energy from the rising 
Rj, and R5 tracks these changes and is edge of the flyback pulse in this fash- 
applied to the control grid of the regu- ion, the height of the pulse used to 
lator tube. In this way, the conduction develop the high voltage is controlled, 
of the regulator tube is increased or At the same time interference with the 
decreased as required to maintain a shape of the deflection pulse is held 
constant high-voltage output. By re- to a minimum. 
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Color Demodulation 

In the transmission of picture sig- 
nals for color-television receivers, all 
the color information is contained in 
three signals, a luminance (black-and- 
white) or monochrome signal and two 
chrominance signals. The luminance 
signal, which is called the Y signal, con- 
tains brightness information only. The 
voltage response of the Y signal is 
made similar to the brightness response 
of the human eye by use of a composite 
signal that contains definite propor- 
tions of the red, green, and blue signals 
from the color-television camera (30 
per cent red, 59 per cent green, and 
11 per cent blue). This Y signal, which 
includes sync and blanking pulses, pro- 
vides a correct monochrome picture in 
a conventional black-and-white televi- 
sion receiver. 

For the generation of color-televi- 
sion signals, the Y signal is subtracted 
from the red, green, and blue signals 
to provide a new set of color-difference 
signals, which are designated as R-Y, 
B-Y, and G-Y. All of the original pic- 
ture information is contained in the Y 
signal, the R-Y signal, and the B-Y 
signal. Therefore, the G-Y signal is not 
contained in the transmitted signal, but 
is synthesized in the receiver by proper 
combination of the R-Y and B-Y sig- 
nals. 

(Color signals transmitted under 
present color-television standards are 
not R-Y and B-Y, but a similar pair of 
signals designated as I and Q. In the 
color-television receiver, R-Y and B-Y 
signals are demodulated directly from 
the I and Q signals with negligible loss 

of color quality. For purposes of sim- 
plicity, only R-Y and B-Y signals are 
considered in this explanation. In addi- 
tion, a 90-degree phase-shift network 
is shown; the phase-shift angle could 
be, and often is, some other value.) 

Because the luminance signal and 
the two color-difference signals must 
be transmitted with a standard 6-MHz 
channel, the two color signals are 
combined into one signal at the trans- 
mitter and are independently recovered 
at the receiver by proper detection 
techniques. A color subcarrier of ap- 
proximately 3.58 MHz is used for 
transmitting the color information 
within the 6-MHz spectrum of the tele- 
vision station. As shown in Fig. 94, 
the 3.58-MHz subcarrier and one of the 
color-difference signals are applied di- 
rectly to a balanced AM modulator. 
The other color-difference signal is ap- 
plied directly to a second balanced AM 
modulator, and the 3.58-MHz subcarrier 
is applied to this second modulator 
through a 90-degree phase-shifting net- 
work. The balanced modulators effec- 
tively cancel both the individual color- 
difference signals and the subcarrier 
signal, and the output contains only 
the sidebands of the combined chromi- 
nance signal. 

Recovery of the color information 
at the receiver involves a process called 
synchronous detection. In this process, 
two separate detectors are used to re- 
cover the separate color information, 
just as two separate modulators were 
used to combine the information at the 
transmitter. The 3.58-MHz subcarrier, 
which was suppressed during transmis- 
sion, must be reinserted at the receiver 
for recovery of the color information. 

COLOR-DIFFERENCE 
SIGNAL A 

3.58-MHz . 
SUBCARRIER 

BALANCED 
MODULATOR 

COMBINED j 
COLOR SIGNAL 

COLOR- DIFFERENCE 
SIGNAL A 

COLOR-DIFFERENCE 
SIGNAL B 

BALANCED 
MODULATOR COLOR-DIFFERENCE 

SIGNAL B 
Pig, 94—Formation of combined color signal for transmission. 
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COMBINED A 
COLOR SIGNAL DEMODULATOR 

3.58-MHz 
SUBCARRIER ' 

B COLOR-SIGNAL 
OUTPUT 

  B B COLOR 
DEMODULATOR SIGNAL 

Fig. 95—Separation of combined color signal into two signals at the receiver. 

The basis of synchronous detection is 
the phase relationship of this reinserted 
3.58-MHz subcarrier. 

For example, the original color in- 
formation is represented in Fig. 94 by 
the color-difference signals A and B. 
At the receiver, the combined color 
signal is fed to two demodulators A 
and B, as shown in Fig. 95. At the same 
time, a 3.58-MHz subcarrier is also 
fed to the two demodulators, with 
the same phase relationship that was 
used in the modulators at the trans- 
mitter. This locally generated subcar- 
rier essentially duplicates or replaces 
the original subcarrier, which was re- 
moved at the transmitter. 

The local 3.58-MHz oscillator in 
the color-television receiver is made 
to function at the proper frequency and 
phase by means of a synchronizing sig- 
nal sent out by the transmitter. This 
synchronizing signal consists of a short 
burst of 3.58-MHz signals transmitted 
during the horizontal blanking inter- 
val, immediately after the horizontal 
sync pulse, as shown in Fig. 96. 

HORIZONTAL BURST OF 3.58 MHz 
/■ 1 AS CYCLES MIN) 

J PULSE 1 _ * 

HORIZONTAL I 
|«— BLANKING INTERVAL *| 
Fig. 96—Waveform for synchronizing 

signal. 

Fig. 97 shows a simplified diagram 
of a low-level color demodulator fre- 

quently used in color-television receiv- 
ers. The locally generated 3.58-MHz 
signal is applied to the grid No. 3 
of the pentode. The transmitted color 
signal containing the 3.58-MHz side- 
bands is applied to grid No. 1. The 
phase of the 3.58-MHz color signal 
constantly changes in accordance with 
its color content. For example, the fol- 
lowing table shows six variations in color 
(hue) as a function of subcarrier phase: 

Subcarrier Phase-degrees 
(with respect to 3.58-MHz 

local signal in phase with burst) Hue 

13 Yellow 
77 Red 

119 Magenta 
193 Blue 
257 Cyan 
299 Green 

The basic operating principle of 
the color demodulator shown in Fig. 
97 is that plate current from the pen- 
tode is zero (or quite low) unless both 
grid No. 1 and grid No. 3 are simul- 
taneously positive. For example, when 
the signals applied to the two grids 
are in phase, plate current can be ex- 
pected to flow for 180 degrees of 
each ac cycle. Conversely, when the 
signals are 180 degrees out of phase, 
plate current is cut off. The output sig- 
nal from the detector, therefore, is a 
function of the phase relationship be- 
tween the transmitted color signal and 
the locally generated subcarrier. 

In a typical color-television re- 
ceiver, two color demodulators of the 



74 RCA Receiving Tube Manual 

type shown in Fig. 97 are required. 
In one demodulator, the 3.58-MHz 
subcarrier signal is applied directly to 
the pentode grid No. 3 from the local 
"burst" oscillator. In the other demodu- 
lator, the 3.58-MHz signal from the 

LOCALLY GENERATED 3.58" MHz SIGNAL—A-- 
TRANSMITTED V- " COLOR SIGNALS 3 58-MHz SIDEBANDS [ 

pig 97—Low-level color demodulator. 

burst oscillator is shifted 90 degrees 
in phase before it is applied to the 
pentode grid No. 3. As shown previ- 
ously in Fig. 95, the demodulator B 
produces R-Y signals. These B-Y and 
R-Y signals are then combined (ma- 
trixed) to produce the G-Y signal, as 
discussed earlier. The complete lumi- 
nance signal is then amplified to the 
required level in a conventional video- 
amplifier circuit. 

In some color-television receivers, 
the demodulators are designed so that 
the color output signals can be applied 
directly to the color picture tube. In 
the diagram shown in Fig. 98, for ex- 
ample, the 6JH8 sheet-beam demodula- 

signal, which is applied to grid No. 1 of 
the green gun. 

Oscillation 
As an oscillator, an electron tube 

can be employed to generate a continu- 
ously alternating voltage. In present- 
day radio broadcast receivers, this 
application is limited practically to 
superheterodyne receivers for supplying 
the heterodyning frequency. Several cir- 
cuits (represented in Fig. 99) may 
be utilized, but they all depend on 
feeding more energy from the plate cir- 
cuit to the grid circuit than is required 
to equal the power loss in the grid cir- 
cuit. Feedback may be produced by 
electrostatic or electromagnetic coupling 
between the grid and plate circuits. 
When sufficient energy is fed back to 
more than compensate for the loss in 
the grid circuit, the tube will oscillate. 

BANDPASS 
AMPLIFIER 

1 3.58-MHz 
10SCILLATOR 

PHASE- SHIFT NETWORK 

DEMODULATOR 

MATRIX 
NETWORK 

TYPE 6JH8 |- 
R-Y 4., 

DEMODULATOR 

Fig. 98—Block diagram of demodulator 
circuit used to apply signals directly to 

color picture tube. 

tors produce both positive and negative 
B-Y and R-Y signals. The positive sig- 
nals are applied directly to the control 
grids (grid No. 1) of the blue and red 
guns of the color picture tube. At the 
same time, the negative color-difference 
signals are added (matrixed) in the 
correct proportions to produce the G-Y 

B- HEATER B+ TRANSFORMER 
Fig. 99—Tuned-grid triode oscillator circuit: 
(a) using filament-type tube; (b) using 

heater-cathode-type tube. 

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 ad- 
justed over a very wide range. 
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Multivibrators 
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 con- 
sidered as a two-stage resistance-coupled 
amplifier in which the output of each 
lube is coupled into the input of the 
other tube. 

Fig. 100 is a basic multivibrator 
circuit of the free-running type. In this 
circuit, oscillations are maintained by 
the alternate shifting of conduction from 
one tube to the other. The cycle usually 
starts with one tube, Vi, at zero bias, 
and the other, V2, at cutoff or beyond. 
At this point, the capacitor Ci is charged 
sufficiently to cut off Vs. Ci then begins 
to discharge through the resistor Ri, and 
the voltage on the grid of Vz rises until 
V2 begins to conduct. The voltage on the 
plate of V2 then decreases, causing Vi to 
conduct less and less. At the same time, 
the plate voltage of Vi 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= 

Fig. 100—Basic multivibrator circuit of 
the free-running type. 

within a few microseconds, depending 
on the circuit components. 

In this circuit, therefore, conduc- 
tion switches from Vi to V2 over the 
interval during which Ci discharges 
from the voltage across Ri to the cutoff 
voltage for Vs. The actual transfer of 
conduction does not occur until cutoff 
is reached. Conduction switches back to 
Vi through a similar process to com- 
plete the cycle. The plate waveform is 
essentially rectangular in shape, and 

may be adjusted as to symmetry, fre- 
quency, and amplitude by proper choice 
of circuit constants, tubes, and voltages. 

Although this type of multivibrator 
is free-running, it may be triggered by 
pulses of a given amplitude and fre- 
quency to provide a frequency-stabilized 
output. Multivibrator circuits may also 
be designed so that they are not free- 
running, but must be triggered ex- 
ternally 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 con- 
tinue 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-fre- 
quency scanning. A simplified synchro- 
guide circuit is shown in Fig. 101.. This 
circuit provides stable, noise-free control 
of a blocking oscillator which generates 
a horizontal-frequency signal. It permits 
comparison of the received sync pulses 
and the generated sawtooth voltages so 
that properly locked-in horizontal scan- 
ning results. 

The triode V2 in Fig. 101 is a con- 
ventional blocking oscillator which en- 
ables a sawtooth voltage to be developed 
across the capacitor C2. A portion of 
this sawtooth is fed back to the grid of 

: TO HORIZONTAL R, * SCANNING AMPLIFIER 

Fig. 101—Simplified synchroguide circuit. 

the control tube, Vi. The positive sync 
pulses are also applied to the grid of 
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Vi. The waveforms shown in Fig. 102 
illustrate the sawtooth and sync pulses 
(A and B) and their proper "in-sync" 

GRID CUTOFF 

TOFF- _ _ _ 

'TOFF— _jb_ ■■ 

>— SYNC-PULSES 
_ "IN-SYNC" TT" COMBINATION 
^ OSCILLATING FREQUENCY 

-->H- LOWER THAN S SYNC-PULSE 1 FREQUENCY 

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

SHARPER APPROACH MAKES OSCILLATOR LESS SUSCEPTIBLE TO FREQUENCY CHANGES. 

Fig. 102—Sawtooth and sync pulses in 
synchroguide circuit. 

combination (C). The sync pulse occurs 
partly during the portion of the saw- 
tooth voltage in which the triode Vi 
draws current. Any shift in sync pulse 
as it is superimposed on the sawtooth, 
therefore, will affect the amount of 
conduction of the control tube. A 
change in control-tube conduction ulti- 
mately 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 frequency of 
oscillation. 

For example, waveform D in Fig. 
102 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 Vs 
and makes the grid more positive. The 
increased grid voltage then speeds up 
the frequency of oscillations until proper 
synchronization results. 

The blocking oscillator can be 
made more immune to changes in fre- 
quency and noise if Va is brought out of 
cutoff very sharply. This effect is ob- 
tained by sine-wave stabilization. The 
tuned circuit LaCa in the plate circuit 
of Fig. 101 superimposes a shock-excited 
sine wave on the plate and grid wave- 
forms, as shown in Fig. 103. 

Automatic Frequency Control 

An automatic frequency control 

Fig. 103—Waveforms showing effect of 
tuned circuit LSC3 in Fig. 101. 

(afc) circuit provides a means of cor- 
recting automatically the intermediate 
frequency 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 
inaccurate manual or push-button tun- 
ing. 

An afc system requires two sec- 
tions: a frequency detector and a vari- 
able reactance. The detector section may 
be essentially the same as the FM de- 
tector illustrated in Fig. 30 and dis- 
cussed under Detection. In the afc 
system, however, the output is a dc 
control voltage, the magnitude of which 
is proportional to the amount of fre- 
quency shift. This dc control voltage is 
used to control the grid bias of an elec- 
tron tube which comprises the variable 
reactance section (Fig. 104). 

1 I 1 

DC CONTROL VOLTAGE FROM FREQ. DETECTOR 

Fig. 104—Automatic-frequency-control 
(afc) circuit. 

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 
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almost 90 degrees out of phase, the con- 
trol tube affects the tank circuit in the 
same manner as a reactance. The grid 
bias of the tube determines the magni- 
tude of the effiective reactance and, con- 
sequently, a control of this grid bias can 
be used to control the oscillator fre- 
quency. 

Automatic frequency control is also 
used in television receivers to keep the 
horizontal oscillator in step with the 
horizontal-scanning frequency (15,750 
Hz) at the transmitter. A widely used 
horizontal afc circuit is shown in Fig. 
105. This circuit, which is often referred 
to as a balanced-phase-detector or 
phase-discriminator circuit, is usually 
employed to control the frequency of 
a multivibrator-type horizontal-oscilla- 
tor circuit. The 6AL5 detector supplies 
a dc control voltage to the grid of the 
horizontal-oscillator tube which counter- 
acts changes in its operating frequency. 
The magnitude and polarity of the con- 
trol voltages are determined by phase 
relationships 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 

SYNC 
SIGNALS "UcHf 

FROM PHASE 1-1 ~_l/ 
INVERTER +J 

REFERENCE VOLTAGE - < -L FROM HORIZONTAL S T OUTPUT CIRCUIT ,, > 
" J 

DC CORRECTION 
VOLTAGE TO GRID 
OF HORIZONTAL 

OSCILLATOR 
Fig. 105—Balanced phase-detector or 

phase-discriminator circuit for 
horizontal afc. 

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, caus- 
ing one diode unit of the 6AL5 to con- 
duct more heavily than the other, and 
thus producing a correction signal. The 
system remains balanced at all times, 
therefore, because momentary changes 
in oscillator frequency are instantane- 
ously corrected by the action of the 
control voltage. 

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- 
oscillator tube is essentially a low-pass 
filter which prevents the horizontal sync 
pulses from affecting, the horizontal- 
oscillator performance. 

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. 106, two voltages of different 
frequency, the rf signal voltage and the 
voltage generated by the oscillator, are 
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 

RADIO FREQUENCY 
INPUT FREQUENCY MIXER 

INTERMEDIATE FREQUENCY 
OUTPUT 

FftCQUENCY CONVERTER 
Fig. 106—Block diagram of simple fre- 

quency-converter circuit. 
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the frequencies of the input voltages, 
numerous sum and difference frequen- 
cies. 

The output circuit of the mixer 
stage is provided with a tuned circuit 
which is adjusted to select only one beat 
frequency, i.e., the frequency equal to 
the difference between the signal fre- 
quency and the oscillator frequency 
't he 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 sig- 
nal frequency 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. 

Grids No. 1 and No. 2 and the 

cathode are connected to an external 
circuit to act as a triode oscillator. Grid 
No. 1 is the grid of the oscillator and 
grid No. 2 is the anode. Grid No. 2 
is connected within the tube to the 
screen grid (grid No. 4). The com- 
bined 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 suppres- 
sor 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 cath- 
ode current. There is, therefore, little 
detuning of the oscillator by avc bias 
because changes in avc bias produce 
little change in oscillator transconduct- 
ance 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 6BE6. A schematic diagram illus- 
trating the use of the 6BE6 with self- 
excitation is given in Fig. 107. The 
6BE6 may also be used with separate 
excitation. A complete circuit is shown 
in the Circuits section. 

TYPE 6BE6 RF ^^ RF 
INPUT OUTPUT 

'•■PLATE 
GRID N2 3 ^ ^ / GRID N2 J> (RF SIGNAL) (SUPPRESSOR) 

GRID NS| VTr^-J/ GRIDSN22A4 (OSCILLATOR GRID) > (SCREEN) 
, 1 . 0 HEATER 

OSCILLATOR  CATHODE 
CIRCUIT 11 
 —ar-11— 

Fig. 107—Frequency-converter circuit using 
the 6BE6 pentagrid converter with self- 

excitation. 
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 
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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 volt- 
age 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 char- 
acteristic 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 electro- 
statically from the other electrodes. 
Grid No. 5, connected 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 
operation is most readily obtained when 
separate tubes or tube sections are used 
for the oscillator and mixer functions. 
A typical television mixer-oscillator cir- 
cuit is shown in Fig. 108. In such cir- 
cuits, the oscillator voltage is applied to 
the mixer grid by inductive coupling, ca- 
pacitive coupling, or a combination of 
the two. Tubes containing electrically 
independent oscillator and mixer units 
in the same envelope, such as the 
6EA8 and 6KE8 are designed especially 
for this application. 

*- RF OUTPUT OSCILLATOR 
TUBE 

Fig. 108—Typical television mixer-oscillaior 
circuit. 

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 and 

the 6E5 contain two main parts: (1) a 
triode which operates as a dc amplifier 
and (2) an electron-ray indicator which 
is located in the bulb as shown in Fig. 
109. The target is operated at a positive 
voltage and, therefore, attracts electrons 
from the cathode. When the electrons 
strike the target they produce a glow 
on the fluorescent coating of the tar- 
get. 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 
positive than the target, electrons flow- 
ing to the target are repelled by the 
electrostatic field of the electrode, and 
do not reach that portion of the target 
behind the electrode. Because the target 
does not glow where it is shielded from 
electrons, the control electrode casts a 

CATHODE LIGHT — 
SHIELD 

FLUORESCENT ~ COATING 
RAY-CONTROL " ELECTRODE 

"-CATHODE 

Fig. 109—Structure of electron-ray tube. 

shadow on the glowing target. The ex- 
tent of this shadow varies from approxi- 
mately 100 degrees of the target when 
the control electrode is much more nega- 
tive than the target to 0 degrees 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. 110. The flow of the 
triode plate current through resistor R 
produces a voltage drop which de- 
termines the potential of the control 
electrode. When the voltage of the triode 
grid changes in the positive direction, 
plate current increases, the potential of 
the control electrode goes down because 
of the increased drop across R, and the 
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shadow angle widens. When the poten- 
tial of the triode grid changes in the 
negative direction, the shadow angle 

In radio receivers, avc voltage is 
applied to the grid of the dc amplifier. 

ELECTRON- 
. RAY TUBE 

TYPE 6K7 TRIODE CONNECTED 

IMM 

I MEG Af H-A-^ 
<-aaa4--|(— 1 1 

TO CONTROLLING ,, 
VOLTAGE B+ 

Fig. 110—Indicating circuit using an 
electron-ray tube. 

Another type of indicator tube is 
the 6AF6G. This tube contains only an 
indicator unit but employs two ray-con- 
trol electrodes mounted on opposite 
sides of the cathode and connected to 
individual base pins. It employs an ex- 
ternal dc amplifier. (See Fig. 111.) 
Thus, two symmetrically opposite 
shadow angles may be obtained by con- 
necting the two ray-control electrodes 
together; or, two unlike patterns may 
be obtained by individual connection of 
each ray-control electrode to its re- 
spective amplifier. 

R: TYPICAL VALUE IS O.S MEGOHM 
Fig. Ill—Indicating circuit using 6AF6G 
electron-ray tube and external 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 6U5 has a 
remote-cutoff triode which closes the 
shadow on a larger value of avc 
voltage than the 6E5. The 6AF6G 
may be used in conjunction with 
dc amplifier tubes having either re- 
mote- or sharp-cutoff characteristics. 
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THE instiillation of electron tubes 
requires care if reliable perform- 

ance is to be obtained from the asso- 
ciated circuits. Installation suggestions 
and precautions which are generally 
common to all types of tubes are Cov- 
ered in this section. Additional per- 
tinent information is given under each 
tube type and in the Circuits section. 

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 emis- 
sion may cause unsatisfactory operation 
and reduced tube life. On the other 
hand, high heater 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. 

Electron Tube 

Installation 

Ordinarily, a step-down transformer is 
used with an ac supply to provide the 
proper filament or heater voltage. Re- 
ceivers intended for operation on both 
dc and ac power lines have the heaters 
connected in series with a suitable re- 
sistor and supplied directly from the 
power line. 

Mobile and marine receivers have 
the heaters of the tubes connected di- 
rectly across the battery supply. 

Parallel heater operation usually 
requires a step-down transformer to 
reduce the 120 Vac line voltage to 
typically 6.3 Vac. Care must be taken 
to prevent excessive voltage drop in 
the heater circuit wiring which would 
result in incorrect voltage at the tube 
terminals. 

Series heater operation eliminates 
the need for a step-down transformer 
and is economical when a number of 
tubes rated at the same heater current 
have a total heater voltage drop which 
adds up to an available supply volt- 
age. A voltage-dropping resistor in 
series with the heaters and the supply 
line is usually required. This resistance 
should be of such value that for normal 
line voltage the tubes will operate at 
their rated heater current. The resis- 
tor value is calculated by the follow- 
ing formula. 
Required resistance (ohms) = 

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

The power dissipation of the re- 
sistor (in watts) is equal to the volt- 
age drop of the resistor multiplied by 
the series string current in amperes. 
A resistor having a wattage rating well 
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in excess of this value should be 
chosen. 

A convenient means exists for ob- 
taining a heater supply voltage drop 
without the disadvantage of a power- 
dissipating resistor. A diode in series 
with the 120 Vac line provides a half 
wave rectified sine wave of 84 V 
(\/2 x RMS input). The diode po- 

larity should be such as to operate the 
heaters negative. (See heater-cathode 
voltage below.) In TV receivers de- 
signed for instant-on operation such 
a series-connected diode can be used 
for stand-by operation (70% of rated 
heater voltage) of a 120 Vac series 
string. 

Heater-Cathode Voltage 
When the series-heater connection 

is used in equipment, it is advisable 
to arrange the heaters in the circuit so 
that tubes most sensitive to hum dis- 
turbances are at or near ground poten- 
tial of the circuit. This arrangement 
reduces the amount of AC heater- 
cathode voltage of these tubes and 
minimizes hum interference. Other 
tubes operated with grounded cathode, 
such as horizontal deflection ampli- 
fiers or tube insulated for high heater 
cathode voltage, such as damper, are 
more immune to heater-cathode leak- 
age. 

Typical orders of series-string 
connections, by tube function, are 
shown below. 

Heater-type tubes may produce 

hum as a result of conduction between 
heater and cathode or between heater 
and control grid, or by modulation of 
the electron stream by the alternating 
magnetic field surrounding the heater. 
When a large resistor is used between 
heater and cathode (as in series-con- 
nected heater strings), or when one side 
of the heater is grounded, even a minute 
pulsating leakage current between heater 
and cathode can develop a small volt- 
age across the cathode-circuit imped- 
ance and cause objectionable hum. The 
use of a large cathode bypass capacitor 
is recommended to minimize this source 
of hum. 

Much lower hum levels can be 
achieved when heaters are connected in 
parallel systems in which the center-tap 
of the heater supply is grounded or, 
preferably, connected to a positive bias 
source of 15 to 80 volts dc to reduce the 
flow of alternating current. The heater 
leads of the tubes should be twisted and 
kept away from high-impedance circuits. 
The balanced ac supply provides almost 
complete cancellation of the alternat- 
ing-current components. 

The balanced arrangement de- 
scribed above also minimizes heater- 
grid hum. High grid-circuit impedances 
should be avoided, if possible. High 
heater voltages should also be avoided 
because heater-cathode hum rises sharply 
wl;en the heater voltage is increased 
above the published value. 

Certain tube types are designed 
especially to minimize hum in high- 
quality, high-fidelity audio equipment. 
Examples are the 5879, 7025, and 7199. 

AUDIO DETECTOR 
FIRST AF AMPLIFIER 

I POWER I 1 AMPLIFIER [ 
VOLTAGE DROPPING RESISTOR 

1 120 V. 1 
— 0 AC OR DC 0 

F/ff. 112A—Order of series heater-string connection, by tube function, to minimize 
hum in a radio receiver. 
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VOLTAGE 
DROPPING 
RESISTOR 

HORIZONTAL VERTICAL VIDEO 
DEFLECTION   OSCILLATOR   OUTPUT 
AMPLIFIER AMPLIFIER AMPLIFIER 

HORIZONTAL 
OSCILLATOR ' ^PICTURE TUBE—IF AMPLIFIERS^ SOUND IF 

AND 
DETECTOR 

SOUND 
OUTPUT 

AMPLIFIER 

RF 
• OSCILLATOR 

AND MIXER 
■iRF AMPLIFIER^- 

Fig. 112B—Order of series heater-string connection, by tube function, to minimize 
hum in a TV receiver. 

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 
performance is to be obtained. Plate 
voltage should not be applied to a tube 
unless 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 referred to in re- 
ceiving-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 to 50 
ohms) shunted across the filament ter- 
minals. This method reduces hum dis- 
turbances 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. 113.) The cathode current 
is, of course, equal to the plate current 
in the case of a triode, or to the slim 
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 increas- 
ingly negative with respect to the cath- 
ode, the required negative grid-bias 
voltage can be obtained by connecting 
the grid return to the negative end of 
the resistance. 
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di# 

R= o'RID-BIASING RESISTOR T = FILAMENT TRANSFORMER C = BYPASS CAPACITOR 

Fig. 113—Typical grid-voltage supply circuits. 

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 lOQQ 
rated cathode current in milliamperes 

Thus, the resistance required to pro- 
duce 9 volts bias for a triode which 
operates at 3 milliamperes plate current 
is 9 X 1000/3 = 3000 ohms. If the 
cathode current of more than one tube 
passes through the resistor, or if the 
tube or tubes employ more than three 
electrodes, the 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 re- 
duce distortion by introducing degene- 
ration into the circuit. However, the 
use of an unbypassed resistor decreases 
gain and power sensitivity. When by- 
passing is used, it is important that the 
bypass capacitor be sufficiently large to 
have negligible reactance at the lowest 
frequency to be amplified. 

In the case of power-output tubes 
having high transconductance, such as 
beam power tubes, it may be necessary 
to shunt the bias resistor with a small 
mica capacitor (approximately O.OOIaF) 
in order to prevent oscillations. The 
usual af bypass may or may not be 
used, depending on whether or not 
degeneration is desired. In tubes having 
high values of transconductance, such 
as the 6BA6, 6CB6A, and 6AC7, input 
capacitance and input conductance 
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. 1- 
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 appre- 
ciable shift of electrode currents with 
the application of a signal. In such 
amplifiers, a separate fixed supply is 
recommended. 

The grid-resistor 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 the Circuits section. In 
these circuits, the audio amplifier type 
1U5 or 12AV6 has a 10-megohm resistor 
between the grid and the negative fila- 
ment or cathode to furnish the required 
bias, which is usually less than 1 volt. 
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This method of biasing is used prin- 
cipally in the early voltage-amplifier 
stages (usually employing high-mu 
triodes) of audio amplifier circuits, 
where the tube dissipation 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 the Circuits 
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. 114 and 115; (2) from a 
bleeder circuit by means of a poten- 
tiometer as shown in Fig. 116; or (3) 
from a bleeder circuit in which the 
bleeder current is varied by a tube 

necting a fixed cathode resistance in 
series with the variable resistance used 
for regulation. Where receiver gain is 

Fig. 114—Amplifier stage using a variable 
cathode-bias resistor for volume control. 

used for automatic volume control. 
The latter circuit is shown in Fig 61. 

In all cases it is important that 
the control be arranged so that at no 
time will the bias be less than the 
recommended minimum grid-bias volt- 
age for the particular tubes used. This 
requirement can be met by providing 
a fixed stop on the potentiometer, by 
connecting a fixed resistance in series 
with the variable resistance, or by con- 

Fig. 115—Amplifier stage similar to Fig. 
114 but using heater-cathode-type tube. 

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 modula- 
tion-distortion. A remote-cutoff type of 
tube should, therefore, be used in the 
controlled stages. 

Fig. 116—Amplifier stage using a bleeder 
circuit and potentiometer for volume 

control. 
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. 117. The value of grid voltage 
at which the grid-current curve inter- 
cepts the horizontal axis is determined 
by several different physical processes, 
including an electrothermal effect due 
to the differences in temperature and 
in material composition of the grid 
and the cathode, and by the positive 
grid current. For values of grid poten- 
tials which are larger than this inter- 
cept, the direction of the grid current 
is positive (i.e., from the cathode to 
the grid). At smaller values of grid po- 
tential, the direction of the grid current 
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is negative (i.e., from the grid to the 
cathode). 

Positive grid current consists of 
electrons emitted from the cathode 
which are intercepted by the control 
grid. Negative grid current, which be- 
comes appreciable only when the grid 
potential is more negative than the 
value of the intercept, is a result of 
the emission of electrons from the 
heated control grid to the cathode, the 
effect of gas molecules in the tube, 
and the influence of leakage currents 
between the grid and cathode and the 
grid and the plate. 

The value of grid potential at the 
intercept of the grid-current curve on 
the horizontal axis (often mistakenly 
called contact potential) may be as high 
as IV2 volts. If the operating bias of the 
tube is less than this intercept, it is 
found that two effects are present. 
Direct current flows in the grid circuit, 
and the dynamic input resistance of the 
tube may be relatively low. It is gen- 
erally desirable to supply the tube with 
a value of bias sufficiently high so that 
the operating point of the tube is not 
near the value of this intercept. If the 
value of the operating bias is near the 
value of the intercept, 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 volt- 
age divider, from a potentiometer, or 
from a series resistor connected to a 
high-voltage source, depending on the 
particular tube type and its application. 
The screen-grid voltage for tetrodes 
should be obtained from a voltage 
divider or a potentiometer rather than 
through a series resistor from a high- 
voltage source because of the character- 
istic screen-grid current variations of 
tetrodes. Fig. 118 shows a tetrode with 
its screen-grid voltage obtained from a 
potentiometer. 

When pentodes or beam power 
tubes are operated under conditions 
where a large shift of plate and screen- 
grid currents does not take place with 
the application of the signal, the screen- 
grid voltage may be obtained through 
a series resistor from a high-voltage 

Fig. 117—Curves showing flow of positive 
grid current in tubes employing unipotential 

cathodes. 

Fig. 118—Tetrode circuit in which screen- 
grid voltage is obtained from a 

potentiometer. 

source. This method of supply is pos- 
sible because of 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 de- 
crease 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 
employing pentodes in combination 
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with the cathode-biasing method, it 
minimizes the need for circuit adjust- 
ments. Fig. 119 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 

Fig. 119—Pentode circuit in which screen- 
grid voltage is supplied through a series 

resistor. 

change 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 ob- 
tained 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 
before or simultaneously with the 
screen-grid voltage. Otherwise, with 
voltage on the screen grid only, the 
screen-grid current 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 decreases the transconductance of 
the tube and results in reduced gain 
per stage. The voltage variation is ob- 
tained by means of a potentiometer 
shunted across the screen-grid voltage 
supply. (See Fig. 118.) When the screen- 
grid voltage 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 
high gain, the output circuit of each 
stage must be shielded from the input 
circuit of that stage. Each high-fre- 
quency stage also must be shielded 
from the other high-frequency stages. 
Unless shielding is employed, undesired 
feedback may occur and may produce 
many harmful effects on receiver per- 
formance. 

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 es- 
pecially 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- 
frequency stages, it is necessary to 
shield separately each tube in high- 
frequency stages. When metal tubes, 
and in particular the single-ended types, 
are used, complete shielding of each 
tube is provided by the metal shell 
which is grounded through its ground- 
ing pin at the socket terminal. The 
grounding connection should be short 
and sturdy. Many modern tubes of glass 
construction have internal shields, us- 
ually connected 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 re- 
ceivers, lead dress, that is, the location 
and arrangement of the leads used for 
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connections in the receiver, is very im- 
portant. Because even a short lead 
provides a large impedance at high fre- 
quencies, it is necessary to keep all 
high-frequency leads as short as pos- 
sible. This precaution is especially im- 
portant for ground connections and for 
all connections to bypass capacitors 
and high-frequency filter capacitors. 
The ground connections of plate and 
screen-grid bypass capacitors 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 
output circuits of high-frequency stages 
so that the possibility of stray coupling 
is minimized. Unshielded leads con- 
nected to shielded components should 
be dressed close to the chassis. As the 
frequency increases, the need for care- 
ful lead dress becomes increasingly 
important. 

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

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-im- 
pedance path direct to the tube cathode 
rather than by way of the voltage- 
supply circuit. Fig. 120 illustrates several 
forms of filter circuits. Capacitor C 
forms the 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 per- 
missible 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 

LEAD . LEAD —j-AAAAA   —J-WWV-J-— 

LEAD LEAP 11 ooO'UTffl   I ogobov 
1 L -- L -L 
Tc Tc CT I TO CATHODE TO CATHODE 

R = RESISTOR C = BYPASS CAPACITOR 
L = Ar OR RF CHOKE 

Fig. 120—Typical filler circuits. 

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- 
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 
rectifier tube. (See Rectification.) A 
smoothing filter usually consists of ca- 
pacitors and iron-core chokes. In any 
filter-design problem, the load imped- 
ance must be considered as an integral 
part of the filter because the load is 
an important factor in filter perform- 
ance. Smoothing effect is obtained from 
the chokes because they are in series 
with the load and offer a high imped- 
ance to the ripple voltage. Smoothing 
effect is obtained from the capacitors 
because they are in parallel with the 
load and store energy on the voltage 
peaks; this energy is released on the 
voltage dips and serves to maintain 
the voltage at the load substantially 
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constant. Smoothing filters are clas- 
sified as choke-input or capacitor-input 
according to whether a choke or ca- 
pacitor is placed next to the rectifier 
tube. (See Fig. 121.) 

plate and transformer winding and to 
connect high-voltage, rf bypass capaci- 
tors between the outside ends of the 
transformer winding and the center 
tap. (See Fig. 122.) The rf chokes should 

CHORE-INPUT TYPE EILTER 

INPUT FROM RECTIFIER TUBE 

CAPACITOR-INPUT TYPE FILTER 

INPUT FROM RECTIFIER TUBE 

capacitor Filter 

INPUT FROM RECTIFIER TUBE 

L«FILTER CHORE. C FILTER CAPACITOR 
Fig. 121—Typical smoothing filters for rectifier tubes. 

The Circuits section gives a num- 
ber 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- 
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 gen- 
erally identified in the receiver as a 
broadly tunable 120-Hz buzz (100 
Hz for 50-Hz supply line, etc.). 
It is usually caused by the formation 
of a steep wave front when plate cur- 
rent 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 

be placed within the shielding of the 
tube. The rf bypass capacitors should 
have a voltage rating high enough to 
withstand the peak voltage of each half 
of the secondary, which is approxi- 
mately 1.4 times the rms value. 

TO AC i POWER LINE < 

ELECTROSTATIC SHIELD 
C-RF BYPASS CAPACITOR,MICA L = RF CHOKE 

Fig. 122—Filter circuit used to eliminate 
interference produced by mercury-vapor or 

gas-filled rectifier tubes. 
Transformers having electrostatic 

shielding between primary and second- 
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 se- 
lected by experiment for each instal- 
lation. 

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 
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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 com- 
ponent. A bypass capacitor of 2 to 6 
microfarads supplies a path to the 
speaker winding for the signal voltage. 
The choke-coil output coupling device, 
however, 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 
arrangements of each type of coupling 
device are shown in Fig. 123. Examples 
of transformers for push-pull stages are 
shown in several of the circuits given 
in the Circuits section. 

LOUDSPEAKER 

TRANSFORMER METHOD 

CHOKE-COIL METHOD 
Fig. 123—Typical output-coupling devices. 

High-Fidelity Systems 

The results achieved from any 
high-fidelity amplifier system depend to 
a large degree upon the skill and care 
with which the system is constructed. 
Improper placement of transformers, 
other components, and wiring, and at- 
tempts to achieve excessive compact- 

ness, can only result in instability, 
oscillation, hum, and other operating 
difficulties, as well as in damage to 
components by overheating. It is im- 
portant, therefore, that construction of 
high-fidelity amplifier systems be under- 
taken only by persons who have had 
some experience in the layout, mechan- 
ical construction, and wiring of audio 
equipment. 

It is impractical to give specific 
construction data for various amplifiers 
and supplementary units because the 
best arrangement for each unit or com- 
bination of units will depend on the 
requirements of the user. It is possible, 
however, to list some general consid- 
erations which should be observed in 
the construction of any high-fidelity 
amplifier system. 

Any amplifier having two or more 
stages should be constructed with a 
straight-line layout so that maximum 
separation is provided between the 
signal input and output circuits and ter- 
minals. Power-supply connections, par- 
ticularly those carrying ac, should be 
isolated as far as possible from signal 
connections, especially from the input 
connection. Signal-carrying conductors, 
even when shielded, should not be 
cabled together with power-supply con- 
ductors. Internal wiring for ac-operated 
tube heaters, switches, pilot-light sock- 
ets, and other devices, should be twisted 
and placed flat against the chassis. All 
connections to the ground side of the 
circuit in each unit should be made to 
a common bus of heavy wire. This bus 
should be connected to the chassis 
only at the point of minimum signal 
voltage, i.e., at the signal-input terminal 
of the unit. 

All internal wiring that carries sig- 
nal voltages should be as short as pos- 
sible, and as far as possible above the 
chassis, to minimize losses at the higher 
audio frequencies due to stray shunt 
capacitance. All connections between 
units should be made with shielded 
cable having a capacitance of not more 
than 30 picofarads per foot, such as 
Alpha Type 1249 or 1704, Belden Type 
8401 or 8410, or equivalent cable. 
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Because power amplifiers and pow- 
er-supply units of high-fidelity systems 
normally dissipate large amounts of 
heat, they should be constructed and 
installed in such a manner as to assure 
adequate ventilation for the tubes and 
other components. A beam power tube 
or rectifier tube should be separated 
from any other tube or component on 
the same side of the chassis by at least 
I'/z tube diameters. 

Power amplifiers and power-supply 
units which are to be installed horizon- 
tally (i.e., with the tubes vertical) in 
cabinets or on shelves should be pro- 
vided with mounting feet, perforated 
bottom covers, and a number of small 
holes around each tube socket to permit 
relatively cool air to enter from below 
and provide ventilation for the under 
side of the chassis and tubes. 

If a power amplifier, tone-control 
amplifier, and one or more pream- 
plifiers are to be constructed on the 
same chassis, the mechanical layout 
should be planned so that the circuits 
operating at the lowest signal levels 
are farthest from the output stage and 
power supply. Amplifier units which 
normally operate at comparable signal 
levels but are not used simultaneously 
(such as preamplifiers for tape pickup 
heads and magnetic phonograph pick- 
ups) may be installed side by side on 
the same chassis without danger of 
interaction. Units which operate si- 
multaneously, however (such as the 
channels of a stereophonic system), 
should not be installed side by side 
on the same chassis without careful 
consideration to placement of com- 
ponents and wiring, and the possible 
use of shielding to prevent interaction. 

When an amplifier, preamplifier, 
mixer, or other unit requiring heater 
power is located more than five or six 
feet from its power-supply unit, the 
heater-current conductors in the power- 
supply cable must be large enough to 
assure that each tube receives its rated 
heater voltage. In cases where very 
large heater currents or very long 
power-supply cables are involved, it 
may be desirable to install a heater- 

supply transformer on or near the am- 
plifier unit. If such a transformer is 
installed on or near a preamplifier for 
a magnetic-tape pickup head, a mag- 
netic phonograph pickup, or a dynamic 
microphone, the transformer should 
be completely shielded and positioned 
to prevent its field from inducing hum 
in the pickup device. 

Considerations for 
Television Picture Tubes 

Like other high-voltage devices, 
television picture tubes require that cer- 
tain 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 
immediately surrounding the anode cav- 
ity cap of all-glass picture tubes or 
on the glass part of the envelope of 
metal picture tubes. This film may per- 
mit sparking to take place over the 
glass surface to the external conductive 
coating or to the metal shell. Such 
sparking may introduce noise into the 
receiver. To prevent such a possibility, 
the uncoated bulb surface around the 
cap and the glass part of the envelope 
of metal picture tubes should be kept 
clean and dry. 

Dust Considerations. The accumu- 
lation of dust on the uncoated area of 
the bulb around the anode 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 leak- 
age paths that increase 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- 
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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 deter- 
gent, such as Dreft, then rinsed with 
clean water, and immediately dried. 

Corona Considerations. A high- 
voltage system may be subject to co- 
rona, 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 deterioration of organic insulat- 
ing 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 pos- 
sibility 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. 
Adequate spacing between the lip and 
any grounded element in the receiver, 
or between 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 provided around the body 
of the metal shell. As a further pre- 
caution to prevent corona, the deflect- 
ing-yoke surface on the end adjacent 
to the shell should present a smooth 
electrical surface with respect to the 
small end of the metal shell or the 
anode terminal of all-glass tubes. 
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Safety Precautions 

Shock Hazard and 
High Voltage Warning- 

Receiving Tubes 

Most electron tubes present a shock 
hazard in use because of the voltages 
at which they operate. This hazard ap- 
plies to all applications and is not re- 
stricted to high-voltage circuits. There- 
fore, precautions should be taken 
when servicing equipment in which 
electron tubes are used. 

Some electron tubes, such as high- 
voltage rectifiers and those used in the 
high-voltage regulators of television re- 
ceivers, operate with very high electrode 
voltages. Extreme care should be taken 
during testing or adjustment of circuits 
in which such tubes are employed. 
Precautions must be exercised during 
the replacement or servicing of these 
tubes in equipment to assure that the 
high voltage output terminal is prop- 
erly grounded when the tube is being 
removed from or inserted into its socket 
or when the top cap connector is being 
disconnected or connected. The tube 
and its associated apparatus, especially 
all parts which may be at high-poten- 
tial with respect to ground, should be 
housed in a protective enclosure. The 
protective housing should be designed 
with interlocks so that personnel can- 
not possibly come in contact with any 
high-potential point in the electrical 
system. 

It should be noted that high volt- 
ages may appear at normally low- 
potential points in the circuit as a 
result of capacitor breakdown or in- 
correct circuit connections. Therefore, 
before any part of the circuit is 
touched, the power supply switch 
should be turned off and both termi- 
nals of any capacitor should be 
grounded. 

X-Radiation Warning— 
Receiving Tubes 

Electron tubes that are. operated 
at potentials exceeding several thou- 
sand volts may emit X-radiation. The 
X-radiation is generated when elec- 
trons (or ions) which are accelerated 
to high velocities impact with high en- 
ergy on various parts of the tube's 
structure. Tube types which specify an 
X-radiation characteristic in their pub- 
lished data are designed and controlled 
for this characteristic. 

X-Radiation is measured in accord- 
ance with JEDEC Publication No. 67A, 
"Recommended Practice for Meas- 
urement of X-Radiation from Receiving 
Tubes", and controlled in accordance 
with JEDEC Publication No. 73A, 
"Recommended Practice for Quality 
Control of X-Radiation from High 
Voltage Rectifier and Shunt Regulator 
Receiving Tubes". These publications 
are available from the Electronic In- 
dustries Association, 2001 Eye St., 
N.W., Washington, D.C. 20006. 

Operation of these devices above the 
maximum values indicated in their 
Maximum Ratings may result in either 
temporary or permanent changes in 
the X-radiation characteristic of the 
tube. Equipment design must be such 
that these maximum values are not 
exceeded. 

The high voltages associated with 
these devices result in production of 
X-radiation which may constitute a 
health hazard on prolonged exposure 
at close range unless the tube is ade- 
quately shielded. Equipment design 
must provide for this shielding. 

Precautions must be exercised dur- 
ing the servicing of equipment employ- 
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ing these devices to assure that the 
high voltage is adjusted to the recom- 
mended value and that any shielding 
components are replaced to their in- 
tended positions before the equipment 
is operated. 

Shock Hazard Warning- 
Picture Tubes 

The high voltage at which picture 
tubes are operated may be very dan- 
gerous. Design of the TV receiver 
should include safeguards to prevent 
the user from coming in contact with 
the high voltage. Extreme care should 
be taken in the servicing or adjust- 
ment of any high-voltage circuit. 

Caution must be exercised during 
the replacement or servicing of the 
picture tube since a residual electrical 
charge may be contained on the high 
voltage capacitor formed by the ex- 
ternal and internal conductive coat- 
ings of the picture tube funnel. To 
remove any undesirable residual high 
voltage charges from the picture tube, 
"bleed off" the charge by shorting the 
anode contact button, located in the 
funnel of the picture tube, to the ex- 
ternal conductive coating before han- 
dling the tube. Discharging the high 
voltage to isolated metal parts such 
as cabinets and control brackets may 
produce a shock hazard. 

Tube Handling Precaution— 
Picture Tubes 

Picture tubes should be kept in the 
shipping box or similar protective con- 
tainer until just prior to installation. 
Wear heavy protective clothing, in- 
cluding gloves and safety goggles with 
side shields, in areas containing un- 

packed and unprotected tubes to prevent 
possible injury from flying glass in the 
event a tube breaks. Handle the pic- 
ture tube with extreme care. Do not 
strike, scratch, or subject the tube to 
more than moderate pressure. On types 
having an integral safety panel, par- 
ticular care should be taken to pre- 
vent damage to the seal area and the 
edge of the integral safety panel. 

Implosion Protection— 
Picture Tubes 

Picture tubes which employ integral 
implosion protection must be replaced 
with a tube of the same type number 
or an RCA recommended replacement 
to assure continued safety. 

X-Radiation Warning— 
Picture Tubes 

High-voltage electron tubes that 
operate at potentials exceeding several 
thousand volts may emit X-radiation. 
Operation of a television picture tube 
at abnormal conditions may produce 
X-radiation in excess of design limits. 
For radiation safety when servicing a 
television receiver, it is essential to ad- 
just the high voltage, using an accurate 
and reliable high-voltage meter, to the 
value specified by the set manufacturer 
following his recommended procedure. 
It is also essential that all external 
shields are properly replaced. In servic- 
ing a television receiver that requires 
a replacement picture tube, a tube 
with the same type number or an 
RCA recommended replacement tube 
type should be used to assure the same 
or improved integral X-radiation shield- 
ing. 
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THE tube data given in the follow- 
ing Teclinicnl Data 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 refer- 
ence to a specified datum point as fol- 
lows: 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 filament-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 ca- 
pabilities of each tube type to best 
advantage. Ratings are given for those 
characteristics which careful study and 
experience indicate must be kept within 
certain 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 Device Engineer- 
ing Council (JEDEC) and standardized 
by the National Electrical Manufactur- 
ers Association (NEMA) and the Elec- 
tronic Industries Association (EIA) as 
follows: 

Interpretation 

of Tube Data 

Absolute Maximunt ratings are 
limiting values which should not be 
exceeded with any tube of the specified 
type under any condition of operation. 
These ratings are not used too often 
for receiving types, but are generally 
used for transmitting and industrial 
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 
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. 

Design Maximum ratings are lim- 
iting values which should not be ex- 
ceeded with a tube of the specified type 
having characteristics equal to the pub- 
lished values under any conditions of 
operation. These ratings include allow- 
ances for normal variations in tube 
characteristics, but do not provide for 
variations in operating conditions. De- 
sign Maximum 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 lime 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. 
124. The heater is placed in series with a 
resistance having a value 3 times the 
nominal heater operating resistance 
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(R = 3 Et/Ii), and a voltage having a 
value 4 times the rated heater voltage 
(V = 4 Et) is then applied. The warm- 
up time is determined when E = 0.8 Er. 

SUPPLY VOLTS 
RMS OR DC=4Ef E=0.8 EffE) 

Ef= RATED HEATER VOLTAGE 
If=RATED HEATER CURRENT 

Fig. 124—Test circuit for measuring heater 
warm-up time. 

lower voltage drop at a fixed current 
level. 

Tube voltage drop or plate current 
for a specific diode unit can be deter- 
mined as follows: First, convenient val- 
ues are selected for the plate-voltage 
and plate-current scales of the nomo- 
graph. The published plate-current and 
plate-voltage values are then located on 
the scales and connected with a straight 
edge. The intersection of the connect- 
ing line with the perveance scale is then 
used as a pivot point to determine the 
value of tube voltage drop correspond- 
ing to a desired current value, or the 
value of plate current corresponding to 
a desired tube voltage drop. Because 
the pivot point for a specific diode 

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 
supplied to the plate of the tube and the 
power delivered by the tube to the load. 

Peak heater-cathode voltage is the 
highest instantaneous value of voltage 
that a tube can safely stand between its 
heater and cathode. This rating is ap- 
plied to tubes having a separate cathode 
terminal and used in applications where 
excessive voltage may be introduced be- 
tween heater and cathode. 

Maximum dc output current is the 
highest average plate current which can 
be handled continuously by a rectifier 
tube. Its value for any rectifier tube 
type is based on the permissible plate 
dissipation of that type. Under operat- 
ing conditions involving a rapidly re- 
peating duty cycle (steady load), the 
average plate current may be measured 
with a dc meter. 

The nomograph shown in Fig. 125 
can be used to determine tube voltage 
drop or plate current for any diode 
unit when values for a single plate- 
voltage, plate-current condition are 
available from the data. It can also be 
used to compare the relative perveance 
(G = I,,/Eb 3/2) of several diodes. Perve- 
ance can be considered a figure of merit 
for diodes; high-perveance units have 

Fig. 125—Diode perveance nomograph. 

unit represents its perveance, the pivol 
points for several units (plotted to the 
same scales) can be used to compare 
their relative perveance. 
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For example, type 5U4GB has a 
tube voltage drop (per plate) of 44 volts 
at a plate current of 225 milliamperes. 
Convenient scales for this type are from 
1 to 100 volts for plate voltage and 
from 10 to 1000 milliamperes for plate 
current. The points 44 volts and 225 
milliamperes are then connected with a 
straight line to determine the pivot 
point. Using this pivot point, it is easy 
to determine such values as a plate 
current of 150 milliamperes at a tube 
voltage drop of 33 volts, or a voltage 
drop of 25 for a current of 100 mil- 
liamperes. 

For readings in the order of one 
volt and/or one milliampere, the nomo- 
graph is not accurate because of the 
effects of contact potential and initial 
electron velocity. 

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 current may be many times the 
load current. In order to determine 
accurately the peak plate current in any 
rectifier circuit, measure it 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. 126, when plate A 
of a full-wave rectifier tube is positive, 
current flows from A to C, but not from 
B to C. because B is negative. At the 

instant plate A is positive, the filament 
is positive (at high voltage) with respect 
to plate B. The voltage between the 
positive filament and the negative plate 
B is in inverse relation to that causing 
current flow. The peak value of this 
voltage is limited by the resistance and 
nature of the path between plate B and 
filament. The maximum value of this 
voltage at which there is no danger of 
breakdown of the tube is known as 
maximum peak inverse voltage. 

c j) O   + 

Fig. 126—Schematic diagram of full-wave 
rectifier tube and circuit connections. 

The relations between peak inverse 
voltage, rms value of ac input voltage, 
and dc output voltage depend largely 
on the individual characteristics of the 
rectifier circuit and the power supply. 
The presence of line surges or any 
other transient, or wave-form distortion, 
may raise the actual peak voltage to a 
value higher than that calculated for 
sine-wave voltages. Therefore, the actual 
inverse voltage, and not the calculated 
value, should be such as not to exceed 
the rated maximum peak inverse volt- 
age for the rectifier tube. A calibrated 
cathode-ray oscillograph or a peak- 
indicating electronic 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 volt- 
age may be as high as 2.8 times the 
rms value of the applied plate voltage. 
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In polyphase circuits, mathematical de- 
termination of peak inverse voltage re- 
quires 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 rela- 
tionships 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 
sizes of chokes. The solid-line curves 
show the dc voltage outputs which 
would be obtained if the filter chokes 
had infinite inductance. The lortg-dash 
lines radiating from the zero position 
are boundary lines for various sizes of 
chokes as indicated. The intersection of 
one of these lines with a solid-line 
curve indicates the point on the curve 
at which the choke no longer behaves 
as though it had infinite inductance. 
To the left of the choke boundary line, 
the regulation curves depart from the 
solid-line curves as shown by the rep- 
resentative short-dash regulation curves. 

Typical Operation Values. Values 
for typical operation are given for many 
types in the Technical Data section. 
These typical operating values are given 
to serve as guiding information for 
the use of each type. These values 
should not be confused with ratings, 
because a tube can be used under any 
suitable conditions within its maxi- 
mum ratings, according to the appli- 
cation. 

The power output value for any 
operating condition is an approximate 

tube output—that is, plate input minus 
plate loss. Circuit losses must be sub- 
tracted from tube output in order to 
determine the useful output. 

Characteristics are covered in the 
Electron Tube Characteristics section 
and such data should be interpreted in 
accordance with the definitions given 
in that section. Characteristic curves 
represent the characteristics of an aver- 
age tube. Individual tubes, like any 
manufactured product, may have char- 
acteristics that range above or below 
the values given in the characteristic 
curves. 

Although some curves are extended 
well beyond the maximum ratings of the 
tube, this extension has been made only 
for convenience in calculations. Do 
NOT operate a tube outside of its 
maximum ratings. 

Interelectrode capacitances are di- 
rect capacitances measured between 
specified elements or groups of elements 
in electron tubes. Unless otherwise indi- 
cated in the data, all capacitances are 
measured with filament or heater cold, 
with no direct voltages present, and with 
no external shields. All electrodes other 
than those between which capacitance 
is being measured are grounded. In 
twin or multi-unit types, inactive units 
are also grounded. 

The capacitance between the input 
electrode and all other electrodes, ex- 
cept the output electrode, connected 
together is commonly known as the 
input capacitance. The capacitance 
between the output electrode and all 
other electrodes, except the input elec- 
trode, connected together is known as 
the output capacitance. 

Hum and noise characteristics of 
high-fidelity audio amplifier tube types 
such as the 7025 and the 7199 are tested 
in an amplifier circuit such as that 
shown in Fig. 127. The output of the 
test circuit is fed into a low-noise am- 
plifier. The bandwidth of this amplifier 
depends on the characteristic being 
measured. If hum alone is being tested, 
a relatively narrow bandwidth is used 
to include both the line frequency and 
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the major harmonics generated by the 
tube under test. In noise or combina- 
tion hum-and-noise measurements, the 
bandwidth is defined in the registration 
of the tube type. 

TRUE RMS VACUUM-TUBE VOLTMETER 

Fig. 127—Test circuit for measuring hum 
and noise characteristics of high-fidelity 

audio-amplifier tubes. 

The amplifier gain is calibrated so 
that the vacuum-tube voltmeter meas- 
ures hum and noise in microvolts refer- 
enced to the grid of the tube under test. 
A pentode can also be evaluated in 
this manner by the addition of a screen- 
grid supply adequately bypassed at the 
tube screen-grid pin connection. Power- 
supply ripple at the plate of the tube 
under test must be negligible compared 
to its hum and noise output. Extraor- 
dinary shielding of both the test socket 
and the associated operating circuit is 
required to minimize capacitances be- 
tween heater leads and high-impedance 
connections. 

The test-circuit components are de- 
termined by the tube type being tested 
and the type of hum to be controlled. 
Heater-cathode hum can be eliminated 
from the measurement by closing the 
switch S. The circuit can also be made 
more or less sensitive to heater-grid 
hum by increasing or decreasing the 
grid resistance Rc. No circuit changes 
affect the component of magnetic hum 
generated by the tube. 

Grid-No. 2 (Screen-grid) Input is 
the power applied to the grid-No. 2 
electrode and consists essentially of the 
power dissipated in the form of heat 
by grid No. 2 as a result of electron 
bombardment. With tetrodes and pent- 
odes, 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 
supplied through a series voltage-drop- 
ping resistor, the maximum screen-grid 
voltage rating may be exceeded, pro- 
vided the maximum screen-grid dissipa- 
tion rating is not exceeded at any 
signal condition, and the maximum 
screen-grid voltage rating is not ex- 
ceeded at the maximum-signal condi- 
tion. Provided these conditions are 
fulfilled, the screen-grid supply voltage 
may be as high as, but not above, the 
maximum plate voltage rating. The 
rating chart on page 300 shows the re- 
lationship between the maximum per- 
missible input power to the screen grid 
and the screen-grid supply voltage. 



Electron Tube Testing 

THE electron-tube user—service- 
man, experimenter, or non-technical 

radio listener—is interested in know- 
ing the condition of his 'tubes, since 
they govern the performance of the 
device in which they are used. In or- 
der to determine the condition of a 
tube, some method of test is necessary. 
Because the operating capabilities and 
design features of a tube are indicated 
and described by its electrical charac- 
teristics, a tube is tested by measuring 
its characteristics and comparing them 
with values established as standard for 
that type. Tubes which read abnorm- 
ally 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 labora- 
tory accuracy. Because the accuracy of 
the tube-testing device need be no 
greater than the accuracy of the correla- 
tion between test results and receiver 
performance, and since certain funda- 
mental characteristics are virtually fixed 
by the manufacturing technique of lead- 
ing tube manufacturers, it is possible to 
employ a relatively simple test in order 
to determine the serviceability of a tube. 

In view of these factors, dealers 
and servicemen will find it econom- 
ically expedient to obtain adequate 
accuracy and simplicity of operation by 
employing a device which indicates the 
status of a single characteristic. Whether 
the tube is satisfactory or unsatisfactory 
is judged from the test result of this 
single characteristic. Consequently, it is 
very desirable that the characteristic se- 
lected for the test be one which is truly 
representative of the tube's over-all con- 
dition. 

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 pat- 
ticular tester. Getting information of 
this nature, if it is to be accurate and 
useful, is a big job. It requires the test- 
ing of many tubes of each type, testing 
of many types, and correlation of the 
data with performance in many kinds 
of equipment. 

Short-Circuit Test 
The fundamental circuit of a short- 

circuit tester is shown in Fig. 128. Al- 
though this circuit is suitable for tet- 

Fig. 128—Fundamental circuit of a short 
circuit tester. 

rodes and types having less than four 
electrodes, tubes of more electrodes may 
be tested by adding more indicator 
lamps to the circuit. Voltages are ap- 
plied between the various electrodes 
with lamps in series with the electrode 
leads. The value of the voltages applied 
will depend on the type of tube being 
tested and its maximum ratings. Any 
two shorted electrodes complete a cir- 
cuit and light one or more lamps. Since 
two electrodes may be just touching to 
give a high-resistance short, it is de- 
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sirable 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 temperature during 
the short-circuit test, because short- 
circuits in a tube may sometimes occur 
only when the electrodes are heated. 
However, a short-circuit tester having 
too high a sensitivity may indicate very- 
high-resistance shorts that do not ad- 
versely affect tube operation. 

circuit diagram for an emission test. All 
of the electrodes of the tube, except the 
cathode, are connected to the plate. The 
filament, or heater, is operated at rated 
voltage; after the tube has reached con- 

DIRECT- sK CURRENT (A) METER 

Selection of a Suitable 
Characteristic for Test 

Some characteristics of a tube are 
far more important in determining its 
operating worth than are others. The 
cost of building a device to measure 
any one of the more important charac- 
teristics may be considerably higher 
than that of a device which measures a 
less representative characteristic. Conse- 
quently, three methods of test will be 
discussed, ranging from relatively sim- 
ple and inexpensive equipment to more 
elaborate, more accurate, and more 
costly devices. 

An emission test is perhaps the 
simplest method of indicating a tube's 
condition. (Refer to Diodes, in Elec- 
trons, Electrodes, and Electron Tubes 
section, for a discussion of elec- 
tron emission.) Since emission falls 
off as the tube wears out, low emis- 
sion is indicative of the end of tube 
serviceability. However, the emission 
test is subject to limitations because 
it tests the tube under static conditions 
and does not take into account the ac- 
tual operation of the tube. On the one 
hand, coated filaments, or cathodes, 
often develop active spots from which 
the emission is so great that the 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 fila- 
ments are capable of such large emis- 
sion that the tube will often operate 
satisfactorily after the emission has 
fallen far below the original value. 

Fig. 129 shows the fundamental 

Fig. 129—Fundamental circuit of an 
emission tester 

slant temperature, a low positive volt- 
age is applied to the plate and the 
electron emission is read on the meter. 
Readings which are well below the 
average for a particular tube type in- 
dicate that the total number of available 
electrons has been so reduced that the 
tube is no longer able to function 
properly. 

A transconductance test takes into 
account a fundamental operating prin- 
ciple of the tube. (This fact will be seen 
from the definition of transconductance 
in the Section on Electron Tube Char- 
acteristics.) It follows that transcon- 
ductance tests, when properly made, 
permit better correlation between test 
results and actual performance than 
does a straight emission test. 

There are two forms of transcon- 
ductance test which can be utilized in a 
tube tester. In the first form (illustrated 
by Fig. 130 giving a fundamental circuit 
with a tetrode under test), appropriate 

Fig. 130—Fundamental circuit of a trans- 
conductance tester using the "grid-shift" 

method. 
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operating voltages are applied to the 
electrodes of the tube. A plate current 
depending upon the electrode voltages 
will then be indicated by the meter. If 
the bias on the grid is then shifted by 
the application of a different grid volt- 
age, a new plate-current reading is ob- 
tained. The difference between the two 
plate-current readings is indicative of 
the transconductance of the tube. This 
method of transconductance testing is 
commonly called the "grid-shift" 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 dy- 
namic conditions. 

The dynamic transconductance test 
illustrated in Fig. 131 gives a funda- 
mental circuit with a tetrode under test. 
This method is superior to the static 
transconductance test in that ac voltage 

voltages obtainable from the tube. In 
the case of power-output tubes, the per- 
formance of the tube is closely checked. 
Consequently, although more compli- 
cated to set up, the power-output test 
will give closer correlation with actual 
performance than any other single test. 

Fig. 132 shows the fundamental 
circuit of a power-output test for class 
A operation of tubes. The diagram illus- 
trates the method for a pentode. The ac 
output voltage developed across the 

Fig. 131—Fundamental circuit of a 
dynamic transconductance tester. 

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 multiplied 
by one thousand is the value of trans- 
conductance in micromhos. 

The power-output test probably 
gives the best correlation between test 
results and actual operating perform- 
ance of a tube. In the case of voltage 
amplifiers, the power output is indica- 
tive of the amplification and output 

Fig. 132—Fundamental circuit of a power- 
output tester for class A operation of lubes. 

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 
resistance. In this way, it is possible to 
determine the operating condition of the 
tube quite accurately. 

Fig. 133 shows the fundamental 
circuit of a power-output test for class 

Fig. 133—Fundamental circuit of a power- 
output tester for class B operation of tubes. 

B operation of tubes. With ac voltage 
applied to the grid of the tube, the 
current in the plate circuit is read on 
a dc milliammeter. The power output 
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of the tube is approximately equal to: 
(Ib= X Rr,)/0.405, 

where P„ is the power output in watts, 
h, is the dc current in amperes, and Rt, 
is the load resistance in ohms. 

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 
control permits the supply of proper 
electrode voltages. 

3. It is essential that the rated volt- 
age applied to the filament or heater be 
maintained accurately. 

4. It is suggested that the char- 
acteristics test follow one of the meth- 
ods described^ The method selected and 
the quality of the parts used in the test 
will depend upon the user's require- 
ments. 

Tube-Tester Limitations 
A tube tester can only indicate the 

difference between a tube characteris- 
tic and those which are standard for 
that type. Because the operating condi- 
tions imposed upon a tube may vary 
within wide limits, it is impossible for 
a tube tester to evaluate tubes for all 
applications. 

Commercially available tube check- 
ers vary widely in purpose, perform- 
ance, and significance of results. They 
range from relatively inexpensive port- 
able units to costly laboratory-quality 
instruments. Design trade-offs are made 
by tube checker manufacturers to pro- 
vide a product simple to operate, 
capable of testing a wide variety of 
tube types, and in some cases, low in 
cost. Accuracy of readings, complete- 
ness of testing, and even proper testing 
conditions for certain tube types are 
sometimes sacrified in these trade-offs. 
Recognition of the individual tester 
limitations are absolutely necessary be- 
fore valid judgments on tube quality 
can be made from test results. 

Tube checkers generally make two 
types of evaluations: tests for inter- 

element shorts (leakage) and an elec- 
trical test of quality that is either an 
ac cathode-emission test or a more 
complex large-signal transconductance 
test. 

The shorts or leakage tests are 
often more sensitive than those of the 
tube manufacturer and also, in some 
cases more stringent than circuit appli- 
cation requirements. Leakage sensitiv- 
ity of 100 megohms between elements 
is available in some tube checkers. 
Some can be adjusted by the user to 
even higher sensitivities. Many tube 
checkers tie several elements together 
to test many parallel paths in a single 
test position. As a result, multiple paths 
having individual inter-element leakage 
resistances which are acceptable re- 
sult in parallel combinations which 
cause the tube to read as defective. 

Quality-test interpretations must be 
tempered by knowledge of the character 
of the quality test. Large-signal trans- 
conductance (gm) often does not corre- 
late with small-signal transconductance, 
or the control limits for applications 
that require this characteristic. Cathode 
emission, as read on many tube check- 
ers, is a function of both the emitting 
capability of the cathode and the me- 
chanical spacing of the tube's internal 
parts. While high cathode emitting 
capability is generally desirable for all 
tubes, a high emission reading obtained 
by close, mechanical spacing of parts 
can result in a false indication of good 
quality. In addition, high or low indi- 
cations in a tube checker are often 
caused by compromise test conditions 
rather than the quality of the tube be- 
ing tested. 

The set-up instruction and charts 
furnished by the tester manufacturer 
establish the conditions and limits 
which the tester manufacturer consid- 
ers adequate for the tube types evalu- 
ated. These conditions and limits are 
usually established independently of 
the tube manufacturer and without con- 
sideration of application requirements. 

The tube tester cannot be looked 
upon as a final authority in determin- 
ing whether or not a tube is satisfac- 
tory. An actual operating test in the 
application will give the best possible 
indication of a tube's worth. 
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Application Guide 

for RCA Receiving Tubes 

In the Application Guide on the 
following pages, RCA receiving tubes 
are classified in two ways: (a) by func- 
tion, and (b) by structure (diode, triode, 
etc.). The functional classification covers 
27 principal types of application, as 
listed below. 

Tube types are grouped by struc- 
ture under each classification; they are 
also keyed to indicate miniature, octal, 
nuvistor, duodecar, and novar types. 

Triodes are designated as low-, 
medium-, or high-mu types on the fol- 
lowing basis: low, less than 10; medium, 
10 or more, but less than 50; high, 50 

or more. Where applicable, tubes are 
designated as sharp-, semiremote-, or 
remote-cutoff on the basis of the ratio, 
in per cent, of the negative control-grid 
voltage to the screen-grid voltage (or, 
for triodes, the plate voltage) for cut- 
off, as given in the characteristics or 
typical operation values. These terms 
are defined as follows: sharp, less than 
10 per cent; semiremote, 10 or more, 
but less than 20 per cent, remote, 20 
per cent or more. 

For more complete data on these 
types, refer to the Technical Data For 
RCA Receiving Tubes. 

APPLICATIONS 

Audio-Frequency 
Amplifiers 
Automatic Gain Control 
Circuits (AGC and AVC) 
Blankers 
Burst Amplifiers 
Chroma Amplifiers 
Color Killers 
Color Matrixing Circuits 
Dampers 
Demodulators (Color TV) 
Detectors (AM) 
Discriminators (Detectors) 
Horizontal-Deflection 

, Intermediate-Frequency Amplifiers 
Limiters 

15. Pentagrid Converters 
16. Mixer-Oscillators—RF 
17. Multivibrators 
18. Oscillators 
19. Phase Splitters 
20. Radio-Frequency 

Amplifiers 
21. Reactance Circuits 
22. Rectifiers (Vacuum) 
23. Regulators (High Voltage) 
24. Sync Separators and Amplifiers 
25. Tuning Indicators 
26. Vertical-Deflection 

Circuits (Oscillator and 
Amplifier) 

27. Video Amplifiers 

1. AUDIO-FREQUENCY 
AMPLIFIERS 

Voltage Amplifiers 
Medium-Mu Triode—Sharp-Cutoff Pentode 
. 7199t 

Medium-Mu Twin Triode 
© 6SN7GTB ® 12SN7GTA 
• 12AU7A/ECC82  

Twin Diode—High-Mu Triode 
• 4AV6 • 6BN8 
. 6AT6 • 8BN8 
• 6AV6 • 12AT6 

Triple Diode—High-Mu Triode 
. 5T8 • 6T8A 

t For high-lidelity equipment 
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Higli-Mu Twill Triode 
• 6EU7t • 12AX7A/ 
o 6SL7GT ECC83t 

Shnrp-Cutolf Pentode 
• 6AU6A • S879t 
• 6HS6 • 7543t 

Power Amplifiers 

o 12SL7GT 
• 7025t 

Hoiim Power Tube 
• 5AQ5 0 6Y6GA/6Y6G • 25C5 
• 6AQ5A • 11DS5 • 35C5 
• 6AS5 • 12AB5 • 50C5 
• 6CU5 • 12AQ5 © 50L6GT 
• 6DS5 • 12CA5 • 6973t 
• 6GC5 • 12CU5/12C5 • 7027At 
06L6 o 12V6GT © 7355t 
© 6L6GC+ © 12W6GT 0 7408t 
® 6V6GTA * 17CU5/17C5 © 7581At 
© 6W6GT 

Beam Power Tube—Sharp-Cutoff Pentode 
$ 6AD10 $ 6T10* $ 12BF11: 

$ 6AL11 $ 12AL11 $ 17BF11''; 

$ 6BF11* 

Power Pentode 
• 6BQ5/EL34 • 10BQ5 • 35EH5 
• 6EH5 • 10GK6 • 50EH5 
© 6F6 • 12FX5 • 60FX5 
• 6GK6 • 16GK6 • 7189t 0 6K6GT • 19FX5 A 7868t • 8BQ5 • 25EH5 © 7591A 

2. AUTOMATIC GAIN CONTROL 
CIRCUITS (AGC & AVC) 

Twin Diode—High-Mu Triode 
• 4AV6 • 6AV6 • 12AV6 
• 6AT6 . 12AT6 

Medium-Mu Triode—Sharp-Cutoff Pentode 
• SANS • 6AZ8 • 6GH8A 
• 5GH8A • 6BA8A • 9GH8A 
• 6AN8A 

High-Mu Triode—Sharp-CutoIF Pentode 
• 6AW8A ■ 6LC8 • 8KA8 
• 6HF8 • 8AW8A • 8LC8 
• 6JV8 • 8JV8 • 10HF8 
• 6KA8 

Sliarp-Cutoff Twin Pentode 
• 38118/ • 4HS8 . 6HS8 

3GS8 • 68118 

Sharp-Cutoff Pentode* 
• 6GY6/6GX6 

Pentagrld Amplifier 
• 3BY6 • 4CS6 • 6CS6 
• 3CS6 • 6BY6 

3. BLANKERS 
Medium-Mu Triode—Sharp-Cutoff Pentode 

• 5GH8A • 6MQ8 • 9GH8A 
• 6GH8A 

Medium-Mu Twin Triode 
• 6FQ7/6CG7 • 8FQ7/8CG7 • 12BH7A 
• 6GU7 • 8GU7 • 12FQ7 

Medium-Mu Triode—Semiremote-Cutoff 
Pentode 

• 6LM8 

Higli-Mu Triode—Sharp-Cutoff Pentode 
• 6KT8 

4. BURST AMPLIFIERS 
Medium-Mu Triode—Sharp-Cutoff Pentode 

• SEAS • 6EA8 • 9GH8A 
• 5GH8A • 6GH8A • 19EA8 

Medium-Mu Triode—Semiremote-Cutoff 
Pentode 

• 6LM8 • 6MU8 
Twin Diode—High-Mu Triode 

• 6BN8 • 8BN8 
Sharp-Cutoff Pentode 
• 3CB6/3CF6 • 4EW6 • 6CB6A/6CF 
• 3JC6A • 4JC6A • 6EW6 
• 4CB6 • 5EW6 • 6JC6A 

5. CHROMA AMPLIFIERS 

Medium-Mu Triode—Sharp-Cutoff Pentode 
• SGH8A • 6HL8 • 9GH8A 
• 6GH8A • 6MQ8 

High-Mu Triode—Sharp-Cutoff Pentode 
• 6AW8A • 6LF8 
• 6KT8 • 8AW8A 

Medium-Mu Twin Triode 
• 6FQ7/6CQ7 • 8FQ7/8CG7 . I2BH7A 
• 6GG7 • 8GG7 • 12FQ7 

6. COLOR KILLERS 
Quadruple Diode 

• 6JU8A • 8JU8A 

Medium-Mu Triode—Sharp-Ciitoif Pentode 
• 5GH8A • 6MQ8 • 9GH8A 
• 6GH8A 

High-Mu Triode—Sharp-Cutoff Pentode 
• 6KT8 

• Miniature % Duodecar * Dual-control grids t For high-fidelity 
equipment 
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7. COLOR MATRIXING CIRCUITS 
Medium-Mil Twin Triode 

• 6FQ7/6CG7 • 8GU7 • 12FQ7 
• 6GU7 • 12AZ7 
• 8FQ7/8CG7 • 12BH7A 

Medium-Mu Triode—Sharp CutolT Pentode 
• 5GH8A • 6GH8A • 9GH8A 

Medium-Mu Triple Triode 
A 6MD8 t fiMJ8 

High-Mu Triple Triode 
t 6MN8 

Twin Pentode 
• 6LE8 • IDLES 

Quadruple Diode 
• 6 JUS A • 8JU8A 

Sharp-Cutoff Pentode 
• 3CB6/3CF6 • 6CB6A/6CF6 
• 4CB6 

A 12MD8 

8. DAMPERS 
Half-Wave (Diode) 

o 6AU4GTA 0 6DM4A/ * X7BE3/ 
s 6AX4GTB 6DA4 17BZ3 
*6X1 A3 A 6DN3 • 17BR3/ 
t 6BE3 A 6DW4B 17RK19 
* 6BS3A • 12AF3/ A 17BS3A/ 
$ 6CE3/6CD3/ 12BR3/ 17DW4A 

6DT3 12RK19 t 17BW3 
t 6CG3/6BW3/ o 12AX4GTB • 17CT3 

6DQ3 A 12AY3A o 17DE4 
A 6CJ3/ 112BE3 o 17DM4A 

6CH3 A 12BS3A/ A X9DK3 
A 6CL3/ 12DW4A $ 22BW3 

6CK3 A 12CL3 o 22DE4 
* 6CM3 A 12CM3 • 2SCT3 
0 6DE4/ A 12DL3 A 25DL3 

6CQ4 o 17AX4GTA i 34CE3 
A6DL3 A 17AY3A 

Half-Wave (Diode)—Horizontal-Deflection 
Amplifier 

t 33GY7A t 38HK7 $ 53HK7 
t 38HE7 t S0GY7A 

9. DEMODULATORS (COLOR TV) 
Medium-Mu Twin Triode 

• 12BH7A • 12AZ7A 
Medium-Mu Triode—Sharp-Cutoff Pentode 

• 5GH8A • 6MQ8 • 9GH8A 

High-Mu Twin Triode 
• 12AZ7A 

Sharp-Cutoff Pentode* 
• 5HZ6 • SGY6/6GX6 t 12BV1X 
$ 6BV11 • 6HZ6 

Pentagrid Amplifier 
• 6BY6 

Twin Pentode 
• 6LE8 • IDLES • 15LE8 

Beam Deffectlon Tube 
• 6JH8 • 6ME8 

10. DETECTORS (AM) 
Diode—Sharp-Cutoff Pentode 

• SAMS • 6AM8A • 6AS8 
Twin Diode 
. 3ALS • 6AL5 • 12AL5 

Twin Diode—High-Mu Triode 
• 4AV6 • 6BN8 • 12AT6 
. 6AT6 • 6CN7 • X2AV6 
• 6AV6 • 8BN8 • X4GT8 

Triple Diode—High-Mu Triode 
• 5T8 • 6T8A • I9T8 

Quadruple Diode 
. 6JU8A • 8JU8A 

11. DISCRIMINATORS 
(DETECTORS) 

FM 
Twin Diode 
. 3ALS • 6AL5 • X2ALS 

Twin Diode—High-Mu Triode 
• 6BN8 

Triple Diode—High-Mu Triode 
• 5T8 • 6T8A • 19T8 

Beam Tube 
• 3BN6 • 4BN6 • 6BN6/ 

Beam Power Tube—Sharp-Cutoff Pentode 
t 6AD10 16T10 112BF11 
$ 6AL11 6Z10/6J10 $ 13Z10/13J10 
16BFX1 112AL11 + I7BF11 

FM Quadrature-Grid 
Sharp-Cutoff Pentode* 

• 3DT6A • 5HZ6 • 6G 
• 4DT6A • 6DT6A • 6H 

Beam Tube 
• 3BN6 

t Duodecar * Dual control grids 
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Horizontal AFC 
Twin Diode—Higli-Mu Triodc 

Twin Diode—Medium-Mu Twin Triode 
} 6B10 t 8B10 

Twin Diode—Shnri) CutolF Pentode 
• 6LT8 • 8LT8 . HI.T8 

12. HORIZONTAL-DEFLECTION 
Oscillators 

Medium-Mn Triode—Sharp-Cutoff Pentode 
• 5GH8A . 6GH8A • 9GH8A 

Twin Diode—Medium-Mu Twin Triode 
t 6B10 t 8B10 

Three Unit Triode 
tauio 

Illgh-Mii Triode—Sharp-Cutoff Pentode 

Medium-Mu Twin Triode 
• 6FQ7/6CG7 • 12AU7A/ 
o 6SN7GTB ECC82 
• 8FQ7/8CG7 • 12BH7A 

Horizontal-Deflection Amplifiers 
Beam Power Tube 

o 6AU5GT 16KN6 A 22JG6A 
o 6AV5GA j 6LBa a 22JR6 
0 6BQ6GTB/ a aLQ6/ a 22KM6 

6CU6 6JE6C A 24LQ6/ 
0 6CBSA x aLRd 24JE6C 
0 6CD6GA A 6ME6 ®25AV5G 
o 6DQS 012AV5GA o 25BQ6G 
a 6GJ5A 012BQ6GTB/ 25CU 
a 6GT5A 12CU6 © 2SCD6G 
o 6GW6/ A 12JB6A o 2SDN6 

6DQ6B i 12JT6A 131JS6C 
a 6JB6A A 17GJ5A * 3XLQ6 
a 6JF6 a 17GT5A A 31LZ6 16JG6A o 17GW6/ 135LR6 
16JM6A 17DQ6B 136KD6/ 
A 6JR6 A 17JB6A 40KD( 
16JS6C a 17JG6A A 36MC6 
A 6JT6A 117JM6A 138HK7 
a 6JUa a 17JX6A 142KN6 
a 6KM6 a 22JF6 

13. INTERMEDIATE-FREQUENCY 
AMPLIFIERS 

• aAW8A 
• 6EB8 
• 6GN8 
• 6HF8 
• 6JV8 
• 6KT8 

Sliarp-CutofT 
• 3AU6 
• 3BC5/ 

6CE5 
• 3CB6/ 

3CF6 
• 3DK6 
• 3JC6A 
• 4AU6 
• 4CB6 
• 4DE6 
• 4DK6 
• 4E\V6 

• 6KV8 
• 8AW8A 
• 8GN8/ 

8EB8 
• 8JV8 

Pentode 
• 43C6A 
• 4JD6 
• 5EW6 
• 6AG5 
• 6AK5/ 

EF95 
• 6AU6A 
• 6BC5/ 

6CE5 
•6CB6A/ 

6CF6 
• 6DC6 

Diode—Sliarii-Cutofl: Pentode 
• SAMS • 6AM8A • 6AS8 

Semiremote-Cutoff Pentode 

• X2FQ7 
© 12SN7GTA 

• 3BZ6 
• 3EH7/ 

XF183 
• 3KT6 
• 4BZ6 
• 4EH7/ 

LF183 

•4JH6 
• 4KT6 
• 5GM6 
• 6BZ6 
• 6EH7/ 

EF183 

Kemote-Cutoft Pentode 
• 6BA6/ • 12BA6 

EF93 

14. LIMITERS 
• 3AU6 • 4JD6 
• 3BC5/3CE5 • 5EW6 
• 3CB6/3CF6 • 6AGS 
• 3DK6 • 6AK5/ 
• 3JC6A EF95 
• 4AU6 • 6AU6A 
• 4CB6 • 6BC5/ 
• 4DE6 6CES 
• 4DK6 . 6CB6A/ 
• 4EW6 6CFa 
• 4JCaA • 6DC6 

• 6GM6 
• 6HR6 
• dJHd 
• 6KTd 
• 12BZ6 
• ISHRa 

• 6DE6 
• 6DK6 
• 6EJ7/ 

EF184 
• 6EW6 
• 6HS6 
• 6JC6A 
• 6JD6 
• 12AU6 
• 12DKd 

15. PENTAGRID CONVERTERS 
• 6BA7 • 6BE6 • 12BE6 

Medium-Mu Triode—Sharp-Cutoff Pentode 16. MIXER-OSCILLATORS RF 
• SANS 
• 5GH8A 
• 6AN8A 
• 6AU8A 

• 6AZ8 
• 6BA8A 
• 6HL8 
• 6GH8A 

• 6MQ8 
• 8AU8A 
•9GH8A 

Medium-Mu Triode—Sharp-Cutoff Tetrode 
• 5CL8A • 6CL8A • I9JN8/ 

• 6CQ8 19CL8A 

* Dual-control grids 
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Medlum-Mu Trlode—Sharp-Cutoff Pentode 
• 4KE8 
• 5AT8 
• 5B8 
• 5BR8/ 

5FV8 
• 5CG8 
• 5EA8 
• 5FG7 
• 5KE8 

• 5U8 
• 5X8 
• 6AT8A 
• 6BR8A/ 

6FV8A 
• 6EA8 
• 6FG7 
• 6HB7 
• 6KE8 

Hlgh-Mu Twin Trlode 
• 6DT8 • 12AT7/ 

ECC81 

• 6KZ8 
• 6U8A/ 

6KD8 
• 6X8 A 
• 9KZ8 
• 9U8A 
• 19EA8 
• 19X8 

Hlgh-Mu Trlode—Sharp-Cutoff Pentode 
• 6AW8A • 8AW8A • 10GN8 
. 6EB8 • 8GN8/ • 10HF8 
• 6GN8 8EB8 • 10JA8/ 
• 6HF8 10LZ8 

Hlgh-Mu Twin Trlode 
o 6SL7GT • 12AX7A/ o 12S1,7GT 

ECC83 • 7025 
Medlum-Mu Trlode—Sharp-Cutoff Pentode 

• SEAS • 6GH8A • 7199t 
• 5GH8A • 9GH8A • 19EA8 
• 6EA8 

. 8GG7 

. 9AU7 

. 12AU7A/ 
ECC82 

© 12SN7- 
GTA 

• 12FQ7 
• 19J6 

17. MULTIVIBRATORS 
Medlum-Mu Trlode—Sharp-Cutoff Pentode 

• 5GH8A • 6GH8A • 9GH8A 
Medlum-Mu Twin Trlode 

. 5J6 • 8FQ7/8CG7 • 12BH7A 
6FQ7/6CG7 • 8GG7 © 12S1S7- 

• 6GU7 • 9AU7 GTA 
• 6J6A • 12AU7A/ . 12FQ7 
o 6SN7GTB ECC82 . 19J6 
• 7AU7 

Hlgh-Mu Twin Trlode 
• 12AX7A/ ECC83 

18. OSCILLATORS 
Radio Frequency—UHF 

Medlum-Mu Trlode 
• 2AF4B/ • 3AF4A/ A 6DV4 2|)/4 3DZ4 • 6DZ4 
A 2DV4 • 6AF4A/ 

■ 3AF4A/ 
3DZ4 

' 6AF4A/ 
6DZ4 

Radio Frequency—VHF 
Medlum-Mu Twin Trlode 
.516 • 6J6A • 1936 

Hlgh-Mu Trlode 
• 6AB4 

Power Trlode 
• 6C4 (Class C) 

3.58-MHz (Color TV) 
Medlum-Mu Trlode—Sharp-Cutoff Pentode 
. 5GH8A • 6GH8A • 9GH8A 

Hlgh-Mu T'lod®—Sharp-Cutoff Pentode 
• 6KT8 

19. PHASE SPLITTERS 
lledlum-Mu Twin Trlode 
• 6FQ7/6CG7 • 8FQ7/8CG7 • 12BH7A 
• 6GU7 • 8GC7 • 12FQ7 
© 6SN7GTB • 9A117 © 12SN7- 
. 7AU7 • 12ATJ7A/ GTA 

ECC82 

• 12FQ7 
© 12SN7- 

GTA 

20. RADIO-FREQUENCY 
AMPLIFIERS 

Medlum-Mu Trlode 
• 2BN4A > 6BC4 • 6BN4A 
• 3BN4A 

Medlum-Mu Trlode—Sharp-Cutoff Tetrode 
• 6CQ8 

Medlum-Mu Twin Trlode 
• 4BC8 • 5BQ7A 
• 4BQ7A/ • 6BC8/ 

4BZ7 6BZ8 
• 5BK7A • 6BK7B 

Hlgh-Mu Trlode 
a 2CW4 • 3FH5 
a 2DS4 • 3GK5 
a2EG4 3HM5/3H 
• 2FH5 • 3HQ5 
• 2GK5/ • 4GK5 

2FQ5A • 4HQ5 
• 2HQ5 « 6AB4 
. 3ER5 a 6CW4 

Hlgh-Mu Twin Trlode 
• 6DT8 • 12DT8 

Power Trlode 
• 6C4 (Class C) 

Sharp-Cutoff Tetrode 
. 2CY5 • 3CY5 

Sharp-Cutoff Pentode 

6BQ7A/ 
6BZ7/ 
6BS8 

3HM5/3HA5 • 6FH5 

• 3AU6 
• 3CB6/ 
• 3BC5/3CE5 

3CF6 
• 4AU6 
• 4CB6 
© 4DE6 

• 6AG5 
• 6AK5/ 

EF95 
. 6AU6A 
. 6BC5/ 

6CE5 
• 6BH6 

. 6CB6A/ 
6CF6 

• 6DC6 
• 6DE6 
• 12AU6 

Remote-Cutoff Pentode 
• 6BA6/ • 6BJ6 

• Miniature © Octal a Nuvistor Duodecar t for high-fidelity equipment 
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21. REACTANCE CIRCUITS 
Medlum-Mu Trlode—Sharp-Cutolf Pentode 

• SANS • 6AZ8 • 6GH8A 
• 5GH8A • 6BA8A • 9GH8A 
• 6AN8A 

Twin Diodes—High-Mu Trlode 
• 6CN7 • 8CN7 

Hlgli-Mu Trlode—Sharp-Cutolf Pentode 
• 6AW8A • 8AW8A 

22. RECTIFIERS (VACUUM) 

Power-Supply Types 
Half-Wave (Diode) 

• 35W4 o 35Z5GT 
Full-Wave (Twin Diode) 

Q 3DG4 o 5V4GA • 6X4 
o 5AS4A o 5Y3GT 0 6X5GT L 5BC3A • 6CA4 >12X4 
o 5U4GB 

High-Voltage Types 
Half-Wave (Diode) 
• 1AY2A * 2BU2/ 13BW2/ 
0 IG3GTA/ 2AH2 3BS2A/ 

XB3GT • 3A2 3BT2 
0 1K3A/ 0 3A3C 0 3CN3B 

XJ3 4 3AT2B o 3CU3A 
• IV2 * 3AW2A o 3CZ3A 
• IX2C 13BN2A 0 3DB3/ 
j: 2AS2A 3CY3 
• 2AV2 0 3DC3 

© 3DJ3 

23. REGULATORS 
(HIGH VOLTAGE) 

Beam Trlode—Shunt Type 
0 6BK4C/ 0 6EN4 

6EL4A 
Beam Power Tube—Pulse Type 
t 6HSS 4 17KV6A 
A 6KV6A 

24. SYNC SEPARATORS 
AND AMPLIFIERS 

Hlgh-Mu Twin Trlode 
• 12BZ7 

Medlum-Mu Trlode—Sharp-Cutoff Tetrode 
• 6CQ8 

Sharp-Cutoff Twin Pentode 
• 3BU8/ • 4HS8 • 6HS8 

3GS8 • 6BU8 

Pentagrid Amplifier 
• 3BY6 • 4CS6 • 6CS6 
• 3CS6 • 6BY6 

High-Mu Trlode—Sharp-Cutoff Pentode 
• 6KT8 

Medium-Mu Trlode—Sharp-Cutoff Pentode 
(Video Output) 

• 6CX8 . 8CX8 • XXLQ8 
• 6LQ8 

Medlum-Mu Trlode—Sharp-Cutoff Pentode 
• SANS • 6AZ8 • 6HL8 
• 5GH8A • 6BA8A • 6MQ8 
• 6AN8A • 6CU8 • 8AU8 
• 6AU8A . • 6GH8A • 9GH8A 

Medium-Mu Twin Trlode 
• 6FQ7/6CG7 • 12AU7A/ • 12FQ7 
■ 8FQ7/8CG7 ECC82 

Twin Diode—Hlgh-Mu Trlode 
• 6CN7 • 8CN7 

High-Mu Triode—Sharp-Cutoff Pentode 
(Video Output) 

• 6AW8A • 6KT8 • 8KA8 
• 6EB8 . 6KV8 • 8LC8 
• 6GN8 • 6EC8 • 10GN8 
• 6GW8/ • 8AW8A • 10HF8 

ECL86 . 8GN8/ • X0JA8/ 
• 6HF8 8EB8 X0LZ8 
• 6JV8 • 8JV8 • X1KV8 
• 6KA8 

25. TUNING INDICATORS 

Indicator with Triode Unit 
6E5 6U5 

Twin Indicator Units 
o 6AF6G 

26. VERTICAL-DEFLECTION 
CIRCUITS 

Oscillators and Amplifiers (Combined) 

Medlum-Mu Triode—Low-Mu Triode 
• 6DE7 . 10EW7 . 13DE7 
• 6EW7 • X0DE7 

Medlum-Mu Dual Trlode 
• 6CM7 • 8CM7 • 8CS7 
• 6CS7 

Medium-Mu Twin Trlode 
• 6FQ7/6CG7 • 8FQ7/8CG7 • 12FQ7 

0 6LJ6A/ 
6LH6A 

• Miniature 0 Octal 4 Novar t Duodecar 
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Hlgh-Mu Trlode—Low-Mu Trlode 
• 6CY7 • 10DR7 o 13FM7/ 
• 6DR7 o 10EM7 15FM7 
0 6EM7/ t. 10GF7A 1 13FD7 

6EA7 • 13DR7 4 13GF7A 4 «FD7 o J3EM7/ 4 6GF7A 15EA7 
Hlgh-Mu Trlode—Beam Power Tube 

4 6KY8A 4 15KY8A 
Dual Trlode 

o 6EM7/ A 6GF7A 0 13EM7/ 
6EA7 15EA7 

Dual Trlode—Beam Power Tube 
*23Z9 

Medlum-Mu Trlode—Power Pentode 
• tiJZS t 17JZ8 t 25JZ8 
A 6LR8 A 21LR8 A 31LU8 
2 6LU8 t 21LV8 
t 16LU8 t 24JZ8 

Amplifiers 
Low-Mu Trlode 

• 12B4A 
Medlum-Mu Trlode 

• 6S4A 
Beam Power Tube 

• 5AQ5 t MBS/ • 11DS5 
. SCZS tiHES • 12AQ5 
• 6AQ5A • 6JQ6# • 12JQ6# 
• 6CZ5 © 6V6 o 12Y6GT 
• 6DS5 © 6V6GTA • 17JQ6# 
• 6EMS • 8EM5 

Power Pentode 
• 6GK6 • lOGKti 
O «K6GT 

27. VIDEO AMPLIFIERS 
Medlum-Mu Trlode—Sharp-Cutoff Pentode 

• SANS • 6AZ8 • 6MQ8 
• 5GH8A • 6BA8A • 8AU8 
• 6AN8A • 6GH8A • 9GH8A 
• 6AU8A • 6HL8 

Medlum-Mu Trlode—Sharp-Cutoff Pentode 
(Video Output) 

• 6CX8 • 8CX8 • 11LQ8 
• tiLQS 

Hlgh-Mu mode—Sharp Cutoff Pentode (Video Output) 
• 6AW8A • 6LF8 • 10GN8 
• 6EB8 • 8AW8A • 10HF8 
• 6GN8 • 8GN8/ • 10JA8/ 
• 6HF8 8EB8 X0LZ8 
• 6JV8 • 8JV8 • 11KV8 
• 6KV8 

Sharp-Cutoff Pentode (Video Output) 
• 6AG7 • lOGKti • 12HG7 
• 6CL6 • X1HM7 • X2HG7/ 
• 6GK6 • 12BY7A/ I2GN7A 
. tiJGS 12BV7/ • X2HL7 
• 7KY6 X2DQ7 

Diode-Sharp-Cutoff Pentode 
• SAMS • 6AM8A • 6AS8 

Hlgh-Mu Trlode—Sharp-Cutoff Pentode 
• 6KT8 

Sharp-Cutoff Pentode 
• 3JC6A • 4JC6A • 6JC6A 

• XSGK6 

• Miniature ©Octal 4Novar t Duodecar # With an Integral diode 
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Technical Data for RCA 

Receiving Tubes 

Entertainment and 

Industrial Types 

This section contains technical data for RCA receiving tubes, intended 
for use in many diverse entertainment and industrial applications such as 
standard broadcast, PM, television receiver, audio amplifier, on-off control, 
voltage regulator, and voltage reference. Detailed data are presented on 
popular types. Essential information on less active types and on discon- 
tinued types in which there still may be some interest is given in chart 
form at the end of the section. 

i 1,^+? types are listed in this section according to the numerical- alphabetical-numencal sequence of their type designations. Tube types 
j??,. have superseding versions are cross-referenced to active types. In 

additmn, an alpha-numeric listing of foreign type designations is included 
at the end of this data section. 

A grid-No. 2 input rating chart for certain voltage-amplifier types, as 
specified in the technical data, is shown on page 300. Safety Precautions 
are given on page 93. Characteristics for RCA television picture tubes for 
replacement use are given in RCA Picture Tube Characteristics Charts. 

_ When choosing types for the design of new electronic equipment the 
designer should refer to the Application Guide for RCA Receiving Tubes 
which starts on page 104. 

To expedite the preliminary search for interchangeable tube types, the 
section Terminal Diagrams, which starts on page 694, includes a compre- 
hensive hsting of domestic and foreign tube types having the same basing 
arrangement. The Key To Terminal Diagrams is given on page 612. 

Tw? replacement guides are also included. A Replacement Guide  
Entertainment Receiving Types and a Replacement Guide—Industrial Re- 
ceiving Types are given on pages 648 and 654 respectively. 
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OA2 VOLTAGE REGULATOR 
INDUSTRIAL 

TYPE 
Miniature type cold-cathode, glow-discharge tube used 
in voltage regulator applications. Outlines section, 5D; 
requires miniature 7-contact socket. 
MAXIMUM RATINGS (Absolute-Maximum Values) 
Average Starting Current^   
DC Cathode Current    
Frequency   
Ambient-Temperature Range   —55 to +90 
MAXIMUM CIRCUIT VALUES 
Shunt Capacitor    0+ pF 
Series Resistor    See Operating Considerations 
CHARACTERISTICS RANGE VALUES FOR EQUIPMENT DESIGN 

Min. Av. Max. 
DC Anode-Supply Voltage     185" — volts 
Anode Breakdown Voltage   — 156 I^IL volts 
Anode Voltage Drop   140* 151 168 volts 
Regulation (5 to 30 mA)   — 2 6 volts 
♦ Averaged over starting period not exceeding 10 seconds. This starting period must be fol- 

lowed by a steady-state operating condition of at least 20 minutes, or tube performance will 
be impaired. 

* Not less than indicated supply voltage should be provided to insure "starting" throughout 
tube life. 

* Maximum individual tube value during useful life. 
• Minimum individual tube value during useful life. 

Operating Considerations 
Sufficient resistance must always be used in series with the tube to limit 

the current through the tube. The value for the series resistor is dependent 
on the maximum anode-supply voltage and the ratio of the current through 
the load to the operating current of the tube, and should be chosen to limit 
the operating current through the tube to the maximum rated value at all 
times after the starting period. 

The maximum load current that can be regulated by the tube is de- 
termined by the minimum and maximum values of the supply voltage. After 
the value of series resistor for the maximum supply voltage has been cal- 
culated as indicated above, it is then in order to determine if this value will 
permit adequate starting voltage when the supply voltage falls to its mini- 
mum value. If adequate starting voltage is not obtained, a new load current 
of lower value must be used and the calculations repeated. It will be apparent 
from such calculations that the higher the minimum supply voltage and the 
smaller the difference between its minimum and maximum values, the higher 
will he the load current that can be regulated. 

When equipment utilizing the tube is "turned on", a starting current 
in excess of the average operating current is permissible as indicated under 
Maximum Ratings. When the tube is subjected to such high starting cur- 
rents, the regulated voltage may require up to 20 minutes to drop to its 
normal operating value. This performance is characteristic of voltage-regu- 
lator tubes of the glow-discharge type. Similarly, the regulation is affected 
by changes in current within the operating current range. 

In order to handle more load current, two or more tubes may be oper- 
ated in parallel, but such parallel operation requires that a resistance of 
approximately 100 ohms be used in series with each tube in order to equal- 
ize division of the current between the paralleled tubes. The disadvantage 
of this method, of course, is that the use of resistors impairs the regulation 
which can be obtained. 
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If the associated circuit has a capacitor in shunt with the tube, the ca- 
pacitor should be limited in value to 0.1 /iF. A larger value may cause the 
tube to oscillate and thus give unstable regulation performance. 

SERIES 
RESISTOR 

TO 
FILTER 

(DC 
VOLTAGE 
SUPPLY) 

TYPE 
0A2OR0B2 

4 5^— 
REGULATED 

SUPPLY VOLTAGE 
TO LOAD 

TYPE VOLTS (APPROX.) 
0A2 150 

92CS-65IIRI 

Typical circuit to provide regulated supply voltage of approximately 150 or 108 volts to 
load. Removal of tube from socket removes voltage from load. 

SERIES 
RESISTOR 

TYPE 
OA2 OR 082 

4 5.    o + 
3/71 1 \6 

2n? Vf 

'1 

TO 
FILTER L V—^ VOLTS 

TYPE APPROX. 
(DC 

VOLTAGE 
SUPPLY) 4 sl 

.r,, 0A2 300 OR? .Plfi 
t / 

1 
VOLTS / 

TYPE APPROX. / 

92CS-65I2R2 REGULATED 
VOLTAGE 
TO LOAD 

Typical circuit using two OA2's or two OB2's to provide regulated supply voltages of 
approximately 300 or 216 volts and 150 or 108 volts to load. Socket connections are so 

made that voltage on load is removed when either tube is taken from its socket. 

SERIES 
RESISTOR 

DC 
BIAS 

SUPPLY 

TYPE 
OA2 OR OB2 

4 5^  
REGULATED 

BIAS 
VOLTAGE 

TO CATHODE 
OF TUBE 
 J 

+ 

TYPE VOLTS (APPRQX.) 
OA2 150 
OB2 i 108 

92CS-65I3R2 TO GRID 
OF TUBE 

Typical circuit for bias-supply regulation. Removal of tube from socket opens B-supply 
circuit of regulated tubes. 
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OA2WA 
OAS 
0A3A 
0A4G 

OB2 
INDUSTRIAL 

TYPE 

Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 

VOLTAGE REGULATOR 

Miniature type cold-cathode, glow-discharge tube used 
in voltage regulator applications. Outlines section, BD; 
requires miniature 7-contact socket. 
MAXIMUM RATINGS (Absolute-Maximum Values) 
Average Starting Current*   
DC Cathode Current   
Frequency   Ambient-Temperature Range   

{30 
I 5 min. 

l-requency  -  rr fo i on Ambient-Temperature Range   to +yu 

MAXIMUM CIRCUIT VALUES 
Shunt Capacitor  HmvU 
IS iK?l.  see operating considerations 

CHARACTERISTICS RANGE VALUES FOR EQUIPMENT DESIGN 

DC Anode-Supply Voltage . 
Anode Breakdown Voltage 

Min. Av. Max. 
133" — — 

115 133* 
101« 108 114* 
— 1 4* Regulation (5 to 30 mA)   

♦ Averaged over starting period not exceeding 10 seconds. This starting period must be fol- 
lowed by a steady-state operating condition of at least 20 minutes, or tube performance will 
be impaired. 

■ Not less than indicated supply voltage should be provided to insure "starting" throughout 
tube life. 

* Maximum individual tube value during useful life. 
• Minimum individual tube value during useful life. 

Refer to type OA2. 

OB2WA 

OC2 

Operating Considerations 

Refer to chart at end of section. 

Refer to chart at end of section. 

OC3 
INDUSTRIAL 

TYPE 
VOLTAGE REGULATOR 

Glass octal type cold-cathode, glow-discharge tube used 
in voltage regulator applications. Outlines section, 22; 
requires octal socket. 

MAXIMUM RATINGS (Absolute-Maximum Values) 
Average Starting Current^   
DC Cathode Current    
Average starung ourrem^   
DC Cathode Current    ] 5 min. 
Frequency   . , QA Ambient-Temperature Range   aq to -f-yu 



Technical Data 115 

MAXIMUM CIRCUIT VALUES 
Shunt Capacitor   0.1 /iF 
Series Resistor   See Operating Considerations 

CHARACTERISTICS RANGE VALUES FOR EQUIPMENT DESIGN 
Min. Av. Max. DC Anode-Supply Voltage   133" — — volts 

Anode Breakdown Voltage   — 115 133* volts 
Anode Voltage Drop   103* 108 116* volts 
Regulation (5 to 40 mA)   — 2 4* volts 
♦ Averaged over starting period not exceeding 10 seconds. This starting period must be fol- 

lowed by a steady-state operating condition of at least 20 minutes, or tube performance will 
be impaired. 

■ Not less than indicated supply voltage should be provided to insure "starting" throughout 
tube life. 

* Maximum individual tube value during useful life. 
• Minimum individual tube value during useful life. 

Operating Considerations 

Refer to type OA2. For circuit diagrams refer to next page. 

Refer to chart at end of section. OC3A 

VOLTAGE REGULATOR OD3 
INDUSTRIAL 

TYPE 
Glass octal type cold-cathode, glow-discharge tube used 
in voltage regulator applications. Outlines section, 22; 
requires octal socket. 

MAXIMUM RATINGS (Absolute-Maximum Values) 
Average Starting ■ Current ♦   
DC Cathode Current   
Frequency   Hmin- 
Ambient-Temperature Range               55 to +90 °C 
MAXIMUM CIRCUIT VALUES 
Shunt Capacitor    q ! f Series Resistor   gee Operating Considerations 
CHARACTERISTICS RANGE VALUES FOR EQUIPMENT DESIGN 
r-r, . . _ , „ ,, Min. Av. Max. DC Anode-Supply Voltage   185« —   vouq Anode Breakdown Voltage   — 160 185* ™>lt« 
Anode Voltage Drop  !!!!!. 142» 153 i66* vo te 
Regulation (5 to 40 mA)   _ 4 5 5* voltjj 
♦ Averaged over starting period not exceeding 10 seconds. This starting period must be fol- 

lowed by a steady-state operating condition of at least 20 minutes, or tube performance will 
be impaired. 

"tube life 4,1811 ind'cate(1 sbPP'y voltage should be provided to insure "starting" throughout 
* Maximum individual tube value during useful iife. 
• Minimum individual tube value during useful iife. 

Operating Considerations 
Refer to type OA2. For circuit diagrams refer to next page. 

DC Anode-Supply Voltage 
Anode Breakdown Voltage 
Anode Voltage Drop   
Regulation (5 to 40 mA) . 

Refer to chart at end of section. OD3A 
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TO RECTIFIER 
AND FILTER 

OF B-SUPPLY 

SERIES RESISTOR 
+ t TYPE OAS, y'o 0C3, OR 0D3 

FILTER CjV' (DC X (3 
VOLTAGE 2 FV 
SUPPLY) N 

REGULATED +B 
SUPPLY VOLTAGE 

TO LOAD 
TYPE VOLTS(APPROX.) 

, 0A3 75 0C3 105 c 0D3 150 -B 

Typical circuit to provide regulated supply voltage of approximately 75, 105, or 150 
volts to load. Removal of tube from socket removes voltage from load. 

SERIES 
RESISTOR 

TO 
FILTER 

(DC 
VOLTAGE 
SUPPLY) 

TYPE 
0C3 OR 0D3 

VOLTS 
TYPE (APPROX.) 

-O 0C3 210* +B| 0D3 300* 
VOLTS 

TYPE (APPROX.) 
0C3 >05* 
003 ISO* 

92CM-8963 *REGULATED 
SUPPLY VOLTAGE 

TO LOAD 

Typical circuit using two 0C3's, or two ODi's to provide regulated supply voltages of 
approximately 210 or 300 volts and 105 or 150 volts to load. Socket connections are so 

made that voltage on load is removed when either tube is taken from its socket. 
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Refer to chart at end of data section. 

Refer to type OZ4A/OZ4. OZ4A 

FULL-WAVE GAS RECTIFIER OZ4A/OZ4 

Metal type used as a power rectifier in equipment'with 
vibrator-type power supplies. Outlines section, 2A; re- 
quires octal socket. This tube, like other power-hand- 
ling tubes, should be adequately ventilated. 

Full-Wave Rectifier 
MAXIMUM AND MINIMUM RATINGS (Design-Center Values) 
Peak Inverse Plate Voltage (Per Plate) 
Peak Starting-Supply Voltage (Per Plate)     
Peak Plate Current (Per Plate)  ]. 
DC Output Current     

TY„P.!£At»2?ERflT,0N WITH VIBRATOR-TYPE POWER SUPPLY AND CAPACITOR INPUT TO FILTER 

880 max 
300A min 
330 max 

/ 110 max 
1 304 min 

Peak Plate Supply Voltage (Per Plate)!   
Filter-Input Capacitor    Total Effective Plate Supply Impedance (Per Plate) 
DC Output at Input to Filter   
DC Output Current       . 
CHARACTERISTICS 
Tube Voltage Drop for current of 110 mA (Per Plate)   
MINIMUM CIRCUIT VALUE 
Total Effective Plate-Supply Impedance (Per Plate)   
4 Absolute value. Under no circumstances should the tube be operated 
t Open-circuit voltage (flat portion of transformer voltage wave). 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

300 ohms 
below the value shown. 

OZ4G 

1A5GT 

1A7GT 

HALF-WAVE 
VACUUM RECTIFIER 1AD2A 

Duodecar type used as a rectifier in high-voltage pulse 
circuits of color and black-and-white television receiv- 
ers. Outlines section, 9A; requires duodecar 12-contact 
socket. Socket terminals 4 and 10 may be used as tie 
points for components at or near filament potential. For 
high-voltage and X-ray safety considerations, refer to 
page 93. 
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Filament Voltage (ac/dc)   
Filament Current        • • 
Direct Interelectrode Capacitance (Approx.): 

Plate to Filament   
Pulsed Rectifier 

For operation in a 525-line, 30-frame system 
MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage#   26<'5n, VmA 
Peak Plate Current    m« 
Average Plate Current   
Filament Voltage : , v0lt3 Absolute-maximum value   i-'" lte Absolute-minimum value    x'v0 

CHARACTERISTIC, Instantaneous Value 
Tube Voltage Drop for plate current of 7 mA   226 volts 

X-RADIATION CHARACTERISTIC 
X-Radiation, Maximum: . A - mR/hr 

Statistical value controlled on a lot sampling basis   u.o , J 
#Pulse duration must not exceed 16% of a horizontal scanning cycle (10 microseconds). 
• The dc component must not exceed 22000 volts. 
Caution—Operation of this tube outside of the maximum values indicated above may result 
in either temporary or permanent changes in the X-radiation characteristic of the tube. Equipment design must be such that these maximum values are not exceeded. 

] AQ5 Refer to chart at end of section. 

IAX2 Refer to chart at end of section, 

i avi Refer to chart at end of section. 

1AY2A 
HALF-WAVE 

VACUUM RECTIFIER 
Miniature type used to supply high voltage to the anode 
of the picture tube in television receivers. Outlines sec- 
tion, 33A; requires 2-contact socket. For high-voltage 
and X-ray safety considerations, refer to page ad. 
Filament Voltage (ac/dc)   
Filament Current ....      
Direct Interelectrode Capacitances: 

Plate to Filament   
Flyback Rectifier 

For operation in a 525-line, 30-frame system 
MAXIMUM RATINGS (Design-Maximum Values) 26000il 

Peak Inverse Plate Voltage# 
Peak Plate Current   
Average Plate Current   
Filament Voltage: , , 1.45 volts Absolute-maximum value   1,05 volts 

Absolute-minimum value   
CHARACTERISTIC, Instantaneous Value ioo volts 
Tube Voltage Drop for plate current of 7 mA   
X-RADIATION CHARACTERISTIC 
X'R|tiatis0trcalM^iumeTontrollcd on a lot sampling basis    . 0-5 ^r 
# Pulse duration must not exceed 16% of a horizontal scanning cycle (10 micioseco ). 

^menWgn^s1; TaJUfum values are not exceeded. 

1B3GT 
Refer to chart at end of section. 

For replacement use type 1G3GTA/1B3GT. 
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Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

HALF-WAVE 
VACUUM RECTIFIER 1BC2A 

Miniature type used as a high-voltage rectifier to sup- 
ply power to the anode of the television picture tube. 
Outlines section, 7E. For high-voltage and X-ray safety 
considerations, refer to page 93. Heater: volts (ac/dc), 
1.25; amperes, 0.2. 

Flyback Rectifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage#   
Peak Plate Current  [  
Average Plate Current   
Filament Voltage: 

Absolute-inaximum value   
Absolute-minimum value  !!!!!!!!!! 

CHARACTERISTIC, Instantaneous Value 
Tube Voltage Drop for plate current of 7 mA   
X-RADIATION CHARACTERISTIC 
X-Radiation, Maximum: 

Statistical value controlled on a lot sampling basis   0.5 mR/hr 
# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 
A The dc component must not exceed 15000 volts. 
Caution Operation of this tube outside of the maximum values indicated above may result 

• !Ler /;e?1P,01'ai'y permanent changes in the X-radiation characteristic of the tube. Equipment design must be such that these maximum values are not exceeded. 

Refet to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

1BH2 
1BH2A 

1C5GT 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

1D5GP 
1D5GT 

1D8GT 
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IPI^QA HALF-WAVE IPGoA VACUUM RECTIFIER 

Glass octal type used as a high-voltage rectifier to 
supply power to the television picture tube. Outlines 
section, 14J; requires octal socket. Socket terminals 1 
and 7 may be used as tie points for components at or 
near filament potential. For high-voltage and X-ray 
safety considerations, refer to page 93. Filament: 
volts (ac/dc), 1.25; ampere, 0,2. 

Flyback Rectifier 
For operation in a 525-line. 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage#    gQ jn^ 
Peak Plate Current     0 5 mA 
Average Plate Current    
Filament Voltage: j 45 volts Absolute-maximum value     j'gg yolts 

Absolute-minimum value    
CHARACTERISTIC, Instantaneous Value 
Tube Voltage Drop for plate current of 7 mA   
X-RADIATION CHARACTERISTIC 
X-Radiation, Maximum: rt* mR/hr 

Statistical value controlled on a lot sampling basis   
# Pulse duration must not exceed 15% of a horizontal scanning cycle. 
• The dc component must not exceed 22000 volts. . 

Equipment Xign must be such that these maximum values are not exceeded. 
Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to 
Refer to 

chart at 
chart at 

1E5GP Refer to chart at end ot 
I gyQf Refer to chart at end of 

1 gg Refer to chart at end of 
j Refer to chart at end of 

■| pgQ Refer to chart at end of 
^ p6 Refer to chart at end of 

j pyQ Refer to chart at end of 

1G3GT/ Refer to chart at end of 
1B3GT 

half-wave 
1G3GTA/ vacuum rectifier 

1B3GT t 

Glass octal type used as a high-voltage rectifier to sup- 
pi. P.™? ^ anode ot the t.l.vi.to.' P'''"8 

fliitlines section, 14B; requires octal socket. Socket 
terminals 4 and 6 may be used as tie points for com- 
ponents at or near filament potential. For l»gh-voltage 
and X-ray safety considerations, refer to page 9 . 
Filament: volts (ac/dc), 1.25; ampere, 0.2. 

end of section, 
end of section, 
end of section, 
end of section, 
end of section. 

Refer to chart at end of section. 

HALF-WAVE 
VACUUM RECTIFIER 
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Flyback Rectifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage#   
Peak Plate Current   
Average Plate Current   
Filament Voltage: Absolute-maximum value   

Absolute-minimum value   
CHARACTERISTIC, Instantaneous Value 
Tube Voltage Drop for plate current of 7 mA     100 volts 
X-RADIATION CHARACTERISTIC 
X-Radiation, Maximum: „ 

Statistical value controlled on a lot sampling basis   0.5 mrt/nr 
# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 
* The dc component must not exceed 21000 volts. 
Caution—Operation of this tube outside of the maximum values indicated above may result 
in either temporary or permanent changes in the X-radiation characteristic of the tube. 
Equipment design must be such that these maximum values are not exceeded. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

1G4GT 

1G6GT 

1H5GT 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

1J6G 
1J6GT 

1K3 
1K3/1J3 

WA® HALF-WAVE ll/QA/llQ 
Lt3y^ir\a)LC VACUUM RECTIFIER IIVOM/IJO 

| ) Glass octal type used as a high-voltage rectifier to sup- 
ply power to the anode of the television picture tube. 

13 Outlines section, 14B; requires octal socket. Socket 
lc terminals 4 and 6 may be used as tie points for com- 

ponents at or near filament potential. For high-voltage 
and X-ray safety considerations, refer to page 93. 

Filament: volts (ac/dc), 1.25; ampere, 0.2. 
Flyback Rectifier 

For operation in a 525-line, 30-frame system 
MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage#   26000* volts 
Peak Plate Current    60 mA 
Average Plate Current   0.5 mA 
Filament Voltage: Absolute-maximum value   1.45 * volts 

Absolute-minimum value   1-05 volts 
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CHARACTERISTIC, Instantaneous Value 
Tube Voltage Drop for plate current of 7 mA   225 volts 
X-RADIATION CHARACTERISTIC 
X-Radiation, Maximum: 

Statistical value controlled on a lot sampling basis   0.5 mK/nr 
# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 
* The dc component must not exceed 22000 volts. 
Caution—Operation of this tube outside of the maximum values indicated above may result 
in either temporary or permanent changes in the X-radiation characteristic of the tube. 
Equipment design must be such that these maximum values are not exceeded. 

114 Refer to chart at end of section. 

1L6 Refer to chart at end of section. 

1LA4 Refer to chart at end of section. 

1LA6 Refer to chart at end of section. 

HB4 Refer to chart at end of section. 

1LC5 Refer to chart at end of section. 

1LC6 Refer to chart at end of section. 

1LD5 Refer to chart at end of section. 

1LE3 Refer to chart at end of section. 

1LG5 Refer to chart at end of section. 

1LH4 Refer to chart at end of section. 

1LN5 Refer to chart at end of section. 

1N2A Refer to chart at end of section. 

1N5GT Refer to chart at end of section. 

1N6G Refer to chart at end of section. 

1P5GT Refer to chart at end of section. 

1Q5GT Refer to chart at end of section. 

1R5 Refer to chart at end of section. 

1S2A/DY87 Refer to chart at end of section. 

1S4 Refer to chart at end of section. 

1S5 Refer to chart at end of section. 

1T4 Refer to chart at end of section. 

1T5GT Refer to chart at end of section. 

1T6 Refer to chart at end of section. 

1U4 Refer to chart at end of section. 
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Refer to chart at end of section. 
Refer to chart at end of section. 

HALF-WAVE 
VACUUM RECTIFIER 1V2 

Miniature type used as a doubler in high-voltage pulse 
iv)lc rectifier circuits of black-and-white television receivers r* and as a focus rectifier in color television receivers. 

:c®U y\ /aDic The very low power required by the filament permits 
Q* ^q) the use of a rectifier transformer having small size and 
p p light weight. Outlines section, 6B; requires miniature 

9U 9-contact socket. 
Filament Voltage (ac)   0.625" volt 
Filament Current   0.3 ampere 
Direct Interelectrode Capacitance: 

Plate to Filament (Approx.)   0.8 pF 
■ 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-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage#   8250* volts 
Peak Plate Current   11 mA 
Average Plate Current   0.6 mA 
# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 
• The dc component must not exceed 7000 volts. 

Refer to chart at end of section. 1X2A 

Refer to chart at end of section. 1X2B 
1X2B/1X2A 

HALF-WAVE 1 VOr 
VACUUM RECTIFIER 

Miniature type used as a rectifier in high-voltage pulse 
circuits of black-and-white television receivers and as a 
focus rectifier in color television receivers. Outlines 
section, 7A; requires miniature 9-contact socket. Socket 
terminals 3 and 7 may be used as tie points for com- 
ponents at or near filament potential. For high-voltage 
and X-ray safety considerations, refer to page 93. 

Filament Voltage (ac)   
Filament Current   
Direct Interelectrode Capacitance: 

Plate to Filament and Internal Shield (Approx.) 

Flyback Rectifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage#   
Peak Plate Current   
Average Plate Current    
Filament Voltage: Absolute-maximum value   

Absolute-minimum value   
CHARACTERISTIC, Instantaneous Value 
Tube Voltage Drop for plate current of 7 mA 
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X-RADIATION CHARACTERISTIC 
X-Radiation, Maximum: . _ 

Statistical value controlled on a lot sampling basis   «.& mit/ni 
# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 
* The dc component must not exceed 18000 volts. 
Caution—Operation of this tube outside of the maximum values indicated above may result 
in either temporary or permanent changes in the X-radiation characteristic of the tube. 
Equipment design must be such that these maximum values are not exceeded. 

2A3 Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

2AF4A Refer to chart at end of section. 

2AF4B 

2AF4B/2DZ4 

2AH2 

Refer to chart at end of section. 

Refer to type 6AF4A. 

Refer to chart at end of section. 
For replacement use type 2BU2/2AH2. 

Refer to chart at end of section. 

OA CO A HALF-WAVE 2AbzA VACUUM RECTIFIER 

Duodecar type used as a rectifier in high-voltage pulse 
circuits of color television receivers. Outlines section, 
9B* requires duodecar 12-contact socket. Socket termi- 
nals 4 7, and 10 may be used as tie points for com- 
ponents at or near heater potential. For high-voltage 
and X-ray safety considerations, refer to page 93. 
Heater: volts (ac/dc), 2.5; amperes, 0.33. 

IfTO—is H.K.IS 
12EW 

Pulsed Rectifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage#   q0 

VmA 
Peak Plate Current  •••  
Average Plate Current   
CHARACTERISTIC, Instantaneous Value 
Tube Voltage Drop for plate current of 7 mA   
X-RADIATION CHARACTERISTIC 
X-Radiation, Maximum: mR/hr 

Statistical value controlled on a lot sampling basis   
# Pulse duration must not exceed 16% of a horizontal scanning cycle (10 microseconds). 
• The dc component must not exceed 24000 volts. 
^^Sa^^r^^n^ XT^dSf S^i^of"^ Tui£ 
Equipment design must be such that these maximum values are not exceeded. 
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F HALF-WAVE 
VACUUM RECTIFIER 2AV2 

LC(TyN^\r>iLC Miniature type used as a high-voltage, low-current W uJ pulse-operated focus rectifier in color television re- 
(?X __ /h) ceivers. The filament of the tube can be operated 

10 XclSyV 10 directly across the filament winding of the horizontal- ly/ ^2) output transformer without a series voltage-dropping 
gi. resistor. Outlines section, 6B; requires miniature 9- 

contact socket. 
Filament Voltage (ac)   
Filament Current   
Direct Interelectrode Capacitance (Approx.) : 

Plate to Filament   

  1.8 volts 
0.225 ampere 

0.8 pF 
Pulsed Rectifier 

For operation in a 525-Une, 30-frame system 
MAXIMUM RATINGS (Design-Maximum Values} 
Peak Inverse Plate Voltage#   
Peak Plate Current     
Average Plate Current   

... 8250** volts 
50 mA 

0.6 mA 
CHARACTERISTIC, Instantaneous Value 
Tube Voltage Drop for plate current of 1 mA   20 volts 
# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 
** Under no circumstances should this absolute value be exceeded; the dc component must 
not exceed 7000 volts. 

Refer to chart at end of section. 2B7 

Refer to chart at end of section. 2BA2 

Refer to chart at end of section. 2BJ2 
2BJ2A 

Refer to chart at end of section. 2BN4 

Refer to type 6BN4A. 2BN4A 

Refer to type 2BU2/2AH2 2BU2 

HALF-WAVE 
VACUUM RECTIFIER 

2BU2/ 

2AH2 
NC(i/ndi9-^usK Duodecar type used as a high-voltage rectifier to sup- 

(of  , [X power to the anode of the picture tube in television 
a Z® receivers. Outlines section, 9B; requires 12-contact 

h'k<^V_^®nc socket. Socket terminals 4, 10, and 11 may be used as 
18 H,iqis H tie po.ints for components at or near heater potential. For high-voltage and X-ray safety considerations, refer 

12JB to page 93. Heater: volts (ac/dc), 2.5; ampere, 0.33. 
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Flyback Rectifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage#   30000" volte 
Peak Elate Current   
Average Plate Current   
Heater Voltage: 2 0 volts Absolute-maximum value   

Absolute-minimum value    s.i 
CHARACTERISTIC, Instantaneous Value 
Tube Voltage Drop (Approx.), for plate current of 7 mA   60 volts 
X-RADIATION CHARACTERISTIC 
X-Radiation, Maximum: . _ .. 

Statistical value controlled on a lot sampling basis   •• 0.6 mrt/nr 
# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 
• The dc component must not exceed 24000 volts. 
Caution—Operation of this tube outside of the maximum values indicated above may result 
in either temporary or permanent changes in the X-radiation characteristic of the tube. 
Equipment design must be such that these maximum values are not exceeded. 

2CN3A 
2CW4 
2CY5 

Refer to chart at end of section. 
Refer to type 6CW4. 
Refer to type 6CY5. 

2D21 
INDUSTRIAL 

TYPE 
GAS THYRATR0N 

Miniature type gas-tetrode thyratron intended for relay 
applications. Outlines section, 5C; requires miniature C| 

7-contact socket. 7BN 

Heater Voltage (ac/dc)   
Heater Current   
Cathode: 

Heating time prior to tube conduction   A" 
Heater-Cathode Voltage: 

Peak value     
Direct Interelectrode Capacitances (Approx.) : 

Grid No. 1 to anode   
Input   i'Z 
Output   

lonization Time (Approx.): 
For conditions: dc anode volts — 100; grid-No. 1 square-pulse 

volts = 50 ; peak anode amp. during conduction = 0.5   0.5 Deionization Time (Approx.) : 
For conditions: dc anode volts — 126 ; grid-No. 1 volts — 100, grid-No. 1 resistor (ohms) = 1000; ac anode amp. = 0.1 .... o& 
For conditons: dc anode volts = 125; grid-No. 1 volts — 10, grid-No. 1 resistor (ohms) == 1000, dc anode amp. = 0.1 . . '5 

Maximum Critical Grid-No. 1 Current with an anode-supply volte 
(rms) =: 460, and average anode amp. = 0.1   "*6 Anode Voltage Drop (Approx.)     ;■ ,  

Grid-No. 1 Control Ratio (Approx.) with grid-No. 1 resistor (meg- 
ohms) = 0 ; grid-No. 2 volts = 0         

Grid-No. 2 Control Ratio (Approx.) with grid-No. 1 resistor (meg- 
ohms) = 0; grid-No. 2 resistor (megohms) = 0: grid-No. 1 
volts = 0   1000 

Relay and Grid-Controlled Rectifier Service 
MAXIMUM RATINGS (Absolute-Maximum Values) 
Peak Anode Voltage: . Forward   650 

Inverse   *600 
Grid-No. 2 (Shield-Grid) Voltage: 

Peak, before anode conduction^  
Average, during anode conduction*   10 

6.3 ± 10% volts 
0.6 ampere 
10 seconds 

—100 +25 volts 
0.026 PF 

2.4 PF 
1.6 pF 

0.5 /IS 

35 /IS 
75 /IS 
0.5 /iA 

8 volts 
250 

1000 
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Grid-No. 1 (Control-Grid) Voltage: 
Peak, before anode conduction    100 
Average, during anode conduction"  !.  10 

Cathode Current: 
1

A'
cak    0.5 Average"   0.1 

Fault, for duration of 0.1 sec. max  10 
Grid-No. 2 Current: 

Average"   4-0.01 
Grid-No. 1 Current: 

Average"   +0.01 
Ambient Temperature Range      75 to+90 

Operational Range of Critical Grid-No. 1 
Voltage. 

TYPE 2021 GRID-No.2 VOLTS =0 
RANGES SHOWN ARE FOR TWO VALUES 
OF GRID-No. I RESISTOR-O.I MEG AND 10 MEG 
-AND TAKE INTO ACCOUNT INITIAL 
DIFFERENCES BETWEEN INDIVIDUAL TUBES 
a SUBSEQUENT DIFFERENCES DURING 
TUBE LIFE, FOR A HEATER VOLTAGE RANGE 
OF 5.7 TO 6.9 VOLTS 

RANGE FOR RANGE FOR ^ 10 MEGOHMS^ _ J?!M§GqHM_ 

-7 -6 -5 -4 . -3 -2 -I 
DC GRID-No.l SUPPLY VOLTS _ 

TYPICAL OPERATING CONDITIONS FOR RELAY SERVICE 
RMS Anode Voltage   
Grid-No.2 Voltage   
RMS Grid-No.l Bias VoltageQ   
DC Grid-No.l Bias Voltage   
Peak Grid-No.l Signal Voltage   
Grid-No.1-Circuit Resistance   
Anode-Circuit Resistance#     

volts 
volts 
volts 
volts 
volts 

megohm 
ohms 

MAXIMUM CIRCUIT VALUE 
Grid-No.l-Circuit Resistance   10 megohms 
■ Averaged over any interval of 30 seconds maximum. 
e Approximately 180° out of phase with the anode voltage. 
# Sufficient resistance, including the tube load, must be used under any conditions of opera- 

tion to prevent exceeding the current ratings. 

Refer to chart at end of section. 2D21W 

Refer to type 6DS4. 

Refer to type 6DV4. 

Refer to chart at end of section. 
For replacement use type 2AF4B/2DZ4. 

Refer to chart at end of section. 2E5 
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2EG4 HIGH-MU TRIODE 

Nuvistor type used as a grounded-cathode, neutralized 
rf amplifier in vhf tuners of television and FM re- 
ceivers. Outlines section, 1; requires nuvistor socket. INDEX'LARGE LU9 •-SHORT PIN—IC 

12AQ 
1.7 
0.6 Heater Voltage (ac/dc)   

Heater Current  -    B Heater Warm-up Time (Average)   ^.100 Peak Heater-Cathode Voltage   

volts 
ampere 
seconds 

volts 

TYPE 2E64 

50 100 150 200 250 
PLATE VOLTS 92CS-I1209T! 

Direct Interelectrode Capacitances (Approx.): 
Grid to IPlate    • • • • ■ • •   
Grid to Cathode, Heater, and Shell   
Plate to Cathode, Heater, and Shell   
Plate to Cathode   
Heater to Cathode   

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Supply Voltage   
Plate Voltage   
Grid Voltage: Negative-bias value   

Peak or dc positive value   
Plate Dissipation   
Cathode Current   

CHARACTERISTICS AND TYPICAL OPERATION Characteristics Operation ^ 
Plate Supply Voltage   ^ 0 volts 
Grid Supply Voltage    joq   ohms Cathode-Bias Resistor     47000 ohms 
Grid Resistor   63 68 Amplification Factor    „q0q 5440 ohms 
Plate Resistance (Approx.)   ^000 12600 /imhos Transconductance ••••••••••,"• i*'; Ynn ' * '''  r — volts 
Grid Voltage (Approx.) for plate current of 100 /tA . . & _ volts Grid Voltage (Approx.) for plate current of 10 mA .. b.B ^ mA Plate Current  
MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance_ 2 2 megohms 

For fixed-bias operation   0 g megohm 
For cathode-bias operation    . . , . 

diss?pationdto ^ru^a^SL * 
operation. o 
■ For operation at metal-shell temperatures up to 135 C. 

Typical 
Operation 

70 
0 
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Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6FH5. 

Refer to chart at end of section. 
For replacement use type 2GK5/2FQ5A. 

Refer to type 6FS5. 

Refer to chart at end of section. 

Refer to type 6GK5. 

Refer to chart at end of section. 
For replacement use type 2FS5. 

Refer to type 6HA5. 

Refer to type 6HQ5. 

Refer to chart at end of section. 

2FQ5A 

2GK5/2FQ5A 

2GU5 

2HQ5 

'W&k? HALF-WAVE Q AO A 
lc®^A^5V)lc VACUUM RECTIFIER OAZA ~f/ r—. Miniature type used in high-voltage rectifier circuits of 
h®viv/n\./®h small-screen black-and-white television receivers. Out- 

lines section, 7A; requires miniature 9-contact socket. 
Iff •Jff Socket terminals 1, 3, 4, 6, and 7 may be connected to 

gpi* terminal 9 or to a corona shield which connects to 
terminal 9. Terminals 3 and 7 may be used as tie points 

at or near cathode potential. For high-voltage and X-ray safety considera- 
tions, refer to page 93. 

Heater Voltage (ac/dc)     
Heater Current     
Direct Interelectrode Capacitances: 

Plate to Cathode, Heater, and Internal Shield 

Pulsed Rectifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Ratings) 
Peak Inverse Plate Voltage#    20000# volts 
Peak Plate Current   80 mA 
Average Plate Current   1.5 
Heater Voltage: 

Absolute-maximum value   3.65 volts 
Absolute-minimum value   2.65 volts 

CHARACTERISTIC, Instantaneous Value 
Tube Voltage Drop for plate current of 7 mA   70 volts 
X-RADIATION CHARACTERISTIC 
X-Radiation, Maximum: 

Statistical value controlled on a lot sampling basis   0.5 mR/hr 
#Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 
• The dc component must not exceed 18000 volts. 
Caution—Operation of this tube outside of the maximum values indicated above may result 
in either temporary or permanent changes in the X-radiation characteristic of the tube. 
Equipment design must be such that these maximum values are not exceeded. 
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3A3/3B2 

3A3A 
3A3A/3B2 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

OAQr< HALF-WAVE 
3A3C VACUUM RECTIFIER 

Glass octal type used as a rectifier in high-voltage 
pulse circuits of color television receivers. Outlines 
section, 14F; requires octal socket. Socket terminals 
1, 3, 4, 5, 6, and 8 may be connected to terminal 7. 
Socket terminals 4 and 6 may be used as tie points at 
or near cathode potential. For high-voltage and X-ray 
safety considerations, refer to page 93. 
Heater Voltage (ac)   
Heater Current   
Direct Interelectrode Capacitances: t Plate to Heater, Cathode, and Internal Shield 

Pulsed Rectifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage#   
Peak Plate Current   
Average Plate Current   
Heater Voltage: Absolute-maximum value       

Absolute-minimum value   
CHARACTERISTIC, Instantaneous Value 
Tube Voltage Drop (Approx.) for plate current of 7 mA   100 volts 
X-RADIATION CHARACTERISTIC 
X-Radiation, Maximum: . ,, 

Statistical value controlled on a lot sampling basis   ^o mit/nr 
# Pulse duration must not exceed 16% of a horizontal scanning cycle (10 microseconds). 
• DC component must not exceed 30000 volts. . 
Caution—Operation of this tube outside of the maximum values indicated above may result 
in either temporary or permanent changes in the X-radiation characteristic of the tube. 
Equipment design must be such that these maximum values are not exceeded. 

Refer to chart at end of section. 

3A5 
INDUSTRIAL 

TYPE 
H-F TWIN TRIODE 

Filament Arrangement 
Filament Voltage (dc) 
Filament Current  

Fm - (♦PARALLEL) GTJ 

Miniature type twin triode used as a A-F power ampli- Pj^ 
fier or an R-F power amplifier or oscillator. Each triode 
can be used independently of the other. Outlines section, 
5C; requires miniature 7-contact socket. 

Parallel** 
1.4 

0.22 
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Direct Interelectrode Capacitances: 
Grid to Plate  
Grid to Filament   
Plate to Filament   
Plate to Plate   

Unit No. 1 Unit No. 2 
3.2 3.2 
0.9 0.9 
1.0 1.0 

0.32 

A-F Power Amplifier (Each Unit) 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage  
Plate Current   
Plate Dissipation     

CHARACTERISTICS 
Plate Voltage  
Grid Voltage    
Amplification Factor 
Plate Resistance 
Transconductance ... 
Plate Current   

R-F Power Amplifier and Oscillator—Class C Telegraphy 
Key-down conditions per tube without modulation 

MAXIMUM RATINGS (Design-Center Values) 
D-C Plate Voltage   
D-C Grid Voltage   
D-C Plate Current (per unit)   
D-C Grid Current (per unit)   
Plate Input (per unit)   
Plate Dissipation' (per unit)   

TYPICAL OPERATION (At 40 MHz With Both Units In Push-Pull) 
D-C Plate Voltage   135 volts 

f —20 volts D-C Grid Voltage*     -j 4000 ohms 
L 570 ohms Peak R-F Grid-to-Grid Voltage   90 volts 

D-C Plate Current    30 mA 
D-C Grid Current (approx.)   5 mA 
Driving Power (approx.)   0.2 watt 
Power Output (approx.)   2 watts 
* Filament voltage applied across two sections in series between pins No. 1 and No. 7. Grid 

voltage is referred to pin No. 1. For series filament operation, a shunting resistor must be 
connected across the section between pins No. 1 and No. 4. to by-pass excess cathode cur- 
rent in this section. The value of the shunting resistor should be adjusted to make the 
voltage across the shunted section equal to the voltage across the section between pins 
No. 4 and No. 7. When other tubes in series-filament arrangement contribute to the fila- 
ment current of the 3A5, an additional shunting resistor may be required between pins 
No. 1 and No. 7. 

** Filament voltage applied across the two sections in parallel between pin No. 4 and pins 
No. 1 and No. 7 connected together. Grid voltage is referred to pins No. 1 and No. 7 tied 
together. 

• Obtained by grid resistor (4000), cathode resistor (570), or fixed supply. 

Refer to chart at end of section. 3A8GT 

Refer to chart at end of section. 3AF4A 

Refer to type 6AP4A. 3AF4A/3DZ4 

Refer to type 6AL5. 

Refer to chart at end of section. 3AT2 
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H,K,IS 
12FV 

HK.IS NC 
OA TOD HALF-WAVE oAIzd vacuum rectifier wTdT/w 

Duodecar type used as a high-voltage rectifier to sup- 
ply power to the anode of the television picture tube. j/ii) 
Outlines section, 9B; requires duodecar 12-contact HK^AXjiAJ(c 
socket. Socket terminals 4, 7, and 10 may be used as tie H)^s ^ 
points for components at or near filament potential. 12FV 
For high-voltage and X-ray safety considerations, re- 
fer to page 93. Heater: volts (ac/dc), 3.15; ampere, 0.22. 

Flyback Rectifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage#   380^ 
Peak Plate Current   "5 mA Average Plate Current 
Heater Voltage: o cc volts Absolute-maximum value   

Absolute-minimum value    z"uo 

CHARACTERISTIC, Instantaneous Value 
Tube Voltage Drop for plate current of 7 mA   60 volts 

X-RADIATION CHARACTERISTIC 
X-Radiation, Maximum: . mR/hr 

Statistical value controlled on a lot sampling basis   "> ' 
# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 
* The dc component must not exceed 30000 volts. 
Caution—Operation of this tube outside of the maximum values indicated above may result 
in either temporary or permanent changes in the X-radlation charactenst c of the tube. 
Equipment design must be such that these maximum values are not exceeded. 

3AU6 

3AV6 

3AW2 

Refer to type 6AU6A. 

Refer to chart at end of section. 

Refer to chart at end of section. 

nAiAftA HALF-WAVE 
3AW2A VACUUM RECTIFIER 

Duodecar type used as a high-voltage rectifier to SUP" 
ply power to the anode of the picture tube in color and 
black-and-white television receivers. Outlines section, 
9B- requires duodecar 12-contact socket. Socket termi- 
nal's 4, 7, and 10 may be used as tie points at or near 
heater potential. For high-voltage and X-ray safety 
considerations, refer to page 93. Heater: volts (ac/dc), 
3.15; ampere, 0.35. 

Pulsed Rectifier 
For operation in a 525-line, 30-fraine system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage#   
Peak Plate Current   
Average Plate Current   
Heater Voltage: Absolute-maximum value   

Absolute-minimum value   
CHARACTERISTIC, Instantaneous Value 
Tube Voltage Drop for plate current of 7 mA   

H.K.IS „ LC 

H.K.IS 
12EW 
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X-RADIATION CHARACTERISTIC 
X-Radiation, Maximum: 

Statistical value controlled on a lot sampling basis   25 mR/hr 
# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 
* The dc component must not exeed 30000 volts. 
Caution—Operation of this tube outside of the maximum values indicated above may result 
in either temporary or permanent changes in the X-radiation characteristic of the tube. 
Equipment design must be such that these maximum values are not exceeded. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6BC5. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 
Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6BN4A. 
Refer to type 6BN6. 

Refer to chart at end of section. 
For replacement use type 3BW2/3BS2A/3BT2. 
For replacement use type 3BW2/3BS2A/3BT2. 

Refer to chart at end of section. 

Refer to type 6BU8. 
For replacement use type 3BW2/3BS2A/3BT2. 

(#f£ 
NcrT/r-f-i 

h.k.is 

3AW3 

3B4WA 

3BC5/3CE5 

3BL2A 

3BM2 

3BN2 

3BN2A 

3BN4 

3BN4A 
3BN6 

3BS2A 

3BT2 
3BU8 

3BU8/3GS8 
3BW2 

3BW2/ 

3BS2A/ 

3BT2 
ic ic HALF-WAVE 

VACUUM RECTIFIER 3BT2 
^>uo^ecar type used as a high-voltajre rectifier te . 

BP 3= 
2t

e
s

t- Socket terminals 4 and 10 ma^ 1^3asl 
iT^ P?'"ts components at or near heater potential P 
12HY page~93. ^ and X~ray safety considerations, refer 
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Heater Voltage (ac/de)   3.16 amp^M 
Heater Current           v 

Direct Interelectrode Capacitance (Approx.) '• , c Plate to Cathode, Heater, and Internal Shield   l.o Pr 

Flyback Rectifier 
For operation in a 525-line, SO-frame ayateni 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage#   38000* vote 
Peak Plate Current   "J? 
Average Plate Current   
Heater Voltage: , -K vnita Absolute-maximum value   

Absolute-minimum value   voiw 
CHARACTERISTIC, Instantaneous Value 
Tube Voltage Drop (Approx.), for plate current of 7 mA   70 volts 
X-RADIATION CHARACTERISTIC 
X-Radiation, Maximum: . mp/hr 

Statistical value controlled on a lot sampling basis   25 mn/nr 
# Pulse duration must not exceed 15% of a horizontal scanning cycle. 
• The dc component must not exceed 30000 volts. 
Caution—Operation of this tube outside of the maximum values indicated above may result 
in either temporary or permanent changes in the X-radiation characteristic of the tube. 
Equipment design must be such that these maximum values are not exceeded. 

3BY6 Refer to chart at end of section. 
3B26 Refer to type 6BZ6. 
arAS Refer to chart at end of section. 

or* A* A HALF-WAVE 3CA3A VACUUM RECTIFIER 
Glass octal type used as a rectifier in high-voltage pulse 
circuts of color television receivers. Outlines section, 
14E; requires octal socket. Socket terminals 1, 3, 4, 5, 6, 
and 8 may be connected to terminal 7 or to a corona 
shield which connects to terminal 7. Socket terminals 
4 and 6 may be used as tie points at or near cathode 
potential. For high-voltage and X-ray safety considera- 
tions, refer to page 93. 
Heater Voltage (ac)    <>•» J™ *® 
Heater Current     0-z26 ampere 
Direct Interelectrode Capacitance (Approx.): 

Plate to Heater, Cathode, and Internal Shield   l.o Vr 

Pulsed Rectifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage#   38?SS, vo1^? 
Peak Plate Current   10» 
Average Plate Current   2 mA 

Heater Voltage: - ... ,. Absolute-maximum value   
Absoiute-minimum value   <,-ub volts 

CHARACTERISTIC, Instantaneous Value 
Tube Voltage Drop for plate current of 11 mA   60 vote 
X-RADIATION CHARACTERISTIC 
X-Radiation, Maximum: .... ,. 

Statistical value controlled on a lot sampling basis     26 mn/nr 
# Pulse duration must not exceed 16% of a horizontal scanning cycle (10 microseconds). 
• The dc component must not exceed 30000 vote. 
Caution—Operation of this tube outside of the maximum values indicated above may result 
in either temporary or permanent changes in the X-radiation characteristic of the tube. 
Equipment design must be such that these maximum values are not exceeded. 



Technical Data 135 

Refer to type 6CB6A. 
Refer to type 6CB6A. 

Refer to chart at end of section. 
For replacement use type 3BC5/3CE5. 

Refer to chart at end of section. 
For replacement use type 3CB6/3CF6. 

Refer to chart at end of section. 

3CB6 
3CB6/3CF6 

3CN3A 

IC IC 
8MU 

HALF-WAVE 
VACUUM RECTIFIER 3CN3B 

considerations, refer to page 

Glass octal type used as a high-voltage rectifier to 
supply power to the anode of the picture tube in color 
and black-and-white television receivers. Outlines sec- 
tion, 14F; requires octal socket. Socket terminals 4 and 
6 may be used as tie points for components at or near 
heater potential. For high-voltage and X-ray safety 

Heater Voltage (ac/dc) 
Heater Current    

Flyback Rectifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage#    
Peak Plate Current     
Average Plate Current    
Heater Voltage: 

Absolute-maximum value   
Absolute-minimum value    

CHARACTERISTIC, Instantaneous Value 
Tube Voltage Drop for plate current of 7 mA   60 volts 
X-RADIATION CHARACTERISTIC 
X-Radiation, Maximum: 

Statistical value controlled on a lot sampling basis   25 mR/hr 
# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 
• The dc component must not exceed 30000 volts. 
Caution—Operation of this tube outside of the maximum values indicated above may result 
in either temporary or permanent changes in the X-radiation characteristic of the tube. 
Equipment design must be such that these maximum values are not exceeded. 

Refer to type 6CS6. 

HALF-WAVE _ . 
VACUUM RECTIFIER 3CU3A 

Glass octal type used as a rectifier in high-voltage 
circuits of color and black-and-white television receivers. 
Because of its fast warm-up time it is particularly 
suited for transistorized systems. Outlines section, 14F; 
requires octal socket. Socket terminals 4 and 6 may 
be used as tie points. For high-voltage and X-ray safety 
considerations, refer to page 93. 

Filament Voltage: 
Filament Current (ac)   
Direct Interelectrode Capacitance: 

Plate to Filament and Shield 
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Pulsed Rectifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage#    38^" v°!'? 
Peak Plate Current   
Average Plate Current     Filament Voltage: „ volts 

Absolute-maximum value    1t Absolute-maximum value    Z*D0 

CHARACTERISTIC, Instantaneous Value 
Tube Voltage Drop for plate current of 7 mA   BO volts 
X-RADIATION CHARACTERISTIC 
X-Radiation, Maximum: . . OK p 

Statistical value controlled on a lot sampling basis   25 mrt/m 
# Pulse duration must not exceed 16% of a horizontal scanning cycle (10 microseconds). 
■ The dc component must not exceed 30000 volts. 
Caution—Operation of this tube outside of the maximum values indicated above may result 
in either temporary or permanent changes in the X-radiation characteristic of the tube. Equipment design must be such that these maximum values are not exceeded. 

3CX3 Refer to chart at end of section. 
Refer to chart at end of section. 

3CY3 For replacement use type 3DB3/3CY3. 

3CY5 Refer to type 6CY5. 
op70 Refer to chart at end of section. 

3CZ3A 
HALF-WAVE 

VACUUM RECTIFIER 

Glass octal type for use in the high-voltage rectifier 
circuits of television receivers and in other high voltage 
applications. Outlines section, 34A; requires octal socket. 
Socket terminals 1, 3, 4, 5, 6, and 8 may be connected to 
socket terminal 7. Socket terminals 4 and 6 may he used 
as tie points for components at or near heater potential. 
For high-voltage and X-ray safety considerations, refer 
to page 93. 
Heater Voltage   0;48 ampere 
Heater Current   . qeconds 
Heater Warm-up Time    4 seconds 
Direct Interelectrode Capacitance: 1 r ni? 

Plate to Heater, Cathode, and Internal Shield   l-o PA 

Pulsed Rectifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage#    38

1
0?!^, VmA 

Peak Plate Current   "g 
Average Plate Current   
Heater Voltage: „ volt* Absolute-maximum value   J-®® 

Absolute-minimum value      • • 3-B® vuiw 
CHARACTERISTIC, Instantaneous Value 
Tube Voltage Drop for plate current of 7 mA   60 volts 

X-RADIATION CHARACTERISTIC 
X-Radiation, Maximum: . ,u,. 

Statistical value controlled on a lot sampling basis   25 ■ 
# Pulse duration must not exceed 16% of a horizontal scanning cycle (10 microseconds). 
• The dc component must not exceed 30000 volts. 
Caution—Operation of this tube outside of the maximum values indicated above may result 
in either temporary or permanent changes in the X-radiation characteristic of the tube. 
Equipment design must be such that these maximum values are not exceeded. 
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Refer to type 3DB3/3CY3. 
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3DB3 

HALF-WAVE OHDO/O^VO 
icVW^c VACUUM RECTIFIER ODDO/3CT3 

i ' y Octal type used as a high-voltage rectifier to supply 
fj-L J-a power to the anode of the television picture tube. 

0ut,i.nes section, 14F; requires octal socket. Socket 
terminals 3, 4, 5, 6, and 8 should not be used as tie 

w ic points although terminals 3, 5, and 8 may be connected 
8MX to tei'm'nal 7- For high-voltage and X-ray safety con- 

siderations, refer to page 93. 
Heater Voltage   oik 
Heater Current   0 245 
Direct Interelectrode Capacitance (Approx.j : 

Plate to Heater, Cathode, and Internal Shield   X.5 pP 

Flyback Rectifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage#   <iRnnna 
Peak Plate Current     38?2X# 

Average Plate Current    9 
Heater Voltage: 

Absolute-maximum value   3 05 volts 
Absolute minimum value   2.65 volts 

CHARACTERISTIC, Instantaneous Value 
Tube Voltage Drop for plate current of 7 mA     100 volts 
X-RADIATION CHARACTERISTIC 
X-Radiation, Maximum: 

Statistical value controlled on a lot sampling basis   25 mR/hr 
# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 
• The dc component must not exceed 30000 volts. 
paution Operation of this tube outside of the maximum values indicated above may result 
m either temporary or permanent changes in the X-radiation characteristic of the tube. 
Equipment design must be such that these maximum values are not exceeded. 

# HALF-WAVE 0nr<0 
VACUUM RECTIFIER OLH-3 

NC Glass octal type used as a rectifier in high-voltage 
circuits of color and black-and-white television receiv- 

f.is 
el's- Because of its fast warm-up time it is particularly 
suited for transistorized systems. Outlines section, 14F; 

f.j-s nc requires octal socket. Socket terminals 4, 6, and 8 may 
8MZ be used as tie points. For high-voltage and X-ray safety 

considerations, refer to page 93. This type is identical 
with type 3CU3A except for the following items: 

Pulsed Rectifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Plate Current   
Average Plate Current   
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OPICI HALF-WAVE OUrO VACUUM RECTIFIER ic( 

Glass octal type used as a high-yoltage rectifier to ^ (-y 
supply power to the anode of the picture tube in tele- ^T\ 
vision receivers. Outline section, 14G; requires octal 
socket. Socket terminals 1 and 7 may be used as tie 
points for components at or near heater potential. For nc ( 
high-voltage and X-ray safety considerations, refer to 
page 93. Heater: volts (ac/dc), 3.15; ampere, 0.48. 

Flyback Rectifier 
For operation in a 525-line, 30-fraine system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage#   38??a# 

Peak Plate Current   
Average Plate Current   ^ 
Heater Voltage: q cc 

Absolute maximum value   Absolute-minimum value   
CHARACTERISTIC, Instantaneous Value 
Tube Voltage Drop for plate current of 7 mA   60 
X-RAD1ATION CHARACTERISTIC 
X-Radiation, Maximum: 

Statistical value controlled on a lot sampling basis   
# Pulse duration must not exceed 15% of a horizontal scanning cycle. 
• The dc component must not exceed 30000 volts. 
Caution—Operation of this tube outside of the maximum values indicated above may result 
in either temporary or permanent changes in the X-radiation characteristic of the tube. 
Equipment design must be such that these maximum values are not exceeded. 

onr*/i FULL-WAVE 
OUV74* vacuum rectifier 

Glass octal type used in power supplies of color and 
black-and-white television receivers and other equip- 
ment having high dc requirements. Outlines section, 
19E; requires octal socket. It is especially important 
that this tube, like other power-handling tubes, be ade- 
quately ventilated. For discussion of Rating Chart, 
refer to Interpretation of Tube Data. Filament: volts 
(ac/dc), 3.3; amperes, 3.8. 

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)   
Bulb Temperature (At hottest point on bulb surface)   
TYPICAL OPERATION WITH CAPACITOR INPUT TO FILTER 
AC Plate-to-Plate Supply Voltage (rms)   
Filter-Input Capacitor*   
Effective Plate-Supply Impedance per Plate   
DC Output Voltage at Input to Filter (Approx.) : 

At full-load current of 350 mA   

1050 volts 
1.2 amperes 
6.5 amperes 
See Rating Chart 
See Rating Chart 

200 0C 

CHARACTERISTICS 
Tube Voltage Drop for plate current of 350 mA (per plate)   25 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 peak-plate-curi'ent 
rating. 
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RATING CHART 

CAPACITOR-INPUT FILTER 

Hi 

0 100 200 300 400 AC PLATE SUPPLY VOLTS (RMS) PER PLATE (WITHOUT LOAD) 92CS-IO902TI 

Nc P ,0 HALF-WAVE opj .O 
aiL® N VACUUM RECTIFIER OUJO 

(aV^ -L Glass octal type used as a high-voltage rectifier to 
( i—i J" supply power to the anode of the picture tube in color 

h(3a^^M<aS>".k television receivers. Outlines section, 14H; requires octal 
NUv-fe) 15 socket. Socket terminals 4 and 6 may be used as tie 
hj< ic points for components at or near heater potential. For 
is high-voltage and X-ray safety considerations, refer to 

8MX page 93. Heater: volts (ac/dc), 3.15; ampere, 0.3. 

Flyback Rectifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage#   38000® volts 
Peak Plate Voltage     100 mA 
Average Plate Current    2 mA 
Heater Voltage: 

Absolute maximum value 
Absolute-minimum value 

CHARACTERISTIC, Instantaneous Value 
Tube Voltage Drop for plate current of 7 mA   70 volts 
X-RADIATION CHARACTERISTIC 
X-Radiation, maximum: 

Statistical value controlled on a lot sampling basis   26 mR/hr 
# Pulse duration must not exceed 15% of a horizontal scanning cycle. 
• The dc component must not exceed 30000 volts. 
Caution—Operation of this tube outside of the maximum values indicated above may result 
in either temporary or permanent changes in the X-radiation characteristic of the tube. 
Equipment design must be such that these maximum values are not exceeded. 

Refer to type 6DK6. 

Refer to chart at end of section. 
Refer to type 6DT6A. 

Refer to chart at end of section. 
For replacement use type 3AF4A/3DZ4. 

Refer to chart at end of section. 

Refer to chart at end of section. 

3DT6 
3DT6A 
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3EH7/XF183 Refer to type 6EH7/EF183. 

3EJ7 Refer to chart at end of section. 

3EJ7/XF184 Refer to type 6EJ7/EF184. 

3ER5 Refer to type 6ER5. 

3FH5 Refer to chart at end of section. 

3FS5 Refer to type 6FS5. 

3GK5 Refer to type 6GK5. 

3GS8 
Refer to chart at end of section. 

For replacement use type 3BU8/3GS8. 

3GS8/3BU8 Refer to chart at end of section. 

3HA5 
Refer to chart at end of section. 

For replacement use type 3HM5/3HA5. 

3HM5/3HA5 Refer to type 6HM5/6HA5. 

3HQ5 Refer to type 6HQ5. 

3HS8 Refer to chart at end of section. 

3JC6 Refer to chart at end of section. 

3JC6A Refer to type 6JC6A. 

3JD6 Refer to type 6JD6. 

3KT6 Refer to type 6KT6. 

3LF4 Refer to chart at end of section. 

3Q4 Refer to chart at end of section. 

3Q5GT Refer to chart at end of section. 

3S4 Refer to chart at end of section. 

3V4 Refer to chart at end of section. 

4AU6 Refer to type 6AU6A. 

4AV6 Refer to type 6AV6. 

4BC5 Refer to chart at end of section. 

4BC8 Refer to type 6BC8. 

4BL8 Refer to chart at end of section. 

4BL8/XCF80 Refer to type 6BL8/ECF80. 

4BN6 Refer to type 6BN6. 

4BQ7A Refer to type 6BQ7A. 
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Refer to chart at end of section. 

Refer to chart at end of section. 
For replacement use type 4BQ7A/4BZ7. 

Refer to chart at end of section. 

Refer to type 6BU8. 

Refer to type 6BZ6. 

Refer to chart at end of section. 
For replacement use type 4BQ7A/4BZ7. 

Refer to type 6CB6A. 

Refer to type 6CS6. 

Refer to chart at end of section. 

Refer to type 6DE6. 

Refer to type 6DK6. 

Refer to chart at end of section. 

Refer to type 6DT6A. 

Refer to chart at end of section. 

Refer to type 6EH7/EF183. 

Refer to chart at end of section. 

Refer to type 6EJ7/EF184. 

Refer to chart at end of section. 

Refer to chart at end of section. 
For replacement use type 4KN8. 

Refer to chart at end of section. 

Refer to type 6GK5. 

Refer to type 6GJ7/ECF801. 

Refer to chart at end of section. 

Refer to chart at end of section. 
For replacement use type 4BU8/4GS8. 

Refer to chart at end of section. 

Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 

Refer to type 6HA5. 

Refer to chart at end of section. 

4BQ7A/4BZ7 

4BS8 

4BU8 

4BU8/4GS8 

4BZ6 

4BZ7 

4CB6 

4CS6 

4CY5 

4DE6 

4DK6 

4DT6 

4DT6A 

4EH7 

4EH7/LF183 

4EJ7 

4EJ7/LF184 

4ES8 

4ES8/XCC189 

4EW6 

4GK5 

4GJ7/XCF801 

4GM6 

4GS8 

4GS8/4BU8 

4GX7 

4GZ5 

4HA5 

4HA5/PC900 
4HA7 
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4HA7/4HC7 Refer to chart at end of section. 

4HC7 Refer to chart at end of section. 

4HM6 Refer to chart at end of section. 

4HQ5 Refer to type 6HQ5. 

4HC7 Refer to chart at end of section. 

4HS8 Refer to type 6HS8. 

4HT6 Refer to chart at end of section. 

4JC6 Refer to chart at end of section. 

4JC6A Refer to type 6JC6A. 

4JD6 Refer to type 6JD6. 

4JH6 Refer to type 6JH6. 

4KE8 Refer to type 6KE8. 

4KN8/4RHH8 Refer to chart at end of section. 

4KT6 Refer to type 6KT6. 

4LJ8 Refer to type 6LJ8. 

4LU6 Refer to chart at end of section. 

4RHH2 For replacement use type 4BQ7A/4BZ7 

4RHH8 For replacement use type 4KN8/4RHH8. 

5AM8 Refer to type 6AM8A. 

5AN8 Refer to type 6AN8A. 

5AQ5 Refer to type 6AQ5A. 

5AR4/ 

GZ34 

p 

FULL-WAVE /7~N 
VACUUM RECTIFIER (-*- ^ 

Glass octal type used in power supply of television re- 0^/0 J 
ceivers and other equipment having high dc require- H 

ments. Outlines section, 13F; requires octal socket. It ,c(jJir®H K 
is especially important that this tube, like other power- 
handling tubes, be adequately ventilated. Heater: volts 
(ac/dc), 5; amperes, 1.9. 

Full-Wave Rectifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage   1700 volts 
Peak Plate Current (Per Plate)   825 mA 
Hot-Switching Transient Plate Current (Per Plate)   3.7 ^ amperes 
AC Plate-Supply Voltage (Per Plate, rms, without load)   See Rating Chart 
Average Output Current (Per Plate)   See Rating Chart 
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TYPICAL OPERATION WITH CAPACITOR INPUT TO FILTER 
AC Plate-to-Plate Supply Voltage (rms)   
Effective Plate-Supply Impedance per Plate   
Average Output Current     
DC Output Voltage at Input to Filter   
TYPICAL OPERATION WITH CHOKE INPUT TO FiLTER 
AC Plate-to-PIate Supply Voltage (rms)   
Filter Input Choke   
Average Output Current    
DC Output Voltage at Input to Filter   
CHARACTERISTIC, Instantaneous Value 
Tube Voltage Drop for plate current of 225 mA 

(Per Plate)     

450 660 volts 160 200 ohms 225 160 mA 475 620 volts 

450 650 volts 10 10 henries 250 225 mA 376 466 volts 

  17 volts 
RATING CHART 

A 137.8  
■JjmI-  

MAXIMUM OPERATING] -I [—VALUES WITH: I I CHOKE-INPUT FILTERM I I CAPACITOR-INPUT FILTERJ 

"75 I  I I 

I TYPE,5AR4/GZ34 T-S Ef 3 VOLTS 

5T 
quately ventilated. 

M" I I I I 1473 lo I I 0 100 200 300 400 500 600 700 
AC PLATE SUPPLY VOLTS (RMS)PER PLATE (WITHOUT LOAD) 

92C9-I9297T 
Refer to chart at end of section. 5AS4 

nc FULL-WAVE CACAA 
po VACUUM RECTIFIER 

D| Glass octal type used in power supplies of television 
I receivers having high dc requirements. Outlines section, 

\ /z)nc 19D; requires octal socket. This type may be supplied 
with pins 3, 5, and 7 omitted. Vertical mounting is pre- 
ferred, but horizontal mounting is permissible if pins 
1 and 4 are in vertical plane. It is especially important 
that this tube, like other power-handling tubes, be ade- 

mtilated. Heater: volts (ac), 5; amperes, 3. For maximum 
ratings, typical operation, and curves, refer to type 5U4GB. 

Refer to chart at end of section. 
Refer to type 6AT8A. 

Refer to chart at end of section. 
For replacement use type 5V3A/5AU4. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

5AS8 

5AT8 

5AU4 

5AV8 

5AW4 

5AZ4 

588 

5BC3 
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5BC3A 
FULL-WAVE 

VACUUM RECTIFIER 

Novar types used in power supplies of radio equip- \Js^PD| 

ment and television receivers having high dc require- —"SL 
ments. Outlines section, 31C; requires novar 9-contact B 9QJ ' 
socket. Vertical operation is preferred, but tubes may be operated in hori- 
zontal position if pins 2 and 7 are in vertical plane. It is especially im- 
portant that these tubes, like other power-handling tubes, be adequately 
ventilated. Filament: volts (ac), 5; amperes, 3. 

Full-Wave Rectifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage   1700 volts 
Peak Plate Current (Per Plate)      1 ampere 
Hot-Switching Transient Plate Current (Per Plate)0   5 ^ amperes 
AC Plate-Supply Voltage (Per Plate, rms)     See Katjng Chart 
Average Output Current (Per Plate)     See Rating Chart 
TYPICAL OPERATION WITH CAPACITOR INPUT TO FILTER 
AC Plate-to-Plate Supply Voltage (rms)   600 900 1100 volts 
Filter-Input Capacitor"   40 40 40 wF 
Total Effective Plate-Supply Impedance per Plate 21 67 97 ohms 
DC Output Voltage at Input to Filter (Approx.) : 

At load current of: £00 mA   290 — •— volts 276 mA   — 460 — volts 
162 mA   — — 630 volts 
160 mA   335 — — volts 

137.5 mA   — 620 — volts 81 mA   — — 680 volts 
TYPICAL OPERATION WITH CHOKE INPUT TO FILTER 
AC Plate-to-Plate Supply Voltage (rms)   900 1100 volts 
Filter-Input Choke   10 10 henries 
DC Output Voltage at Input to Filter (Approx.): 

At load current of: 348 mA    340 — volts 276 mA    — 440 volts 
174 mA   355 — volts 

137.5 mA   — 445 volts 
0 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 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 
impedance may have to be increased to prevent exceeding the maximum rating for peak 
plate current. 

RATING CHART 

■ 

0 100 200 . 300 400 500 600 
AC PLATE SUPPLY VOLTS (RMS) PER PLATE (WITHOUT LOAD) 92CS-II200TJ 
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Refer to chart at end of section. 5BE8 

Refer to type 6BK7B. 5BK7A 

Refer to type 6BQ7A. 5BQ7A 

Refer to type 6BR8A. 5BR8 
5BR8/5FV8 

Refer to chart at end of section. 5BT8 
Refer to chart at end of section. 5BW8 

Refer to type 6CG8A. 5CG8 
Refer to chart at end of section. 5CL8 

Refer to type 6CL8A. 5CL8A 
Refer to chart at end of section. 5 CMS 
Refer to chart at end of section. 5CQ8 

Refer to type 6CZ5. 5CZ5 
Refer to chart at end of section. 5DH8 
Refer to chart at end of section. 5DJ4 

Refer to type 6EA8. 5EA8 

Refer to chart at end of section. 5ES8 
5ES8/YCC189 

Refer to chart at end of section. 5EU8 
Refer to type 6EW6. 5EW6 
Refer to type 6FG7. 5FG7 

Refer to chart at end of section. 
For replacement use type 5BR8/5FV8. 5FV8 

Refer to type 6GH8A. 5GH8A 
Refer to chart at end of section. 5GJ7 

Refer to 6GJ7/ECF801. 5GJ7/LCF801 
Refer to type 6GM6. 5GM6 
Refer to type 6GS7. 5GS7 

Refer to chart at end of section. 
For replacement use type 5HZ6. 5GX6 

Refer to chart at end of section. 5GX7 
Refer to chart at end of section. 5HA7 

Refer to type 6HB7. 5HB7 



5HG8 

5HG8/LCF86 

5HZ6 

5J6 
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Refer to chart at end of section. 

Refer to type 6HG8/ECF86. 

Refer to type 6HZ6. 

Refer to type 6J6A. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6JW8/ECF802. 

ri/no MEDIUM-MU TRIODE— 
5KDo SHARP-CUTOFF PENTODE e,D0^^\ 

Miniature type used as combined vhf oscillator and p X—- 
mixer tube in television receivers. Outlines section, pT 
6B; requires miniature 9-contact socket. 9AE 

Heater Voltage (ac/dc)     0^® 
Heater Current   
Heater Warm-up Time   Heater-Cathode Voltage: +200 max 

Peak value   100 max 
Average value    

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) TriodeUnit 
Plate Voltage    • •   
Grid-No.2 (Screen-Grid) Supply Voltage   _ 
Grid-No.2 Voltage    • •  a 
Grid-No.l (Control-Grid) Voltage, Positive-bias value 0 
Plate Dissipation   
Gi'id-No.2 Input: ..   

For grid-No.2 voltages up to 165 volts .••••■•• 
For grid-No.2 voltages between 165 and 330 volts 

CHARACTERISTICS 
Plate Voltage     
Grid-No.2 Voltage    j 
Grid-No.1 Voltage   4q 
Ampliliuation Factor      
Plate Resistance (Approx.)   Transconductance    <»> g 
Plate Current  ; 

Grid-No.2 Current      ■     • •: 
Grid-No.l Voltage (Approx.) for plate current of 

20 pA   
MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation   
For cathode-bias operation   

Pentode Unit 
330 volts 
330 volts 

See curve page 300 0 volts 3 watts 
0.55 watt 

See curve page 300 

125 125 volts 
110 volts 

—1 —1 volt 
40 <_ 

0.2 megohm 
7500 5000 /imhos 
13.5 9.5 mA 

3.5 mA 

—9 —8 volts 

0.5 megohm 1 megohm 

Refer to type 6KE8. 

5KZ8 Refer to type 6KZ8. 
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Refer to type 6LJ8. 

Refer to type 6MB8. 5MB8 

For replacement use type 5J6. 5MHH3 

Refer to type 6MQ8. 5MQ8 

FULL-WAVE 
VACUUM RECTIFIER 

5R4GYB 
INDUSTRIAL 

TYPE 
0-*-@ Glass octal type for industrial and military applica- 

^ F tions. Outlines section, 19D; requires octal socket. Tube 
5T has a Micanol base. 

Filament Voltage (ac/dc)   k „„i. 
Filament Current .....    | amn££ 
Operating Position     Vertical, base down or up, or Horizontal 

with pins 2 and 4 in vertical plane 

Full-Wave Rectifier 
MAXIMUM RATINGS (Absolute-Maximum Values) 

For altitudes up to 40000 20000 feet Peak Inverse Plate Voltage   2650 3100 u 
pCpPnite.SnPply Y0itafri,Pf1' Plate (RMS' without ioad) See Hating Chart Peak Plate Current Per Plate  715 71 f 
DC Output Current Per Plate   See Ratint? Ohnrf 
Hot-Switching Transient Plate Current Per Plate   ♦ » 
Bulb Temperature (At hottest point on bulb surface) .. 230 230 0C 
TYPICAL OPERATION (With Capacitor-Input Filter) 

For altitudes up to 40000 20000 
4?;P1Tte"t^"Prlate Voltage (RMS, without load) 1400 1500 2000 volts Filter-Input Capacitor   20 20 20 1? 
Total Effective Plate Supply Impedance Per Plate4* . . 225 250 T7K 
DC Ouptut Voltage at Input to Filter (approx.) : 

At half-load current of /, of ni^  — 910 1210 volts 1125 mA  750 — — volts 
At full-load current of   ~ 800 1040 volts 

Voltage Regulation (approx.): ^ " volts 
Half-load to full-load current   14K nn 170 i* 

DC Ouput Current ;;;;;;;;; HI Jijj ^ 
TYPICAL OPERATION (With Choke-Input Filter) 

For altitudes up to 40000 20000 < 
p-h PTttte"^)"?iatie Supply VoltaKe (RMS, without load) 1600 1900 volts tliter-input Choke   k v vwiws 
DC Output Voltage at Input to Filter for dc output henries 

(approx,) : 
125* mA^   volts     600 - volts 
260 mA   — 760 wits 

Voltage Regulation (Approx.) : 50 volts 
^ to full-load current   40 40 vnit« DC Output Current   250 175 mA 

* u ,rec'uired in operation, choke-input circuits are recommended. Such 
^ wii hot-switching current to a value no higher than that of the peak plate 

not be e^eededCaPaC 0r"inP clrcuits are used' a maximum value of 3 amperes should 
?onditioils shown will limit peak plate current to the maximum-rated value. When a filter-input capacitor larger than 20 fit is used, it may be necessary to in- 

crease plate-supply impedance to a higher value than that shown in the data to limit the 
peak plate current to the maximum-rated value. 

1 20000 feet 1500 2000 volts 20 20 fiF 250 375 ohms 
910 1210 volts — — volts 800 1040 volts — — volts 
110 170 volts 150 150 mA 

40000 20000 feet 1500 1900 volts 5 10 henries 

  800 volts 600 — volts — 760 volts 560 — volts 
40 40 volts 250 175 mA 
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RATING CHART 
ITYPF 5R4GYB MAXIMUM VOLTAGE RATING: J UP TO 20000 FEET Ef =5 VOLTS AC AT 40000 FEET? 

MAXIMUM OPERATING VALUES WITH: / rCHOKE-INPUT FILTER / 
\ \CAPACITOR-INPUT FILTER / 

.F a\\   . B , /, 

200 400 600 800 1000 1200 
AC PLATE SUPPLY VOLTS (RMS) PER PLATE (WITHOUT LOAD) 92CM-9943TI 

Refer to chart at end of section. 

Refer to type 6T8A. 

Refer to chart at end of section. 

ciijis*n FULL-WAVE 
5U4GB VACUUM RECTIFIER 

Glass octal type used in power supplies of radio and nc^/T ^\^pDi 
color and black-and-white television receivers having (2/ 
high dc requirements. Outlines section, 19E; requires I 
octal socket. This type may be supplied with pins 3, f(2a>-^s/2)nc 
5, and 7 omitted. Vertical mounting is preferred, but 0"^© 
horizontal mounting is permissible if pins 1 and 4 are nc f 
in vertical plane. The coated filament is designed to 5T 
operate from the ac line through a step-down transformer. The voltage at 
the filament terminals should be 5 volts at an average line voltage of 117 
volts. It is especially important that this tube, like other power-handling 
tubes, be adequately ventilated. For discussion of Rating Chart and Opera- 
tion Characteristics, refer to Interpretation of Tube Data. Filament: volts 
(ac), 5; amperes, 3. 

Full-Wave Rectifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage     unioere 
Peak Plate Current (Per Plate)    1 am«,e 

Hot-Switching Transient Plate Current (Per Plate)   * Ratine Chart 
AC Plate Supply Voltage (Per Plate, rms)   See Rating Chart 
Average Output Current (Per Plate)     bee B 

TYPICAL OPERATION WITH CAPACITOR INPUT TO FILTER 
AC Plate-to-Plate Supply Voltage (rms)   600 900 1100 volte Filter-Input Capacitor* .....   ■ • y ' ■ Vi 97 ohms 
Total Effective Plate-Supply Impedance per Plate 21 67 97 onms 
DC Output Voltage at Input to FilteMApprox.) 1 335 _ _ yoRs 

At full-load current of | 137.6 mA   — 620 — volte 

At half-load current of 
Voltage Regulation (Approx.) : 

Half-load to full-load current 

137.6 mA 
81 mA 

300 mA 
276 mA 
162 mA 



Technical Data 149 

RATING CHART 
TYPE 5U4GB Et-5 VOLTS AC 

MAXIMUM OPERATING VALUES WITH.' 
rCHOKE-INPUT FILTER  -l—T CAPACITOR - INPUT FILTER  

I 146 I | | | i4S0 G|S50 1 | 
0 100 200 300 400 500 600 AC PLATE SUPPLY VOLTS (RMS) PER PLATE(WITHOUT LOAD) 92CS-8490TI 

TYPICAL OPERATION WITH CHOKE INPUT TO FILTER 
AC Plate-to-Plate Supply Voltage (rms)   900 
Filter-Input Choke   10 
DC Output Voltage at Input to Filter (Approx.) s 
At half-load current of j 13^5   

900 1100 volts 10 10 henries 
355   volts 
— 455 volts 
340   volts 
— 440 volts 
15 15 volts 

At full-load current of { m£   — volts „ . _ 1 275 mA   — 440 vrtlta Voltage Regulaton (Approx.): volts 
Half-load to full-load current   15 15 volts 

# 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 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-supnly 
impedance may have to be increased to prevent exceeding the maximum rating for peak 
plate current. r^aiv 

OPERATION CHARACTERISTICS FULL-WAVE CIRCUIT, CHOKE INPUT TO FILTER 1 1 I "" I 1 1 | j 1 1 TYPE 5U4C0 I E^sS.O VOLTS AC SUPPLY FREQUENCY=60CPS h SOLID-LINE CURVES = CHOKES OF INFINITE INDUCTANCE LONC-DA5H LINES = BOUNDARY LINES FOR CHOKE SIZES AS SHOWN - SHORT-DASH CURV£S=REGULATION CURVES FOR REPRESENTATIVE CHOKE SIZES CURRENT-AND-VOLTAGE BOUNDARY LINE CBA IS THE SAME AS SHOWN ON RATING CHART 

OPERATION CHARACTERISTICS FULL-WAVE CIRCUIT. CAPACITOR INPUT TO .FILTER 

PER PI^TI^ 

100 200 300 400 DC LOAD MILLIAMPERES f>2CM-e447TI 

Ef = 5.0 VOLTS AC SUPPLY FREQUENCY = 60 CPS CAPACITOR <C) INPUT 70 FILTER: 40 UP TOTAL EFFECTIVE PLATE-SUPPLY IMPEDANCE 

CURRENT-AND-VOLTAGE BOUNDARY LINE DEA 

s 

I BE 

I 

I 
mm 

DC LOAD MILLIAMPERES 
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Refer to type 6U8A. 

Refer to chart at end of section. 

Refer to chart at end of section. 

5U8 

5U9/LCF201 

5V3 

r\/0 A /C A11/1 FULL-WAVE ^ * 5V3A/5AU4 vacuum rectifier nc 

Glass octal type used in power supplies of color and (SYJ bVe) ' 
black-and-white television receivers and other equip- I I 
ment having high dc requirements. Outlines section, F0^--vN. XDnc 
19E; requires octal socket. Vertical mounting is pre- GT"*"® 
ferred, but horizontal mounting is permissible if pms Nc F 
2 and 4 are in vertical plane. It is especially important 5T 
that this tube, like other power-handling tubes, be ade- 
quately ventilated. For discussion of Rating Chart, refer to Interpretation 
of Tube Data. Filament: volts (ac/dc), 5; amperes, 3. 

Full-Wave Rectifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate^ Voltage   1.4 amperes 
Peak Plate Current (Per Plate) ..... •••• • ••••    /, « amneres 
Hot-Switching Transient Plate Current (Per Plate)    • j 
AC Plate-Supply Voltage (Per Plate, rms, without load)   B50o vo^ 
Average Output Current (Per Plate)        _ 
• With capaoitor-input Alter for ac plate-supply volts (rms, per plate, without load) 
TYPICAL OPERATION 

Filtor Tnnut Capacitor Choke 
AC Plate-to-Plate Supply Voltage (rms)   850 1000 vo^ Filter-Input Capacitor"       R0   ohms 
Effective Plate-Supply Impedance per Plate   ou henries 
Minimum Filter-Input Choke   ggQ 
Average Output Current           volts 
DC Output at Input to Filter (Approx.)   

Capacitor 
850 

40 
50 

Choke 
1000 volts 

iiF   ohms 
10 henries 

350 mA 
390 volts 

42 volts CHARACTERISTIC 
Tube Voltage Drop for plate current of 350 mA (per plate)   42 ^ 

RATING CHART 
MAXIMUM OPERATING VALUES WITH! 

—smhiiikpm ■ 

Q  100 200 300 400 500 600 700 BOO 
AC PLATE SUPPLY VOLTS (BMS) PER PLATE (WITHOUT LOAD) 

5V4G Refer to chart at end of section. 
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/_L -tV?) FULL-WAVE 
( f-H F VACUUM RECTIFIER jV4GA 

?'a®s. °c''a' ^P® used in full-wave power supplies hav- (rpr0K mg high dc requirements. Outlines section, 19B: requires 
NC c. " lCt s°.cket- The heater is designed to operate from 5L the ac line through a step-down transformer. The volt- 

„„„„ .. .... aS'e at the heater terminals should be 5 volts under operating conditions at an average line voltage of 117 volts. It is especiallv 
important that these tubes, like other power-handling tubes, be adequately 
ventilated. Heater: volts (ac/dc) 5; amperes, 2. adequately 

Full-Wave Rectifier 
MAXIMUM RATINGS (Design-Center Values) 
Peak Inverse Plate Voltage ... 
A?>r?>iate"Supply Voltage (Per Plate! 'rmsV:  00 volts 

With capacitor-input filter   o-- 
With choke-input filter  !  volts 

Peak Plate Current (Per Plate)    e volts 
Average Output Current     J2® mA 
TYPICAL OPERATION 

Filter Input 
££ Plate-to-Plate Supply Voltage (rms) .. Filter-Input Capacitor*    ''' Total Effective Plate-Supply Impedance per Plate 
ruter-input Choke   DC Output Voltage at Input to'Filter''(Approx.j' 

At output current of 176 mA   * ' 

750 
10 

100 
1000 

4 

volts 
/iF 

ohms 
henries 

410 410 volts 
;„ U -  J "'ay ue useu, nut tne effective nlate-aunnlv be increased to prevent exceeding the maximum rating for peak 

OPERATION CHARACTERISTICS 
FULL-WAVE RECTIFIER CIRCUIT 

TXEE 5V4GA I Ef = 5.0 VOLTS I SUPPLY FREQUENCY = 60 CPS I 
""""" CHOKE(LJ INPUT TO FILTER: >1 L54 HENRIES (MIN.)   ^CAPACITOR (C) INPUT TO FILTER: * . TOT.EFFECT. PLATE-SUPPLY "  I IMPEDANCE PER PLATE = 

3^ | I I NOO OHMS * 
 H—  ^5op*P^ p( J  

50 100 150' 200 
DC LOAD MILLIAMPERES 

92CM-6090T2 
Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

5V6GT 

5W4 
5W4GT 
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Refer to type 6X8A. 

Refer to chart at end of section; 

cvo^T FULL-WAVE Po2 nc 
3TOV7I VACUUM RECTIFIER 

Glass octal type used in power supplies of radio and -tVS/01 

television equipment having moderate dc requirements. f ] 
Outlines section, 13E; requires octal socket. Vertical /v)nc 
mounting is preferred, but horizontal mounting is per- 
missible if pins 2 and 8 are in horizontal plane. It is W U 
especially important that this tube, like other power- 
handling tubes, be adequately ventilated. For discussion 
of Rating Chart and Operating Characteristics, refer to Interpretation of 
Tube Data. Filament: volts (ac), 5; amperes, 2. 

Full-Wave Rectifier 
MAXIMUM RATINGS (Design-Center 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)     
TYPICAL OPERATION WITH CAPACITOR INPUT TO FILTER 
AC Plate-to-Plate Supply Voltage (rms)   
Filter Input Capacitor*       
Effective Plate-Supply Impedance per Plate    
DC Output Voltage at Input to Filter (Appro*.): .. 

At half-load current of j ^ mA . . . .. . . . . . 
At full-load current of | ^ !!!!!!!!!! 

Voltage Regulation (Approx.): 
Half-load to full-load current   

TYPICAL OPERATION WITH CHOKE INPUT TO FILTER 
AC Plate-to-Plate Supply Voltage (rms)   
Filter Input Choke#    •    •••• 
DC Output Voltage at Input to Filter (Approx.): 

At half-load current Of e2 5 mA 

At full-load current of J25 mA !!".!!!!! 
Voltage Regulation (Approx.) : Half-load to full-load current   

RATINO CHART 
TYPE 5Y3GT I | | I E('5 VOLTS AC I I I I 

—  MAXIMUM OPERATING VALUES WITH' r CHOKE-INPUT FILTER rCAPACITOR-INPUT FILTER 

' 1 
I I I I ■62 1330 10   

0 100 200 300 400 300 
AC PLATE SUPPLY VOLTS (RMS) PER PLATE WITHOUT LOAD) 
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* 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 OPERATION 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 1000 volts (rms). 

OPERATION CHARACTERISTICS OPERATION CHARACTERISTICS FULL - WAVE CIRCUIT, CAPACITOR INPUT TO FILTER 
TYPE 5Y3GT Ef= 5.0 VOLTS AC 

FILTER-INPUT CAPACITOR 700  -lOjlf TOTAL EFFECT. PLATE- n, SUPPLY IMPEDANCE PER 

OPERATION CHARACTERISTICS FULL-WAVE CIRCUIT. CHOKE INPUT TO FILTER 
TYPE 5Y3GT Ef=5.0 VOLTS AC ' 

 CHOKES OF INFINITE 0 INDUCTANCE 
1  CHOKES OF VALUES I SHOWN 
A—   BOUNDARY LINE FOR - S\\ CHOKE VALUES SHOWN 
l\ \\ CEK=SEE RATING 0 "r-vv CHART 

\ \ \ \ % " > -A ^ 
tvrvo 
\i \ 
NS -£op \ i 
1v / —^ 
IT* 450 / 

5 300 ° li\/ > *51 

40 80 120 160 DC LOAD MILLIAMPERES 92CM-7395T 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 
For replacement use type 5Y3GT. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

40 80 120 160 DC LOAD MILLIAMPERES 92CM-7394T 

5Y4GA 
5Y4GT 

6A8G 
6A8GT 
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6Ab4 HIGH-MU TRIODE 
Miniature type used as cathode-drive amplifier, fre- 
quency converter, or oscillator at frequencies up to 
300 MHz in television and FM receivers. Outlines sec- 
tion, 5C; requires miniature 7-contaet socket. Heater: 
volts (ac/dc), 6.3; amperes, 0.15. For operation as re- 
sistance-coupled amplier, refer to Resistance-Coupled 
Amplifier section. For maximum ratings, characteris- 
tics, and curves refer to type 12AT7. 

6AB5/6N5 
6AB7 

6AC5GT 
6AC7 

6AC7W 

Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 

Kfj Gt2 

^nAcmA HIGH-MU TRIPLE TRIODE 
Duodecar type used in matrixing (color-difference) 
circuits of color television receivers. Outlines section, 
8B; requires duodecar 12-contact socket. Types 8AC10 
and 12AC10A are identical with type 6AC10 except for 
heater ratings. 

6AC10 8AC10 
Heater Voltage (ac/dc)   6.3 8-^ 
Heater Current    0-6 0.46 
Heater Warm-up Time (Average)   H ai Heater-Cathode Voltage: -1-000 

TVak value   ±200 max ±200 max 
Average value !  100 max 100 max 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage     
Plate Dissipation    
CHARACTERISTICS 
Plate Voltage   Cathode-Bias Resistor   
Amplification Factor     
Plate Resistance (Approx.)   Transconductance   
Plate Current      • • • • • ■ • v  
Grid Voltage (approx.) for plate current of 100 /iA     
MAXIMUM CIRCUIT VALUE 
Grid-Circuit Resistance   

6AD6G Refer to chart at end of 
6AD7G Refer to chart at end of 

12FE 
12AC10A 

12.5 
0.3 
11 

±200 max 
100 max 

Refer to chart at end of 
Refer to chart at end of 

£Arvin beam power tube— OADIU SHARP-CUTOFF PENTODE 

Duodecar type used as FM detector and audio-fre- 
quency output amplifier in color and black-and-white 
television receivers. Outlines section, 8B; requires 
duodecar 12-contact socket. 

section, 
section. 

03P (ft 
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Heater Voltage (ac/dc)   
Heater Current  
Heater-Cathode Voltage: 

Peak value   
Average value ;  

Direct Interelectrode Capacitances: 
Beam Power 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   
Pentode Unit: 

Grid No.l to Plate   
Grid No.3 to Plate   
Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, 

and internal Shield   
Grid No.3 to Cathode, Heater, Grid No.l, Grid No.2, Plate. 

and Internal Shield   
Grid No.l to Grid No.3    

Plate of Beam Power Unit to Plate of Pentode Unit   

±200 max 
100 max 

Beam Power Unit as Class Ax Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage   
Grid-No.2 (Screen-Grid) Voltage   
Plate Dissipation   
Grid-No.2 Input     
TYPICAL OPERATION 
Plate Voltage   
Grid-No.2 Voltage   
Grid-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 
Plate Resistance (Approx.)   
Transconductahce   
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   

Pentode Unit as Class AL Amplifier 
CHARACTERISTICS 
Plate Supply Voltage ....:    160 volts 
Grid No.3 (Control Grid)   Connected to negative end of cathode resistor 
Grid-No.2 (Screen-Grid) Voltage    100 volts 
Grid No.l (Control Grid)   Connected to negative end of cathode resistor 
Cathode-Bias Resistor   
Plate Resistance (Approx.)   
Transconductance, Grid No.l to Plate   
Transconductance, Grid No.3 to Plate   
Plate Current     
Grid-No.2 Current   
Grid-No.l Voltage (Approx.) for plate current of 20 fiA 
Grid-No.3 Voltage (Approx.) for plate current of 20 /iA 

ohms 
megohm 

/imhos 
/imhos 

mA 
in A 

volts 
volts 

Pentode Unit as FM Sound Detector 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage   
Grid-No.3 Voltage: 

Negative-bias value   
Positive-bias value   

Grid-No.2 Supply Voltage   
Grid-No.2 Voltage    
Grid-No.l Voltage: 

Negative-bias value     
Positive-bias value   

Plate Dissipation   
Grid-No.3 Input     
Grid-No^ Input: 

For grid-No.2 voltages up to 150 volts   
For grid-No.2 voltages between 160 and 300 volts 

See curve page 300 
—50 volts 

0 volts 
1.7 watts 
0.1 watt 

1 watt 
See curve page 300 
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MAXIMUM CIRCUIT VALUES 
Grid-No.3-Circuit Resistance .. 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation^... 
For cathode-bias operation 

6AE5GT 

6AE6G 
6AE7GT 

megohm 
megohm 
megohm 

Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 

6AF3 HALF-WAVE 

12AF3/12BR3/12RK19 VACUUM RECTIFIER 
Miniature type used as a damper tube in horizontal- 
deflection circuits of television receivers. Outlines sec- 
tion, 7C; requires miniature 9-contact socket. 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. 
Types 12AF3 and 12AF3/12BR3/12RK19 are identical 
with type 6AF3 except for heater ratings. 

Heater Voltage (ac/dc)   
Heater Current   
Heater Warm-up Time (Average) 

6AF3 12AF3 12AF3/12BR3/ 
12RK19 

6.3 X2.6 volts 
1.2 0.6 amperes — 11 seconds 

Damper Service 
For operation in a 525-line, 30-fraine system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage#   v°!? 
Peak Plate Current   
Average Plate Current     
Bulb Temperature (At hottest point)  • '21u 

Heape"akfttl;a?ueVOltaee:   +300 -4600 volts 
Average value     +100 -1000 volts 

# Pulse duration must not exceed 16% of a horizontal scanning cycle (10 microseconds).. 

6AF4 

6AF4A 
MEDIUM-MU TRIODE 

Miniature types used as local oscillators in uhf tele- JsEzi/ 
vision receivers covering the frequency range of 470 
to 890 MHz. Outlines section, BC and 6B, respectively; TDK 
requires miniature 7-contact socket. Types 2AF4B/2DZ4 and 3AF4A/3DZ4 
are identical with type 6AF4A except for heater and heater-cathode ratings. 

2AF4B/ 3AF4A/ 6AF4 
2DZ4 3DZ4 6AF4A 

S » (ao/de).2tl o.&o ^ 
Heater Warm-up Time (Average)   11 U seconds 
Heafekatvalduee V0ltaKC:   ±180 max ±60 max ±60 max volts 

Average value":!!:::;!'.!''.:'  100 max 26 max 26 max volts 
Direct Interelectrode Capacitances:* _ 

Grid to Plate   ^ 
Grid to Cathode and Heater   " ££, 
Plate to Cathode and Heater    ■■•••  
Heater to Cathode (External Shield connected to Plate)   2.2 pr 

• With external shield connected to cathode, except as noted. 
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CHARACTERISTICS 
Plate Supply Voltage .... 
Cathode-Bias Resistor .... 
Amplification Factor   
Plate Resistance (Approx.) 
Transconductance   
Plate Current    

Class Ai Amplifier 

UHF Oscillator 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage   
Grid Voltage, Negative-bias value   
Grid Current   
Plate Dissipation  . 
Average Cathode Current  ..!!!!.!!! 
TYPICAL OPERATION AS OSILLATOR AT 1000 MHz 
Plate Supply Voltage   
Plate Resistor    ;..!!!!! 
Grid Resistor      
Plate Current  !!.!.'!!.!!!!!! 
Grid Current (Approx.)   
MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance: 

For fixed-bias operation   
For cathode-bias operation    

80 volts 
150 ohms 13.5 

2100 ohms 6500 /tmhos 17.5 mA 

Not recommended 
0.5 megohm 

50 100 150 200 250 
PLATE VOLTS 92CS-7756TI 

R<%-gA ELECTRON-RAY TUBE 6AF6G 
Glass octal type used to indicate visually, by means of 

J "l—T"" j two shadows on the fluorescent target, the effects of 
changes in the controlling voltages. It is a twin-indi- 
cator type and is used as a convenient means of indi- 

NC eating accurate radio-receiver tuning. This type may 
7AG be supplied with pin No. 1 omitted. Tube requires octal 

socket. Heater: volts (ac/dc), 6.3; amperes, 0.15. Maximum ratings in indi- 
cator service: fluorescent-target volts, 250 max, 125 min; ray-control- 
electrode supply volts, 250 max; peak heater-cathode volts, 90 max. Typical 
operation: fluorescent-target volts, 250; fluorescent-target mA, 3.75; ray- 
contact-electrode volts (approx. for 0° shadow angle), 155; ray-control- 
electrode volts (approx. for 100° shadow angle), 0. 



158 RCA Receiving Tube Manual 

DUAL PENTODE 

Miniature type used in television receiver applications. 02P2(3V 
Unit No.l is used as a video output pentode, and unit 
No.2 as a sound if amplifier, age amplifier, or sync ^2. | P2W 
separator. Outlines section, 6L, except has 10-pin base; i' Q|p

( 

requires miniature 10-contact socket, lype 11AF9 is 
identical with type 6AF9 except for heater ratings. 1 

11AF9 
Heater Voltage (ac/dc)   
Heater Current   +200 max ±200 max 
Peak Heater-Cathode Voltage   —max 

Direct Interelectrode Capacitances : Unit No.l Unit No.2 
Plate to All Other Electrodes (except grid No.l) V 11 
Grid No.l to All Other Electrodes (except plate) 12 10 
Plate to Grid No.l   0-1^ 
Plate of UnU SoTto Plate oFUnit NoV 2' . i. 0.160 max 
Grid No.l of Unit No.l to Grid No.l of Unit 0.010 max 
Plate of Uni't'No.i'to 'Grid 'No.l 'of Unit No.2 ... 0.100 max 
Plate of Unit No.2 to Grid No.l of Unit No.l . . O.UUO max 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) Unit No.l Unit^No.S ^ , -rr lr 650 OoU Plate Supply Voltage   2B0 260 
Plate Voltage  W If  ssn 550 
Grid-No.2 (Screen-Grid) Supply Voltage   2bq 
Grid-No.2 Voltage   ^ ^jg 
Cathode Current   g 1 j g 
Plate Dissipation   n'n 0.5 
Grid-No.2 Input   
CHARACTERISTICS 160 
Plate Voltage    170 jgO 
Grid-No.2 Voltage     26 —2.1 
Grid-No.l (Control-Grid) Voltage   + 38 Mu Factor, Grid No.l to Grid No.2   ^ ^^2 0.16 
Internal Resistance   22000 8500 Transconductance   30 10 
Plate Current   72 3 
Grid-No.2 Current   
MAXIMUM CIRCUIT VALUES i 
Grid-No.l-Circuit Resistance   

11 
10 

0.140 
0.140 

0.160 max 
0.010 max 
0.100 max 
0.005 max 

Unit No.l Unit No.2 
650 550 
250 250 
650 550 
250 250 

60 15 
5.1 1.5 
2.5 0.5 

170 150 
170 150 

—2.6 —2.1 
88 38 

0.032 0.16 
22000 8500 

80 10 
7.2 3 

6AF11 dual triode— 
hafi! SHARP-CUTOFF PENTODE 

Duodecar type used in television receiver applications. 
The high-mu triode unit is used for age keyer service, 
the medium-mu triode unit for sync separator service, 
and the pentode unit for video amplifier service. Out- 
lines section, 80; requires duodecar 12-contact socket. 
Type 15AF11 is identical with type 6AF11 except for 
heater ratings. 

CD UD H H 
12DP 

Heater Voltage (ac/dc)   
Heater Current ...     
Heater Warm-up Time (Average) Heater-Cathode Voltage: 

Peak value   
Average value   

±200 max ±200 max 
100 max 100 max 
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Class Al Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage     
Grid-No.2 (Screen-Grid) Supply Voltage   
Grid-No.2 Voltage    
Grid-No.l (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    
CHARACTERISTICS 
Plate Supply Voltage    
Grid-No.2 Supply Voltage    
Grid-No.l Voltage     
Cathode-Bias Resistor   
Amplification Factor   
Plate Resistance (Approx.)   
Transconductance    
Plate Current    
Grid-No.2 Current   
Grid-No.l Voltage (Approx.) for plate current 

of 100 fiA        
MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation ... 
For cathode-bias operation 

Triode Triode Pentode Unit No.l Unit No.2 Unit 
330 330 330 volts — — 330 volts 
— — See curve page 300 
0 0 0 volts 1.1 2 5 watts 

— — 1.25 watts 
— — See curve page 300 

200 200 250 volts — — 150 volts 
—2 — .— volts — . 220 100 ohms 68 41 — 

12400 9400 68000 ohms 
5500 4400 11000 /tmhos 

7 9.2 24 mA 
—. — 4.8 mA 
— —6.5 —10 volts 

0.5 0.5 0.25 megohm 1 1 1 megohm 

SHARP-CUTOFF PENTODE 6AG5 
Miniature type used in compact radio equipment as an 
rf or if amplifier up to 400 MHz. Outlines section, 5C; 
requires miniature 7-contact socket. For typical opera- 
tion as a resistance-coupled amplifier, refer to Resist- 
ance-Coupled Amplifier section. 

Heater Voltage (ac/dc)    
Heater Current    
Direct Interelectrode Capacitances: 

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 Unit: 

Grid No.l to Plate and Grid No.2   
Grid No.l to Cathode, Heater, Grid No.3, and Internal Shield 
Grid No.2 to Cathode, Heater, Grid No.3, and Internal Shield 
Plate to Cathode, Heater, Grid No.3, and Internal Shield .. 

Class Ai Amplifier 

MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage   
Grid-No.2 (Screen-Grid) Supply Voltage   
Grid-No.2 Voltage      
Grid-No.l (Control-Grid) Voltage, Positive-bias value 
Plate Dissipation   
Grid-No.2 Input: 

For grid-Nd.2 voltages up to 150 volts   
For grid No.2 voltages between 150 and 300 volts 

CHARACTERISTICS 
Plate Supply Voltage   
Grid-No.2 Supply Voltage      
Cathode-Bias Resistor   
Amplification Factor   
Plate Resistance (Approx.)   
Transconductance   
Plate Current   

Connection41 Connection 
300 300 volts — 300 volts — See curve page 300 

0 0 volts 
2.5 2 watts 
  0.6 watt 
— See curve page 300 

180 250 100 125 250 volts   — 100 125 150 volts 
330 820 180 100 180 ohms 
45 42 — — — 

0.008 0.01 0.6 0.5 0,8 megohm 
5700 3800 4500 5100 5000 /tmhos 

7 5.5 4.5 7.2 6.5 mA 
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Grid-No.2 Current       •     
Grid-No. 1 Voltage (Approx.) for plate current ol 

10 fiA.     
* Grid No.2 connected to plate. 

Triode Pentode 
Connection* Connection 

— — 1.4 2.1 2 
— — —5 —6 —8 

6AG7 
POWER PENTODE 

Metal type used in output stage of video amplifier of 
color and black-and-white television receivers. Outlines 
section, 2B; requires octal socket. 
Heater Voltage (ac/dc)     
Heater Current    
Peak Heater-Cathode Voltage   
Direct Interelectrode Capacitances:* 

Grid No.l to Plate     •. ■ • • • ••• 
Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, Shell, 

and Internal Shield     • • • • • • • • • • •      
Plate to Cathode, Heater, Grid No.2, Grid No.3, Shell, 

and Internal Shield   
♦ Pins 1 and 3 connected to Pin No.5. 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Center Values) 

6.3 
0.65 
±90 max 

Plate Voltage    
Grid-No.2 Voltage    •    
Grid-No.l Voltage, Positive-bias value   
Plate Dissipation    
Grid-No.2 Input     
CHARACTERISTICS 
Plate Voltage    rnnnVoted 
Grid No.3 (Suppressor Grid)   Connected 
Grid-No.2 (Screen-Grid) Voltage   
Grid-No.l (Control-Grid) Voltage   
Peak AF Grid-No.l Voltage    
Zero-Signal Grid-No.2 Current   Maximum-Signal Grid-No.2 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   

300 volts 
to cathode at socket 

megohm 
megohm 

6AG7Y Refer to chart at end of section. 

MEDIUM-MU TRIODE— 
6AG9 SHARP-CUTOFF PENTODE 

Duodecar type with frame grid pentode unit used in 
color and black-and-white television receiver applica- 
tions. The pentode unit is used as a video amplifier; the 
triode unit is used as an age amplifier. Outlines section, 
8C; requires duodecar 12-contact socket. Heater, volts 
(ac/dc), 6.3; amperes, 0.82; maximum heater-cathode 
volts, ±200 peak, 100 average. 

0—© 
H H 

12HE 
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Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage      
Grid-No.2 (Screen-Grid) Voltage   
Grid-No.l (Control-Grid) Voltage, Positive-bias 

value   
Plate Dissipation   
Grid-No.2 Input   

Triode Unit Pentode Unit 
330 330 
— 200 

CHARACTERISTICS 
Plate Voltage /  
Grid-No.2 Voltage    
Grid-No.l Voltage   
Cathode-Bias Resistor   
Amplification Factor  
Plate Resistance (Approx.)   
Pransconductance   
Plate Current .     
Grid-No.2 Current     
Grid-No.l Voltage (Approx.) for plate current of 

20 nA    
Grid-No.l Voltage (Approx.) for plate current of 

100 M  
MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation   
For cathode-bias operation   

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

0 0 volts 
1.1 10 watts 
— 1.5 watts 

150 55 250 volts 125 150 volts — 0 — volts 
350 Q(l — 66 ohms 
oy 

8500 — 40000 ohms 
4600 — 30000 /tmhos 

6.2 56 28 mA 
— 21 5.6 mA 

—7 _ — volts 
 5.4 volts 

0.5 0.1 megohm 
1 0.25 megohm 

6AG11 

6AH4GT 

6AH6 

6AH9 

SHARP-CUTOFF PENTODE 
6AK5 

6AK5/ 

EF95 
Miniature types used as rf or if amplifiers especially 
in high-frequency wide-band applications at frequen- 
cies up to 400 MHz. Outlines section, 5B; require min- 
iature 7-contact socket. 

Heater Voltage (ac/dc)   
Heater Current   
Peak Heater-Cathode Voltage    
Direct Interelectrode Capacitances (Approx.) :■ 

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   
■ With external shield connected to pin 2 or 7. 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage   
Grid-No.2 (Screen-Grid) Voltage   
Grid-No.2 Supply Voltage    
Grid-No.l Voltage, Positive-bias value   
Plate 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  •.  

6.3 
0.176 
±90 max 

180 volts See curve page 300 
180 volts 0 volts 1.7 watts 
0.5 watt See curve page 300 
18 mA 



162 RCA Receiving Tube Manual 

CHARACTERISTICS 
Plate Supply Voltage   
Grid-No.2 Supply Voltage     
Cathode-Bias Resistor   
Plate Resistance (Approx.)   Transconductance   
Plate Current   
Grid-No.2 Current  i'li' V" 
Grid-No.X Voltage for plate current of 10 /iA 

120 180 volts 
120 120 volts 
180 180 ohms 
0.3 0.5 megohm 

5000 6100 Itmhos 
7.6 7.7 mA 
2.6 2.4 mA 

—8.5 —8.5 volts 

6AK6 
INDUSTRIAL 

TYPE 
POWER AMPLIFIER PENTODE 

Miniature type for use as a power output pentode in 
compact equipment. Outlines section, 5C; requires minia- 
ture 7-contact socket. 
Heater Voltage (ac/dc)     
Heater Current   
Heater-Cathode Voltage   
Direct Interelectrode Capacitances (Approx.) : 

Grid to Plate   
Input   
Output    

A-F Power Amplifier 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage   
Screen Voltage (Grid No. 2) 
Plate Dissipation   
Screen Dissipation   

6.3 
0.15 
100 max 

CHARACTERISTICS AND TYPICAL OPERATION 
Plate Voltage   180 volts 
Suppressor (Grid No. 3)   Connected to cathode at socket 
Screen Voltage     180 volts 
Grid Voltage (Grid No. 1)   —9 volts 
Peak A-F Grid Voltage   9 volts 
Zero-Signal Plate Current   15 mA 
Zero-Signal Screen Current   2.5 mA 
Plate Resistance   0.2 megohm 
Transconductance   2300 fimhos 
Load Resistance   10000 ohms 
Total Harmonic Distortion   10 % 
Max,-Sig. Power Output   1.1 watts 
MAXIMUM CIRCUIT VALUES 
Grid-No.l Circuit Resistance: 

For fixed-bias operation 
For cathode-bias operation 

6AK8/EABC80 

6AK10 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

A A11 /CYRR HALF-WAVE OMLJ/CTOO VACUUM RECTIFIER 

Miniature type used as damper tube in horizontal-de- 
flection circuits of black-and-white television receivers. 
Outlines section, 7D; requires miniature 9-contact 
socket. 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 ade- 
quately ventilated. Heater: volts (ac/dc), 6.3; amperes, 
1.55. 
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Damper Service 
For operation in a 525-line, 30-franie system 

MAXIMUM RATINGS (Design-Center Values) 
Peak Plate'5 Cim^nt Vo^tage# (Absolute maximum)   7500° volte 
Average Plate Current   ooS 
Plate Dissipation      ^ mA 
Peak Heater-Cathode Voltage''' ^ ^ ^ ^ !!!!!!!!!!!!!!! i;;;;;; 6600 volte 

Under no circumstances should this absolute value be exceeded. 
# Pulse duration must not exceed 15% o£ a horizontal scanning cycle (10 microseconds). 

#6AL5 
IS TWIN DIODE 3AL5, 12AL5 

Miniature, high-perveance type used as detector in PM 
and television circuits, especially as a ratio detector in 

'o, ac-operated FM receivers. Each diode section can be 
used independently of the other, or the two sections 

gfjT ^an k® combined in parallel or full-wave arrangement. 
Mir n ii- ,. Kesonant frequency of each unit is approximately 700 

j i'o AT rlneS S®J
C 0"' 5B: reQulres miniature 7-contact socket. Types 3AL5 and 12AL5 are identical with type 6AL5 except for heater ratings. 

Heater Voltage (ac/dc)   ^ 6^5 

Heater Current      0 6 'n? n i's 
Heater Warm-up Time (Average)   11 __ _ 
Peak Heater-Cathode Voltage   ! i ±330 max ±330 max ±330 max 
Direct Interelectrode Capacitances: 

T>ia£e No.l, Heater, and Internal Shield 2 5 ,Nolf to Cathode No.2, Heater, and Internal Shield .. 2 5 
r»tw!ue m0'q t" S"6 fi0'!- geater, and Internal Shield .... 3.4 Cathode No.2 to Plate No.2, Heater, and Internal Shield   34 
Plate No.l to Plate No.2   0.068 max 

Half-Wave Rectifier 
MAXIMUM RATINGS (Design-Center Values) 
Peak Inverse Plate Voltage   
Peak Plate Current (Per Plate) 
Average Output Current (Per Plate) .......... .[WW..] 
TYPICAL OPERATION 
AC Plate Voltage per Plate (rms)   
Min. Total Effective Plate-Supply Impedance per Plate 
Average Output Current per Plate   

Refer to chart at end of section. 6AL7GT 

Pp egp 
'r-N© (j)/2!P 

BEAIVI P0WER TUBE— 6AL11 
SHARP-CUTOFF PENTODE ioauJVAL 

6'p^V>CWG2b^Duodecar type used as PM detector and audio-fre- 
kp©^C_V<®pb que"cy 0n'J;put amplifier in television receivers. Outlines 

h h foA^ 8Ci requires duodecar 12-contact socket. Types 
UBU ^ «"• - 

Heater Voltage (ac/dc) .. 12AL11 
Heater Current     5-® J-S 12.6 volte 
Heater Warm-up Time (Average)   _ , ? 0-?5 ampere 
Heater-Cathode Voltage: H seconds 

Average value . . . .   J?Ja* max ±2<)0 m»x volts   100 max 100 max lOOmnv 
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Direct Interelectrode Capacitance: 
Beam Power 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   
Pentode Unit: 

Grid No.l to Plate    
Grid No.3 to Plate    ■•• ■ •••;; ■••• ■ • • 
Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield  .... •. • • •; ■ ■ • • • 
Grid No.3 to Cathode, Heater, Grid No.l, Grid No.2, 

Plate, and Internal Shield   
Grid No.l to Grid No.3   

Pentode Plate to Beam Power Plate   

Beam Power Unit as Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage    
Grid-No.2 (Screen-Grid) Voltage    
Plate Dissipation   
Grid-No.2 Input   
TYPICAL OPERATION 
Plate Voltage    
Grid-No.2 Voltage    
Grid-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   
Plate Resistance (Approx.)   
Transconductance   
Load Resistance  t  
Total Harmonic Distortion   
Maximum-Signal Power Output   
MAXIMUM CIRCUIT VALUE 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation     
For cathode-bias operation   

275 volts 
275 volts 

10 watts 
2 watts 

250 volts 
250 volts 
—8 volts 

8 volts 
35 mA 
39 mA 

2.5 mA 
7 mA 

0.1 megohm 
6500 /xmhos 
5000 ohms 

10 per cent 
4.2 watts 

0.25 megohm 
0.5 megohm 

Pentode Unit as Class Ai Amplifier 
CHARACTERISTICS 
Plate Supply Voltage     
Grid-No.3 (Suppressor-Grid) Voltage   
Grid-No.2 (Screen-Grid) Supply Voltage   
Cathode-Bias Resistor    
Plate Resistance (Approx.) •■••••;  Transconductance, Grid No.l to Plate   
Transconductance. Grid No.3 to Plate   
Plate Current   
Grid-No.2 Current        ■■■■'■■ V ' '< oc ' '. V ' 
Grid-No.l Voltage (Approx. for plate current of 30 ylA 
Grid-No.3 Voltage (Approx.) for plate current of 60 iiA 

volts 
volts 
volts 
ohms 

megohm 
fimhos 
/imhos 

mA 
mA 

volts 
volts 

Pentode Unit as FM Detector 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage   
Grid-No.3 Voltage   
Grid-No.2 Supply Voltage   
Grid-No.2 Voltage    • ■; *.  
Grid-No.l (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   

330 volts 
28 volts 

330 volts 
See curve page 300 0 volts 
1.7 watts 
1.1 watts 

See curve page 300 

6AM4 Refer to chart at end of section. 

6AM6/EF9T Refer to chart at end of section. 



Technical Data 165 

Refer to chart at end of section. 

diode- 6AM8A 
) ^ SHARP-CUTOFF PENTODE jams 
)P)Kd Miniature type used in television receiver applications. 
L The pentode unit is used as an if amplifier, video am- 
^)po plifier, or age amplifier. The high-perveance diode is 
i used as an audio detector, video detector, or dc re- 

is* storer. Outlines section, 6B; requires miniature 9-con- 
tact socket. Type 5AM8 is identical with type 6AM8A 
except for heater ratings. 

Heater Voltage (ac/dc)   
Heater Current   
Heater Warm-up Time (Average) 
Heater-Cathode Voltage: 

Peak value   
Average value   

5AM8 
4.7 
0.6 
100 max 

0.45 
100 max 

±200 max ±200 max 
100 max 100 max 

Direct Interelectrode Capacitances: 
Diode Units 

Plate to Cathode and Heater   
Cathode to Plate 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 No.2, Grid No.3, and 

Internal Shield    
Pentode Grid No.l to Diode Plate   
Pentode Plate to Diode Cathode    
Pentode Plate to Diode Plate        

Pentode Unit as Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage   
Grid-No.3 (Suppressor-Grid) Voltage, Positive value   
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   

330 volts 
0 volts 

330 volts 
See curve page 300 

0 volts 
3.2 watts 

0.55 watt 
See curve page 300 

CHARACTERISTICS 
Plate Supply Voltage    125 volts 

o''' Y '' -W  Connected to cathode at socket Grid-No.2 Supply Voltage   
Cathode-Bias Resistor   
Plate Resistance (Approx.)     
Transconductance   
Plate Current    
Grid-No.2 Current.   
Grid-No.1 Voltage (Approx.) for plate current of 20 /iA 
Grid-No. 1 Voltage (Approx.) for plate current of 2 mA . 

' volts 
ohms 

megohm 
/imhos 

mA 
mA 

volts 
volts 

MAXIMUM CIRCUIT VALUES 
Grid-No. 1-Circuit Resistance: 

For fixed-bias operation 
For cathode-bias operation megohm 

megohm 

Diode Unit 
MAXIMUM RATING (Design-Maximum Value) 
Average Plate Current   
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TYPE 6AM8A PENTODE UNIT 
GRID No.3 AND INTERNAL SHIELD 

- CONNECTED TO CATHODE AT SOCKET. 
GRID-NftZ VOLTS ■ISO 

7 i~ GRID-No.I VOLTS EC| = -2 
K EC|=0 I 

SO 100 ISO ZOO Z50 300 
PLATE VOLTS 92CS-8505T2 

6AN4 

6AN5 

6AN8 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

6AN8A MEDIUM-MU TRIODE— 
sans SHARP-CUTOFF PENTODE 

Miniature type used in color television receiver ap- 
plications. The pentode unit is used as an intermediate- < 
frequency amplifier, a video amplifier, an age amplifier, 
ox* a reactance tube. The triode unit is used in ^ow" c-r' 
frequency oscillator, sync-separator, sync-clipper, and 
phase-splitter circuits. Outlines section, 6B; requires 
miniature 9-contact socket. Type 5AN8 is identical 
with 6AN8A except for heater ratings. 

±200 max ±200 max 
100 max 100 max 

Heater Voltage (ac/dc)     ampere 
Heater Current   v  11 11 seconds 
Heater Warm-up Time (Average)   XL 

Heater-Cathode Voltage: -4-200 max ±200 max volts 
Peak value       100 max 100 max volts 
Average value  :  

Direct Interelectrode Capacitances: 
Triode Unit: 15 pF 

Grid to Plate     *2 pF 
Grid to Cathode and Heater   0 26 pF Plate to Cathode and Heater   

Pentode Unit:    0.04 max pF 
Grid Noll to Cathode, Heater, Grid No.2, Grid No.3, and ^ 
Piate^to Cathode, Heater, Grid No.2, Grid No.3, and 2 ^ pj, 

Internal Shield     0 «« pF Triode Grid to Pentode Plate      q'qo pF 
Pentode Grid No.l to Triode Plate   015 nF 
Pentode Plate to Triode Plate   V,AU 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentode Unit 

r T7- 11. .. 330 330 volts Plate Voltage   __ volts 
Grid-No.2 Supply Voltage    v g00 Grid-No.2 (Screen-Grid) Voltege  ^ See curvJ p g volts 
Grid-No.l (Control-Grid) Voltage, Positive-bias value 0 0 watt3 Plate Dissipation   
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Grid-No.2 Input: 
For grjd-No.2 voltages up to 165 volts 
For grid-No.2 voltages between 165 and 330 volts 

CHARACTERISTICS 
Plate Supply Voltage   
Grid-No.2 Supply Voltage    
Grid-No,1 Voltage    
Gathode-Bias Resistor   
Amplification Factor  !!!!!!!!  
Plate Resistance (Approx.)  !!!!!!!!!  
Transconductance   Plate Current  !!!!!!!!!!.!!!  
Grid-No.2 Current  !!!.!.!!  
Grid-No.! Voltage (Approx.) for ' plate' current of 

20 /iA   
Grid-No.l Voltage (Approx.) for' plate' current of 

1.6 mA   
MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance':* For fixed-bias operation   

For cathode-bias operation   
* either unit is opei'ating at maximum rated conditions, both units should not exceed the stated values. 

— 0.55 — See curve page 300 

150 125 volts — 125 volts —3 — volts — 56 ohms 21 — 
4700 170000 ohms 4500 7800 /imhos 15 12 mA 

— 3.8 mA 
—17 —6 volts 

— —3 volts 

0.5 0.25 megohm 1 1 megohm 
grid-No.l-circuit resistance for 

TYPE 6AN8A PENTODE UNIT 
GRID-No.2 VOLTS = 150 TYPE 6AN8A TRIODE UNIT 

huhmmbbum 

I* 
100 200 300 400 

PLATE VOLTS 92CS-02O6r 100 200 300 
PLATE VOLTS 

400 
92CS-8209T 

Refer to chart at end of section. 6AQ5 

BEAM POWER TUBE 6AQ5A 
i 5AQ5, 12AQ5 

Miniature type used as output amplifier primarily in 
K(2A^^yAl)0| automobile receivers and in ac-operated receivers and, 
G3 triode-connected, as a vertical-deflection amplifier in 

Gl television receivers. Outlines section, 5D; requires 
7BZ miniature 7-contact socket. Within its maximum rat- 

in a ormance of this type is equivalent to that of larger types 6V6 and 6V6GTA. Types 5AQ5 and 12AQ5 are identical with type 6AQ5A 
except for heater ratings. 

5AQ5 
4.7 
0.6 
11 

6AQ5A 
6.3 

0.45 
11 

Heater Voltage (ac/dc)   
Heater Current    
Heater Warm-up Time (Average) 
Heater-Cathode Voltage: 

Peak value   ±200 max ±200 max 
Average value   100 max 100 max 

Direct Interelectrode Capacitances (Approx.) : 
Grid No.l to Plate   
Grid No.l to Cathode, Heater',' Grid Noiz,' 'and' Grid Noio T ' 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 

12AQ5 
12.6 

0.225 

±200 max 
100 max 

0.4 
8 

volts 
ampere 
seconds 

volts 
volts 

PF 
pF 
PF 
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Class At Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) ^ 
Plate Voltage  :  276 volts 
Grid-No.2 (Screen-Grid) Voltage   i2 watts Plate Dissipation   2 watts 
Grid-No.2 Input   :•••  2M °C 
Bulb Temperature (At hottest point)   
CHARACTERISTICS (Triode Connection) ^ voltg 
Plate Voltage   —12.6 volts 
Grid-No.l Voltage   1|;B Amplification Factor    ohms 
Plate Resistance (Approx.)     4800 pmhos Transconductance   49 5 mA 
Plate Current    •         ■• • y 1 v • • v  —37 volts 
Grid-No.l Voltage (Approx.) for plate current of 0.5 mA   
TYPICAL OPERATION 
Same as for type 6V6GTA within the limitations of the maximum ratings. 
MAXIMUM CIRCUIT VALUES 
Grid-No. 1-Circuit Resistance: megohm 

For fixed-bias^ operation   megohm 
For cathode-bias operation   

Vertical Deflection Amplifier (Triode Connection)" 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Voltage •••••••••••;•• v  1100 volts 
Peak Positive-Pulse Plate Voltage# •••••:;•• '-.r'.v  07K volts 
Peak Negative-Pulse Grid-No.l (Control-Grid) Voltage   mA Peak Cathode Current   49 mA 
Average Cathode Current   19 watts 
Plate Dissipation    ■ •    250 0C 
Bulb Temperature (At hottest point)   
MAXIMUM CIRCUIT VALUE ' J v. 2 2 megohms 
Grid-No.l-Circuit Resistance, for cathode-bias operation   4.2 megon 
;^LNtoaUnoneCmustt0noJateexceed 16% of a vertical scanning cycle (2.5 miliiseeonds). 

TYPE 6AO 5A 
PENTODE CONNECTION 

" GRID-No.2 VOLTS'250 

SgiwasE^rip 
f^-T^rr I I -io -20 

I—=Hz.ai—i5-/rJ-xii 

100 200 300 400 500 
PLATE VOLTS 92CS-40O7TZ 

i 

100 200 300 400 500 
PLATE VOLTS 92CS-6333TI 

6AQ6 Refer to chart at end of section. 

6AQ7GT Refer to chart at end of section. 

6AQ8 Refer to chart at end of section. 
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HIGH-MU TWIN TRIODE 
6AQ8/ 

ECC85 
Miniature types used as rf amplifier and self-oscillat- 
ing mixer in PM/AM radio receivers. Outlines section, 
6B; requires miniature 9-contact socket. 

Heater Voltage (ac/dc)   
Heater Current   
Peak Heater-Cathode Voltage  !!!!!;!! 
Direct Interelectrode Capacitances: 

Grid to Plate   
Cathode to Plate   
Grid to Cathode, Heater, and Xnternai Shield .. 
Plate to Cathode, Heater, and Internal Shield .. 
Plate to Grid of Other Unit   
Plate to Cathode of Other Unit   
Grid to Cathode of Other Unit    
Plate of Unit No.l to Plate of Unit No.2 ..... 
Grid of Unit No.l to Grid of Unit No.2   

Unit No.l 
1.5 

0.18 
3 

1.2 
0.008 max 
0.008 max 
0.003 max 

6.3 volts 
0.435 ampere 
±90 max volts 

Unit No.2 
1.5 pF 

0.18 pF 
3 pF 

1.2 pF 
0.008 max pF 
0.008 max pF 
0.003 max pF 

0.04 max pF 
0.003 max pF 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values, Each Unit) 
Plate Supply Voltage   
Plate Voltage  !!!!.! 
Grid Voltage, Negative-bias value   
Cathode Current  !!.!!!!!..! 
Plate Dissipation: 

For either plate   
For both plates with both units operating   

CHARACTERISTICS 
Plate Voltage   
Grid Voltage, Negative-bias value   
Plate Current  !.!!!!!!! 
Transconductance  !!!!!!!!!!!!!!!!!!!! 
Amplification Factor  !!!.!..!  

TYPICAL OPERATION (Each Unit) 
Plate Supply Voltage   
Plate Voltage   
Plate Resistor  !!!!!! 
Grid Resistor   
Grid Voltage  ' 
RMS Oscillator Voltage  ! j 
Cathode-Bias Resistor   
Plate Resistance (Approx.)   
Transconductance  !!!.!!. 
Conversion Transconductance   
Input Resistance at frequency of 100 MHz 
Plate Current      
Equivalent Noise Resistance   
MAXIMUM CIRCUIT VALUES (Each Unit) 
Grid-Circuit Resistance   
Resistance between Cathode and Heater... 

550 volts 300 volts 100 volts 15 mA 
2.5 watts 4.5 watts 

250 volts 2.3 volts 10 mA 5900 /imhos 67 
RF 

Amplifier 
250 
230 

1800 

Converter 
250 volts 

volts 
ohms 

megohm 
volts 
volts 
ohms 
ohms 

fimhos 
/tmhos 

ohms 
mA 

ohms 

megohm 
ohms 

Refer to chart at end of section. 

Refer to chart at end of section. 
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AADll SEMI REMOTE-CUTOFF ^ OAK I I TWIN PENTODE 
8AR11, 11AR1X 8 (^T 

Duodecar type used as if-amplifier tube in television 
receivers. Outlines section, 8Aj requires duodecar 12- ^ I 
contact-socket. Types 8AB.11 and 11AR11 are identical 1 

with type 6AR11 except for heater ratings. 

Heater Voltage (ac/dc)     1; r 
Heater Current  •••••  O-8 ".-J u'f? 
Heater Warm-up Time (Average)   — 11 

Heatpe;katvha0lueeVOltaBe:    ±200 max ±200 max ±200 max 
Average value'::::::::::   1°°™* "o™* 100max 

Unit No.2 Direct Intel-electrode 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   
Grid No.l to Plate of Other Unit   
Plate of Unit No.l to Plate of Unit No.2 ...... 

0.026 0.026 
10 10 

2.8 3 
0.002 0.002 

0.02 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values, Each Unit) 
Plate Voltage    V 
Grid-No.3 (Suppressor-Grid) Voltage, Positive value    
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   

CHARACTERISTICS (Each Unit) 
Plate Supply Voltage    
Grid No.3   Conn. 
Grid-No.2 Supply Voltage    
Cathode-Bias Resistor   * 
Plate Resistance (Approx.)   Transconductance   
Plate Current     
Grid-No.2 Current     •     ■ ■ • •" " V "" * 
Grid-No. 1 Voltage (Approx.) for transconductance of 50 ftmhos 

330 volts 
0 volts 

330 volts 
See curve page 300 

0 volts 3.1 watts 
0.65 watt 
See curve page 300 

to cathode at socket 

6AS5 BEAM POWER TUBE h( 

Miniature type used as output amplifier primarily in ^ 
mtomobile and in ac-operated receivers. Outlines sec- 
don, 5D; requires miniature 7-contact socket. For 
mrves of average plate characteristics, refer to type 
55C5. 

Heater Voltage (ac/dc)   
Heater Current   
Peak Heater-Cathode Voltage         
Direct Interelectrode Capacitances (Approx.) : 

Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3   
Plate to Cathode, Heater, Grid No.2, and Grid No.6   

6.3 
0.8 

±100 max 
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Class Ai Amplifier 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage   
Grid-No.2 (Screen-Grid) Voltage   
Plate Dissipation     
Grid-No. 2 Input   
Bulb Temperature (At hottest point)    
TYPICAL OPERATION 
Plate Voltage   
Grid-No.2 Voltage   
Grid-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 (Approx.)   
Maximum-Signal Grid-No.2 Current (Approx.)   
Transconductance   
Load Resistance    
Total Harmonic Distortion   
Maximum-Signal Power Output   
MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For iixed-bias operation   
For cathode-bias operation   

Refer to chart at end of section. 

LOW-MU TWIN POWER TRIODE 6AS7G 
INDUSTRIAL 

TYPE 
Glass octal type used as a regulator tube in dc power 
supply units and in projection television booster scan- 
ning applications. Outlines section, 27B; requires octal 
socket. Refer to type 6080 for average plate character- 
istics curves. 

Heater Voltage (ac/dc)   
Heater Current    
Heater-Cathode Voltage: 

Peak values   
Direct Interelectrode Capacitances (Approx.) each unit: 

Grid to plate   
Grid to heater and cathode   
Plate to heater and cathode    
Heater to cathode   
Grid of unit No. 1 to grid of unit No. 2   
Plate of unit No. 1 to plate of unit No. 2   

volts 
amperes 

Class Ai Amplifier (Each Unit) 
CHARACTERISTICS 
Plate-Supply Voltage ...... 
Cathode-Bias Resistor* 
Amplification Factor   
Plate Resistance (Approx.) 
Transconductance   
Plate Current   

DC Amplifier (Each Unit) 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage   
Plate Current   
Plate Dissipation  !.!!!!!!!!!!!!. 
■ Operation with fixed bias is not recommended. 

Booster Scanning Service (Each Unit) 
For operation in a 525-line, 30-frame systemO 

MAXIMUM RATINGS (Design-Center Values) 
Peak Negative-Pulse Plate Voltage®   
DC Plate Current   
Plate Dissipation  ] [ 
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MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance: ft For cathode-bias operation   vt *. megohm 

For fixed-bias operation   Not recommended 
□ As described in "Standards of Good Engineering Practice Concerning Television Broadcast 

Stations", Federal Communications Commission. . 
• 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. 

6AS7GA Refer to chart at end of section. 

r A CO DIODE— 
OAbO SHARP-CUTOFF PENTODE 

Miniature type used in television and radio receiver 
applications. The pentode unit is used as an if ampli- 
fier, video amplifier, or age amplifier. The high-per- 
veance diode is used as an audio detector, video de- 
tector, or dc restorer. Outlines section, 6B; requires 
miniature 9-contact socket. For curve of average plate 
characteristics of pentode unit, see type 6AN8A. 

Heater Voltage (ac/dc)   
Heater Current      
Heater Warm-up Time (Average)     Heater-Cathode Voltage: 

Peak value   
Average value   

Direct Interelectrode Capacitances: 
Diode Unit: , • „ 

Plate to Cathoe, Heater, 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 

Internal Shield   
Pentode Grid No.l to Diode Plate   
Pentode Plate to Diode Cathode   
Pentode Plate to Diode Plate   

Pentode Unit as Class A, Amplifier 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage        
Grid-No.3 (Suppressor-Grid) Voltage, Positive value   
Grid-No.2 Supply Voltage   
Grid-No.2 (Screen-Grid) Voltage  -  
Grid-No.l (Control-Grid) Voltage, Positive-bias value   
Plate Dissipation   
Grid-No.2 Input: 

For grid-No. 2 voltages up to 160 volts   
For grid-No.2 voltages between 150 and 300 volts   

6.3 volts 
0.45 ampere 

— seconds 
±200 max volts 

100 max volts 

3 pF 
0.03 pF 

7 pF 
2.4 pF 

0.005 max pF 
0.15 max PF 
0.10 max pF 

300 volts 
0 volts 

300 volts 
See curve page 300 

0 volts 
2.5 watts 

tariU-i-NU.^ AII^UU. wo+t 
For grid-No.2 voltages up to 160 volts   «.b 
For grid-No.2 voltages between 150 and 300 volts   See curve page 

CHARACTERISTICS 

GHde NSou3ply VoltaBe. connected to kathode at JcU 
Grid-No.2 Supply Voltage   "0 volts 
Cathode-Bias Resistor   
Plate Resistance (Approx.)   30000» Transconductance   u

OK 
M „A Plate Current      ^ 

Grid-No.2 Current   V Via " * a  R volts 
Grid-No.l Voltage (Approx.) for plate current of 10 ^A   —« vuiu, 
MAXIMUM CIRCUIT VALUES 
Gvid-No.l-Circuit Resistance: megohm 

For fixed-bias operation   °-26 

For cathode-hias operation   1 megonm 
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Diode Unit 
MAXIMUM RATINGS (Design-Center Values) 
Peak Inverse Plate Voltage   
Peak Plate Current   
Average Plate Current   

Refer to chart at end of section. 6 AS 11 

TWIN DIODE— 6AT6 
HIGH-MU TRIODE 12AT6 

Miniature type used as a combined detector, amplifier, 
and avc tube in automobile and ac-operated radio re- 
ceivers. Outlines section, 5C; requires miniature 7-con- 
tact socket. For typical operation as resistance-coupled 
amplifier refer to Resistance-Coupled Amplifier sec- 
tion. Type 12AT6 is identical with type 6AT6 except 
for heater ratings. 

6AT6 12AT6 
Heater Voltage (ac/dc)   6.3 
Heater Current    0.3 
Peak Heater-Cathode Voltage   ±90 m 
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   

Triode Unit as Class A, Amplifier 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage    
Plate Dissipation   
Grid Voltage, Positive-bias value     
CHARACTERISTICS 
Plate Voltage   100 
Grid Voltage   —1 
Amplification Factor   70 
Plate Resistance   54000 
Transconductance   1300 
Plate Current   0.8 

±90 max ±90 max 
2 

2.2 
0.8 

0.04 max 

Diode Units 
MAXIMUM RATING (Design-Center Value) 
Plate Current (Each Unit)   1 mA 
The two diode plates are placed around a cathode whose sleeve is common to the triode unit. 
Each diode plate has its own base pin. For diode operation curves, refer to type 6AV6. 

Refer to chart at end of section. 

MEDIUM-MU TRIODE— 
SHARP-CUTOFF PENTODE 6AT8A 

2p Miniature types used as combined oscillator and mixer 
tubes in television receivers utilizing an intermediate 
frequency in the order of 40 MHz. Outlines section, 

00^ © 6B; requires miniature 9-contact socket. Except for T 0|p interlectrode capacitances and basing arrangement, this 
9DW type is identical with miniature type 6X8. The basing 

arrangement is particularly suitable for connection to the coils of certain 
designs of turret tuners. Type 5AT8 is identical with type 6AT8A except 
for heater ratings. 
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Heater Voltage (ac/dc)   
Heater Current     
Heater Warm-up Time (Average)   
Direct Interelectrode Capacitances: 

Triode Unit: Uns 

Grid to Plate   
Grid to Cathode and Heater   
Plate to Cathode and Heater   

Pentode Unit: . 
Grid No.l to Plate   • •• •• • •,••••■ • • • 1 

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   1 

Heater to Cathode   
■ With external shield connected to cathode except as noted, 
f With external shield connected to plate. 

Unshielded 
1,5 
2 
0.5 

Shielded" 
1.5 
2.4 
1 

0.9 
0.05 max 

6AU4GT Refer to chart at end of section. 

AAIMOTA half-wave OAU4\JIA VACUUM RECTIFIER 

Glass octal type used as damper tube in horizontal- 
deflection circuits of color and wide-angle picture-tube 
television receivers. Outlines section, 13G; requires 
octal socket. Type may be supplied with pin No. 1 
omitted. Socket terminals 1, 2, 4, and 6 should not be 
used as tie points. This tube, like other power-handling 
tubes, should be adequately ventilated. 
Heater Voltage (ac/dc)   
Heater Current        • • 
Direct Interelectrode Capacitances (Approx.) . 

Plate to Heater and Cathode   
Cathode to Heater and Plate   
Heater to Cathode   

Damper Service 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage#   1„n0 ^ 
Peak Plate Current     ^ ™A Average Plate Current   6 5 watts 
Plate Dissipation   Heater-Cathode-Voltage: 4-300 —4500 volts 

Peak value   4-100 —900 volts 
Average value   ' 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

6AU5GT BEAM POWER TUBE 
Glass octal type used as horizontal-deflection ampli- 
fier in low-cost, high-efficiency deflection circuits of 
television receivers. Outlines section, 13D; requires 
octal socket. 
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Heater Voltage (ac/dc)   
Heater Current   
Heater-Cathode Voltage: 

Peak value    
Average value   

Direct Intei'electrode 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 . 

±200 max 
100 max 

Class Ai Amplifier 

CHARACTERISTICS 
Plate Voltage   
Grid-No.2 (Screen-Grid) Voltage 
Grid-No. 1 (Control-Grid) Voltage 
Plate Resistance   
Transconductance   
Plate Current   
Grid No.2 Current   
f Grid No.2 connected to plate. 

Pentode Triodef 
Connection Connection 

115 110 
175 100 

—20 —4.5 
6000 — 
5600 — 

60 — 

Horizontal-Deflection Amplifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Center Values) 
DC Plate Voltage     550 volts 
Peak Positive-Pulse Plate Voltage# (Absolute Maximum)   5500° volts 
Peak Negative-Pulse Plate Voltage   1250 volts 
DC Grid-No.2 (Screen-Grid) Voltage"   200 volts 
Peak Negative-Pulse Grid-No.1 (Control-Grid) Voltage   300 volts 
Peak Cathode Current  ,   400 mA 
Average Cathode Current .. :  110 mA 
Grid-No.2 Input   2.5 watts 
Plate Dissipationff        10 watts 
Bulb Temperature (At hottest point)    210 0C 
MAXIMUM CIRCUIT VALUE 
Grid-No. 1-Circuit Resistance     0.47 megohm 
# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 0 Under no circumstances 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. 
ft A bias resistor or other means is required to protect the tube in absence of excitation. 

Refer to chart at end of section. 6AU6 

hj) 6AU6A 
hq/TZ^®02 sharp-cutoff pentode 3AU6, 4AU6, 12AU6 

Miniature type used in compact radio equipment as rf 
@(\lXr7© amplifier especially in high-frequency, wide-band ap- 

®! —is plications; also used as limiter tube in PM equipment. 
Cl) Outlines section, 5C; requires miniature 7-contact 

socket. For a discussion of limiters, refer to Electron 
Tube Applications section. For typical operation as 

resistance-coupled amplifier, refer to Resistance-Coupled Amplifier section. 
Types 3AU6, 4AU6, and 12AU6 are identical with type 6AU6A except for 
heater ratings. 

Heater Voltage (ac/dc)   3.15 4.2 • 6.3 
Heater Current  0.6 0.45 0.3 
Heater Warm-up Time (Aver- 

age)   11 11 11 
Heater-Cathode Voltage: 

Peak value  ±200 max ±200 max ±200 max 
Average value ±200 max 

100 max 
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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  i  
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    
t Grid No.2, grid No.3, and internal shield connected to plate. ■ Value is 8.5 pF with external shield connected to cathode. 

Class Ai Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage   
Grid-No.3 (Suppressor-Grid) Voltage, Positive value 
Grid-No.2 (Screen-Grid) Voltage   
Grid-No.2 Supply Voltage     
Grid-No.l (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 

Triodef Pentode 
Connection Connection 

275 330 
— 0 

See curve page 300 
— 330 

0 0 
3.5 3.5 
— 0.75 

See curve page 300 

CHARACTERISTICS 
Plate Supply Voltage   
Grid No.3    
Grid-No.2 Supply Voltage   
Cathode-Bias Resistor   
Amplification Factor   
Plate Resistance (Approx.)   
Transconductance   
Plate Current   
Grid-No.2 Current   
Grid-No.l Voltage for plate current 

of 10 tiPi.   

Triodef Connection Pentode Connection 
260 100 250 150 volts 

Connected to cathode at socket 
100 125 150 volts 

330 150 100 68 ohms 
36 0.5 1.5 ] megohms 

4800 3900 4600 5200 /xmhos 
12.2 5 7.6 10.6 mA 

2.1 3 4.3 mA 
  —4.2 — 5.5 —6.5 volts 

f Grid No.2, grid No.3, and internal shield connected to plate. 

TYPE 6AU6A < 
"Si |25 SISS o '2.5 "(3R|DNo.2VOLTS8IOO \ 

=T- 

S|75P= T5*- 

o H 1 r.R D-Nal VOLTS EC|^! «— = 5 hv — 

 h-Ec»o 

g 2« 

100 200 30O 400 500 PLATE VOLTS 92CS-66IIT3 

Refer to chart at end of section 

6AU8 Refer to chart at end of section. 



Technical Data 177 

MEDIUM-MU TRIODE— 
SHARP-CUTOFF PENTODE 6AU8A 

Miniature type used in television receiver applications. 
Pentode unit is used as video amplifier, if amplifier, 
and age amplifier. Triode unit is used in sync-amplifier, 
sync-separator, sync-clipper, and phase-inverter cir- 
cuits. Outlines section, 6E; requires 9-contact socket. 

Heater Voltage (ac/de)   
Heater Current    
Heater Warm-up Time (Average)   
Heater-Cathode Voltage 2 

Peak value    
Average value     

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, 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   

±200 max 
100 max 

Class Ai Amplifier 

3.4 
0.022 max 
0.006 max 
0.12 max 

MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage   
Grid-No.2 (Screen-Grid) Supply Voltage   
Grid-No.2 Voltage   
Grid-No.l (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 

CHARACTERISTICS 
Plate Supply Voltage    
Grid-No.2 Supply Voltage   
Cathode-Bias Resistor   
Amplification Factor   
Plate Resistance (Approx.)     
Transconductance    
Plate Current     
Grid-No.2 Current   
Grid-No.l Voltage (Approx.) for plate current of 

100 M   
MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation   
For cathode-bias operation   

Triode Unit Pentode Unit 
330 330 volts 
— 330 volts 

See curve page 300 
0 0 volts 

2.8 3.3 watts 
— 1 watt 

See curve page 300 

megohm 
megohm 

6AV5GA 
BEAM POWER TUBE iiavsga, isavsga 

Glass octal type used as horizontal-deflection ampli- 
fier in television receivers. Outlines section, 19C; re- 
quires octal socket. Types 12AV5GA and 25AVBGA 
are identical with type 6AV5GA except for heater 
ratings. 

Heater Voltage (ac/dc)   
Heater Current   
Heater Warm-up Time (Average) 

6AV5GA 12AV5GA 25AV5GA 
6.3 12.6 25 volts 
1.2 0.6 0.3 amperes 
— 11 — seconds 
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Triode* 
Connection 

150 
150 

—22.5 

neBter-Cathode VoHage: ±200 max ±200 max ±200 max 
IveUe value'::::::::::::::::;.:  womax womax ioomax 

Direct Interelectrode Capacitances (Approx.) 
Grid No.l to Plate    ... -- • ■ - -• ^-.r-  ■ 
Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3 .... 14 
Plate to Cathode, Heater, Grid No.2, and Grid No.3   ' 

Class Ai Amplifier 
Pentode Triode* 

CHARACTERISTICS Connection Connection 
Plate Voltage    Jj® 2B0 150 
Grid-No.2 (Screen-Grid) Voltage   150 150 150 
Grid-No.1 (Control-Grid) Voltage   0 —.22.5 22.5 
Plate Resistance     Transconductance     oy"JJ   
Plate Current     0

b' __ 
Screen Current       
Grid-No.1 Voltage (Approx.) for plate current of 

1 mA   — —« 4g 
Amplification Factor   
• Grid No.2 connected to plate. 

Horizontal-Deflection Amplifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Center Values) ^ 
PealfpositWe-Pufse'Plate' Voltage# (Absoiute Maximum)   " 5B0°° 
Peak Negative-Pulse Plate Voltage   
DC Grid-No.2 Voltage      ;  
Peak Negative-Pulse Grid-No.l Voltage   
Peak Cathode Current   
Average Cathode Current   „ - 
Grid-No.2 Input   j, 
Plate Dissipationft     o1n Bulb Temperature (At hottest point)   
MAXIMUM CIRCUIT VALUE 
Grid-No. 1-Circuit Eesistance   0'47 megohm 
# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 
0 Under no circumstances should this absolute value be exceeded. 
ft A bias resistor or other means is required to protect the tube in absence of excitation. 

g^ySGT Refer to chart at end of section. 

AAV6 twin diode— 
4ACI2AV6 HIGH-MU TRIODE HgvV 

Miniature type used as combined detector, amplifier, 
and avc tube in automobile and ac-operated radio re- 
ceivers. The 6AV6 may be substituted directly for the Q 
6AT6 in applications where the higher amplification. T 

of the 6AV6 is advantageous. Outlines section, 5C; re- 7BT 
quires miniature 7-contact socket. Types 4AV6, and 12AV6 are identical 
with type 6AV6 except for heater ratings. 

Heater Voltage (ac/dc)   4-2 b.6 
Heater Current    x  

0'f? ^ 
Heater "Warm-up Time (Average)   11 
^plaifvalue6 :   ±200— ±200 — Average value    100 max 100 max 
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   

■ This value is 1.2 pF with external shield connected to cathode. 

12.6 volts 
0.15 ampere 

— seconds 
±200 max volts 

100 max volts 
2 PF 

2.2 pF 
0.8« pF 

0.04 max pF 
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Triode Unit as Class Ai Amplifier 
MAXIMUM RATING (Design-Maximum Value) 
Plate Voltage   
Grid Voltage, Positive-bias value    
Plate Dissipation  ' 

TYPE 6AV6 
TRIODE UNIT 

I 
HHsrasisragp 
rjmnnnnnBfleii 

200 300 
PLATE VOLTS 

400 
92CS-6079T 

AVERAGE DIODE CHARACTERISTICS HALf-WAVE RECTIFICATION-SINGLE DIODE UNIT 
91 

 mm 
Eiiiin 
■nimi 

"linn 

■■SL  
»■! 

■■Iiei war: 
■■gaBlMIHI 
■■isMiisns 
muwimmmnsm 
  

.40 -30 -20 -10 9 
PC VOLTS DEVELOPED BY DIODE 92CM-697ST 

CHARACTERISTICS 
Plate Voltage ...... 
Grid Voltage   
Amplification Factor 
Plate Resistance 
Transconductance 
Plate Current   

100 260 volts 
—1 —2 volts 
100 100 

80000 62500 ohms .1260 1600 /imhos 
0.50 1.2 mA 

Diode Units 
MAXIMUM RATING (Design-Maximum Value) 
Plate Current (Each Unit)   1 mA 
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. 

Installation and Application 
The triode unit of the 6AV6 is recommended for use only in resistance- 

coupled circuits. Refer to the Resistance-Coupled 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 signal voltages applied to the diode circuit. 

Refer to chart at end of section. 6AVn 

Refer to chart at end of section. 6AW8 
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6AW8A HIGH-MU TRIODE— 
sawsa SHARP-CUTOFF PENTODE 

Miniature type used in television receiver applications. 
The pentode unit is used as an if amplifier, video am- 
plifier, age amplifier, or reactance tube. The triode 
unit is used in low-frequency oscillator, sync-separa- 
tor, sync-clipper, and phase-splitter circuits. Outlines 
section, 6E; requires miniature 9-contact socket. Type 
8AW8A is identical with type 6AW8A except for 
heater ratings. 

Heater Voltage (ac/dc)   
Heater Current        
Heater Warm-up Time (Average) 
Heater-Cathode Voltage: 

Peak value .      
Average value    

Direct Ihterelectrode Capacitances: 
Triode Unit: 

Grid to Plate    • • ■ • • • • • • • • • • ■ • 
Grid to' Cathode, Pentode Cathode, Pentode 

Grid No.3, Internal Shield, and Heater . . 
Plate to Cathode, Pentode Cathode, Pentode 

Grid No.3, Internal Shield, 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, Griid No.2, Grid 

No.3, and Internal Shield   
Pentode Grid No.l to Triode Plate   
Pentode Plate to Triode Plate   

■ With external shield connected to pins 4 and 5. 
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 
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 

CHARACTERISTICS 
Plate Supply Voltage   
Grid-No.2 Supply Voltage   
Grid-No. 1 Voltage    
Cathode-Bias Resistor    
Amplification Factor   

0.008 max 
0.15 max 

Triode Unit 

H(^4^)G3p.sKP 

±200 max 
100 max 

Unshielded 

8AW8A 
8.4 

0.45 
11 

±200 max 
100 max 

volts 
ampere 
seconds 

4.5 
0.005 max 
0.025 max 

Pentode Unit 
330 volts 
330 volts 
See curve page 300 

0 volts 
3.75 watts 

1.1 watts 
See curve page 300 

TYPE 6AW8A 
TRIODE UNIT 

I TYPE 6AW8A 

a 

100 200 300 
PLATE VOLTS 

ME 

jgimm 

Ijigggfltssaaa 

400 
92CS-0644T 

200 300 
PLATE VOLTS 
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Plate Resistance (Approx.)   
Transconductance   
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   

— 0.2 megohm 4000 9500 /tmhos 4 15 mA — 3.5 mA 
—5 —8 volts 

0.5 0.25 megohm 1 1 megohm 

HALF-WAVE 6AX3 
VACUUM RECTIFIER uaxs, 17Ax3 

Duodecar type used as damper tube in horizontal-de- 
flection circuits of television receivers. Outlines section, 
8C; requires 12-contact socket. Socket terminals 5, 6, 
8, and 9 should not be used as tie points. This tube, 
like other power-handling tubes, should be adequately 
ventilated. Types 12AX3 and 17AX3 are identical with 
type 6AX3 except for heater ratings. 

Heater Voltage (ac/dc)   
Heater Current   
Heater Warm-up Time (Average) 
Direct Interelectrode Capacitances: 

Plate to Cathode and Heater . . 
Cathode to Plate and Heater .. 
Heater to Cathode   

volts 
amperes 
seconds 

Damper Service 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage#    snnn ,» 
Peak Plate Current      f"®® vo,t? 
Average Plate Current     ifiK mA 
Plate Dissipation     K o Heater-Cathode Voltage:    ' watts 

Peak value   +300 _B000 , 
Average value   +100 _900 ™ts 

CHARACTERISTIC 
Tube Voltage Drop for plate current of 260 mA   32 v0]ts 
# Pulse duration must not exceed 16% of a horizontal scanning cycle (10 microseconds). 

Refer to chart at end of section. 6AX4GT 

-VSV^T^ HALF-WAVE 6AX4GTB \ VACUUM RECTIFIER UA^GTB, 17AX4gta 
(A .?I^ss octal_type used as damper tube in horizontal- lc H deflection circuits of color and black-and-white tele- 

gjv-® vision receivers. Outlines section, 13D; requires octal 
h socket. May be supplied with pin No. 1 omitted. Socket 

• x terminals 1, 2, 4, and 6 should not be used as tie points. This tube, like other power-handling tubes, should be adequately 

TAXAr™ TyPefS f
12A,X4?TB ^nd 17AX4GTA are identical with type 6AX4GTB except for heater ratings. 

12AX4- 17AX4- 
Heater Voltage (ac/dc)    
Heater Current   
Heater Warm-up Time (Average) !!!!!!!!! 
Direct Interelectrode Capacitances (Approx.) : 

Cathode to Plate and Heater   
Plate to Cathode and Heater .. 
Heater to Cathode   

volts 
amperes 
seconds 
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Damper Service 
For operation in a 525-line, 30-fraine system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage#    
Peak Plate Current ... 
Average Plate Current 
Plate Dissipation   
Heater-Cathode Voltage: 

Peak value   
Average value   

CHARACTERISTIC, Instantaneous Value 
Tube Voltage Drop for plate current of 260 mA   32 volts 
# Pulse duration must not exceed 16% of a horizontal scanning cycle (10 microseconds). 

FULL-WAVE ^pD| 
OAXDGI VACUUM RECTIFIER 

Glass octal type used in power supplies of radio equip- (lY^- \ 
ment having moderate dc requirements. Outlines sec- *"1 
tion, 13D; requires octal socket. This type may be sup- 
plied with pin No. 1 omitted. This tube, like other ®"ir© 
power-handling tubes, should be adequately venti- NC * 
lated. Heater: volts (ac), 6.3; amperes, 1.2. 6S 

Full-Wave Rectifier 
MAXIMUM RATINGS (Design-Center Values) 
Peak Inverse Plate Voltage   volte 

NC K 

Peak Plate Current (Per Plate)   
Hot-Switching Transient Plate Current: 

For duration of 0.2 second maximum . 
AC Plate Supply Voltage (Per Plate, rms) 
Average Output Current (Per Plate, rms) 
Peak Heater-Cathode Voltage   
TYPICAL OPERATION WITH CAPACITOR INPUT TO FILTER 
AC Plate-to-Plate Supply Voltage (rms)   
Filter Input Capacitor^   
Effective Plate-Supply Impedance Per Plate ...  
DC Output Voltage at Input to Filter (Approx.) : 

At half-load current of 6^*q "!!!!" 
At full-load current of 

Voltage Regulation (Approx.) : 
Half-load to full-load current   

TYPICAL OPERATION WITH CHOKE INPUT TO FILTER 
AC Plate-to-Plate Supply Voltage (rms)   
Filter Input Choke      • • ■ 
DC Output Voltage at Input to Filter (Approx.): 

At half-load current of ( 
At full-load current of j ^5 mA 

RATING CHART 
TYPE 6AX5GT E, - 6.3 VOLTS 

MAXIMUM OPERATING VALUES WITH: r CHOKE-INPUT FILTER 
r CAPACITOR - INPUT FILTER 

2.6 amperes 
See Rating Chart 
See Rating Chart 

±450 volts 

\ I I 1350 G|450 
100 200 300 400 500 
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Voltage Regulation (Approx.) : 
Half-load to full-load current   20 16 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 transient plate current. 
# This value is adequate to maintain optimum regulation provided the load current is not 
less than 30 mA. For load currents less than 30 mA, a larger value of inductance is required 
for optimum regulation. 
## This value is adequate to maintain optimum regulation provided the load current is not 
less than 35 mA. For load currents less than 35 mA, a larger value of inductance is required 
for optimum regulation. 

Refer to chart at end of section. 

Refer to chart at end of section. 

HALF-WAVE 
VACUUM RECTIFIER 

6AY3B 
pW\l_/V_M/Mc 12AY3A, 17AY3A 

(i/ © Novar type used as damper tube in horizontal-de- 
flection circuits of black-and-white television receivers. 

9HP Outlines section, 30B; requires novar 9-contact socket. 
Socket terminals 1, 3, 6, and 8 should not be used as tie points. It is es- 
pecially important that these tubes, like other power-handling tubes, be 
adequately ventilated. Types 12AY3A and 17AY3A are identical with type 
6AY3B except for heater ratings. 

6AY3B 12AY3A 17AY3A 
Heater Voltage (ac/dc) .    6.3 12.6 16.8 volts 
Heater Current   1.2 0.6 0.45 amperes 
Heater Warm-up Time (Average)   — 11 11 seconds 
Direct Interelectrode Capacitances (Approx.) : 

Plate to Cathode and Heater    6.5 pF 
Cathode to Plate and Heater   9 pF 
Heater to Cathode   2.8 pF 

Damper Service 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage#   5000 volts 
Peak Plate Current   1100 mA 
Average Plate Current   175 mA 
Plate Dissipation   6.5 watts 
Heater-Cathode Voltage: 

Peak value   4"300 —5000 volts 
Average value    4-100 —900 volts 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

Refer to chart at end of section. 6AY11 

MEDIUM-MU TRIODE— AA7R 
SHARP-CUTOFF PENTODE 

kt Miniature type used in color and black-and-white tele- 
vision receiver applications. The pentode unit is used 
as an if amplifier, video amplifier, age amplifier, or 

Pt reactance tube. The triode unit is used in low-frequency 
oscillator, sync-separator, sync-clipper, and phase- 
splitter circuits. Outlines section, 6B; requires minia- 
ture .9-contact socket. 

Heater Voltage (ac/dc) 
Heater Current   
Heater-Cathode Voltage:4 

Peak value   
Average value   

±200 max 
100 max 
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2.2 
0.027 max 
0.020 max 

Pentode Unit 
300 volts 
300 volts 
See curve page 300 0 volts 

2 watts 
0.5 watt 
See curve page 300 

Triode Unit Pentode Unit 

Direct Interelectrode Capacitances: 
Triode Unit: pp 

Grid to CaUiode/Heaterj Pentode Grid No.3 and Internal Shield 2 pF 
Plate to Cathode, Heater, Pentode Grid No.3, and Internal Shield 1.7 P 

Pentode Unit:     0 02 max pF 

Grid Nal to Cathode, Heater, Grid No.2, Grid No.3, and 
Internal Shield    •••••• *:* v *'• •;  

Plate to Cathode, Heater, Grid No.2, Grid No.3, and 2 2 pF Internal Shield   ftdF Triode Grid to Pentode Plate    0 020 max pF 
Pentode Grid No.l to Triode Plate   0 045 max pF 
Pentode Plate to Triode Plate    , ™ 

* The heater-cathode voltage of the pentode unit should not exceed the val»e of ^ 
cathode bias. Grid No.3 will be made negative with respect to cathode if this value is ex 
ceeded, and thus possibly cause a change in tube characteristics. 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Center values) Triode Unit Pentode Unit 
Plate Voltage     • • • •    300 Iqq ^Its 
Grid-No.2 f Screen-Grid) Supply Voltage   - ^ ^ 300 Grid-No.2 Voltage    •  ; • ■ n a volts 
Grid-No.l (Control-Grid) Voltage, Positive-bias value 0 0 watts Plate Dissipation     
Grid-No.2 Input: _ 0 5 Watt 

III IS:! voullS betweeif IBO1 and 300 volts - See curve page 300 
CHARACTERISTICS TriOd

2
e00U,,it '"h'4 volts 

Plate Supply Voltage   150 voltg 
Grid-No.2 Voltage    .   volts 
Grid-No.l Voltage   180 ohms 
Cathode-Bias Resistor     ^   
Amplification Factor     300000 ohms 
Plate Resistance (Approx.)   33-- G00Q /imhos Transconductance     -o 9^ mA 
Plate Current     '3 mA 
Grid-No.2 Current        i ' t" 
Grid-No.l Voltage (Approx.) for plate current of _ vo]t3 10 aA    —is 
Grid-No.l Voltage (Approx.) for transconductance _ ^ voltg of 100 pmhos   
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance:* n - 9 25 megohm 

For fixed-bias operation   '. 1 megohm 
For cathode-bias operation   ^ .. 

* If either unit is operating at maximum rated conditions, grid-No.l-circuit resistance for 
both units should not exceed the stated values. 

6B4G Refer to chart at end of section. 

6B5 Refer to chart at end of section. 

6B6G Refer to chart at end of section. 

6B7 Refer to chart at end of section. 
6B7S 
688 Refer to chart at end of section. 

200 200 
— 150 

—6 180 
19 — 

5750 300000 
3300 6000 

13 9.5 
3 

—19 — 
— —12.5 

0.5 0.25 
1 1 

megohm 
megohm 

6B10 twin diode— 
8BIO MEDIUM-MU TWIN TRIODE 

Duodecar type used in television receiver applications; 
diode units are used in horizontal-phase-detector cir- 
cuits, and triode units are used in horizontal-oscillator 
circuits. Outlines section, 8A; requires duodecar 1 - 
contact socket. Type 8B10 is identical with type 6B10 
except for heater ratings. 
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Heater Voltage (ac/dc)   
Heater Current   
Heater Warm-up Time (Average) 
Heater-Cathode Voltage: 

Peak value   
Average value   ±200 max ±200 max 

100 max 100 max 

Class Aj Amplifier (Each Triode Unit) 
MAXIMUM RATING (Design-Maximum Value) 
Plate Voltage   
Average Cathode Current    ] 
Plate Dissipation   .!...!!! 
CHARACTERISTICS 
Plate Voltage   
Grid Veltage  !!!!!! 
Amplification Factor     
Plate Hesistance (Approx.)  ]!!. 
Transconductance   
Plate Current     
Grid Voltage (Approx.) for plate current of 50 /iA   
MAXIMUM CIRCUIT VALUES 
Grid-Circuit Hesistance: 

For fixed-bias operation   
For cathode-bias operation    

Diode Units (Each Unit) 
MAXIMUM RATING (Design-Maximum Value) 
Plate Current    
CHARACTERISTIC Instantaneous Value 
Tube Voltage Drop for plate current of 20 mA 

Refer to chart at end of section. 

REMOTE-CUTOFF PENTODE 6BA6 

6BA6/EF93 
G| 12BA6 

7BK Miniature types used as rf amplifiers in standard broad- 
cast and FM receivers; as well as in wide-band, high- 

frequency applications. The low value of grid-No.l-to-plate capacitance 
minimizes regenerative effects, while the high transconductance makes pos- 
sible high signal-to-noise ratio. Outlines section, 5C; require miniature 
7-contact socket. Type 12BA6 is identical with type 6BA6 except for heater 
ratings. 

Heater Voltage (ac/dc)   
Heater Current   
Heater-Cathode Voltage: 

Peak value   
Average value   !.!!. 

Direct Interelectrode Capacitances: 
Grid No.l to Plate   
Grid No.l to Cathode, Heater, Grid No.2, Grid No.5 

Internal Shield   
Plate to Cathode, Heater, Grid No.2, Grid No.3,' and 

Internal Shield   

6BA6 
6BA6/EF93 12BA6 6.3 12.6 volts 0.3 0.15 ampere 

±200 max ±200 max volts 100 max 100 max volts 
0.0035 max pF and 

5.5 pF 
6- pF 

■ This value fs 5.5 pF with external shield connected to cathode. 
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Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage    • • 
Grid-No.3 (Suppressor-Grid) Voltage, Positive value 
Grid-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: 
Negative-bias value   
Positive-bias value   

CHARACTERISTICS 
Plate Supply Voltage   
Grid No.3 and Internal Shield   
Grid-No.2 Supply Voltage   
Cathode-Bias Kesistor   
Plate Resistance (Approx.)    Transconductance   
Plate Current    
Grid-No.2 Current   
Grid-No.l Voltage (Approx.) for transconductance 

of 40 /xmhos   

330 volts 
0 volts 

See curve page 300 
330 volts 
3.4 watts 
0.7 watt 
See curve page 300 

100 250 volts Connected to cathode at socket 
100 100 volts 

68 68 ohms 
0.25 1 megohm 

4300 4400 nmhos 
10.8 11 mA 

4.4 4.2 mA 

TYPE 6BA6 
GRID-No.2 V0LTS«I00  
GRID-No. 3 VOLTS® 0 

— 
-/ GRiO"NO;l VOLTS ECl* l  g- I I ' I EC| = 0 -5 

:2 -2 /~TZ -I! 

o 100 200 300 400 
PLATE VOLTS 92CS-6609T 

Installation and Application 
Control-grid bias variation is effective in changing the volume of the 

receiver. To obtain adequate volume control, an available grid-No.l-bias 
voltage of approximately 50 volts is required. The exact value depends 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. 

The grid-No.2 (screen-grid) voltage may be obtained from a poten- 
tiometer or bleeder circuit across the B-supply source, or through a drop- 
ping 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 practically 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.2vto-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 nor- 
mal 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- 
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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 voltage 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. However, it should be noted 
that the use of a resistor in the grid-No.2 circuit has 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. 

PENTAGRID CONVERTER 6BA7 
Miniature type used as converter in AM and PM re- 
ceivers. Outlines section, 6E; requires miniature 9- 
contact socket. 

Heater Voltage   
Heater Current   
Peak Heater-Cathode Voltage   
Direct Interelectrode Capacitances: 

Grid No. 3 to All Other Electrodes   
Plate to All Other Electrodes   
Grid No. 1 to All Other Electrodes    
Grid No. 3 to Plate  
Grid No. 3 to Grid No. 1   
Grid No. 1 to Plate   
Grid No. 1 to All Other Electrodes, except Cathode 
Grid No. 1 to Cathode  
Cathode to All Other Electrodes except Grid No. 1 

Converter Service 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage     
Grid-No.5-and-Internal-Shield VoltageA   
Grids-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    Total Cathode Current   
Grid-No.3 Voltage: 

Negative-bias value   
Positive-bias value   

6.3 
0.3 volts 

ampere 
±90 volts 

9.6 pP 
8.3 pF 6.7 pF 
0.19 max pF 0.1 max pF 
0.06 max pF 
3.4 pF 3.3 pF 4 pF 

300 volts 0 volts 
100 volts 
300 volts 

2 watts 
1.6 watts 
22 mA 

100 volts 
0 volts 

CHARACTERISTICS (Separate Excitation)* 
Plate Voltage  
Grid No.5 and Internal ShieldA   
Grids-No.2-and-No.4 (Screen-Grid) Voltage . 
Grid-No.3 (Control-Grid) Voltage   
Grid-No.1 (Oscillator-Grid) Kesistor   
Plate Kesistance (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 —1 volt 20000 20000 ohms 0.5 1 megohm 900 950 /imhos 3.5 3.5 /zmhos 3.6 3.8 mA 10.2 10 mA 0.35 0.35 mA 14.2 14.2 mA 

NOTE: The transconductance between grid No.l and grids No.2 and No.4 connected to plate 
(not osculating) is approximately 8000 /imhos 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 16.6. 
* The characteristics shown with separate excitation correspond very closely with those ob- 
tained 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. 
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6BA8A MEDIUM-MU TRIODE— 
sbasa SHARP-CUTOFF PENTODE 

Miniature type used in color and black-and-white tele- 
vision receivers. The pentode unit is used as a video 
amplifier, an age amplifier, or a reactance tube. The 
triode unit is used in low-frequency oscillator and 
phase-splitter circuits. Outlines section, 6E; requires 
miniature 9-contact socket. Type 8BA8A is identical 
with type 6BA8A except for the heater ratings. 

Heater Voltage (ac/dc)   
Heater Current   
Heater Warm-up Time (Average)   
Heater-Cathode Voltage: 

Peak value   
Average value     

Direct Interelectrode Capacitances. (Approx.): 
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 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 A, Amplifier 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage  
Grid-No.2 (Screen-Grid) Supply Voltage  
Grid-No.2 Voltage  
Grid-No.l (Control-Grid) Voltage: Negative-bias value   

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 

CHARACTERISTICS 
Plate-Supply Voltage   
Grid-No,2 Supply Voltage   
Grid-No.l Voltage   
Cathode-Bias Resistor   
Amplification Factor   
Plate Resistance (Approx.)   
Transconductance   
Plate Current   
Grid-No.2 Current    
Grid-No.l Voltage (Approx.) for plate current of 

10 aA   
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation   
For cathode-bias operation   

6BA8A 
6.3 

8BA8A volts 8.4 
0.3 0.45 ampere 
11 — seconds 

±200 max ±200 max volts 
100 max 100 max volts 

2.2 2.2 pF 
2.5 2.7 pF 
0.4 1.9 PF 

0.06 0.05 PF 
10 10 pF 

3.6 4.5 pF 
0.016 0.006 pF 
0.006 0.003 PF 

0.15 0.023 PF 

riode Unit Pentode Unit 
300 300 volts 

300 volts 
— See curve page 300 

—50 volts   0 volts 
2 3.25 watts 

— 1 watt 
— See curve page 300 

200 200 volts 
150 volts 

—8 volts 
180 ohms 

18 — 
6700 400000 ohms 
2700 9000 /tmhos 

8 13 mA 
3.5 mA 

—16 —10 volts 

0.5 0.25 megohm 
1 1 megohm 

TRIODE-TWIN PENTODE 

Duodecar type used as vertical-deflection oscillator 
and for combined sync-agc applications in color and 
black-and-white television receivers. Outlines section, 
8B; requires duodecar 12-contact socket. Type 8BA11 is 
identical with type 6BA11 except for heater ratings. 
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Heater Voltage (ac/dc)   
Heater Current   
Heater Warm-up Time   
Heater-Cathode Voltage: 

Peak value   
Average value   Direct Interelectrode Capacitances: 

Triode Unit: 
Grid to Plate   
Grid to Cathode and Heater   
Plate to Cathode, Heater, and Internal Shield .. 

Pentode Unit 
Grid No.3 to Plate (Each Unit)   
Grid No.3 to all Other Electrodes (Each Grid) 
Grid No.l to all Other Electrodes)   
Plate to all Other Electrodes (Each Plate) 

Grid No.3 of Pentode 1 to Grid No.3 of Pentode 2 .. 

±200 max ±200 max 
100 max 100 max 

Triode Unit as Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage     
Average Cathode Current  ! ]!!! 
Plate Dissipation   
CHARACTERISTICS 
Plate Voltage   
Grid Voltage  !.!!!!!!!!!!!!!!!.'!!! 
Amplification Factor  ] * 
Transconductance  !..!!.'!!!!!!!!!!!!! 
Plate Current     
Grid Voltage (Approx.) for plate current of 100 fiA   
MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance: 

For fixed-bias operation   
For cathode-bias operation  :       

Pentode Unit as Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage (Each Unit)   
Grid-No.3 (Suppressor-Grid) Voltage (Each Unit): 

Peak positive value   
DC negative value  '.' 
DC positive value  '' 

Grid-No.2 (Screen-Grid) Voltage     
Grid-No.l (Control-Grid) Voltage, Negative bias value    
Cathode Current   
Plate Dissipation (Each Unit)  !!!.!! 
Grid-No.2 Input   
CHARACTERISTICS (With Both Units Operating)" 
Plate Voltage (Each Unit)   
Grid-No.3 Voltage (Each Unit)    
Grid-No.2 Voltage   
Grid-No.l Voltage   
Plate Current (Each Unit)   
Grid-No.2 Current   

CHARACTERISTICS (With One Unit Operating) f 
Plate Voltage   
Grid-No.3 Voltage   
Grid-No.2 Voltage   
Grid-No.l Voltage   
Grid-No.3 Transconductance   
Grid-No.l Transconductance   
Plate Current   |'. 
Grid-No.2 Voltage (Approx.) for plate current of 

100 /iA   
Grid-No.l Voltage (Approx.) for plate current of 

100 /iA   
MAXIMUM CIRCUIT VALUES 
Grid-No.3-Circuit Resistance (Each Unit) 
Grid-No.1-Circuit Resistance   
1 «r^LSteid to Provid.e a dc grid-No. 1 current of 100 microamperes, i With plate and grid No.3 of the other unit connected to ground. ■ voltages and plate current apply to each section. 
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6dC4 MEDIUM-MU TRIODE 
Miniature type used as an rf amplifier in the cathode- 
drive circuits of uhf television tuners covering the fre- 
quency range of 470 to 890 MHz. Outlines section, 6A; 
requires miniature 9-contact socket. 
Heater Voltage (ac/dc)   
Heater Current   
Peak Heater-Cathode Voltage   
Direct Interelectrode Capacitances (Approx.): 

Grid to Plate   
Grid to Heater and Cathode  
Plate to Heater and Cathode   
Heater to Cathode   

6.3 volts 
0.226 ampere 
±76 max volts 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage   
Cathode Current   
Plate Dissipation   
CHARACTERISTICS 
Plate Supply Voltage   
Cathode-Bias Resistor   
Amplification Factor   
Plate Resistance (Approx.)   Transconductance   
Plate Current   ; • •• • ■ • ■ • 
Grid Voltage (Approx.) for plate current of 10 tiA 
MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance: 

For fixed-bias operation ^  
For cathode-bias operation   

Not recommended 
0.6 megohm 

6BC5 Refer to chart at end of section. 

6BC5/6CE5 SHARP-CUTOFF PENTODE h 
3BCS/3CE5 0-— 

Miniature type used in compact radio equipment as an "0^ — 
rf or if amplifier at frequencies up to 400 MHz. Out- EE- 
lines section, 5C; requires miniature 7-contact socket. 
For typical operation as resistance-coupled amplifier, is 
refer to Resistance-Coupled Amplifier section. Type C(JJ 
3BC5/3CE5 is identical with type 6BCB/6CE5 except for 7B| 
heater ratings. 

3BC5/3CE5 6BCB/6CE5 
Heater Voltage (ac/dc)   SAB 6.8 
Heater Current   6-6 u-<i 

Heater Warm-up Time (Average)   I1 

Heater-Cathode Voltage^   ±200 max ±90 max 
Average value   *00 max 

Direct Interelectrode Capacitances: 
Pentode Connection: n n ft n Grid No.l to Plate    • - • • • • •• ••••••;  0'030 max 

Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and 
Internal Shield    • • • • •• y v* v * * * i 

Plate to Cathode, Heater, Grid No.2, Grid No.3, and Internal 
Shield   ^ 

Triode Connection :* OK Grid No.l to Plate and Grid No.2 .......... •• • - • • • • • - o'S 
Grid No.l to Cathode, Heater, Grid No.3, and Internal Shield .. 3.9 
Plate and Grid No.2 to Cathode, Heater, Grid No.3, and 

Internal Shield   ® 
* Grid No.2 connected to plate. 
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Class Ai Amplifier 
MAXIMUM RATINGS (Design-Center 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     
Grid-No.2 Input: 

For gnd-No.2 voltages up to 150 volts   
For grid-No.2 voltages between 150 and 300 volts. 

CHARACTERISTICS 

Triode Pentode 
Connection* Connection 

See curve page 300 
0 
2 

0.5 
See curve page 300 

Pentode 
* Connection 

Triode 
Connection* 

Grid-No.2 Supply Voltage 
Amplification Factor   
Plate Resistance (Approx.)   
Transconductance   [ Plate Current    
Grid-No.2 Current    i 
Grid-No.1 Voltage (Approx.) for plate current of 

10 /tA     
* Grid No. 2 connected to plate. 

Refer to chart at end of section. 

180 250 100 125 250 volts — — 100 125 150 volts 330 820 180 100 180 ohms 42 40 — —   
}.006 0.009 0.6 0.5 0.8 megohm 6000 4400 4900 6100 5700 jumhos 8 6 4.7 8 7.5 mA 

— — 1.4 2.4 2.1 mA 
— — —5 —6 —8 volts 

MEDIUM-MU TWIN TRIODE 

6BC8 

6BC8/6BZ8 

/jy."" "-jfr Miniature type used as a cascode amplifier in vhf tele- 
0tM (^)Kt 

v's^on tuners and in push-pull cathode-drive rf ampli- 1 hers. Outlines section, 6B; requires miniature 9-contact 
PT2 's socket. Type 4BC8 is identical with type 6BC8 except 

9AJ for heater ratings. 
6BC8 

xi . ir i. , .j , 4BC8 6BC8/6BZ8 Heater Voltage (ac/dc)   4.2 6.3 volts 
Heater Current     OR n a 
Heater Warm-up Time (Average)  .'!!!!!.'! 11 — seconds 
Heater-Cathode Voltage: seconds Peak value   ±200*max ±200*max volts 

Average value   100 max 100 max volts 
Direct Interelectrode Capacitances*: Unit No.l Unit No.2 

Grid to Plate   1^2 12 nF 
Grid to Cathode, Heater, and Internal Shield .... 2.6 — nF 
Cathode to Grid, Heater, and Internal Shield ....   .5,5 
Plate to Cathode, Heater, and Internal Shield .... 1.3 J_ tip 
Plate to Grid, Heater, and Internal Shield   —. 2 4 tVE1 

Plate to Cathode     012 nF 
Heater to Cathode  !.!!". 2.8 2 8 
Plate of Unit No.l to Plate of Unit No.2  0.02 max * nF 
Plate of Unit No.2 to Plate and Grid of Unit No.l 0.04 max pF 

* Eating may be as high as 300 volts under cutoff conditions, when tube is used as a cascode 
*ISP ix?er'i ,wo. PVi are conyected m series, and heater is negative with respect to cathode * With external shield connected to internal shield. 

Class A! Amplifier (Each Unit) 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage     9-n. ,, 
Cathode Current      oo ° ? 
Plate Dissipation     09 ...Di 

PF 
PF 
PF 
PF 
PF 
PF 
PF 
PF 
PF 

cascode 
cathode. 

CHARACTERISTICS 
Plate Supply Voltage   
Cathode-Bias Resistor    Plate Resistance (Approx.)   
Amplification Factor   
Transconductance    Plate Current   
Grid Voltage (Approx.) for transconductance of SO jtmhos" 
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MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance   ♦Rating0may be as high as 300 volts under cutoff conditions, when tube is used as a cascode 
amplifier, the two units are connected in series, and heater is negative with respect to cathode. 

6BD4 
6BD4A 

6BD11 

Refer to chart at end of section. 

Refer to chart at end of section. 
For replacement use type 6BA6/EF93. 

Refer to chart at end of section. 

HALF-WAVE 
VACUUM RECTIFIER 

NC 

"(sP 

12BE3, ^ 
17BE3/17BZ3 , . 

Duodecar type used as damper tube in honzontal-de- w 
flection circuits of color and black-and-white television NCQ 
receivers. Outlines section, 8D; requires duodecar 12- 
contact socket. Types 12BE3 and 17BE3/17BZ3 are 
identical with type 6BE3 except for heater ratings. 

6BE3 1 
6BE3/6BZ3 12BE3 1 

Heater Voltage (ac/dc)   
Heater Current         -fi ... -rvr   { A irnvnnro 1   
Heater Voltage (ac/dc)   
Heater Current         
Heater Warm-up Time (Average)    ■■ 
Direct Interelectrode Capacitances (Approx.): 

Plate to Cathode, and Heater   
Cathode to Heater, and Plate   
Heater to Cathode    

Damper Service 
For operation in a B25-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage#   ^200 
Peak Plate Current   200 
Average Plate Current     g g 
Plate Dissipation    Heater-Cathode Voltage: 4-300  5000 

Peak value   T10o —900 
Average value   1 

CHARACTERISTIC Instantaneous Value 
Tube Voltage Drop for dc plate current of 3B0 mA  
# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

6BE6 PENTAGRID CONVERTER 
12BE6 

Miniature type used as converter in AM and FM re- 
ceivers. Outlines section, BC; requires miniature 7-con- 
tact socket. For general discussion of pentagrid types, 
see Frequency Conversion in Electron Tube Applications 
section. Type 12BE6 is identical with type 6BE6 except 
for heater ratings. 

Heater Voltage (ac/dc) 
Heater Current   

6BE6 12BES 
6.3 12.6 volts 
0.3 0.15 ampere 
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Heater-Cathode Voltage: 
Peak value   
Average value   

Direct Interelectrode Capacitances : X 
Grid No.3 to Plate   
Grid No.3 to Grid No.l   
Grid No.l to Plate   
Grid No.3 to All Other Electrodes   
Grid No.l to All Other Electrodes   
Plate to All Other Electrodes   
Grid No.l to Cathode and Grid No.5   
Cathode and Grid No.5 to All Other Electrodes 

except Grid No.l   
■ With external shield connected to cathode and grid No.5. 

Converter 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage   
Grids-No.2-and-No.4 (Screen-Grid) Voltage   !.. 
Grids-No.2-and-No.4 Supply Voltage   
Cathode Current    * [ 
Plate Dissipation   
Grids-No.2-and-No.4 Input   
Grid-No.3 Voltage: 

Negative-bias value   
Positive-bias value   !!. 1 

Heater-Cathode Voltage: 
Peak value   
Average value   !!!!!! 

±200 max ±200 max volte 100 max 100 max volts 
Unshielded Shielded" 

0.30 max 0.25 max pF 0.15 max 0.15 max pF 0.10 max 0.05 max PF 7 7 pF 5.5 5.5 pF 8.0 13.0 pF 3 3 PF 
15 20 pF 

TYPICAL OPERATION (Separate Excitation)* 
Plate Voltage      100 250 volts 
Grids-No.2-and-No.4 (Screen-Grid) Voltage   100 100 vnlts 
Grid-No.l (Oscillator-Grid) Voltage (rms)   10 10 volts 
Grid-No.3 (Control-Grid) Voltage    —1.5 —1.5 volte 
Grid-No.l (Oscillator-Grid) Resistor   20000 20000 ohms 
Plate Resistance (Approx.)   0.4 1 megohm 
Conversion Transconductance   455 475 ztmhos 
Plate Current   2.6 2.9 mA 
Grids-No.2-and-No.4 Current   70 68 mA 
Grid-N0.! Gurrent   0.B 0.5 Sa 
Cathode Current   10.1 10.2 mA 
Grid-No.3 Voltage for conversion transconductance 

of 10 /imhos   —30 —30 volts 
NOTE: The transconductance between grid No.l and grids No.2 and No.4 connected to plate 
(not oscillating) is approximately 7250 /tmhos 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.l voltage (Approx.) 
for plate current of 10 is —11 volte. 
* The, characteristics shown with separate excitation correspond very closely with those ob- tained in a self-excited circuit operating with zero bias. 

Installation and Application 
Because of the special structural arrangement of the 6BE6, a change 

in signal-grid voltage produces little change in cathode current. Conse- 
quently, 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 trans- 
conductance 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 Circuits section. 

In the 6BE6 operation characteristics curves with self-excitation, Ek is 
the voltage across the oscillator-coil section between cathode and ground; 
E, is the oscillator voltage between cathode and grid. 
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OPERATION CHARACTERISTICS WITH SELF-EXCITATION   
TYPE 6BE6 Er=6.3 VOLTS GRIDS-NS2 A N»4 VOLTS = 100 GRID -N9 3 (CONTROL- GRID) VOLTS=-1 GRID-N9I RESISTOR-OHMS = 20000 

OPERATION CHARACTERISTICS WITH SEPARATE OSCILLATOR EXCITATION 
TYPE 6BE6 £#• = 6.3 VOLTS PLATE VOLTS = 250 GRiDS-N<2 & N»4 VOLTS = 100 GRID - N9 3 (CONTROL-GRID)VOLTS'" 1.5 GR10-N2 I RESISTOR-OHMS = 20000 GRID-N9 l CURRENT VARIED BY ADJUSTMENT OF OSCILLATOR VOLTAGE 

B 
Mmm RECOMMENDED MINIMUM VALUE OF ICl 

—6 o.5 To Ts 
GRID-N'l MILLIAMPERES (ICl) ^CM-eCZST 

GRID*N»I MILLIAMPERES (ICl) 
92CM-6624T 

Refer to chart at end of section. 

Refer to chart at end of section. 

6BF11 beam power tube— 
I2BFII, ITBFII, 24BFIi SHARP-CUTOFF PENTODE 
Duodecar type used as combined detector and amplifier 
tube in color and black-and-white television receivers. 
The dual-control, sharp-cutoff pentode unit is used as 
an FM detector and the beam power unit as an af output 
amplifier. Outlines section, 80; requires duodecar 12- 
contact socket. Types 12BF11, 17BF11 and 24BF11 are 
identical with type 6BF11 except for heater ratings. 

6BF11 12BF11 17BF11 
Heater Voltage (ac/dc)   6.3 12.6 16.8 
Heater Current   1-2 0.6 0.45 
Heater Warm-up Time (Average) — 11 11 Heater-Cathode Voltage: , (wwl Peak value   ±200 max ±200 max ±200 max 

Average value   100 max 100 max 100 max 
Direct Interelectrode Capacitances: 

Pentode Unit: 
Grid No.l to Plate  
Grid No.3 to Plate    . - • - ■ • • • • ■ ■ • ; • ■ ■ ■ ■ •    
Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield  • - ■ ■ ■ • • ■ • • 
Grid No.3 to Cathode, Heater, Grid No.l, Grid No.2, Plate, 

and Internal Shield   
Grid No.l to Grid No.3   

Beam Power 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   
Pentode Plate to Beam Power Plate   

02p Pp G3P (?! (?) 

±200 max 
100 max 

±200 max 
100 max 
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Beam Power Unit as Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage   
Grid-No.2 (Screen-Grid) Voltage  !!!!!!!!!!!!!!!!! 
Average Cathode Current  !..!!!!!!!!!! 
Plate Dissipation   
Grid-No.2 Input  ' . . . . 
TYPICAL OPERATION 
Plate Voltage   
Grid-No.2 Voltage    1* 
Grid-No.1 (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.)   
Transconductance  *   

TYPE 6BFII BEAM POWER UNIT w 
DC GRID-No.2 VOLTAGE(ECgHloljg^ 

fUHiipsai 

100 200 300 400 
PLATE VOLTS 92CS-I9742T 

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 . 

Pentode Unit as Class Ai Amplifier 
CHARACTERISTICS 
Plate Supply Voltage    150 volts 
Grid No.3 (Control-Grid)   Connected to negative end of cathode resistor 
Grid-No.2 (Screen-Grid) Supply Voltage   100 volts 
Grid No.l (Control Grid)   Connected to negative end of cathode resistor 
Cathode-Bias Resistor   560 ohms 
Plate Resistance (Approx.)   0.15 megohm 
Transconductance, Grid No.l to Plate   1000 umhos 
Transconductance, Grid No.3 to Plate   400 umhos 
Plate Current   13 m a 
Grid-No.2 Current   *2 mA 
Grid-No.1 Voltage (Approx.) for plate current of 10 fiA   —4.5 volts 
Grid-No.3 Voltage (Approx.) for plate current of 10 fiA   —4.5 volts 

Pentode Unit as FM Sound Detector 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage   
Grid-No.3 Voltage   
Grid No.2 Supply Voltage   
Grid-No.2 Voltage   
Grid-No.l (Control-Grid) Voltage, Positive-bias value 
Plate Dissipation   
Grid-No.2 Input: 

For grid-No.2 voltages up to 166 volts   
For grid-No.2 voltages between 165 and 330 volts . 

330 volts 
28 volts 

330 volts 
See curve page 300 

0 volts 
1.7 watts 
1.1 watts See curve page 300 
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MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation 
For cathode-bias operation 

megohm 
megohm 

TYPE 6BFII 

DC GRID-No.2 

9! 

100 200 300 400 500 
PLATE VOLTS 92CS-I3739 

6BG6G 
6BG6GA 

6BH3 
6BH3A 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

6BH6 SHARP-CUTOFF PENTODE "<&- 
Miniature type used as rf amplifier particularly in h®/ -J 
ac/dc receivers and in mobile equipment where low 
heater-current drain is important. It is particularly S^J\\ 
useful in high-frequency, wide-band applications. is 
Outlines section, 5C; requires miniature 7-contact gV 
socket. 7C 
Heater Voltage (ac/de)   6-i) 
Heater Current   
Peak Heater-Cathode Voltage   ±90 max 
Direct Interelectrode Capacitances:" 

Grid No.l to Plate     i  0.0035 max 
Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield   „ W VV "o" ' '' 'j  
Plate to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield   
■ "Without external shield, or with external shield connected to cathode. 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage       300 
Grid-No.2 (Screen-Grid) Voltage   See curv 
Grid-No.2 Supply Voltage    
Grid-No.1 (Control-Grid) Voltage: Negative-bias value   

Positive-bias value   ~ 
Plate Dissipation   a 

Grid-No.2 Input: A - For grid-No.2 voltages up to 150 volts    O.o 
For grid-No.2 voltages between 150 and 300 volts   bee curv 

CHARACTERISTICS 
Plate Voltage   ^O , .a. 
Grid No.3   Connected to cathod. 
Grid-No.2 Voltage   10? 16? 
Grid-No.1 Voltage     J _ J 
Plate Resistance (Approx.)   »•' Transconductance   34

o
00 4605 

Plate Current   ".b /.4 
Grid-No.2 Current  :"±" 
Grid-No.l Voltage (Approx.) for plate current of 

10 M   —5 ~7-7 

300 
See curve 
300 

0.5 
See curve 

volts 
page 300 

volts 

watt 
page 300 

100 250 volts 
Connected to cathode at socket 

100 150 volts 
—1 —1 volt 
0.7 1.4 megohms 

3400 4600 /imhos 
3.6 7.4 mA 
1.4 2.9 mA 

—5 —7.7 volts 
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Refer to chart at end of section. 

=t, pT| MEDIUM-MU TWIN TRIODE— zbuii 
'®^^8)'p SHARP-CUTOFF PENTODE OBnll 

°rl($r /JVi)G2P Duodecar type used in color and black-and-white tele- 
p vision receiver applications. The triode units are used 

P ■ general-purpose applications, and the pentode unit used for horizontal-deflection service. Outlines sec- 
U yy is tion, 8B; requires duodecar 12-contact socket. Heater: 

12FP volts (ac/dc), 6.3; amperes, 0.8; maximum heater- cathode volts, ±200 peak, 100 average. 

Pentode Unit as Horizontal-Deflection Oscillator 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage   
Grid-No.2 (Screen-Grid) Voltage   vo!ts 

Grid-No.1 (Control-Grid) Voltage:    0 volts 

Positive-bias value   - 
Peak negative value     ,,5 vo,1's 

Peak Cathode Current     vo11? 
Average Cathode Current     m^- 
Plate Dissipation     0 ^ 

m-A. 
Grid-No.2 Input ...   watta 

  0.56 watt 
Class Ai Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) Each Triode Unit 
Plate Voltage  ;. QC>n 
Grid Voltage, Positive-bias Value   n vo}Js 

Plate Dissipation     0 ^ volts 

CHARACTERISTICS 
Plate Voltage   
Grid-No.2 Voltage   
Grid-No.l Voltage    
Amplification Factor    Plate Resistance (Approx.)   
Transconductance  [  Plate Current  !!!!!.'!!!!!!!  
Grid-No.2 Current     
Grid-No.l Voltage (Approx.) for plate current 

of 10 /tA   
MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation   
For cathode-bias operation ....!.!!!!!!!!!" 

Each Triode Unit 
  330 
  0 
  2.6 

Each Pentode Unit Triode Unit 
125 125 

megohms 
megohms 

Refer to chart at end of section. 

REMOTE-CUTOFF PENTODE 6BJ6 
Miniature type used as rf amplifier in high-frequency 
and wide-band applications. Features high transcon- 
ductance and low grid-to-plate capacitance. Outlines 
section, 5C; requires miniature 7-contact socket. 

Heater Voltage (ac/dc)   
Heater Current  !!!!!!.! 
Peak Heater-Cathode Voltage  !!!!.'! 
Direct Interelectrode Capacitances:" 

Grid No.l to Plate   
Grid No.l to Cathode, Heater, Grid iNfo.2, Grid No.3, and ' 

Internal Shield    
Plate to. Cathode, Heater, Grid No.2, Grid No.S,'and 

Internal Shield   

6.3 
0.15 
±90 max 

■ Without external shield, or with external shield connected to cathode. 
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Class Ai Amplifier 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage   
Gi'id-No.2 (Screen-Grid) Voltage   
Grid-No.2 Supply Voltage   
Plate Dissipation   
Grid-No.2 Input: , 

For grid-No.2 voltages up to 160 volts   
For grid-No.2 voltages between 150 and 300 volts 

Grid-No.l (Control-Grid) Voltage: Negative-bias value   
Positive-bias value   

CHARACTERISTICS 
Plate Voltage     
Grid No.3   
Grid-No.2 Voltage     
Grid-No.l Voltage   
Plate Resistance (Approx.)   Transconductance    
Plate Current   
Grid-No.2 Current   1 •; i 
Grid-No.l Voltage (Approx.) for transconductance ot 

10 pmhos   

300 volts 
See curve page 300 
300 volts 3 watts 
0.6 watt 

See curve page 300 

100 250 volts 
Connected to cathode at socket 
100 100 volts —1 —1 volt 

0.26 1.3 megohms 
3660 3600 pmhos 

9 9.2 mA 
3.6 3.3 mA 

6BJ6A 

6BJ7 

Refer to chart at end of section. 

Refer to chart at end of section. 

#D iq TWIN DIODE— 
ODJo medium-mu triode 

Miniature type used in black-and-white and color tele- 
vision receiver applications. The diode units are used 
in phase-detector, phase-comparator, ratio-detector or 
discriminator, and horizontal afc discriminator circuits. 
The triode unit is used in phase-splitter, audio-fre- 
quency amplifier, vertical-deflection amplifier, and low- 
frequency oscillator applications. Outlines section, 6E; 
9-contact socket. 
Heater Voltage (ac/dc)   
Heater Current       
Heater Warm-up Time (Average)   
Heater-Cathode Voltage: 

Peak value   
Average value  *  

Direct Interelectrode Capacitances: 
Triode Unit: 

Grid to Plate   
Grid to Cathode and Heater   
Plate to Cathode and Heater   

Diode Units : , tt ■. 
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 Electrodes   

Triode Unit as Class A! Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage     
Grid Voltage, Positive-bias value   
Average Cathode Current   
Plate Dissipation    
CHARACTERISTICS 
Plate Voltage   
Grid Voltage   Amplification Factor     
Plate Resistance (Approx.) Transconductance   

9ER 
requires miniature 

6.3 volts 
0.6 ampere 
11 seconds 

±200 max volts 
100 max volts 

2.6 PF 
2.8 PF 

0.31 PF 
1.9 PF 
4.6 PF 

0.06 max PF 
0.07 max PF 
0.11 max pF 

3 PF 
4.8 PF 
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Plate Current    13,5 8 
Plate Current for grid voltage of —12.5 volts — 1.7 
Grid Voltage (Approx.) for plate current of 10 /iA .. —7  18 
MAXIMUM CIRCUIT VALUE 
Grid-Circuit Resistance   1 

Triode Unit as Vertical-Deflection Amplifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Voltage   qoa 
Peak Positive-Pulse Plate Voltage#  !.!!!..].  1200 
Peak Negative-Pulse Grid Voltage  !..'!!!!!!!!'!!" 275 
Peak Cathode Current  77 
Average Cathode Current  .!..!!!!!! 22 
Plate Dissipation  !!!.'!!!!!!!!!!! 4 
MAXIMUM CIRCUIT VALUE 
Grid-Circuit Resistance, fox* cathode-bias operation   2.2 
# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 

Diode Units 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Current (Each Unit) : 

Jeak   54 Average     _ .,... q 

ITYPE 6BJ8 
TRIODE UNIT 

■ 

Si 

100 200 300 
PLATE VOLTS 

400 
92CS-953IT 

Refer to chart at end of section. 
6BK4 

6BK4A 
6BK4B 

6BK4C/ 

BEAM TRIODE 6EL4A 
Glass octal type used for the voltage regulation of 
high-voltage, low-current dc power supplies in color 
and black-and-white television receivers. Outlines sec- 
tion, 21B; requires octal socket. Socket terminals 3, 4, 
6, and 8 should not be used for tie points. For high 
voltage and X-ray safety considerations, refer to page 
93. 

6.3 
0.2 

-450* max 
Heater Voltage (ac/dc)   
Heater Current   
Peak Heater-Cathode Voltage   
Direct Interelectrode Capacitances (Approx.) :$ 

Grid to Plate   
Grid to Cathode and Heater   
Plate to Cathode and Heater   
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Shunt Voltage-Regulator Service 
MAXIMUM RATINGS (Design-Maximum Values) 
DO Plate Voltage   Unregulated DO Supply Voltage   
DC Grid Voltage   
Peak Grid Voltage"   
Average Plate Current   
Plate Dissipation   

27000 volts 
60000 volts 
—135 volts 
—440 mA 

1.6 mA 
40 watts 

36000 volts 
11 megohms 

220 megohms 
1 megohm 

0.82 megohm 
200 volts 

1000 ohms 
200 /imhos 

1000 /iA 
45 pA 

25000 volts 
24500 volts 

TYPICAL OPERATION 
Unregulated DC Supply Voltage   360?? megohms 
Equivalent Resistance of Unregulated Supply   11 megonms Voltage Divider Values:   220 megohms 

gi (8 watts)     j megohm 
v' /n K™    0-82 megohm Rs (0.B watt)    volts 

DC Reference Voltage Supply   •:    -on# ohms Equivalent Resistance of Reference Voltage   1000 Mims 
Effective Grid-Plate Transconductance     200 /imnos 
DC Plate Current for Load Current of 0 mA   
DC Plate Current for Load Current of 1 mA ■••••••••  Regulated DC Output Voltage for Ixjad Current of 0 mA   2B000 vojta 
Regulated DC Output Voltage for Load Current of 1 mA   Z«00 vons 
MAXIMUM CIRCUIT VALUE 
Grid-Circuit Resistance     meKO ms 

■ For interval of 20 seconds maximum duration during equipment warm-up period. 
X-RADIATION CHARACTERISTIC 
X-Radiation, Maximum: • . nK Tnnyhr 

Statistical value controlled on a lot sampling basis   0.5 mit/nr 
CHARACTERISTICS RANGE VALUES Note Min Max 
Grid Voltage (1)    1 ^  40 volts 
Grid Voltage (2)   2 — 4S *olta Grid-Voltajre Change   " 
Note 1: With dc plate voltage of 30000 volts and dc plate current of 1 mA. 
Note 2: With dc plate voltage of 30000 volts and dc plate current of 0.1 mA. 
Note 3: Difference between grid voltage (1) and grid voltage (2). 
Caution—Operation of this tube outside of the maximum values indicated above may result 
in either temporary or permanent changes in the X-radiation characteristic of the tube. Equipment design must be such that these maximum values are not exceeded. 

AVERAGE TRANSFER CHARACTERISTICS 
 1—I—1——1  TYPE 6BK4C/6EL4A -Ef=6.3 VOLTS 1 F  

-25 -20 -15 -10 -5 0 GRID VOLTS 9205-643213 
» Series impedence should be used with the cathode to limit the cathode current under pro- 
longed short-circuit conditions to 450 mA. 
j Without external shield. 
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Refer to chart at end of section. 

Refer to chart at end of section. 

6BK5 

6BK7A 

MEDIUM-MU TWIN TRIODE 6BK7B 
5BK7A 

Miniature type used as a cascode amplifier in vhf color 
and black-and-white television tuners and in push-pull 
cathode-drive rf amplifiers. Outlines section, 6B; re- 
quires miniature 9-contact socket. For typical opera- 
tion as a resistance-coupled amplifier, refer to Resist- 
ance-Coupled Amplifier section. Type BBK7A is identi- 
cal with type 6BK7B except for heater ratings. 

Heater Voltage (ac/dc)     
Heater Current   
Heater Warm-up Time (Average)   
Heater-Cathode Voltage: 

Peak value   
Average value   

Direct 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   

5BK7A 6BK7B 
4.7 6.3 volts 0.6 0.45 ampere 11 11 seconds 

±200*max ±200*max volts 100 max 100 max volts Unit No.l Unit No.2 
1.8 1.8 pF 3 3 PF 1 0.9 pF 6 6 PF 2.4 2.4 PF 0.22 0.22 pF 2.8 3 PF 0.004 max PF 0.076 max PF 

* Hating may be as high as 300 volts under cutoff conditions when tube is used ai 
amplifier, the units are connected in series, and heater is negative with respect 

Class A, Amplifier (Each Unit) 
MAXIMUM RATINGS (Design-Center Value) 
Plate Voltage   300 
Grid Voltage, Negative-bias value   60 
Plate Dissipation   2.7 

i a cascode 
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 fiA. . 

Refer to chart at end of section. 

Refer to chart at end of section. 

6BL4 

6BL7GT 

MEDIUM-MU TWIN TRIODE 6BL7GTA 
Glass octal type used as combined vertical-deflection 
amplifier and vertical-deflection oscillator in color and 
black-and-white television receivers. When so operated, 
it is recommended that unit No.l (pins 4, 5, and 6) be 
used as the oscillator. Outlines section, 13D; requires 
octal socket. 

Heater Voltage (ac/dc) 
Heater Current   
Heater-Cathode Voltage: 

Peak value   
Average value   

volts 
amperes 

±200 max 
100 max 
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Direct Interelectrode Capacitances (Approx.) : 
Grid to Plate   
Grid to Cathode and Heater   
Plate to Cathode and Heater    

Unit No. 1 Unit No. 2 
6 6 

4.2 4.6 
0.9 0.9 

Class Ai Amplifier 
CHARACTERISTICS (Each Unit) 
Plate Voltage   160 250 250 volts 
Grid Voltage   0 —17 -9 volte Amplification Factor   — .  
Plate Resistance (Approx.)   — — 2150 ohms 
Pransconductance   " — 'W /"nhos 
Plate Current    65" 4 40 raA 
Grid Voltage (Approx.) for plate current of £Q           40 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. 

Vertical-Deflection Oscillator or Amplifier* 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Center Values) Oscillator Amplifier 
DC Plate Voltage     600 500 volts 
Peak Positive-Pulse Plate Voltage# 

(Absolute Maximum)   — volts 
Peak Negative-Pulse Grid Voltage   400 250 volts 
Peak Cathode Current   210 210 mA 
Average Cathode Current   60 60 mA 
Plate Dissipation: 

For either plate  :  JJJ J2 watts 
For both plates with both units operating   12 14 watts 

MAXIMUM CIRCUIT VALUE 
Grid-Circuit Resistance   4.7 4.7t megohms 
• Unless otherwise specified, values are for each unit. 
# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds). 
a Under no circumstances should this absolute value be exceeded. 
f For cathode-bias operation. 

Refer to chart at end of section. 

6BL8/ 

ECF80 

MEDIUM-MU TRIODE— 
SHARP-CUTOFF PENTODE 

4BL8/XCF80 ' 
Miniature type used in frequency-changer service in ( 
color and black-and-white television receivers. Outlines G|p 

section, 6B; require miniature 9-contact socket. Type 
4BL8/XCF80 is identical with type 6BL8/ECP80 ex- 
cept for heater ratings. 

Heater Voltage (ac/dc)   
Heater Current   
Peak Heater-Cathode Voltage 

Class Ai Amplifier 

±100 max ±100 max 

MAXIMUM RATINGS (Design-Center Values) 
Plate Supply Voltage    
Plate Voltage     
Grid-No.2 (Screen-Grid) Supply Voltage   
Grid-No.2 Voltage: 

With cathode current of 14 mA   
With cathode current less than 10 mA   

Cathode Current   
Plate Dissipation   
Grid-No.2 Input: 

With plate dissipation greater than 1.2 watts 
With p.late dissipation less than 1.2 watts . . 

Triode Unit Pentode Unit 
550 550 
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CHARACTERISTICS 
Plate Voltage   
Grid-No.2 Voltage   
Grld-No.l Voltage   
Amplification Factor   
Mu-Factor, Grid No.2 to Grid No.l   
Plate Resistance (Approx.)   
Transconductance   
Plate Current   
Grid-No.2 Current   
Input Resistance at frequency of 60 MHz 
Equivalent Noise Resistance   
MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation   
For cathode-bias operation   

100 170 volts — 170 volts —2 —2 volts 
20 — 
— 47 
— 0.4 megohm 

5000 6200 fimhos 14 10 mA — 2.8 mA — 0.01 megohm 
1500 ohms 

0.5 0.5 megohm 0.5 1 megohm 

6 BAAS / 

HIGH-MU TRIODE— ECL82 
■p POWER PENTODE sobms/uclsz 
1 Miniature type used in color and black-and-white tele- 
{7) ^vision receiver applications. The pentode unit is used 
L as an audio output tube, and the triode unit as an 

oscillator and af voltage amplifier. Outlines section, 
I 6G; requires miniature 9-contact socket. Type 50BM8/ 
pt UCL82 is identical with type 6BM8/ECL82 except for 

heater ratings. 

Heater Voltage   
Heater Current   
Peak Heater Cathode Voltage 

6BM8/ 
ECL82 

6.3 
0.78 
100 max 

Class A! Amplifier 
MAXIMUM RATINGS (Design-Center Values) 
Plate Supply Voltage    
Plate Voltage     
Grid-No.2 Supply Voltage   
Grid-No.2 Voltage   
Cathode Current   
Plate Dissipation    
Grid-No.2 Input   
CHARACTERISTICS 
Plate Voltage   
Grid-No.2 Voltage   
Grid-No. 1 Voltage   
Amplification Factor   
Plate Resistance (Approx^)   
Transconductance   
Plate Current   
Grid-No.2 Current   

Triode Unit 
560 
300 

50BM8/ 
UCL82 

50 
0.1 

±200 max 

Pentode Unit 
900 volts 
600 volts 
550 volts 
300 volts 

50 mA 
7 watts 

1.8 watts 

MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation 
For cathode-bias operation 

* Grid No.2 to Grid No.l 

megohm 
/imhos 

mA 
mA 

megohm 
megohms 

Refer to chart at end of section. 6BN4 

^ 6BN4A 
OsgT MEDIUM-MU TRIODE 2BN4A, 3BN4A 
A\T' Miniature type used as rf amplifier tube in grid-drive 
J )© circuits of vhf color and black-and-white television 0 tuners. Outlines section, BC; requires miniature 7-con- 

tact socket. Types 2BN4A and 3BN4A are identical 
with type 6BN4A except for heater ratings. 
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Heat Voltage (ac/dc)   
Heater Current    
Heater Warm-up Time (Average)   
Peak Heater-Cathode Voltage   
Direct Interelectrode Capacitances (Approx.) :* 

Grid to Plate   
Grid to Cathode and Heater   
Plate to Cathode and Heater   

* With external shield connected to cathode. 

2BN4A 3BN4A 6BN4A 
2.35 3 6.3 volts 
0.6 0.45 0.2 ampere 11 11 — seconds 

±100 max ±100 max ±100 max volts 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage    
Grid Voltage, Positive-bias Value 
Cathode Current   
Plate Dissipaation   
CHARACTERISTICS 
Plate-Supply Voltage   
Cathode-Bias Resistor     
Amplification Factor   
Plate Resistance (Approx.)    Transconductance   
Plate Current    • ■ • • • • • • • 
Grid Voltage (Approx.) for plate current of 100 /iA 
MAXIMUM CIRCUIT VALUE 
Grid-Circuit Resistance  — 

Refer to chart at end of section. 

6BN6/6KS6 T„RE 
3BN6, 4BN6 BEAM TUBE 

Miniature type used as combined limiter, discriminator, 
and audio-voltage amplifier in intercarrier television 
and FM receivers. Outlines section, 5D; requires mini- 
ature 7-contact socket. Types 3BN6 and 4BN6 are iden- 
tical with type 6BN6/6KS6 except for heater ratings. 

6BN6/6KS6 
Heater Voltage (ac/dc)   3.1B 4.2 6.3 
Heater Current   0.6 0.46 0.4 
Heater Warm-up Time (Aver- 

age)   11 11 — 

Heatpe"akavalul VOltage:   ±200 max ±200 max ±200 max 
AveUe value::::.:  loomax 100 max 100 max 

Direct Interelectrode Capacitances: , 
Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield    • • • • • • ■ • • • • •• • • • • • • • • • ■■:  
Grid No.3 to Cathode, Heater, Grid No.l, Grid No.2, ana 

Internal Shield   
Grid No.l to Grid No.3   

Limiter and Discriminator Service 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate-Supply Voltage   

t200 max ±200 max 
100 max 100 max 

Grid-No.2 Voltage    ■■■■ 
Grid-No. 1 Voltage, Positive peak value 
Cathode Current   

±200 max volts 
100 max volts 

3.3 
0.004 max 
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TWIN DIODE— 6BN8 
HIGH-MU TWIN TRIODE sbns 

Miniature type used in color and black-and-white tele- 
vision receiver applications. The triode unit is used in 
burst-amplifier, af amplifier, and low-frequency oscil- 
lator applications. The diode units are used in phase- 
detector, ratio-detector or discriminator, and horizon- 
tal afc discriminator circuits. Outlines section, 6E; 
requires miniature 9-contact socket. Type 8BN8 is 
identical with type 6BN8 except for heater ratings. 

Heater Voltage (ac/dc)   6.3 
Heater Current   0.6 
Heater "Warm-up Time (Average)   11 
Heater-Cathode Voltage: 

Peak value   ±200 m; 
Average value    100 m 

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   
Plate of Diode Unit No.l to Plate of Diode Unit No.2   
Diode Cathode to All Other Electrodes (Each Diode Unit) 
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 Unit)   

Triode Unit as Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage   

—Grid—Voltage, Positive-bias value   Plate Dissipation   
CHARACTERISTICS 
Plate Voltage   100 
Grid Voltage      1 
Amplification Factor   75 
Plate Resistance (Approx.)   21000 
Transconductance   3500 
Plate Current   1.5 
Grid Voltage (Approx.) for plate current of 10 /tA —2.5 
MAXIMUM CIRCUIT VALUE 
Grid-Circuit Resistance   

volts 
ampere 
seconds 

±200 max ±200 max 
100 max 100 max 

2.5 ' 
3.6 

0.25 
0.06 max 
0.1 max 

0.07 max 
5 

1.9 
4.8 

3 

Diode Units 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Current (Each Unit) : 

Peak   
Average  !.! 

TYPE 6BN8 
TRIODE UNIT 

100 200 . 300 400 
PLATE VOLTS 92CS-9363T 
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ejfeJS cip 
Pp. /T\ /C\ 

SHARP-CUTOFF 
oBNll TWIN PENTODE „ 

Duodecar type used as if-amplifier tube in television VJ 
receivers. Outlines section, 8B; requires duodecar 12- 
contact socket. 

Heater Voltage   
Heater Current    
Heater Warm-up Time   
Heater-Cathode Voltage: -t-onn 

Peak value   
Average value   ^mBX 

Class Ai Amplifier (Each Unit) 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage    • • • • •    
Grid-No.2 (Screen-Grid) Supply Voltage   JdU 
Grid-No.2 Voltage        See cut 
Grid-No. 1 (Control-Grid) Voltage, Positive-bias value   « 
Plate Dissipation      
Grid-No.2 Input   0-66 

CHARACTERISTICS 
Plate_ Voltage          Vi'''' »i2.5.«.r 

330 volts 
330 volts 
See curve page 300 

0 volts 
3.1 watts 

0.66 watt 

Grid No.3 (Suppressor Grid)    Connected to cathode at socket 
Grid-No.2 Voltage   ^ volte 
Cathode-Bias Besistor     6° "fV™ 
Plate Resistance (Approx.)   #-2 umhoS Transconductance   130J? 
Plate Current   " Grid-No.2 Current      • •• •    i)-° ,,"1^ 
Grid-No.l Voltage (Approx.) for plate current of 20 pA   —d volts 
MAXIMUM CIRCUIT VALUE 
Grid-No.l-Circuit Resistance, for cathode-bias operation   0.26 megohm 

6BQ5 

6BQ5/EL84 
Tml IOBQS POWER PENTODE 

Miniature type used in the output stage of audio-fre- 
quency amplifiers. Outlines section, 6G; requires mini- 
ature 9-contact socket. Types 8BQ5 and 10BQ5 are 
identical with type 6BQ5 except for heater ratings. 

6BQ5 
6BQ5/EL64 8BQ5 

Heater Voltage (ac/dc)   6.3 8 
Heater Current   O-7" Oj® 
Heater Warm-up Time (Average)   — 11 
Heater-Cathode Voltage: 

Peak value   ±100 max ±100 max 
Average value      100 max 100 max 

Direct Interelectrode Capacitances: 
Grid No.l to Plate      •••••• vT  
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   

±100 max ±100 max 
100 max 100 max 

0.6 max 
10.8 

6.6 
0.26 max 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage   
Grid-No.2 (Screen-Grid) Voltage   
Grid-No.l (Control-Grid) Voltage, Positive-bias value 
Cathode Current   
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Plate Dissipation 
Grid No.2 Input 
TYPICAL OPERATION 
Plate Voltage   
Grid-No.2 Voltage   
Grid-No.l (Control-Grid) Voltage 
Peak AP 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.)   
Transconductance   
Load Resistance   
Total Harmonic Distortion   
Maximum-Signal Power Output . . . 
MAXIMUM CIRCUIT VALUES 
Grid-No.-Circuit Resistance: 

For fixed-bias operation 
For cathode-bias operation 

Push-Pull Class ABi Amplifier 
MAXIMUM RATINGS (Same as for Single-Tube Class Ai Amplifier) 
TYPICAL OPERATION (Values are for two tubes) 
Plate Supply Voltage   250 
Grid-No.2 Supply Voltage     250 
Cathode-Bias Resistor   130 
Peak AF Grid-No.l-to-Grid-No.l Voltage   22.6 
Zero-Signal Plate Current   62 
Maximum-Signal Plate Current   75 
Zero-Signal Grid-No.2 Current   7 
Maximum-Signal Grid-No.2 Current   15 
Effective Load Resistance (Plate-to-plate)   8000 
Total Harmonic Distortion   3 
Maximum-Signal Power Output   11 
MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation   
For cathode-bias operation   

250 300 volts 250 300 volts 130 130 ohms 22.6 28.3 volts 62 72 mA 75 92 . mA 7 8 mA 15 22 mA 8000 8000 ohms 3 
11 

4 per cent 
17 watts 

0.3 megohm 1 megohm 

Refer to chart at end of section. 6BQ6GT 

BEAM POWER TUBE 

#6BQ6GTB 

BEAM POWER TUBE /6CU6 
12BQ6GTB/12CU6, 

H 25BQ6GTB/25CU6 
Glass octal type used as horizontal-deflection amplifier 
in color and black-and-white television receivers. Out- 

03 lines section, 14D; requires octal socket. This type may 
6AM be supplied with pin No.l omitted. Types 12BQ6GTB/ 

12CU6 and 25BQ6GTB/26CU6 are identical with type 6BQ6GTB/6CU6 ex- 
cept for heater ratings. 

6BQ6GTB/ 12BQ6GTB/ 25BQ6GTB/ 
Heater Voltage (ac/dc)   6.3 
Heater Current   1,2 
Heater Warm-up Time (Average)   — 
Heater-Cathode Voltage: Peak value   ±200 max 

Average value   100 max 
Direct Interelectrode Capacitances (Approx.) : 

Grid No.l to Plate   
Grid No.l to Cathode, Heater, Grid No.2, and Grid No.c 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 ... 

±200 max 
100 max 

25CU6 
25 volts 

0.3 ampere 
— seconds 

±200 max volts 
100 max volts 
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Class At Amplifier 
CHARACTERISTICS 
Plate Voltage   60 150 250 volta 
Grid-No.2 Voltage   150 150 160 vo ta 
Grid-No.1 Voltage   0 22.5 22.6 volts 
Mu-Factor, Grid No.2 to Grid No.l   — 
Plate Resistance (Approx.)   — i^OO ohms Transconductance    — - 6900 pmhos 
Plate Current   260. - 57 mA 
Grid-No.2 Current   26# 2-\ 
Grid-No.l Voltage (Approx.) for plate mA — 1 . — 43 volts 

• These values can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 

Horizontal-Deflection Amplifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Center Values) 
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-No.l (Control-Grid) Voltage    
Peak Cathode Current ..      
Average Cathode Current   
Plate Dissipation"    
Grid-No.2 Input  ^  
Bulb Temperature (At hottest point)   
MAXIMUM CIRCUIT VALUE 
Grid-No.1-Circuit Resistance    • • • . megohm 
# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds), 
t Under no circumstances should this absolute value be exceeded. ^ ■ A bias resistor or other means is required to protect the tube in absence of excitation. 

Refer to chart at end of section. 

6BQ7A 

6BQ7A/ 

6BZ7/ 

6BS8 
4BQ7A, SBQTA MEDIUM-MU TWIN TRIODE 

Miniature type used as a cascode amplifier in vhf color 
and black-and-white television tuners in push-pull 
cathode-drive rf amplifiers. Outlines section, 6B; re- 
quires miniature 9-contact socket. For typical opera- 
tion as a resistance-coupled amplifier, refer to Resist- 
ance-Coupled Amplifier section. Types 4BQ7A and 
5BQ7A are identical with type 6BQ7A except for 
heater ratings. 

4BQ7A 5BQ7A 6BS8 
Heater Voltage (ac/dc)   jl-2 5.6 6.3 
Heater Current   0-6 <>•« 0.4 
Heater Warm-up Time (Average)   11 11 

Heater-Cathode Voltage: 
Peak value   ±200*max ±200*max ±200*inax 
Average value   100 max 100 max 100 max 
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Unit No.2 
1.2 

Direct Interelectrode Capacitances:0 UnitNo.l Unit No 2 
Grid to Plate   1,2 1.2 dP 
Grid to Cathode, Heater, and Internal Shield .... 2,Q — t>F 
Cathode to Grid, Heater, and Internal Shield .... — 5 pF 
Plate to Cathode, Heater, and Internal Shield .. 1.2   t>f 
Plate to Grid, Heater, and Internal Shield   — 2.2 pF 
Plate to Cathode   0.12 0.12 nF 
Heater to Cathode   2.6 2 6 nF 
Plate of Unit No.l to Plate of Unit No.2  '. 0.010 max pF 
Plate of Unit No.2 to Plate and Grid of Unit No.l   0.024 max pF 

* y k® high as 300 volts under cutoff conditions, when tube is used as a cascode amplifier, the two units are connected in series, and heater is negative with respect to cathode. 0 With external shield connected to internal shield. 

Class Ai Amplifier (Each Unit) 
MAXIMUM RATINGS (Design-Center Values) 
Plate Slipjrfy Voltage   250* volte 
Cathode Current   on Plate Dissipation  !!!.'!.'!!!!!!!! 2 wo+t* 
CHARACTERISTICS 
Plate Supply Voltage   
Cathode-Bias Resistor   
Amplification Factor   
Plate Resistance (Approx.) 
Transconductance   Plate Current   
Grid Voltage (Approx.) : 

For plate current of 100 fiA 
For plate current of 10 jiA . 

MAXIMUM CIRCUIT VALUE 
Grid-Circuit Resistance   

250* volts 20 mA 2 watts 

150 volts 220 ohms OO 
5900 ohms 6400 /rnihos 9 mA 

—6.6 volts 
— volts 

0.5 megohm iuu volts under cutoff conditions, when tube is used as a cascode 
: connected in series, and heater is negative with respect to cathode. 

TYPE 6BQ7A 
FOR EACH UNIT 

i 

•m 
fa 

100 200 300 400 500 600 
PLATE VOLTS 92CS-7536TI 

6BR3/ 
HALF-WAVE 

VACUUM RECTIFIER 6RK19 
17BR3/17RK19 

Miniature type used as damper tube in horizontal- 
deflection circuits of television receivers. Outlines sec- 
tion, 7D; requires miniature 9-eontact socket. Type 
17BR3/17RK19 is identical with type 6BR3/6RK19 ex- 
cept for heater ratings. 

Heater Voltage (ac/dc) 
Heater Current   
Heater Warm-up Time 

17BR3/ 
17RK19 

16.8 
0.45 

11 
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Damper Service 
For operation In a 525-line, 30-frame lyetem 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate "Voltage#   
Peak Plate Current   
Average Plate Current   
Plate Dissipation    Heater-Cathode Voltage: 

Peak value   
Average value  .• ■      

Bulb Temperature (At hottest point)   
CHARACTERISTIC, Instantaneous Value 
Tube Voltage Drop for plate current of 250 mA  ^  vo1 

# Pulse duration must not exceed 16% of a horizontal scannine cycle (10 microseconds). 
Refer to chart at end of section. 

6BR8A 

6BR8A/ 

6FV8A 6FV8A MEDIUM-MU TRIODE— 
5BR8, SBRS/SFVS SHARP-CUTOFF PENTODE H 

Miniature type used in color and black-and-white tele- a/ 
vision receiver applications. Especially useful as com- 
bined triode oscillator and pentode mixer in vhf tele- 
vision tuners. Outlines section, 6B; requires miniature Pt(2AM_ 
9-contact socket. Except for basing arrangement and (7j» 
grid-No.l-to-plate capacitance of pentode unit, types GT 

5BR8, BBR8/5FV8 and 6BR8A, 6BR8A/6FV8A are 
identical with types 5U8 and 6U8A, respectively. 

£nc3 Refer to chart at end of section. 

6BS3A 
12BS3A, 12BS3A/ 
12DW4A, 17BS3A 
17BS3A/ 17DW4A 

HALF-WAVE 
VACUUM RECTIFIER 

Novar type used as damper tube in horizontal-de- 0" 
flection circuits of black-and-white television receivers. gHp 
Outlines section, 30B; requires novar 9-contact socket. 
Socket terminals 1, 3, 6, and 8 should not he used as tie points; it is recom- 
mended that socket clips for these pins be removed to reduce the possibility 
of arc-over and to minimize leakage. These tubes, like other power-handling 
tubes, should be adequately ventilated. Types 12BS3A, 12BS3A/12I>W4A, 
17BS3A, and 17BS3A/17DW4A are identical with type 6BS3A except for 
heater ratings. 

Heater Voltage (ac/dc)   
Heater Current    
Heater Warm-up Time (Average)   
Direct Interelectrode Capacitances (Approx.): 

Plate to Cathode and Heater   
Cathode to Plate and Heater   
Heater to Cathode   

12BS3A 17BS3A 
6BS3A 12BS3A/ 17BS3A/ 

12DW4A 17DW4A 
6.3 12.6 16.8 volts 
1.2 0.6 0.45 amperes 
— 11 11 seconds 

6.5 PF 9 pF 
2.8 PF 
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Damper Service 
For operation in a 525-linef 30-fraine system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage#   Bnnn vnlto 
Peak Plate Current      nnft 21a 
Average Plate Current     onn ™a 
Plate Dissipation     B 
Heater-Cathode Voltage:   tts 

Peak value   +300 —6000 volts 
Average value   +100 —900 volts 

CHARACTERISTIC, Instantaneous Value 
Tube Voltage Drop for plate current of 140 mA   12 volts 
# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

Refer to chart at end of section. 
For replacement use type 6BQ7A/6BZ7/6BS8. 6BS8 

SHARP-CUTOFF 6BU8 
TWIN PENTODE 

Miniature type used as combined sync separator, sync 
clipper, and age amplifier tube in color and black-and- 
white television receivers. Outlines section, 6E; re- 
quires miniature 9-contact socket. Types 3BU8/3GS8 
and 4BU8/4GS8 are identical with type 6BU8 except 
for heater ratings. 

, ,, , 3BU8/3GS8 4BU8/4GS8 6BU8 Heater Voltage (ac/dc)   3.15 4.2 6 3 
Heater Current   0.6 0.45 0 3 
Heater Warm-up Time (Average)   11 11 
Heater-Cathode Voltage: 

Peak value   ±200 max ±200 max ±200 max 
Dire^t'lnterdectrode* Capacitance's*:  100 maX 100 ^100 maX 

Grid No.3 to Plate (Each Unit)   i q 
Grid No.l to All Other Electrodes  !...!!!!!!!! 'fi 
Grid No.3 to All Other Electrodes (Each Unit)  !! ]!. 3 6 
Plate to All Other Electrodes (Each Unit)  1! '3 
Grid No.3 of Unit No.l to Grid No.3 of Unit No.2   0.015 max 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage (Each Unit)    300 
Grid-No.3 (Suppressor-Grid) Voltage (Each Unit):   

Peak positive value   50 
DC negative value !!!!!!!!!  60 
DC positive value !!!!!!!!!  a 

Grid-No.2 (Screen-Grid) Voltage    150 
Grid-No.l (Control-Grid) Voltage, Negative bias vaiue .. 60 
Cathode Current     12 
Plate Dissipation (Each Unit)  !!!!!!!!!!  1 i 
Grid-No.2 Input  !!!!.!. 0 76 
CHARACTERISTICS (With Both Units Operating) 
Plate Voltage (Each Unit)   
Grid-No.3 Voltage (Each Unit)   
Grid-No.2 Voltage   
Grid-No.l Voltage  !!!!! 
Plate Current (Each Unit)   
Grid-No.2 Current   
Cathode Current   
CHARACTERISTICS (With One Unit Operating) 
Plate Voltage   
Grid-No.3 Voltage   
Grid-No.2 Voltage   
Grid-No.l Voltage  ] ] 
Grid-No.3 Transconductance   
Grid-No.l Transconductance   

volts 
ampere 
seconds 
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Plate Current   ■■■•' i' i " 
Grid-No.3 Voltage (Approx.) for plate current of   

100 pA    • • • • • • •    ■ •; • • ■ 
Grid-No.l Voltage (Approx.) for plate current of 

100 pA   — 

MAXIMUM CIRCUIT VALUES 
Grid-No.3-Circuit Resistance (Each Unit)   
Grid-No. 1-Circuit Resistance    
* Adjusted to provide a dc grid-No.l current of 100 microamperes, 
t With plate and grid No.3 of the other unit connected to ground. 

TYPE 6BU8 WITH Eci AS VARIABLE 
GRID-No.3 VOLTS'O GRID-No.2 V0LTS«675 
PLATE AND GRID No.3 OF OTHER UNIT 
MOUKDn .—its ecr'-O.—,— 

I l^r-TTTT 

TYPE 6BU8 
WITH Ecj AS VARIABLE 
GRID-No.2 VOLTS867.5 
GRID-No.1 mA" O.I , i I t 

PLATE AND GRID 
No. 3 OF OTHER 
UNIT GROUNDED. 

mam 

mm 

wjmm 
100 200 300 

PLATE VOLTS 
400 

9205-94207 
200 300 

PLATE VOLTS 

6BV8 Refer to chart at end of section. 

G|p2 Glp| 

GSp, 

volts 
ampere 
seconds 

pF 
pF 

ADX/H SHARP-CUTOFF ODV I I TWIN PENTODE :: 
12BV11 r1 

Duodecar type used as color demodulators in color tele- PP2 (ix/N 
vision applications. Grid Nos. 1 and 3 may bemused as G3p2 q 
independent control electrodes. Outlines section, 8C; H 
requires duodecar 12-contact socket. Type 12BV11 is 12HB 
identical with type 6BV11 except for heater ratings. 

6BV11 12BV11 
Heater Arrangement   ®ei^oS 

Heater Voltage (ac/dc)    6.3 12.6 
Heater Current        0.9 0.45 
Heater Warm-up Time   — i1 

Direct Interelectrode Capacitances: 
Grid No.l to Plate     0.1 
Grid No.3 to Plate    ■ ■ • • • • •   2 
Grid No.l to Heater, Cathode, Grid No.2, Grid No.3, and Internal Shield   ^ 
Grid No.3 to All Other Electrodes   8.5 
Grid No.l to Grid No.3   0.08 

Class Ai Amplifier (Each Unit) 
MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Voltage   Grid-No.3 (Suppressor-Grid) Voltage: 

Positive-bias value   25 
Negative-bias value   100 

Grid-No.2 (Screen-Grid) Supply Voltage   -sOO 
Giid-No.2 Voltage   See curve page 300 
Grid-No.l (Control-Grid) Voltage: 

Positive-bias value   0 
Negative-bias value   &0 

Plate Dissipation   J*' 
Grid-No.3 Input   O'1 

Grid-No.2 Input: . i .. 
For grid-No.2 voltages up to 150 volts    l waw 
For grid-No.2 voltages between 150 and 300 volts   See curve page 300 

pP PF 
pF 

volts 
volts 
volts 
volts 

volt 
volts 

watts 
watt 
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CHARACTERISTICS 
Plate Supply Voltage   
Grid-No.3 Voltage  !!•!!!!!!!!!!  
Grid-No.2 Supply Voltage   
Cathode Kesistor    [ \ [  
Plate Current  !.!!!!!!!!!!!!.  
Grid-No.2 Current  ....!!!.!!!!!!!!..!.  Transconductance, Grid No.l     
Transconductance, Grid No.3   Plate Resistance (Approx.)   
Grid-No. 1 Voltage (Approx.) for plate current of 75 'uA ' 
Vri<i-No.3 Voltage (Approx.) for plate current of 85 uA 
Amplification Factor    
MAXIMUM CIRCUIT VALUES 
Grid-No.3-Circuit Resistance   
Grid-No.l-Circuit Resistance: For fixed-bias operation   

For cathode-bias operation   

For replacement use type 6CG3/6BW3/6DQ3. 6BW3 

Refer to chart at end of section. 6BW4 

Refer to chart at end of section. 6BW8 

Gjpj.lS Oj^.lS 
SHARP-CUTOFF 
DUAL PENTODE 6BW11 

---q?; Duodecar type used in color and black-and-white tele- 
vision receiver applications. Unit No. 1 is used as a 
X , amP^fier! unit No. 2 is used in bandpass ampli- 0—© S her. burst amplifier, or sound-if or video-if applications. 

  Outlines section, 8B; requires duodecar 12-contact 
i. H ^ J socket. Heater: volts (ac/dc), 6.3; amperes, 0.8; maxi- mum heater-cathode volts, ±200 peak, 100 average 

Class Ai Amplifier 

PlttilVoftaBeAT,NGS (DeSi8n"Maximum Values) Unit No.l Unit No.2 
(Screen-Grid)' Supply Voita'ge '330 HS 

Grid-No.2 Voltaare   o Grid-No.l (Control-Grid) Voltage,' Positive-bias ' value See curve page 300 
Plate Dissipation    . 
Grid-No.2 Dissipation  0 8 0 65 
CHARACTERISTICS 
Plate Voltage   .ok 
Grid No.3 (Suppressor Grid)     p., 126 

Grid-No.2 Voltage     .   Connected to catb 
Cathode-Bias Resistor     ^ 
Plate Resistance (Approx.)    ' 0,0 
Transconductance ...      . ®-2 
Plate Current       8BSS 130?? 
Grid-No.2 Current   fi 
Grid-No.! Voltage (Approx.) for plate' current''of ' 

20 "A   -9.5 -3 
MAXIMUM CIRCUIT VALUES 
Grid-No. 1-Circuit Resistance: For cathode-bias operation   a or n ok 

125 125 
Connected to cathode volts at socket 

volts 
ohms 

megohm 
/imhos 

mA 
mA 

Refer to chart at end of section. 6BX7GT 

Refer to chart at end of section. 6BY5GA 



214 RCA Receiving Tube Manual 

6BY6 PENTAGRID AMPLIFIER 
Miniature type used as a gated amplifier in color tele- 
vision receivers. In such service, it may be used as a 
combined sync separator and sync clipper. Outlines 
section, 5C; requires miniature 7-contact socket. 

Heater Voltage (ac/dc)   ^ 
Heater Current    
Heater Warm-up Time (Average)   " 

Peak value   
Average value   

Direct Interelectrode Capacitances: 
Grid No.l to Plate  
Grid No,3 to Plate   
Grid No.l to Grid No.3   
Grid No. 1 to All Other Electrodes      
Grid No.3 to All Other Electrodes   
Plate to All Other Electrodes   

200 max 
100 max 

Class A, Amplifier 
CHARACTERISTICS 
Plate Voltage      Grids-No.2-and-No.4 Voltage   
Grid-No.3 Voltage   
Grid-No.l Voltage   Grid-No.3-to-PIate Transconductance   
Grid-No. 1-to-Plate Transconductance   
Plate Current   Grids-No. 2-and-No.4 Current       ■ ' 
Grid-No.3 Volts (Approx.) for plate current of 35 nA and 
Grid-No.lNVo]ts (Approx.) for plate current of 36 /iA and 

grid-No.3 volts 

Gated Amplifier 
MAXIMUM RATINGS (Design-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.l 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 166 yoite .........  
For grids-No.2-and-No.4 voltages between 166 and 330 volts .... 

Grid-No.l Input   
CHARACTERISTICS AS SYNC SEPARATOR AND SYNC CLIPPER 
Plate Voltage   
Grid-No.3 Voltage   Grids-No.2-and-No.4 Voltage    
Grid-No.l Voltage      
Plate Current   
Sid-No^'^SltN°AppCroxlrfor plate' voltage of 26 volte, BridslNoi- 

and-No.4 voltage of 25 volte, grid-No.l voltage of 0 volte, and 
Grid'llo6! "volte^Approx!1) for plate voltage of 26 volte, grids-No.2- 

and-No.4 voltage of 25 volte, grid-No.3 voltage of 0 volte, and 
plate current of 50 /iA   

MAXIMUM CIRCUIT VALUES 
Grid-No.l or Grid-No.3-Circuit Kesistance: 

For fixed-bias operation   
For cathode-bias operation   
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TYPE 6BY6 GRID-No.l VOLTS —2.5 
GRIDS-No. 2 a No.4 VOLTS»IOO 

|lC2.4Gat^3J/0LmEC3 

^3 

100 zoo 
PLATE VOLTS 

300 
92CS*6I39TI 

DIODE— £DVO 
SHARP-CUTOFF PENTODE ODIO 

Miniature type used in television receiver applications. 
The pentode unit is used as an rf amplifier and the 
high-perveance diode as a limiter or detector. Outlines 
section, 6E; requires miniature 9-contact socket. 

Heater Voltage (ac/dc)   ft o 
Heater Current     qc 
Heater Warm-up Time (Average)   11 
Heater-Cathode Voltage:   

Peak value    -i-onn 
Average value  ;;;;;;;;;;;;;;;; iooma

a^ 
Direct Interelectrode Capacitances:0 

Pentode Unit: 
Grid No.l to Plate   A nftgK Grid No.l to Cathode, Heater, Grid No.2, Grid No."3,' and 

Internal Shield   - e 
Plate to Cathode, Heater, Grid No.2,' Grid' No.s! ' and 

Internal Shield  ' K Diode Plate to All Other Electrodes .... 48" 
. ext.crnal, shfeld connected to cathode of pentode unit (pin 9)i except as 'noted With external shield connected to ground. 

volts 
ampere 
seconds 

Pentode Unit as Class Ar Amplifier 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage   
Grid-No.3 (Suppressor-Grid) Voltage, Positive vaiiie  
Grid-No.2 (Screen Grid) Supply Voltage   
Grid-No.2 Voltage     
Grid-No.l (Control-Grid) Voltage:   

Negative-bias value   
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 !!. ! 

CHARACTERISTICS 
Plate Supply Voltage    ion 
Grid N0.3    ;;;;;;;  rL»£ Grid-No.2 Supply Voltage   '' mn 
Cathode-Bias Resistor     1 go Plate Resistance (Approx.)     05 
Transconductance     oonn Plate Current  " !!!!!!!!!!!!!!!!!r 
Grid-No.2 Current   !!!!!! 21 
Grid-No.l Voltage (Approx.) for plate current of 

10 M     
MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: For fixed-bias operation   

For cathode-bias operation .     . . !  

300 
0 

300 
See curve 

0.65 
See curve 

Connected to cathode 

volts 
volts 
volts page 300 

watt page 300 

volts at socket 
volts 
ohms 

megohm 
/imhos 

mA 
mA 

megohm 
megohm 
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Diode Unit 
MAXIMUM RATINGS (Design-Center Values) 
Peak Inverse Plate Voltage   
Peak Plate Current   
Average Plate Current  

6BY11 Refer to chart at end of section. 

For replacement use type 6BE3/6BZ3. 

6BZ6 SEMI REMOTE-CUTOFF 
3BZ6, 4nz6, 12BZ6 PENTODE 

Miniature type used in gain-controlled video if stages 
of color and black-and-white television receivers. Out- 
lines section, 5C; requires miniature 7-contact socket. 
Types 3BZ6, 4BZ6, and 12BZ6 are identical with , type 
6BZ6 except for heater ratings. 

Heater Voltage (ac/dc)   3.16 4.2 6.3 
Heater Current   0.6 0.46 U.d 
Heater Warm-up Time (Aver- 

age)   11 11 ~ Heato-Cathode Voltage:  ±2oo ^ ±200 max ^ mttx 

Average value !  100 max 100 max 100 max 
Direct Interelectrode Capacitances: 

Grid No.l to Plate     ••• 0.026 max 
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   

4 With external shield connected to cathode. 
Class Ai Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage  •A" .v. ;  
Grid No.3 (Suppressor-Grid) Voltage, Positive value .. 
Grid-No.2 (Screen-Grid) Supply Voltage   
Grid-No.2 Voltage    • •;  V * " 
Grid-No.l (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 .. 

±200 max 
100 max 

Shielded 
0.015 max 

330 volts 0 volts 
330 volts See curve page 300 

0 volts 
2.3 watts 

0.55 watt 
See curve page 300 

TYPE 6BZ6 
GRID No.3 AND INTERNAL SHIELD - CONNECTED TO CATHODE AT 

SOCKET^ 
25Lgrid-no.2 volts-125 

■gpsiraasB 

100 200 300 400 
PLATE VOLTS szcs-esosTS 
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CHARACTERISTICS 
Plate Supply Voltage   125 volts 
Grid No.3  Connected to cathode at socket 
Grid-No.2 Supply Voltage   
Cathode-Bias Resistor    
Plate Resistance (Approx.)   
Transconductance   
Plate Current   
Grid-No.2 Current     
Grid-No.l Voltage (Approx.) for transconductance of 60 /imhos ... 
Grid-No.l Voltage (Approx.) for transconductance of 700 fimhos .. 
MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation   
For cathode-bias operation   

volts 
ohms 

megohm 
/imhos m A 

m A 
volts 
volts 

megohm 
megohm 

Refer to chart at end of section. 
For replacement use type 6BQ7A/6BZ7/6BS8. 

Refer to chart at end of section. 
For replacement use type 6BC8/6BZ8. 

6C4 POWER TRIODE 
Miniature type used as a cascode amplifier in vhf color 
local oscillator in FM and other high-frequency cir- 
cuits and as a class C rf amplifier. Outlines section, 
5C; requires miniature 7-contact socket. For typical 
operation as a resistance-coupled amplifier, refer to 
Resistance-Coupled Amplifier section. For additional 
curve of plate characteristics, refer to type 12AU7A. 

Heater Voltage (ac/dc)   
Heater Current   
Heater-Cathode Voltage: 

Peak value        
Average value   

Direct Interelectrode Capacitances (Approx.) 
Grid to Plate   
Grid to Cathode and Heater   
Plate to Cathode and Heater  

a With external shield connected to cathode. 
Class Ax Amplifier 

MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage   

  ±200 max 
  100 max 
Unshielded ShieldedA 

300 max Plate Dissipation   3.5 max 
CHARACTERISTICS 
Plate Voltage   100 260 
Grid Voltage*   0 —8.5 
Amplification Factor   19.6 17 
Plate Resistance (Approx.)   6250 7700 
Transconductance   3100 2200 
Plate Current   11.8 10.5 
Grid Voltage (Approx.) for plate current of 10 /tA .. —10 —25 
MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance: 

For fixed bias operation    0.25 
For cathode-bias operation   1 

* Transformer- or impedance-type input coupling devices are recommended to 
resistance in the grid circuit. 

RF Power Amplifier and Oscillator—Class C Telegraphy 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage   300 
Grid Voltage .  ".  50 
Plate Current    25 
Grid Current   5 
Plate Dissipation   g 

megohm 
megohm 
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TYPICAL OPERATION AT FREQUENCIES UP TO 50 MHz 
Plate Voltage   volts 
Grid Voltage     —Ji vo™ 
Plate Current   2o mA 
Grid Current (Approx.)   " niA 
Driving Power (Approx.) . . .    
Power Output (Approx.)*   watts 
•Approximately 2.5 watts power output can be obtained when the 6C4 is used at 150 MHz 
as an oscillator with grid resistor of 10,000 ohms and with maximum rated input. 

100 ZOO 300 too PLATE VOLTS 92CS-637eT 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

6C9 SHARP-CUTOFF 
17C9 DUAL TETRODE 

Miniature type used as vhf rf-amplifier and autodyne 
mixer tube. Outlines section, 6B; except center pin is 
added to base; requires miniature 10-contact socket. 
Type 17C9 is identical with type 6C9 except for heater 
ratings. 

zfs 
'TRg 

CENTER PIN 
KTRg.lS 

10F 

Heater Voltage (ac/dc)   
Heater Current   
Peak Heater-Cathode Voltage   
Direct Interelectrode Capacitances: 

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   
Heater to Cathode     
Plate of Unit No.l to Plate of Unit No.2   
Grid No.l of Unit No.l to Grid No.l of Unit No.2 
Grid No.l of Unit No.l to Plate of Unit No.2 .. 
Grid No.l of Unite No.2 to Plate of Unit No.l .. 

6C9 17C9 
6.3 16.8 
0.4 0.15 

±100 max ±100 max 
Unit No. 1 Unit No. 2 

0.055 max 0.06 max 
4.4 4.2 
2.2 2.2 
4.2 4.8 

0.003 max 
0.001 max 
0.001 max 
0.032 max 
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Class Ai Amplifier (Each Unit) 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage   
Grid-No.2 (Screen-Grid) Supply Voltage   
Grid-No.2 Voltage   
Cathode Current    
Plate Dissipation: 

Either plate      
Both plates (both units operating)   

Grid-No.2 Input: 
For grid-No.2 voltages up to 90 volts   
For grid-No.2 voltages between 90 and 180 volts   

CHARACTERISTICS 
Plate Voltage   
Grid-No.2 Voltage    
Grid-No.l Voltage   . . 
Plate Resistance (Approx.)   
Transconductance   
Plate Current     
Grid-No.2 Current    
Grid-No.l Voltage (Approx.) for plate current of 20 /tA   

250 volts 
180 volts 
See curve page 300 

20 mA 

0.5 watt 
See curve page 300 

volts 
volts 
volt 

megohm 
/imhos 

mA 
mA 

volts 
Refer to chart at end of section. 6C10 

NC FULL-WAVE z/^Ail 
® VACUUM RECTIFIER OL.A4 
^0Poa Miniature type used in power supply of compact audio 

11^ equipment having moderate dc requirements. Outlines 
//5)nc section, 6G; requires miniature 9-contact socket. This 
ff) tube, like other power-handling tubes, should be ade- 

NC quately ventilated. Heater: volts (ac/dc), 6.3; amperes, 
1. 

Full-Wave Rectifier 
MAXIMUM RATINGS (Design-Center Values) 
Peak Inverse Plate Voltage   
Peak Plate Current (Per Plate)   
AC Plate Supply Voltage (Per Plate, rms) with Capacitor Input 

to Filter   
Average Output Current   
Hot Switching Transient Plate Current (Per Plate)   
Peak Heater-Cathode Voltage   

OPERATION CHARACTERISTICS 
full-wave circuit capacitor input to filter 

i i i F^T i—i—i—r- TYPE 6CA4 E .f S 6.5 VOLTS 
- SUPPLY FREQUENCY (CPS)s60  

CAPACITOR INPUT TO FILTER 
— TOTAL EFFECTIVE PLATE-SUPPLY IMPEDANCE   

PER PLATE CURVE I A I B I C PER •jLATE OHMS ISO 200 240 

100 ISO 
OC LOAD MILLIAMPERES 
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TYPICAL OPERATION WITH CAPACITOR INPUT TO FILTER 
AC Plate-to-Plate Supply Voltage (rms)   500 600 700 volte 
Filter-Input Capacitor   SO 60 60 /tF 
Total Effective Plate Supply Impedance 

per Plate   ISO 200 240 ohms 
DC Output Voltage at Input to Filter (Approx.) 

For dc output current of 150 mA   245 293 347 volte 
# 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. 

beam power tube 
Miniature type used in af power output stage of radio 
and television receivers. Outlines section, BD; requires 
miniature 7-contact socket. Type 12CA5 is identical 
with type 6CA5 except for heater ratings. 

6CA5 1! 
Heater Voltage (ac/dc)   6.3 
Heater Current   1»2 
Heater Warm-up Time (Average)   — 
Heater-Cathode Voltage; . 

Peak value     ±200 max -f20 
Average value   100 max +10 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage     
Grid-No.2 (Screen-Grid) Voltage   
Grid-No.1 (Control-Grid) Voltage, Positive-bias value   
Plate Dissipation     
Grid-No.2 Input     
Bulb Temperature (At hottest point)   
TYPICAL OPERATION 
Plate Voltage   JJ2 
Grid-No.2 Voltage    • 
Grid-No.l (Control-Grid) Voltage   —* 
Peak AF Grid-No.l Voltage   J 
Zero-Signal Plate Current   32 
Maximum-Signal Plate Current   31 
Zero-Signal Grid-No.2 Current (Approx.)   3.6 
Maximum-Signal Grid-No.2 Current (Approx.)   7.6 
Plate Resistance (Approx.)   ijj®® Transconductance   {jiuu 
Load Resistance   3500 
Total Harmonic Distortion      © 
Maximum-Signal Power Output   1*1 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation     
For cathode-bias operation     

+ 200 —300 max 
+ 100 —200 max 

Refer to chart at end of section. 

6CA7/ 

EL34 POWER PENTODE 
Glass octal types used in the output stage of audio- 
frequency amplifiers. Maximum dimensions: over-all 
length, 4%} inches; seated height, 3% inches; diameter, 
1% inches. Tube requires octal socket. 
Heater Voltage (ac/dc)   
Heater Current   
Peak Heater-Cathode Voltage 

Gz G| 
(?i fs) 
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Direct Interelectrode Capacitances: 
Grid No.l to Plate   
Grid No.l to Cathode, Heater, Grid No^, and Grid No.3 
Plate to Cathode, Heater, Grid No.2, and Grid No.3   

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage    
Grid-No.2 (Screen-Grid) Voltage     
Grid-No.2 Input  1 1 ' 
Cathode Current   
Plate Dissipation      
TYPICAL OPERATION 
Plate Voltage   
Grid-No.2 Voltage   
Grid-No.l (Control-Grid) Voltage 
Peak AP Grid-No.l Voltage .... 
Zero-Signal Plate Current   
Zero-Signal Grid-No.2 Current 
Transconductance   
Plate Resistance   
Load Resistance    
Maximum-Signal Power Output 
Total Harmonic Distortion   
MAXIMUM CIRCUIT VALUE 
Grid-No.1-Circuit Resistance, for cathode-bias operation   

Push-Pull Class AB! Amplifier 
MAXIMUM RATINGS (Same as for Class Ai Amplifier) 
TYPICAL OPERATION (Values are for two tubes) 
Plate Supply Voltage   
Grid-No.2 Supply Voltage   
Cathode-Bias Resistor   
Grid-No.2 Resistor   
Peak AF Grid-No.l to Grid-No.l Voltage j.' ] 
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    

Kefer to chart at end of section. 

BEAM POWER TUBE 6CB5A 
Glass octal type used as horizontal-deflection ampli- 
fier in color and black-and-white television receivers. 
Outlines section, 21B; requires octal socket. 

Heater Voltage (ac/dc)   
Heater Current   
Heater-Cathode Voltages 

Peak value   
Average value   

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  

±200 max 
100 max 

Class Ai Amplifier 
CHARACTERISTICS 
Plate Voltage   
Grid-No.2 Voltage 
Grid-No.l Voltage 
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Mu-Factor, Grid No.2 to Grid No.l   — 3-8 
Plate Kesistance (Approx.)   — 8080 "Jl"" 
Transconductance   — 8800 /"nhos 
Plate Current   460* 90 mA 
Grid-No.2 Current    • • • • • ■ •• 42# A 
Grid-No.l Voltage (Approx.) for plate current of 1 mA — —60 volts 
• These values can be measured by a method involving a recurrent waveform such that the 
maximum rating of the tube will not be exceeded. 

Horizontal-Deflection Amplifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Voltage       
Peak Positive-Pulse Plate Voltage#   6800 
Peak Negative-Pulse Plate Voltage   1650 
DC Grid-No.2 (Screen-Grid) Voltage   320 
DC Grid-No.l (Control-Grid) Voltage   —65 
Peak Negative-Pulse Grid-No.l Voltage     
Peak Cathode Current    "JU 
Average Cathode Current   
Grid-No.2 Input     ■ 
Plate Dissipationt  ; • ■    
Bulb Temperature (At hottest point)   
MAXIMUM CIRCUIT VALUE 
Grid-No.l-Circuit Resistance   O-y 
# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 
t A bias resistor or other means is required to protect the tube in absence 

megohm 
microseconds), 
of excitation. 

Refer to chart at end of section. 

6CB6A 

6CB6A/ 

6CF6 
SHARP-CUTOFF PENTODE 

3CB«, 3CB6/3CF6, 4CB6 KC2K\t>M ALL 
Miniature types used in color and black-and-white tele- >*=3#^ is 
vision receivers as if amplifier at frequencies up ^ to gi 
about 45 MHz and as rf amplifiers in vhf television 7CM 
tuners. Outlines section, 5C; requires miniature 7-con- 
tact socket. For typical operation as resistance-coupled amplifiers, refer 
to Resistance-Coupled Amplifier section. Types 3CB6, 3CB6/3CF6, and 
4CB6 are identical with type 6CB6A except for heater ratings. 

Heater Voltage (ac/dc)   . 
Heater Current  
Heater Warm-up Time (Average) 
Heater-Cathode Voltage: 

Peak value ... 
Average value 

3CB6 
3CB6/3CF6 

3*15 
0*6 
11 

f +200 max 
\ —300 max 

100 max 
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    
A With external shield connected to cathode. 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 

6CB6A 
4CB6 6CB6A/6CF6 

4.2 6.3 
0.45 0.3 

11 11 

[ —300 max ="00.max 
I +100 max 100 max 
[ —200 max 

Unshielded Shielded4 

0.025 max 0*015 max 

ampere 
seconds 

Plate Voltage    • • ■     • • • 
Grid-No.3 (Suppressor-Grid) Voltage, Positive value 
Grid-No.2 (Screen-Grid) Voltage   

330 volts 
0 volts 

See curve page 300 
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Grid-No.2 Supply 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  ! 

CHARACTERISTICS 
Plate Supply Voltage    

       Connected Grid-No. 2 Supply Voltage   
Cathode-Bias Resistor    Plate Resistance (Approx.)  ! . 1] 
Transconductance  !!!!!!!.!!!!!!!!!!!!!!!!!! Plate Current  ! 
Grid-No.2 Current   
Grid-No.l Voltage (Approx.) for plate current of 20 /iA   
Gnd-No.l Voltage (Approx.) for plate current of 2.8 mA   

0.55 watt 
See curve page 300 

125 volts 
to cathode at socket 

TYPE 6CB6A 
GRID No.3 AND INTERNAL SHIELD 
^CONNECTED TO CATHODE AT SOCKET. GRID-Na2 V0LTS»I25 

ZOO 300 400 
PLATE VOLTS 92CS-9854TI 

For replacement use type 6CE3/6CD3/6DT3. 

Eefer to chart at end of section. 6CD6G 

6CD6GA 
BEAM POWER TUBE 25CD6GB 

Glass octal type used as horizontal-deflection amplifier 
in high-efficiency deflection circuits of color and black- 
and-white television receivers. Outlines section. 21B; 
requires octal socket. This type may be supplied with 
pins 1, 4, and 6 omitted. Vertical tube mounting is pre- 
ferred, but horizontal operation is permissible if pins 
No.2 and 7 are in vertical plane. Type 25CD6GB is 
identical with type 6CD6GA except for heater ratings. 

Heater Voltage (ac/dc)   
Heater Current   
Heater Warm-up Time (Average)   
Heater-Cathode Voltage: 

Peak value    : 
Average value    

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 ... 

6CD6GA 
6.3 
2.5 

25CD6GB 
25 

0.6 
11 

±200 max ±200 max 
100 max 100 max 

volts 
amperes 
seconds 

CHARACTERISTICS 
Plate Voltage   
Grid-No.2 (Screen-Grid) Voltage 
Grid-No.l (Control-Grid) Voltage 
Mu-Factor, Grid No.2 to Grid No.l 

Class Ai Amplifier 
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Plate Resistance (Approx.)   3 '200 Transconductance   og. Plate Current   230' 5
5'55 Grid-No.2 Current      ■■ 21 

Grid-No.l Voltage (Approx.) for plate current of ^ _55 1 mA    
• This value can be measured by a method involving a recurrent waveform such 
maximum ratings of the tube will not be exceeded. 

Horizontal-Deflection Amplifier 
For operation in a 525-line, 30-fraine system 

MAXIMUM RATINGS (Design-Center Values) 

volts 
that the 

Peak Positive-Pulse Plate Voltage# (Absolute Maximum)   <000- volts 
Peak Negative-Pulse Plate Voltage   "00 vo ts 
DC Gild-No.2 (Screen-Grid) Voltage    ™ltg Peak Negative-Pulse Grid-No.l Voltage   
Peak Cathode Current  _■   2oo mA 
Average Cathode Current  "•  20 watts 
Plate Dissipationf    3 watts Grid-No.2 Input  ;•••  .q 
Bulb Temperature (At hottest point)   
MAXIMUM CIRCUIT VALUE 
Grid-No -Circuit Resistance, for grid-resistor-bias operation   0.47 megonm 
# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). ■ Under no circumstances should this absolute value be exceeded. _ -vrtUotinn 
fA bias resistor or other means is required to protect the tube in absence of excitation. 

.No.2VOLTS_EC2dO 
SIS 

PLATE VOLTS 

Refer to chart at end of section. 
6CE3 jp0]p replacement use type 6CE3/6CD3/6DT3. 

6CE3/ HALF-WAVE « A 

6CD3/6DT3 vacuum rectifier 
34CE3 kfr—^ 

Duodecar type used as a damper diode in the horizontal- lc^A 
deflection circuit of color television receivers. Outlines ic^X—^ 
section, 8G; requires duodecar 12-contact socket. Type H 
34CE3 is identical with type 6CE3/6CD3/6DT3 except 
for heater ratings. 12GK 

6CE3/ 
6CD3/6DT3 34CE3 

Heater Voltage (ac/dc)   
Heater Current       tl 11 
Heater Warm-up Time (Average)   
Direct Interelectrode Capacitances: 1„ 

Plate to Cathode and Heater   " 
Cathode to Plate and Heater   
Heater to Cathode   

volts 
amperes 
seconds 

PF 
PF 
PF 
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Damper Service 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Prak Inverse Plate Voltage#   5000 volts 
Peak Plate Current   ikaa mA 
Average Plate Current   350 mA 
Plate Dissipation  ' H watts 
Bulb Temperature (At hottest point)   22(1 ®p 
Heater-Cathode Voltage   0 

Peak value   +300 —5500 volts 
Average value . .    +100 —900 volts 

CHARACTERISTIC, Instantaneous Value 
Tube Voltage Drop for plate current of 680 mA   20 volts 
# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

Refer to chart at end of section. 
For replacement use type 6BC5/6CE5. 

Refer to chart at end of section. 
For replacement use type 6CB6A/6CF6. 

6CG3/6BW3 For replacement use type 6CG3/6BW3/6DQ3. 

6CG3 

6CG3/ 

ic K VACUufcT RECTIFIER 6BW3/ 

6DQ3 

HALF-WAVE 
VACUUM RECTIFIER 

19CG3/19DQ3, 25CG3 
Duodecar type used as damper diode in horizontal- 
deflection circuits of color and black-and-white tele- 
vision receivers. Outlines section, 8F; requires duodecar 
12-contact socket. Types 19CG3/19DQ3 and 25CG3 are 
identical with type 6CG3 except for heater ratings. 

Heater Voltage (ac/dc) 
Heater Current   
Heater Warm-up Time 

6CG3 
6CG3/ 

6BW3/6DQ3 
6.3 . 
1.8 volts 

amperes 
seconds 

Damper Service 
Fur operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage#   5000 v 
Peak Plate. Current   2100 
Average Plate Current   350 
Plate Dissipation    6.5 w Heater-Cathode Voltage: 

Peak value     -1-300 —6000 v 
Average value   4-100 —900 v 

CHARACTERISTIC, Instantaneous Value 
Tube Voltage Drop for plate current of 700 mA   25 v 
# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

Refer to chart at end of section. 
For replacement use type 6CG3/6BW3/6DQ3. 

For replacement use type 6FQ/6CG7. 

Refer to chart at end of section. 

6CG3/6CD3 
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6CG0A MEDIUM-MU TRIODE— 
sees SHARP-CUTOFF PENTODE 

Miniature type used as combined oscillator and mixer Mwjf— 
tube in color and black-and-white television receivers pt(1aWC/7™|™7®g3p 
utilizing an intermediate frequency in the order of 40 K 

MHz. When used in an AM/FM receiver, the triode 
unit is used as an oscillator for both sections. In the ggp 
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 pen- 
tode mixer or as a triode-connected mixer depending on signal-to-noise 
considerations. Outlines section, 6B; requires miniature 9-contact socket. 
Type 5CG8 is identical with type 6CG8A except for heater ratings. These 
types are electrically identical with miniature type 6X8 except for inter- 
electrode capacitances. 

5CG8 6CG8A 
Heater Voltage (ac/dc)   4.7 6.3 volts 
Heater Current   0.6 0.45 v ampere 
Heater Warm-up Time (Average)   11 11 seconds 
Heater-Cathode Voltage: 

Peak value   ±200 max ±200 max volts 
Average value   100 max 100 max volts 

Direct Interelectrode Capacitances: Unshielded Shielded0 

Triode Unit: 
Grid to Plate   1.5 1.5 pF 
Grid to Cathode, Heater, and Pentode Grid No.3 2 2.4 pF 
Plate to Cathode, Heater, and Pentode Grid No.3 0.5 1 pF 

Pentode Unit: 
Grid No.l to Plate    0.04 max 0.02 max pF 
Grid No.l to Cathode, Heater, Grid No.2, and 

Grid No.3    4.6 4.8 pF 
Plate to Cathode, Heater, Grid No.2, and 

Grid No.3    0.9 1.6 pF 
Pentode Grid No.l to Triode Plate   0.05 max 0.04 max pF 
Pentode Plate to Triode Plate   0.05 max 0.008 max pF 
Heater to Cathode   6.5 6.5* pF 0 With external shield connected to cathode, except as noted. 

• With external shield connected to plate. 

6CH3 For replacement use type 6CJ3/6CH3. 

6CH8 Refer to chart at end of section. 

HALF-WAVE 

6CJ3/6CH3 VACUUM RECTIFIER 

Novar type used as damper tube in horizontal-deflection 
circuits of black-and-white television receivers. Out- 
lines section, 30F; requires novar 9-contact socket. 
Socket terminals 1, 3, 6, and 8 should not be used as 
tie points. This tube, like other power-handling tubes, 
should be adequately ventilated. Heater: volts (ac/dc), 
6.3; amperes, 1.8. 

Damper Service 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage#   
Peak Plate Current   
Average Plate Current   
Plate Dissipation    
Heater-Cathode Voltage: 

Peak value   +300 
Average value     +100 
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CHARACTERISTICS, Instantaneous Value 
Tube Voltage Drop for plate current of 700 mA   25 vi 
# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

Refer to chart at end of section. a/«ixo 
For replacement use type 6CL3/6CK3. 6CK3 

Refer to chart at end of section. 6CK4 

HALF-WAVE 
VACUUM RECTIFIER 

6CL3 

6CL3/6CK3 

Novar type used as a damper tube in horizontal-de- 
flection circuits of color and black-and-white tele- 
vision receivers. Outlines section, 30B; requires novar 
9-contact socket. Socket terminals 1, 3, 6, and 8 should 
not be used as tie points. This tube, like other power- 
handling tubes, should be adequately ventilated. Type 
12CL3 is identical with type 6CL3 except for heater 
ratings. 

Heater Voltage (ac/dc)   
Heater Current   
Heater Warm-up Time (Average) 
Direct Interelectrode Capacitances; 

Plate to Cathode and Heater 
Cathode to Plate and Heater . 
Heater to Cathode   

6CL3 
6CL3/6CK3 

6.3 
1.2 volts 

amperes 
seconds 

Damper Service 
For operation in a 525-line, 30-fraine system - 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage#   csnn 
Peak Plate Current    vo 

Average Plate Current    ocn n 

Plate Dissipation     4 k ** 
Bulb Temperature (At hottest point)'.!!.'    oon 
Heater-Cathode Voltage:   

Peak value     +300 _5000 Average value   +100 __900 ™ 
CHARACTERISTICS, Instantaneous Value 
Tube Voltage Drop for plate current of 350 mA   16 vo 
# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

. POWER PENTODE 6CL6 
Miniature type used in output stage of video amplifier 

C0/01* and black-and-white television receivers and 
G/ "© as wide-band amplifier tube in industrial and labora- 
« c' tory equipment. Outlines section, 6E; requires minia- 

9BV ture 9-contact socket. 
Heater Voltage (ac/dc)    e„ „ Heater Current     n volts 
Peak Heater-Cathode Voltage   -Ann „„„ nmPe" 
Direct Interelectrode Capacitances (Approx.):   vo,t5 

Grid No.l to Plate   ni? r- 
Grid No.l to Cathode. Heater, Grid No.2, Grid No 3.  p 

and Internal Shield  ,, _ 
Plate to Cathode, Heater, Grid No.2, Grid No.3,  p 

and Internal Shield   c c 
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Class A, Amplifier 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage    • • • 
Grid-No.3 (Suppressor-Grid) Voltage, Positive value 
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   
Grid-No.2 Input    
Bulb Temperature (At hottest point)   
TYPICAL OPERATION 
Plate Voltage      , , £60 
Grid No.3       Connected to cathode f 
Grid-No.2 Voltage   160 
Grid-No.l Voltage   ® 
Peak AP Grid-No.l Voltage   » 
Zero-Signal Plate Current   
Maximuni-Signal Plate Current     • • • 
Zero-Signal Grid-No.2 Current     £ 
Maximum-Signal Grid-No.2 Current    
Plate Resistance (Approx.)   Transconductance     iiuuo 
Load Resistance        
Total Harmonic Distortion     ® 
Maximum-Signal Power Outnut     it 
Grid-No.l Voltage (Approx.) for plate current of 10 /iA   —14 
TYPICAL OPERATION IN MHz-B AND WIDTH VIDEO AMPLIFIER 
Plate Supply Voltage  •••• , , 
Grid No.3   Connected to cathode i 
Grid-No.2 Suppiy Voltage     
Grid-No.l Bias Voltage    * Grid-No.l Signal Voltage (Peak to Peak)    ® 
Grid-No.2 Resistor      J4UU!/ 
Grid-No.l Resistor   QQ

U*4 

Load Resistor  *  d9x[J 
Zero-Signal Plate Current   
Zero-Signal Grid-No.2 Current    ' 
Voltage Output (Peak to Peak)     
MAXIMUM CIRCUIT VALUES 
Grid-No.l Circuit Resistance: m 

For fixed-bias operation    JJ-i 
For cathode-bias operation    u-& 

TYPE 6CL6 
GRID No.3 AND INTERNAL SHIELD 

- CONNECTED TO CATHODE AT - 
SOCKET. 

GRID-No. 2 VOLTS= 150 
 1 1 -I ' 1  GRID-No.l VOLTS Ecr+Z 
.. If" ! IX l 

(/ -20ti 

% ^TrJ. I liTT-l ECl=+9 i 

100 200 300 400 500 
PLATE VOLTS 9205-760211 

6CL8 Refer to chart at end of section. 



Technical Data 229 

MEDIUM-MU TRIODE— 6CL8A 
)Pt« SHARP-CUTOFF TETRODE 5CL8A 
^7)g2Tr Miniature type used as combined vhf oscillator and 

mixer in color and black-and-white television receivers. 
©ktr Outlines section, 6B; requires miniature 9-contact 
| 

15 socket. For maximum ratings as class Ai amplifier, 
3itr see type 6U8A. Type 5CL8A is identical with type 

6CL8A except for heater ratings. 

Heater Voltage (ac/dc)   
Heater Current   
Heater Warm-up Time (Average) 
Heater-Cathode Voltage: 

Peak value   
Average value   

Direct Interelectrode Capacitances: 
Triode Unit: 

Grid to Plate   
Grid to Cathode, Tetrode Cathode, Heater, 

and Internal Shield   
Plate to Cathode, Tetrode Cathode, Heater, 

and Internal Shield   
Tetrode Unit: 

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   
Tetrode Grid No.l to Triode Plate ...  
Tetrode Plate to Triode Plate   
Heater to Cathode (Each Unit)    

5CL8A 
4.7 
0.6 
11 

6CL8A 
6.3 

0.45 
11 

volts 
ampere 
seconds 

±200 max 
100 max ±200 max 

100 max volts 
volts 

Unshielded Shielded 
1.8 1.8 PF 
2.8 ' 2.8 PF 
1.5 2 pF 

0.02 max 0.01 max pF 
5 5 pF 
2 

0.015 max 
0.15 max 

3 
0.01 max 
0.03 max 

PF 
pF 
PF 

Class Ai Amplifier 
CHARACTERISTICS 1 
Plate Supply Voltage   
Grid-No.2 (Screen-Grid) Voltage   
Grid-No.1 Voltage   
Amplification Factor  !!!!!!!! 
Plate Resistance (Approx.)   
Transconductance  ' | Plate Current  !!!!!!!! 
Grid-No.2 Current  !...'!!! 
Grid-No.l Voltage (Approx.) for plate current of 

20 /iA   
MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance : For fixed-bias operation   

For cathode-bias operation   , 

Triode Unit Tetrode Unit 
125 125 volts — 125 Volts —1 —1 volt 40 — 

0.005 0.2 megohm 8000 6500 jumhos 14 12 mA 
— 4 mA 

—9 —9 volts 

0.5 0.25 megohm 1 1 megohm 

HALF-WAVE 6CM3 
VACUUM RECTIFIER 

Novar type used as damper tube in horizintal-deflection 
circuits of color and black-and-white television receiv- 
ers. Outline section, 30B; requires novar 9-contact 
socket. Socket terminals 1, 3, 6, and 8 should not be 
used as tie points. This tube, like other power-handling 
tubes, should be adequately ventilated. 

Heater Voltage (ac/dc)   
Heater Current   
Direct Interelectrode Capacitances: 

Plate to Cathode and Heater . 
Cathode to Plate and Heater .. Heater to Cathode   

volts 
amperes 
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Damper Service 
For operation in a 525-line, 30-fraine system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage#   
Peak Plate Current  
Average Plate Current . 
Plate Dissipation   
Heater-Cathode Voltage: 

Peak value   
Average value  

CHARACTERISTIC, Instantaneous Value 
Tube Voltage Drop for plate current of 350 mA   10 v0 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

6CM6 Refer to chart at end of section. 

MEDIUM-MU DUAL TRIODE 
Miniature type used as combined vertical-deflection os- 
cillator and vertical-deflection amplifier in black-and- 
white television receivers. Unit No.l is used as a 
conventional blocking oscillator in vertical-deflection 
circuits, and unit No.2 as a vertical-deflection ampli- 
fier. Outlines section, 6E; requires miniature 9-contact 
socket. Types 8CM7 is identical with type 6CM7 except 
for heater ratings. 

Heater Voltage (ac/dc)   
Heater Current     
Heater Warm-up Time (Average)   
Heater-Cathode Voltage: 

Peak value   
Average value   

Direct Interelectrode Capacitances (Approx.): 
Grid to Plate    
Grid to Cathode and Heater   
Plate to Cathode and Heater   

Class Ai Amplifier 

6CM7 8CM7 
6.3 8.4 volts 
0.6 0.45 ampere 
11 11 seconds 

±200 max ±200 max volts 
100 max 100 max volts 

Unit No.l Unit No.2 
3.8 3 pF 

2 3.5 pF 
0.5 0.4 pF 

Unit No.l Unit No.2 
200 250 volts 
—7 —8 volts 

21 18 
10500 4100 ohms 

2000 4400 /nnhos 
5 20 mA 
1 mA 

—14 — volts 

CHARACTERISTICS UmtJNo.i umiwo.z 
Plate Voltage   20® 
Grid Voltage   J. 1R Amplification Factor   lArnn Ainn 
Plate Resistance (Approx.)   10B00 4100 Transconductance   zou" "JJX 
Plate Current      5 zu 
Plate Current for grid voltage of —10 volte ........ i 
Grid Voltage (Approx.) for plate current of 10 gA . —14 — 

Vertical-Deflection Oscillator and Amplifier 
For operation in a 525-line, 30-frame system 

Unit No.l Unit No.2 
MAXIMUM RATINGS (Design-Maximum Values) Oscillator Amplifier 
DC Plate Voltage     660 B®" 
Peak Positive-Pulse Plate Voltage#   — 4ZUU 
Peak Negative-Pulse Grid Voltage   440 zzu 
Peak Cathode Current   ■' 'L 
Average Cathode Current   y 
Plate Dissipation   1,40 

MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance: 991 

For fixed-bias operation   -• * 
For cathode-bias operation   ^ 
For grid-resistor-bias operation   

# Pulse duration must not exceed 15% of a vertical scanning cycle (2.6 milliseconds). 

megohms 
megohms 
megohms 
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TYPE 6CM7 UNIT No. 2 UNIT No. I GRQUNDFD 
TYPE 6CM7 

UNIT No.I 
UNIT Na2 GROUNDED 

I I I 

BRFI 

mumiL 

A I 
100 200 300 400 500 600 700 

PLATE VOLTS 92CS-86I5T 

wmumm 

■h 100 200 300 400 500 600 700 
PLATE VOLTS 92CS-B6!7r 

Refer to chart at end of section. 6CM8 

H « TWIN DIODE- A/^KIT 
©^© HIGH-MU TRIODE OCN7 sdis. o2 yf xv G 

Miniature type used as combined horizontal phase de- 
JfL-, XaTX tector and reactance tube in color and black-and-white 

PD^A\/tvXAj9pT television receivers. The triode unit is used in sync- 
(7)—separator, sync-amplifier, or audio amplifier circuits. 

PD2 Hm Outlines section, 6B; requires miniature 9-contact 
9EN socket. For typical operation of triode unit as resist- 

ance-coupled amplifier, refer to Resistance-Coupled Amplifier section. 
Heater Voltage (ac/de) : 

Series   
Parallel   

Heater Current: 
Series   
Parallel    !.!!!!!!!!! 

Heater Warm-up Time (Average)    
Heater-Cathode Voltage: Peak value   

Average value  ;!!!!! 
Direct Interelectrode Capacitances: 

Triode Unit: 
Grid to Plate   
Grid to Cathode and Heater  ] 
Plate to Cathode and Heater  !! !!! 

Diode Units: 
Diode-No.l Plate to Cathode of Diodes No.l and No. 2, 

Heater, and Internal Shield   
Diode-No.2 Plate to Cathode of Diodes No.l and No. 2, 

Heater, and Internal Shield   
Triode Grid to Either Diode Plate  !.'!!!!!!!! 

Triode Unit as Class Al Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage   
Grid Voltage, Positive-bias value   
Plate Dissipation  !!..!!!!!!!! 
CHARACTERISTICS 
Plate Voltage   100 
Grid Voltage  [ [ ]  4 
Amplification Factor  '' [. 70 Plate Resistance (Approx.)  !...! 54000 
Transconductance   1300 Plate Current    0.8 

Diode Units 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Current (Each Unit)   

6.3 volts 3.15 volts 
0.3 ampere 0.6 ampere 11 seconds 

±200 max volts 100 max volts 

1.8 pF 1.5 pF 0.5 PF 

3.6 pF 
3.6 pF 0.006 pF 

330 volts 
0 volts 1.1 watt 

100 250 volts -^1 —3 volts 70 70 54000 58000 ohms 1300 1200 /tmhos 0.8 1 mA 
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Refer to chart at end of section. 
For replacement use type 6DE4/6CQ4. 

MEDIUM-MU TRIODE— 
OCQO SHARP-CUTOFF TETRODE 

Miniature type used in color and black-and-white tele- k 
vision receiver applications. The tetrode unit is used 1 

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 0|tr(2 
circuits. Outlines section, 6B; requires miniature 9- ( 
contact socket. p 

Heater Voltage (ac/dc)   
Heater Current   
Heater Warm-up Time (Average) . 
Heater-Cathode Voltage: 

Peak value   
Average value   

Direct Interelectrode Capacitances: 
Triode Unit: 

Grid to Plate   
Grid to Cathode and Heater ... 
Plate to Cathode and Heater .. 

±200 max 
100 max 

Shielded1 

Tetrode Unit: 
Grid No.l to Plate  1 
Grid No.l to Cathode, Heater, Grid No.2 

and Internal Shield    
Plate to Cathode, Heater, Grid No.2, 

and Internal Shield   
Tetrode Plate to Triode Plate   
Heater to Cathode (Each Unit)   

■ With external shield connected to cathode of unit under test, 
t With external shield connected to ground. 

Class Aj, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) Tri( 
Plate Voltage   
Grid-No.2 (Screen-Grid) Supply Voltage   
Grid-No.2 Voltage   
Grid-No.l (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 

Grid Input    

0.019 max 0.015 max 

2.5 
0.07 max 

3 
3.3 

0.01 max 
3t 

Triode Unit Tetrode Unit 
330 330 
— 330 

See curve page 300 
0 0 

3.1 3.2 
— 0.7 

See curve page 300 

CHARACTERISTICS 
Plate-Supply Voltage   
Grid-No.2 Supply Voltage   
Grid-No.l Voltage     
Cathode-Bias Resistor   
Amplification Factor   
Plate Resistance (Approx.)     
Transconductance   
Plate Current   
Grid-No.2 Current   
Grid-No.l Voltage (Approx.) for plate current of 

100 M   
MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation   
For cathode-bias operation   

6CR6 Refer to chart at end of section. 
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6CS6 
PENTAGRID AMPLIFIER scsfi, 4cs«, izcse 

)g2 Miniature type used as a gated amplifier in color and 
04 black-and-white television receivers. In such service, 
t ^ may be used as a combined sync separator and sync 3 clipper. Outlines section, 5C; requires miniature 7- 

contact socket. Types 3CS6, 4CS6, and 12CS6 are iden- 
tical with type 6CS6 except for heater ratings. 

„ , , 3CS6 4CS6 6CS6 12CS6 Heater Voltage (ac/dc)   3.15 4.2 6.3 12 6 
Heater Current   0.6 0.45 0 3 0 15 
Heater Warm-up Time (Average) .... 11 11 11 '  
Heater-Cathode Voltage: 

Peak value   ±200 max ±200 max ±200 max ±200 max 
Average value    100 max 100 max 100 max 100 max Direct Interelectrode Capacitances (Approx.) 
Grid No.l to Plate   n 07 Grid No. 3 to Plate   ;;;;;;; K ££ 
Grid No.l to Grid No.3   0 22 mnv 
Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, 

Grid No.4, and Grid No.5     55 
Grid No.3 to Cathode, Heater, Grid No.l, Grid No.2, 

Grid No.4, and Grid No.B   7 
Plate to Cathode, Heater, Grid No.l, Grid No.2, Grid No.bi 

Grid No.4, and Grid No.B   7,5 
Class A, Amplifier 

CHARACTERISTICS 
Plate Voltage   100 inn 
Grids-No.2-and-No.4 Voltage   30 qn 
Grid-No.3 Voltage   1 n 
Grid-No.l Voltage   ...!!.!!!!! 0  1 
Plate Resistance (Approx.)   0,7 j ^ 
Grid-No.3-to-Plate Transconductance   1500   
Grid-No.1-to-Plate Transconductance     1100 Plate Current   0.8 1 
Grids-No.2-and-No.-4 Current   5^5 1,3 Grid-No.3 Voltage (Approx.) for plate current of 

50 /iA     —2.2 — 
Grid-No.l Voltage (Approx.) for plate current of 

50 fiA   — —2.6 
Gated Amplifier Service 

MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage   300 
Grids-No.2-and-No.4 Supply Voltage     300 Grids-NQ.S-Bnd-N0,4 Voltage  : See curve pa 
Cathode Current   14 
Plate Dissipation  !!!!!!!.!!!!!.!!!.' 1 
Grids-No.2-and-No.4 Input: For grids-No.2-and-No.4 voltages up to 150 volts   1 

For grids-No.2-and-No.4 voltages between 150 and 300 volts'!.'.' See curve pa; 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance   0.47 mi 
Grid-No.3-Circuit Resistance    !.!..!.!!  22 

volts 
ampere 
seconds 

volts 
volts 
volt 
volt 

megohm 
/unhos 
/(mhos 

mA 
mA 

300 volts 
300 volts See curve page 300 
14 mA 

1 watt 
1 watt See curve page 300 

0.47 megohm 
2.2 megohms 

6CS7 
GT2lf— ^irGT| MEDIUM-MU DUAL TRIODE scs? 

Miniature type used as combined vertical-deflection os- 
1 cillator and vertical-deflection amplifier in television 

PT2 KTp- receivers. Unit No.l is used as a conventional block- 
9EF ing oscillator in vertical-deflection circuits, and unit 

No.2 as a vertical-deflection amplifier. Outline section, 6E; requires minia- 
ture 9-contact socket. Type 8CS7 is identical with type 6CS7 except for 
heater ratings. 
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Heater Voltage (ac/dc)   
Heater Current   Heater Warm-up Time (Average)   
Heater-Cathode Voltage: 

Peak value     
Average value   

Direct Interelectrode Capacitances (Approx.) : 
Grid to Plate   
Grid to Cathode and Heater   
Plate to Cathode and Heater  

±200 max ±200 max 
100 max 

Unit No.l 
2.6 
1.8 
0.5 

100 ma.x 
Unit No.2 

2.6 

Class Ai Amplifier 

CHARACTERISTICS 
Plate Voltage   
Grid Voltage     Amplification Factor   
Plate Resistance (Approx.)   Transconductance   
Plate Current . . .    
Plate Current for grid voltage of —16 volts    
Grid Voltage (Approx.) for plate current of 10 fiA. 
Grid Voltage (Approx.) for plate current of 50 fiA 

Unit No.l 
Oscillator 

250 
—8.6 

17 
7700 
2200 
10.5 

Unit No.2 Amplifier 
250 

—10.5 . 
15.5 
8450 
4500 

19 
3 

Vertical-Deflection Oscillator and Amplifier 
For operation in a 525-line, 30-frame system 

Unit No.l I 
MAXIMUM RATINGS (Design-Center Values) Oscillator A 
DC Plate Voltage     500 

Peak Positive-Pulse Plate Voltage# (Absolute ^ 
Maximum)     

Peak Negative-Pulse Grid Voltage   40U 
Peak Cathode Current   '[[ 
Average Cathode Current   jjj 
Plate Dissipation   i.to 
MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance   2.2 

Unit No.2 
Amplifier 

500 

Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds). 
Under no circumstances should this absolute value be exceeded. 

Refer to chart at end of section. 

6CU5 BEAM POWER TUBE 
12CU5/12C5, 17CU5, 

17CU5/17C5 
Miniature type used in the audio output stage of tele- 
vision receivers. Outlines section, 5D; requires minia- 
ture 7-contact socket. Types 12CU5/12C5, 17CU5, and 
17CU5/17C5 are identical with type 6CU5 except for 
heater ratings. 

6CU5 12CU5/12C5 17C5 
Heater Voltage (ac/dc)    6.3 12.6 16.8 
Heater Current   1*2 0.6 0.45 
Heater Warm-up Time (Average)   — 11 11 
Heater-Cathode Voltage: . n/,. Peak value   ±200 max ±200 max ±200 max 

Average value    100 max 100 max 100 max 
Direct Interelectrode Capacitances (Approx.) : 

Grid No.l to Plate  w •«  0A 
Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3   Id 
Plate to Cathode, Heater, Grid No.2, and Grid No.3   8.5 
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Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage   
Grid-No.2 (Screen-Grid) Voltage      ! Grid-No.l (Control-Grid) Voltage, Positive-bias value 
Plate Dissipation   
Grid-No.2 Input   
Bulb Temperature (At hottest point)  !.!.!!.!!!!! 
TYPICAL OPERATION 
Plate Voltage  i  
Grid-No.2 Voltage   
Grid-No.l 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    
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 

For replacement use type 6BQ6GTB/6CU6. 

Refer to chart at end of section. 

/ _ y/j 
6CW4 

HIGH-MU TRIODE 2CW4, 13CW4 
Nuvistor type used as a grounded-cathode, neutralized 
rf amplifier in vhf tuners of color and black-and- 
white television and FM receivers. Outlines section, 
1; requires nuvistor socket. Types 2CW4 and 13CW4 
are identical with type 6CW4 except for heater ratings. 

Heater Voltage (ac/dc)   
Heater Current   
Heater Warm-up Time (Average)   
Peak Heater-Cathode Voltage   
Direct Interelectrode Capacitances (Approx.) 

Grid to Plate   
Grid to Cathode, Heater, and Shell   
Plate to Cathode, Heater, and Shell . . . 
Plate to Cathode   
Heater to Cathode    

2CW4 6CW4 13CW4 
2.1 6.3 13.5 volts 0.45 0.135 0.06 ampere 

8 — — seconds 
—100 max ±100 max ±100 max volts 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Supply Voltage    
Plate Voltage    
Grid Voltage: 

Negative-bias value   
Peak positive value   

Cathode Current    
Plate Dissipation   
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Typical 
CHARACTERISTICS AND TYPICAL OPERATION Characteristics Operation 
Plate Supply Voltage   HO 70 volts 
Grid Supply Voltage   0 0 
Cathode-Bias Resistor   100 .-nnn mJIUo 
Grid Resistor   — "000 ohms Amplification Factor   05 58 
Plate Resistance (Approx.)   6600 0440 
Transconductance   0800 12600 ^ iii 
Plate Current    • • " '•* 
Grid Voltage (Approx.) for plate current of 10 pA . —i — volts 
MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance:" 

For fixed-bias operation   0.5 megohm 
For cathode-bias operation   .2.2 megohms 0 A plate supply voltage of 300 volts may be used provided a sufficiently large resistor is used 

in the plate circuit to limit the plate dissipation to 1.6 watts under any condition of operation. 
■ For operation at metal-shell temperatures up to 135° C. 

100 200 
PLATE VOLTS 

300 
92CS-I0524TI 

Refer to chart at end of section. 

6CW5/ 

EL86 
8CW5/XL86, 
10CW5/LL86, 
15CW5/PL84 

POWER PENTODE 

Miniature type used for vertical-deflection amplifier 
service in color and. black-and-white television receiv- 
ers. Outlines section, 6G; requires miniature 9-contact 
socket. Types 8CW5/XL86, 10CW5/LL86, and 15CW5/ 
PL84 are identical with type 6CW5/EL86 except for 
heater ratings. 

Heater Voltage (ac/dc)   6.3 8 
Heater Current   6.76 0.6 
Heater Warm-up Time   — 
Heater-Cathode Voltage: j-oon 

Peak value   ±330 max ±330 mi 
Average value   ti:220 max ±220 m 

Direct Interelectrode Capacitances: 
Grid No.l to Plate   
Grid No.l to Heater      ; • • • • 
Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 ... 

6CW5/ 8CW6/ 10CWB/ 15CW5/ 
EL86 XL86 LL86 PL81 

6.3 8 10.6 16 volts 
0.76 0.6 0.45 0.3 ampere — — 11 — seconds 

±330 max ±330 max ±330 max ±330 max volts 
±220 max ±220 max ±220 max ±220 max volts 

0.6 
0.25 max 

13 
6.8 
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Class At or Class ABt Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage    
Plate Supply Voltage     
Grid-No^ Voltage  !!! !! 
Grid-No.2 (Screen-Grid) Supply Voltage   
Cathode Current   
Plate Dissipation   
Grid-No.2 Input       
Peak Grid-No.2 Input     
CHARACTERISTICS 
Plate Voltage   
Grid-No.2 Voltage   
Grid-No.l (Control-Grid) Voltage 
Mu Factor (Grid No.2 to Grid No.l) 
Plate Besistance     
Transconductance 
Plate Current   
Grid-No.2 Current   
MAXIMUM CIRCUIT VALUE 
Grid-No.l-Circuit Besistance 

Vertical-Deflection Amplifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage   
Peak Positive-Pulse Plate Voltage#   
Grid-No.2 Voltage   
Peak Negative-Pulse Grid-No.l Voltage   
Peak Cathode Current   
Average Cathode Current   
Plate Dissipation      
Grid-No.2 Input   

MAXIMUM CIRCUIT VALUE 
Grid-No.l-Circuit Besistance   2.2 
# Pulse duration must not exceed 6% of a vertical scanning cycle (1.2 milliseconds). 

MEDIUM-MU TRIODE— 6CX8 
SHARP-CUTOFF PENTODE scxs 

y 13 Miniature type used in television receiver applications. 
Pjj2)C|p Pentode unit is used as video amplifier; triode unit is 
NL used in sound if-amplifier, sweep-oscillator, sync-sep- 

arator, sync-amplifier, and sync-clipper circuits. Out- 
i) lines section, 6E; requires miniature 9-contact socket. 
Pp Type 8CX8 is identical with type 6CX8 except for 

heater ratings. 

Heater Voltage (ac/dc)   6 
Heater Current   0.1 
Heater Warm-up Time (Average)   
Heater-Cathode Voltage: 

Peak value   ±2( 
Average value   1( 

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, 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   

8CX8 
8 volts 0.6 ampere 11 volts 

±200 max volts 100 max volts 

4.4 pF 
2.2 pF 0.38 PF 

0.06 PF 
0 PP 

4.4 pF 
0.018 max pF 0.005 max pF 
0.17 max pF 
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Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) TriodeUnit Pentode Unit 
Plate Voltage   330 333 

Grid-No.2 (Screen-Grid) Voltage     — ddu 

Grid-No.2 Voltage  Vi'v:  i ' ~ See curve page 300 
Grid-No.l (Control-Grid) Voltage, Positive-bias value 0 0 
Plate Dissipation   2 o 
Grid-No.2 Input: , . 

For grid-No.2 voltages up to 165 volts     r*1 

For grid-No. voltages between 165 and 330 volts See curve page 300 
CHARACTERISTICS 
Plate Supply Voltage    130 333 

Grid-No.2 Supply Voltage    
Cathode-Bias Resistor   133 ™ 
Amplification Factor      j>3 .... 
Plate Resistance (Approx.)   3™> J3333 

Transconductance   4633 13333 

Plate Current   s*' - ? 
Grid-No.2 Current      fi " 
Grid-No.l (Voltage Approx.) for plate current of 

100 pA   -6 —8-B 

MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: . _ . -- 

For fixed-bias operation   «■» 
For cathode-bias operation   1 

megohm 
megohm 

6CY5 
ICYTscys SHARP-CUTOFF TETRODE 

Miniature type used as rf amplifier in vhf tuners of is(£/\v^ 
television receivers. Outlines section, 5C; requires 0 
miniature 7-contact socket. Types 2CY5 and 3CY5 are G| 

identical with type 6CY5 except for heater ratings. 7EV 
2CY5 3CY5 6CY6 

Heater Voltage (ac/dc)   2.4 . 2.9 6.3 
Heater Current   O-3 3-4? 3-4 

Heater Warm-up Time (Average)   11 11 — 
Peak Heater-Cathode Voltage    ±100 max ±100 max ±100 max 
Direct Interelectrode Capacitances (Approx.) : 

Grid-No.l to Plate    • •• • • •• • • • • ■ •• • ■ • • 0-ud 

Grid-No.l to Cathode, Heater, Grid No.2 and Internal Shield .. 4.6 
Plate to Cathode, Heater, Grid No.2, and Internal Shield   3 

• With external shield connected to cathode. 

volts 
ampere 
seconds 

volts 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage      •. • • ■ • • •    
Grid-No.2 (Screen-Grid) Supply Voltage   
Grid-No.2 Voltage    .. • •   ;  
Grid-No.l (Control-Grid) Voltage, Positive-bias value .. 
Cathode Current   
Plate Dissipation   
Grid-No.2 Input: 

For grid-No.2 voltages up to 90 volts     
For grid-No.2 voltages between 90 and 180 volts .. 

CHARACTERISTICS 
Plate Voltage   
Grid-No.2 Voltage   
Grid-No.l Voltage    
Plate Resistance (Approx.)   Transconductance   
Plate Current   
Grid-No.2 Current    • • • • • ■ • • 
Grid-No.l Voltage (Approx.) for plate current of 20 fiA 
MAXIMUM CIRCUIT VALUE 
Grid-No.l-Circuit Resistance   

180 volts 
180 volts 
See curve page 300 

0 volts 
20 mA 

2 watts 
0.5 watt 

See curve page 300 
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SO 100 ISO 
PLATE VOLTS 

DUAL TRIODE 6CY7 

Miniature type used as combined vertical oscillator 
and vertical-deflection amplifier in television receivers. 
Unit No.l is used as a blocking oscillator in vertical- 
deflection circuits, and unit No.2 is used as a vertical- 
deflection amplifier. Outlines section, 6E; requires mini- 
ature 9-contact socket. 

Heater Voltage (ac/dc) 
Heater Current   
Heater-Cathode Voltage: 

Peak value   
Average value   ±200 max 

100 max 

Unit No.l Unit No.2 
Class A, Amplifier 

CHARACTERISTICS 
Plate Supply Voltage   
Grid Voltage   
Cathode-Bias Resistor   
Amplification Factor  *. | 
Plate Resistance (Approx.)   
Transconductance   
Plate Current   
Plate Current for grid voltage of —30 volts   
Grid Voltage (Approx.) for plate current of 10 fiA 
Grid Voltage (Approx.) for plate current of 200 juA . 

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   
MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance 

Unit No.l Unit No.2 Oscillator Amplifier 
360 350 volts — 1800 volts —400 —250 volts — 120 mA —■ 35 mA 1 5.5 watts 

2.2 2.2t megohms 
t For cathode-bias operation. 
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6CZ5 
sczs BEAM POWER TUBE 

Miniature type used as a vertical-deflection amplifier 
in high-efficiency deflection circuits of color and black- 
and-white television receivers and in the audio output 
stage of television and radio receivers. Outlines sec- 

ratings. 

Heatev Voltage (ac/dc)   
Heater Current   
Heater Warm-up Time (Average) 
Heater-Cathode Voltage: 

Peak value   
Average value  >  

Direct Interelectrode Capacitances: 
Grid No.l to Plate   
Ijna JNO.J. 10 VHLUUUC, AACOUCJ., VJAIW 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 

Class At Amplifier 
CHARACTERISTICS 
Plate Voltage   
Grid-No.2 Voltage   
Grid-No.l Voltage   
Plate Besistance   Transconductance    
Plate Current   
Grid-No.2 Current         • • ■ 
Grid-No.l Voltage (Approx.) for plate current of 

Vertical-Deflection Amplifier 
For operation in a 525-line, 30-fraine system 

MAXIMUM RATINGS (Design-Maximum Values) 

heater 9HN 

5CZ5 6CZ5 
4.7 6.3 volts 
0.6 0.45 ampere 
11 11 seconds 

±200 max ±200 max volts 
100 max 100 max volts 

0.4 max pF 
.3   9 PF 

6 PF 

75 250 volts 
250 250 volts 

0 —15 volts 
73000 ohms 

  4800 /imhos 
130* 46 mA 

16* 4.6 mA 
  —40 volts 

DC Plate Voltage         ^ 
Peak Positive-Pulse Plate Voltage#   2200 volts 
Grid-No.2 (Screen-Grid) Voltage ........ . . . •    215 vo 
Peak Negative-Pulse Grid-No.l (Control-Grid) Voltage   275 volts 
Peak Cathode Current   
Average Cathode Current   watts VissivatioTi   2 2 wattg Gnd-No.2 Input      oka 
Bulb Temperature (At hottest point)   
MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: n K meeohm 

For fixed-bias operation   0.6 megohm 
For cathode-bias operation   * 

# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds). 
• This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 

6D4 

6D6 

6D7 

6D8G 

6D10 

6DA4 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 
For replacement use type 6DM4A/6DA4. 

Refer to chart at end of section. 
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SHARP-CUTOFF PENTODE 6DC6 
Miniature type used in the gain-controlled picture if 

k^AU^_]</A-'g3 stages of color and black-and-white television re- 
13 ceivers and as an rf amplifier in the tuners of such 

C| receivers. Outlines section, 5C; requires 7-contact mini- 
7CM ature socket. 

Heater Voltatre (ac/dc)   « q „„h. 
Heater Current    H 
Heater-Cathode Voltage:   ampere 

Peak value    ±200 max volts 
Average value     100 max volts 

Direct Interelectrode Capacitances: 
Grid No.l to Plate   0 02 ma* ni? 
Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and  ' 

Internal Shield   g 5 F Plate to Cathode, Heater, Grid No,2, Grid No.3, and  ' 
Internal Shield   o ^ 

 IB 

GRID-No. I VOLTS Eci=-2 

FJSSSSSSSSl 
V 100 ZOO 300 

PLATE VOLTS 92CS-8330T! 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage   
Grid-No.3 (Suppressor-Grid) Voltage, Positive value   
Grid-No.2 Supply Voltage   
Grid-No.2 (Screen-Grid) Voltage   ^ 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value    
Plate Dissipation  *. t Grid-No.2 Input: 

For grid-No.2 voltages up to 150 volts   
For grid-No.2 voltages between 150 and 300 volts   

CHARACTERISTICS 
Plate Supply Voltage   
Grid No.3   Connect< 
Grid-No.2 Supply Voltage   
Cathode-Bias Resistor   
Plate Resistance (Approx.)   
Transconductance   
Plate Current    
Grid-No.2 Current   
Grid-No.1 Voltage (Approx.) for transconductance of 50 /imhos .. 
MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation   
For cathode-bias operation   

Refer to chart at end of section. 

300 volts 
0 volts 

300 volts 
See curve page 300 

0 volts 
2 watts 

0.5 watt 
See curve page 300 

to cathode at socket 
150 volts 
180 ohms 
0.5 megohm 

5500 /imhos 
9 mA 
3 mA 

—12.5 volts 

megohm 
megohm 

6DC8 
6DC8/EBF89 

Refer to chart at end of section. 
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HALF-WAVE 6UC4/0WU4 
VACUUM RECTIFIER 17DE4, JZDE* 

Glass octal type used as damper tube in horizontal- 
deflection circuits of television receivers. Outlines sec- 
tion, 13G; requires octal socket. Socket terminals 1, 
2, 4, and 6 should not be used as tie points. This tube, 
like other power-handling tubes, should be adequately 
ventilated. Types 17DE4 and 22DE4 are identical with 
type 6DE4/6CQ4 except for heater ratings. 

6DE4/6CQ4 17DE4 22DE4 
Heater Voltage (ac/dc)   
Heater Current     
Heater Warm-up Time (Average)   
Direct Interelectrode Capacitances (Approx.): 

Plate to Cathode and Heater   
Cathode to Plate and Heater   
Heater to Cathode   

amperes 
seconds 

Damper Service 
For operation in a 525-line» 30-franie system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage#   6600 volta 
Peak Plate Current   
Average Plate Current    18® watts 
Plate Dissipation   6-6 wau9 

Hettpe;katva?ueeVOltaEe:   +300 -5600 volts 
Average value' !  +100 -900 volts 

CHARACTERISTIC Instantaneous Value 
Tube Voltage Drop for plate current of 360 mA   34 volts 
# Pulse duration must not exceed 16% of a horizontal scanning cycle (10 microseconds). 

6DE6 
4DE6 SHARP-CUTOFF PENTODE 

Miniature type used in the gain-controlled picture if 
stages of television receivers utilizing an intermediate 
frequency in the order of 40 MHz and as an rf am- 
plifier in vhf television tuners. Outlines section, 5C; re- 
quires miniature 7-contact socket. Type 4DE6 is iden- 
tical with type 6DE6 except for heater ratings. 

Heater Voltage (ac/dc)   
Heater Current      
Heater Warm-up Time (Average)   
Heater-Cathode Voltage: 

Peak value   
Average value   

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   
AWith external shield connected to cathode. 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 

±200 max 
100 max 

Unshielded 
0.025 max 

Plate Voltage    •  •••■. 
Grid-No.3 (Suppressor-Grid) Voltage, Positive value . 
Grid-No.2 (Screen-Grid) Supply Voltage     
Gnd-No.2 Voltage  * .v.* * v. V ' " * 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value 
Plate Dissipation   

±200 max 
100 max 

Shielded4 

0.015 max 
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Grid-No.2 Input: 
For grid-No.2 voltages up to 165 volts   
For grid-No.2 voltages between 165 and 330 volts 0.65 watt 

See curve page 300 

TYPE 6DE6 GRID No.3 AND INTERNAL SHIELD ► .CONNECTED TO CATHODE AT SOCKET. GRID-No.2 VOLTS*125 , , , 

-.GRID^No.! VOLTS EC|«-4|. 

100 200 300 400 
PLATE VOLTS 9208-057811 

CHARACTERISTICS 
Plate Supply Voltage   
Grid No.3    Connect 
Grid-No.2 Supply Voltage        Cathode-Bias Resistor     
Plate Resistance (Approx.)    | 
Transconductance     '''' 
Transconductance for grid-No.l volts of -—5.5 and cathode resistor 

of 0 ohms  J.   
Plate Current ....;   \ 
Grid-No.2 Current       ! 
Grid-No.l Voltage (Approx.) for plate current of 20 ftA   

  125 volts Connected to cathode at socket 
126 volts 

  66 ohms 
  0.25 megohm ..... 8000 /imhos 

6DE7 
0T2(^V^^\zY7)GT| DUAL TRI0DE 10DE7, 13DE7 

zMi """" iZ Miniature type used as combined vertical oscillator , and vertical-deflection ampiifier in television receivers. 
Tj T| Unit No.l is used as a blocking oscillator in vertical- 

deflection circuits, and unit No.2 is used as a vertical- 
9HF deflection amplifier. Outlines section, 6E; requires mini- 

ature 9-contact socket. For curve of average plate characteristics, Unit 
No.2, refer to type 6DR7. Types 10DE7 and 13DE7 are identical with type 
6DE7 except for heater ratings. 

Heater Voltage (ac/dc)   
Heater Current   
Heater Warm-up Time (Average)   
Heater-Cathode Voltage: 

Peak value   
Average value   

Direct Interelectrode Capacitances (Approx.): 
Grid to Plate   
Grid to Cathode and Heater    
Plate to Cathode and Heater    

Class A, Amplifier 

6DE7 10DE7 13DE7 
6.3 9.7 13 volts 
0.9 0.6 0.45 ampere 
— 11 11 seconds 

±200 max ±200 max ±200 max volts 
100 max 100 max 100 max volts 

Unit No.l Unit No.2 
4 8.6 pF 

2.2 6.5 pF 
0.52 1 pF 

CHARACTERISTICS 
Plate Voltage   
Grid Voltage   
Amplification Factor   
Plate Resistance (Approx.)   
Transconductance   
Plate Current    
Plate Current for grid voltage of —24 volts   
Grid Voltage (Approx.) for plate current of 10 fiA, 
Grid Voltage (Approx.) for plate current of 60 /iA 

Unit No.l Unit No.2 
260 150 

—11 —17.6 
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Vertical-Deflection Oscillator and Amplifier 
For operation in a 525-line, 30-fraine system 

Unit No.l Unit No.2 
MAXIMUM RATINGS (Design-Maximum Values) Oscillator Amplifier 
DO Plate Voltage ........y-....--  330 ^ ' 
Peak Positive-Pulse Plate Voltage#   
Peak Negative-Pulse Grid Voltage   
Peak Cathode Current   '' 1lx 
Average Cathode Current   " , „ 
Plate Dissipation   1 • 
MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance. . q .. p n megc 

For grid-resistor bias or cathode-bias operation 
# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds). 

TYPE 6DE7 UNIT NO.I 

100 200 300 
PLATE VOLTS 

-400 
»2CS-998$T 

6DG6GT BEAM POWER TUBE 
Glass octal type used as output tube in audio-ampli- 
fier applications Outlines section, 13D; requires octal 
socket. This type may be supplied with pin 1 omitted. 
Heater Voltage (ac/dc)     
Heater Current   
Heater-Cathode Voltage: 

Peak value   
Average value   

Direct Interelectrode Capacitances (Approx.) : 
Grid No.l to Plate    • • ■ ■ • • • ••••••; • x *. v Vr''« 
Grid No.l to Cathode, Heater, Grid No.2, and Grid No.« 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 .... 

MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage     
Grid-No.2 (Screen-Grid) Voltage 
Plate Dissipation   
Grid-No.2 Input   
TYPICAL OPERATION 
Plate Supply Voltage   
Grid-No.2 Supply Voltage .............. 
Grid-No.l (Control-Grid) Supply Voltage 
Peak AF 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   

±200 max 
100 max 

Class Ai Audio-Frequency Power Amplifier 
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Plate Hesistance (Approx.) ... 
Transconductance   Load Hesistance   
Total Harmonic Distortion   
Maximum-Signal Power Output 
MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Hesistance: 

For fixed-bias operation 
For cathode-bias operation 

MEDIUM-MU TWIN TRIODE 
6DJ8/ 

ECC88 
INDUSTRIAL 

TYPE 
Miniature type used as a cascode amplifier in vhf color 
and black-and-white television tuners. Outlines section, 
6B; requires miniature 9-contact socket. 

Heater Voltage (ac/dc) 
Heater Current   
Heater-Cathode Voltage: Peak value  

Average value  !!!!!!!!!!!!!!.'!! 
Direct Interelectrode Capacitances: 

Grid to Plate   
Grid to Cathode, Heater, and Internal Shield 
Cathode to Grid, Heater, and Internal Shield 
Plate to Cathode, Heater, and Internal Shield 
Plate to Grid, Heater, and Internal Shield . 
Plate to Cathode   
Heater to Cathode   
Grid to Heater   
Plate of Unit No. 1 to Plate of Unit No. 2 ' 
Grid of Unit No. 2 to Plate of Unit No. 1 

Unit No. i 
—150 
—130 

Class Ai Amplifier (Each Unit) 
MAXIMUM RATINGS (Design-Center Values) 
Plate Supply Voltage   
Cathode Current   
Plate Dissipation   
Negative Grid Voltage   
Plate Supply Voltage (cold condition)   
CHARACTERISTICS 
Plate Voltage   
Grid Voltage   
Amplification Factor   
Transconductance   Plate Current   
Equivalent Noise Hesistance   
MAXIMUM CIRCUIT VALUES 
Grid-Circuit Hesistance   Heater to Cathode Circuit Hesistance 

6DK6 
SHARP-CUTOFF PENTODE SDKS, 4DK6, IIDKS 

Miniature type used as if-amplifier tube in color and 
black-and-white^ television receivers. Outlines section, 
5C; requires miniature 7-contact socket. Types 3DK6 
4DK6, and 12DK6 are identical with type 6DK6 except 
for heater ratings. 
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3DK6 4DK6 6DK6 12DK6 
Heater Voltage (ac/dc)   3-lj> 0.15 ampere 
Heater Current     • • ••••: V1 *11 — , — seconds 
Heater Warm-up Time (Average) ii " Heater-Cathode Voltage: f+200 max -t-200 max ±200 max ±200 max volts 

Peak value   1—300 max — 

Average value     100 max 100 max 100 max 100 max volts 
Direct Interelectrode Capacitances:   0 02B max pF 

Grid No'.! to Cathode, Heater, Grid No.2, Grid No.3 and 6 3 pF 

Plate^to" Cathode, Heater, Grid No.2, Grid No.3, and pF Internal Shield   

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 

Grid-No.3 (Suppressor-Grid) Voltage, Positive value .... 
Grid-No.2 (Screen-Grid) Supply Voltage   
Grid-No.2 Voltage    • • • • • •; :  
Grid-No.l (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 .. 

330 
0 

330 
See curve page 300 

0 volts 
2.3 watts 

volts 
volts 
volts 

0.55 watt 
See curve page 300 

GRID No.3 AND INTERNAL SHIELD CONNECTED TO CATHODE AT SOCKET. GRID-No.2 VOLTS-125 

GRID-No.l VOLTS Ec,-0 

200 400 600 PLATE VOLTS 

CHARACTERISTICS 
Plate Supply Voltage   ; • • connected 
Grid No.3       
Grid-No.2 Supply Voltage   
Cathode-Bias Resistor .     
Plate Resistance (Approx.)  * Transconductance   
Plate Current    
Grid-Noil Voltage (Approx.) for piate current of 20 pA   

125 volte 
to cathode at socket 

125 
56 

0.35 
9800 

12 
3.8 

—6.5 

o HALF-WAVE 
OULO VACUUM RECTIFIER 

25DL3 
Novar type used as a damper tube in television receiv- 
ers. Outlines section, 35A; requires novar 9-contact 
socket. Socket terminals 1, 3, 6, 8, and 9 should not 
be used as tie points. Type 25DL3 is identical with type 
6DL3 except for heater ratings. 9GD 



Technical Data 247 

Heater Voltage (ac/dc)      
Heater Current    o't n ar ■ 
Heater Warm-up Time (average)    ^ ?? 
Direct Interelectrode Capacitances: 

Cathode to Plate and Heater   17 
Plate to Cathode and Heater . .   10 
Heater to Cathode  .'.!!!!!!!.!!!!!!   44 

Damper Service 
For operation in a 525-line, 30-frame system 

Peak Inverse Plate Voltage#   
Peak Plate Current .... ..   
Average Plate Current     
Plate Dissipation     99 
Bulb Temperature (At hottest point)  oii 
Heater-Cathode Voltage:   

CHARACTERISTIC, Instantaneous Value 
Tube Voltage Drop for plate current of 800 mA  26 
# Pulse duration must not exceed 15% of a horizontal scanning cycle. 

Refer to chart at end of section. 6DL4/EC88 

Refer to chart at end of section. 6DL5 
6DL5/EL95 

Refer to chart at end of section. 6DM4 

For replacement use type 6DM4A/6DA4. 6DM4A 

6DM4A/ 
HALF-WAVE 6DA4 

VACUUM RECTIFIER 
Glass octal type used as damper tube in horizontal- 
deflection circuits of television receivers. Outlines sec- 
tion, 13G; requires octal socket. Socket terminals 1 2 
4, and 6 should not be used as tie points. This tube' 
like other power-handling tubes, should be adequately 
ventilated. Type 17DM4A is identical with type 6DM4A/ 
dDA4 except for heater ratings. 

Heater Voltage (ac/dc)   5DM4A/6DA4 17DM4A 
Heater Current ...........   H I6:® 
Heater Warm-up Time (Average) _ f. 

volts 
amperes 
seconds 

Damper Service 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage#   
Peak Plate Current     J®®® volts 
Average Plate Current  '.!!!!".!!  n? niA 

Plate Dissipation    * £00 mA 
Heater-Cathode Voltage:   6,5 watts 

Peak value   . onn 
Average value  ".'!!!!!.'  itfftn SSi! mxii i •   "plUu —900 volts # Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 
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AHMI HALF-WAVE "< ODIMO VACUUM RECTIFIER ^ 

Novar type used as a damper diode in horizontal- 
deflection circuits of color television receivers. Outlines 
section, 8G; requires novar 9-contact socket. Terminals ( 
1, 3, 6, and 8 should not be used as tie points for ex- IC 

ternal-circuit components. 
Heater Voltage (ac/dc)   
Heater Current  :  
Direct Interelectrode Capacitances: m-i._ onH TTpntpv    

volts 
amperes 

Plate to Cathode and Heater 
Cathode to Plate and Heater 
Heater to Cathode   

Damper Service 
For operation in a 525-line, 30-franie system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage#    
Peak Plate Current   mj 
Average Plate Current   « watt 
Plate Dissipation      °( Bulb Temperature (At hottest point)   Heater-Cathode Voltage: _6600 volt Peak value   +100 —900 volt 

Average value   i-avw 
CHARACTERISTIC, Instantaneous Value 
Tube Voltage Drop for plate current of 350 mA   1» v0 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 
6D|sl6 Refer to chart at end of section. 

6DN7 MEDIUM-MU DUAL TRIODE ^(sypSj-CN®! 
Glass octal type used as combined vertical-deflection- 
oscillator and vertical-deflection-amplifier tube in tele- ptzCsaX 
vision receivers. Outlines section, 13B) requires octal 
socket. Heater: volts (ac/dc), 6.3; amperes, 0.9; maxi- gt2 h 
mum heater-cathode volts, ±200 peak, 100 average. 8BD 

Class Ai Amplifier 
CHARACTERISTICS Uni^0-1 

Plate Voltage   250 250 v 
Grid Voltage   —» *r\ vt 

Amplification Factor    20{:0 h Plate Resistance (Approx.)   ^000 2000 o Transconductance   250® 71"" 
Plate Current       ■ • • • ■ ■■ ■ • • ■ •• ,5 _ 
Grid Voltage (Approx.) for plate current of 10 /lA .. —18 vc 
Grid Voltage (Approx.) for plate current of 60 /lA . . — ^ vl 

Vertical-Deflection Oscillator and Amplifier 
For operation in a 525-line, 30-frame system 

Unit No.l Unit No.2 
MAXIMUM RATINGS (Design-Maximum Values) Oscillator Amplifier 
DO Plate Voltage     2B0 
Peak Positive-Pulse Plate Voltage#     — 2500 v( 
Peak Negative-Pulse Grid Voltage   400 250 i 
Peak Cathode Current   1°'' 
Average Cathode Current   ?" 
Plate Dissipation   1 

MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance: 9922 meeot 

For fixed-bias operation   2.2 njegor 
For cathode-bias operation   2.Z ^ megor 

# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds). 

Unit No.l Unit No.2 
Oscillator Amplifier 

350 550 volts 
2500 volts 

400 250 mA 
150 mA   50 mA 

1 10 watts 

2.2 2.2 megohms 
2.2 — megohms 
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Refer to chart at end of section. 6DQ4 

BEAM POWER TUBE 6DQ5 

or 
8JC 

Heater Voltage (ac/dc) 
Heater Current   
Heater-Cathode Voltage s 

Peak value   
Average value   

Glass octal type used as horizontal-deflection ampli- 
fier in color and black-and-white television receivers. 
Outlines section, 21B; requires octal socket. 
  6.3 volts 2.6 

Direct Interelectrode Capacitances (Approx.): 
Grid No.l to Plate   

rt:200 max 
100 max 

Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 ... 

0.5 
23 
11 

Class At Amplifier 

CHARACTERISTICS 
Plate Voltage   
Grid No.2 (Screen-Grid) Voltage   
Grid No.l (Control-Grid) Voltage   
Amplification Factor   
Plate Kesistance (Approx.)                  
Transconductance   
Plate Current  !!.!!..!!!.! 
Grid-No.2 Current  !.'!!..!!!.! 
Grid-No.1 Voltage (Approx.) for plate mA = i . 
• Grid No.2 connected to plate. 

Pentode 
Connection 

70 175 
125 125 

0 —25 

Triode* 
Connection 

125 

— 5500 
— 10500 

550* 110 
42* 5 — —55 

—25 
3.3 

* This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 

TYPE 6DQ5 GRID-No. 2 ) VOLTS-125^ .1 
j^r 

200 300 
PLATE VOLTS 

TYPE 6DQ5 
GRID-No. I VOLTS *0 

IOO 200 300 400 500 
PLATE VOLTS 92C8- 

990 volts 
6600 volts 
1100 volts 

190 volts 
250 volts 

1100 mA 
315 mA 
3.2 watts 
24 watts 

220 eC 

Horizontal-Deflection 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 Plate Voltage  !!!!.!!!!!.! 
DC Grid-No.2 (Screen-Grid) Voltage   
Peak Negative-Pulse Grid-No.l (Control-Grid) Voltage ,.!.. 
Peak Cathode Current   
Average Cathode Current    
Grid-No.2 Input  !!!!!!!!!!! 
Plate Dissipation"  .!!!.!!!! 
Bulb Temperature (At hottest point)   
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MAXIMUM CIRCUIT VALUE 
Grid-No.l-Circuit Resistance, for grid-resistor-bias operation   0.47 megohm 
# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 
■ A bias resistor or other means is required to protect the tube in absence of excitation. 

6DQ6A 

6DQ6B 

6DR7 
10DR7, 13DR7 

Refer to chart at end of section. 

For replacement use type 6GW6/6DQ6B. 

10DR7, 13DR7 DUAL TRIODE ^ 
Miniature type containing high-mu and low-mu Gt2®( 
triodes; used as combined vertical-deflection-oscillator J 
and vertical-deflection-amplifier tube in television re- 
ceivers. Outlines section, 6E; requires miniature 9-con- ^ ( 
tact socket. Types 10DR7 and 13DR7 are identical with 
type 6DR7 except for heater ratings. 

Heater Voltage (ac/dc)   
Heater Current      
Heater Warm-up Time (Average)   
Heater-Cathode Voltage: 

Peak value   
Average value   

Direct Interelectrode Capacitances (Approx.) 
Grid to Plate   
Grid to Cathode and Heater   
Plate to Cathode and Heater   

9HF 

6DR7 
6.3 

10DR7 13DR7 
9.7 13 

0.9 0.6 0.45 
11 11 i 

±200 max ±200 max ±200 max 
100 max 100 max 100 max 

Unit No.l Unit No.2 

Class Ai Amplifier 
CHARACTERISTICS 
Plate Voltage   
Grid Voltage   Amplification Factor   
Plate Resistance (Approx.)   Transconductance   
Plate Current .  / • •   
Plate Current for grid voltage of —24 volts ■•••••• 
Grid Voltage (Approx.) for plate current of 10 fiA. 
Grid Voltage (Approx.) for plate current of 50 fiA 

Unit No.l Unit No.2 
250 150 150 volts 

-17.5 volts 
6 

925 ohms 
6600 /imhos 

35 mA 
10 mA 

volts 
—44 volts 

1^11 

mp* 

11% 

m 

sn 
100 zoo 300 400 

PLATE VOLTS 92CS-99I2T 
100 200 300 

PLATE VOLTS 

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# 

Unit No.l Unit No.2 
Oscillator Amplifier 

330 275 — 1500 
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Peak Negative-Pulse Grid Voltage   400 250 ^ 
Peak Cathode Current   70 175 
Average Cathode Current   20 50 
Plate Dissipation   1 7 v 
MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance: 

For grid-resistance-bias or cathode-bias operation 2.2 2.2 mego 
# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds). 

#7% 

'uTv i/i 1 
/ a7 ^ 

INDEX sLARCE LUG • = PIN CUT OFF 

6DS4 
HIGH-MU TRIODE 2DS4 

Nuvistor type used as grounded-cathode, neutralized 
rf amplifier in vhf tuners of color and black-and-white 
television and FM receivers. Outlines section, 1; re- 
quires nuvistor socket. Type 2DS4 is identical with 
type 6DS4 except for heater ratings. 

Heater Voltage (ac/dc)   
Heater Current   
Heater Warm-up Time (Average) 
Peak Heater-Cathode Voltage .... 

2DS4 6DS4 
2.1 6.3 volts 

0.45 0.135 ampere 
8 — seconds 

±100 max ±100 max volte 
Direct Interelectrode Capacitances (Approx.) 

Grid to Plate    
Grid to Cathode, Heater, and Shell  
Plate to Cathode, Heater, and Shell 
Plate to Cathode   
Heater to Cathode   

Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Supply Voltage     
Plate Voltage   
Grid Voltage, Negative-bias value   
Grid Voltage, Peak positive value   
Cathode Current   
Plate Dissipation     
CHARACTERISTICS 
Plate Supply Voltage   
Grid Supply Voltage   
Cathode-Bias Resistor   
Amplification Factor   
Plate Resistance (Approx.)   
Transconductance     Plate Current    
Grid Voltage (Approx.) for plate current of 100 p.K 
Grid Voltage (Approx.) for plate current of 10 

■ 

fA 
Ta 

0 40 SO 120 ISO 200 240 280 
PLATE VOLTS 92CS-U209T 
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TYPICAL OPERATION 
Plate Voltage   
Grid Supply Voltage  
Grid Resistor   Amplification Factor  
Plate Resistance (Approx.) Transconductance   
Plate Current   

70 volts 
0 volts 

47000 ohms 
68 

5440 ohms 
12500 /imhos 

7 m A 

MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance : ■ Tnetrohm 

For fixed-bias operation   ^ Setohm 
For cathode-bias operation   2-2 megohm 0 A plate supply voltage of 300 volts may be used provided a sufficiently large resistor is used 

in the plate circuit to limit the plate dissipation to 1.5 watts under any condition of opeiation. 
■ For operation at metal-shell temperatures up to 125eC. 

6DS5 
irofs BEAM POWER TUBE 

Miniature type used in the audio output stages of tele- 
vision and radio receivers. Outlines section, BD; re- 
quires miniature 7-contact socket. Type 11DS5 is identi- 
cal with type 6DS5 except for heater ratings. 

Heater Voltage (ac/dc)   
Heater Current   
Heater Warm-up Time   
Peak Heater-Cathode Voltage   — 
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 . . . 

11DS5 
11.2 
0.45 

11 
±200 max 

Class Ar Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage   
Grid-No.2 (Screen-Grid) Voltage    •••• 
Grid-No.l (Control-Grid) Voltage, Positive-bias value 
Plate Dissipation   
Grid-No.2 Input    
Bulb Temperature (At hottest point)   

TYPE 6DS5 
GRID-No.2 VOLTS"200 

3 
■ 240- 

' HQ 

k-1--3^-4 
100 200 300 

PLATE VOLTS 92CS-92B2T 

TYPICAL OPERATION AND CHARACTERISTICS 
Plate Supply Voltage   
Grid-No.2 Supply Voltage . 
Grid-No.l Voltage   
Cathode-Bias Resistor   

Cathode-Bias 
Operation 

200 250 
200 200 
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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.)   
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   

7.5 9.2 7.5 8.5 volts 34.5 27 35 29 mA 32.5 25 36 32 mA 3.5 3 3 3 mA 9 9 9 10 mA 28000 28000 28000 28000 ohms 6000 5800 6000 5800 /imhos 6000 8000 6000 8000 ohms 10 10 9 10 per cent 2.8 3.6 3 3.8 watts 

megohm 
megohm 

BEAM POWER TUBE 
Miniature type used as a vertical-defleetion-amplifier 
tube in television receivers employing 110-degree pic- 
ture-tube systems. Outlines section, 6E; requires 
miniature 9-contact socket. Type 12DT5 is identical 
with type 6DT5 except for heater ratings. 

Heater Voltage (ac/dc)   
Heater Current   
Heater Warm-up Time (Average) 
Heater-Cathode Voltage: Peak value   

Average value   ±200 max ±200 max 
100 max 100 max 

Class Al Amplifier 
CHARACTERISTICS 
Plate Voltage   c 
Grid-No. 2 Voltage  !!!!!  15 
Grid-No.l Voltage   
Transconductance  !!!!!!!".!!'.  Plate Current    q 
Grid-No.2 Current  ', |  g 
Grid-No.l Voltage (Approx.) for plate current of 100 mA   _ 
• These values can be measured by a method involving a 
maximum ratings of the tube will not be exceeded. 

60 80 250 volts 150 250 250 volts 0 0 —16.5 volts — — 6200 /tmhos 95* 195* 44 mA 8.5* 19* 1.5 mA 
—• — —35 volts 

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#'!!!!!!!!!!!  
Grid-No.2 (Screen-Grid) Voltage   
Peak Negative-Pulse Grid-No.l (Control-Grid) Voitage'.'  
Peak Cathode Current     
Average Cathode Current  !"!!!!!'.!'.!!!  
Plate Dissipation     
Grid-No^ Input  !!!!!!  

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: For fixed-bias operation   

For cathode-bias operation     megohm 
# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds). * 

Refer to chart at end of section. 
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6DT6A 
3DT6A, 4DT6A SHARP-CUTOFF PENTODE 

Miniature type used- as FM detector in color and black- 
and-white television receivers. Outlines section, 50; 
requires miniature 7-contact socket. Types 3DT6A and 
4DT6A are identical with type 6DT6A except for 
heater ratings. 

Heater Voltage (ac/dc)   
Heater Current    u-° 
Heater Warm-up Time (Average)   " 
Heater-Cathode Voltage: j-onn 

Peak value   
Average value        • 1(10 max 

Direct Interelectrode Capacitances (Approx.)* 
Grid No.l to Plate    • • • • ■ ■ • • ■ • • ■ • • •  .1 
Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield   
Grid No.3 to Plate   
Grid No.3 to Cathode, Heater, Grid No.l, Grid No.2, and 

Internal Shield   

0.6 0.45 0.3 ampere XI 11 — seconds 
±200 max ±200 max ±200 max volts 

100 max 100 max 100 max volts 

* External shield connected to cathode. 
Class Ai Amplifier 

CHARACTERISTICS 
Plate Supply Voltage    • 
Grid No.3 (Suppressor Grid) .■■••••   Connected 
Grid-No.2 (Screen-Grid) Supply Voltage    
Cathode-Bias Resistor   
Plate Resistance (Approx.)    Transconductance, Grid No.l to Plate   
Transconductance, Grid No.3 to Plate   
Plate Current   
Grid-No.2 Current      '"a  
Grid-No.l Voltage (Approx.) for plate current of 10 /fA   
Grid-No.3 Voltage (Approx.) for plate current of 10 /iA   Grid-No".3 Voltage (Approx.) for plate current of 10 ftA 

FM Detector 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage   
Grid-No.3 Voltage   
Grid-No.2 Supply Voltage   
Grid-No.2 Voltage    • • • • •     • • • 
Grid-No.l (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 

MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation   
For cathode-bias operation   

160 volts 
to cathode at socket 

100 volts 
660 ohms 

0.15 megohm 
1350 fimhoa 

515 /tmhos 
1.55 mA 

1.8 mA —5.2 volts 
—4.2 volts 

330 volts 
28 volts 

330 volts 
See curve page 300 

0 volts 
1.7 watts 
1.1 watts 
See curve page 300 

6DT8 
mm HIGH-MU TWIN TRIODE 

Miniature type used in radio and television receiver 
applications and in push-pull rf amplifiers or^ as fre- 
quency converter in FM tuners. Outlines section, 6B, 
requires miniature 9-contact socket. Type 12DT8 is 
identical with type 6DT8 except for the heater ratings. 
Except for heater and heater-cathode ratings, inter- 
electrode capacitances, and basing arrangement, these 
types are identical with miniature type 12AT7. 
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Heater Voltage (ac/dc)    6 3 
Heater Current   '' n'q 
Heater-Cathode Voltage: 

Peak value   ±200 me 
Average value   100 ma 

Direct Interelectrode Capacitances (Approx., Each Unit Except as 
Noted: 

Grid to Plate   
Grid to Cathode, Heater, and Internal Shield !  
Plate to Cathode, Heater, and Internal Shield ...  
Heater to Cathode   
Cathode to Grid, Heater, and Internal Shield (Unit No!2)  
Plate to Grid, Heater, and Internal Shield (Unit No.2)     

t With external shield connected to grid of unit under test. 
• With external shield connected to ground. 
* With external shield connected to cathode of unit under test. 

±200 max ±200 max 
100 max 100 max 

INDEX = LARGE LUG • - SHORT PIN 

MEDIUM-MU TRIODE 6DV4 

Nuvistor type used at frequencies up to 1000 MHz in 
uhf oscillator stages of color and black-and-white tele- 
vision receivers. Outlines section, 1; requires nuvistor 
socket. Type 2DV4 is identical with type 6DV4 except 
for heater ratings. 

Heater Voltage (ac/dc)   
Heater Current  :   
Heater Warm-up Time (Average)   
Peak Heater-Cathode Voltage   
Direct Interelectrode Capacitance (Approx.): 

Grid to Plate   
Grid to Cathode, Heater, and Shell   
Plate to Cathode, Heater, and Shell   
Plate to Cathode     
Heater to Cathode   
Grid to Cathode   

2DV4 6DV4 
2.1 6.3 

0.46 0.135 
8 — 

±100 max ±100 max 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Supply Voltage   
Plate Voltage  ] 
Grid Voltage: 

Negative-bias value   Peak positive value   ' 
Plate Dissipation   
Cathode Current   ]  
CHARACTERISTICS 
Plate Supply Voltage   
Cathode-Bias Resistor   
Amplification Factor  !!!!!!!!! 
Plate Resistance (Approx.)   
Transconductance  !!!!!!!! Plate Current   
Grid Voltage (Approx.) for plate current of 10 /iA 
TYPICAL OPERATION AS OSCILLATOR AT 950 MHz 
Plate Voltage     
Grid Voltage  '!!!!!!!!!!!! 
Grid Resistor    ' 
Plate Current  ..!!!!!! 
Grid Current   

75 volts 100 ohms 35 
3100 ohms 11500 /imhos 10.6 m A —7 volts 
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TYPE 6DV4 

wmm 

50 100 150 200 250 PLATE VOLTS 92CS-I1761T 

MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance:* 

For fixed-bias operation   
For cathode-bias operation   

♦ For operation at metal-shell temperatures up to 135*0. 

megohm 
megohm 

6DW4 
6DW4A 

Refer to chart at end of section. 

6DW4B half-wave hq^L® UL/vv-tu VACUUM RECTIFIER 'tatffarlW 

Novar types used as damper tubes in horizontal-deflec- "y i—l » rT 
tion circuits of color and black-and-white television l^^ic 
receivers. Outlines section, 11D and SOB, respectively;   
require novar 9-contact socket. Socket terminals 1, 3, 10 nuo * 
6, and 8 should not be used as tie points; it is recom- 9HP 
mended that socket clips for these pins be removed to reduce the possibility 
of arc-over and to minimize leakage. These tubes, like other power-handling 
tubes, should be adequately ventilated. 

, /j \ 6.3 volts Heater Voltage (ac/dc)   - « amperes 
Heater Current  ;        
Direct Interelectrode Capacitances (Approx,): 

Plate to Cathode and Heater   £F Cathode to Plate and Heater   2 g Heater to Cathode   
Damper Service 

For operation in a 525-liiie, 30-frame system 
MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage#   .qqq 
Peak Plate Current   250 
Average Plate Current   g g 
Plate Dissipation   Heater-Cathode Voltage: -1-300  6000 

Peak value    T100 _9oo 
Average value   1 

CHARACTERISTIC, Instantaneous Value 
Tube Voltage Drop for plate current of 360 mA    . 
# Pulse duration must not exceed 16% of a horizontal scanning cycle (10 microseconds). 

6DW5 Refer to chart at end of section. 

Refer to chart at end of section. 
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is 
HIGH-MU TRIODE— 

SHARP-CUTOFF PENTODE 

6DX8/ 

ECL84 

p(iA\pC^®elp 10DX8/LCL84 
Miniature type used in color and black-and-white tele- 

6t G2p vision-receiver applications. The triode unit is used as 
9HX a sync-separator, sync-amplifier, keyed-age, or noise- 

suppressor tube. The pentode unit is used as a video-output tube. Outlines 
section, 6E; requires miniature 9-contact socket. Type 10DX8/LCL84 is 
identical with type 6DX8/ECL84 except for heater ratings. 

Heater Voltage (ac/dc)   
Heater Current   
Peak Heater-Cathode Voltage 

6DX8/ECL84 10DX8/LCL84 
6.3 10.2 volts 

0.72 0.45 ampere 
±200 max ±200 max volts 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Center Values; 
Plate Supply Voltage   
Peak Plate Voltage, with maximum plate current of 

0.1 mA     
Plate Voltage   
Grid-No,2 (Screen-Grid) Supply Voltage   
Grid-No.2 Voltage     
Cathode Current        
Plate Dissipation   
Grid-No.2 Input   

Triode Unit Pentode Unit 

CHARACTERISTICS 
Plate Voltage .   
Grid-No.2 Voltage   
Grid No.l Voltage   
Amplification Factor   
Mu-Factor, Grid-No.2 to Grid-No.l 
Plate Resistance (Approx.) 
Transconductance   
Plate Current   
Grid-No.2 Current     

Triode Unit Pentode Unit 

megohm 
/imhos 

mA 
mA 

MAXIMUM CIRCUIT VALUES 
Grid-No.l- Circuit Resistance: Triode Unit Pentode Unit 

For fixed-bias operation   1 1 megohm 
For cathode-bias operation   3 2 megohms 

• With maximum duty factor of 0.18 and maximum pulse duration of 18 microseconds. 

MEDIUM-MU TRIODE 6DZ4 
Miniature type used as a local-oscillator tube in uhf 
color and black-and-white television receivers covering 
the frequency range from 470 to 890 MHz. Outlines 
section, BB; requires miniature 7-contact socket. For 
curve of average plate characteristics, refer to type 
6AF4A. 

Heater Voltage (ac/dc)   
Heater Current   
Heater-Cathode Voltage: 

Peak value   
Average value    

Direct Interelectrode Capacitances (Approx.) :0 

Grid to Plate   
Grid to Cathode and Heater   
Plate to Cathode and Heater   

* With-external shield connected to cathode. 

volts 
ampere 

±50 max 
25 max 
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Class Ai Amplifier 
CHARACTERISTICS 
Plate Supply Voltage     
Plate Resistor     • *     
Amplification Factor       
Plate Resistance (Approx.)   
Transconductance   
Plate Current    • • • • •    
Grid Voltage (Approx.) for plate current of 20 juA  

UHF Oscillator 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage •      
Grid Voltage, Negative-bias value   
Grid Current       
Cathode Current   
Plate Dissipation     
TYPICAL OPERATION AS OSCILLATOR AT 1000 MHz 
Plate Supply Voltage   
Plate-Circuit Resistance    
Grid Resistor     
Plate Current     
Grid Current (Approx.)     
MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance: 

For fixed-bias operation     
For cathode-bias operation   

80 volts 
2700 ohms 

14 
2000 ohms 
6700 /tmhos 

15 mA 
—11 volts 

Not recommended 
0.5 megohm 

Refer to chart at end of section. 

££5 ELECTRON-RAY TUBE 

Glass type used to indicate the effects of a change in a 
controlling voltage. It is used to indicate accurate: 
radio-receiver tuning. Outlines section, 13H; requires 
6-contact socket. Heater: volts (ac/dc), 6.3; amperes, 
0.3. For additional considerations, refer to Tuning 
Indication with Electron-Ray Tubes in Electron Tube 
Applications section. 

Tuning Indicator 

R
PTc©r 

Plate-Supply Voltage 
Target Voltage   
TYPICAL OPERATION 
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. 

250 max volts 
(250 max volts 
1125 min volts 

200 250 volts 
1 1 megohm 
3 4 mA 

0.19 0.24 mA 
—6.5 —8 volts 

0 0 volts 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

6EA5 
Refer to chart at end of section. 
For replacement use type 6CY5. 
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Refer to chart at end of section. 
For replacement use type 6EM7/6EA7. 6EA7 

Grp 

6EA8 
5EA8, 19EA8 

9AE 

MEDIUM-MU TRIODE— 
kp.C3p SHARP-CUTOFF PENTODE ' |S , —   

Miniature type used as combined oscillator and mixer 
r in color and black-and-white television receivers utiliz- 

ing an intermediate frequency in the order of 40 MHz. 
Outlines section, 6B; requires miniature 9-contact 
socket. Types 5EA8 and 19EA8 are identical with 
type 6EA8 except for heater ratings. 

Heater Voltage (ac/dc)   
Heater Current     
Heater Warm-up Time (Average) 
Heater-Cathode Voltage: 

Peak value   
Average value   

SEAS 
4.7 
0.6 
11 

±200 max 
100 max 

6EA8 
6.3 

0.46 
11 

±200 max 
100 max 

19EA8 
18.9 
0.16 

11 
±200 max 

100 max 

volts 
ampere 
seconds 

volts 
volts 

t i i . , „ .x Unshielded Shielded 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    .!..!!!!!! 

* With external shield connected to cathode of unit under ■       
■ With external shield connected to ground. 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentode Unit 
Plate Voltage   
Grid-No.2 (Screen-Grid) Supply Voltage   
Grid-No.2 Voltage   
Grid-No. 1 (Control-Grid) Voltage, Positive-bias vaiue 
Plate Dissipation   
Grid-No.2 Input: • 

For grid-No.2 voltages up to 165 volts  
For grid-No.2 voltages between 166 and 330 volts 

1.7 1.7 pF 
3 3.2 pF 

1.4 1.9 PF 3 3" PF 
0.02 max 0.01 max PF 

5 5 PF 
2.6 3.4 PF 3 3" PF 

330 330 volts 
— 330 volts — See curve page 300 

0 0 volts 
2.5 3.1 watts 
— 0.55 watt — See curve page 300 

TYPE 6EA0 
TRIODE UNIT 

a 

200 300 
PLATE VOLTS 

400 
»2CS-9e66TI 

TYPE 6EA6 
GRID-No.2 VOLTS =125 

==aSI 

enl 
B|oBBjgaaj 

100 200 300 
PLATE VOLTS 
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CHARACTERISTICS 
Plate Supply Voltage   
Grid-No.2 Voltage   
Grid-No.l Voltage   
Cathode-Bias Resistor   
Amplification Factor   
Plate Resistance (Approx.)   Transconductance   
Plate Current   
Grid-No.2 Current     • • • • 
Grid-No.l Voltage for plate current of 10 nA 

150 125 volts 
125 volts   —1 volt 

56 ohms 
40 

5000 200000 ohms 
8500 6400 /tmhos 

18 12 mA 
4 mA 

—12 —9 volts 

,i-nn HIGH-MU TRIODE— 
OCDO SHARP-CUTOFF PENTODE 

Miniature type used in color and black-and-white tele- 
vision receiver applications. Pentode unit is used as 
video output amplifier; triode unit is used in sync- 
separator, sync-clipper, and phase-inverter circuits. 
Outlines section, 6E; requires miniature 9-conta'ct 
socket. 

Heater Voltage (ac/dc)   
Heater Current   
Heater-Cathode Voltage: 

Peak value   >  
Average value       

Direct Interelectrode Capacitances: 
Triode Unit: 

Grid to Plate    
Grid to Cathode and Heater   
Plate to Cathode and Heater    

Pentode Unit: 
Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and 
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   

±200 max 
100 max 

4.2 
0.018 max 
0.005 max 
0.17 max 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage    • •••    
Grid-No.2 (Screen-Grid) Supply Voltage   
Grid-No.2 Voltage      • • •    • ■ 
Grid-No.l (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 

CHARACTERISTICS 
Plate Supply Voltage   
Grid-No.2 Supply Voltage   
Grid Voltage     Cathode-Bias Resistor   
Amplification Factor   
Plate Resistance (Approx.)   Transconductance   
Plate Current  
Grid-No.2 Current        ■••• • •• •• • 
Grid Voltage (Approx.) for plate current of 20 /tA .. 
Grid-No.l Voltage (Approx.) for plate current of 

100 /tA   
MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation   
For cathode-bias operation   

Triode Unit Pentode Unit 
330 330 volts 

330 volts   See curve page 300 volts 0 0 
1 5 watts 

1.1 watts 
— See curve page 300 

250 200 volts 
125 volts 

—2   volts 
68 ohms 

100 — 
ohms 37000 75000 

2700 12500 /tmhos 
2 25 mA 

7 mA 
—5 volts 

—9 volts 
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TYPE 6EBS 
PENTODE UNIT 
GRID-No. 2 VOLTS ■ I2S 

100 200 300 400 
PLATE VOLTS 92CS-9906T 

200 300 
PLATE VOLTS 

Refer to chart at end of section. 

Refer to chart at end of section. 
6EC4A/EY500 

BEAM TRIODE 
6EH4A 

Duodecar type used as a shunt regulator in the high- 
voltage power supply of color television receivers. Out- 
lines section, 16G; requires duodecar 12-contact socket. 
For high-voltage and X-ray safety considerations, refer 
to page 93. This type is electrically identical with type 
6EJ4A. 

POWER PENTODE isehs, SOEHS 
Miniature type used in the audio output stage of 
radio and television receivers and in phonographs. 
Outlines section, 5D; requires miniature 7-contact 
socket. Types 25EH5 and 50EH5 are identical with 
type 6EH5 except for heater ratings. 

Heater Voltage (ac/dc)   6EH5 
Heater Current   6,3 
Heater-Cathode Voltage: 1*2 Peak value   ±200 max 

Average value   100 max 
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 A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage   
Grid-No.2 (Screen-Grid) Voltage   
Plate Dissipation   
Grid-No.2 Input     Bulb Temperature (At hottest point) " 1 
TYPICAL OPERATION 
Plate Supply Voltage   
Grid-No.2 Supply Voltage   
Cathode-Bias Resistor   Peak AF Grid-No.l Voltage     

25EH5 
25 

0.3 
±200 max 

100 max 

SOEHS 
60 volts 

0.15 ampere 
±200 max volts 

100 max volts 
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Zero-Signal Plate Current   
Maximum-Signal Plate Current ..... 
Zero-Signal Grid-No.2 Current .... 
Maximum-Signal Grid-No.2 Current 
Transconductance   
Load Resistance    
Total Harmonic Distortion   Maximum-Signal Power Output 

42 mA 
42 mA 

11.6 mA 
14.5 mA 

11000 ohms 
14600 jumhos 

3000 ohms 
7 per cent 

1.4 watts 

TYPE 6EH5 
GRID-No.2 VOLTS8115 

vovJSE£ 

£ 

SB 

0 20 40 60 80 100 120 140 160 PLATE VOLTS 92CS-9623T 

MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: n . For fixed-bias operation   

For cathode-bias operation   
Push-Pull Class ABi Audio-Frequency Power Amplifier 

MAXIMUM RATINGS (Same as for Class Ai audio-frequency power amplifier) 
TYPICAL OPERATION (Values are for two tubes) 
Plate Supply Voltage   
Grid-No.2 Supply Voltage   
Cathode-Bias Resistor   "J 
Peak AF Grid-No.l Voltage    a:£ 
Zero-Signal Plate Current    
Maximum-Signal Plate Current   " 
Zero-Signal Grid-No.2 Current   J-* 
Maximum-Signal Grid-No.2 Current    *'•' 
Effective Load Resistance (Plate-to-plate)   buu" 
Total Harmonic Distortion       - o Maximum-Signal Power Output     
MAXIMUM CIRCUIT VALUES 
Grid-No.l-Cireuit Resistance: „ 1 For fixed-bias operation   "'i 

For cathode-bias operation   

megohm 
megohm 

140 volts 
120 volts 

68 ohms 
9.4 volts 
47 mA 
51 mA 
11 mA 

17.7 mA 
6000 ohms 

5 per cent 
3.8 watts 

0.1 megohm 
0.5 megohm 

Refer to chart at end of section. 

6EH7/ 

EF183 

SEMIREMOTE-CUTOFF 
PENTODE 

3EH7/XF183, -Ts) 
4EH7/LF183 ' j a. 

Miniature types used as if-amplifier tubes in color and K 03 

black-and-white television receivers. Outlines section, 9AQ 
6C: requires miniature 9-contact socket. Types 3EH7/XF183 and 4EH7/ 
LF183 are identical with type 6EH7/EF183 except for heater ratings. 
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Heater Voltage (ac/dc)   
Heater Current   
Peak Heater-Cathode Voltage ..... 
Direct Interelectrode Capacitances: 

Grid No.l to Plate  
±150 max ±150 max ±150 max 

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   

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Center Values) 
Plate Supply Voltage   
Plate Voltage    
Grid-No.3 (Suppressor-Grid) Voltage, Positive value   Grid-No.2 (Screen-Grid) Supply Voltage    
Grid-No. 2 Voltage   
Cathode Current   
Plate Dissipation   
Grid-No.2 Input     
CHARACTERISTICS 
Plate Voltage   200 volts 
Grid No.3    Connected to cathode at socket Grid-No.2 Voltage   
Grid-No. 1 Voltage   
Plate Resistance (Approx.) 
Transconductance   
Plate Current   
Grid-No.2 Current   

volts 
volts 

megohm 
/tmhos 

mA 
mA 

TYPICAL OPERATION 
Plate Voltage   
Grid No.3   
Grid-No,2 Supply Voltage   
Grid-No.2 Series Resistor   
Grid-No. 1 Voltage   
Transconductance   
RMS Grid-No.l Voltage, for 

cross-modulation factor of 0.01 
MAXIMUM CIRCUIT VALUE 
Grid-No.l-Circuit Resistance ..... 

200 200 200 200 volts Connected to cathode at socket 
200 200 200 200 volts 22000 22000 22000 22000 ohms —19.5 —9.5 —6.5 —2 volts 125 625 1250 12500 /tmhos 
450 160 100 — mV 

Refer to chart at end of section. 

Refer to chart at end of section. 6EJ4A 

Refer to chart at end of section. 

SHARP-CUTOFF PENTODE 
6EJ7/ 

3EJ7/XF184, 
4EJ7/LFI84 

Miniature types used as if-amplifier tubes in color and 
black-and-white television receivers. Outlines section, 
6C; requires miniature 9-contact socket. Types 3EJ7/ 
XF184 and 4EJ7/LF184 are identical with type 6EJ7/ 
EF184 except for heater ratings. 

3EJ7/ 4EJ7/ 6EJ7/ 
XF184 LF184 EF184 

Heater Voltage (ac/dc)   3.4 4.4 6.3 volts 
Heater Current   0.6 0.45 0.3 ampere 
Peak Heater-Cathode Voltage   ±150 max ±150 max ±150 max volts 
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Direct Interelectrode Capacitances: 
Grid No.l to Plate  v w v;' W " X vT*1'' 'i ' 
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   

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Center Values) 
Plate Supply Voltage   
Plate Voltage     
Grid-No.2 (Screen-Grid) Supply Voltage .. 
Grid-No.2 Voltage   
Cathode Current   
Plate Dissipation   
Grid-No.2 Input   
CHARACTERISTICS 
Plate Voltage    
Grid No.3   
Grid-No.2 Voltage   
Grid-No.l Voltage   
Plate Resistance (Approx.)   
Transconductance   
Plate Current   
Grid-No^ Current   
MAXIMUM CIRCUIT VALUE 
Grid-No.1-Circuit Resistance   

190 200 volts Connected to cathode at socket 
190 200 volts 

-2.35 —2.5 volts 
0.36 0.36 megohm 

5000 15000 nmhos 
10 10 mA 

4.1 4.1 mA 

Refer to chart at end of section. 

6EL4A For replacement use type 6BK4C/6EL4A. 

beam power tube 
Miniature type used as vertical-deflection amplifier in 
television receivers utilizing picture tubes having di- 
agonal deflection angles of 110 degrees. Outlines sec- 
tion, 6G; requires miniature 9-eontact socket. Type 
8EMB is identical with type 6EMB except for heater 
ratings. 

6EM5 
Heater Voltage (ac/dc)   fj-jj 
Heater Current       
Heater Warm-up Time (Average)   
Heater-Cathode Voltage: -t-onn ms> v 

Peak value   ±200 ma> 
Average value   1UU Tna> 

Direct Interelectrode Capacitances: 
Grid No.l to Plate    .. .. •;•••*•• y 'A vy yv y  
Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3   
Plate to Cathode, Heater, Grid No.2, and Grid No.3   

8EM5 
8.4 volts 
0.6 ampere 
11 seconds 

±200 max volts 
100 max volts 

0.7 max pF 
10 pF 

5.1 pF 

Class A, Amplifier 
CHARACTERISTICS 
Plate Voltage    «« 250 voHs 
Grid-No.2 Voltage   250 250 vo Its 
Grid-No.l Voltage     0 —1v01ts 

Mu Factor. Grid No.l to Gr,d No.2   Z o 05 megohm 
Plate Resistance   —i jjqq /imhos Transconductance   40 mA Plate Current   ,}! „ mA Grid-No.2 Current    
Grid-No.l Voltage (Approx.) for plate current of _ _37 voltg 

• These values can be 'measured by a method Involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 
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Vertical-Deflection Oscillator and Amplifier 
For operation in a 525-line, 30-frame system 

'MAXIMUM RATINGS (Design-Center Values) 
DC Plate Voltage   
Peak Positive-Pulse Plate Voltage# (Absolute Maximum)   
Grid-No.2 (Screen-Grid) Voltage   
Peak Negative-Pulse Grid-No.1 (Control-Grid) Voltage   
Peak Cathode Current   
Average Cathode Current   
Plate Dissipation   
Grid-No.2 Input   
Bulb Temperature (At hottest point)   
MAXIMUM CIRCUIT VALUE 
Grid-No.l-Circuit Resistance   2.2 megohms 
# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds). A Under no circumstances should this absolute value be exceeded. 

TYPE 6EM5 
WITH EC2 AS VARIABLE 

JSRID-No.l VOLTS = 0 _ 

I I | i 
GRID'-NO2 VOLTS EC2-100 

TYPE 6EM5 
GRID-No.2 V0LTS-250 

d 2 200 f o: 
9 £ 
g| ISO 
od -s; ioo 

50 100 ISO 200 250 300 350 
PLATE VOLTS S2CS-9672T 

100 150 200 250 300 35C 
PLATt VOLTS 92CS-9797TI 

Refer to chart at end of section. 6EM7 

P 6EM7/6EA7 
PT2^5^^h DUAL TRIODE S/iiiAT7' 

H Glass octal type used as combined vertical-deflection 
8BD amplifier and vertical-deflection oscillator in color and 

black-and-white television receivers. Outlines section, 13A; requires octal 
socket. For curve of average plate characteristics, Unit No.l, refer to type 
6DR7 (Unit No.l). Types 10EM7, 13EM7, and 13EM7/15EA7 are identical 
with type 6EM7/6EA7 except for heater ratings. 

Heater Voltage (ac/dc)   
Heater Current   
Heater Warm-up Time (Average)   
Heater-Cathode Voltage: 

Peak value   
Average value   

Direct Interelectrode Capacitances (Approx.): 
Grid to Plate   
Grid to Cathode and Heater   
Plate to Cathode and Heater  

6EM7/6EA7 10EM7 13EM7/15EA7 

±200 max ±200 max ±200 max volts 
100 max 100 max 100 max volts 

Unit No.l Unit No.2 
4.8 10 pF 
2.2 7 pF 
0.6 1.8 pF 
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Class Ai Amplifier 
CHARACTERISTICS 
Plate Voltage   
Grid Voltage   Amplification Factor   
Plate Kesistance (Approx.)   
Transconductance   
Plate Current   
Plate Current, for plate voltage of 60 volts and 

zero grid voltage   
Plate Current, for grid voltage of ■—28 volts . . 
Grid Voltage (Approx.) : 

For plate current of 10 /iA   
For plate current of 100 /iA   

Unit No.l Unit No.2 
250 150 volts 
—3 —20 volts 

64 5.4 
40000 750 ohms 
1600 7200 /tmhos 

1.4 50 mA 
95 mA 

— 10 mA 
—5.5   volts 

— —45 volts 

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   
MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance: < UnitNo.l Unit No.2 

For grid-resistor-bias operation   2.2 2.2 mego 
For cathode-bias operation   2.2 2.2 mego 

# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds). 

Unit No.l Unit No.2 
Oscillator Amplifier 

330 330 volts   1500 volts 
400 250 volts 

77 175 mA 
22 50 mA 

1.5 10 watts 

Unit No.l Unit No.2 
2.2 2.2 megohms 
2.2 2.2 megohms 

I TYPE 6EM7 

l 

a 

a 

MaBSBSHeggM 
100 200 300 

PLATE VOLTS 
400 

92CS-I0466T 

SHARP-CUTOFF 
6CIM4 BEAM TRI0DE 

Glass octal type used as a shunt voltage-regulator tube 
in the high-voltage power supply of color television re- 
ceivers. Outlines section, 21B; requires octal socket. 
Socket terminals 3, 4, and 8 should not be used as tie 
points. For high voltage and X-ray safety considera- 
tions, refer to page 93. 
Heater Voltage (ac/dc)   
Heater Current   
Peak Heater-Cathode Voltage   
Direct Interelectrode Capacitances (Approx.):? 

Grid to Plate   
Plate to Cathode and Heater   
Grid to Cathode and Heater   

6.3 
0.2 

—450® max 
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* Series impedance should be used with the cathode to limit the cathode current under nro- 
longed short-circuit conditions to 450 mA. 
$ Without external shield. 

Shunt Voltage-Regulator Service 
MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Voltage   30000 
Unregulated DO Supply Voltage   60000 volts 
DC Grid Voltage    ioc «/-,hd Peak Grid Voltage-   ;;; ;; ; —440 V£!a 
Average Plate Current   16 mA 
Plate Dissipation  !!!!!!!!!!! 40 WfltfrQ 

TYPICAL OPERATION 
Unregulated DC Supply Voltage   
Equivalent Resistance of Unregulated Supply   
Voltage Divider Values: 

Ri (5 watts)    
R2 (2 watts)   
Ra (0.5 watt)   

DC Reference Voltage Supply   
Equivalent Resistance of Reference Voltage   
Effective Grid-Plate Transconductance   
DC Plate Current for Load Current of 0 mA   ! 
DC Plate Current for Load Current of 1 mA . 
Regulated DC Output Voltage for Load Current of 0 mA 
Regulated DC Output Voltage for Load Current of 1 mA 
Amplification Factor   
MAXIMUM CIRCUIT VALUE 
Grid-Circuit Resistance   3 meeohms ■ For interval of 20 seconds maximum during equipment warm-up period. 
CHARACTERISTICS RANGE VALUES 

Note Min Max Grid Voltage (1)   1  7 Grid Voltage (2)      o    An vo{Js 

Grid-Voltage Change  3 — 9 volfe 
Note 1: With dc plate voltage of 30000 volts and dc plate current of 1 mA. 
Note 2: With dc plate voltage of 30000 volts and dc plate current of 0.1 mA. 
Note 3: Difference between grid voltage (1) and grid voltage (2). 
X-RADIATION CHARACTERISTIC 
X- Radiation, Maximum: 

Statistical value controlled on a lot sampling basis   0.5 mR/hr 
Caution Operation of this tube outside of the maximum values indicated above may result 
ivii.lnment T1P-01alT "l Pel'ma"ent changes in the X-radiation characteristic of the tube Equipment design must be such that these maximum values are not exceeded 

AVERAGE TRANSFER CHARACTERISTICS 
TYPE 6EN4 
E. = 6.3 VOLTS 

-10 -5 
GRID VOLTS 

#a5 

0 
92CS-8432TI 

Refer to chart at end of section. 6EQ7 
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63EJ5 high-mu triode 
Miniature type with frame grid used in vhf tuners of 
color and black-and-white television receivers. Outlines 
section 5C; requires miniature 7-contact socket. Type 
3ER5 is identical to type 6ER5 except for heater rat- 
ings. 

3ER5 
Heater Voltage (ac/dc)   2.8 
Heater Current   0.45 
Peak Heater-Cathode Voltage   ±100 i 
Direct Interelectrode Capacitances : Unsh 

Grid to Plate   0. 
Grid to Cathode, Heater, and Internal Shield .. < 
Plate to Cathode, Heater, and Internal Shield .. 
Grid to Heater   0. 
Plate to Cathode   0. 
Cathode to Grid   * 
Heater to Cathode   ' 

0 With external shield connected to cathode except as noted. 
a With external shield connected to ground. 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage   
Grid Voltage, Negative-bias value     
Cathode Current   
Plate Dissipation   

±100 max ±100 max volts 
Unshielded Shielded9 

0.28 max 
0.24 

3.1 
2.5 

4 
0.28 max 
0.2a 
3.1a .r 2.5a 

CHARACTERISTICS 
Plate Voltage   
Grid Voltage   
Amplification Factor   
Plate Resistance (Approx.)   
Transconductance   
Plate Current           
Grid Voltage (Approx.) for transconductance of 500 jtmhos 
Grid Voltage (Approx.) for transconductance of 100 /tmhos 
MAXIMUM CIRCUIT VALUE 
Grid-Circuit Resistance   

Refer to chart at end of section. 

Refer to chart at end of section. 

6ES8/ VARIABLE-MU TWIN TRIODE 

ECC189 

Miniature type used as cascode-type amplifier in tuners 
of television receivers. Outlines section, 6B; requires 
miniature 9-contact socket. 
Heater Voltage (ac/de)   6.3 
Heater Current      • ■ 2:3»| 
Direct Interelectrode Capacitances: Unshieldeci onieldea 

Grid to Plate (Each Unit)  ;  1.9 1.9 
Plate to Cathode (Each Unit)   0.18 0.17 
Heater to Cathode (Each Unit)   3 3a 
Plate of Unit No.2 to Plate of Unit No.l   0.04 max 0.015 max 
Plate of Unit No.2 to Grid of Unit No.l   0.003 max 0.003 max 
Grid of Unit No.l to Cathode of Unit No.2 ... 0.002 max 0.002 max 

* With external shield connected to cathode of unit under test except as noted. 
a With external shield connected to ground. 
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Class Ai Amplifier (Each Unit) 
CHARACTERISTICS 
Plate Voltage    
Grid Voltage   
Plate Resistance (Approx.) 
Transconductance   
Plate Current   

90 90 90 volts —1.2 —5 —9 volts 2500 — — ohms 12500 625 125 fimhos 15 — — mA 

Cascode-Type Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Supply Voltage with plate current of 0 mA   
Plate Voltage (Each unit)   
Grid Voltage, Negative-bias value (Each unit)   
Cathode Current (Each unit)   
Plate Dissipation (Each unit)   
Heater-Cathode Voltage: 
Unit No.l i" 

RMS voltage between cathode and heater   
Unit No.2 :■ 

RMS voltage between cathode and heater*   
DC voltage between cathode and heater*   

TYPICAL OPERATION in a cascode-type circuit* 
Supply Voltage    
Plate Current   
Transconductance     
Noise Figure*     
Grid Voltage (Approx.) for transconductance of 125 /tmhos .... 
Input Voltage for cross-modulation factor of 0.01 and 

transconductance of 125 /tmhos    
MAXIMUM CIRCUIT VALUE 
Grid-Circuit Resistance (Each unit)   0 Grounded-cathode input unit—pins 6, 7, and 8. 
■ Grounded-grid output unit—pins 1, 2, and 3. 
• Cathode positive with respect to heater. 
■ With grid of output unit connected to a voltage divider. 
* Measured with tube operating in a television tuner. 

Refer to chart at end of section. 

Kt gt2 HIGH-MU TWIN triode 6EU7 
T®<P^©T2 Miniature type used in high-gain, resistance-coupled, 

n c ti Mw-level audio-amplifier applications where low-hum and non-microphonic characteristics are important, 
a8)gt suc*1 as microPhone amplifiers and pre-amplifiers for 

' Phonographs. Outlines section, 6B; requires miniature (ij- (?) 9-contact socket. For typical operation as a resistance- 
T| coupled amplifier, refer to Resistance-Coupled Ampli- 

9LS fier section. 
Heater Voltage (ac/dc)   a q 
Heater Current       03 anZ™ 
Heater-Cathode Voltage:   ampere 

Peak value   +200 max ]t Average value   100 max volta 
Direct Interelectrode Capacitances (Each Unit. Approx.): 

Grid to Plate   IK 
Grid to Cathode and Heater   
Plate to Cathode and Heater  0.'2 pF 

Equivalent Noise and Hum Voltage (Referenced to Grid. 
Each Unit): 

Average Value*   18 microvolts rms 
♦Measured in "true rms" units under the following conditions: Heater volts (ac). 6 3- 

? of heAte^ transformer grounded; plate supply volts, 260; plate load resistor. 100000 ohms; cathode resistor, 2700 ohms; cathode bypass capacitor, 100 ztF: grid resistor 
0 ohms ; amplifier frequency range, 25 to 10000 Hz. ' 
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Class Ai Amplifier (Each Unit) 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage    330 

Grid Voltage: kk Negative-bias value   0r 
Positive-bias value    - " 

Plate Dissipation   
CHARACTERISTICS 
Plate Voltage      103 

Grid Voltage   J tnf 
Amplification Factor    ••• l"3 

Plate Resistance (Appro*.)   8J333 63333 

Transconductance  - ■ • • 1263 1633 

Plate Current   3-6 ^ 

volts 
volts 

watts 
watts 

volts 
volts 
ohms 

timhos 
mA 

TYPE 6EU7 

wsmk 

100 200 300 400 
PLATE VOLTS 02CS-IM70T 

Refer to chart at end of section. 

H P 
(4) (?) 

6.3 volts 
0.2 ampere 

±100 max volts 
60 max volts 

0.035 max pF 
4.5 pF 
2.9 pF 

6EV5 SHARP-CUTOFF TETRODE 
Miniature type used as rf amplifier in vhf tuners^ of 
television receivers. Outlines section, 5C; requires 
miniature 7-contact socket. 
Heater Voltage (ac/dc)   
Heater Current    
Heater-Cathode Voltage: 

Peak value    
Average value     

Direct Interelectrode Capacitances:* 
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 .. 

a With external shield connected to cathode. 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage   
Grid-No.2 (Screen-Grid) Supply Voltage   
Grid-No. 2 Voltage       
Grid-No.l (Control-Grid) Voltage, Positive-bias value . 
Cathode Current   
Plate Dissipation   
Grid-No.2 Input: 

For grid-No.2 voltages up to 90 volts   
For grid-No.2 voltages between 90 and 180 volts . 

275 volts 
180 volts 
See curve page 300 

0 volts 
20 mA 

3.25 watts 
0.2 watt 

See curve page 300 
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CHARACTERISTICS 
Plate Voltage   
Grid-Ko.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 jumhos 
MAXIMUM CIRCUIT VALUE 
Grid-No.l-Circuit Resistance   

Refer to chart at end of section. 

6EW6 
SHARP-CUTOFF PENTODE 5EW6 

Miniature type used in the gain-controlled picture-if 
stages of vhf color and black-and-white television re- 
ceivers operating at an interemediate frequency in the 
order of 40 MHz. Outlines section, 5C; requires minia- 
ture 7-contact socket. Type 5EW6 is identical with 
type 6EW6 except for heater ratings. 

Heater Voltage (ac/dc)   
Heater Current     
Heater Warm-up Time (Average)   
Heater-Cathode Voltage: 

Peak value   
Average value   

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 Nc.2, 

Grid No.3, and Internal Shield   
* With external shield connected to cathode. 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage   
Grid No.3 (Suppressor-Grid) Voltage, Positive vaiue ... 
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 ... 

±200 max ±200 max 
100 max 100 max 

Unshielded Shielded* 
0.04 max 0.03 max 

330 volts 
0 volts 

330 volts 
See curve page 300 

0 volts 
3.1 watts 

0.65 watt 
See curve page 300 

TYPE 6EW6 
GRID No.3 AND INTERNAL SHIELD 

CONNECTED TO CATHODE AT SOCKET. 
GRID-Na2 VOLTS =125 

GRID-No.1 VOLTS Ec|aO 

— IC2<^lb  n 1.5- 

IOO ZOO 300 400 
PLATE VOLTS 92CS-9965TI 
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CHARACTERISTICS 
Plate Supply Voltage   
Grid No.3   
Giid-No.2 Supply Voltage   
Cathode-Bias Resistor   
Plate Resistance (Approx.)   
Transconductance   
Plate Current   
Grid-No.2 Current    • • • • • • • ■ • 
Grid-No.l Voltage (Approx.) for plate current of 20 fiA 

125 volts 
to cathode at socket 

125 volts 
56 ohms 

0.2 megohm 
14000 /tmhos 

11 mA 
3.2 mA 

—3.5 volts 

ioe^L dual triode ^ 
Miniature type used as combined vertical-deflection 
oscillator and vertical-deflector amplifier in television Gtv 
receivers. Outlines section, 6E, requires miniature 9- 
contact socket. For curve of average plate characteris- 
tics, Unit No.l, refer to type 6DE7 (Unit No.l). Types 
10EW7 and 15EW7 are identical with type 6EW7 ex- 
cept for heater ratings. 

Heater Voltage (ac/dc)   ^ q ampere 
Heater Current   * ^ seconds 
Heater Warm-up Time   — 11 11 seconds 
Heater-Cathode Voltage: +200 max +200 max +200 max volts 

A^age value no max ioom.x womax vou. 
Direct Interelectrode Capacitances (Approx.): Unit No.l UmtNo.2 

Grid to Plate    S pP 
Grid to Cathode and Heater   ' pp 
Plate to Cathode and Heater   O-* 

Class Ai Amplifier 
CHARACTERISTICS 
Plate Voltage   
Grid Voltage   Amplification Factor    
Plate Resistance (Approx.)   Transconductance   
Plate Current      
Plate Current for plate voltage of 60 volts and zero 

grid voltage    • • • • ••  
Plate Current for grid voltage of —25 volts .. •••••• 
Grid Voltage (Approx.) for plate current of 10 /iA . - 
Grid Voltage (Approx.) for plate current of 100 /fA . 

Unit No.l Unit No.2 
250 150 volts 

—11 —17.6 volts 
17.5 6 ohms 8750 800 
2000 7500 jumhos 

6.5 45 mA 
95 mA   8 mA 

—20 volts 
—40 volts 

wiimm 

mhmmm 
200 300 PLATE VOLTS 

400 92CS-milT 



Technical Data 273 

Vertical-Deflection Oscillator and Amplifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DO Plate Voltage   
Peak Positive-Pulse Plate Voltage#   
Peak Negative-Pulse Grid Voltage   
Peak Cathode Current   
Average Cathode Current   
Plate Dissipation   

Unit No.l Unit No.2 
Oscillator Amplifier 

MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance: 

For cathode-bias operation   2.2 2.2 megol 
For grid-resistor-bias operation   2.2 2.2 megol 

# Pulse duration must not exceed 16% of a vertical scanning cycle (2.5 milliseconds). 

Kefer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

6F5GT 

6F6 
6F6G 

6F6GT 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

6FD7 
iPT' DUAL TRIODE 13FD7 
0GT| Miniature type containing high-mu and low-mu triode 
r units used as combined vertical-deflection oscillator and 
(8)k vertical-deflection amplifier in television receivers. Out- 

11 lines section, 6E; requires miniature 9-contact socket. 
<Ts Type 13FD7 is identical with type 6FD7 except for 

heater ratings. 

Heater Voltage (ac/dc)   
Heater Current   
Heater Warm-up Time (Average)   
Heater-Cathode Voltage: 

Peak value   
Average value   

Direct Interelectrode Capacitances (Approx.) : 
Grid to Plate   
Grid to Cathode and Heater   
Plate to Cathode and Heater   

±200 max ±200 max 
100 max 100 max 

Unit No.l 
4.5 
2.2 
0.4 

Unit No.2 
10 

6.5 
0.2 
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Class At Amplifier 
CHARACTERISTICS Unit No.X Unit No.2 
Plate Voltage   26a 60 150 volts 
Grid Voltage    —2 0 17.6 volts 
Amplification Factor   64 — 6 
Plate Resistance (Approx.)   40000 — 800 ohms 
Transconductance   1600 — jimhos 
Plate Current   1'® 96" 40 mA 
Grid Voltage (Approx.) : 

For plate current of 10 /tA   —5.5 — — volts 
For plate current of 100 /iA   — — volts 

Transconductance, For plate current of 1 mA .... — — 600 /imnos 
Plate Current, For grid voltage of —25 volts .... — — 6 mA 
■ This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 

Vertical-Deflection Oscillator and Amplifier 
For operation in a 525-line, 30-frame system 

Unit No.l 
[Design-Maximum Values) Oscillator 
  330 

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   

Unit No.2 
Amplifier 

330 
1500 
250 
175 

50 
10 

MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance: 

For grid-resistor-bias or cathode-bias operation 2.2 2.2 megohms 
# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds). 

6FE5 Refer to chart at end of section. 

6FG6/EM84 Refer to chart at end of section. 

6FG7 MEDIUM-MU TRIODE— 
SFG7 SHARP-CUTOFF PENTODE 

Miniature type used as combined oscillator and mixer 
tube in vhf color and black-and-white television re- 
ceivers. Outlines section, 6B; requires miniature 9-con- 
tact socket. Type BFG7 is identical with type 6FG7 ex- 
cept for heater ratings. 

Heater Voltage (ac/dc)   
Heater Current     
Heater Warm-up Time (Average)   
Heater-Cathode Voltage: 

Peak value     —: 

Average value   
Direct Interelectrode Capacitances: 

Triode Unit: 
Grid to Plate    
Grid to Cathode, Pentode Grid No.3, and Heater 
Plate to Cathode, Pentode Grid No.3, and Heater 

Pentode Unit: 
Grid No.l to Plate   C 
Grid No.l to Cathode, Grid No.3, Grid No.2, 

and Heater   
Plate to Cathode, Grid No.3, Grid No.2, 

and Heater   
Heater to Cathode, and Pentode Grid No.3   

• With external shield connected to cathode except as noted. ■ With external shield connected to ground. 

±200 max ±200 max 
100 max 100 max 
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Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 1 

Plftte Voltage   
Grid-No.2 (Screen-Grid) Supply Voltage   
Gi'id-No.2 Voltage   
Grid-No.l (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 

CHARACTERISTICS Triodc 
Plate Voltage   12 
Grid-No.2 Voltage   
Grid-No.l Voltage    — 
Amplification Factor     4 
Plate Resistance (Approx.)     570 
Transconductance     750 
Plate Current   1 
Grid-No.2 Current   
Grid-No.l Voltage (Approx.) for plate current 

of 30 /tA   —6. 

Triode Unit Pentode Unit 
330 330 
— 330 
— See curve page 300 

0 0 

See curve page 300 
0.55 

Triode Unit Pentode Unit 
125 100 125 — 100 125 
—1 0 —1 
43     ■ 

5700 — 180000 
7500 7400 6000 

13 1 
1 

—6.5 — —7.5 

WPV 6FH5 
JU™ f HIGH-MU TRIODE 2Fh5 

o(iM[//\~""y0K Miniature type used as an rf amplifier in vhf tuners of 
color and black-and-white television receivers. Outlines 

^ section, BC; requires 7-contact socket. Type 2PH5 is 
7FP identical to type 6FH5 except for heater ratings. 

2FH5 6FH5 Heater Voltage (ac/dc)   2.35 6.3 volts 
Heater Current . ...     0.6 0.2 ampere 
Heater Warm-up Time (Average)   11   seconds 
Peak Heater-Cathode Voltage   ±100 max ±100 max volts 
Direct Interelectrode Capacitances (Approx.) : Unshielded Shielded* 

Grid to Plate    0.52 0.52 pF 
Grid to Cathode, Heater, and Internal Shield . . 3.2 3.2 pF 
Plate to Cathode, Heater, and Internal Shield . . 3.2 4 pF 

• With external shield connected to Pin 1. 
Class Ai Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage     150 volts 
Grid Voltage, Positive-bias value   0 volt. 
Cathode Current   22 mA 
Plate Dissipation    2 2 watts 

Ik m 

wm 

W/Mv. 

200 300 
PLATE VOLTS 92CS-I0355TI 
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CHARACTERISTICS 
Plate Voltage     
Grid Voltage     
Plate Resistance (Approx.)   
Transconductance    
Amplification Factor     
Plate Current    • • • • ■ • • • • 
Grid Voltage (Approx.) for plate current of 100 /tA 
MAXIMUM CIRCUIT VALUE 
Grid-Circuit Resistance, for cathode-bias operation .. 

£CUQ MEDIUM-MU TRIODE— orno three-plate tetrode 

Miniature type used in complex-wave generator appli- of 
cations and in television receiver applications. Sharp- 
cutoff tetrode unit has pair of additional plates. Out- 
lines section, 6B; requires 9-contact socket. 
Heater Voltage (ac/dc)   v 

Heater Current   (U5 8 

Direct Interelectrode Capacitances :0 

Triode Unit: - . 
Grid to Plate       
Grid to Cathode and Heater     
Plate to Cathode and Heater   ■L 

Tetrode Unit: n oc w,Qv 
Grid No.l to Plate No.2      . •• .... •• ••• • • ■ • • • • • 0.06 max 
Grid No.l 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.lB   a 
Tetrode Grid No.l to Triode Plate   0-o° 
Tetrode Plate No.2 to Triode Plate   0.008 max 

" With external shield connected to cathode. 
Class A, Amplifier 

CHARACTERISTICS Triode Unit 
Plate Voltage     
Grid Voltage    Amplification Factor   
Plate Resistance (Approx.)      ' Transconductance     „ o 
Plate Current    • ' v  
Grid Voltage (Approx.) for plate current of 100 /tA   < 

Tetrode Unit with Plates No.lA and No.lB Connected to Cathode at Socket 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate-No.2 Voltage   ^BO 
Grid-No.2 Voltage    « 
Grid-No.1 Voltage     7R _. 
Plate-No.2 Resistance (Approx.) ........      
Transconductance, Grid No.l to Plate No.2   
Plate-No.2 Current   1

,
4 Grid-No.2 Current     Y ' V'inn ' .Va" "' —7 

Grid-No.l Voltage (Approx.) for plate-No.2 current of 100 fiA . . ' 
Complex-Wave Generator 

MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Tetrode Unit 

100 volts 
—1 volt 

40 
7400 ohms 
5400 /imhos 

7.9 mA 
—7 volts 

Plate Voltage   Plate-No.lA Voltage   
Plate-No.lB Voltage   
Plate-No.2 Voltage .   • •    
Grid-No.2 (Screen-Grid) Supply Voltage 
Grid-No.2 Voltage   
Grid-No.l (Control-Grid) Voltage: Negative-bias value   

Positive-bias value   
Plate Dissipation   
Plate-No. 1A Dissipation   
Plate-No.lB Dissipation   
Plate-No.2 Dissipation   

276 — — 200 
— • 200 

275 
— 275 
— See curve page 



Technical Data 277 

Grid-No.2 Input: 
For grid-No.2 voltages up to 137.5 volts 
For grid-No.2 voltages between 137.5 and 275 volts 

TYPICAL OPERATION WITH SEPARATE PLATE OPERATION 
Plates-No.lA, No.lB, and No.2 Voltage .... 
Grid-No.2 Voltage      
Grid-No.l Voltage     
Plate-No.1A Current     ' ]   
Plate-No.lB Current     
Plate-No.2 Current  !!!!!!! 1!  
Grid-No.2 Current    
Transconductance (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 Trin 

0.45 
See curve page 300 

Tetrode Unit 
100 

50 
—1 

0.04 
0.04 
1.6 
0.3 

Grid-No.l-Circuit Resistance, for lixed-bias operation   0.5 
Triode Unit Tetrode Unit 

Refer to chart at end of section. 

6FM7 
^T2 DUAL TRIODE 13FM7, 13FM7/15FM7 

Duodecar type used as combined vertical-deflection os- 
IL-J cillator and vertical-deflection amplifier in color and 
\J@ black-and-white television receivers. Triode unit No.l 
nT)01"! is used as an oscillator, and triode unit No.2 is used 
I PT| as an amplifier. Outlines section, 8C; requires duodecar 

12-contact socket. Types 13FM7 and 13FM7/15FM7 
are identical with type 6FM7 except for heater ratings. 

Heater Voltage (ac/dc)   
Heater Current   
Heater Warm-up Time (Average) 
Heater-Cathode Voltage: 

Average value   
Peak value   

13FM7 6FM7 13FM7/15FM7 6.3 13 volts 1.05 0.45 amperes 
— 11 seconds 

±200 max ±200 max volts 100 max 100 max volts 

Unit No.l Unit No.2 
250 176 volts —3 —25 volts 66 5.5 

30000 920 ohms 2200 6000 /mihos 2 40 mA —6.3 — volts — —45 volts 

Class At Amplifier 
CHARACTERISTICS Unit No.l Unit No.2 
r1^6^.0.11886   2B° "5 Grid Voltage    3  25 i 
Amplification Factor    [ * 66 6 5 Plate Resistance (Approx.)  !!!!!!! 30000 920 c 
Transconductance   2200 6000 ar 
Plate Current   2 40 
Grid Voltage (Approx.) for plate current of 20 fiA .. —6.3   , 
Grid Voltage (Approx.) for plate current of 200 fiA. . —  45 ^ 

Vertical-Deflection Oscillator and Amplifier 
For operation In a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) OscHlaltor Amplifier 
DC Plate Voltage   350 500 « 
Peak Positive-Pulse Plate Voltage#     1500 
Peak Negative-Pulse Plate Voltage   400 250 v 
Peak Cathode Current     175 
Average Cathode Current    kh 
Plate Dissipationf  ' ' [ 1 jq 
MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance: 

For fixed-bias operation   1 1 1  
For cathode-bias operation  ! . . 2.2 2.2 mesohZ 

# Pulse duration must not exceed 15% of a vertical scanning cycle (2.6 milliseconds), 
t A bias resistor or other means is required to protect the tube in absence of excitation. 



278 RCA Receiving Tube Manual 

6lrQ5A 

Refer to chart at end of section. 

Refer to chart at end of section. 
For replacement use type 6GK5/6FQ5A. 

Refer to chart at end of section. 

6FQ7/ 

6CG7 
MEDIUM-MU TWIN TR10DE 

8FQ7/8CG7, 12FQ7 . 
Miniature type used as combined vertical- and horizon- T2 KT' 
tal-deflection oscillator in color and black-and-white p\p WNC 
television receivers. Outlines section, 6E; requires g. p 
miniature 9-contact socket. Types 8FQ7/8CG7 and 
12FQ7 are identical with type 6FQ7/6CG7 except for heater ratings. For 
typical operation as a resistance-coupled amplifier, refer to Resistance- 
Coupled Amplifier section. 

6FQ7/6CG7 
6.3 
0.6 
11 

Heater Voltage (ac/dc)   6.3 
Heater Current       v® 
Heater Warm-up Time (Average)   H 
Heater-Cathode Voltage: 

Peak value   ±20" 
Average value   

Direct Interelectrode Capacitances (Approx.): 
Grid to Plate   
Grid to Cathode and Heater  
Plate to Cathode and Heater    ■ • • 
Plate of Unit No.l to Plate of Unit No.2 . . 

MAXIMUM RATINGS (Design-Maximum Values) 

±200 max 
100 max 

8FQ7/8CG7 
8.4 

0.45 

±200 max 
100 max 

±200 max 
100 max 

Unit No.l Unit No.2 

Plate Voltage     
Grid Voltage, Positive-bias value   
Cathode Current   
Plate Dissipation: 

For either plate  •; • • • 
For both plates with both units operating 

CHARACTERISTICS 
Plate Voltage   
Grid Voltage  Amplification Factor   
Plate Resistance (Approx.)   Transconductance   
Plate Current . ?    
Grid Voltage (Approx.) for plate current of 10 fiA... 
Plate Current for grid voltage of —12,5 volts  
MAXIMUM CIRCUIT VALUE 
Grid Circuit Resistance, for fixed-bias operation ... 

Oscillator 
For operation in a 525-line, 30-fraine system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Voltage   
Peak Negative-Pulse Grid Voltage   
Peak Cathode Current  
Average Cathode Current   
Plate Dissipation: For either plate  

For both plates with both units operating 
MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance   

Vertical- Horizontal- 
Deflection Deflection 
Oscillator Oscillator 

330 330 
440 660 

77 330 
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TYPE 6FQ7/6CG7 
FOR EACH UNIT 

I n 

200 300 
PLATE VOLTS 

400 
92CS-8442T 

BEAM KEXODE 6FS5 
2F55, 3FSS 

Miniature type used as rf-amplifier tube in vhf tele- 
vision receivers. In this tube, grid No.l is the control 
grid, grid No.2 is a focusing grid, grid No.3 is the 
screen grid, and grid No.4 is the suppressor grid. 
Grid No.2 is internally connected to the cathode and 
grid No.4 and aligned with grid No.3 Outlines section, 
5C; requires miniature 7-contact socket. Types 2PS5 
and 3PS5 are identical with type 6PS5 except for 
heater ratings. 

Heater Voltage (ac/dc)   
Heater Current   
Heater Warm-up Time (Average) 
Heater-Cathode Voltage: 

Average value   
Direct Interelectrode Capacitances: 

Grid No.l to Plate   
No.3, and Grid No.4 
and Grid No.4  \* 

■ With external shield connected to pin 7. 
Class Ai Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage   
Grid-No.3 (Screen-Grid) Voltage   •••••• 
Grid-No.l (Control-Grid) Voltage: 

Negative-bias value   
Positive-bias value    

Cathode Current    
Plate Dissipation  [ ]  
Grid-No.3 Input    

2B,S5 
2.4 
0.6 
11 

3FS5 
2.9 

0.45 
11 

6FS5 
6.3 
0.2 volts 

ampere 
seconds 

±200 max 
100 max ±200 max 

100 max ±200 max 
100 max volts 

volts 

Grid 
Shielded Unshielded" 

0.03 0.016 pF 

No.3, 4.8 4.8 pF 
2 2.8 pF 

CHARACTERISTICS 
Plate Voltage   
Grid-No.3 Voltage   
Grid-No.l Voltage     
Plate Resistance (Approx.)   
Transconductance  .!!!!!!!!..!.  Plate Current  !!!!.!!  
Grid-No.3 Current     
Grid-No.l Voltage (Approx.) for transconductance of 100 iimhos 
MAXIMUM CIRCUIT VALUE 
Grid-No. 1-Circuit Eesistance, for fixed-bias operation   

volts 
volts 
volt 

megohm 
/imhos 

mA 
mA 

volts 

Refer to chart at end of section. 
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6FV8A 

6FW5 

6FW8 

6FY5/EC97 

Refer to chart at end of section. 

Refer to chart at end of section. 
For replacement use type 6BR8A/6FV8A. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

6FY7 
DUAL TRIODE 

11FY7, 15FY7 
Duodecar type used as combined vertical-deflection os- 
cillator and vertical-deflection amplifier in television 
receivers. Triode unit No.l is used as an oscillator, 
and triode unit No.2 is used as an amplifier. Outlines 
section, 8D; requires duodecar 12-cohtact socket. Types 
11FY7 and 15FY7 are identical with type 6FY7 except 
for heater ratings. 

NC 

Heater Voltage (ac/dc)   
Heater Current   
Heater Warm-up Time (Average) 
Heater-Cathode Voltage: 

Peak value .   
Average value   

6FY7 11FY7 15FY7 
6.3 11 14.7 volts 

1.06 0.6 0.46 amperes — 11 11 seconds 
±200 max ±200 max ±200 max volts 

100 max 100 max 100 max volts 

Class Ai Amplifier 
CHARACTERISTICS Unit No.l Un 
Plate Voltage     260 
Grid Voltage      "Tj* Amplification Factor   
Plate Resistance (Approx.)   40500 
Transconductance    i ? 
Plate Current    • • • • • • • • £*4 
Grid Voltage (Approx.) for plate current of Z0 fiA .. —5.5 
Grid Voltage (Approx.) for plate current of 60 /tA . — 
Plate Current (Approx.) for grid voltage of —26 volts — 

Vertical-Deflection Oscillator and Amplifier 
For operation in a 525-line, 30-frame system 

Unit No.l Unit No.2 
250 150 volts 
—3 —17.6 volts 

65 6 
40500 920 ohms 

1600 6500 amhos 
1.4 35 m A 

—5.5   . volts 
—36 volts — 6 mA 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Voltage . 
Peak Positive-Pulse Plate Voltage#   
Peak Negative-Pulse Plate Voltage   
Peak Cathode Current  
Average Cathode Current   
Plate Dissipation   

Unit No.l Unit No.2 
Oscillator Amplifier 

330 275 volts   2000 volts 
400 250 volts 
70 175 mA 
20 50 mA 

1 7t watts 

2.2 2.2 megohms 
MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance   2.2 2.2 megohn 
# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds), 
t A bias resistor or other means is required to protect the tube in absence of excitation. 

6G6G 

6G11 

6GB3A 

6GB5 

Refer to chart at end of section. 

Refer to chart at end of section. 

For replacement use type 6BQ6GTB/6CU6. 

Refer to chart at end of section. 
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6GB5/ 

EL500 
BEAM POWER TUBE S/S 

27GB5/PLS00 
12 Magnoval type used as horizontal-deflection amplifier 
I in television receivers. Outlines section, 36B; requires 
^nG2 neonoval 9-contact socket. Typical instantaneous Ghar- 
ri acteristics (measured with recurrent waveform such 
re)k that maximum ratings are not exceeded): plate volts, 63 75; grid-No.2 volts, 200; grid-No.l volts, —10; plate 
1 mA, 440; grid-No.2 mA, 37. Types 13GB5/XL500, 

18GB5/LL500 and 27GB5/PL500 are identical with type 
6GB5/EL500 except for heater ratings. 

6GB5/ 13GB5/ 18GB5/ 27GB5/ 
EL500 X1,500 LL500 PL500 Heater Voltage (ac/dc)   6.3 13.3 18 27 volts 

Heater Current   1.38 0.6 0.45 0.3 amperes 
Heater-Cathode Voltage: 

Peak value   ±250 max ±250 max ±250 max ±260 max volts 
Average value   125 max 125 max 125 max 125 max volts 

Horizontal-Deflection Amplifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Voltage   276 volts 
Peak Positive-Pulse Plate Voltage#   7700 volts 
DC Grid-No.2 (Screen-Grid) Voltage   275 volts 
Average Cathode Current     275 mA 
Plate Dissipation^     17 watts 
Gnd-No.2 Input"   5 watts 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

Without grid current .......   0.5 megohm 
With grid current (horizontal-output service only)   2.2 megohms 

# Pulse duration must not exceed 16% of a horizontal scanning cycle (10 microseconds). 
4 A bias resistor or other means is required to protect the tube in absence of excitation. 
■ Grid-No.2 input may reach 6 watts for plate-dissipation values below 11 watts. 

For replacement use type 6GW6/6DQ6B. 

For replacement use type 6GW6/6DQ6B. 

BEAM POWER TUBE 6GC5 

Miniature type used in color and black-and-white tele- 
vision receiver applications and as output tube in 
audio-amplifier applications. Outlines section, 6E, re- 
quires miniature 9-contact socket. 

Heater Voltage (ac/dc)   
Heater Current   
Heater-Cathode Voltage: 

Peak value   
Average value   

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  

volts 
amperes 

±200 max 
100 max 
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Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage   
Grid-No.2 (Screen-Grid) Voltage   
Plate Dissipation   
Grid-No.2 Input    
TYPICAL OPERATION AND CHARACTERISTICS 
Plate Voltage   
Grid-No.2 Voltage   
Grid-No.l 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.)   
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   

110 200 volts 
110 125 volts 

— 7.5 ' — volts    180 ohms 
7.6 8.5 volts 
49 46 mA 
60 47 mA 

4 2.2 mA 
10 8.5 mA 

13000 28000 ohms 
8000 8000 /tmhos 
2000 4000 ohms 

10 10 per cent 
2.1 3.8 watts 

0.1 megohm 
0.5 megohm 

6GE5 BEAM POWER TUBE 
12GE5, 17GE5 

Duodecar type used as horizontal-deflection-amplifier 
tube in television receivers. Outlines section, IB A; re- 
quires duodecar 12-contact socket. Types 12GE5 and 
17GE5 are identical with type 6GE5 except for heater 
ratings. 

Heater Voltage (ac/dc)   6.3 12.6 16.8 
Heater Current   t*2 "'JJ 
Heater Warm-up Time (Average)   — H 11 

Heater-Cathode Voltage: 
Peak value   ±200 max ±200 max ±200 max 
Average value   100 max 100 max 100 max 

volts amperes 
seconds 

Class At Amplifier 
Pentode 

Connection 
Triode* 

CHARACTERISTICS Connection Connection 
Plate Voltage   60 250 150 volts 
Grid-No.2 (Screen-Grid) Voltage   150 150 150 volts 
Grid-No.l (Control-Grid) Voltage   6 —22'6 ~ volts 
Amplification Factor   — v 
Plate Resistance (Approx.)   — 16000 ohms Transconductance   " 7600 /tmhos 
Plate Current   345* 65 — mA 
Grid-No.2 Current   2'* l*® mA 

Grid-No.l Voltage (Approx.) for plate current 
of 1 mA   — —'12 — volts 

* Grid No.2 tied to plate. 
• This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 

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 Voltage   
Peak Negative-Pulse Grid-No.l Voltage   
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DC Grid-No.l Voltage   
Peak Cathode Current   
Average Cathode Current   
Plate Dissipation!   
Grid-No.2 Input   
Bulb Temperature (At hottest point) 
MAXIMUM CIRCUIT VALUE 
Grid-No.l Circuit Resistance   
# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds), 
f A bias resistor or other means is required to protect the tube in absence of excitation. 

Refer to chart at end of section. 6GF5 

Refer to chart at end of section. 6GF7 

DUAL TRIODE 6GF7A 
106F7A, J3GF7A 

i Or, Novar types used as combined vertical-deflection oscil- 
9QD lator and vertical-deflection amplifiers in color and 

black-and-white television receivers. Outlines section, 30A; requires novar 
9-contact socket. For curves of average plate characteristics for Unit No 1 
and Unit No.2, refer to types 6DR7 (Unit No.l) and 6EM7, respectively. 
Types 10GF7A and 13GF7A are identical with type 6GF7A except for 
heater ratings. 

Heater Voltage (ac/dc)   
Heater Current    
Heater Warm-up Time (Average) .. . 
Heater-Cathode Voltage: 

Peak value   
Average value  !!!!!!!! Direct Interelectrode Capacitances (Approx.): 
Grid to Plate   
Grid to Cathode and Heater   
Plate to Cathode and Heater   

10GP7A 
9.7 
0.6 
11 

13GF7A 
13 

0.45 
11 

±200 max ±200 max ±200 max volts 
100 max 100 max 100 max volts 

Unit No.l Unit No.2 
4.6 9 pP 
2.4 6.5 pP 

0.26 1.4 pP 
Class Ai Amplifier 

CHARACTERISTICS Unit n,,.! t 
Plate Voltage    ora 
Grid Voltage  " —3 
Amplification Factor   .]]].]. 64 
Plate Resistance (Approx.)  !.'!!!! 40000 
Transconductance   1600 > Grid Voltage (Approx.): 

For plate current of 10 fiA    5 g 
For plate current of 100 fiA  !!!!!!!!!! — 

Plate Current   ' 
For plate voltage of 60 volts and zero grid voltage — 
For grid voltage of —28 volts     

Vertical-Deflection Oscillator and Amplifier 
For operation in a 525-line, 30-frame system 

Unit No.l Unit No.2 
250 150 volts —3 —20 volts 64 6.4 40000 760 ohms 1600 7200 jumhos 

—5.6 — volts — —45 volts 1.4 50 mA — 95 mA — 10 mA 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Voltage   
Peak Positive-Pulse Plate Voltage 

(Absolute Maximum)#    Peak Negative-Pulse Grid Voltage   
Peak Cathode Current   
Average Cathode Current   
Plate Dissipation  !!!!!.!!! 

Unit No.l 
Oscillator 

Unit No.2 
Amplifier 

330 
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MAXIMUM CIRCUIT VALUES 
Grid^Circuit^Resiatance^ ^ cathode-bias operation . 2.2 2.2 megohms 

• Under no circumstances should this absolute value be exceeded. 
# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds). 

Refer to chart at end of section. 6GH8 

ff+\tQ a MEDIUM-MU TRIODE— 
OGHoA SHARP-CUTOFF PENTODE H 

5GH8A, 9GH8A ( 
Miniature type used in multivibrator-type horizontal-(j2p^s 
deflection circuits and for age-amplifier or sync-sepa- M 
rator applications in color and black-and-white tele- (Jj 
vision receivers. Outlines section, 6B; requires minia- 0|p 
ture 9-contact socket. Types 5GH8A and 9GH8A are pi 
identical with type 6GH8A except for heater ratings. 

Heater Voltage (ac/dc)   6.8 
Heater Current     6-6 0-45 

Heater Warm-up Time (Average)   11 n 
Heater^Cathodee Voltage:    ±20o maX ±200 max 

DirecVTrftereleTtrde' Capaeitanees:  100 ^UnshTeldeT Shielded 
Triode Unit: + 7 Grid to Plate      • • • •; • • • ■ • • • • • 

Grid to Cathode, Heater, Pentode Grid No.3, 
Pentode Cathode, and Internal Shield      a 

Plate to Cathode, Heater, Pentode Grid No.3, 
Pentode Cathode, and Internal Shield   

Heater to Cathode   
Pentode Unit: n no tmbv 

Grid No.l to Plate  a :; xt o  0.02 max 
Grid No.l to Cathode, Heater, Grid No.2, 

Grid No.3, and Internal Shield ••••••••••••■ 0 

Plate to Cathode, Heater, Grid No.2, Grid No.3, 
and Internal Shield     • • • • • • 

Heater to Cathode, Grid No.3, and Internal Shield 3 

ampere 
seconds 

±200 max 
100 max 

1.7 1.7 
3 3.2 

1.4 1.9 
3 3 

0.02 max 0.01 max 
5 5 

2.6 3.4 
3 3 

Class A, Amplifier 
CHARACTERISTICS inoae unn 
Plate Voltage   ^ 
Grid-No.2 Voltage   ^1 Grid-No.l Voltage   
Amplification Factor     _,nn Plate Besistance (Approx.)   "jjjj Transconductance   -» - 
Plate Current   J_ 
Grid-No.2 Current     l "t ' 
Grid-No.1 Voltage (Approx.) for plate current of 

10 pA   

Horizontal-Deflection Oscillator 
For operation in a 525-line, 30-franie system 

MAXIMUM RATINGS (Design-Maximum Values) Triode Unit 
Plate Voltage y v.  ^ 
Grid-No.2 (Screen-Grid) Voltage   
Grid-No.l (Control-Grid) Voltage: Positive-bias value     

Peak negative value     
Peak Cathode Current   
Average Cathode Current   2 g 
Plate Dissipation   
Grid-No.2 Input   

Triode Unit Pentode Unit 
125 125 volts 

125 volts 
—1 —1 volts 

46 —. 
5400 200000 ohms 
8500 7500 /tmhos 
13.5 12 mA 

4 mA 
—8 —8 volts 

Triode Unit Pentode Unit 
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TYPE6GH8/y TRIODE UNITl TYPE6GH8A1 PENTODE UNIT I . GRID-No.2 V0LTS=I25 

Vm~- 

IHii  
200 300 400 500 PLATE VOLTS 92CS-I042ITI 

MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation 
For cathode-bias operation 

tr a. I 

wi jQ-J IN f* tisioi-t- 
 ^2 
   

100 200 300 400 500 
PLATE VOLTS 92CS-I0436T 

megohms 
megohms 

Refer to chart at end of section. 

BEAM POWER TUBE 6GJ5A 
12GJ5A, 17GJ5A 

Novar type used in high-efficiency horizontal-deflec- 
tion-amplifier circuits of television receivers. Outlines 
section, 32A; requires novar 9-contact socket. For curve 
of average characteristics see type 6GW6. Types 
12GJ5A and 17GJ5A are identical with type 6GJ5A ex- 
cept for heater ratings. 

Heater Voltage (ac/dc)   6.3 12 
Heater Current    1.2 C 
Heater Warm-up Time (Average)   — 
Heater-Cathode Voltage: 

Peak value   ±200 max ±2( 
Average value   100 max 1( 

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   

12GJ5A 
12.6 

0.6 
11 

X7GJ5A 
16.8 volts 
0.46 amperes 

11 seconds 
±200 max ±200 max ±200 max volts 

100 max 100 max 100 max volts 

Class A, Amplifier 
Triode CHARACTERISTICS Connection Pentode Connection 

^exTVolta,?e,.  160 60 280 volts 
v0uaKe   150 150 160 volts Gnd-No.l Voltage   —22.5 0 —22.5 volts 

Mu-Factor, Grid No.2 to Grid No.l   4.4     
Plate Resistance (Appiox.)   — _ 15000 ohms 
Transconductance   — _ 71oo ^03 
Plate Current   — 390. 70 mA 
Grid-No.2 Current   — 32. 2.1 mA 
Grid-No.l Voltage for plate current of 1 mA . — — —42 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. 

Horizontal-Deflection Amplifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Supply Voltage   770 volts 
Peak Positive-Pulse Plate Voltage#   6500 volts 
Peak Negative-Pulse Plate Voltage     1500 volts 
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DC Grid-No.2 Voltage   «« 
DC Grid-No.1 Voltage   —f® 'J.™ 
Peak Negative-Pulse Grid-No.l Voltage     330 volte 
Peak Cathode Current     mA 
Average Cathode Current    17» 
Plate Dissipation.   ^atte 
Grid-No.2 Input     ®j6 WB™ 
Bulb Temperature (at hottest point)     \j 
MAXIMUM CIRCUIT VALUE 
Grid-No. 1-Circuit Resistance: 

For grid-resistor-bias operation*   1 megonm 
# Pulse duration must not exceed 16% of a horizontal scanning cycle (10 microseconds). 
• A bias resistor or other means is reguited to protect the tube in absence of excitation. 

/lg it Refer to chart at end of section. 

6GJ7/ 

ECF801 tj, - 
4GJ7/XCF801 MEDIUM-MU TRIODE— ^ 
Spcfsm SHARP-CUTOFF PENTODE 18 

Miniature types used as combined oscillator and mixer CipdM JyA)p-r 
tubes in color and black-and-white television receivers 
utilizing an intermediate frequency in the order of K.Cjpjs Gp 
40 MHZ. Outlines section, 6J; requires miniature 9- gQA 
contact socket. Types 4GJ7/XCP801, 5GJ7/LCF801, and 
8GJ7/PCF801 are identical with type 6GJ7/ECF801 except for heater 
ratings. 

Heater Voltage (ac/dc) 
Heater Current   
Peak Heater-Cathode 

Voltage*   

4GJ7/ 
XCF801 

4.1 
0.6 

±110 max 

5GJ7/ 
LCF801 

6.6 
0.45 

±110 max 
0.41 

±100 max 

Class Ai Amplifier 

8GJ7/ 
PCF801 

8 
0.3 

±110 max 

MAXIMUM RATINGS (Design-Maximum Values) 
Plate-Supply Voltage     
DC Plate Voltage   
Grid-No.2 (Screen-Grid) Supply Voltage   
DC Grid-Na2 Voltage  
DC Grid-No.l (Control-Grid) Voltage   
Cathode Current     
Plate Dissipation   
Grid-No.2 Input*     

Triode Unit Pentode Unit 

CHARACTERISTICS 
DC Plate Voltage     130 "0 volte 
DC Grid-No.2 Voltage   — I2® volte 
DO Grid-No.l Voltage   —3 —1.2 volte Amplification Factor   20 A ™ ^ 
Plate Resistance (Approx.)   7T unnn Transconductance   £/ 
Plate Current   
Grid-No.l Voltage for grid-No. 1 current of 6.3 /iA ... ■—1.3 max —1.3 max volts Grid-No.l-Circuit Resistance: 

For fixed-bias operation   0.6 1 
For cathode-bias operation   0.5 2,2 megohms 

* The hum should be minimized in intercarrier applications by limiting the heater-cathode 
voltage to 100 volts rms, and in AM receivers to 50 volts rma. ♦Grid No.2 to grid No.l, approximate value. «> j 
• When control-grid bias is between —1.5 and —2 volts, screen-grid dissipation is limited 
to 0.50 watt. When this bias is greater than —2 volts, maximum screen-grid dissipation 
is 0.36 watt. 

6GJ8 Refer to chart at end of section. 

600 600 volts 
140 276 volts    600 volts   275 volts   —50 volts 

22 20 mA 
1.8 2.4 watts 

0.55 watt 

100 170 volts 
120 volts 

—3 —1.2 volts 
20 66* 

0.35 megohm 
9000 11000 finihoa 

15 10 mA 
3 mA 

—1.3 max —1.3 max volts 
0.5 1 megohm 
0.5 2.2 megohms 
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HIGH-MU TRIODE 

6GK5 

6GK5/ 

6FQ5A 
2GK5/2FQ5A, 
3GK5, 4GK5 

7FP 

Miniature type with frame grid used as grounded-cath- 
ode rf-amplifier tube in vhf tuners of color and black- 
and-white television receivers. Outlines section, 5C; re- 
quires miniature 7-contact socket. Types 2GK5/2FQ5A, 
3GK5, and 4GK5 are identical with type 6GK5 except 
for heater ratings. 

6GK5 4GK5 6GK5/6FQ5A 
6.3 

0.18 
w t -w U , , 2GK5/2FQ5A 3GK5 Heater Voltage (ac/dc)   2.3 2.8 4 
Heater Current   0.6 0 45 0 3 
Heater Warm-up Time (Average) 11 11 11   
Peak Heater-Cathode Voltage .... ±100 max ±100 max ±100 max ±100 max Direct Intcrelectrode Capacitances (Approx.) :0 

Grid to Plate      
Grid to Cathode, Heater, and Internal Shield    
Plate to Cathode, Heater, and Internal Shield    
Heater to Cathode    0 With external shield connected to cathode, except as noted. 

■ With external shield and internal shield connected to ground. 

0.52 
6 

3.6 
2.5- 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage   
Grid Voltage: 

Negative-bias value   
Positive-bias value   

Average Cathode Current   
Plate Dissipation    
CHARACTERISTICS 
Plate Voltage   
Grid Voltage  !!!!!.!!!!!!!!!!!.!, 
Amplification Factor   
Plate Resistance (Approx.)  .!!!..!* 
Transconductance    *! 
Plate Current  !!!!!!!!!!!!!!!!!!! 
Input Resistance*   
Input Capacitance*   
Noise Figuref  !] 
Grid Voltage (Approx.) for transconductance of 150 /imhos . 
Grid Voltage (Approx.) for transconductance of 1500 jimhos 

200 
60 

0 
22 

2.5 

135 
—1 

78 
5400 

15000 
11.5 
275 

11.2 
4.7 

—4.2 
—2.5 

volts 
volts 

mA 
watts 

volts 
volts 
ohms 

/imhos 
mA 

ohms 
PF 
dB 

volts 
volts 

WM 

■ 01 

100 200 
PLATE VOLTS 
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MAXIMUM CIRCUIT VALUE 
Grid-Circuit Resistance, for cathode-bias operation   1 megohm 
• Measured at 200 MHz with heater volts = 6.3 and plate effectively grounded for rf voltages, 
f For a neutralized triode amplifier at a frequency of 200 MHz with signal source impedance 
adjusted for minimum noise output. 

6GK6 POWER PENTODE 
10GK6, 16GK6 

Miniature type used in the output stage of audio am- 
plifying equipment and also in the video output stage 
of color and black-and-white television receivers. Out- 
lines section, 6G; requires miniature 9-contact socket. 
Types 10GK6 and 16GK6 are identical with type 6GK6 
except for heater ratings. 

6GK6 10GK6 
Heater Voltage (ac/dc)   6.3 10 
Heater Current   0.76 0.45 
Heater Warm-up Time (Average)   — 11 
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    

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Supply Voltage      
Plate Voltage   
Grid-No. 2 Supply Voltage    
Grid-No.2 (Screen-Grid) Voltage   
Grid-No. 1 (Control-Grid) Voltage, Negative-bias value 
Cathode Current   
Plate Dissipation   
Grid-No.2 Input, Peak    
Grid-No.2 Input, Average   
CHARACTERISTICS AND TYPICAL OPERATION 
Plate Supply Voltage   
Grid-No.2 Supply Voltage   
Cathode-Bias Hesistor   
Mu-Factor, Grid No.2 to Grid No.l   
Plate Resistance (Approx.)   
Transconductance   
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   
Total Harmonic Distortion   
Maximum-Signal Power Output    

16 volts 
0.3 ampere 
11 seconds 

±100 max volts 
0.14 max pF 

10 PF 
.7 pF 

605 volts 
330 volts 
605 volts 
330 volts 
100 volts 

65 mA 
13.2 watts 

4 watts 
2 watts 

250 volts 
250 volts 
135 ohms 

19 
38000 ohms 
11300 /tmhos 

7.3 volts 
48 mA 

50.6 mA 
5.5 mA 
10 mA 

6200 ohms 
10 per cent 

5.7 watts 

Push-Pull Class ABi and Class B Amplifier 
MAXIMUM RATINGS (Same as for Class Ai Amplifier) 
TYPICAL OPERATION (Values are for two tubes) 

Plate Voltage   
Grid-No.2 Voltage   
Grid-No.l 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 ...... 

250 300 250 300 volts 
250 300 250 300 volts 

—11.6 —14.7 volts 
130 130   — ohms 

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 4 3 4 per cent 

11 17 11 17 watts 
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MAXIMUM CIRCUIT VALUES 
Grid-No. 1-Circuit Resistance: 

For fixed-bias operation 
For cathode-bias operation 0.3 megohm 

1 megohm 

TYPE 6GK6 
GRID-No. 2 VOLTS = 250 

—GRID-NO.1 VOLTS EC] B -4  
:IC2  ^b_. Z$. 
= EC| = -8 ECrO 

Ate _-IC /-■; 

100 200 300 
PLATE VOLTS 92CS-9903T 

For replacement use type 6A'U4GTA. 6GK17 

Refer to chart at end of section. 

Refer to chart at end of section 6GM5 

SEMI REMOTE-CUTOFF Af+KAA 
PENTODE 0V7IVI0 

5GM6 
Miniature type used in gain-controlled picture-if 
stages of color and black-and-white television receivers 
operating at intermediate frequencies in the order of 
40 MHz. Outlines section, 5C; requires 7-contact socket. 
Type 5GM6 is identical with type 6GM6 except for 
heater ratings. 

Heater Voltage (ac/dc)   
Heater Current   
Heater Warm-up Time (Average)   
Heater-Cathode Voltage: 

Peak value   
Average value   

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   0 With external shield connected to cathode. 
Class Ai Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage   
Grid-No.3 (Suppressor-Grid) Voltage, Positive value .. 
Grid-No.2 (Screen-Grid) Supply Voltage   
Grid-No.2 Voltage   
Grid-No.l (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 ... 

±200 max ±200 max 
100 max 100 max 

Unshielded Shielded0 

0.036 max 0.026 max 

330 volts 
0 volts 

330 volts 
See curve page 300 

0 volts 
3.1 watts 

0.65 watt 
See curve page 300 



290 RCA Receiving Tube Manual 

CHARACTERISTICS 

S£iei^3pIy connoted to^fhod. at 
Grid-No.2 Supply Voltage   ^ X®"® 
Cathode-Bias Besistor    
Plate Resistance (Approx.)    ^ mf^os 
Transconductance   14 " mA Plate Current   3 J mA 

Grid-No*. 1 Voltage (Approx.) for transconductance of 60 pmhos .. 16 volts 

TYPE 66M6 
GRID No. 3 AND INTERNAL SHIELD 

- CONNECTED TO CATHODE AT cnrtfFT 
GRID-No. 2 VOLTS-125 

130 -ICg- Xb—   
3 \r =fif 

\nar3cF° -u .Ecr-2.5- 

ibo 200 300 400 
PLATE VOLTS Q9CS-10390TI 

6GN8 HIGH-MU TRIODE— H 
8GN8/8EB8 SHARP-CUTOFF PENTODE 

lOGNS . Prr-Jl/ _cS\^G, 
Miniature type used in color and black-and-white tele- ^Yff 1 zczEjr—' P 

vision receiver applications. Triode unit is used as Mdki-,,—fflro) 
sync-separator, sync-clipper, phase inverter, or sound- 
if amplifier. Pentode unit is used in output stage of 11/ -'® 
video amplifier. Outlines section, 6E; requires minia- 
ture 9-contact socket. For direct interelectrode capaci- 9DX 
tances refer to type 6EB8; curve for average plate characteristics of 
triode unit is same as for type 6EB8. Types 8GN8/8EB8, and 10GN8 are 
identical with type 6GN8 except for heater ratings. 

8GN8/8EB8 10GN8 
Heater Voltage (ac/dc)   
Heater Current   
Heater Warm-up Time (Average) 
Heater-Cathode Voltage: 

Peak value   
Average value   

ampere 
seconds 

±200 max ±200 max ±200 max volts 
100 max 100 max 100 max volts 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentode Unit 
Plate Voltage   
Grid-No.2 (Screen-Grid) Supply Voltage   — 330   
Grid-No.2 Voltage  .•.•••••. „ See curve page 300 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value 0 0 
Plate Dissipation   * 
Grid-No.2 Input: i 1 

For grid-No.2 voltages up to 166 volts    . r-r 
For grid-No.2 voltages between 165 and 330 volts See curve page 300 

CHARACTERISTICS Triode Unit Pentode Unit 
Plate Supply Voltage   260 00 200 
Grid-No.2 Supply Voltage   — 16® _ 
Grid-No. 1 Voltage   2 u 1nn Cathode-Bias Resistor     _ 
Amplification Factor   too cnnnn 
Plate Resistance (Approx.)   37000 - 60000 

Triode Unit Pentode Unit 
250 60 200 volts 

150 150 volts 
—2 0 — volts 

— 100 ohms 
100 — — 

37000 — 60000 ohms 
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Triode Unit Pentode Unit Transconductance   2700 — 11600 /imhos 
PJate Current   2 65" 25 mA 
Grid-No.2 Current   — 18" 5.5 mA 
Grid Voltage (Approx.) for plate current of 

20 /tA   —5 — — volts 
Grid-No.l Voltage (Approx.) for plate current 

of 100 /iA   — — —10 volts 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation   0.6 0.25 megohm 
For cathode-bias operation   1 1 megohm 

■ This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 

TYPE 66N8 
GRID - No.2 VOLTS -ISO 

J 
a 

^oin--No.l VOLTS EC|°0 

100 200 300 400 
PLATE VOLTS 92C8-iK>2i 

Refer to chart at end of section. 6GQ7 

MEDIUM-MU TRIODE— 
H A jp SHARP-CUTOFF PENTODE OOb/ 

03p 5GS7, 7GS7 

K®u!P~ Miniature type used as a frequency changer in vhf television tuners. Outlines section, 6B; requires 9- 
l/jjoap contact socket. Types 5GS7 and 7GS7 are identical with 

0 "(p) type 6GS7 except for heater ratings. Heater: volts, 7.6; 
CT Clp ampere, 0.3; maximum heater-cathode volts, ±100 peak, 

9GF 100 average. 

Heater Voltage   
Heater Current   
Heater-Cathode Voltage: 

Peak value   
Average value .... ±200 max 

100 max 

MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage   
Grid-No.2 (Screen-Grid) Voltage   
Plate Dissipation   
Grid-No.2 Input   
Cathode Current   

Class Ai Amplifier 

CHARACTERISTICS 
Plate Voltage   
Grid-No.2 Voltage   
Grid-No.l (Control-Grid) Voltage 
Plate Current   
Grid-No.2 Current   
Transconductance   Plate Resistance   
Amplification Factor   

6GS7 7GS7 
6.3 7.6 volts 0.4 0.3 ampere 

±200 max ±200 max volts 100 max 100 max volts 

riode Unit Pentode Unit 
125 250 volts — 150 volts 1.5 2 watts . — 0.5 watt 16 18 mA 

100 170 volts — 160 volts —3 —1.2 volts 14 10 mA — 3.3 mA 5500 12000 /tmhos — 0.35 min megohm 17 — 
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MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circui.t Resistance   0.5 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation   — 
For cathode-bias operation   — 

Pentode Unit as Frequency Changer 
CHARACTERISTICS 
Plate Voltage   
Grid-No*2 Supply Voltage   
Oscillator Voltage   
Grid-No.2 Circuit Resistance   
Grid-No.l Circuit Resistance   
Plate Current   
Grid-No.2 Current   
Grid-No.l Current   
Plate Resistance   Conversion Transconductance   

CHARACTERISTICS 
Plate Supply Voltage ... 
Plate Circuit Resistance 
Grid Circuit Resistance 
Oscillator Voltage   
Plate Current   
Transconductance   

Triode Unit as Oscillator 

— megohm 
0.25 megohm 

0.5 megohm 

190 volts 
190 volts 
2.3 volts (rms) 

0.018 megohm 
0.1 megohm 
8.5 mA 
2.7 mA 
30 nA 

0.6 megohm 
4500 /imhos 

190 volts 
8200 ohms 

10000 ohms 
4.5 volts(rms) 
12 mA 

3500 /imhos 
Refer to chart at end of section. 

6GT5A 
BEAM POWER TUBE 

Novar type used as horizontal-deflection amplifier in 
television receivers. Outlines section, 31 A; requires 
novar 9-contact socket. For curve of average charac- 
teristics, refer to type 6GW6. Type 17GT5A is identical 
except for heater ratings. 

6GT5A 
Heater Voltage (ac/dc)   6.3 
Heater Current   1.2 
Heater Warm-up Time (Average)   — 
Heater-Cathode Voltage: 

Peak value     ±200 max 
Average value   100 max 

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   

" Cb) 61 

9NZ 
with type 6GT5A 

17GT5A 
16.8 volts 
0.45 ampere 

11 seconds 
±200 max volts 

100 max volts 

Class A, Amplifier 
Triode 

CHARACTERISTICS Connection Connection 
Plate Voltage    150 60 250 volts 
Grid-No.2 (Screen-Grid) Voltage   150 150 150 volts 
Grid-No.l (Control-Grid) Voltage   —22.5 0 —22.5 volts 
Mu Factor, Grid No.2 to Grid No.l   4.4 — — 
Plate Resistance (Approx.)   — — 15000 ohms 
Transconductance   — — 7100 /<mhos 
Plate Current   — 390* 70 mA 
Grid-No.2 Current   — 32* 2.1 mA 
Grid-No.l Voltage (Approx.) for plate current 

of 1 mA   — — —42 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. 

Horizontal-Deflection Amplifier 
For operation in a 525-line, 30-frnmc system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Supply Voltage   770 volts 
Peak Positive-Pulse Plate Voltage#   6500 volts 

Pentode 
Connection 
60 250 

150 150 
0 —22.5 
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Peak Negative-Pulse Plate Voltage   1500 volts 
DC Grid-No.2 Voltage   220 vr>lt<s 
DC Grid-No.l Voltage  —55 volts 
Peak Negative-Pulse Grid-No.l Voltage   330 volts 
Peak Cathode Current   550 mA. 
Average Cathode Current     175 niA 
  17.5 watts Grid-No.2 Input   35 watts 

Bu]b Temperature (At hottest point)   240 0C 
MAXIMUM CIRCUIT VALUE 
Grid-No.l-Circuit Resistance, for grid-resistor-bias operation* .... 1 megohm 
# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 
• A bias resistor or other means is required to protect the tube in absence of excitation. 

Refer to chart at end of section. 

MEDIUM-MU TWIN TRIODE 6GU7 

gSTi Miniature type used in the niatrixing circuits of color 
and black-and-white television receivers and in phase- 

Kt inverter, multivibrator, and general-purpose amplifier 
( 

1 applications. Outlines section, 6E; requires miniature 
nc 9-contact socket. Type 8GU7 is identical with type 6GU7 

except for heater ratings. 

Heater Voltage (ac/dc)    
Heater Current   
Heater Warm-up Time (Average)   
Heater-Cathode Voltage: 

Peak value   
Average value   

Direct Interelectrode Capacitances (Approx.) : 
Grid to Plate   
Grid to Cathode and Heater   
Plate to Cathode and Heater   

Plate of Unit No.l to Plate of Unit No.2   
Class A, Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage   
Grid Voltage, Positive-bias value   
Plate Dissipation   
CHARACTERISTICS 
Plate Voltage   
Grid Voltage   
Amplification Factor   
Plate Pesistance (Approx.)   
Transconductance   

±200 max 
100 max 

Unit No.l 
3 

3.4 
0.44 
 1 

mm 

100 200 300 
PLATE VOLTS 

ampere 
seconds 

±200 max 
100 max 

Unit No.2 
3 
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Plate Current   
Grid Voltage (Approx.) for plate current of 50 
Plate Current for grid voltage of —14 volts   
MAXIMUM CIRCUIT VALUE 
Grid-Circuit Resistance, for fixed-bias operation .... 

6GV5 

NC 62 NC 

BEAM POWER TUBE 

Duodecar type used as horizontal-deflection amplifier 
in television receivers. Outlines section, 16A; requires 
duodecar 12-contact socket. Type 17GV5 is identical 
with type 6GV5 except for heater ratings. 

Heater Voltage (ac/dc)   
Heater Current   
Heater Warm-up Time (Average) 
Heater-Cathode Voltage: 

Peak value   
Average value   

6GV5 17GV5 

±200 max ±200 max 
100 max 100 max 

volts 
amperes 
seconds 

Class A, Amplifier 

CHARACTERISTICS Pentode Connection Connection 
Plate Voltage   5000 60 250^ 150 volts 
Grid-No.2 (Screen-Grid) Voltage   150 150 150 150 volts 
Grid-No.l (Control-Grid) Voltage   — 0 —22, volts 
Plate Resistance (Approx.)   — — 18000 ohms 
Transconductance   — 7300 /anhos 
Amplification Factor   — —' TT 4,4 « 
Plate Current   — 3«. 65 — mA 
Grid-No.2 Current   — 27" 1.8 — mA 
Grid-No.l Voltage (Approx.) for plate current 

of 1 mA   —160 — —42 — volt3 

* Grid No.2 tied to plate. 
■ This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 

Horizontal-Deflection Amplifier 
For operation in a 525-line, 30-fraine system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Supply Voltage   770 volts 
Peak Posieive-Pulse Plate Voltage#   6660 volts 
Peak Negative-Pulse Plate Voltage   ••• 1600 volts 
DC Grid-No.2 Voltage   220 vo'ts 
Peak Negative-Pulse Grid-No.l Voltage    330 volts 
DC Grid-No.l Voltage   —66 volte 
Peak Cathode Current   660 mA 
Average Cathode Current   
Plate Dissipationt   "-g 
Grid-No.2 Input  ;...  6.5 watte 
Bulb Temperature (At hottest point)   "u ^ 
MAXIMUM CIRCUIT VALUE 
Grid-No.l-Circuit Resistance   1 megohm 

Triode* 
Connection 

250 150 volts 
150^ 150 volts 

—22.5 —22.5 volts 
18000 — ohms 

7300 — /rnihos 
4.4 

65 mA 
1.8 — mA 

—42 — volts 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds), 
•f A bias resistor or other means is required to protect the tube in absence of excitation. 

Refer to chart at end of section. 
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HIGH-MU TRIODE— 
POWER PENTODE 

6GV8/ 

ECL85 
HUWtK rLN I UUt 9GV8/XCL85, 

(tS ^(9) 10GV8/LCL85 
PT 'p 18GV8/PCL85 

gLY Miniature type used for sync-amplifier and video-out- 
put applications in television receivers. Outlines sec- 

tion, 6G; requires miniature 9-contact socket. Types 9GV8/XCL85, 10GV8/ 
LCL85, and 18GV8/PCL85 are identical with type 6GV8/ECL85 except for 
heater ratings. 

Heater Voltage (ac/dc) 
Heater Current   
Peak Heater-Cathode 

Voltage   

18GV8/ 
PCL85 

18 
0.3 

Class Ai Amplifier 

MAXIMUM RATINGS (Absolute-Maximum Values) 
Plate Supply Voltage   
Peak Plate Voltage"   
DC Plate Voltage     
Grid-No.2 (Screen-Grid) Supply Voltage   
Grid-No.2 Voltage   
Peak Cathode Current"   
Average Cathode Current   
Plate Dissipation   
Grid-No.2 Input   
CHARACTERISTICS 
Plate Voltage    
Grid-No.2 Voltage   
Grid-No.1 Voltage   
Amplification Factor   
Mu-Factor, Grid No.l to Grid No.2 
Plate Resistance (Approx.)   
Transconductance   
Plate Current   
Grid-No.2 Current   

Triode Pentode Unit Unit 
550 550 volts — 2000 volts 
250 250 volts — 550 volts — 250 volts 
200 .— mA 

15 75 mA 
0.5 7 watts 
— 2 watts 

100 50 65 170 volts — 170 210 170 volts 00 
o 

d"
5 

I —1 —1 —15 volts 

7600 — — 7 
—25000 ohms 

6500 7500 /unhos 
5 200* 240* 41 mA 

— 40* 50* 2.7 mA 
MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation   1 1 megohm 
For cathode-bias operation   3.3 2.2 megohms 

"Maximum pulse duration 5 per cent of a cycle with a maximum of 1 millisecond. 
■ Maximum pulse duration 200 microseconds .If a larger flyback is required, this value may 
be reduced to 100 mA with a maximum pulse duration of 400 microseconds. 
• This value can be measured by a method involving a recurrent waveform such that the 
maximum tube ratings will not be exceeded. 

Refer to chart at end of section. 

BEAM POWER TUBE 

6GW6 

6GW6/ 

6DQ6B 
12GW6/12DQ6B 
17GW6/17DQ6B 

Glass octal type used as horizontal-deflection amplifier 
in high-efficiency deflection circuits of television re- 
ceivers. Outlines section, 20A; requires octal socket. 
Types 12GW6/ 12DQ6B and 17GW6/17DQ6B are iden- 
tical with type 6GW6/6DQ6B except for heater rat- 
ings. 
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Heater Voltage (ac/dc)   
Heater Current   
Heater Warm-up Time (Average)   
Heater-Cathode Voltage: 

Peak value   
Average value  ^   

Direct Interelectrode Capacitances (Approx.) 
Grid No.l to Plate   

6GW6/ 12GW6/ 17GW6/ 
6DQ6B 12DQ6B 17DQ6B 

volts 6.3 12.6 16.8 
1.2 0.6 0.45 amperes 
— 11 11 seconds 

±200 max ±200 max ±200 max volte 
100 max 100 max 100 max volte 

0.5 PF 
Grid No.3 17 pF 

d No.3 . . . 7 pF 

Class Ai Amplifier 
Triode 

CHARACTERISTICS Connection Pentode Connection 
Plate Voltaee   150 60 250 volts 
Grid-No.2 Voltage   150 150 150 volte 
Grid-No.1 Voltage   —22-5 0 —22.5 volts 
Mu-Factor, Grid No.2 to Grid No.l   4.4 
Plate Resistance (Approx.)   — 5?nn Transconductance   - — "OO l+mhos 
Plate Current   — 320* ,70 
Grid-No.2 Current    — 32* 2-1 mA 

Grid-No. 1 Voltage (Approx.) for plate current of 
1 mA   — — —42 vo"s 

* This value can be measured by a method involving a recurrent waveform such that the maximum ratings of the tube will not be exceeded. 

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.l Voltage   
Peak Cathode Current   

TYPE 6GW6/6DQ6B 
GRID-.No.2 VOLTS® 150 

GRID-Nol VOLTS ECl-0 

50 100 150 200 250 300 
PLATE VOLTS 92CS-I0859T 

Average Cathode Current   
Plate Dissipation*   
Grid-No.2 Input   
Bulb Temperature (At hottest point) 
MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance, for grid-resistor-bias operation   1 megohm 
# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 
• A bias resistor or other means is required to protect the tube in absence of excitation. 
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HIGH-MU TRIODE— 
SHARP-CUTOFF PENTODE 

6GW8/ 

ECL86 
Miniature type used in preamplifier and audio output 

stages of audio equipment and television receivers. 
Outlines section, 6G; requires miniature 9-contact 
socket. Heater: volts (ac/dc), 6.3; amperes, 0.7; maxi- 
mum heater-cathode volts, 100 peak. 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Center Values) 
Plate Supply Voltage   
Plate Voltage    
Gnd-No.2 (Screen-Grid) Supply Voltage   
Grid-No.2 Voltage   
Grid-No.l (Control-Grid) Voltage, Negative-bias value 
Cathode Current   
Plate Dissipation   
Grid-No^ Input   
CHARACTERISTICS 
Plate Voltage   
Grid-No^ Voltage   
Grid-No.l Voltage   
Amplification Factor   
Plate Resistance (Approx.)   
Transconductance   
Plate Current   
Grid-No.2 Current   

Triode Unit Pentode Unit 

MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance, for fixed-bias operation 
* Grid No.2 to grid No.l. 

550 550 volts 300 300 volts — 550 volts — 300 volts 1.3 1.3 volts 
4 55 mA 

0.5 9 watts 
—, 1.5 watts 

250 250 volts — 250 volts 
-1.9 —7 volts 
100 21* — 45000 ohms L600 10000 /imhos 
1.2 36 mA 
— 6 mA 

1 0.5 megohm 

Refer to chart at end of section. 
For replacement use type 6GY6/6GX6. 6GX6 

MEDIUM-MU TRIODE— 
SHARP-CUTOFF PENTODE 6GX7 

^pk-ALvVW/VyfT Miniature type used as combined oscillator-mixer tube 
(jj*- "0 in vhf tuner circuits of color and black-and-white tele- 

k,G3p,is 6t vision receivers. Outlines section, 6B; requires minia- 
9QA ture 9-contact socket. 

Heater Voltage (ac/de)   6.3 volts 
Heater Current   0.4 ampere 
Heater-Cathode Voltage: 

Peak value   ±200 max volts 
Average value    100 max volts 

Direct Interelectrode Capacitances :** 
Triode Unit: , 

Grid to Plate   1.2 pF 
Grid to Cathode, Heater, Pentode Cathode, Grid No.3, 

and Internal Shield   2.3 pF 
Plate to Cathode, Heater, Pentode Cathode, Grid No.3, 

and Internal Shield   1.9 nF 
Pentode Unit: 

Grid No.l to Plate   0.005 pF 
Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield   5.4 pF 
Plate to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield   3.3 pF 
Grid No.l to Grid No.2   1.6 pF 

** With external shield connected to cathode. 



298 RCA Receiving Tube Manual 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage   
Grid-No.2 (Screen-Grid) Supply Voltage   
Grid-No.2 Voltage   
Grid-No.l (Control-Grid) Voltage: 

Positive-bias value   
Negative-bias value   

Cathode Current   
Plate Dissipation   
Grid-No.2 Input: 

For grid-No.2 voltages up to 137.5 volts . . 
For grid-No.2 voltages between 137.5 and 

275 volts   

Triode Unit Pentode Unit 

See curve page 300 

— See curve page 300 

CHARACTERISTICS 
plate Voltage   
Grid-No.2 Voltage   
Grid-No.l Voltage   
Grid-No.l-Circuit Resistance   
Amplification Factor   
Plate Resistance   
Transconductance  
Plate Current   
Grid-No.2 Current   
Grid-No.l Voltage for plate current 

of 20 /iA     

Triode Unit Pentode Unit 

MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation . 
For cathode-bias operation 

Triode Unit Pentode Unit 
0.5 0.25 

1 0.5 

6GY5 
16GY5, 21GY5 BEAM POWER TUBE 

NC 02 

Duodecar type used as horizontal-deflection amplifier 
in television receivers. Outlines section, 16A; requires 
duodecar 12-contact socket. Types 16GY5 and 21GY5 
are identical with type 6GY5 except for heater ratings. 

Heater Voltage (ac/dc)   
Heater Current   
Heater Warm-up Time (Average) 
Heater-Cathode Voltage: 

Peak value   
Average value   

12DR 
21GY5 

volts 
amperes 
seconds 

±200 max ±200 max ±200 max 

Class Ai Amplifier 
Triodef 

Connection 
130 
130 

—20 
4.7 

CHARACTERISTICS Pentode Connection Connection 
Plate Voltage    5000 60 130 130 volts 
Grid-No.2 (Screen-Grid) Voltage   130 130 130 130 volts 
Grid-No.l (Control-Grid) Voltage .. — 0 —20 —20 volts 
Amplification Factor   - — — 4.7 
Plate Resistance (Approx.)   — — 11000 — ohms 
Transconductance   — — 9100 ■— /tmhos 
Plate Current   — 410** 50 — mA 
Grid-No.2 Current    — 24** 1.75 — mA 
Grid-No.l Voltage (Approx.) for plate 

current of 1 /iA   ■—66 — —33 — 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, 
t Grid No.2 tied to plate. 

Horizontal-Deflection Amplifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Supply Voltage   770 volts 
Peak Positive-Pulse Plate Voltage#   6500 volts 
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Peak Negative-Pulse Plate Voltage 
DC Grid-No^ Voltage   
DC Grid-No.l Voltage   
Peak Negative-Pulse Grid-No.l Voltage 
Peak Cathode Current   
Average Cathode Current   
Plate Dissipationft   
Grid-No.2 Input   
Bulb Temperature (At hottest point) 
MAXIMUM CIRCUIT VALUE 
Grid-No.1-Circuit Resistance     1 megohm 
# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds), 
ft A bias resistor or other means is required to protect the tube in absence of excitation. 

SHARP-CUTOFF PENTODE 

6GY6/ 

6GX6 
Miniature type used in gated-age-amplifier circuits and 
as a noise-inverter tube in color and black-and-white 
television receivers. Tube has two independent control 
grids. Outlines section, 5C; requires miniature 7-con- 
tact socket. 

Heater Voltage (ac/dc)   
Heater Current   
Heater Warm-up Time (Average)   
Heater-Cathode Voltage: 

Peak value     
Average value    

Direct Interelectrode Capacitances: 
Grid No.l to Plate     
Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield    
Grid No.l to Grid No.3   
Grid No.3 to Plate   
Grid No.3 to Cathode, Heater, Plate, Grid No.l, Grid No.2, 

and Internal Shield   
Class At Amplifier 

CHARACTERISTICS 
Plate Supply Voltage   
Grid-No.3 Supply Voltage     
Grid-No.2 Supply Voltage    
Grid-No.l Supply Voltage   
Cathode-Bias Resistor    
Plate Resistance (Approx.)   
Transconductance, Grid No.l to Plate   
Transconductance, Grid No.3 to Plate   
Plate Current     
Grid-No.2 Current   
Grid-No.3 Supply Voltage (Approx.) for plate current of 20 /iA . . 
Grid-No.l Supply Voltage (Approx.) for plate current of 20 /iA . 

volts 
ampere 
seconds 

±200 max 
100 max 

volts 
volts 
volts 
volts 
ohms 

megohm 
/imhos 
/imhos mA 

mA 
volts 
volts 

Gated AGO Amplifier and Noise Inverter 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage   
Peak Positive-Pulse Plate Voltage#   
Grid-No.3 (Control-Grid) Voltage: 

Negative-bias value   
Positive-bias value   

Grid-No.2 (Screen-Grid) Supply Voltage    
Grid-No.2 Voltage   
Grid-No.l (Control-Grid) Voltage: 

Negative-bias value   
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 See curve page 300 
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Screen-Grid (Grid-No. 2) 
Input Rating Chart 

THIS CURVE ALSO APPLIES TO TYPES 
IN WHICH GRIDS No.2 a No-4 ARE CON 
NECTED TOGETHER WITHIN THE TUBE 

|00 MAXI^MOPER^^ 

AREA OF5®®9waww 

PERMISSIBLE OPERATION 

0 20 40 60 80 100 
GRID-No.2 VOLTAGE EXPRESSED AS PER CENT OF 

MAX. GRID-No.2 SUPPLY VOLTAGE RATING 
92CS-7586TV2 

Fig. 134—Grid-No.2 input rating curve 

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 the chart above. 
(This chart 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 sup- 
ply voltage. From the 50-per-cent point 
to the full rated value of supply volt- 
age, the screen-grid input must be de- 
creased. The decrease in allowable 
screen-grid input follows a curve of the 
parabolic form. This rating chart is 
useful for applications utilizing either 
a fixed screen-grid voltage or a series 
screen-grid voltage-dropping resistor. 

When a fixed voltage is used, it is 
necessary only to determine that the 
screen-grid input is within the bound- 
ary 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 assure tube 
operation within the boundary of the 
curve can be determined from the fol- 
lowing relation: 

-p Eca (Eci-a—Erg) 
62 = Pe3 

where is the minimum value for 
the voltage-dropping resistor in ohms, 
Ec" is the selected screen-grid voltage 
in volts, ECc2 is the screen-grid supply 
voltage in volts, and Pcs is the screen- 
grid input in watts corresponding to Em. 
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MAXIMUM CIRCUIT VALUES 
Grid-No.S-Circuit Resistance   0.68 megohm 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation   0.22 megohm 
For cathode-bias operation   0.47 megohm 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds), 

TYPE 6GY6/6GX6 
GRID-No. 3 VOLTS = 0 GRID-No. 2 VOLTS s 100 

TYPE 6GY6/6GX6 
GRID-No. 2 VOLTS =100 
GRID-No. I VOLTS = 0 

lb __2 
Ic2 

GRID-No. 3 VOLTS Ec, ■ 2 

100 • 200 300 
PLATE VOLTS 92CS-II002TI 

100 200 300 
PLATE VOLTS 92CS-II003TI 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 6H6GT 

HIGH-MU TRIODE OHMD 
2HAS, 4HA5/PC900 

Miniature type used as rf-amplifier tube in vhf tele- 
vision tuners. Outlines section, 5A; requires miniature 
7-contact socket. Type 6HA5 is electrically identical 
with type 6HM5/6HA5. Related types 2HA5 and 4HA5/ 
PC900 are electrically identical with type 6HA5 ex- 
cept for heater voltages of 2.2 and 3.9 volts and heater 
currents of 0.6 and 0.3 ampere, respectively. 

For replacement use type 6HB6/6HA6. 6HA6 

BEAM POWER TUBE 6HB5 
i Duodecar type used as horizontal-deflection amplifier 

in television receivers. Outlines section, 15B; requires 
duodecar 12-contact socket. 

Heater Voltage (ac/dc) 
Heater Current   
Heater-Cathode Voltage: 

Peak value   
Average value .... ±200 max 

100 max 
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Class Ai Amplifier 

CHARACTERISTICS Pentode Connection Connection 
Plate Voltage   6000 60 130 130 volts 
Grid-No.2 (Screen-Grid) Voltage  130 130 130 130 volts 
Grid-No. 1 (Control-Grid) Voltage  — 0 —20 —20 volts 
Amplification Factor   — — — 4.7 
Plate Resistance (Approx.)   — — 11000 — onnis Transconductance   — — 9100 — fimnoB 
Plate Current    — 410" 50 — mA 
Grid-No.2 Current     — 24" 1.76 — mA 
Grid-No.l Voltage (Approx.) for plate 

current of 1 mA   —66 ^ —33 — volts 
* Grid No.2 tied to plate. 
■ This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 

Horizontal-Deflection Amplifier 
For operation in a 625-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Supply Voltage   770 volts 
Peak Positive-Pulse Plate Voltage#   6000 volts 
Peak Negative-Pulse Plate Voltage   1600 volts 
DC Grid-No.2 Voltage   220 volts 
DC Grid-No.l Voltage   -—56 volts 
Peak Negative-Pulse Grid-No.l Voltage   830 volts 
Peak Cathode Current   800 mA 
Average Cathode Current   230 mA 
Plate Dissipationf   18 watts 
Grid-No.2 Input   3.5 watts 
Bulb Temperature (At hottest point)   220 C 

Triode* 
Connection 

130 
130 

—20 
4.7 

MAXIMUM CIRCUIT VALUE 
Grid-No.l-Circuit Resistance   1 megohm 
# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds), 
t A bias resistor or other means is required to protect the tube in absence of excitation. 

6HB6 
6HB6/6HA6 Refer to chart at end of section. 

6HB7 MEDIUM-MU TRIODE— » 
5HB7 SHARP-CUTOFF PENTODE ^ 

Miniature type used as combined oscillator and mixer 18 ®h, 
tube in color and black-and-white television receivers JjJ 
utilizing an intermediate frequency in the order of 
40 MHz. Outlines section, 6B; requires miniature 9- (j 
contact socket. Type 5HB7 is identical with type 6HB7 ' 3i" 
except for heater ratings. 

Heater Voltage (ac/dc)   4.7 
Heater Current   0.6 
Heater Warm-up Time (Average)   11 
Heater-Cathode Voltage: 

Peak value   ±200 me 
Average value   100 mt 

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.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"   

a With external shield connected to cathode except as noted. 
■ With external shield connected to ground. 

±200 max ±200 max 
100 max 100 max 

1.9 PF 3 pF 
1.9 PF 

0.010 max pF 
5 pF 

3.4 pF 
3.8 pF 
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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  -  
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 

CHARACTERISTICS 
Plate Supply Voltage   
Grid-No.2 Supply Voltage   
Grid-No.l Supply Voltage   
Cathode-Bias Resistor   
Amplification Factor   
Plate Resistance (Approx.)   
Transconductance   
Plate Current   
Grid-No.2 Current   
Grid-No.l Voltage (Approx.) for plate current of 

10 iiA.   
MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation   
For cathode-bias operation  

Triode Unit Pentode Unit 
330 330 volts — 330- volts 
— See curve page 300 

0 0 volts 
2.6 3.1 watts 
  0.55 watt 

See curve page 300 

150 125 volte — 125 volte 
0 —1 volte 56 — ohms 40 —. 

0.005 0.2 megohm 
6500 6400 /imhos 18 12 mA 

— 4 mA 
—12 —9 volte 

0.5 0.25 megohm 1 0.5 megohm 

TYPE 6HB7 TRIODE UNIT TYPE 6HB7 PENTODE UNIT 
GRID-No.2 VOLTS-125 

mm 

Of Zi 331 

200 300- 
PLATE VOLTS PLATE VOLTS .92CS-9867TI 

Refer to chart at end of section. 

Refer to chart at end of section. 
For replacement use type 6JB5/6HE5. 

<32 p NC 
G| (?)n(T) ^-<32 

<33 (TZA /-L / Ysy 

BEAM POWER TUBE 
6HF5 

Duodecar type used as horizontal-deflection amplifier 
in color and black-and-white television receivers. Out- 
lines section, 16B; requires duodecar IB-contact socket. 
Heater: volts (ac/dc), 6.3; amperes, 2.25; maximum 
heater-cathode volts, ±200 peak, 100 average. 
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Class Al Amplifier 

CHARACTERISTICS Pentode Connection Connection 
Plate Voltage   5000 70 175 125 ■ volts 
Grid-No.2 (Screen-Grid) Voltage  125 125 125 125 ~ volts 
Grid-No.l (Control-Grid) Voltage   — 0 —25 —25 volts 
Amplification Factor   — — ® , 
Plate Resistance (Approx.)   — — 5600 — ohms 
Transconductance   — — 11300 /imhos 
Plate Current   — 570" 125 mA 
Grid-No.2 Current   — 34" 4.5 — mA 
Grid-No.l Voltage (Approx.) for plate 

current of 1 mA   —140 — —54 — volts 
* Grid No.2 tied to plate. 
■ This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 

Triode* 
Connection 

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# (Absolute Maximum)   
Peak Negative-Pulse Plate Voltage   
DC Grid-No.2 Voltage   
Peak Negative-Pulse Grid-No.l Voltage   
Peak Cathode Current   
Average Cathode Current   
Plate Dissipation!   
Grid-No.2 Input   
Bulb Temperature (At hottest point)   
MAXIMUM CIRCUIT VALUE 
Grid-No. 1-Circuit Resistance   1 megoh 
# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). A Under no circumstances should this absolute value be exceeded. 
f A bias resistor or other means is required to protect the tube in absence of excitation. 

6HF8 HIGH-MU TRIODE— H A. 
iohfs SHARP-CUTOFF PENTODE 

Miniature type used in color and black-and-white tele- PT(Ty^A rftlnjj)0"5 

vision receiver applications. The triode unit is used 
in high-gain, sound-if stages and in sync-separator, J/V2)02p 
sync-clipper, and phase-inverter circuits; the pentode Q --Q 
unit is used as a video-output amplifier. Outlines sec- Kt Pp 

tion, 6E; requires miniature 9-contact socket. For 9DX 
curves of average characteristics, refer to type 6AW8A for the triode unit 
and to type 6EB8 for the pentode unit. Type 10HF8 is identical with type 

■ 6HF8 except for heater ratings. 

Heater Voltage (ac/dc)   6.3 
Heater Current   0.75 
Heater Warm-up Time (Average)   — 
Heater-Cathode Voltage: 

Peak value   ±200 i 
Average value   1001 

Direct Interelectrode Capacitances: 
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   

10HF8 
10.5 volts 
0.45 ampere 

11 seconds 
±200 max volts 

100 max volts 

3.5 PF 
2.8 pF 
2.6 PF 
0.1 max PF 
10 PF 

4.2 PF 
0.015 max PF 
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Class A! Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) TriodeUnit Pentode Unit 
Plate Voltage   ooa oqa 
Grid-No.2 (Screen-Grid) Supply Voltage      330 
Grid-No.! (CmUrol-Gii.i)' VoltaKe', Posilive'-bias 'value "o 866 CU1'Ve 300 

Plate Dissipation   i i? 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts     n 
For grid-No.2 voltages between 166 and 330 volte — See curve page 300 

Pentode Unit 
46 200 

126 125 

CHARACTERISTICS TriodeUnit Pentode Unit 
Plate Supply Voltage   200 45 200 volte 
Grid-No.2 Supply Voltage   _ To? v? ,= 
Grid-No.l Voltage      _2 0 Z te 
Cathode-Bias Resistor  ™ 
Amplification Factor   70      ohms 
Plate Resistance (Approx.)  ! 17500 _ 75000 ohms 
piTtrSr^.::::::::;::;:::::::^ ^ ^ 
Grid-No.2 Current     15, 7 JUa 
Grid-No.l Voltage (Approx.) for plate current 

Of 100 fiA         a vnlta 
Grid-No.l Voltage (Approx.) for plate current 

of 20 "A   -e - - volts 
MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: TriodeUnit Pentode Unit 

ixS?:5,a5.0perat10".  0-5 0.25 megohm For cathode-bias operation   1 1 megohm 
• This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 

Refer to chart at end of section. 

Refer to chart at end of section. 6HG8 

MEDIUM-MU TRIODE— 
SHARP-CUTOFF PENTODE 

6HG8/ 

ECF86 
5HG8/X.CF86 
7HG8/PCF86 

Kp Ggp Miniature type with frame-grid pentode unit used as 
9MP combined oscillator and mixer tubes in vhf color and 

black-and-white television receivers. Outlines section, 6B; requires minia- 
ture 9-contact socket. Types 5HG8/LCF86 and 7HG8/PCP86 are identical 
with type 6HG8/ECF86 except for heater ratings. 

5HG8/ 
LCF86 Heater Voltage (ac/dc)   5.3 

Heater Current   0.45 
Heater Warm-up Time (Average)   11 
Peak Heater-Cathode Voltage   ±100 max ±100 max ±100 max 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage   
Grid-No.2 (Screen-Grid) Voltage   
Cathode Current   
Plate Dissipation     
Grid-No.2 Input   

TriodeUnit Pentode Unit 

CHARACTERISTICS 
Plate Voltage   
Grid-No.2 Voltage  
Grid-No.l (Control-Grid) Voltage 
Ampliiication Factor   

125 250 volts — 150 volts 15 18 mA 1.5 2 watts 0.5 watt 

100 170 volts — 150 volts ■—3 —1.2 volts 17 — 



RCA Receiving Tube Manual 

Mu-Factor, Grid No.2 to Grid No.l 
Plate Resistance (Approx.) .    Transconductance   
Plate Current   
Grid-No.2 Current   
MAXIMUM CIRCUIT VALUES 
Grid-No. 1-Circuit Resistance: 

For fixed-bias operation   
For cathode-bias operation 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

megohm 
jimhos 

m A 
mA 

megohm 
megohm 

*»iio MEDIUM-MU TRIODE— 
6HL0 SHARP-CUTOFF PENTODE H 

Miniature type used in color and black-and-white tele- (ah-©-, 
vision receiver applications. The triode unit is used as cgp — 
a sync-separator or voltage-amplifier tube, and the Swtzufij 
pentode unit is used as a video if-amplifier, agc-amph- 
fier, or reactance tube. Outlines section, 6B; requires CipV^X^, 
miniature 9-contact socket. Heater: volts (ac/dc), 6.3; (i>—' 
amperes, 0.6; warm-up time (average), 11 seconds; T 
maximum heater-cathode volts, ±200 peak, 100 average. 9AE 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentode Unit 
Plate Voltage    330 330 

o (Sc
1
i:een-Grid) SllppIy VoltaKC= see cui-v" page s 

Grid-No.l (Control-Grid) Voltage, P*ositive-bias value 0 0 
Plate Dissipation   
Grid-No.2 Input:   n KK For grid-No.2 voltages up to 165 volts . ..... • • • ■ • _ < 

For grid-No.2 voltages between 165 and 330 volts bee curve p g 
CHARACTERISTICS 
Plate Voltage   {or 
Grid-No.2 Voltage      ,  -t 
Grid-No.l Voltage  - 40   
Amplification Factor     ennn mnnnft 
Plate Resistance (Approx.)   ... 10000 Transconductance   -nr 10 
Plate Current   Atl 4 r 
Grid-No.2 Current  - •   I' i"' 
Grid-No.l Voltage (Approx.) for plate current o± ^ 

20 fiA   
MAXIMUM CIRCUIT VALUE 
Grid-No.l-Circuit Resistance 

330 330 volts 
330 volts 

    See curve page 300 volts 0 0 
2.5 2.5 watts 

0.55 watt 
— See curve page 300 

125 125 volts 
125 volts 

—1 —1 volt 
40 — 

5000 150000 ohms 
7000 10000 /imhos 
12.5 12 mA 

4.5 mA 

- —7 volts 

1   megohm 

6HM5/ 

6HA5 
HIGH-MU TRIODE 

3H1YI5/3HA5 
Miniature type used as rf-amplifier tube in vhf color 
and black-and-white television tuners. Outlines section, 
5C; requires miniature 7-contact socket. Type 3HM5/ 
3HA5 is identical with type 6HM5/6HAB except for 
heater ratings. 
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Heater Voltage (ac/dc)   3HM5/3HA5 6HM5/6HA5 
Heater Current     0 45 0 18 
Pealc Heater-Cathode Voltage  i"; dbilO max ±110 max 
Direct Interelectrode Capacitances: 

Grid to Fiate   q gg 
Grid to Cathode, Heater, Internal Shield, and External Shield 43 
Plate to Cathode, Heater, Internal Shield, and External Shield 0.080 
Cathode to Plate   2 9 
Cathode to Heater, Grid, Internal Shield, and External Shield 31 
Heater to Cathode   2 3 
Heater to Grid   0.070 max 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Voltage   
DC Plate Supply Voltage  !!!!!!!!!"•  
Grid Voltage   
Cathode Current      
Plate Dissipation    
CHARACTERISTICS AND TYPICAL OPERATION 
DC Plate Supply Voltage   
Plate-Load Resistor   
Internal-Shield Voltage   
DC Grid Voltage   
Cathode-Bias Resistor   
Amplification Factor   
Transconductance   Plate Current   
DC Grid Current  
Grid-No. 1 Voltage for one-per-cent 

transconductance   

Fixed Bias Cathode Bias 135 135 135 135 — — 1000 5600 0 0 0 0 —1 —2.7 — — — 0 87 72 — 80 72 14500 1500 20000 14500 11.5 — 19 11.5 
— — 10 — 
— —5.3 —8.1 

Refer to chart at end of section. 6HM6 

HIGH-MU TRIODE 6HQ5 

2HQ5, 3HQ5, 4HQ5 
Miniature type used as grounded-cathode rf-amplifier 
tube in vhf tuners of television receivers. Outlines sec- 
tion, 5C; requires miniature 7-contact socket. Types 
2HQ5, 3HQ5, and 4HQ5 are identical with type 6HQ5 
except for heater ratings. 

Heater Voltage (ac/dc)   2.4 
Heater Current   0.6 I 
Heater Warm-up Time (Average) . 11 
Peak Heater-Cathode Voltage   ±100 max ±100 max 
Direct Interelectrode Capacitances (Approx.):+ 

Grid to Plate   
Grid to Cathode, Heater, and Internal Shield 
Plate to Cathode, Heater, and Internal Shield 
Heater to Cathode   

* With external shield connected to cathode.  

4HQ5 6HQ5 
4.2 6.3 
0.3 0.2 
11 — 

±100 max ±100 max 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage   
Grid Voltage, Negative-bias Value   
Cathode Current   
Plate Dissipation   
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CHARACTERISTICS 
Plate Voltage      1 volt 
Grid Voltage   78 Amplification Factor    5400 ohms 
Plate Resistance   15000 /imhos Transconductance   g 
Plate Current    275 ohms 
Input Resistance*1*   2 pF 
Input Capacitance**    4*7 dB 
GriTvol'SetAppiox.j for transconductance of 1B0 /imhos   —4.2 volte 
Grid Voltage (Approx.) for transconductance of 1B00 /imhos  2.5 
MAXIMUM CIRCUIT VALUE 
Grid-Circuit Resistance, for cathode-bias operation   1 rnego 
« Measured at 200 MHz with heater volte = 6.3 volte and plate effectively grounded for rf 

# For a neutralized triode amplifier at a frequency of 200 MHz with signal source impedance 
adjusted for minimum noise output. 

Refer to chart at end of section. 

Refer to chart at end of section. 

6HS5 BEAM TRIODE 
Duodecar type used as a pulse-type regulator in the 
high-voltage power supply of color television receivers. 
Outlines section, 15P; requires duodecar 12-contact 
socket. Heater: volts (ac/dc), 6.3; amperes, 1.5. 

Class Ai Amplifier 
CHARACTERiSTiCS ^ 3600 ^ 

G^N^ bZmOpiate)':::::connected to cathode at socket 
Grid-Voltage, Negative-bias value   A Peak Plate Current   jjjjU 
Amplification Factor    65000 ^mhos 
Transconductance     4600 ohms Plate Resistance (Approx.)      Vi'-i'™*  —13 volts 
Grid Voltage (Approx.) for plate current of 1 mA    " VUiW 

* Duty cycle of the pulse must be less than 2.5%. 
High-Voltage Regulator Service 

For operation in a 525-line, 30-frame system 
MAXIMUM RATINGS (Design-Maximum Values) 
Peak Plate Voltage#   8Q ^atts 
Plate Dissipation   025 mA 
Peak Plate Current   Heater-Cathode Voltage: , 200 _450 volts 

Peak value   100 ydtg 
Average value  •  ooo ®C 

Bulb Temperature (At hottest point)    
MAXIMUM CIRCUIT VALUE 
Grid-Circuit Resistance*   0-1 I"eBohm 

* Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 
* Larger values of grid-circuit resistance may be used if provisions ale made to protect 
the tube. 
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SHARP-CUTOFF PENTODE 
6HS6 

Miniature type used as if-amplifier and limiter tube 
in PM receivers. Outlines section, 5C; requii'es miniature 
7-contact socket. 

Heater Voltage (ac/dc)   
Heater Current   
Heater Warm-up Time (Average) . 
Heater-Cathode Voltage: Peak value   

Average value   
Direct Interelectrode Capacitances: 

Grid No.l to Plate   
±200 max 

100 max 

Grid No.l to Cathode, Heater;' Grid' No.V,' Grid No.3,' and  
Internal Shield   

Piate to Cathode, Heater, Grid No.^i' Grid No.8,' and  
Internal Shield   

Class Ar Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Supply Voltage   
^■jd-No.S (Suppressor-Grid) ' Voltage;' Positive ' Value  
Grid-No.2 (Screen-Grid) Supply Voltage ...   
Grid-No.2 Voltage     
Grid-No.l (Control-Grid) Voltage:   

Negative-bias value   
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 . . . . . . . . . . .. 

CHARACTERISTICS 
Plate Supply Voltage   nc 
Grid No.3     J 
Grid-No.2 Supply Voltage     
Grid-No.l Supply Voltage  !!!!!!!!!!!!! ! 
Cathode-Bias Resistor   
Amplification Factor*  ]   
Plate Resistance (Approx.)    
Transconductance  I  Plate Current    
Grid-No.2 Current  !!!!!!!!!!!!!'! i'* * 
Grid-No.l Voltage (Approx.) for plate current of 

20 tiA   
MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: For fixed-bias operation   

For cathode-bias operation  !!!!!! 
• Grid No.2 connected to plate. 

75 
Connected 76 

0 

300 volts 
0 volts 

300 volts 
See curve page 300 

1 watt See curve page 300 

150 volts 
to cathode at socket 

75 volts 
0 volts 

68 ohms 
megohm 

fimhos 
mA 
mA 

0.5 megohm 
1 megohm 

TYPE 6HS6 
GRID No. 3 CONNECTED TO CATHODE 

25 _ AT SOCKET. 
GRID-No. 2 VOLTS - 75 

-No. I VOLTS Ecj * -0.5' 

Vfi C' 
ITS 

\^b l-alr1-5! 
100 200 300 

PLATE VOLTS 92CS-II«JT 
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6HS8 SHARP-CUTOFF 
4HS8 twin pentode 

Miniature type used in age amplifier, sync, and noise- p 
limiting circuits of color and black-and-white television 
receivers. One pentode unit is used as combined sync 
separator and sync clipper; second pentode unit is 'jl 
used as age amplifier. Outlines section, 6E; requires 
miniature 9-contact socket. Type 4HS8 is identical with 
type 6HS8 except for heater ratings. 

Heater Voltage (ae/dc)   4-2 [J-4 

Heater Current       O-45 

Heater Warm-up Time (Average)   11 

Heap»;vatv»WVOltage:   ±200 max ±200 max 
Average value'::::::::::::::::::::  100max 100max 

Direct Interelectrode Capacitances: 
Grid No.3 to Plate (Each Unit)   J 
Grid No.l to All Other Electrodes    o 
Grid No.3 (Each Unit) to All Other Electrodes   d.b 
Tiate (Each Unit) to All Other Electrodes     OOlBmax 
Grid No.3 (Unit No.l) to Grid No.3 (Unit No.2)   0.01b max 

Class Ar Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage (Each Unit) ......... ■■■. ■■ ■ ••••••• ■ • ■ 
Grid-No.3 (Suppressor-Grid) Voltage (Each Unit). 

Peak positive value   
DC negative value   
DC positive value     

Grid-No.2 (Screen-Grid) Voltage ••••••••••:  
Grid-No. 1 (Control-Grid) Voltage, Negative-bias value 
Cathode Current    
Plate Dissipation (Each Unit)   
Grid-No.2 Input   
CHARACTERISTICS With One Unit Operating- 
Plate Voltage   
Grid-No.3 Voltage   
Grid-No.2 Voltage   
Grid-No.l Voltage ...... ■■■■■■-■■  Transconductance, Grid No.3 to Plate   
Transconductance, Grid No.l to Plate    
Plate Current  \"n" • ' i'S I" t" 
Grid-No.3 Voltage (Approx.) for plate current of 
Grid-No.l^Voltage ' (Approx.) for plate current of 

100 /lA 

100 100 volts 
o 0 volts 

67.5 67.5 volts 
o m volts 

450 /tmhos 
1100 — jimhos 

2 mA 
— —3.5 volts 
  —2.3 volts 

TYPE 6HS8 
GRID -No. 3 VOLTS =0 GRID-No.2 VOLTS =67.5 
PLATE AND GRID No. 3 OF 

OTHER UNIT GROUNDED. 

j. ynlTS ECI'J|  
 j~ To, 5 

o 

TYPE 6HS8 „ GRID-No.2 VOLTS-675 6RID-N0.I MILLIAMPERES-OJ PLATE AND GRID No.3 OF OTHE UNIT GROUNDED. 

2 )0 300 400 
PLATE VOLTS 92CS-II099T 

I 

a 

wammm 
ZOO 300 400 PLATE VOLTS 92CS-iiioet 
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Plate Voltage (Each Unit) ... 
Grid-No.3 Voltage (Each Unit) 
Grid-No.2 Voltage   
Grid-No.l Voltage .. . 
Plate Current (Each Unit)'' 
Grid-No.2 Current   
Cathode Current    

With Both Units Operating 

MAXIMUM CIRCUIT VALUES 
Giid-No.S-Ciicuit Resistance (Each Unit)   
Gnd-No.l-Circuit Resistance   
• With plate and grid No.3 of other unit connected to ground. 
■ Adjusted to give grid-No.l current of 0.1 milliampere. 

Refer to chart at end of section. 

Refer to chart at end of section. 

6HU6/EM87 

6HU8/ELL80 

Refer to chart at end of section. 

BEAM TRIODE 6HV5A 
Duodecar type used as a pulse-type regulator in the 
high-voltage power supply of color television receivers. 
Outlines section, 15P; requires duodecar 12-contact 
socket. Heater: volts (ac/dc), 6.3; amperes, 1.8. 

Class Ai Amplifier 
CHARACTERISTICS 
Pulse Plate Voltage* . 
Grid No.2 (Beam Plate)  4. j3500 volts 

Grid-Voltage, Negative-bias value'""  Connected to cathode at socket Peak Plate Current    4-4 voIts 
Amplification Factor   "    3^ In^' 
Transconductance      3^ Plate Resistance (Approx.)     65000 /imhos 
Grid Voltage (Approx.) for plate' current of 'i mA'_?2 ohfts 

* Duty cycle of the pulse must be less than 2.5%. VO 

High-Voltage Regulator Service 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Plate Voltage#-   
Plate Dissipation     5500 volts 
Peak Plate Current   35 watts 
Heater-Cathode Voltage:   325 mA Peak value   . 

Average value     -(-200 ■ 450 volts 
Bulb Temperature (At hottest point) ^  240 V0®C 
MAXIMUM CIRCUIT VALUE 
Grid-Circuit Resistance^ . , jt tj , ,   0.1 megohm 

Refer to chart at end of section. 
For replacement use type 6JH5/6JD5/6HZ5. 6HZ5/6JD5 
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6HZ6 SHARP-CUTOFF PENTODE 

Miniature type used as sound-detector tube in FM and 
color and black-and-white television receivers. Tube 
has two independent control grids. Outlines section, 
5C: requires miniature 7-contact socket. Type otlAb 
is identical with type 6HZ6 except for heater ratings. 

Heater Voltage (ac/dc)   
Heater Current       
Heater Warm-up Time (Average)   Heater-Cathode Voltage: 

Peak value   
Average value    :4' 

Direct Interelectrode Capacitances (Approx.J. 

±200 max ±200 max 
100 max 100 max 

Grid No.'l to Cathode, Heater, Grid No.2, Grid No.3, and 
Internal Shield   

Grid No.l to Grid No.3    • • 
Grid No.f to* Cathode, Heater, Grid No.l, Grid 'No.2, Plate, 

and Internal Shield   
Class Ai Amplifier 

CHARACTERISTICS 
Plate Supply Voltage   
Grid-No.3 Supply Voltage   
Grid-No.2 Supply Voltage   
Grid-No.l Supply Voltage   
Cathode-Bias Resistor      
Plate Resistance (Appro*.) ■ ■ • ■■■■    Transconductance, Grid No.l to Fiate   
Transconductance, Grid No.3 to Plate   
Plate Current      
Grid-No'.! Supply* Voltage (Approx.) for plate current of 20 pA 
Grid-No.l Supply Voltage (Approx.) for plate current of 20 pA - 

volts 
ampere 
seconds 

150 volts 
0 volts 

100 volts 
0 volts 

180 ohms 
0.11 megohm 
3400 jumhos 

600 /anhos 
3.2 mA 
3.2 mA 

—7 volts 
—4.5 volts 

GRID-No.3 V0LTS«0 
GRID-No,2VOLTS*!00 

ESRil 

grid-no. i volts=o 
=J-4. Ico .-4 tS? 

IS 

200 300 400 
PLATE VOLTS 0205-117921 

200 300 
PLATE VOLTS 

FM Sound Detector 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage     ■    
Grid-No.3 (Control-Grid) Voltage: 

Negative value (dc and peak ac) 
Positive value (dc and peak ac) 

Grid-No.2 (Screen-Grid) Supply Voltage 
Grid-No.2 Voltage        
Grid-No.l (Control-Grid) Voltage: Negative-bias value   

Positive-bias value   
Plate Dissipation   

100 volts 
25 volts 

300 volts 
See curve page 300 
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Grid-No.3 Input   
Grid-No.2 Input: 

For grid-No.2 voltages up to 160 volts   
For grid-No.2 voltages between 150 and 300 volts 

MAXIMUM CIRCUIT VALUES 
Grid-No.3-Circuit Resistance   
Grid-No. 1-Circuit Resistance: 

For fixed-bias operation   
For cathode-bias operation   

1 watt See curve page 300 

megohm 
megohm 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 6J4WA 

Refer to chart at end of section. 6J5 
6J5GT 

Refer to chart at end of section. 

MEDIUM-MU TWIN TRIODE 6J6A 
T| 516 
_gt Miniature type used as combined rf power amplifier 

W 2 and oscillator or as twin af amplifier. With push-pull 
arrangement of the grids and the plates in parallel, 
this type can also be used as a mixer at frequencies 
as high as 600 MHz. Outlines section, 5C; requires 
miniature 7-contact socket. Type 5J6 is identical with 
type 6J6A except for heater ratings. 

Heater Voltage (ac/dc)   
Heater Current   
Heater Warm-up Time (Average) 
Peak Heater-Cathode Voltage .... 
Direct Interelectrode Capacitances 

(Each Unit, Approx.): 
Grid to Plate   
Grid to Cathode and Heater . 
Plate to Cathode and Heater (Unit No.l) .... 
Plate to Cathode and Heater (Unit No.2) .... 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage   
Grid Voltage, Positive-bias value   
Plate Dissipation   

5J6 6J6A 
4.7 6.3 
0.6 0.45 
11 11 

±100 max ±100 max 
. Unshielded Shielded 

1.6 1.6 
2.2 2.6 
0.4 1.6 
0.4 1 

CHARACTERISTICS 
Plate Voltage   
Cathode-Bias Resistor   
Amplification Factor   
Plate Resistance (Approx.) 
Transconductance   
Plate Current   
MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance: 

For fixed-bias operation   
For cathode-bias operation    

f Value is for both units operating at the specified conditions. 

volts 
ampere 
seconds 

volts 

Not recommended 
0.5 megohm 



314 RCA Receiving Tube Manual 

RF Power Amplifier and Oscillator—Class C Telegraphy 
Key-down conditions per tube without modulation 

MAXIMUM RATINGS (Design-Center Values, Each Unit) 
Plate Voltage   30l) voIt3 

Grid Voltage: .. lt Negative-bias value    • 43 , 
Positive-bias value   " v°"r 

Plate Current   1| 
    :::::::::: 4.5 watt. Plate Input   - - watts 

Plate Dissipation   1<5 wa™s 

TYPICAL PUSH-PULL OPERATION (Both Units) 
Plate Voltage   "j> 
Grid Voltage   " 
Plate Current   J"? 
Grid Current (Approx.)   " ma 
Driving Power (Approx )   i g ^ 
Power Output (Approx.) —Viia ™ supply 
'Obtained by grid resistor (62B ohms), cathode-bias resistor (220 ohms), or fixed 

6J6WA 

6J6WB 

6J7 
6J7G 

6J7GT 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 
For replacement use type 6210/6J10. 

Refer to chart at end of section. 

6JB5/6HE5 BEAM POWER TUBE 
Duodecar type used as vertical-deflection amplifier in 
television receivers. Outlines section, 15D; requires duo- 
decar 12-contact socket. 
Heater Voltage (ac/dc)   
Heater Current   
Heater Cathode Voltage: 

Peak value    
Average value   

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 . .. . 

Class Ai Amplifier 
CHARACTERISTICS 
Plate Voltage    
Grid-No.2 (Screen-Grid) Voltage  
Grid-No.1 (Control-Grid) Voltage   
Plate Resistance (Approx.)   Transconductance   
Plate Current   Grid-No.2 Current   
Grid-No.l Voltage (Approx.) for plate current of 

100 fiA   

6.3 volts 
0.8 ampere 

±200 max volts 
100 max volts 
0.49 pF 

9.5 PF 
6.5 pF 

250 volts 
250 volts 

—20 volts 
50000 ohms 

4100 /fmhos 
43 mA 

3.5 mA 
—50 volts 



Technical Data 315 

■ This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 

Vertical-Deflection Amplifier 
For operation in a 525-iine, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Voltage   q-A 
Peak Positive-Pulse Plate Voltage#  !  2500 In S 
Grid-No.2 Voltage     ™ 
Peak Cathode Current   200 ™ A 
Average Cathode Current   7e 
Plate Dissipationf     15 "}f* 
Grid-No.2 Inputt   ! 2 75 
Bulb Temperature (At hottest point)    200 0C 
MAXIMUM CIRCUIT VALUES 
Grid-No,1-Circuit Resistance: 

For fixed-bias operation   1 *v.a«^Kw. 
For cathode-bias operation  !.!!!!!!!!!!!!!!!! 2.2 

T A resistor or other means is required to protect the tube in absence of excitation. 

Refer to chart at end of section. AJRA 

BEAM POWER TUBE 6JB6A 
12JB6A, 17JB6A 

Novar types used as high-efficiency horizontal-deflec- 
tion amplifiers in television receivers. Outlines section, 
32A; requires novar 9-contact socket. Types 12JB6A 
and 17JB6A are identical with type 6JB6A except for 
heater ratings. 

Heater Voltage (ac/dc)   6.3 
Heater Current   1.2 
Heater , Warm-up Time (Average)   — 
Heater-Cathode Voltage: 

Peak value   ±200 ma 
Average value   100 ma 

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 .. . 

12JB6A 
12.6 

0.6 
11 

17JB6A 
16.8 
0.45 

11 
volts 

amperes 
seconds 

±200 max ±200 max ±200 max 
100 max 100 max 100 max 

Class Ai Amplifier 
Triode Pentode CHARACTERISTICS Connection^ Connection 

Plate Voltage    150 60 150 volts 
Grid No.3 (Suppressor Grid)   Connected to cathode at socket 
Grid-No.2 (Screen-Grid) Voltage    — 150 150 volts 
Grid-No.l (Control-Grid) Voltage   —22.5 0 —22.5 volts 
Mu-Factor, Grid No.2 to Grid No.l   4.4 — — 
Plate Resistance (Approx.)   — — 15000 ohms 
Transconductance  ^  — — 7100 /imhos 
Plate Current    — 390" 70 mA 
Grid-No.2 Current   — 32" 2.1 mA 
Grid-No.l Voltage for plate current of 1 mA — — —42 volts 
* Grid No.2 connected to plate. 
* This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 

Horizontal-Deflection Amplifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Supply Voltage   770 volts 
Peak Positive-Pulse Plate Voltage#   6500 volts 
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Peak Negative-Pulse Plate Voltage   
DC Giid-No.3 Voltaget   
DC Grid-No.2 Voltage   
DC Grid-No.l Voltage ..............      
Peak Negative-Pulse Grid-No.l Voltage   
Peak Cathode Current   
Average Cathode Current   
Plate Dissipation*   
Grid-No.2 Input v.   
Bulb Temperature (At hottest point)   
MAXIMUM CIRCUIT VALUE 
Grid-No. 1-Circuit Resistance, for grid-resistor-bias operation . .. . 
# Pulse duration must not exceed 16% of a horizontal scanning 
t For horizontal-deflection service, a positive voltage may be applied "snivets" Interference in both vhf and uhf television receivers; A 
• A bias resistor or other means is required to protect the tube 

1 megohm 
cycle (10 microseconds), 
to grid No.3 to minimize 
typical value is 30 volts, 
in absence of excitation. 

TYPE 6JB6A 
GRID No. 3 CONNECTED TO _ CATHODE AT SOCKET 
GRID -No.2 VOLTS -150 

lGRIP-No-i^!4^ 

-120=50 
-25 

80 120 160 200 240 PLATE VOLTS 92CS-II035TI 

Refer to chart at end of section. 

6JC6A SHARP-CUTOFF PENTODE 
3JC6A, 4JC6A   

Miniature type with frame grid used m if-ampliner 
stages of color and black-and-white television receivers 
utilizing intermediate frequencies in the order of 40 
MHz. Outlines section, 6B; requires miniature 9-con- 
tact socket. Type 4JC6 is identical with type 6JC6 
except for heater ratings. Types 3JC6A and 4JC6A are 
identical with type 6JC6A except for heater ratings. 

Heater Voltage (ac/dc)   jL" 4-° 
Heater Current    O-f °-46 0'3 

Heater Warm-up Time (Average)   11 n 
Heatp»»katvahmVoltaBe' ... -1-200 max ±200 max ±200 max volts 

Ive^ge vliue  mo max momax wo max voits 
Direct Interelectrode Capacitances: n mo 

Grid No.l to Plate    ■ • ■ ■ " 'j  0-0ls max 

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   

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 330 330 
Gild-No.3 a Suppressor-Grid) Voltage, Positive value 0 0 
Grid-No.2 (Screen-Grid) Supply Voltage   330 3au 
Grid-No.2 Voltage   see cui 

6JC6A 
6.3 volts 
0.3 ampere 
— seconds 

330 volts 0 volts 
330 volts 
See curve page 300 
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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 

CHARACTERISTICS 
Plate Supply Voltage   
Grid No.3  ;;;;;; 
Grid-No.2 Supply Voltage   
Cathode-Bias Resistor  .'!!!!!]! 
Plate Resistance (Approx.)  [ 
Transconductance  !.!.!!!!!!! Plate Current   
Grid-No. 2 Current    
Grid-No. 1 Voltage (Approx.) for plate current of 

100 /iA   
MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: For fixed-bias operation   

For cathode-bias operation   

0 0 volts 2.5 3.1 watts 
0.6 0.7 watt See curve page 300 

125 125 volts Connected to cathode at socket 
125 125 volts 56 56 ohms 0.18 0.18 megohm 15000 16000 /imhos 13 14 mA 3.2 3.4 mA 
—3 —3 volts 

megohm 
megohm 

TYPE 6JC6A | | GRID No. 3 CONNECTED TO 
• CATHODE AT SOCKET. . 
GRID-No. 2 VOLTS ■ 125 

-No.) VOLTS EcrQ 

 u 
/ —^ -i-2- IZZ —E,cro    
' -2 -15 

40 80 120 160 200 240 
PLATE VOLTS 9MM-II94$T 

pp MEDIUM-MU TRIODE— , .-o 
>. k SHARP-CUTOFF PENTODE OJCo 
Sm is Miniature type used as combined vhf oscillator and 
T mixer tube in television receivers. Outlines section, 
W<!T 6B; requires miniature 9-contact socket. Heater: volts 
i (ac/dc), 6.3; amperes, 0.45; warm-up time (average), 
"t 11 seconds; maximum heater-cathode volts, ±200 peak, 

100 average. 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) Triode Unit 
Plate Voltage   
Grid-No.2 (Screen-Grid) Supply Voltage ....   
Grid-No.2 Voltage  .!!.!!!!   
Grid-No.1 (Control-Grid) Voltage, Positive-bias vaiue 0 
Plate Dissipation   17 
Grid-No.2 Input: 

For grid-No.2 voltages up to 137.5 volts _ 
For grid-No.2 voltages between 137.5 and 275 volts   

CHARACTERISTICS 
Plate Voltage   ior 
Grid-No.2 Voltage  !!!'!!!.'   
Grid-No.1 Voltage   '  ^ 
Amplification Factor  .'!.'!!!!!!!!!!!!!.' 40 
Plate Resistance (Approx.)  !!!!!!!!!! 6000 
Transconductance    6500 
Plate Current     -to 
Grid-No.2 Current       

Pentode Unit 
275 275 volts — 275 volts — See curve page 300 0 0 volts 1.7 2.3 watts 
— 0.45 watt See curve page 300 

125 100 125 volts — 70 126 volts —1 0 —1 volt 40 —   
6000 — 300000 ohms 6500 5700 5500 /mihoa 12 — 9 mA — — 2.2 mA 
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Grid-No.l Voltage (Approx.) for plate current of 
20 M   

MAXIMUM CIRCUIT VALUES 
Grid-No. 1-Circuit Resistance: 

For fixed-bias operation   
For cathode-bias operation   

megohm 
megohm 

For replacement use type 6JH5/6JD5/6HZ5 

6JD6 SHARP-CUTOFF PENTODE 

Miniature type with frame grid used as if-amplifier 
tube in color and black-and-white television receivers 
utilizing an intermediate frequency in the order of 40 
MHz. Outlines section, 6B; requires miniature 9-contact 
socket. Type 4JD6 is identical with type 6JD6 except 
for heater ratings. 

6JD6 
6.3 volts 
0.3 ampere 
— seconds 

Heater Voltage (ac/dc)   4.l> 6.3 
Heater Current   
Heater Warm-up Time (Average)     H 
Heater-Cathode Voltage: -4-onA 

Peak value   ±200 max ±200 max 
Average value   100 max 100 max 

Direct Interelectrode Capacitances: 
Grid No.l to Plate    0.019 max 
Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield     8.2 
Plate to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield     8 
Class Ar Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage   830 volts 
Grid-No.3 (Suppressor-Grid) Voltage, Positive value   0 volts 
Grid-No.2 (Screen-Grid) Supply Voltage   330 volts 
Grid-No.2 Voltage   See curve page 300 
Grid-No.l (Control-Grid) Voltage, Positive-hias value   0 volts 
Plate Dissipation   2.6 watts 
Grid-No.2 Input: „„ , 

For grid-No.2 voltages up to 166 volts   0.6 watt 
For grid-No.2 voltages between 165 and 330 volts   See curve page 300 

TYPE 6JD6 
GRID No. 3 CONNECTED TO CATHODE _ AT SOCKET. 
GRID-No. Z VOLTS = 125 

I < 301 \p/gRID-No! I VOLTS Ec, - -0.5 " ' grid-No. i 

^4 

7 A_   
f-— ^ —2 ^2.5 

50 100 ISO 200 250 
PLATE VOLTS oecs-iissiT 

CHARACTERISTICS 
Plate Supply Voltage 
Grid-No.3 Voltage   
Grid-No.2 Supply Voltage 
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Grid-No.1 Supply Voltage   
Cathode-Bias Resistor   !!!!!!•! 
Plate Resistance (Appvox.)     
Transconductance   
Plate Current   
Grid-No.2 Current   
Grid-No.1 Voltage (Approx.) lor transconductance of 600 /anhos 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: For fixed-bias operation .. ^  

For cathode-bias operation    

0 volts 66 ohms 160000 ohms 14000 fimhoa 15 mA 
4 mA —4.6 volts 

0.25 megohm 
1 megohm 

Refer to chart at end of section. 
For replacement use type 6LQ6/6JE6C. 

Refer to chart at end of section. 
For replacement use type 6LQ6/6JE6C. 

Refer to chart at end of section. 
For replacement use type 6LQ6/6JE6C. 

Refer to chart at end of section. 

6JE6A 

6JE6C 

BEAM POWER TUBE 6JF6 
17JF6, 22JF6 

Novar type used as horizontal-deflection amplifier in 
black-and-white television receivers. Outlines section, 
ISA; requires novar 9-contact socket. Types 17JF6 
and 22JF6 are identical with type 6JF6 except for 
heater ratings. 

Heater Voltage (ac/dc)   6.3 1 
Heater Current   1.6 i 
Heater Warm-up Time (Average) .... ■—■ 
Heater-Cathode Voltage: 

Peak value   ±200 max ±5 
Average value   100 max ] 

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 . 

±200 max 
100 max 

amperes 
seconds 

±200 max 
100 max 

CHARACTERISTICS 
Plate Voltage   
Peak Positive-Pulse Plate Voltage# 
Grid No.3 (Suppressor Grid)   
Grid-No.2 (Screen-Grid) Voltage .. 
Grid-No.l (Control-Grid) Voltage 
Triode Amplification Factor   
Plate Resistance (Approx.)   
Transconductance   
Plate Current   
Grid-No.2 Current   
Grid-No.l Voltage for plate current 

of 1 mA   

Class Ai Amplifier 
Triode* 

Connection Pentode Connection 
125 — 50 130 — 6500 — — 

Connected to cathode at socket 

Horizontal-Deflection Amplifier 
For operation in a 525-line, 30-franie system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Supply Voltage   770 volts 
Peak Positive-Pulse Plate Voltage#   6500 volts 
Peak Negative-Pulse Plate Voltage   1500 volts 
DC Grid-No.3 Voltage*   100 volts 
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DC Giid-No.2 Voltage   
Peak Negative-Pulee Grid-No.l Voltage 
Peak Cathode Current   
Average Cathode Current   
Grid-No. 2 Input   
Plate Dissipationf     
Bulb Temperature (At hottest point) . .. 

TYPE 6JF6 
GRID No. 3 CONNECTED TO 

3 _ CATHODE AT SOCKET. H i GRID-No. 2 VOLTS = 125 
" 1 i i i i 

100 200 300 400 500 
PLATE VOLTS 92CS-II92TT2 

TYPE 6JF6 GRID-No.1 VOLTS'0 
GRID No. 3 CONNECTED TO CATHODE _ At SOCKET. ,—       

0 100 200 300 400 500 
PLATE VOLTS 92CS-n92ST2 

MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For cathode-bias operation 
For grid-leak-bias operation 
For fixed-bias operation 

megohm 
megohms 
megohm 

* Grid-No.2 connected to plate at socket. 
t This value can be measured by a method involving a recurrent waveform such that the maximum ratings of the tube will not be exceeded. 
* Pulse duration must not exceed 16% of a horizontal scanning cycle ((10 microseconds). 
* In this service, a positive value may be applied to grid No.3 to minimize snivets inter- 
ference; a typical value for this voltage is 50 volts. # X A bias resistor or other means is required to protect the tube in absence of excitation. 

6JG5 SHARP-CUTOFF PENTODE 

Miniature type with frame grid used as video output 
amplifier in color television receivers. Outlines section, 
6E; requires miniatue 9-contact socket. Heater: volts, 
6.3; amperes, 0.525; maximum heater-cathode volts, 
±200 peak, 100 average. 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage   
Grid-No.3 (Suppressor-Grid) Voltage, Positive value   
Grid-No.2 (Screen-Grid) Supply Voltage   
Grid-No.2 Voltage   
Grid-No.l (Control-Grid) Voltage, Positive value   
Plate Dissipation   
Grid-No.2 Input   
CHARACTERISTICS 
Plate Voltage   200 
Grid-No.2 Supply Voltage   15° 
Grid-No.l Voltage   77 
Cathode-Bias Resistor, Bypassed   100 
Plate Resistance (Approx.)   6?^25 
Transconductance (Grid No.l to Plate)   11500 
Plate Current   25 
Grid No.2 Current   5.5 
Grid-No.l Voltage (Approx.) for plate current 

of 100 juA   —10 

lrm<==^T9)p 

330 volts 0 volts 
330 volts 

See curve page 300 
0 volts 
5 watts 

1.1 watts 
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MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: For fixed-bias operation   

For cathode-bias operation   
• Applied not exceeding two seconds, to avoid damage to tube. 

0.25 megohm 
1 megohm 

Refer to chart at end of section. 

I BEAM POWER TUBE ITJGSA,ZZJGCA 
Sgz Novar type used as horizontal-deflection amplifier in 

low-B+, black-and-white television receivers. Outlines 
IC section, 31B; requires novar 9-contact socket. For 

I curves of average plate characteristics, refer to type 
f> 6JF6. Types 17JG6A and 22JG6A are identical with 

type 6JG6A except for heater ratings. 

Heater Voltage (ac/dc)   6 3 16 Heater Current  [ 1*6 0 
Heater Warm-up Time (Average) .!.].!!!.. — 1 
Heater-Cathode Voltage: 

Peak value   ±200 max ±201 
Average value    100 max 10i 

Direct Interelectrode Capacitances: 
Grid No.l to Plate     
Grid No.l to Cathode, Heater, Grid No.^ and"Grid^ No 3  
Plate to Cathode, Heater, Grid No.2, and Grid No.3  !! i! 

17JG6A 
16.8 
0.6 
11 

22JG6A 
22 

0.45 
11 

volts 
amperes 
seconds 

±200 max ±200 max ±200 max 
100 max 100 max 100 max 

CHARACTERISTICS 
Plate Voltage   
Grid-No.3 (Suppressor Grid) 
Grid-No.2 (Screen-Grid) Voltage 
Grid-No.l (Control-Grid) Voltage 
Amplification Factor   
Plate Resistance (Approx.)   
Transconductance   Plate Current   
Grid-No.2 Current   
Grid-No.l Voltage (Approx.), 

for plate current of 1 mA ... 

Class A] Amplifier 
Triode* 

Connection 
125 

Pentode 1 Connection 
50 130 volts 

Connected to cathode at socket 
125 125 volts 

0 —20 volts 
— 12000 ohms 
— 10000 fimhos 

525* 80 mA 
32* 2.5 mA 

■ With grid No.2 connected to plate at socket. 
•Thia value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. vciuim aucn tnat the 

Horizontal-Deflection Amplifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Supply Voltage   77n Peak Positive-Pulse Plate Voltage# ..   ftcnn volts 
Peak Negative-Pulse Plate Voltage   S DC Grid-No.3 Voltage*       1B?2 v0 

DC Grid-No.2 Voltage    oil v0 J3 

DC Grid-No.l Voltage, Negative-bias value      55. 
Peak Negative-Pulse Grid-No.l Voltage .   ■tin ™i. 
Peak Cathode Current     ;;  
Average Cathode Current     ook 
Plate Dissipationt  !.   17 wHttZ 
Grid-No.2 Input  .   «Z w®"8 

Bulb Temperature (At hottest point)  240 WB.q 
MAXIMUM CIRCUIT VALUE 
Grid-No.l-Circuit Resistance, for grid-No. 1-resistor-bias operation 2.2 megohms 
# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 
hoIonnii'fJ1J0nta^dMe0Z!.n"ami>liflef'. S8rvic?; a positive voltage (typical value, 30 volts) may 
uhf television ^eccWers redU,:e interfercnce. which ""V occur in both vhf and 
tA bias resistor or other means is required to protect the tube in absence of excitation. 
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6JH5 BEAM TRIODE KG^_.-C^lc 

6JHS/6HZ5/6JD5 bpGXX^ \X!2)8P 

Duodecar type used as a pulse-type regulator in the GSk/_\^ll)G 
high-voltage power supply of color television receivers. ClJ v[?) 
Outlines section, 15F; requires duodecar 12-contact H 

socket. Heater: volts (ac/dc), 6.3; amperes, 2.4. 12JE 
Class Ai Amplifier 

CHARACTERISTICS 
Pulse Plate Voltage*        v? * 
Grid No.2 (Beam Plate)   Connected to cathode at socket 
Grid-Voltage, Negative-bias value   *■'£ volts 
Peak Plate Current    300 mA 
Amplification Factor   "JJJJ , 
Transconductance    5522 ^nJ^0S 

Plate Resistance (Approx.)   ohms 
Grid Voltage (Approx.) for plate current of 1 mA   —lb volts 
* Duty cycle of the pulse must be less than 2.5%. 

High-Voltage Regulator Service 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Plate Voltage#     ^^22 
Plate Dissipation   jj® watte 
Peak Plate Current   325 mA 
Heater-Cathode Voltage: . 

Peak value   +200 —450 volts 
Average value   £52 voln 

Bulb Temperature (At hottest point)   240 u 
MAXIMUM CIRCUIT VALUE 
Grid-Circuit Resistance^   0.1 megohm 
# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 
▲ Larger values of grid-circuit resistance may be used if provisions are made to protect 

the tube. 

5500 ■ volts 
35 watte 

325 mA 
—450 volts 

100 volte 
240 eC 

megohm 

6JH6 SEMI REMOTE-CUTOFF 
4IH« PENTODE 

Miniature type used in the gain-controlled picture if- 
amplifter stages of color and black-and-white television 
receivers. Outlines section, 5C; requires miniature 7- 
contact socket. For curves of average plate characteris- 
tics, refer to type 6BZ6. Type 4JH6 is identical with 
type 6JH6 except for heater ratings. 

Heater Arrangement   
Heater Voltage (ac/dc)   
Heater Current  
Heater Warm-up Time     
Heater-Cathode Voltage: 

Peak value   
Average value   

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   

6JH6 
Parallel 

6.3 
0.3 

±200 max ±200 max 
100 max 100 max 

Unshielded Shielded" 
0.025 max 0.015 max 

■ With external shield connected to cathode. 
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Class At Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage   
Grid-No.S (Suppressor-Grid) Voitage,' Positive' value  
Grid-No.2 (Screen-Grid) Supply Voitage   
Grid-No.2 Voltage     
r-'u'wH (Contro'-Grid) Voitage, Positive-bias' value Grid-No.2 Input: For grid-No.2 voltages up to 160 volts 

For gnd-No.2 voltages between 150 and 300 volts'.'!!.' 
CHARACTERISTICS 

300 volts 
0 volts 

300 volts 
See curve page 300 

0 volts 
0.55 watt 
See curve page 300 

Plate Supply Voltage 
Grid-No.3   
Grid-No.'2 Supply ' Voltage'  Connected to cathode at socket 
Cathode-Bias Hesistor         j?]? 
Plate Resistance (Approx.) ....!!..  n JS 
Transconductance     
Transconductance Range for grid-No.! voltage of —4.6' 'volts' and 

cathode-bias resistor of 56 ohms   inn onn Plate Current     4UU-tfU0 
Grid-No.2 Current  !!!!!!!!!!!!!!  3 6 
Grid-No.l Voltage (Approx.) for transconductance of 50 /znihos  19 
MAXIMUM CIRCUIT VALUES 
Grid-No. 1-Circuit Resistance: For fixed-bias operation   0 9R For cathode-bias operation  !!!!!..  ? 

volts 
ohms 

megohm /imhos 

BEAM-DEFLECTION TUBE 6JH8 

Miniature type used in color-demodulator and burst- 
J/ Sate circuits in color television receivers. This type 

^i^A. IL/Vy /©Pp I138 two plates and two deflecting electrodes; the con- 
trol grid varies beam deflection. Outlines section, 6E- 

djz ^ requires miniature 9-contact socket. Pin 5 should be 
i Pf. connected to cathode at socket. The 6JH8 should be so located in the equipment that it is not subjected to stray magnetic fields. 

Heater Voltage (ac/dc)   - 0 Heater Current   |  Jj'® volts 
Direct Interelectrode Capacitances:   amperes 

M0',1 1° AH other Electrodes, Except Both Plates .... 75 'p. Grid No.l to Deflecting Electrode No.l .. n rum<,„ v. 
Grid No.l to Deflecting Electrode No.2     0 07 Pt? 
P ate No.l to All Other Electrodes ....   0-0J max fg 
Plate No.2 to All Other Electrodes   c ''S 
Plate No.l to Plate No-2 ....   n5 

PS 
Deflecting Electrode No.l to All Other Electrodes'.' ! .' 48 nP 
Deflecting E ectrode No.2 to All Other Elecetrodes   4 8 nP 
Deflecting Electrode No. 1 to Deflecting Electrode No.2    0*38 pp 

Color TV Demodulator 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage (Each Plate)   „„„ 
Peak Deflecting-Electrode Voltage (Each Eiect'r'o'dej':'  V0 ts 

Negative value   
Positive value     volts 

Grid-No.S (Accelerating-Grid) Voitage   oon VOh3 

cafhX0'1cu^cr0ennttr0,-Gl.'id) VoUaKC'. .Positi-bias :::::::::::: 33o Plate Dissipation (Each Plate)    3? IfA 
Grid-No.3 Input   ;    a wotts 

MAXIMUM CIRCUIT VALUES   Watt 

Grid-No.l Circuit Resistance: 
For fixed-bias operation   . 
For cathode-bias operation     a Ak megohm 

7.5 
0.04 max 
0.07 max 

5 
5 

0.4 
4.8 
4.8 

0.38 
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Class At Amplifier 
With both plates connected together and with both 
deflecting electrodes connected to cathode at socket 

CHARACTERISTICS 
Plate-No.l Supply Voltage   250 
P)ate-No,2 Supply Voltage    200 
Grid-No.3 Voltage    
Cathode-Bias Resistor   
Transconductance     ia 
Total Plate Current     
Grid-No.3 Current     iq 
Grid-No. 1 Voltage (Approx.) for total plate current of 10 jiA .. —id 

6JK6 Refer to chart at end of section. 

^j |{g Refer to chart at end of section. 

a ima Refer to chart at end of section. 

6JM6A g'®^F 
17JM6A beam power tube G3®2V=k 

Duodecar types used as horizontal-amplifier tubes in g2 
color and black-and-white television receivers. Outlines @C/V 
section, 16A; requires duodecar 12-contact socket. Type * q-—^ 
17JM6A is identical with type 6JM6A except for heater h 
ratings. 12FJ 

6JM6A 17JM6A 
Heater Voltage (ac/de)   J*® J6;® 
Heater Current     1-® 
Heater Warm-up Time (Average)   rt 
Hea^er-C^athode Voitage:   ±200 max ±200 max 

Ave^e value':::::::.::   ioo^ 100 

Direct Interelectrode Capacitances: 
Grid No.l to Plate     ■ ••■■ ••• •    
Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3   lo 
Plate to Cathode, Heater, Grid No. 2, and Grid No. 3   ' 

Class Ai Amplifier 
Triode00 

CHARACTERISTICS Pentode Connection Connection 
Plate Voltage   5000 55 250 150 
Grid-No.3 (Suppressor-Grid)   Connected to cathode at socket 
Grid-No.2 (Screen-Grid) Voltage   150 150 150 150 
Grid-No.1 (Control-Grid) Voltage   — 0 -—22.5 —22u> 
Plate Resistance (Approx.)   — — "ouu   Transconductance   m Plate Current   — 8JS; ~ 
Grid-No.2 Current   1'° 
Grid-No.l Voltage (Approx.) for plate 

current of 1 /iA     —10® — —« 71 
Amplification Factor   
MAXIMUM CIRCUIT VALUE 
Grid-No.l-Circuit Resistance   
* This value can be measured by a method utilizing a recurrent waveform such 
maximum ratings of the tube will not be exceeded. 
** Grid No.2 tied to plate. 

Horizontal-Deflection Amplifier 
For operation in a 525-line, 30-froine system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Supply Voltage    JJU 
Peak Positive-Pulse Plate Voltage#   
Peak Negative-Pulse Plate Voltage   lt>"" 
DC Grid-No.3 Voltage   
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DC Grid-No.2 Voltage   
DC Grid-No.l Voltage, Negative-bias value 
Peak Negative-Pulse Grid-No.l Voltage 
Average Cathode Current   
Peak Cathode Current   
Plate Dissipation##   
Grid-No.2 Input   
Bulb Temperature (At hottest point)   
# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 
## A bias resistor or other means is required to protect the tube in absence of excitation. 

6JN6 
BEAM POWER TUBE I2in«.I7JN« 

i) Duodecar type used as horizontal-amplifier tube in 
{5)NC color and black-and-white television receivers. Outlines 
Jg)G3 section, 15A; requires duodecar 12-contaet socket. This 
U» type is electrically identical with type 6JM6 except 
A that it has a slightly lower grid-No.1-to-plate capaci- 

tance. Types 12JN6 and 17JN6 are identical with type 
6JN6 except for heater ratings. 

Heater Voltage (ac/dc)   6.i 
Heater Current  1.! 
Heater Warm-up Time (Average)  — 
Direct Interelectrode Capacitances: 

Grid No.1 to Plate   
Grid No.l to Cathode, Heater, Grid No.2i and Grid No.3 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 ... 

12JN6 17JN6 
12.6 16.8 volts 0.6 0.45 amperes 

11 11 seconds 
0.34 pF 16 pF 7 PF 

„G2p medium-mu triode— 6JN8 
PKp SHARP-CUTOFF PENTODE 19JN8/I9cl8A 
SJgsp Miniature type used as FM converter and rf amplifier 

in radio receivers. Outlines section, 6B; requires minia- 
•p ture 9-contact socket. Type-19JN8/19CL8A is identi- 

cal with type 6JN8 except for heater ratings. 

Heater Voltage (ac/dc)   6 3 
Heater Current  [ q 45 
Heater Warm-up Time (Average)     '11 
Heater-Cathode Voltage: 

Peak value     ±200 max 
Average value   160 max 

Direct Interelectrode Capacitances :* 
Pentode Unit: 

Grid No.l to Plate   
Grid No.l to Cathode, Heater, Grid No.2, Grid No.'s,"'and'internal 

Shield   
Cathode, Heater, Grid No,2, Grid No.3, and Internal 

Shield   
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   
* With external shield connected to cathode of unit under test. 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) Triode Unil 
Plate Voltage   360 
Grid-No.2 (Screen-Grid) Supply Voltage     
Grid-No.2 Voltage     g( 

19JN8/ 
19CL8A 

18.9 
0.15 

±200 max 
100 max 

volts 
ampere 
seconds 

Triode Unit Pentode Unit 
300 300 
— 300 
— See curve page 300 
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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 

CHARACTERISTICS 
Plate Voltage  
Grid-No.2 Voltage    
Grid-No. 1 Voltage   Amplification Factor   
Plate Resistance (Approx.)   Transconductance   
Plate Current   
Grid-No.2 Current     i"i"' 
Grid-No.l Voltage (Approx.) for plate current of 

10 /tA   
MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation 
For cathode-bias operation 

0 0 volts 
2.5 2.5 watts 
_ 0.55 watt 
— See curve page 300 

125 125 volts 
125 volts 

—1 —1 volt 
46 — 

5400 200000 ohms 
8500 7500 /imhos 
13.5 12 mA 

4 mA 
—8 —8 volts 

2.2 2.2 megohms 
2.2 2.2 megohms 

6JQ6 BEAM POWER TUBE 
mQS, 17JQ6, with integral diode 

Miniature type featuring integral diode, internally 
connected to grid No.3, used in feedback-stabilized 
vertical-deflection-amplifier applications in color and 
black-and-white television receivers. Outlines section, 
6G; requires miniature 9-contact socket. Types 12JQ6 
and 17JQ6 are identical with type 6JQ6 except for 
heater ratings. 

W§^)v't 

Heater Voltage (ac/dc)   
Heater Current     
Heater Warm-up Time (Average) ... Heater-Cathode Voltage: 

Peak value   
Average value     

Direct Interelectrode Capacitances: 
Grid No.l to Plate    

±200 max 
100 max 

and Diode Plate    • • • • ■••••• -.y • o 
Plate to Cathode, Heater, Grid No.2, Grid No.3 

and Diode Plate   

12JQ6 17JQ6 
volts 12.6 17 

0.6 0.45 amperes 
11 11 seconds 

±200 max ±200 max volts 
100 max 100 max volts 

0.32 PF 
.3, 13 PF 

6 PF 

Class Ai Amplifier 
CHARACTERISTICS 
Plate "Voltage     •••      „ 
Grid-No.3 (Suppressor-Grid) Voltage   V 
Grid-No.2 (Screen-Grid) Voltage   
Grid-No.l (Control-Grid) Voltage    » 
Triode Amplification Factor*   
Plate Resistance (Approx.)   Transconductance   tenjt 
Plate Current   
Grid-No.2 Current    • ■ ■ • •    
Grid-No.l Voltage for plate current of 1 mA    
Instantaneous Diode-Plate-to-Cathode Voltage Drop 

for Instantaneous Diode-Plate Current of 2 mA .. —~ 
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 (Absolute-Maximum Value)*   
DC Grid-No.3 and Diode-Plate Voltage   



Technical Data 327 

DC Grid-No.2 Voltage   
Peak Negative-Pulse Grid-No.l Voltage   
Average Cathode Current   
Peak Cathode Current   
Average Diode-Plate (and Grid-No.3) Current 
Plate Dissipation   
Grid-No.2 Input   
Bulb Temperature (At hottest point)   

TYPE 6«JQ6 
GRID-No.2 VOLTS'MO TYPE 6JQ6 

GRID No.l VOLTS *0 

90 100 150 200 250 300 350 400 450 
PLATE VOLTS 92CS-146SIT 

MAXIMUM CIRCUIT VALUES 
Grid-No.l—Circuit Resistance: 

For grid-No. 1-resistor-bias operation 
For cathode-bias operation   

50 100 ISO 200 250 300 350 4 0 0 430 PLATE VOLTS 92C$-I4660T 

ror grid-No.l-resistor-bias operation   2.2 megohms 
For cathode-bias operation   2.2 megohms 

• Grid No.3 and diode plate connected to cathode, and grid-No.2 connected to plate at 
socket. 
#This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 
* Pulse duration must not exceed 15% of a vertical scanning cycle (2.6 milliseconds). 

6JR6 
BEAM POWER TUBE 17JR6, 22JR6, 33JR6 

Novar type used for horizontal-deflection amplifier 
service in low B-f-, black-and-white television receivers. 
Outlines section, 31B; requires novar 9-contact socket. 
Types 17JJR6, 22JR6 and 33JR6 are identical with type 
6JR6 except for heater ratings. 

Heater Voltage (ac/dc) 6.3 16. 
Heater Current   1.6 0. 
Heater Warm-up Time 

(Average)   — 1 
Heater-Cathode Voltage: 

Peak value   ±200 max ±20 
Average value   100 max 10 

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   

±200 max 
100 max 

22JR6 
22 

0.45 
33JR6 

33 
0.3 

volts 
amperes 

11 11 seconds 
±200 max 

100 max ±200 max 
100 max volts 

volts 
0.7 PF 
22 
9 

PF 
PF 

CHARACTERISTICS 
Plate Voltage   
Peak Positive-Pulse Plate Voltage# 
Grid No.3 (Suppressor Grid)   
Grid-No.2 (Screen-Grid) Voltage .. 
Grid-No.l (Control-Grid) Voltage . 
Plate Resistance (Approx.): 
Transconductance   

Class At Amplifier 
Triode* 

Connection Pent( 
125 — 

Pentode Connection 
— 60 130 

6500 — — 
Connected to cathode at socket 
125 125 125 
— 0 —20 
— — 18000 
— — 7000 
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Plate Current   Grid-No.2 Current   
Grid-No.l Voltage for plate 

current of 1 mA   
Amplification Factor   

®00| type 6JR6 

100 200 300 400 500 
PLATE VOLTS 92C$-I2693T2 

— —32 

GRID-NO. I VOLTS «0 

SiaVOLTS EC2»125 

ESI 
rigSSSSBBl 

ZOU OWU "tvw 
PLATE VOLTS e2C$-l2e92T2 

Horizontal-Deflection Amplifier 
For operation in a 525-lme, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Ratings) 
Plate Supply Voltage              ™ 
Peak Positive-Pulse Plate Voltage#   6600 volte 
Peak Negative-Pulse Plate Voltage   1B!>6 *" 
Grid-No.3 Voltage-   " 
Grid-No.2 Voltage       22» »o{« 
Grid-No.1 Voltage, Negative-bias value   65 volts 
Peak Negative-Pulse Grid-No.l Voltage   030 volte 
Peak Cathode Current   660 mA 
Average Cathode Current    2'6 
Grid-No.2 Input   OfO 
Plate Dissipation-  ; ■ ■    op 
Bulb Temperature (At hottest point)   ^ 
MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: ,v,„„„i™ 

Cathode bias (with min. Rk = lOOSl)   ■■_■■■  1 
Grid-leak bias (with signal peak clamped to zero bias)   10 megohms 
Fixed bias (where positive grid current is not drawn)    0.47 megohm 

* Grid No. 2 connected to plate at socket. 
# Pulse duration must not exceed 15% of one horizontal scanning cycle (10 microseconds). 
$ This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. ^ „ . „ . 
■ In this service, a positive value may be applied to grid No.3 to minimize snivels inter- 
ference; a typical value for this voltage is 30 volte. . 
• A bias resistor or other means is required to protect the tube in absence of excitation. 

6JS6 
6JS6A 

Refer to chart at end of section. 

6JS6C BEAM POWER TUBE 
23TS6A, 31JS6C 

Duodecar types used as horizontal-deflection amplifiers 
in color and black-and-white television receivers. Out- 
lines section, 16B; requires duodecar 12-contact socket. 
Types 23JS6A and 31JS6A are identical with type 
6JS6C except for heater ratings. 

no „ 10 

Heater Voltage (ac/dc)   
Heater Current   
Heater Warm-up Tme (Average) 
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±200 max 
100 max 

Heater-Cathode Voltage: Peak value   
Average value   

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 ... 

±200 max 
100 max 

±200 max 
100 max 

volts 
volts 

0.7 
24 
10 

PF 
PF 
PF 

Class Ai Amplifier 
Triodeff CHARACTERISTICS Connection ■ Pentode Connection 

M
V0olta,g0

e  >; v    125 5000 60 175 volts Grid No.3 (Suppressor Grid)   — Connected to cathode at socket 
Gnd-No.2 (Screen-Grid) Voltage .... 126 125 125 125 volts 
Grid-No.l (Control-Grid) Voltage .... —25 — 0  25 volts 
Plate Resistance (Approx.)   — — — 5500 ohms 
Transconductance    — _ _ 11500 amhos 
Plate Current   — — 600f 130 mA 
Grid-No.2 Curreiit   — — 32t 2.8 mA 
Grid-No.l Voltage (Approx.) for plate 

current of 1 mA   — —125 — —54 volts 
Triode Amplification Factor . V  3 — — — 
t This value can be measured by a method involving a recurrent waveform such that the maximum ratings of the tube will not be exceeded, 
ft Grid No.2 connected to plate. 

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.3 Voltage   
DC Grid-No.2 Voltage        
Peak Negative-Pulse Grid-No.l Voltage   
Average Cathode Current     
Peak Cathode Current     
Plate Dissipation**   
Grid-No.2 Input   
Bulb Temperature (At hottest point)   

MAXIMUM CIRCUIT VALUE 
Grid-No.l-Circuit Resistance 

For grid bias feedback HV regulation 
For dc or pulse shunt HV regulation megohm 

megohms 
# Pulse duration must not exceed 15% of one horizontal scanning cycle (10 microseconds). 
** A bias resistor or other means is required to protect the tube in absence of excitation- 

a No.l VOLJSE 
mm 

100 200 300 PLATE VOLTS 

Refer to chart at end of section. 6JT6 
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OJIOA BEAM POWER TUBE 
12JT6A, 17JT6A 

Novar types used as horizontal-deflection amplifiers in ^ 
high-efficiency deflection circuits of black-and-white Gz 
television receivers employing wide-angle or high- 9QU 
voltage picture tubes. Outlines section, 31A; requires novar 9-contact 
Types 12JT6A and 17JT6A are identical with type 6JT6A except for 
ratings. 

6JT6A 12JT6A 17JT6A: 

socket, 
heater 

17JT6A. 
Heater Voltage (ac/do)  6.3 12.B 16.8 
Heater Current .    1-2 O;® 0'f6 Heater Warm-up Time (Average)   — U H seconds 
^Te^vafue^'^6:...   ±200 max ±200 max ±200 max volts 

Average value   100 max 100 max 100 max volts 
Direct Interelectrode Capacitances : _ Grid No.l to Plate    '. •• •• • ;• ■■■ ■    0-26 P^, 

Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3 ...... 16 pr 
Plate to Cathode, Heater, Grid No.2, and Grid No.3   6.6 PJ) 

Class Ar Amplifier 
Pentode Triode* 

CHARACTERISTICS Connection^ Connection 
Plate Voltage   60 250 160 volts Grid-No.3 (Suppressor Grid)   Connected to cathode at socket 
Grid-No.2 (Screen-Grid) Voltage   160 160 160 vo to 
Grid-No.1 (Control-Grid) Voltage   0 —22.5 —!22.6 volte 
Triode Amplification Factor   ^Caaa 
Plate Resistance (Approx.)  - 16000 - . , ohms 
Transconductance   — 7122 WJ"5? 
Plate Current   390; 70 - mA 
Grid-No.2 Current      32" 2.1 mA 
Grid-No.1 Voltage (Approx.) for plate current of 

1 mA   — —42 — V01t3 

* Grid No.2 connected to plate. 
■ This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 

Horizontal-Deflection Amplifier 
For operation in a 525-line, 30-franie system 

MAXIMUM RATINGS (Design-Maximum Values) _ 
DC Plate Supply Voltage     ™ ™lte 
Peak Positive-Pulse Plate Voltage#   6500 volte 
Peak Negative-Pulse Plate Voltage   1600 volte 
DC Grid-No.3 Voltage*   ™ 
DC Grid-No.2 Voltage    220 volte 
DC Grid-No.1 Voltage, Negative-bias value   66 volte 
Peak Negative-Pulse Grid-No.l Voltage    630 volte 

TYPE 6JT6A 
GRID No.3 CONNECTED TO "n 
CATHODE AT SOCKET. L « -800 -GRID-No.2 VOLTS-ISO t! 

volts 
amperes 
..seconds 

60 250 150 volts 
Connected to cathode at socket 

15Q 150 150 volts 
0 —22.6 — 22.5 volts   4.4   15000 .  ohms 
  7100 — /zmhos 

390- 70 — mA 
32- 2.1 — mA 
  —42 — volts 

100 200 
PLATE VOLTS 

300 
92CS-l24eOT 
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Peak Cathode Current   K-n Average Cathode Current    mA 

Plate Dissipationf     A'r 'oA 
Grid-No. 2 Input     watts 
Bulb Temperature (At hottest point) '  An wa% 
MAXIMUM CIRCUIT VALUE 0 

Grid-No.l-Circuit Resistance, for grid-resistor-bias operation   1 megohm 
fA

PU'S6
1.,
dUrati°n must "ot exceed 15% of a horizontal scanning cycle (10 microseconds). 

i^ ^cetversf^'^j^i^l^value0 fo^ this^ vcdtag^Iise3:o^0volts?n^Ve^S,' w'1*c'1 tA bias resistor or other means is required to protect the tube in absence of excitation. 

HIGH-MU TRIODE— 
SHARP-CUTOFF PENTODE 6JT8 

nGsp.kp Neonoval type with frame-grid pentode unit used in 
color and black-and-white television receivers. The 

Yl)0"5 triode unit js use(j as a voltage-amplifier or sync- 
il separator tube, and the pentode unit is used as a 
AUCZp video-amplified tube. Outlines section, 10A, except base 
) is small-button miniature 9-pin; requires miniature 9- 

p contact socket. Type 10JT8 is identical with type 
6JT8 except for heater ratings. 

Heater Voltage (ac/dc)   
Heater Current    
Heater Warm-up Time (Average) 
Heater-Cathode Voltage: 

Peak value   
Average value   

6JT8 10JT8 
6.3 10.2 voltd 

0.725 0.45 ampere 
, *77 11 seconds ±200 max ±200 max volts 

100 max 100 max volts 
Class Ai Amplifier 

PltteIMv5ltageTINGS (Design"Maxl'mum Values) TriodeUnit Pentode Unit 
Grid-No.2 (Screen-Grid)'' Supply ' Voltage '  330 

Grid-No.2 Voltage ........   „ ,330 

Grid-No.l (Control-Grid) Voltage, Positive-bias value 0 C 

Plate Dissipation   i V 
Grid-No.2 Input:   

For grid-No.2 voltages up to 165 volts   — 11 
For grid-No.2 voltages between 165 and 330 volts — See curve nnc* q 

CHARACTERISTICS P * 
Plate Supply Voltage   onn ko onn 
Grid-No.2 Supply Voltage   !  _ ion ?nn 
Grid-No.l Voltage    „ „ 100 

Cathode-Bias Resistor          ao Amplification Factor  !.!!.!!..!.!!!!! 100   — 
Plate Resistance (Approx.)  !. ^  S7nno Knnno 
Transconductance      gSSS — MnnX Plate Current  !!!!!!!!!!!!" is 200i0? 
Grid-No.2 Current   jo, « 2 

Voltage (Approx.) for plate current of 
100 /(A      _ _  B Grid-No.l Voltage (Approx.) for plate current of 2° "A   _B 3 _ _ 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: For fixed-bias operation   n k n ok 

For cathode-bias operation  !!!.!! 1 1 
maximJm Urntin!J. bnf'?ifasilri!d bu,a n}eJhod involving a recurrent waveform such maximum ratings of the tube will not be exceeded. 

BEAM POWER TUBE 
Novar type used as horizontal-deflection amplifier in 
color television receivers. Outlines section, ISA- re- 
quires novar 9-contact socket. Type 22JU6 is identical 
with type 6JU6 except for heater ratings. 
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6JU6 22JU6 
Heater Voltage (ac/dc)   6*8 80 
Heater Current    l-« 0-4s 

Heater Warm-up Time   11 

Heater-Cathode Voltage: „ 
Peak value   ±?SSm'lx 

Average value   100 max 100 m 
Direct Interelectrode Capacitances s 

Grid No.l to Plate    •••;: •••    ^*2 
Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3   22 
Plate to Cathode, Heater, Grid No.2, and Grid No.3   9 

volts 
amperes 
seconds 

CHARACTERISTICS 
Plate Voltage     
Peak Positive-Pulse Plate Voltage# 
Grid No.3 (Suppressor Grid)   
Grid-No.2 (Screen-Grid) Voltage 
Grid-No.l (Control-Grid) Voltage . 
Amplification Factor   
Plate Resistance (Approx.)   Transconductance   
Plate Current   
Grid-No.2 Current   
Grid-No.l Voltage for plate current 

of 1 mA   

Class Ai Amplifier 
Triodet 

Connection Pentode Connection 

Connected to cathode at socket 

Horizontal-Deflection Amplifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Supply Voltage ■,•••••••  -ZaX 
Peak Positive-Pulse Plate Voltage#   6500 
Peak Negative-Pulse Plate Voltage   
DC Grid-No.3 Voltage'   
DC Grid-No.2 Voltage       
DC Grid-No.l Voltage, Negative-bias value   Peak Negative Pulse Grid-No.l Voltage   
Peak Cathode Current   
Average Cathode Current   « - 
Grid-No.2 Input   
Plate Dissipation"  ;•••  oja 
Bulb Temperature (At hottest point)   *4U 

MAXIMUM CIRCUIT VALUES 
Grid-No. 1-Circuit Resistance: 

For grid-resistor-bias operation   u•*' 
For plate-pulsed operation   AU 

# Pulse duration must not exceed 15% of one horizontal scanning cycle (10 
f Grid No.2 connected to plate. 
ft This value can be measured by a method involving a recurrent waveform maximum ratings of the tube will not be exceeded. 
■ In this service, a positive value may be applied to grid No.3 to minimize "i 
ference; a typical value for this voltage is 30 volts. 
■ ■A bias resistor or other means is required to protect the tube in absence 

TYPE 6JU6 GRID-No.3 CONNECTED TO 
CATHODE AT SOCKET. 

GRID-No. I VOLTS "0 

megohm 
megohms 

microseconds), 

such that the 

'snivets" inter- 
of excitation. 

GRID-No.2 VOLTS EC2"125 

ESI 

200 300 400 
PLATE VOLTS 92CS-I2632T2 

HI 

100 200 300 400 500 
PLATE VOLTS 92CS-I2633T2 
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Refer to chart at end of section. 

QUADRUPLE DIODE 
6JU8A 

(^p.!l2xW7)D2 8JU8A 
Po (^2rrA/jJ-x Miniature type used in phase-detector and noise-im- 
kdI^A /V^aS)^! mune color-killer circuits of color television receivers, 

CS 0 and in bridge-matrixing circuits in FM stereo multiplex 
Pdi kD| equipment. Outlines section, 6B; requires miniature 9- 

gpQ contact socket. Units 1 and 2 are shielded from units 
3 and 4 to minimize coupling between the series- 

connected pairs of diodes. Type 8JU8A is identical with type 6JU6A ex- 
cept for heater ratings. 

Heater Voltage (ac/dc)     6.3 
Heater Current   0.'6 
Heater Warm-up Time  . . . — 
Peak Heater-Cathode Voltage    ±300 max 
Direct Interelectrode Capacitances (Approx.): 

Plate of Unit No.l and Cathode of Unit No.2 to Cathode of 
Unit No.l   

Plate of Unit No.l and Cathode of Unit No.2 to Plate'of  
Unit No.2     

Plate of Unit No.2 to Heater and Internal Shieid .. 
Plate of Unit No.3 and Cathode of Unit No.4 to Cathode of 

Unit No.3   
Plate of Unit No.3 and Cathode of Unit No.4 to Plate of 

Unit No.4   
Plate of Unit No.4 to Heater and Internal Shieid   
Cathode of Unit No.l to Heater and Internal Shield   
Cathode of Unit No.3 to Heater and Internal Shield   

MAXIMUM RATINGS (Design-Center Values, Each Diode Unit) 
Peak Inverse Plate Voltage   
Peak Plate Current  !!!!!!!!!!!!!!!!!! 
Average Output Current   
CHARACTERISTIC, Instantaneous Value (Each Unit) 
Plate Current for plate voltage of 10 voits   

8JU8A 
8.4 

0.45 
11 

±300 max 

HIGH-MU TRIDDE— 6JV8 
SHARP-CUTOFF PENTODE sm 

Miniature type used in television receiver applications, 
1,sp particularly those having low-voltage "B" supplies. 
NGjp The triode unit is used in sound-if, keyed-age, sync- 

separator, sync-amplifier, and noise-suppression cir- 
) cuits. The pentode unit is especially useful as a video 
G2p amplifier tube. Outlines section, 6E; requires minia- 

ture 9-contact socket. Type 8JV8 is identical with type 
6JV8 except for heater ratings. 

Heater Voltage (ac/dc)   
Heater Current   
Heater Warm-up Time (Average)   
Heater-Cathode Voltage: 

Peak value   
Average value   

Direct Interelectrode Capacitances (Approx.): 
Triode Units 

Grid to Plate   
Grid to Cathode and Heater   
Plate to Cathode and Heater   

Pentode Unit: 
Grid No.l to Plate   

6JV8 8JV8 6.3 8.5 
0.6 0.45 
11 11 

±200 max ±200 max 
100 max 100 max 

2.2 

Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and 
Internal Shield    
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Plate to Cathode, Heater, Grid No.2, Grid No.3, and 
Internal Shield    • • 

Pentode Grid No.l to Triode Plate     « 15 
Pentode Plate to Triode Plate   max 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentode Unit 
Plate Voltage   33J[ 
Grid-No.2 (Screen-Grid) Voltage     — d3U 
Grid-No.l (Control-Grid) Voltage: 

Positive-bias value   ® 0 
Negative-bias value   • 

Plate Dissipation    1*1 J 
Grid-No.2 Input    • • • • ^1 

CHARACTERISTIC Triode Unit Pentode Unit 
Plate Voltage   200 60 126 200 
Grid-No.2 Voltage   — 200 126 200 
Grid-No.l Voltage   —2 0 1 2.9 
Ampliflcation Factor   70 
Plate Resistance (Approx.)   Sana 11600 10700 Transconductance   4006 22 2o 
Plate Current   4 Ji* 42 
Grid-No.2 Current   — 4 4 

Grid-No.l Voltage (Approx.) for plate 
current of 20 pA   —o — —10-t> —8 

MAXIMUM CIRCUIT VALUES 
Grid-No.l-Current Resistance: 

For fixed-bias operation   u-8 

For cathode-bias operation    1 *■ 
• This value can be measured by a method involving a recurrent waveform such 
maximum ratings of the tube will not be exceeded. 

Pentode Unit 
125 
125 
—1 — 

TYPE 6JV8 TRIODE UNIT 

100 200 
PLATE VOLTS 

300 
92CS-II960T 

6JW8/ 

ECF802 
5JW8 MEDIUM-MU TRIODE— 

SpcFaol SHARP-CUTOFF PENTODE 
Miniature type used as horizontal-oscillator and fre- 
quency-control tube in color and black-and-white tele- 
vision receivers. Outlines section, 6B; requires minia- 
ture 9-contact socket. Types BJW8, 6LX8/LCF802 and 
9JW8/PCF802 are identical with type 6JW8/ECF802 
except for heater ratings. 

Heater Voltage (ac/dc) .. 4.7 
Heater Current   0.6 
Heater Warm-up Time 

(Average)   11 
Heater-Cathode Voltage: 

Peak value   ±200 max 
Average value   100 max 

6JW8/ ECF802 
6.3 

0.43 

±200 max 
100 max 

±200 max 
100 max 

9JW8/ 
PCF802 

9 
0.3 

±200 max 
100 max 
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Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Supply Voltage    
Plate Voltage   
Grid-No.2 (Screen-Grid) Supply Voltage   
Grid-No.2 Voltage   
Peak Cathode Current*      
Cathode Current   
Plate Dissipation   
Grid-No.2 Input    
Input Impedance at 60 Hz  

Triode Unit Pentode Unit 
560 550 volts 260 250 volts — 650 volts — 260 volts — 50 mA 10 15 mA 1.4 1.2 watts — 0.8 watts 60 300 kohms 

CHARACTERISTICS 
Plate Voltage   
Grid-No.2 Voltage   j 
Grid-No.l (Control-Grid) Voltage   
Mu Factor, Grid-No.l to Grid-No.2   
Amplification Factor   
Input Resistance   
Transconductance   
Plate Current   
Grid-No.2 Current   
Plate Current: 

For grid-No. 1 voltage of 0 volts   
For grid current of 10 /iA   

Grid-No.2 Current for grid-No.1 voltage of 0 volts .. 
Grid-No.l Voltage: 

For grid-No. 1 current of 4-0.3 /iA   
For plate and grid-No.2 voltage of 200 volts 

and plate current of 10 /iA   
MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance s 

For fixed-bias operation   
For cathode-bias operation   

200 100 
o 100 —^ —1 

47 
70 • —' 

0.2 0.4 
3500 5600 

3.5 6 
— 1.7 
  12.5 
10 .— 
— 3.5 

—1.3 —1.3 
— —16 

megohm 
/imhos 

mA 
mA 

For nxed-bias operation   — 0.66 megohm 
For cathode-bias operation   3 1 megohms 

• With a maximum duty factor of 0.30 and maximum pulse duration of 30 microseconds. 

Refer to chart at end of section. 

12DZ 
heater ratings. 

MEDIUM-MU TRIODE— A I7Q 
POWER PENTODE OJAO 

13JZ8, 17JZ8, 24JZ8, 
2SJZ8 

Duodecar type used in combined vertical-deflection-os- 
cillator and vertical-deflection-amplifier applications in 
television receivers. Outlines section, 8C; requires duo- 
decar 12-contact socket. Types 13JZ8, 17JZ8, 24JZ8, 
and 25JZ8 are identical with type 6JZ8 except for 

Heater Voltage (ac/dc) 6.3 12.7 16.8 
Heater Current  1.2 0.6 0.46 
Heater Warm-up Time . — 11 *11 
Heater-Cathode Voltage: 

Peak value   ±200 max ±200 max ±200 max 
Average value   100 max 100 max 100 max 

volts 
amperes 
seconds 

±200 max ±200 max 
100 max 100 max 

Class A, Amplifier 
CHARACTERISTICS 
Plate Voltage   
Grid-No.2 (Screen-Grid) Voltage   
Grid-No.l (Control-Grid) Voltage   
Amplification Factor   
Plate Resistance (Approx.)  ] 
Transconductance   
Plate Current   
Grid-No.2 Current    
Grid-No.l Voltage (Approx.) for plate current 

of 10 /iA   

Triode Unit Beam Power Unit 
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Grid-No.l Voltage (Approx.) for plate current 
of 100 pA      — , — —25 volt3 

• This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 

Vertical-Deflection Oscillator and Amplifier 
For operation in a 525-line, 30-franie system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Voltage     
Peak Positive-Pulse Plate Voltage#   
DC Grid-No.2 Voltage   
Peak Negative-Pulse Grid-No.l Voltage   
Peak Cathode Current    
Average Cathode Current   
Plate Dissipation*   
Grid-No.2 Input   

Triode Beam Power 
Unit Unit 

Oscillator Amplifier 
250 250 volts 

2000 volts _ 200 volts 
400 150 volts 
70 245 mA 
20 70 mA 

1 7 watts 
1.8 watts 

MAXIMUM CIRCUIT VALUES 
Grid-No. 1-Circuit Resistance: 

For fixed-bias operation   1 J JZTCZ 
For cathode-bias operation    2-2 2.2 megohms 

# Pulse duration must not exceed 16% of a vertical scanning cycle (2.5 milliseconds). 
• A bias resistor Or other means is required to protect the tube in absence of excitation. 

6K5GT Refer to chart at end of section. 

6K6GT POWER PENTODE 
Glass octal type used in output stage of radio re- 
ceivers and, triode-connected, as a vertical-deflection 
amplifier in television receivers. This type may be sup- 
plied with pin No.l omitted. Outlines section, 13D; re- 
quires octal socket. This tube, like other power-han- 
dling tubes, should be adequately ventilated, 
Heater Voltage (ac/dc)   
Heater Current   
Heater-Cathode Voltage: 

Peak value      
Average value    •      

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 A, Amplifier 
MAXIMUM RATING (Design-Center Values) 
Plate Voltage    
Grid-No.2 (Screen-Grid) Voltage 
Plate Dissipation   
Grid-No.2 Input   
TYPICAL OPERATION 
Plate Voltage   
Grid-No.2 Voltage   
Grid-No.l (Control-Grid) Voltage .. 
Peak AP 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.)   Transconductance   
Load Resistance ......t  
Total Harmonic Distortion   Maximum-Signal Power Output ... 

±200 max 
100 max 

100 250 315 volts 
100 250 250 volts 
—7 —18 —21 volts 

7 18 21 volts 
9 32 25.5 mA 

9.5 33 28 mA 
1.6 

3 
5.5 4.0 mA 
10 9 mA 

104000 90000 110000 ohms 
1500 2300 2100 fimhos 

12000 7600 9000 ohms 
11 11 15 per cent 

0.35 3.4 4.5 watts 
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TYPICAL PUSH-PULL OPERATION (Values are for two tubes) 
Plate Supply Voltage    
Grid-No.2 Supply Voltage    
Grld-No.l Voltage     
Cathode-Bias Resistor   V... 
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 Gvid-No.2 Current 
Effective Load Resistance (Plate-to-plate) 
Total Harmonic Distortion    
Maximum-Signal Power Output   

) Fixed Cathode Bias Bias 
285 285 volts 285 285 volts —25.5 — volts — 400 ohms 51 61 volts 55 65 mA 72 61 mA 9 9. mA 17 13 mA 12000 12000 ohms 6 4 per cent 10.5 9.8 watts 

CHARACTERISTICS (Triode Connection)* 
Plate Voltage    
Grid-No.1 Voltage   
Plate Current       
Transconductance    
Amplification Factor   
Plate Resistance (Approx.)   
Grid-No.l Voltage (Approx.) for plate current of 0.6 mA 
MAXIMUM CIRCUIT VALUES 
Gvid-No.l-Circuit Resistance: 

For fixed-bias operation   
For cathode-bias operation      

* Grid-No.2 connected to plate. 

megohm 
megohm 

Vertical Deflection Amplifier (Triode Connection)* 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS 
DC Plate Voltage   315 
Peak Positive-Pulse Plate Voltage# (Absolute maximum)   1200° 
Peak Negative-Pulse Grid-No.l Voltage    250 
Peak Cathode Current   75 
Average Cathode Current   25 
Plate Dissipation   7 \ 
MAXIMUM CIRCUIT VALUE 
Grid-No.l-Circuit Resistance, for cathode-bias operation   2.2 megc 
* Grid No.2 connected to plate. 
# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds). 
" Under no circumstances should this absolute value be exceeded. 

Refer to chart at end of section. 
6K7 

6K7G 
6K7GT 

Refer to chart at end of section. 
6K8 

6K8G 
6K8GT 

Refer to chart at end of section. 6K11 
6K11/6Q11 
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6KA8 HIGH-MU TRIODE— H A 6,p 
skas SHARP-CUTOFF PENTODE o. 

Miniature type used in color and black-and-white tele- K|ls(jV^j/^ 
vision receivers. The triode unit is used in sync-sepa- uof""'"'' rJ 
rator circuits; the pentode unit has two independent 
control grids and is used in gated-agc-amplifier and 0- -0 
noise-inverter circuits. Outlines section, 6E; requires .pt pp 
miniature 9-contact socket. For curves of average 9PV 
plate characteristics for triode unit, refer to type 6AW8A. Type 8KA8 is 
identical with type 6KA8 except for heater ratings. 

6KA8 8KA8 
Heater Voltage (ac/dc)   '6.8 8.4 -APi™ 
Heater Current  0'6 0-f!j 
Heater Warm-up Time (Average)   11 H seconds 
Heater-Cathode Voltage: PaaV vfthiP   ±200 max ±200 max volts 

Average value":::::...  100 max 100 max volts 
Direct Interelectrode Capacitances: 

Triode Unit: 09 nF 
Grid to Plate  ••••■•  2.Z pr 
Grid to Cathode, Heater, and Internal Shield    4.8 pr 
Plate to Cathode, Heater, and Internal Shield    4.4 pr 

Pentode Unit: „ , ^ 
Grid No.l to Plate   A'U'iVi  0.1 max pF 
Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, 

and Internal Shield   
Grid No.l to Grid No.3     g-® 
Grid No.3 to Plate  - • • • tt • • -   ox-' i a n Si- 
Grid No.3 to All Other Electrodes, Heater, and Internal Shield 7 pr 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) Triode Unit 
Plate Voltage   ^ volts 

Grid Voltage: n lf Positive-bias value   J[ 
Negative-bias value    ^ 

Plate Dissipation   1'1 waus 

CHARACTERISTICS 
Plate Supply Voltage   
Grid-No.3 Supply Voltage   
Grid-No.2 Supply Voltage   
Grid-No.l Supply Voltage   
Cathode-Bias Resistor   
Amplification Factor   
Plate Resistance (Approx.)   
Transconductance, Grid No.l to Plate   
Transconductance, Grid No.3 to Plate   
Plate Current    
Grid-No.2 Current     
Grid-No.l Supply Voltage (Approx.) : 

For plate current of 10 fiA   
For plate current of 20 fiA   

Grid No.3 Supply Voltage (Approx.) for plate current 
of 20 /tA   

MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance: 

For fixed-bias operation   
For cathode-bias operation   

Triode Unit 
200 

Gated AGO Amplifier and Noise Inverter 
MAXIMUM RATINGS (Design-Maximum Values) P 
DC Plate Voltage     
Peak Positive-Pulse Plate Voltage#     
Grid-No.3 (Control-Grid) Voltage: 

Positive-bias value   
Negative-bias value   

Grid-No.2 (Screen-Grid) Supply Voltage   
Grid-No.2 Voltage   
Grid-No.l (Control-Grid) Voltage: 

Positive-bias value   

SKAS 
8.4 volts 

0.45 ampere 
11 seconds 

: ±200 max volts 
: 100 max volts 

2.2 pF 
2.8 ' pF 
2.2 PF 
0.1 max pF 
9.5 pF 
0.5 pF 
2.2 PF 

7 pF 

Triode Unit 
300 volte 

0 volts 
50 volts 

1.1 watts 
Pentode Unit 

150 volts 
0 volts 

100 volts 
0 volts 

180 ohms 
100000 ohms 

4400 /imhos 
600 /xmhos 

4 mA 
2.8 mA 

volts 
—4 volts 
—7 volts 

Triode Unit 
0.25 megohm 

1 

u 

megohm 

Pentode Unit 
300 volts 
600 volts 

0 volts 
—100 volts 

300 volts 
See curve page 300 

0 volts 
—50 volts 
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Plate Dissipation    
Grid-No.2 Input: 

For grid-No.2 voltages up to 160 volts   
For grid-No.2 voltages between 150 and 300 volts 

MAXIMUM CIRCUIT VALUES 
Grid-No.3-Circuit Resistance   
Grid-No.l-Circuit Resistance: For fixed-bias operation   

For cathode-bias operation   

1.1 watts See curve page 300 

ror nxea-mas operation   0.5 metrohm 
For cathode-bias operation   % megohm 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

TYPE 6KA8 
PENTODE UNIT 

'w ok GRID—No. 3 VOLTS *0 o « GRID-No.2 VOLTS8100 

d uj20kv • Z iv I X 

TYPE 6KA8 
PENTODE UNIT 

-GRID-No. 2 VOLTS 8 100 
GRID-No. I VOLTS » 0 

GRID-No. 3 VOLTS Ec* s 2 
I-C6 I ]_/?  

50 100 150 200 250 300 
PLATE VOLTS 92CS-II594T 100 200 

PLATE VOLTS 
300 

92CS-II606T 

BEAM POWER TUBE 6KD6 
30KD6, 36KD6/40KD6 

Duodecar type used as horizontal-deflection amplifier 
in television receivers. Outlines section, 16C; requires 
duodecar 12-contact socket. Types 30KD6 and 36X06/ 
40KD6 are identical with type 6KD6 except for heater 
ratings. 

Heater Voltage   6.3 
Heater Current   2.85 i 
Heater Warm-up Time     — 
Heater-Cathode Voltage: Peak value   ±200 max ±5 

Average value   100 max 1 
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 

36KD6/40KD6 
volts 

amperes 
seconds 

±200 max 
100 max ±200 max 

100 max 

Horizontal-Deflection Amplifier 
For operation in a 525-line, 30-fraine system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Supply Voltage   
Peak Positive-Pulse Plate Voltage#  !!!!.!!!!!.  
Positive DC Grid-No.3 Voltage   
Grid-No.2 Voltage    \ [  
Peak Negative-Pulse Grid-No.l Voltage 'i * 
Peak Cathode Current  !!..!!!!!! 
Average Cathode Current   
Plate Dissipation ■  . !  
Grid-No.2 input  !.!!!!!!!!!!!!!"!  
Bulb Temperature (At hottest point) ........ ... . .. . 

CHARACTERISTICS 
Plate Voltage   
Grid No.3 (Suppressor Grid) 

Class Ai Amplifier 
Triodef Pentode 

Connection Connection 
   150 60 150 volts 
  Connected to cathode at socket 
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Grid-No.2 (Screen-Grid) Voltage   150 110 110 
Grid-No.l (Control-Grid) Voltage   —22.5 ^ —22^5 
Amplification Factor   4   ---- 
Plate Resistance (Approx.)   — _ Transcondnctance    tco ■ ■ -too 
Plate Current   — 700 120 
Grid-No.2 Current       — « 1-8 

Grid-No.l Voltage (Approx.) for plate current 
of 1.0 /tA   — — 4U 

MAXIMUM CIRCUIT VALUE 
Grid-No. 1-Circuit Resistance   ^ 
Grid-No.3-Circuit Resistance   u-u± 

■ A bias resistor or other means is required to protect the tube in absence of e 
# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 micrc 
tGrid-No.2 connected to plate at socket. 
"This value can be measured by a method involving a recurrent waveform such 
maximum ratings of the tube will not be exceeded. 

For replacement use type 6U8A/6KD8. 

6KE8 MEDIUM-MU TR10DE— H " 
4KE8, SKES SHARP-CUTOFF PENTODE ag^ 

Miniature type with frame-grid pentode unit used as 
combined oscillator-mixer tube in television receivers j ^ ^ 
using an intermediate frequency in the order of 40 sipCgA^/^ 
MHz. Outlines section, 6B; requires miniature 9-con- —' 
tact socket. Types 4KE8 and 5KE8 are identical with Pi 
type 6KE8 except for heater ratings. 9DC 

megohms 
megohm 

of excitation, 
microseconds). 

such that the 

Heater Voltage (ac/dc)   4.5 b.b o.o ^ 
Heater Current ...     0-® _ s, 
Heater Warm-up Time (Average)   n 
Heater-Cathode Voltage: -<-200 max ±200 max ±200 max 

Iveragvevuaeiue:icomax wo mix wo max 
Direct Interelectrode Capacitances :t 

Triode Unit: .... 1.3 
Grid to Cathode, Heater,' Pentode Cathode, Pentode Grid No.'3, ^ 

and Internal Shield    • •• • •• • ••• ••• •• ••• V 
Plate to Cathode, Heater, Pentode Cathode, Pentode Grid No.3, ^ 

and Internal Shield   
Pentode Unit: 0.015 max 

Grid No.l to Plate    ... . • • • •• • ••• •• •■    
Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, B and Internal Shield .......... ... • ...    
Plate to Cathode, Heater, Grid No.2, Grid No.3, a 4 and Internal Shield .............. • • • ■ •    c'g. 

Heater to Triode Cathode and Pentode Cathode   
t With external shield connected to cathode of unit under test, except as noted. ■ With external shield connected to ground. 

Class PiL Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentode Unit 
Plate Voltage    • • • • • • • ■ • •      280 
Grid-No.2 (Screen-Grid) Supply Voltage   _ ^ page g00 

Grid-No.l (Contixd-Gridj Voltage, Positive-bias value 0 ^0 
Cathode Current   2 2 
Plate Dissipation   
Grid-No.2 Input: _ 0>5 

Foil vKfs between wTtd 230 volts - See eurve page 300 
CHARACTERISTICS 12B 
Plate Supply Voltage     J25 
Grid-No.2 Supply Voltage   . 0 Grid-No.l Supply Voltage   " 33 
Cathode-Bias Resistor   — 
Amplification Factor     E000 125000 
Plate Resistance (Approx.)   g()0() 12000 Transconductance   

0.5 
See curve page 300 
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Plate Current   
Grid-No.2 Current   
Grid-No.l Voltage (Approx.) : 

For plate current of 100 /iA 
For plate current of 50 /tA .. 

MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For iixed-bias operation 
For cathode-bias operation .., megohm 

megohm 

200 
PLATE VOLTS 300 400 

92C8-II897T 
200 300 400 

PLATE VOLTS 92CS-II903T 

POWER PENTODE 
6KG6A/ 

EL509 
40KG6A/PL509 

Magnoval type used as a horizontal-deflection ampli- 
fier in color television receivers. Outlines section, 38A; 
requires 9-contact magnoval socket. Type 40KG6A/ 
PL509 is identical with type 6KG6A/EL509 except for 
heater ratings. 

Heater Voltage (ac/dc)   
Heater Current   
Peak Heater-Cathode Voltage ... 
Direct Interelectrode Capacitances: 

Plate to Grid-No.l   
Grid-No.l to Heater   

6KG6A/ 
EL509 

6.3 
2 

40KG6A/ 
PL509 

40 
0.3 

Class Ai Amplifier 
CHARACTERISTICS 
Plate Voltage  
Grid-No.3 Voltage$ 
Grid-No.2 Voltage . 
Grid-No.l Voltage . 
Plate Current® .... 
Grid-No.2 Current® 

45 160 
0 0 

160 160 
0 0 

1000 (min.) 1400 
— 45 

Horizontal-Deflection Amplifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Plate Supply Voltage   
Peak Positive-Pulse Plate Voltage*   
Grid-No.2 Voltage (zero-current)   
Grid-No.2 Voltage   
Plate Dissipation (Absolute-Maximum Value)   
Grid-No.2 Input   
Cathode Current   

volts 
amperes 

volts 
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MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation 
For cathode-bias operation 

0.25 
2.2 

megohm 
megohms 

tin horizontal-deflection service, 16 volts may be applied to grid-No.3 to minimize snivels. 
« These values can be measured by a method involving a recurrent waveform such that the 

maximum ratings of the tube will not be exceeded. ^ 
•Pulse duration must not exceed 16% of a horizontal scanning cycle (10 microseconds). 

Refer to chart at end of section. 

6^6 beam power tube 
Novar type used as horizontal-deflection amplifier in 
color and black-and-white television receivers. Outlines 
section, ISA; requires novar 9-contact socket. Type 
22KM6 is identical with type 6KM6 except for heater 
ratings. 

Heater Voltage (ac/dc)   
Heater Current   
Heater Warm-up Time   Heater-Cathode Voltage: 

Peak value   
Average value   

Direct Interelectrode Capacitances: 
Grid No.l to Plate    •... • • •• ■ • • • • ■ • • • •; ,• • a 
Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 ... 

volts 
amperes 
seconds 

±200 max ±200 max 
100 max 100 max 

Class A, Amplifier 

CHARACTERISTICS 
Plate Voltage     ■ ■ ■ • ■ ■ ■;; 
Peak Positive-Pulse Plate Voltage" 
Grid-No.3 (Suppressed-Grid) Voltage . 
Grid-No.2 (Screen-Grid) Voltage ... 
Grid-No.l (Control-Grid) Voltage   Amplification Factorf      
Plate Resistance (Approx.)   Transconductance   
Plate Current   
Grid-No.2 Current     
Grid-No.l Voltage for plate current 

of 1 mA   
GRID-No. 3, VOLTS ■ 30 

-GRID-No. 2 - VOLTS »140 

Triode 
Connection 

140 
Pentode Connection volts   60 140 

6500 
80 

— volts 
30 80 volts 

140 140 140 volts 
0 —24.5 volts 

6000 ohms 
    9500 /tmhos 
  560tf 80 mA 
— sitt 2.4 mA 

—110 — —42 volts 

700|TYPE 6KM6 TYPE 6KM6 GRID-No.3 VOLTS .30 
GRID-No.l VOLTS'0 

100 200 300 400 500 
PLATE VOLTS 

92CS-I3I92T 100 200 300 400 500 
PLATE VOLTS I 
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Horizontal-Deflection Amplifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Plate Supply Voltage    770 lt Peak Positive-Pulse Plate Voltage#   ornX ™ f„ 

Peak Negative-Pulse Plate Voltage .........   ?5§0 Zte 
DC Grid-No.3 Voltage-   !   "5 
DO Giid-No.2 Voltage    220 volt^ 
Peak Negative-Pulse Grid-No. 1 Voltage  330 vnlta 
Peak Cathode Current  !!!!!! 960 mA 
Average Cathode: Current       ovk 
Grid-No.2 Input     o 2 Plate Dissipation"■  .!.!!!!...!.!!! 20 watts 
Bulb Temperature (At hottest point)   . 240 0C 
MAXIMUM CIRCUIT VALUES 
Grid-No.l-Ch'cuit Resistance: For grid-resistor-bias operation   0 47 mecrnhm 

For plate-pulsed operation   XO megohms 
# Pulse duration must not exceed 16% of a horizontal scanning cycle (10 microseconds), 
t With grid No.3 and grid No.2 connected, respectively, to cathode and plate at socket. 
tfThis value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 
> In this service, a positive value may be applied to grid No.3 to minimize "snivets" inter- 
ference; a typical value for this voltage is 30 volts. 
■■A bias resistor or other means is required to protect the tube in absence of excitation. 

DIODE—SHARP-CUTOFF 
THREE-PLATE TETRODE 6KM8 

t V|^ Miniature type used in frequency-divider and complex- 
Ye) wave generator circuits of electronic musical instru- 

j/ b2tr ments. In such circuits the tetrode unit can provide 
v!) three independent output-signal voltages; the diode 
p2tr unit can be used as a key in a vibrato circuit. Outlines 

section, 6E; requires miniature 9-contact socket. 

Heater Voltage (ac/dc)   
Heater Current  ."!!!!!!!!!!!!!!!!!!   
Heater-Cathode Voltage: 

Peak value     
Average value     

Direct Interelectrode Capacitances: 
Tetrode Unit: 

Grid No.l to Plate No.lA   
Grid No.l to Plate No.lB   
Grid No.l to Plate No.2   
Grid No.l to Cathode, Heater, Grid No.2, and Internal Shieid 
Plate No.lA to Cathode, Heater, Grid No.2, and Internal Shield 
Plate No.lB to Cathode, Heater, Grid No.2, and Internal Shield 
Plate No.2 to Cathode, Heater, Grid No.2, and Internal Shield 

Tetrode Grid No.l to Diode Plate   
Tetrode Plate No.lA to Diode Plate  !!!!!!!  
Tetrode Plate No.lB to Diode Plate   
Tetrode Plate No.2 to Diode Plate  j '' 

Tetrode Unit as Class Ai Amplifier 
Plates No. 1A, IB, and 2 connected together 

CHARACTERISTICS 
Plate Voltage      
Grid-No.2 Voltage   
Grid-No.1 Supply Voltage   
Grid-No.1 Resistor (Bypassed)  ' 
Plate Resistance (Approx.)  !...!!  
Transconductance  !'!!!!!!!.!!!!.!!!!  
Plate Current    
Grid-No.2 Current   
Grid-No.l Voltage (Approx.) for plate current of 20 fiA 

±200 max 
100 max 

0.02 max 
0.02 max 
0.06 max 
6.6 
1.2 
1.3 
1.8 

0.024 max 
0.18 

0.024 
0.013 
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Triode Connection—Plates No.lA, IB, and 2 connected to grid No.2 
Plate Voltage   
Grid-No.l Supply Voltage ... 
Grid-No.l Resistor (Bypassed) 
Transconductance   
Amplification Factor   
Plate Current   

volts 
volts 

megohms 
/zmhos 

Plate 
Plate Voltage   
Grid-No. 2 Voltage   
Grid-No.l Supply Voltage ... 
Grid-No.l Resistor, (Bypassed) Transconductance   
Plate Resistance (Approx.) .. 
Plate Current   
Grid-No.2 Current   

1A IB 2 
100 100 100 
100 100 100 

0 0 0 
2.2 2.2 2.2 

2000 2000 1800 
0.1 0.1 0.12 
2.3 2.3 2.1 
3.8 3.8 3.3 

volts 
volts 
volts 

megohms 
/imhos 

megohm 
mA 
mA 

Tetrode Unit as Frequency Divider and Complex-Wave Generator 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage (Each plate)     SSX volte G.id-N0.2 (Screen-Grid) Supply Voltage    curVe page 300 
Grid-No.2 Voltage   
Grid-No.l (Control-Grid) Voltage: . 

Positive-bias value   go 
Negative-bias value      , 

Plate Dissipation (Each plate)   
Grid-No.2 Input: „ BK For grid-No.2 voltages up to 165 volts     

For grid-No.2 voltages between 165 and 330 volts   oee curve p 
MAXIMUM CIRCUIT VALUE 
Grid-No.l-Circuit Resistance, for gnd-No.l-resistor-bias operation 2.2 ir 

Diode Unit 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Current   
CHARACTERISTICS, Instantaneous Value 
Tube Voltage Drop for plate current of 2 mA   

0.65 watt 
See curve page 300 

megohms 

TYPE 6KM8 
GRID No.2 CONNECTED TO PLATES IA, 

" IB AND 2 AT SOCKET. | | 

TYPE6KM8 ' ' 
pMAOTD ^CONNECTED. 
- TOGETHER AT SOCKET. 

200 300 
PLATE VOLTS 92CS-I0695T2 

100 200 300 400 600 600 PLATE VOLTS 92CS -II713TI 

NC p 10 GU (?)n(?) ^!C 

dual beam pentode 
Duodecar type used as horizontal-deflection amplifier 
in color and black-and-white television receivers, with 
units in parallel. Outlines section, IflD; requires duo- 
decar 12-contact socket. Type 42KN6 is identical with 
type 6KN6 except for heater ratings. 
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6KN6 
Parallel 

±200 max ±200 max 
100 max 100 max 

Heater Arrangement ... 
Heater Voltage ......... 
Heater Current    
Heater Warm-up Time . 
Heater-Cathode Voltage: Peak value    

Average value    

Class Ai Amplifier 

CHARACTERISTICS 
Plate Voltage   
Grid-No.2 (Screen-Grid) Voltage . 
Grid-No. 1 (Control-Grid) Voltage 
Plate Resistance   
Transconductance   
Plate Current   
Grid-No.2 Current   
Grid-No.l Voltage (Approx.) for 

plate current of 1 mA   
Grid-No. 1 Voltage (Approx.) for 

plate current of 75 /iA   
Amplification Factor   

Triode* 
Connection 

130 
130 

—20 

Pentode Connection 

4 This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 
* Grid No.2 connected to plate. 

Horizontal-Deflection Amplifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Supply Voltage    770 volts 
Peak Positive-Pulse Plate Voltage#     6500 volts 
Peak Negative-Pulse Plate Voltage   1500 volts 
Grid-No.2 Voltage   220 volts 
Peak Negative-Pulse Grid-No.l Voltage   330 volts 
Average Cathode Current     400 mA 
Peak Cathode Current     1500 mA 
Plate Dissipation*   30 watts 
Grid-No.2 Input   6 watts 
Bulb Temperature (At hottest point)   260 0C 
MAXIMUM CIRCUIT VALUE 
Grid-No.l-Circuit Resistance   1 megohm 
* Pulse duration must not exceed 15% of one horizontal scanning cycle (10 microseconds). 
* A bias resistor or other means is required to protect the tube in absence of excitation. 

Refer to chart at end of section. 6KN8/6RHH8 

MEDIUM-MU TRIODE— 6KR8 
SHARP-CUTOFF PENTODE 10KR8 

Miniature type used in television receiver applications. 
The triode unit is used as a general-purpose amplifier; 
the pentode unit is used as a video amplifier. Outlines 
section, 6E; requires miniature 9-contact socket. Type 
10KR8 is identical with type 6KR8 except for heater 
ratings. 

Heater Voltage (ac/dc) ........ 
Heater Current   
Heater Warm-up Time (Average) 
Heater-Cathode Voltage: 

Peak value   
Average value   

6KR8 10KR8 

±200 max ±200 max 
100 max 100 max 
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Class Aj Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) TriodeUnit Pentode Unit 
Plate Voltage     005 
Grid-No.2 (Screen-Grid) Supply Voltage   330 330 
Grid-No.2 Voltage    See CU1.VG qftn 
Grid-No.l (Control-Grid) Voltage, Positive-bias value 0 0 
Plate Dissipation       o r 
Grid-No.2 Input: 

For voltages up to 165 volts     11 
For voltages between 165 and 330 volts   — See curve page 300 

CHARACTERISTICS 
Plate Supply Voltage    
Grid-No.2 Supply Voltage  .!!!!.!!!!! 
Grid-No.l Voltage     
Cathode-Bias Resistor   
Amplification Factor   [ 
Plate Resistance (Approx.)  !!!!!!.'.' 
Transconductance  !.!!!!.!. 
Plate Current    
Grid-No.2 Current   
Grid-No.l Voltage (Approx.) for plate current 

of 10 /iA    
Grid-No.l Voltage (Approx.) for plate current 

of 100 /tA   

Triode Unit Pentode Unit 

MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation . 
For cathode-bias operation 

Triode Unit Pentode Unit 
0.5 0.5 

1 1 

Refer to chart at end of section. 
For replacement use type 6BN6/6KS6. 

AkTA SEMI REMOTE-CUTOFF 
3K£!kt6 PENTODE 

Miniature type with frame grid used as if-amplifier tube 
in television receivers utilizing an intermediate fre- 
quency in the order of 40 MHz. Outlines section, 6B; 
requires miniature 9-contact socket. Types 3KT6 and 
4KT6 are identical with type 6KT6 except for heater 
ratings. 

Heater Voltage (ac/dc)   3.5 
Heater Current   0.6 
Heater Warm-up Time (Average)   11 
Heater-Cathode Voltage: 

Peak value   ±200 max 
Average value    100 max 

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   

±200 max ±200 max ±200 max 
100 max 100 max 100 max 

Class At Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage    
Grid-No.3 (Suppressor-Grid) Voltage   
Grid-No.2 (Screen-Grid) Supply Voltage   
Grid-No.2 Voltage   
Grid-No.l (Control-Grid) 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 

330 volts 
0 volts 

330 volts See curve page 300 
0 volts 

3.1 watts 

See curve page 300 
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CHARACTERISTICS 
Plate Supply Voltage   
Grid-No.3 Voltage   
Grid-No.2 Supply Voltage   
Cathode-Bias Resistor   
Plate Resistor   
Transconductance   
Plate Current   
Grid-No.2 Current   
Grid-No.l Voltage (Approx.) for transconductance 

of 10 jumhos   
MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation   
For cathode-bias operation   

TYPE 6KT6 
DC GRID-No.3 VOLTS (Ec*)"0 
DC GRID-NaZVOLTStEcgHSS' 

i DCGWp-^iot" VOLT SlE C I ' 

100 150 200 250 300 350 
DC PLATE VOLTS 92CS-I4009T 

HIGH-MU TRIODE— ZIXTO 
SHARP-CUTOFF PENTODE OlVlO 

Miniature type used in color and black-and-white tele- 
vision receiver applications. The pentode unit is used 
as an if-amplifler tube, and the triode unit as a sync- 
separator or voltage-amplifier tube. Outlines section, 
6B; requires miniature 9-contact socket. 

Heater Voltage (ac/dc)   
Heater Current   
Heater-Cathode Voltage: 

Peak value    
Average value    

Direct Interelectrode Capacitances: 
Triode Unit: 

Grid to Plate   
Grid to Cathode, Heater, Grid No.3 of 

Pentode Unit, and Internal Shield   
Plate to Cathode, Heater, Grid No.3 of 

Pentode Unit, 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   
Grid of Triode Unit to Plate of Pentode Unit .... 
Grid No.l of Pentode Unit to Plate of Triode Unit 

Class ^ Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage   
Grid-No.2 (Screen-Grid) Supply Voltage   
Grid-No.2 Voltage   

±200 max 
100 max 

Unshielded Shielded 
3 3 

0.046 max 0.030 max 

0.018 max 0.003 max 
0.006 max 0.002 max 

Triode Unit Pentode Unit 
330 330 
— 330 

See curve page 300 
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Grid-No.l (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 

CHARACTERISTICS 
Plate Voltage   
Grid-No.2 Voltage   
Grid-No.l Voltage   
Amplification Factor   
Plate Resistance (Approx.)   
Transconductance   
Plate Current   
Grid-No.2 Current   
Grid-No.l Voltage (Approx.) for plate current of 

20 M   
MAXIMUM CIRCUIT VALUES 
Grid-No. 1-Circuit Resistance: 

For fixed-bias operation . 
For cathode-bias operation 

0.55 
See curve page 300 

Eefer to chart at end of section. 

Refer to chart at end of section. 

6KV6A 
17KV6A, 22KV6A 

BEAM POWER TUBE 

Novar type used for high-voltage pulse- or shunt- 
regulator applications in color television receivers. 
Outlines section, 31D; requires novar 9-contact socket. 
Types 17KV6A and 22KV6A are identical with type 
6KV6A except for heater ratings. 

Heater Voltage (ac/dc) 
Heater Current   
Heater Warm-up Time . 
Heater-Cathode Voltage: 

Peak value   

6KV6A 17KV6A 22KV6A 

Average value   
Direct Tnterelectrode 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    

-|-200 max 
—500 max 

100 max 
+200 max +200 max 
—500 max —500 max 

Class Ai Amplifier 
CHARACTERISTICS 
Plate Voltage            100 
Grid-No.3 (Suppressor-Grid) Voltage   0 
Grid-No.2 (Screen-Grid) Voltage   HO 
Grid-No.l (Control-Grid) Voltage   0 
Triode Amplification Factor#   — 
Plate Resistance (Approx.)   — 

Transconductance   /7~*_ 
Plate Current   42xl 
Grid-No.2 Current    30 

Grid-No.l Voltage for plate current of 1 mA   — 
High-Voltage-Pulse Shunt Regulator 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Supply Voltage (lb = 0 mA)   
Peak Positive-Pulse Plate Voltage4   
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Peak Negative-Pulse Plate Voltage   
Peak Positive-Pulse Grid-No.2 Voltage   
DC Grid-No.3 Voltage   
DC Grid-No.2 Voltage   
DC Grid-No.l Voltage, Negative-bias value 
Peak Negative-Pulse Grid-No.l Voltage .... 
Peak Cathode Current   
Average Cathode Current   
Plate Dissipation^   
Grid-No.2 Input   
Bulb Temperature (At hottest point) 
MAXIMUM CIRCUIT VALUE 
Grid-No.l-Circuit Resistance: 

For grid-No. 1-resistor-bias operation   1 megohm 
# Grid-No.3 and grid-No.2 connected, respectively, to cathode and plate at socket. 
■ This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 
A Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 
! Adequate circuit precautions must be taken to protect the tube in the absence of grid- 
No.1 bias. 
• Plate dissipations up to 32 watts maximum are permissible for short periods of time pro- 

vided the maximum envelope-temperature rating is not exceeded. This condition may exist 
under high-line voltage, zero picture tube beam current. 

H„ © ^G3P,kp HIGH-MU TRIODE— 6KV8 
SHARP-CUTOFF PENTODE 11KV8 

OfffzL. ^4p0'P Miniature type with frame-grid pentode unit used in 
©(nSTX/J© black-and-white television receivers. The triode unit is used in general-purpose voltage-amplifier, sync-sepa- 

t2)prl rator, and sound-if-amplifier applications. The pentode 
unit is used as a video-output tube. Outlines section, 

9DX 6E; requires miniature 9-contact socket. For curves of 
average plate characteristics for triode unit, refer to type 6AW8A. Type 
11KV8 is identical with type 6KV8 except for heater ratings. 

Heater Voltage (ac/dc)   
Heater Current   
Heater Warm-up Time (Average) 
Heater-Cathode Voltage: 

Peak value   
Average value   ±200 max 

100 max 
Direct Interelectrode Capacitances (Approx.) : 

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   
Triode Grid to Pentode Plate   
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   
Pentode Plate to Triode Plate     

Class A, Amplifier 

±200 max 
100 max 

2.4 
0.015 max 

4.8 
0.17 max 

MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage   
Grid-No.2 (Screen-Grid) Supply Voltage   
Grid-No.2 Voltage   
Grid-No.l (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 

Triode Unit Pentode Unit 
300 300 volts 
— 300 volts 
— See curve page 300 

0 0 volts 
1 5 watts 

— See curve page 300 
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CHARACTERISTICS 
Plate Supply Voltage   
Gi'id-No.2 Supply Voltage 
Grid-No.1 Supply Voltage 
Cathode-Bias Resistor 
Amplification Factor   

Triode Unit Pentode Unit 

Transconductance   
Plate Current   
Grid-No.2 Current    • • ; 
Grid-No.l Voltage (Approx.) for plate current of 

100 /tA   
MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation 
For cathode-bias operation 

200 125 200 volts 
125 125 volts 

—2 0 0 volts 
82 68 ohms 

70 — — 
17500 56000 75000 ohms 

4000 21000 23000 /imhos 
4 16.5 20 mA 

3.1 3.5 mA 
—4.5 —4.2 —4.2 volts 

Triode Unit Pentode Unit megohm 
megohm 

n-No.l VOUTSiSl^ 
SB 

0 50 100 ISO ZOO Z50 300 350 
PLATE VOLTS 92CS-II946T2 

Refer to chart at end of section. 

Refer to chart at end of section. 

6KY8A 
HIGH-MU TRIODE— 
BEAM POWER TUBE 

15KY8A £2 6 
Novar type used in combined vertical-deflection-os- 3b(3 (jf--.. ^ Kl) 
cillator and vertical-deflection-amplifler applications in „ Hid ,—,1 
black-and-white television receivers having low-voltage T 

"B" supplies. Outlines section, 30A; requires novar 9- (Tf-—0 
contact socket. Type 15KY8A is identical with type kt gt 
6KY8A except for heater ratings. 9QT 

Heater Voltage (ac/dc)   
Heater Current    
Heater Warm-up Time (Average)   
Heater Cathode Voltage: 

Peak value   — 
Average value   

Direct Interelectrode Capacitances (Approx.) : 
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 . 

6KY8A 15KV8A 
6.3 16 
1.1 0.45 
— 11 

±200 max ±200 max 
100 max 100 max 
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Class Ax Amplifier 
CHARACTERISTICS Triode Unit Beam Power Unit 
Plate Voltage   250 60 135 120 volte Giid-No.2 (Screen-Grid) Voltage .... — 120 120 * volt«? 
Grid-No.1 (Control-Grid) Voltage .... —3 0 —10  10 volte 
Amplification Factor    64 —   7 
Plate Resistance (Approx.)   40000 — 18000 — ohms 
Transconductance   1600 — 8400 — umhos 
Plate Current   1.4 170» 39 — mA 
Grid-No.2 Current   — 20# 3   mA 
Grid-No.l Voltage (Approx.) fdr plate 

current of 1 fnA    — — —24   volte 
♦ Triode connection, grid No.2 connected to plate at socket. 
• This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 

TYPE 6KY0A 
BEAM POWER UNIT GRID-NO.2 V0LTSSI20 

a 

100 200 300 400 500 
PLATE VOLTS 92CS-II942TI 

TYPE 6KY8A 
TRIODE UNIT 

100 200 
PLATE VOLTS 

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# 

(Absolute Maximum)   
DC Grid-No.2 Voltage   
Peak Negative-Pulse Grid-No.l Voltage   
Peak Cathode Current   
Average Cathode Current   
Plate Dissipation   
Grid-No.2 Input   

Triode 
Unit 

Oscillator 
330 

Beam Power 
Unit 

Amplifier; 
300 

MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For grid-resistor-bias operation   2.2 2.2 megohms 
# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds), 
f Under no conditions should this maximum value be exceeded. 

MEDIUM-MU TRIODE— 6KZ8 
SHARP-CUTOFF PENTODE SKZ.,9KZ8 

Miniature type used as combined oscillator and mixer 
in vhf color and black-and-white television receivers. 
Outlines section, 6B; requires miniature 9-contact 
socket. Types 5KZ8 and 9KZ8 are identical with type 
6KZ8 except for heater ratings. 
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Heater Voltage (ac/dc)   
Heater Current    • 
Heater Warm-up Time (Average) 
Heater-Cathode Voltage: 

Peak value    
Average value   

±200 max ±200 max ±200 max 
100 max 100 max lOO.max 

Direct Interelectrode Capacitances:* 
Triode Unit: 

Grid to Triode Cathode, Pentode Cathode, Heater, Pentode Grid 
No.3, and Heater       • - • • • • •     • •• •• ••• 

Plate to Triode Cathode, Pentode Cathode, Heater, Pentode Grid 
No.3, and Heater           

Pentode Unit: pj ^ 
Grid Na'l 10° 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 (Each Unit) .....'.    

* With external shield connected to ca!thode. ' 
# With external shield connected to ground. 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) Triode Unit 
Plate Voltage       330 

Grid-No.2 (Screen-Grid) Supply Voltage   — 
Grid-No.2 Voltage      • ■ • • • • •• : ■ • n 

b' 
Grid No.l (Control-Grid) Voltage, Positive-bias value 0 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 o' 

CHARACTERISTICS 
Plate Voltage   
Grid-No.2 Voltage   - 
Grid-No.l Voltage    
Amplification Factor    Jb 
Plate Resistance (Approx.)   Transconductance     -iqk 
Plate Current .....:  
Grid-No.2 Current        •   :"i'" 
Grid-No.l Voltage (Approx.) for plate current of 

10 M    

ode Unit Pentode Unit 
330 330 volts 

330 volts -  See curve page 3.00 
0 0 volts 

2.5 2.5 watts 
„ 0.55 watt 
— See curve page 300 

125 125 volts 
125 volts 

—1 —1 volt 
46 

5400 200000 ohms 
8500 7600 ^mhos 
13.5 12 mA 

4 mA 
—8 —8 volts 

MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation ... 
For cathode-bias operation 

Triode Unit Pentode Unit 
0.25 0.25 megohm 

0.5 0.5 megohm 

Refer to chart at end of section. 

6L6 

6L6GC 
BEAM POWER TUBE 

Metal type 6L6 and glass octal type 6L6GC are used 
in the output stage of audio amplifying equipment, 
especially units designed to have ample reserve of 
power-delivering ability. Outlines section, 4 and 191), 
respectively; require octal socket. These tubes, like 
other power-handling tubes, should be adequately ven- 
tilated. Type 6L6GC can be used in place of type 6Lb 
and may be supplied with pin 1 omitted. 

S:6L6 
NCI 6L60C 
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Heater Voltage (ac/dc)   
Heater Current     
Heater-Cathode Voltage: 

Peak value   
Average value  \  

Direct Interelectrode Capacitances (Approx.) s 
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   

  6.3 
  0.9 

6L6 6L6GC 
±180 max ±200 max 

— 100 max 

* With pin 1 connected to pin 8. 

MAXIMUM RATINGS 
Plate Voltage   
Grid-No.2 (Screen-Grid) Voltage . 
Plate Dissipation   
Grid-No.2 Input   
TYPICAL OPERATION 
Plate Voltage   
Grid-No.2 Voltage   
Grid-No.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 
Plate Resistance (Approx.)   
Transconductance    
Load Resistance  ;  
Total Harmonic Distortion   
Maximum-Signal Power Output ... 

Class Ai Amplifier 
6L6 

Design-Center 
Values 

6L6GC 
Design Maximum 
Values 

360 500 volts 270 450* volts 19 30 watts 2.5 6 watts 

250 300 350 volts 250 200 250 volts —14 —12.5 —18 volts 14 12.5 18 volts 72 48 64 mA 
79 56 66 mA 5 2.5 2.5 mA 7.3 4.7 7 mA 22500 35000 33000 ohms 6000 5300 5200 /rnihos 2500 4500 4200 ohms 10 11 16 per cent 6.5 6.5 10.8 watts 

A In push-pull circuits where grid No.2 of each tube is connected to 
winding of the output transformer, this maximum rating is 600 volts. 

Class Ai Amplifier (Triode Connection)t 

MAXIMUM RATINGS 
Plate Voltage   
Plate Dissipation (Total)   
TYPICAL OPERATION 
Plate Voltage   
Grid-No.l Voltage    
Peak AF Grid-No.l Voltage 
Zero-Signal Plate Current   
Maximum-Signal Plate Current 
Plate Resistance (Approx.) .... 
Amplification Factor   
Transconductance   
Load Resistance   
Total Harmonic Distortion   
Maximum-Signal Power Output 
t Grid No.2 connected to plate. 

6L6 6L6GC 
Design- Design- 

Center Values Maximum Values 
275 460 volts 

19 30 watts 

/unhos 
ohms 

per cent 
watts 

Push-Pull Class Aj Amplifier 
MAXIMUM RATINGS (Same as for Class Ai Amplifier) 
TYPICAL OPERATION (Values are for two tubes) 
Plate Voltage   2E 
Grid-No.2 Voltage   2£ 
Grid-No.l Voltage   —1 
Peak AF Grid-No. 1-to-Grid-No.l Voltage   3 
Zero-Signal Plate Current   12 
Maximum-Signal Plate Current   14 
Zero-Signal Grid-No.2 Current   1 
Maximum-Signal Grid-No.2 Current   1 
Effective Load Resistance (Plate-to-plate)   600 
Total Harmonic Distortion   
Maximum-Signal Power Output   14. 

250 270 volts 250 270 volts —16 —17.5 volts 32 35 volts 120 134 mA 140 155 mA 10 11 mA 16 17 mA 6000 6000 ohms 2 2 per cent 14.5 17.5 watts 
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CRID-No.z VOLTS EC2'250 IS! 

IS! 
T^ZZ--  ^    Ecg'SO 

0 100 ZOO 300 400 500 600 
PLATE VOLTS 92CS-I0327T 

Push-Pull Class ABi Amplifier 

MAXIMUM RATINGS (Same as for Class Ai Amplifier) 
TYPICAL OPERATION (Values are for two tubes) 6L6 
Plate Voltage   Grid-No.2 Voltage   
Grid-No.l Voltage   —22.5 
Peak AP Grid-No.l-to-Grid-No.l Voltage   45 
Zero-Signal Plate Current   88 
Maximum-Signal Plate Current   132 
Zero-Signal Grid-No.2 Current   j> 
Maximum-Signal Grid-No.2 Current       Ijj 
Effective Load Resistance (Plate-to-plate)   6600 i 
Total Harmonic Distortion     2 
Maximum-Signal Power Output   2b.o 

6L6 6L6GC 
860 360 450 volts 
270 270 400 volts 

—22.5 —22.5 —37 volts 
45 45 70 volts 
88 88 116 mA 

132 140 210 mA 
5 5 5.6 mA 

15 11 22 mA 
6600 3800 5600 ohms 

2 2 1.8 per cent 
26.5 18 55 watts 

Push-Pull Class ABa Amplifier 
MAXIMUM RATINGS (Same as for Class Ai Amplifier) 
TYPICAL OPERATION (Values are for two tubes) 
Plate Voltage   
Grid-No.2 Voltage     22j 
Grid-No.l Voltage   
Peak AP Grid-No.l-to-Grid-No.l Voltage   o- 
Zero-Signal Plate Current   
Maximum-Signal Plate Current   14' 
Zero-Signal Grid-No.2 Current   Maximum-Signal Grid-No.2 Current    lj 
Effective Load Resistance (Plate-to-plate)    6UUI 
Total Harmonic Distortion    * 
Maximum-Signal Power Output   3] 

MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation     
For cathode-bias operation   

360 360 volts 
225 270 volts 

—18 —22.5 volts 
52 72 volts 
78 88 mA 

142 205 mA 
3.5 6 mA 
11 16 mA 

6000 3800 ohms 
2 2 per cent 

31 47 watts 

0.1 megohm 
0.5 megohm 

Refer to chart at end of section. 

6L6GB Refer to chart at end of section. 

Refer to chart at end of section. 

6L7G Refer to chart at end of section. 
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NC NC 

BEAM POWER TUBE 6LB6 
Duodecar type used as horizontal-deflection amplifier 
in color and black-and-white television receivers. Out- 
lines section, 16E; requires duodecar 12-contact socket. 

Heater Voltage (ac/dc)   c o 
Heater Current     n A* 
Heater-Cathode Voltage:   Peak value   +000 

Average value    inn mnv 
Direct Interelectrode Capacitances: 

Grid No.l to Plate   q 44 
Grid No.l to Cathode, Heater, Grid No.2,' and Grid No.8'33 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 18 

volts 
amperes 

Class A, Amplifier 
CHARACTERISTICS Connection Pentode Connection 
Peak Positive-Pulse Plate Voltage — 5000 — — volta 
Plate Voltage   125   Kn ika . w 
CHd'No'a -iSuPpreS301' Grid)   Connected to cathode at socket 0 

rSd'Tio? v0^6    126 110 110 110 volts Grid-No.1 Voltage   —25      9n 
Plate Besistance (Approx.)   —     66fln 
Transconductance    _ _ _ -S oh.ms 

Plate Current   ! _ _ ^ "mhos 
Grid-No.2 Current   _ _ 10S 
Grid-No.l Voltage (Approx.) for ,n 

plate current of 1 mA   —  125    jn 
Amplification Factor  ! 4 11 _ vo,t8 

* Grid No.2 tied to plate, 
iSimnrn ^ 'Vea3u;;ed by a method involving a recurrent waveform such that the maximum ratings of the tube will not be exceeded. 

Horizontal-Deflection Amplifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Supply Voltage   ooa 
Peak Positive Pulse Plate Voltage# (Absolute Maximum' Value)'7000 
Peak Negative-Pulse Plate Voltage   ifin 
Grid-No.3 Voltage, Positive-bias value      n 
Grid-No.2 Voltage     
Peak Negative Grid-No.l Voltage                   onn 
Peak Cathode Current   ........ u 
Average Cathode Current    oVr Plate Dissipation" (Absolute Maximum Value!  in 
Grid-No.2 Input   .   k 
Bulb Temperature (At hottest point) .. .. . 

MAXIMUM CIRCUIT VALUES 
Grid-No. 1-Circuit Besistance: 

w'Ju Redback-type high voltage regulation   
n Zr 5 Z- nt:ty5Le voltage regulation (switching mode)".'.' Grid-No.3-Circuit Besistance   

megohms 
megohms 

ohms * Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds) 
' A bias resistor or other means is required to protect the tube in absence of excitation. 

Refer to chart at end of section. 6LB8 
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6LC8 HIGH-MU TRIODE— 
SHARP-CUTOFF PENTODE 

Miniature type used in color and black-and-white tele- h 
vision receiver applications. Pentode unit is used in kt 
noise-immune gated-agc-amplifier circuits, and the 
triode unit in sync-separator circuits. Outlines section, I 
6E; requires miniature 9-contact socket. Type 8LC8 is Or^S/ 
identical with type 6LC8 except for heater ratings. i 
For curves of average plate characteristics, refer to p 

type 6KA8. 
6LC8 8LI 

Heater Voltage (ac/dc)   8-3 8*1 
Heater Current   O-J 0.41 
Heater Warm-up Time (Average)   11 H 
Heater-Cathode Voltage: 

Peak value   ±200 max ±200 max 
Average value   max 100 max 

Direct Intevelectrode Capacitances: 
Triode Unit: 2 

Grid to Cathode, Heater, Pentode Grid No.3, and Internal Shield 2 
Plate to Cathode, Heater, Pentode Grid No.3, and Internal Shield 2 

Pentode Unit: 
Grid No.l to Plate   % 0,1 

Grid No.l to Cathode, Heater, Grid No;3, Triode Cathode, and 
Internal Shield       J 

Grid No.3, Triode Cathode, and Internal Shield to Plate   o 
Grid No.l to Grid No.3, Triode Cathode, and Internal Shield .. 0.< 
Grid No.3, Triode Cathode, and Internal Shield to Plate, Cathode, 

Heater, Grid No.l, and Grid No.2   12 
Class AI Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) Triod< 
Plate Voltage   3^ 
Grid Voltage: 

Positive-bias value   
Negative-bias value   ' 

Plate Dissipation     1 
CHARACTERISTICS Triode Unit Pento 
Plate Supply Voltage   200 loi 
Grid-No.2 Supply Voltage   — 10' 
Grid-No.1 Voltage   —2 — 
Cathode-Bias Resistor   ~ 18 
Amplification Factor    JJ) 
Plate Resistance (Approx.)   17600 100001 

Transconductance, Grid No.l to Plate   4000 440 
Transconductance, Grid No.3 to Plate   601 

Plate Current    4 _ 
Grid-No.2 Current   — 2. 
Grid-No.l Voltage (Approx.) : 

For plate current of 10 /tA   —6 
For plate current of 20 /tA   

Grid-No.3 Voltage (Approx.) for plate current of 
20 jttA    — ~- 

MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance: ■^r^! 

For fixed-bias operation   0.< 
For cathode-bias operation   

* With no external connection to triode plate and triode grid. 
Gated AGC Amplifier and Noise Inverter 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) Pentoi 
DC Plate Voltage  -  J 
Peak Positive-Pulse Plate Voltage#   6 
Grid-No.3 (Control-Grid) Voltage: 

Positive-bias value   
Negative-bias value   1 

Grid-No.2 (Screen-Grid) Supply Voltage   3 
Grid-No.2 Voltage   s 

Grid-No.l (Control-Grid) Voltage: 
Positive-bias value   
Negative-bias value   

2.2 PF 
2.8 PF 
2.2 PF 

0.10 max pF 
10 PF 

3.4 PF 
0.36 pF 
12.5 PF 

Triode Unit 
300 

Triode Unit Pentode Unit 

Triode Unit 
0.25 

1 
megohm 
megohm 

Pentode Unit 
300 volts 
600 volts 

0 volts 
100 volts 
300 volts 
See curve page 300 

0 volts 
50 volts 
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Plate Dissipation   
Grid-No.2 Input: 

For grid-No.2 voltages up to 160 volts   
For grid-No.2 voltages between 150 and 300 volts 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation   
For cathode-bias operation   

1.1 watts See curve page 300 

*or nxea-bias operation   0.5 megohm 
For cathode-bias operation   1 megohm 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

6LE8 
^ TWIN PENTODE idles, isles 
-V) Miniature type used as combined color demodulator 
sljs and matrix amplifier in color television receivers 

utilizing high-level demodulation systems. Outlines 
2) section, 6G; requires miniature 9-contact socket. Types 

' 10LE8 and 15LE8 are identical with type 6LE8 except 
for heater ratings. 

Heater Voltage (ac/dc)   
Heater Current   
Heater Warm-up Time (Average)  ! 
Heater-Cathode Voltage: Peak value   

Average value   
Direct Interelectrode Capacitances: 

Plate (Each Unit) to All Other Electrodes   
Grid No.l to All Other Electrodes  ;, 
Grid No.3 (Each Unit) to All Other Electrodes .. 
Grid No.3 to Plate (Each Unit)   
Grid No.3 (Unit No.l) to Grid No.3 (Unit No.2) 

f-200, —300 max 
koo 

volts 
ampere 
seconds 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage (Each Unit)   
Grid-No.2 (Screen-Grid) Voltage   
Plate Dissipation (Each Unit)   
Grid-No.2 Input   
CHARACTERISTICS 
Plate Voltage    
Grid-No.3 (Suppressor-Grid) Voltage   
Grid-No.2 Voltage    
Grid-No.l (Control-Grid) Voltage, Negative-bias value 
Transconductance (Approx.)    Plate Resistance (Approx.)   
Plate Current    
Grid-No.2 Current   
Grid-No.l Voltage for plate current of 20 fiA   
Grid-No.l Voltage for plate current of 100 /iA   
Grid-No.3 Voltage for plate current of 20 /iA   
Grid-No.3 Voltage for plate current of 100 fiA   

Gi Control Gs Control 
100 100 volts 0 0 volts 100 100 volts 2.5 2.5 volts 5800 350 /tmhos 50000 50000 ohms 8 7.6 mA 15 14.5 mA —7.2 .— volts —6.3 — volts — —17.4 volts — —16.5 volts 

BEAM POWER TUBE 6LF6 
20LF6 

Duodecar type used as horizontal deflection amplifier 
in color television receivers. Outlines section, 16F; re- 
quires duodecar 12-contact socket. Type 20LF6 is iden- 
tical with type 6LF6 except for heater ratings. 
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Heater Voltage (ac/dc)   
Heater Current    .    
Peak Heater-Cathode Voltage 

6LF6 20LF6 
6.3 20 
2.0 0.6 

±275 max ±200 max 

Class Ai Amplifier 
CHARACTERISTICS 
Plate Voltage  ■ •; ■  Grid-No.3 (Suppressor-Grid) Voltage 
Grid-No.2 (Screen-Grid) Voltage   
Grid-No. 1 (Control-Grid) Voltage 
Plate Current   
Grid-No.2 Current   

Horizontal-Deflection Amplifier 
For operation in a 525-line, 30-fraine system 

MAXIMUM RATINGS (Design-Maximum Values) ^ ^ 
Plate Voltage      8000 vo! 
Peak Positive-Pulse Plate Voltage#    waj 
Plate Dissipation   5q vo Gi'id-No.3 Voltage       275 vol 
Grid-No.2 Voltage     9 , -^al 
Grid-No.2 Input •••••••.••  10000 ohi 
Beam Plates Circuit Resistor  *  559 vo! 
Peak Negative-Pulse Grid-No.1 Voltage   qqq 
Bulb Temperatures    
# Pulse duration must not exceed 22% of a horizontal scanning cycle (18 microseconds). 

,.-0 HIGH-MU TRIODE— -jf/^ 
OLFO SHARP-CUTOFF PENTODE JrjpUI 

Miniature type used in video-amplifier stages of color 
and black-and-white television receivers. Outlines sec- 
tion, 6E; requires miniature 9-eontact socket. 9DX 
Heater Voltage (ac/dc)    q'® 
Heater Current        i. 
Heater Warm-up Time (Average)   Heater-Cathode Voltage: -4-200 max 

Peak value      ■ •;;; lOOmax 
Average value    

Direct Interelectrode Capacitances: 
Triode Unit: ^ 22 

Grid to t^tlmde," Heater,' Pentode Cathode, Pentode Grid isto.3, 3 2 and Internal Shield    • • • ■ • • • • • • • • • • • • • • •. \• v 
Plate to Cathode, Heater, Pentode Cathode, Pentode Gnd No.3, 

and Internal Shield    
Pe£t?.id<VTU^iV Pl.t.   0.06 max 

Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and 10 
Plat^to Cathode, Heater, Grid No.2, Grid No.3, and g ^ Internal Shield   n 008 max 

Pentode Grid No.l to Triode Plate   ^ ^ 
Pentode Plate to Triode Plate   u-i0 max 

Class A Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentode Unit 
Plate Voltage      330 330 
Grid-No.2 (Screen-Grid) Supply Voltage   — 330 
Grid-No.2 Voltage     — bee curve page o 
Grid-No.1 (Control-Grid) Voltage: . Positive-bias value    KK  gg 

Negative-bias value    « q 
Grid-No. 1 Current  * - ? o ng 
Plate Dissipation     Grid-No.2 Input: 11 

For gBS:i TlK betwecn l65Vand 330 'volte - See curve page 3 

volts 
ampere 
seconds 

3.6 
0.008 max 

0.16 max 

330 
See 

330 
380 

curve page 300 
volts 
volts 

4 
—55 

8 
1.1 

0 
—55 

0 
3.75 

volts 
volts 
mA 

watts 

— See 
1.1 

curve page 300 
watts 
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CHARACTERISTICS 
Plate Voltage   
Grid-No.2 Voltage   
Grid-No.l Voltage   
Amplification Factor   
Plate Resistance (Approx.)   
Transconductance   
Plate Current   
Grid-No.2 Current   
Grid-No.l Current   
Grid-No.l Voltage (Approx.) for plate 

current of 20 fiA.   

 ^ 

£2 

6 _ o M 60 o H C\J 
5 to Ul z w 1 111 50 

(K ' 01 
4£ o m E o. 40 

S ID S < _ < 
3 j 0 d 30 

.5 
2 Q n 20 

ce UJ 1- 
1 ^ < 10 
0 0 100 200 300 400 

PLATE VOLTS 92CS-I2384T 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation   
For cathode-bias operation   

■ This value can be measured by a method involving 
maximum ratings of the tube will not be exceeded. 

II in 

O 100 200 300 400 
PLATE VOLTS 92CS-I2390T 

Triode Unit Pentode Unit 
0.5 0.25 megohm 

1 1 megohm 
a recurrent waveform such that the 

Refer to chart at end of section. 
For replacement use type 6LJ6A/6LH6A. 

Refer to chart at end of section. 

BEAM TRIODE 

6LH6A 

6LJ6 

6LJ6A/ 

6LH6A 
Glass octal type used for the shunt regulation of high- 
voltage, low-current power supplies in color and black- 
and-white television receivers. Outlines section, 21D; 
requires octal socket. For high-voltage and X-ray 
safety considerations, refer to page 93. 

Heater Voltage (ae/dc)   6.3 volts 
Heater Current   0.2 ampere 
Heater Cathode Voltage   + not recommended, —450* volts 
Direct Interelectrode Capacitances: 

Grid to Plate   1 pjp 
Grid to Cathode and Heater   2.6 pF 
Plate to Cathode and Heater    1 pjr 

* Series impedance should be used with the cathode to limit the cathode current under 
prolonged short-circuit conditions to 450 mA. 

Shunt Voltage-Regulator Service 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage   27000 volts 
Negative Grid Voltage      135 volt- 
Peak Negative Grid Voltage"     440 volts 
Plate Dissipation ...   40 watts Average Plate Current     15 
TYPICAL OPERATION 
Unregulated DC Supply Voltage   36000 volts 
Equivalent Resistance of Unregulated Supply     11 megohms 
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DC Reference Voltage      • • •    Equivalent Resistance of Reference Supply   
Effective Grid-Plate Transconductance     
DC Plate Current for I^oad Current of 0 mA   
DC Plate Current for Load Current of 1 mA ..... - ■ •    Regulated DC Output Voltage for Load Current of 0 mA   
Regulated DC Ouput Voltage for Load Current of 1 mA   
MAXIMUM CIRCUIT VALUE 
Grid-Circuit Resistance: .... i 

For use with "Flyback Transformer" high voltage supply 
X-RADIATION CHARACTERISTIC 
X-Radiation, Maximum: . 

Statistical value controlled on a lot sampling basis   

megohms 

■ For interval of 20 seconds maximum during equipment warm-up period. 
CauHon—Operation of this tube outside of the maximum values indicated above'may result 
in either temporary or permanent changes in the X-radiation characteristic of the tube. Equipment design must be such that these maximum values are not exceeded. 

6LJ8 MEDIUM-MU TRIODE— 
"T sus SHARP-CUTOFF PENTODE 

Miniature type used as a combined oscillator and 
mixer in vhf television receivers. Outlines section, 
6B; requires 9-contact socket. Types 4LJ8 and 5LJ8 

ITOMP 

dp 

Heater Voltage (ac/dc)   
Heater Current      V 
Heater Warm-up Time (Average) 
Heater-Cathode Voltage: 

Peak value    
Average value  Average value !!!!!!  100 max 100 max 100 

Class Ax Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentod< 
Plate Voltage      280 280 
Grld-No.2 (Screen-Grid) Supply Voltage   — 280 
Grid-No.2 Voltage   — See cu™® 
Cathode Current   v: * *.;.* *' ;/• i" X n 
Grid-No.l (Control-Grid) Voltage, Positive-bias value 0 0 
Plate Dissipation   Grid-No.2 Input: , , a r 

For erid-No.2 voltages up to 140 volts  ■ v*0 

For grid-No.2 voltages between 140 and 280 volts See curve 
CHARACTERISTICS 19K 
Plate Voltage     ^ {Sg 
Grid-No.2 Voltage   
Cathode-Bias Resistor   V?   
Amplification Factor       lOKnnft 
Plate Resistance (Approx.)     6000 125000 Transconductance   80"" ""Vi 
Plate Current      _ o e 
Grid-No.2 Current      i"i"' 
Grid-No.l Voltage (Approx.) for plate current of 

30 /iA   —6-6 4 

MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 10 6 

For fixed-bias operation    ^ 
For cathode-bias operation   0'6 

AMn MEDIUM-MU TRIODE—SEMI- 
OLMO REMOTE-CUTOFF PENTODE 

Miniature type used in color and black-and-white tele-a2p^^ 
vision receiver applications. The pentode unit is used Wfj; 
in burst-amplifler circuits, and the triode unit as a 
general-purpose amplifier tube. Outlines section, 6B; C|p 
requires miniature 9-contact socket. p^-* 

5LJ8 6LJ8 
6.6 6.3 volts 

0.46 0.4 ampere 
11 — seconds 

±200 max ±200 max volts 
100 max 100 max volts 

ode Unit Pentode Unit 
280 280 volts 

280 vqlts    See curve page 300 
20 20 mA 

0 0 volts 
2 2 watts 

0.5 watts 
— See curve page 300 

125 125 volts 
125 

33 
volts 

68 ohms 
40 — 

ohms 6000 125000 
8000 13000 /imhos 

13 12 mA 
3.6 mA 

—6.5 —4 volts 

1 0.6 megohm 
0.5 0.25 megohm 
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Heater Voltage (ac/dc)     
Heater Current  ! 
Heater-Cathode Voltage: 

Peak value   
Average value  ! 

Direct Interelectrode Capacitances:     
Triode Unit : 

Grid to Plate   
Grid to Cathode, Heater, Pentode Cathode, Pentode Grid No.V, 

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.'s'' aiid 

Internal Shield   
Plate to Cathode, Heater, Grid No.2, Grid Nois," and internal 

Shield   
Heater to Cathode (Each Unit) 

361 

6.3 volts 0.45 ampere 
±200 max volts 100 max volts 

1.8 PF 
3.2 PF 
1.9 PF 

0.015 max PF 
5.6 PF 
3.8 PF 3.2 PF 

Class At Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage   
Grid-No.2 (Screen-Grid) Supply Voltage   
Grid-No.2 Voltage   
Grid-No.l (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 

CHARACTERISTICS 
Plate Voltage   
Grid-No.2 Voltage   
Grid No.l Voltage   
Amplification Factor    
Plate Resistance (Approx.)   
Transconductance   
Plate Current   
Grid-No.2 Current   
Grid-No.l Voltage (Approx.) for plate current of 

10 fiA    
MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For fixed-bias operatjon    
For cathode-bias operation   

Triode Unit Pentode Unit 
330 350 
— 330 
— See curve page 300 

0 0 
2.5 2.5 
— 0.55 
— See curve page 300 

megohm 
megohm 

TYPE 6LM8 
PENTODE UNIT SRID-No.2 VOLTS'125 

F I Ibl 1 1-61 I F 

M&IHHH  

jssasui 

(Kssssr 
rfrgggiT-rama 

39| TYPE 6LM8 
I TRIODE UNIT 

•samwMm 

, wwgm , 

WAW¥AfMA^/fJm 

JgrniMmem 

PLATE VOLTS WSJ 
PLATE VOLTS 

4UU 
92CS-I042IT* 

6LN8/ 

LCF80 
MEDIUM-MU TRIODE— I rCfiA 

SHARP-CUTOFF PENTODE LUrOV 
Miniature type used in frequency-changer service in 
television receivers. Outlines section, 6B; requires 
miniature 9-contact socket. 
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Heater Voltage (ac/dc)   - 
Heater Current   
Peak Heater-Cathode Voltage   —100 max 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentode Unit 
Plate Supply Voltage   650 550 
Plate Voltage  ,•••••;;  260 KKn 
Grid-No.2 (Screen-Grid) Supply Voltage   — oo" 
Grid-No.2 Voltage: ... na 

With cathode current of 14 mA     — 
With cathode current less than 10 mA   — 

Cathode Current   r1* . _ 
Plato Dissipation    1,0 

Giid-No.2 Input: 
With plate dissipation greater than 1.2 watts ... u.j> 
With plate dissipation less than 1.2 watts   u*'0 

CHARACTERISTICS 
Plate Voltage    100 ]Vi 
Grid-No.2 Voltage   — 
Grid-No.1 Voltage   jj __ 
Amplification Factor    .     ^ .. 
Mu-Factor, Grid No.2 to Grid No.l       *' 
Plate Resistance (Approx.)   Transconductance     60®° b,!"" 
Plate Current    _ oa 
Grid-No.2 Current  y ■■ ■•Tr    n ai 
Input Resistance at frequency of 60 MHz   _ . ; 
Equivalent Noise Resistance     
MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: „ - 

For fixed-bias operation   "• 
For cathode-bias operation   u-0 

6LQ6 

6LQ6/6JE6C BEAM POWER TUBE 
24LQ6,24LQ6/24JE6C, 31LQ6 ' 

Novar types used as horizontal-deflection amplifier in g, <SX1v/V' 
color and black-and-white television receivers. Out- ^—. 
lines section, 32C; requires novar 9-contact socket. g2 
Types 24LQ6, 24LQ6/24JE6C, and 31LQ6 are identical SQL 
with type 6LQ6 except for heater ratings. . 6LQ6 24LQ6 
Heater Voltage (ac/dc)    6LQ6/6JE6B 24LQ6/24JE6C 31LQ6 
Heater Current   S'S 0 6 0.45 
Heater Warm-up Time   ^ n Heater-Cathode Voltage: h-200 max ±200 max ±200 mi 

Peak value   100 max 100 max 100 mi 
Average value     iimA 

Direct Interelectrode Capacitances: q q 
Grid No.l to Plate . - : . . - • • • • • ■■ ■ • • - •    
Grid No.l to Cathode, Heater, Grid INo.z, 22 and Grid No.3 • • • ••   
Plate to Cathode, Heater, Grid No.2, ^ 

and Grid No.3   
Class Ai Amplifier 

ii ii i 
±200 max ±200 max 

100 max 100 max 

CHARACTERISTICS 
Peak Positive-Pulse Plate Voltage# 
Plate Voltage  • • •    
Grid-No.3 (Suppressor-Grid) 

Voltage  - • ■ • - • -    
Grid-No.2 (Screen-Grid) Voltage .. 
Grid-No.1 (Control-Grid) Voltage . . 
Plate Resistance (Approx.)   Transconductance   
Plate Current   Grid-No.2 Current        
Grid-No.l Voltage for plate current 

of 1 mA   Amplification Factor   

Triode* 
Connection Pentode Connection 
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* Grid No.3 and grid No.2 connected, respectively, to cathode and plate at socket. 
% This value may be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 

Horizontal-Deflection Amplifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Plate Supply Voltage   990 volts 
Peak Positive-Pulse Plate Voltage#   7500 volts 
Peak Negative-Pulse Plate Voltage    1100 volts 
Grid-No.3 Voltage"     - 75 volts 
Grid-No.2 Voltage   220 volts 
Peak Negative-Pulse Grid-No.1 Voltage   330 volts 
Peak Cathode Current     1200 mA 
Average Cathode Current     350 mA 
Plate DissipationO   30 watts 
Plate Dissipation (Temporary overload)*   200 watts 
Grid-No.2 Input   5 watts 
Envelope Temperature (At hottest point)   250 0C 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: For grid-No. 1-resistor-bias operation     0.47 megohm 

For plate-pulsed operation (horizontal-deflection circuits only) 10 megohms 
# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 
■ For horizontal-deflection service, a positive voltage may be applied to grid-No.3 to minimize 
"snivets" interference in both vhf and uhf television receivers. A typical value is 30 volts. 
OA bias resistor or other means is required to protect the tube in absence of excitation. 
* Total continuous or accumulated time not to exceed 40 seconds. 

TYPE 6LQ6 I I GRID-No.3 V0LTSs30 
GRID-No. I V0LTS=0— 

TYPE 6LQ6 I GRID-No.3 V0LTSs30 ^ GRID-NO. 2 V0LTS=I25 

-\5S—U- 

100 200 300 400 
PLATE VOLTS 

iSg 

92CS-I3054TI 
100 200 300 400 500 

PLATE VOLTS 

Refer to chart at end of section. 6LQ6/6JE6B 

■KP MEDIUM-MU TRI0DE— 6LQ8 
a,p SHARP-CUTOFF PENTODE ln^8 

> Miniature type used in color and black-and-white tele- 
( vision receiver applications. The pentode unit is used 
02p as a video output tube. The triode unit is used in sync 

separator and sound-if circuits. Outlines section, 6E; 
requires miniature 9-contact socket. Type 11LQ8 is 
identical with type 6LQ8 except for heater ratings. 

Heater Voltage (ac/dc) 
Heater Current   
Heater Warm-up Time . 
Heater-Cathode Voltage: 

Peak value   
Average value   

±200 max ±200 max 
100 max 100 max 
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Direct Interelectrode Capacitances: 
Triode Unit: 

Grid to Plate    • • •• • • • •• • • li-••• •• •• ••• ■: * •• 
Grid to Triode Cathode, Pentode Cathode, Heater, Pentode 
Grid No.3, and Internal Shield  l 
Plate to Triode Cathode, Pentode Cathode, Heater, Pentode 

Grid No.3, and Internal Shield      
Pentode Unit: 

Grid No.l to Plate     • • • • • • •; • ■ • i •   ,••••• 
Grid No.l. to Cathode Heater, Grid No.2, Grid No.3, and 

Internal Shield •••■•••••• • • • • ■ • • l,- : • v;' w '' J  
Plate to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield    
Triode Grid to Pentode Plate     
Pentode Plate to Triode Plate   

4.8 
0.016 max 

0.17 max 

Class Ai Amplifier . 
MAXIMUM RATINGS (Design-Maximum Values) TriodeUnit PentodeUmt 
Plate Voltage       300 300 
Grid-No.2 (Screen-Grid) Supply Voltage    — 300 
Grid-No.2 Voltage       — bee curve page . 
Grid-No.l (Control-Grid) Voltage, Positive-bias value 0 0 
Plate Dissipation    ^ 
Grid-No.2 Input: 1 Por irrid-No.2 voltages up to-150 volts   _ ■ * 

For Krid-No.2 voltages between 150 and 300 volts P-ntof£1tTifitPage 

CHARACTERISTICS Tr.ode Umt Pentode Unit 
Plate Supply Voltage   125 200 
Grid-No.2 Supply Voltage   — co 
Cathode-Bias Resistor    63 oo 
Phite'ResistanM C(Approx.)    4400 BB000 7B000 
Transconductance   10400 21000 230UU 
Plate Current    ^ 1S-? 3

Zg 
Grid-No.2 Current      •iJ*1 

Grid-No.l Voltage( Approx.) for plate current - 
of 100 pA   —6 —^ -*•* 

MAXIMUM CIRCUIT VALUES TriodeUnit Pentode Unit 
Grid-No.1-Circuit Resistance: irioae unit jremuuv 

For fixed-bias operation  • ■ • • "•? 0 og 
For cathode-bias operation   *■ 

125 125   125 
68 82 
46 — 

4400 55000 
10400 21000 

15 16.5 
.3.1 

—6 —4.2 
Triode Unit Pentode Unit 

TYPE 6LQ8 _ PENTODE UNIT BRID-No.2 VOLTS'IZS 

■ISlSiSIRI 

-2 

100 200 300 400 
PLATE VOLTS 

200 300 PLATE VOLTS 

6LR6 BEAM POWER TUBE 

Duodecar type used as horizontal-deflection amplifier 
in color and black-and-white television receivers. An 
integral radiator-fin design dissipates heat uniformly. 
Outlines section, 16E; requires duodecar 12-contact 
socket. Type 35LR6 is identical with type 6LR6 except 
for heater ratings. 
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Heater Arrangement ...   
Heater Voltage (ac/dc)   
Heater Current   
Heater Warm-up Time (Average) 
Heater-Cathode Voltage: 

Peak value   
Average value   

6LR6 
Parallel 

6.3 
2.6 

±200 max 
100 max 

35LR6 
Series 35 

0.45±0.03 
11 

±200 max 
100 max 

Class Ai Amplifier 
Triodeff         CHARACTERISTICS Connection 

Plate Voltage   125 60 175 60 volts 
Grid-No.3 (Suppressor Grid) Voltage . — Connected to cathode at socket 
Grid-No.2 (Screen-Grid) Voltage   125 115 110 110 volts 
Grid-No.l (Control-Grid) Voltage .... —20 0 —20 0 volts 
Plate Resistance (Approx.)   — — 5300 — ohms 
Transconductance (Grid No.l to Plate) — — 16000 — umhos 
Plate Current   — 740t 140 700 mA 
Grid-No.2 Current   — 38t 2.4 35 mA 
Grid-No.l Voltage (Approx.) for 

plate current of 1 mA   — — —42 — volts 
Ratio (Plate Current 'G* 4 No.2 

Current)   — 19,6:1 — 20:1 
Triode Amplification Factor   3.5 — — — 
t This value can be measured by a method involving a recurrent waveform such that the maximum ratings of the tube will not be exceeded, 
ft Grid No. 2 connected to plate. 

Horizontal-Deflection Amplifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Supply Voltage   990 volts 
Peak Positive-Plate Pulse Voltage (Absolute Maximum)   7500 volts 
Peak Negative-Pulse Plate Voltage   1100 volts 
Positive Grid-No.3 Voltage   75 volts 
DC Grid-No.2 Voltage   220 volts 
Peak Negative-Pulse Grid-No.l Voltage   330 volts 
Average Cathode Current   376 mA 
Peak Cathode Current   1300 mA 
Plate Dissipation   30 watts 
Grid-No.2 Input   5 watts 
Bulb Temperature (At hottest point)   260 0C 

Pentode Connection 
125 60 175 60 volts — . Connected to cathode at socket 125 115 110 110 volts —20 0 —20 0 volts — __ 5300 — ohms —• — 16000 — /xmhos — 740t 140 700 mA 
— 38t 2.4 35 mA 
- — —42 — volts 
— 19.5:1 — 20:1 3.5 — — ■— 

MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

Bias feedback high-voltage regulation   
DC or pulse shunt high-voltage regulation 

megohm 
megohm 

?B HIGH-MU TRIODE— 6LR8 
1 BEAM POWER TUBE 21LR8, 31LR8 

2ft (I). Novar type used in combined vertical-deflection- 
oscillator and vertical-deflection-amplifier applications 

^Pt in color and black-and-white television receivers. Out- 
i lines section, 17E; requires novar 9-contact socket. 
iT Types 21LR8 and 31LR8 are identical with type 6LR8 

except for heater ratings. 

Heater Voltage   
Heater Current   
Heater Warm-up Time . 
Heater-Cathode Voltage: 

Peak value   
Average value   

±200 max 
100 max 

±200 max 
100 max 

±200 max 
100 max 

CHARACTERISTICS 
Plate Voltage   
Grid-No.2 (Screen-Grid) Voltage 
Grid-No.l (Control-Grid) Voltage 
Amplification Factor   
Plate Resistance Approx.)   

Class Ai Amplifier 
Triode Unit Beam Power Unit 

250 45 
— 125 

—4 0 
68 — 

14000 — 

135 120 
120 120* 

—10 —10 
— 6.5 

14000 — 
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Tranaconductance   ^ iI.0A 
Plate Current   2.6 200" 61 JjA. 
Giid-No.2 Current   ~ 200" 3 — mA 
Grid-No.l Voltage: ^ ^ 

For plate current of 10 /iA ... —6.6 — — {* 
For plate current of 100 /iA .... — — 28 volts 
For plate current of 1 mA   — — 24 volts 

• Triode connection. Grid No.2 connected to plate at socket. 
■ This value can be measured by a method involving a recurrent waveform such that the 
maximum X'atings of the tube will not be exceeded. 

Vertical-Deflection Oscillator and Amplifier 
For operation in a 525-line, 30-frame system 

Triode Unit Beam Power Unit 
MAXIMUM RATINGS (Design-Maximum Values) Oscillator Ampliaer 
Plate Voltage     400 400 volte 
Gtid-No.2 Voltage     — 000 volte 
Peak PositiverPulse Plate Voltage#   — 2000 volte 
Peak Negative-Pulse Grid-No.l Voltage   400 2B0 volte 
Peak Cathode Current     100 260 mA 
Average Cathode Current   30 75 mA 
Peak Power Output   2.5 — watte 
Plate Dissipation.!.   2.5 14 watte 
Grid-No.2 InputJ    — 2^0 watte 
Bulb Temperature    ^•lu 

MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: , 

For fixed-bias operation   -- 1 

For cathode-bias operation   2.2 2.2 megohms 
# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 
± A bias resistor or other means is required to protect the tube in absence of excitation. 

6LT8 twin diode— „ 
SLTS. iii.Ts SHARP-CUTOFF PENTODE 

Miniature type used in television receiver applications. pr/^/p1 
The pentode unit is used in low-frequency horizontal- WT::q 
oscillator applications. The diode units are used in 
horizontal afc discriminator circuits. Outlines section, p >r^~- 
6B; requires miniature 9-contact socket. Types 8LT8 K ^5^ 
and 11LT8 are identical with type 6LT8 except for is 
heater ratings. 9R 

Heater Voltage   
Heater Current   
Heater Warm-up Time (Average) 
Heater-Cathode Voltage: 

Peak value   
Average value   

±200 max ±200 max ±200 max 
100 max 100 max 100 max 

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.l (Control-Grid) Voltage, Positive-bias value   
Plate Dissipation   
Grid-No.2 Input: 

For grid-No 2 voltages up to 165 volts   
For grid-No^ voltages between 165 and 33 volts   

CHARACTERISTICS 
Plate Voltage   
Grid No.3 (Suppressor Grid)   
Grid-No.2 Voltage   
Cathode-Bias Resistor   
Plate Resistance (Approx.)   Tranaconductance   

330 volts 
330 volts 
See curve page 300 

0 volts 
3.1 watts 

0.65 watt 
See curve page 300 

125 volts 
Connected to ground 

125 volts 
56 ohms 

200000 ohms 
13000 /tmhos 
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Plate Current   
Grid-No.2 Current   
Grid-No.l Voltage (Approx.) for plate current of 20 fiA . 
MAXIMUM CIRCUIT VALUE 
Grid-No. 1-Circuit Resistance, for cathode-bias operation .... 

Diode Unit (Each Unit) 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Current (Continuous Operation)   
CHARACTERISTICS, Instantaneous Value 
Tube Voltage Drop for plate current of 20 mA   

GlS 6l8 
HIGH-MU TRIODE— 6LU8 

BEAM POWER TUBE wlusa, IILUS 
Duodecar type used as a combined vertical-deflection 
oscillator and vertical-deflection amplifier in color 
television receivers. Outlines section, 15D; requires 
duodecar 12rContact socket. Types 16LU8A and 21LU8 
are identical with type 6LU8 except for heater ratings. 

Heater Voltage   
Heater Current   
Heater Warm-up Time (Average) 
Heater-Cathode Voltage: 

Peak value   
Average value   

±200 max 
100 max 

16LU8A 
16 

0.6 
11 

±200 max 
100 max 

amperes 
seconds 

±200 max 
100 max 

Class Ai Amplifier 
CHARACTERISTICS TriodeUnit Beam Power Unit 
Plate Voltage   250 45 135 120 volts 
Grid-No.2 (Screen-Grid) Voltage   — 125 120 120* volts 
Grid-No.l (Control-Grid) Voltage   —4 0 —10 —10 volts 
Amplification Factor   58 — — 6.5 
Plate Resistance (Approx.)   16000 — 12000 — ohms 
Transconductance   3600 — 9300 — /tmhos 
Plate Current   2.3 200** 56 — mA 
Grid-No.2 Current   — 20" 3 — mA 
Grid-No.l Voltage (Approx.): 

For plate current of 10 /tA   —6.6 — — — volts 
For plate current of 100 fiA   — — —30 — volts 
For plate current of 1 mA   — — —26 — volts 

• Triode connection, Grid No.2 connected to plate at socket. 
•• This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 

Vertical-Deflection Oscillator and Amplifier 
For operation in a 525-line, 30-frame system 

Triode Unit Beam Power Unit 
MAXIMUM RATINGS (Design-Maximum Values) Oscillator Amplifier 
Plate Voltage   400 400 volts 
Grid-No.2 Voltage   — 300 volts 
Peak Positive-Pulse Plate Voltage#   — 2500 volts 
Peak Negative-Pulse Grid-No.l Voltage   400 250 volts 
Plate Dissipation"   2.5 14 watte 
Peak Cathode Current   105 260 mA 
Average Cathode Current   30 75 mA 
Grid-No.2 Input   — 2.75 wao^ 
Bulb Temperature (At hottest point)   — 210 C 
MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance: 

For fixed-bias operation   — 1 megohm 
For cathode-bias operation   2.2 2.2 megohms 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 
■ A bias resistor or other means is required to protect the tube in absence of excitation. 

Refer to type 6JW8/ECF802. 6LX8/LCF802 
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zivo HIGH-MU TRIODE— 
OLlO SHARP-CUTOFF PENTODE 

Miniature type used in color and black-and-white tele- 
vision receiver applications. The pentode unit is used i 
as a video amplifier, and the triode unit Tor general- 
purpose use. Outlines section, 6E; requires 9-contact 
socket. Heater: volts (ac/dc), 6.3; amperes, 0.75; max- 
imum heater-cathode volts, ±200 peak, 100 average. 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) TriodeUnit Pentode Unit 
Plate Voltage      lln 
Grid-No.2 (Screen-Grid) Supply Voltage     — _ „ 
Grid-No.2 Voltage     — See curve page 3 
Grid-No.l (Control-Grid) Voltage, Positive-bias value 0 U 
Plate Dissipation    1 ^ 
Grid-No.2 Input": 1 1 

For icrid-No^ voltages up to 165 volts   — _ _ 
For grid-No.2 voltages between 165 and 330 volts — See curve page 3 

CHARACTERISTICS . 
Plate Voltage    250 -J 
Grid-No.2 Voltage    ^ 
Grid-No.l Voltage   
Cathode-Bias Resistor   1ftn Amplification Factor     
Plate Resistance (Approx.)   Transconductance     1 '1

UJ[ ] 
Plate Current   1,u - „ 
Grid-No.2 Current       
Grid Voltage (Approx.) for plate current 

of 10 fiA   a.*  
Grid-No.l Voltage (Approx.) for plate current 

of 100 jiA    ~ 
maximum circuit values 
Grid-No. 1-Circuit Resistance: K For fixed-bias operation     

For cathode-bias operation   * 
megohm 
megohm 

Refer to chart at end of section: 

6M11 
HIGH-MU TWIN TRIODE— 
SHARP-CUTOFF PENTODE 

PT2 PT| 

Duodecar type used in television receiver applications. 82p(jr&p?™J 
The triode units are used in sync-separator and age- (7C/X, 
amplifier circuits; the pentode unit is used in if-ampli- 'p 0 @ 
fier circuits. Outlines section, 8B; requires duodecar « H 
12-contact socket. 12CA 
Heater Voltage (ac/de)   ®;® 
Heater Current   Heater-Cathode Voltage: -f-ono 

Peak value   inn 
Average value   mBX 

Direct Interelectrode Capacitances:** 
Triode Units: 

Grid to Triode' Cathode,' Pentode Cathode, Heater, Pentode 
Grid No.3, and Internal Shield •• ••• <f"1 

Plate to Triode Cathode, Pentode Cathode, Heater, Pentode 
Grid No.3, and Internal Shield   u-8 

Pentode : ^ ^ 
Grid No.'l to Cathode,' Grid No.2,'Grid N'o.3, and Internal Shield 12 
Plate to Cathode, Grid No.2, Grid No.3, and Internal Shield ... 2.8 

** With external shield connected to pentode cathode, grid No.3, and internal shield. 

6.3 volts 
0.77 ampere 

±200 max volts 
100 max volts 

1.8 PF 
3.4 PF 
0.8 PF 

0.03 PF 
12 PF 

2.8 PF 
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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 
Plate Dissipation   
Grid-No.2 Input: 

For voltages up to 165 volts   
For voltages between 165 and 330 volts  

CHARACTERISTICS 
Plate Supply Voltage   
Grid-No.2 Supply Voltage   
Cathode-Bias Resistor     
Amplification Factor   
Plate Resistance (Approx.)   
Transconductance   
Plate Current   
Grid-No.2 Current     
Grid-No.l Voltage (Approx.) for plate current 

of 20 /iA    
Grid-No.l Voltage (Approx.) for plate current 

of 50 /iA   
MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance, for cathode-bias 

operation   

Each 
Triode Unit Pentode Unit 

330 330 volts 
— 330 volts — See curve page 300 

0 0 volts 
2.26 3.1 watts 

— 0.65 watt — See curve page 300 

Heater Arrangement ... 
Heater Voltage (ac/dc) . 
Heater Current   
Heater Warm-up Time . 
Heater-Cathode Voltage: Peak value   

Average value   

HIGH-MU TRIODE 6MB8 
SHARP-CUTOFF PENTODE 5Mb8 

Miniature type with frame-grid pentode unit used in 
color television receivers. The triode unit is used in 
video-amplifier applications. The pentode unit is used 
in burst-amplifier service. Outlines section, 6B; requires 
miniature 9-contact socket. Type 5MB8 is identical with 
type 6MB8 except for heater ratings. 

5MB8 6MB8 
   Series Parallel 
 •'.    4.5 6.3 volts 
  0.45 0.4 ampere ampere 

seconds 
±200 max 

100 max ±200 max 
100 max 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage     
Grid-No.2 (Screen-Grid) Supply Voltage     
Grid-No.2 Pulse Voltage   
Grid-No.2 Voltage   
Grid-No.l (Control-Grid) Voltage, Positive-bias value 
Plate Dissipation   
Cathode Current   
Grid-No.2 Input     
CHARACTERISTICS 
Plate Voltage   
Grid-No.2 Voltage    
Grid-No.l Voltage   
Cathode-Bias Resistor   
Plate Current   
Grid-No.2 Current   
Transconductance   
Amplification Factor   
Plate Resistance (Approx.)   
Grid-No.l Voltage for plate current of 100 fik   
Grid-No.l Voltage for plate current of 60 /tA   
MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation   
For cathode-bias operation   

Triode Unit Pentode Unit 
280 280 — 280 
— 300 
— See curve page 

0 0 2 2 
20 20 
— 0.5 

Triode Unit Pentode Unit 
0.5 0.26 

1 0.6 
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6MD8 MEDIUM-MU pt„ 
12MD8 TRIPLE TRIODE T|^ 

Novar type used in matrixing circuits of color and Pt2& 
black-and-white television receivers. Outlines section, i 
HE; requires novar 9-contact socket. Type 12MD8 is Pl 

identical with type 6MD8 except for heater ratings. 

Heater Arrangement   
Heater Voltage (ac/dc)   
Heater Current   
Heater Warm-up Time (Average) 
Heater-Cathode Voltage: 

Peak value   
Average value   

Direct Interelectrode Capacitances (Approx.) : 
Grid to Plate   
Grid to Cathode and Heater   
Plate to Cathode and Heater   

6MD8 12MD8 
Parallel Series 

6.3 12.6 volts 
0.9 0.45 ampere 
— 11 seconds 

±200 max ±200 max volts 
100 max 100 max volts 

Unit Unit Unit 
No.l No.2 No.3 

3 3 3 PF 
3.6 3.6 3.4 PF 

0.48 0.48 0.36 PF 

Class A, Amplifier (Each Unit) 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage   
Grid Voltage, Positive-bias value     
Plate Dissipation   
CHARACTERISTICS 
Plate Voltage   
Grid Voltage   
Amplification Factor   
Plate Resistance (Approx.)   

mmm 

200 300 400 
PLATE VOLTS »2CS-II969T 

Transconductance   
Plate Current    
Plate Current for grid voltage of —14 volts   
Grid Voltage (Approx.) for plate current of 50 fiA 
MAXIMUM CIRCUIT VALUE 
Grid-Circuit Resistance, for fixed-bias operation . .. 

6ME6 BEAM POWER TUBE 

Novar types used as horizontal-deflection amplifier in 
color and black-and-white television receivers. Out- 
lines section, 32C; require novar 9-contact socket. 
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Heater Voltage (ac/dc)   a q 4-n c 
Heater Current   !.'!!!!!!  6.3 ±0.6 
Heater-Cathode Voltage: 

Peak value   ±200 max 
Average value   jaq max Direct Interelectrode Capacitances: 
Grid No.l to Plate   0 6 
Grid No.l to Cathode, Heater, Grid No.2, 

and Grid No.3   oo 
Plate to Cathode, Heater, Grid No.2, 

and Grid No.3    11 

100 max 
0.6 

— — volts 55 175 volts 
30 30 volts 125 125 volts 0 —25 volts — 5800 ohms — 9600 /imhos 580t 130 mA 40+ 2.8 mA 
— —44 volts 

Class Ai Amplifier 
Triode* CHARACTERISTICS Connection Pentode Connection 

Peak Positive-Pulse Plate Voltage# — 5000     
Plate Voltage   125 — 55 175 
Grid-No.3 (Suppressor-Grid) 

Voltage   — 0 30 g0 Grid-No.2 (Screen-Grid) Voltage .. 126 125 125 125 
Grid-No.l (Control-Grid) Voltage .. —25 — 0  25 
Plate Resistance (Approx.)   —     5800 
Transconductance   —     qenft 
Plate Current   —   580t IQO 
Grid-No.2 Current   — — 40f 2.8 
Grid-No.l Voltage for plate current 

of 1 mA   — —126 — —44 
Amplification Factor   3.5 —     
* Grid No.3 and grid No.2 connected, respectively, to cathode and plate at socket. 
J This value may be measured by a method involving a recurrent waveform such 
maximum ratings of the tube will not be exceeded. 

Horizontal-Deflection Amplifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Plate Supply Voltage   990 
Peak Positive-Pulse Plate Voltage#   7500 
Peak Negative-Pulse Plate Voltage   lino 
Grid-No.3 Voltage"     75 
Grid-No.2 Voltage    220 
Peak Negative-Pulse Grid-No.l Voltage   330 
Peak Cathode Current   1200 
Average Cathode Current   350 
Plate Dissipation0   30 
Plate Dissipation (Temporary overload)*   200 
Grid-No.2 Input   6 
Envelope Temperature (At hottest point)   260 
MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance for Cathode Bias (with min. Ric =: 100Q)   1,0 
Grid-leak Bias (with signal peak clamped to zero bias)   lo!o r 
Fixed Bias (where positive grid current is not drawn)   0.47 

megohm 
megohms 
megohm 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 
■ For horizontal-deflection service, a positive voltage may be applied to grid-No.3 to minimize 
snivets interference in both vhf and uhf television receivers. A typical value is 30 volts. 0 A bias resistor or other means is required to protect the tube in absence of excitation. 

* Total continuous or accumulated time not to exceed 40 seconds. 

TWO-PLATE X Ail CO 
BEAM-DEFLECTION TUBE OfVlCO 

Miniature type used for color-demodulator applications 
in color television receivers and a variety of other 
switching and gate applications. Outlines section, 6E; 
requires miniature 9-contact socket. Pin 5 should be 
connected directly to ground. The 6ME8 should be so 
located in the equipment that it is not subjected to 
stray magnetic fields. 

Heater Voltage (ac/dc) 
Heater Current  
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Direct Interelectrode Capacitances: „ 
Grid No.l to All Other Electrodes Except Plates   
Either Plate to All Other Electrodes ..........    
Either Deflecting Electrode to All Other Electrodes   
Plate No.l to Plate No.2   ............ •••••■ • • ■ ■ ■ • • Deflecting Electrode No.l to Deflecting Electrode No.2 
Grid No.l to Deflecting Electrode No.l   
Grid No.l to Deflecting Electrode No.2   

Color TV Demodulator 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage (Each Plate)    ■ • • • ■ • • • • ■ • ■ • • • • • 
Peak Deflecting-Electrode Voltage (Each Electrode) Deflecting-Electrode Voltage (Each Electrode)   
Grid-No.3 (Accelerating-Grid) Voltage .............. 
Grid-No.1 (Control-Grid) Voltage. Positive-bias value 
Cathode Current    
Plate Dissipation (Each Plate)   
Grid-No.3 Input   
MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation .. 
For cathode-bias operation 

0.4 
0.4 

0.07 max 
0.1 max 

megohm 
megohm 

DEFLECTING-ELECTRODE No.l VOLTS=75 
DEFLECTING-ELECTRODE No.2 V0LTS=75 
RRin-No.3 VOLTS'350 

Ei@ 

gSl Si 
OS sis mm 

-100 -80 -60 -40 -20 0 20 40 60 80 100 DEFLECTING-ELECTRODE-No.l-TO-DEFLECTING-ELECTRODE-No.2 VOLTS 

Class Ai Amplifier 
CHARACTERISTICS 
Plate-No.2 Supply Voltage   
Plate No.2    
Plate-No.1 Supply Voltage   
Grid-No.3 Supply Voltage   
Grid-No.1 Supply Voltage   Deflecting-Electrode-No.2 Supply Voltage   
Deflecting-Electrode-No.l Supply Voltage   
Cathode-Bias Resistor    
Ti'ansconductance, Grid No.l to both plates   
Total Plate Current   
Grid-No.3 Current     
Grid-No.l Voltage for total plate current of 10 /iA   Deflecting-Electrode Switching Voltage*     • 
Voltage Difference between Deflecting Electrodes for equal 

250 volts 
Connected to Plate No.l 

Plate-No.l Current with Deflecting-Electrode-NoJ. Voltage — 
and Deflecting-Electrode-No.2 Voltage — 95V ... .... .. - • • • • ■ 

Plate-No.2 Current with Deflectmg-Electrode-No.l Voltage — 95V 
and Deflecting-Electrode-No.2 Voltage — 55 V •••■••••• vf ' Deflecting-Electrode-No.l Current with Deflectmg-Hectrode-No.l 
Voltage = 125V and Deflecting-Electrode-No.2 Voltage _ 2BV Deflecting-Electrode-No.2 Current with Deflectmg-Electrode-No.l 
Voltage 25V and Deflecting-Electrode-No.2 Voltage _ 125V 
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* Defined as the total voltage change from 75 volts on either deflecting electrode with an 
equal and opposite change on the other deflecting electrode required to switch the plate 
current from one plate to the other. 

TYPE 6ME8 ! 
„ PLATE No.2 CONNECTED TO PLATE No.l 
iu AT SOCKET 
g DEFLECTING-ELECTRODE-No.l VOLTS »75 
K DEFLECTING -ELECTRODE-No.2 V0LTS«75 
3 GRID-No.3 VOLTS-350 
i i ri 
m 60 --N0.I VOLTS ECl'D]    

i ;   -5^ _rB_ 

100 200 300 400 SOO 
PLATE VOLTS 

HIGH-MU TRIODE— zaapo 
BEAM POWER TUBE OlVlro 

15MF8 
Duodecar type used in combined vertical-deflection- 
oscillator and vertical-deflection-amplifter applications 
in color television receivers. Outlines section, 15D; re- 
quires duodecar 12-contact socket. Type 15MF8 is iden- 
tical with type 6MF8 except for heater ratings. 

Heater Voltage   
Heater Current   
Heater-Cathode Voltage: 

Peak value   
Average value 

volts 
amperes 

±200 max 
100 max ±200 max 

100 max 
Class Ai Amplifier 

CHARACTERISTICS 
Plate Voltage   
Grid-No.2 (Screen-Grid) Voltage 
Grid-No.l (Control-Grid) Voltage 
Plate Current   
Grid-No.2 Current   
Transconductance   
Amplification Factor   
Plate Resistance (Approx.)   
Grid-No.l Voltage for plate current 

of 10 /xA    
Grid-No.l Voltage for plate current 

of 100 /iA   

Triode Beam Power Unit Unit 250 60 260 — 260 260 —4 0 —20 2.6 200 60 — 20 3.6 4100 — 4100 68 _ 
14000 
—6.6 

— 6000 

_ —65 
Vertical-Deflection Oscillator and Amplifier 

For operation in a 525-line, 30-frame system 
Beam Power 

MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage   
Peak Positive Pulse Plate Voltage#   
Grid-No.2 Voltage   Peak Negative Grid-No.l Voltage   
Plate Dissipation*   
Grid-No.2 Dissipation*   
Average Cathode Current   
Peak Cathode Current   
Peak Power Output   
Bulb Temperature   

Triode Unit Unit Oscillator Amplifier 400 400 volts — 2500 volts — 300 volts 400 — volts 2.5 12 watts — 2.76 watts 30 76 mA 105 260 mA 2.6 — watts — 200 •c 
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MAXIMUM CIRCUIT VALUES 
Grid Circuit Resistance: For fixed-bias operation 

For cathode-bias operation 
megohm 

megohms 

# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds). 
* A bias resistor or other means is required to protect the tube in absence of excitation. 

Miir+o MEDIUM-MU TRIODE— 
OA/IGO SHARP-CUTOFF PENTODE 

Miniature type used in horizontal-deflection circuits 
and for age-amplifier or sync-separator applications in 
television receivers. Outlines section, 6B; requires 
miniature 9-contact socket. Heater: volts, 6.3; ampere, 
0.45; maximum heater-cathode volts, ±200 peak, 100 
average. 

Class Ai Amplifier 
CHARACTERISTICS T icn 
Plate Voltage  .ViiV.  
Grid-No.2 (Screen-Grid) Voltage   
Grid-No.1 (Control-Grid) Voltage   — 
Cathode-Bias Resistor   
Plate Current   
Grid-No.2 Current   Transconductance   r 
Plate Resistance (Approx.)    " Amplification Factor    • • ■ • • • ■ ■ •    
Grid-No.l Voltage for plate current of 10 ylA   —ii 

Horizontal-Deflection Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage   Grid-No.2 Supply Voltage   
Plate Dissipation   
Cathode Current   
Grid-No.2 Input: 

For plate dissipation more than 1.2 watts 
For plate dissipation less than 1.2 watts 

MAXIMUM CIRCUIT VALUES 
Grid-No.l Circuit Resistance: 

For fixed-bias operation   
For cathode-bias operation   

"jdsp KP 
p3p 

trfiL r hs 

»kt 
(iF^ 

Pt Gr 

Pentode Unit 
150 170 volts 

170 volts 
— —2 volts 
56 ohms 
18 10 mA 

2.8 mA 
8500 6200 /imhos 

5 400 kohms 
40 47 

—12 — volts 

6MHH3 For replacement use type 6J6A. 

6MJ8 
MEDIUM-MU 

TRIPLE TRIODE 

PT| nc 

"Am 

Duodecar type used in matrixing-amplifier circuits of " 
color and black-and-white television receivers. Outlines pt^ 
section, 8D; requires duodecar 12-contact socket. 

Heater Voltage   
Heater Current   Heater-Cathode Voltage: 

Peak value   
Average value   Unit 

Direct Interelectrode Capacitances: No.1 
Grid to Plate ......    
Grid to Cathode and Heater   
Plate to Cathode and Heater   O.db 

±200 max 
100 max 



Technical Data 375 

Class Ai Amplifier (Each Unit) 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage   
Grid Voltage, Positive-bias value   
Plate Dissipation  !.!!!!!!!!!!!!!!!. 
CHARACTERISTICS 
Plate Voltage   
Grid Voltage    
Plate Current    
Amplification Factor    
Plate Resistance (Approx.)   
Transconductance  !.!!!!.'!!!!!!'.  
Plate Current for grid voltage of —14 volts .    
Grid Voltage for plate current of 50 /tA  !.!!!!!! 
MAXIMUM CIRCUIT VALUE 
Grid-Circuit Resistance, for fixed-bias operation   

TYPE 6MJ8 EACH UNIT 

200 300 400 
PLATE VOLTS 92CS-II966TI 

Kefer to chart at end of section. 6MK8 

^0=1 SHARP-CUTOFF JihAISQA 
nr TWIN PENTODE olviKoA 
j/^i Miniature type used in sync-separator, clipper, age, 
(9) and low-level color-demodulator circuits in television 

c3Pi receivers. Outlines section, 6E; requires miniature 9- 
contact socket. 

Heater Voltage   
Heater Current   
Heater-Cathode Voltage: 

Peak value   
Average value   

Direct Interelectrode Capacitances: 
Grid No.3 to Plate (Each Section)    
Grid No.l to All Electrodes   
Grid No.3 (Each Section) to All Electrodes   
Plate (Each Section) to All Electrodes   
Grid No.3 (Section 1) to Grid No.3 (Section 2)   

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage (Each Unit)   
Grid-No.3 (Suppressor-Grid) Voltage (Each Unit) 

Peak positive value   
DC negative value   
DC positive value   

±200 max 
100 max 
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Grid-No.2 (Screen-Grid) Voltage ;    
Grid-No.l (Control-Grid) Voltage, Negative-bias value   
Cathode Current   t-•      
Plate Dissipation (Each Section)   
Grid-No.2 Input   
MAXIMUM PLATE CURRENT RATIO (Balance)—1.2 to 1 (6MK8A) 
Plate Voltage   
Grid-No.2 Voltage   
Grid-No.l Voltage   
Grid-No.3 Voltage   
Grid-No.l Resistance    
CHARACTERISTICS With One Unit Operating- 
Plate Voltage   
Grid-No.3 Voltage   r Grid-No.2 Voltage   01 „ 
Grid-No.l Voltage ■■;■■■   ■ ■ • ■ ■:  _ Transconductance, Grid No.3 to Plate   
Transconductance, Grid No.l to Plate   
Plate Current      :  
Grid-No.3 Voltage (Approx.) for plate current   

of 100 /tA     :  
Grid-No.l Voltage (Approx.) for plate current 

of 100 nA   
With Both Units Operating 

Plate Voltage (Each Unit)   
Grid-No.3 Voltage (Each Unit)   
Grid-No.2 Voltage   
Grid-No.l Voltage     
Plate Current (Each Section)   
Cathode Current   
Grid-No.2 Current   

100 100 
0 0 

67.5 67.5 
0 « 
  450 

1100 — 
— 2 
— —3.5 
— —2.3 

100 100 
—10 0 
67.5 67.5 * « 
  2 
7.1 8.5 

7 4.4 

volts 
volts 
volts 
volts 

megohm 

AVERAGE TRANSFER CHARACTERISTICS 
TYPE 6MK8A 

EGg-ig 

WMeSSBt 

-6 -4 -z u 
GRID-No. 3 VOLTS 

TYPE 6MK8A 
Ecj-0 VOLTS 
Ec =67.5 VOLTS 2 i i 

»hlr, = 0.5 MILLIAMPERE 

EACH SECTION SEPARATELY WITH PLATE 
AND GRID-NUMBER 3 OF OPPOSITE 
SECTION GROUNDED I I 

Ec.-tl.O VOLTS -2.5 
+0.75 2.25 

2.0 
0.25 

05 OB 

25 

200 300 
PLATE VOLTS 
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MAXIMUM CIRCUIT VALUES 
Gnd-No.3-Circuit Resistance (Each Unit)   0.5 megohm 
Grid-No.l-Circuit Resistance   o!5 megohm 
■ With plate and grid No.3 of other unit grounded. 
* Grid current adjusted for 100 dc. 

HIGH-MU 
TRIPLE TRIODE 6MN8 

i3T3 Duodecar type used for matrix-amplifier applications 
in color television receivers. Outlines section, 8D; re- 
quires duodecar 12-contact socket. 

Heater Voltage   g g 
Heater Current    0*9 
Heater-Cathode Voltage: Peak value     ±200 max 

Average value   100 max 
Direct Intel-electrode Capacitances: Unit No.l Unit No.2 Unit No.3 

Grid to Plate   2.6 2.6 2.6 
Grid to Cathode and Heater   4.6 4.6 4.6 
Plate to Cathode and Heater   0.33 0.57 0.65 

Class Ai Amplifier (Each Unit) 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage   300 
Grid Voltage, Positive-bias value  !!!!!!!! 0 
Plate Dissipation  3 
CHARACTERISTICS 
Plate Voltage   
Grid Voltage   
Amplification Factor   ! !.! 
Plate Resistance (Approx.)   
Transconductance    Plate Current   
Grid Voltage (Approx.) for plate current of 50 /iA 
MAXIMUM CIRCUIT VALUE 
Grid-Circuit Resistance, for fixed-bias operation . . 

125 200 volts —1 —4 volts 47 40 6250 10000 ohms 7500 4000 /imhos 11 4.8 mA —5 —11 volts 

1 megohm 

MEDIUM-MU TRIODE— 6MQ8 
SHARP-CUTOFF PENTODE SMQT 

Wfcr±JrfEI^ls Miniature type used in color and black-and-white tele- 
yision receiver applications. The pentode unit is used 
in band-pass-amplifier applications. The triode unit is 

pt or used in video-amplifier, sync-separator, color-killer- 
9AE control, matrix-amplifier, and blanker applications. Outlines section, 6B; requires miniature 9-contact 

socket. Type 5MQ8 is identical with type 6MQ8 except for heater ratings. 

Heater. Voltage (ac/dc)   
Heater Current   
Heater Warm-up Time   
Heater Cathode Voltage: 

Peak value     
Average value   

Direct Interelectrode Capacitances: 
Triode Unit: 

Grid to Plate   
Grid to Triode Cathode, Pentode Cathode, Heater, 

Pentode Grid No,3, and Internal Shield   

ampere 
seconds 

±200 max 
100 max ±200 max 

100 max 
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Plate to Tiiode Cathode, Pentode Cathode, Heater, 
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 Internal Shield   

MAXIMUM RATINGS 
Class Ai Amplifier 

Triode Unit Pentode Unit 
DC Plate Voltage   
DC Grid-No.2 (Screen-Grid) Supply Voltage   
DC Grid-No.2 Voltage   
DC Grid-No.l (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 

Intei'electrode Leakage   

330 volts 
330 volts 

See curve page 300 

0.65 watt 
See curve page 300 

100 megohms 

CHARACTERISTICS 
DC Plate Voltage   
DC Grid-No.2 Voltage   Cathode Resistance    Amplification Factor   
Plate Resistance (Approx.)    Transconductance   
DC Plate Current    
DC Grid-No.2 Current      • ••• •• •• ■ 
Grid-No.l Voltage for plate current of 100 jtA 

Triode Unit Pentode Unit 
150 125 

MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation^ . . 
For cathode-bias operation 

0.25 megohms 
0.5 megohms 

6MU8 
MED1UM-MU TRIODE— 
SEMIREMOTE-CUTOFF 

PENTODE 

Miniature type used in color and black-and-white tele- 
vision receiver applications. The pentode unit is used 
in burst-amplifier circuits, and the triode unit as a 

-general amplifier tube. Outlines section, 6E; requires 
miniature 9-contact socket. 
Heater Voltage   
Heater Current   
Heater Warm-up Time . Heater-Cathode Voltage: 

Peak value   
Average value   

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   

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 Triode Cathode   
Heater to Pentode Cathode   
Pentode Grid No.l to Triode Plate    
Pentode Plate to Triode Plate   

±200 max 
100 max 
Without 

Shield 
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Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage   
Grid-No.2 (Screen-Grid) Supply Voltage   
Grid-No.2 Voltage   
Grid-No.l (Control-Grid) Voltage, Positive-bias value 
Grid-No.2 Input    
Plate Dissipation   
CHARACTERISTICS 
Plate Voltage   
Grid-No.2 Voltage   
Grid-No.l Voltage   
Cathode Bias Resistor   
Plate Current   
Grid-No.2 Current   
Transconductance   
Amplification Factor   
Plate Resistance (Approx.)   
Grid-No.l Voltage (Approx.) for plate current 

of 10 /iA   
Grid-No.l Voltage (Approx.) for plate current 

of 20 fiA.   

Triode Unit Pentode Unit 
330 330 volts 
— 330 volts — See curve page 300 

0 0 volts 
2.5 3.75 watts 
— 1.1 watts 

Triode Unit Pentode Unit 

MAXIMUM CIRCUIT VALUES 
Grid-No. 1-Circuit Resistance: 

For fixed-bias operation 
For cathode-bias operation 0.25 megohm 

1 megohm 

HIGH-MU TRIODE— 
SHARP-CUTOFF PENTODE 6MV8 

MTLLrzrjjJM Miniature type used for general-purpose applications. 

OT®v5^^f/y®6 The pentode unit is used as an if-amplifier, and the 2p triode unit as a sync-separator or voltage amplifier. kt^ pp Outlines section, 6B; requires miniature 9-contact 
socket. Heater: volts, 6.3; ampere, 0.6; maximum heater- 

9DX cathode volts, ±200 peak, 100 average. 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) Triode Pentode 

Unit Unit 
Plate Voltage    330 330 volts 
Grid-No. 2 (Screen-Grid) Supply Voltage   — 330 volts 
Grid-No, 2 Voltage   — See curve page 300 
Grid-No. 1 (Control-Grid) Voltage, 

Positive bias value   0 0 volts 
Plate Dissipation    ;... 1 2.5 watts 
Grid-No. 2 Input   — 0.55 watts 
CHARACTERISTICS 
Plate Voltage   250 125 volts 
Grid-No, 2 Voltage   — 125 volts 
Grid-No. 1 Voltage     —2 —1 volts 

Plate Current   
Grid-No. 2 Current   Transconductance  
Amplification Factor   
Plate Resistance (Approx.)   
Grid-No. 1 Voltage (Approx.) for plate current of 20-fiA 
MAXIMUM CIRCUIT VALUES 
Grid-No. 1-Circuit Resistance: 

For fixed-bias operation     
For cathode-bias operation   

Triode Pentode 
Unit Unit 

330 330 volts — 330 volts 
— See curve page 300 

0 0 volts 
1 2.5 watts 

' ' 0.55 watts 

250 125 volts — 125 volts 
—2 —1 volts 

Triode Pentode 
Unit Unit 

2.5 13 mA — 4 mA 
4000 9000 /imhos 

100 — 
25000 150000 ohms 
—4.6 —6 volts 

0.5 0.25 megohms 1 1 megohms 

Refer to chart at end of section. 6N6G 
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Refer to chart at end of section. 

Refer to chart at end of section. 
Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 
For replacement use type 6K11/6Q11. 

Refer to chart at end of section. 

For replacement use type 6BC8/6BZ8. 

For replacement use type 6KN8/6RHH8. 
For replacement use type 6BR3/6RK19. 

Refer to chart at end of section. 

Refer to chart at end of section. 

6S4A MEDIUM-MU TRIODE 
Miniature type used as vertical-deflection amplifier in 
color and black-and-white television receivers. Outlines 
section, 6E; requires miniature 9-contact socket. 
Heater Voltage (ac/dc)   
Heater Current        
Heater Warm-up Time (Average)   Heater-Cathode Voltage: 

Peak value   
Average value   

Direct Interelectrode Capacitances (Approx.; 
Grid to Plate   
Grid to Cathode and Heater   
Plate to Cathode and Heater   

±200 max 
100 max 

Class Ai Amplifier 
CHARACTERISTICS 
Plate Voltage      
Grid Voltage   Amplification Factor   
Plate Resistance (Approx.)   Transconductance   
Plate Current      • • • • • • •    
Plate Current for grid voltage of —15 volts     
Grid Voltage (Approx.) for plate current of 50 /lA   

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#   
Peak Negative-Pulse Grid Voltage   
Peak Cathode Current   
Average Cathode Current    
Plate Dissipation   
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MAXIMUM CIRCUIT VALUE 
Grid-Circuit Resistance, for cathode-bias operation   
# Pulse duration must not exceed 15% of a vertical scanning cycle 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 
Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

2.2 megohms 
(2.5 milliseconds). 

6S8GT 
6SA7 

6SA7GT 

6SB7Y 
6SC7 
6SF5 

6SF5GT 

6SJ7 
6SJ7GT 

6SK7 
6SK7GT 

HIGH-MU TWIN TRIODE 
6SL7GT 

Ulr—11-^7) Glass octal type used as phase inverter in radio equip- 
ptj(£a\ ment. Each unit may also be used in resistance-coupled 

(fv-rj'a) amplifier circuits. Outlines section, 13D; requires octal 
0T2 h socket. Except for the common heater, each triode unit 

8BD is independent of the other. For typical operation as 
phase inverter or resistance-coupled amplifier, refer to Resistance-Coupled 
Amplifier section. Type 12SL7GT is identical with type 6SL7GT except for 
heater ratings. 

Heater Voltage (ac/dc)   
Heater Current   
Peak Heater-Cathode Voltage   
Direct Interelectrode Capacitances (Approx.) :0 

Grid to Plate   
Grid to Cathode and Heater   
Plate to Cathode and Heater   

6SL7GT 12SL7GT 
6.3 12.6 
0.3 0.15 

±90 max ±90 max 
Unit No.1 UnitNo.2 

2.8 2.8 
3 3.4 

3.8 3.2 
0 With external shield connected to cathode. 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage   
Grid Voltage, Positive-bias value 
Plate Dissipation   
CHARACTERISTICS 
Plate Voltage   
Grid Voltage   
Amplification Factor   
Plate Resistance (Approx.) 
Transconductance   
Plate Current   
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6SN7GT 
6SN7GTA Refer to chart at end of section. 

6SN7GTB medium-mu twin triode 
12SN7GTA KTa^ySZS®^, 

Glass octal type used as combined vertical oscillator — /p 
and vertical-deflection amplifier, and as horizontal- ^ 
deflection oscillator, in color and black-and-white tele- 
vision receivers. Each unit may also be used in multi- ^GT*"©,, 
vibrator or resistance-coupled amplifier circuits in 2 

radio equipment. Outlines section, 13D; requires octal 8BD 
socket. Except for the common heater, each triode unit is independent of 
the other. For typical operation as resistance-coupled amplifier, refer to 
Resistance-Coupled Amplifier section. Type 12SN7GTA is identical with 
type 6SN7GTB except for heater ratings. 

6SN7GTB 12SN7GTA 
Heater Voltage (ac/de)   6.3 12.6 
Heater Current     O-® 
Heater Warm-up Time (Average)   n 
Heape"akat0lueeV0ltaBe:   ±200 max ±200 max 

Average value' :::::::  100 '.10»max 

Direct Interelectrode Capacitances (Approx.) : Unit No.l Unit No.2 
Grid to Plate   
Grid to Cathode and Heater   , 
Plate to Cathode and Heater   «■' 

Class A, Amplifier (Each Unit) 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage   
Cathode Current    
Plate Dissipation: g 

For either plate     _ K For both plates with both units operating   
CHARACTERISTICS 
Plate Voltage   86 
Grid Voltage   " 2n Amplification Factor .. .    
Plate Resistance (Approx.)     ® Transconductance   'i066 2bUq 
Plate Current  i '   13 
Plate Current for grid voltage of —12.6 volts •••••■ .'p 
Grid Voltage (Approx.) for plate current of 10 nA .. —' 10 

MAXIMUM CIRCUIT VALUE 
Grid-Circuit Resistance, for fixed-bias operation   t 

Oscillator (Each Unit) 
For operation in a 525-line, 30-frame system 

Vertical- Horizontal- 
Deflection Deflection 

MAXIMUM RATINGS (Design-Center Values) Oscillator Oscillator 
DC Plate Voltage     466 ^ 
Peak Negative-Pulse Grid Voltage   100 66® 
Peak Cathode Current   ™ 
Average Cathode Current   '!u 

Plate Dissipation: _ 
For either plate          ® K For both plates with both units operating  '•b '•0 

MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance   

Vertical-Deflection Amplifier (Each Unit) 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Center Values) 
DC Plate Voltage     n  ikoo. 
Peak Positive-Pulse Plate Voltage# (Absolute maximum)   1B00« 
Peak Negative-Pulse Grid Voltage   'W 
Peak Cathode Current   

ampere 
seconds 

450 450 volts 
400 600 volts 

70 300 mA 
20 20 mA 

5 5 watts 
7.5 7.6 watts 

2.2 2.2 megohms 
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Average Cathode Current   20 
Piate Dissipation: 

For either plate   5 
For both plates with both units operating    ]  75 

MAXIMUM CIRCUIT VALUE 
Grid-Circuit Resistance, for cathode-bias operation  ;  2.2 
^ must not exceed 15% of a vertical cycle (2.5 milliseconds). ■ Under no circumstances should this absolute value be exceeded. 

I 

mm 

TYPE 6SN7GTB 
EACH TRIODE UNI n 

wmviM 

100 200 300 400 500 600 700 
PLATE VOLTS 9203-832211 

Refer to chart at end of section. 

Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 

For replacement use type 6AF4A. 

Refer to chart at end of section. 
Refer to chart at end of section. 

6SQ7 
6SQ7GT 

u TRIPLE DIODE— XTOA 
HIGH-MU TRIODE 01 OA 

1A/—\KT, D14 D3 . . 5T8, 19T8 s rEjl kJ 15 Miniature type used as combined audio amplifier, AM 
©((xXlwofa) detector, and FM detector in AM/FM radio receivers. 

GT Diode unit No.l is used for AM detection, and diode 
©pt units No.2 and No.3 are used for FM detection. Out- 

lines section, 6B; requires miniature 9-contact socket. 
For typical operation as resistance-coupled amplifier, 

refer to Resistance-Coupled Amplifier section. Types 5T8 and 19T8 are 
identical with type 6T8A except for heater ratings. 

Heatei* Voltage (ac/dc)   4,7 6.3 
Heater Current   0.6 ' 0.45 
Heater Warm-up Time (Average)   11 11 
Heater-Cathode Voltage: 

Peak value   ±200 max ±100 max 
Average value   100 max — 

volts 
ampere 
seconds 
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Direct Interelectrode Capacitances: Unshielded 
Triode Unit: 

Grid to Plate      !•" 
Grid to Cathode, Internal Shield (pin 7), and 

Heater      Uo 
Plate to Cathode, Internal Shield (pin 7), and 

Heater        
Diode Units: 

Diode-No.1 Plate to Cathode, Internal Shield 
(pin 7), and Heater   3.8 

Diode-No.2 Plate to Cathode, Internal Shield 
(pin 3), and Heater    3.8 

Diode-No.3 Plate to Cathode, Internal Shield 
(pin 7), and Heater  v* *' * 

Diode-No.2 Cathode, Internal Shield (pin 3) to All _ 
Other Electrodes, and Heater   7.5 

Triode Grid to any Diode Plate   U.Ud4 mi 
♦ 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      
Grid Voltage, Positive-bias value   
Plate Dissipation   
CHARACTERISTICS 
Plate Voltage   
Grid Voltage   -i Amplification Factor   KAnnft 
Plate Resistance (Approx.)   Transconductance   aTJq 
Plate Current    

Diode Units 
MAXIMUM RATING (Design-Maximum Values) 
Plate Current (Each Unit)   

Unshielded Shielded 
1.7 1.7 PF 
1.6 1.7 PF 
1.2 2.4 pF 

3.8 3.8 pF 
3.8 3.8* PF 
3.4 3.6 PF 
7.5 8.5- PF 

0.034 max 0.034 max PF 

330 volts 
0 volts 

1.1 watts 

250 volts 
—3 volts 

70 
68000 ohms 

1200 /imhos 
1 mA 

6.5 mA 

TYPE 6T8A 
TRIODE UNIT 

01 

0 200 300 400 
PLATE VOLTS 92CS-7063T 

Refer to chart at end of section. 

XT 10 BEAM POWER TUBE— 
SHARP-CUTOFF PENTODE 

Duodecar type used as combined FM detector and 
audio-frequency output amplifier in color and black- 
and-white television receivers. The beam power unit 
is used in af output stages, and the sharp-cutoff, dual- 
control pentode unit is used as an FM detector. Out- 
lines section, 8C; requires duodecar 12-contact socket. 
For maximum ratings and characteristics, refer to type 
6AL11. Types 10T10 and 12T10 are identical with type 
6T10 except for heater ratings. 
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6T10 10T10 Heater Voltage (ac/dc)   6.3 9.8 
Heater Current   0.96 0.6 
Heater Warm-up Time (Average) .... — 11 
Heater-Cathode Voltage: Peak value   ±200 max ±200 max 

Average value   100 max 100 max 
Direct Interelectrode Capacitances: 

Unit No.l: 
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   
Unit No.2: 

Grid No.l to Plate   
Grid No.3 to Plate   
Grid No.l to Cathode, Heater, Grid No.2, Grid No.3 and Internal 

Shield   
Grid No.3 to Cathode, Heater, Grid No.l, Grid No.2, Plate, and 

Internal Shield   
Grid No.l to Grid No.3    
Plate of Unit No.l to Plate of Unit No.2   

±200 max 
100 max 

Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 

6U5 
6U7G 
6U8 

MEDIUM-MU TRIODE— 
SHARP-CUTOFF PENTODE 

6U8A 

6U8A/ 

6KD8 
7\KP,Gjp 5U8 

15 Miniature types used as combined oscillator and mixer 
b)k 

tube in color and black-and-white television receivers T utilizing an intermediate frequency in the order of 
r 40 MHz. Outlines section, 6B; require miniature 9- 

contact socket. Type 5U8 is identical with type 6U8A 
except for heater ratings. 

Heater Voltage (ac/dc)   
Heater Current   
Heater Warm-up Time (Average)   
Heater-Cathode Voltage: 

Peak value     
Average value   

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 .. 
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 Cathode to Heater   
Pentode Cathode, Pentode Grid No.3, and 

Internal Shield   
Pentode Grid No.l to Triode Plate   
Pentode Plate to Triode Plate   

5U8 
4.7 
0.6 
11 

6U8A 
6U8A/6KD8 

6.3 
0.46 

11 
volts 

ampere 
seconds 

±200 max 
100 max 

Unshielded 
±200 max 

100 max 
Shielded* 

volts 
volts 

1.8 1.8 PF 
2.8 2.8 PF 
1.6 2 PF 

0.010 max 0.006 max PF 
6 5 PF 

2.6 
3 3.6 

3* PF 
PF 

3 
0.2 max 
0.1 max 

3* 
0.2 max 

0.02 max 
PF 
PF 
PF 

A With external shield connected to pin 4 except as noted. 
• With external shield connected to pin 6. 
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Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) TriodeUnit Pentode Unit 
Plate Voltage   330 330 
Grid-No.2 (Screen-Grid) Supply Voltage   — 330 
Grid-No.2 Voltage   — See curve page 3 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value 0 0 
Plate Dissipation     2.5 3 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts   — 0.56 
For grid-No.2 voltages between 166 and 330 volts — See curve page ! 

CHARACTERISTICS 
Plate Voltage   126 125 
Grid-No2 Voltage   -7 113 
Grid-No.l Voltage     —1 —1 
Amplification Factor   40 
Plate Resistance (Approx.)   — 0.2 
Transconductance   "300 5000 
Plate Current   13.5 9.5 
Grid-No.2 Current    — 3.5 
Grid-No.l Voltage (Approx.) for plate current of 

20 fih    —3 —8 

  See curve page 300 
0 0 volts 

2.5 3 watts 
  0.55 watt 
— See curve page 300 

125 125 volts 
110 volts 

—1 —1 volts 
40     

0.2 megohm 
7500 5000 jumhos 
13.5 9.5 mA 

3.6 mA 
—9 —8 volts 

6U9/ECF201 Refer to chart at end of section. 

61110 THREE-UNIT TRIODE 
Duodecar type used in amplifier applications. Units 't, 
No.l and No.3 are medium-mu triode units, and unit Kt (-7 
No.2 is a high-mu triode unit. Outlines section, 8A; 'ClJf 
requires duodecar 12-contact socket. Heater: volts KTj®fiLi 
(ac/dc), 6.3; amperes, 0.6; warm-up time (average), 
11 seconds; maximum heater-cathode volts, ±275 T3 
(peak) for units 1 and 3; ±200 (peak) for unit 2; h 
100 (average) for each unit. 

KT2 sT2 
.(9) (7)^ 

Class A. Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage   
DC Grid Voltage: Positive-bias value   

Negative-bias value   
Average Cathode Current   
Plate Dissipation   
CHARACTERISTICS 
Plate Voltage   
Grid Voltage   
Amplification Factor   
Plate Resistance (Approx.)   
Transconductance   
Plate Current   
Grid Voltage (Approx.): 

For plate current of 100 /iA 
For plate current of 35 fiA. .. 

Units Nos. 
1 and 3 

330 

MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance: , 

For fixed-bias operation   1 0.5 megohm 
For cathode-bias operation   2.2 1 megohms 

•This value may reach 10 megohms provided the plate-supply voltage and load resistance 
are such that the plate dissipation can never exceed 0.5 watt. 

6V3A Refer to chart at end of section. 
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02 G| 6V6 

6V6GTA 
Y^-EEE]} ) BEAM POWER TUBE uvsgt 

h®^^^aZ) Metal type 6V6 and glass octal type 6V6GTA are used 
~\y H as output amplifiers in automobile, battery-operated, 

s:6v» ^^=3 anci other receivers in which reduced plate-current Ncibv^GTA drain is desirable. Outlines section, 2B and 13D, re- 
7AC spectively; require octal socket. These tubes are equiva- 

lent in performance to type 6AQ5A. Refer to type 6AQ5A for average 
plate characteristic curves. Type 12V6GT is identical with type 6V6GTA 
except for heater ratings. 

Heater Voltage (ac/dc)   
Heater Current   
Heater Warm-up Time (Average) 
Heater-Cathode Voltage: 

6V6GTA 12V6GT 

Average value 
Direct Interelectrode Capacitances (Approx.) : 

Grid No.l to Plate       
Grid No.l to Cathode, Heater, Grid No.2, and 

Grid N6.3   
Plate to Cathode, Heater, Grid No.2, and 

Grid No.3   
• With shell connected to cathode. 

6.3 12.6 volts 0.45 0.225 ampere 11 — seconds 
±200 max ±200 max volts 100 max 100 max volts 

6V60 6V6GTA 
0.3 0.7 pP 
10 9 PF 
11 7.5 PF 

Class At Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage   
Grid-No.2 (Screen-Grid) Voltage   
Plate Dissipation   
Grid-No.2 Input   
TYPICAL OPERATION 
Plate Voltage   
Grid-No.2 Voltage   
Grid-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 
Plate Resistance (Approx.)   
Transconductance   Load Resistance   
Total Harmonic Distortion   
Maximum-Signal Power Output 

180 250 316 180 250 225 —8.5 —12.5 —13 8.5 12.5 13 29 45 34 30 47 35 3 4.5 2.2 4 7 6 50000 50000 80000 3700 4100 3750 5500 5000 8500 8 8 12 2 4.5 5.5 
CHARACTERISTICS (Triode Connection)* 
Plate Voltage   
Grid-No.l (Control-Grid) Voltage   
Amplification Factor   
Plate Resistance (Approx.)   
Transconductance   Plate Current  !!"!!!!!!!  
Grid-No.l Voltage (Approx.) for plate current of O.B mA] 
3 Grid No.2 connected to plate. 

Push-Pull Class Ai Amplifier 
MAXIMUM RATINGS (Same as for Class Ai Amplifier) 
TYPICAL OPERATION (Values are for two tubes) 
Plate Voltage   ner 
Grid-No.2 Voltage     2Rf 
Grid-No.l (Control-Grid) Voltage  if 
Peak AF Grid-No.l-to-Grid-No.l Voltage   
Zero-Signal Plate Current   nt 
Maximum-Signal Plate Current 7c 
Zero-Signal Grid-No.2 Current p 
Maximum-Signal Grid-No.2 Current 1? 

volts 
volts 
volts 
volts 
mA 
mA 
mA 
mA 

ohms 
/tmhos 

ohms 
per cent 

watts 
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Effective Load Resistance (PJate-to-Plate) 
Total Harmonic Distortion   Maximum-Signal Power Output   
MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation^  meg 

For cathode-bias operation   u.o meg 
Vertical-Deflection Amplifier (Triode Connection)4 

For operation in a 525-line, 30-frame system 
MAXIMUM RATINGS (Design-Maximum Values) 
DO Plate Voltage    i?nn I 
Peak Poaitive-Pulse Plate Voltage#    1200 
Peak Negative-Pulse Grid-No.l (Control-Grid) Voltage   276 i 
Peak Cathode Current     ij" 
Average Cathode Current   JJJ 
Plate Dissipation   
MAXIMUM CIRCUIT VALUE 
Grid-No.l-Circuit Resistance, for cathode-bias operation   Z.Z megc 
A Grid No.2 connected to plate. . . _ .... . * 
# Pulse duration must not exceed 16% of a vertical scanning cycle (2.5 milliseconds). 

6V6GT 

6V6GTY 

6V7G 

6W4GT 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

beam power tube 
Glass octal type used in the audio output stage of 
radio and color and black-and-white television re- 
ceivers. Triode-connected, it is used as a vertical-de- 
flection amplifier in television receivers. Outlines sec- 
tion, 13D; requires octal socket. This type may be 
supplied with pin No.l omitted. Type 12W6GT is identi- 
cal with type 6W6GT except for heater ratings. 

6W6GT 
Heater Voltage (ac/dc)   6.3 
Heater Current   i*2 

Heater Warm-up Time (Average)   — 
Heater-Cathode Voltage: 

Peak value   db200 max 
Average value     100 max 

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 Aj Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage     
Grid-No.2 (Screen-Grid) Voltage   
Plate Dissipation   
Grid-No,2 Input   
TYPICAL OPERATION 
Plate Supply Voltage   110 
Grid-No.2 Supply Voltage   110 
Grid-No.l (Control-Grid) Voltage   —7.5 
Cathode-Bias Resistor   — 
Peak AF Grid-No.l Voltage   7.5 
Zero-Signal Plate Current   49 
Maximum-Signal Plate Current   60 
Zero-Signal Grid-No.2 Current   4 
Maximum-Signal Grid-No.2 Current   10 
Plate Resistance (Approx.)   13000 

12W6GT 
12.6 

0.6 
11 

i-{-200 max 
—300 max 
-(-100 max 
—200 max 
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Transconductance   
Load Besistance   
Total Harmonic Distortion (Approx.)   
Maximum-Signal Power Output   
CHARACTERISTICS (Triode Connection)* 
Plate Voltage   
Grid-No. 1 Voltage    
Amplification Factor   
Plate Besistance (Approx.)   
Transconductance   
Plate Current    
Grid No.l Voltage (Approx.) for plate current of 0.6 mA 
MAXIMUM CIRCUIT VALUES 
Grid-No. 1 Circuit Resistance: 

For fixed-bias operation    
For cathode-bias operation     

* Grid No.2 connected to plate. 

8000 
2000 

10 
2.1 

8000 
4000 

10 
3.8 

225 
—30 

6.2 
1600 
3800 

22 
—42 

0.1 
0.6 

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#    
DC Grid No.2 (Screen-Grid) Voltage   
Peak Negative-Pulse Grid-No.l Voltage   
Peak Cathode Current   
Average Cathode Current     
Plate Dissipation   
Grid-No.2 Input   
MAXIMUM CIRCUIT VALUE 
Grid-No.l-Circuit Besistance, for cathode-bias operation 
* Grid No.2 connected to plate. 
# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds). 

Triode Pentode 
Connection* Connection 

330 330 volts 1200 1600 volts — 165 volts 275 276 volts 195 195 mA 66 65 mA 8.5 8 watts 
— 1.2 watts 

2.2 2.2 megohms 

B! 

MR 
EE 

TYPE 6W6GT 
TRIODE CONNECTION 
GRID No. 2 CONNECTED TO PLATE. 

100 200 300 400 
PLATE VOLTS 92CS-7942T 

1 

I 

w¥i 

200 400 600 600 
PLATE VOLTS 92CS-7949T 

Refer to chart at end of section. 6W7G 

FULL-WAVE 6X4 
VACUUM RECTIFIER uxa 

Miniature type used in power supply of automobile 
and ac-operated radio receivers. Equivalent in perfor- 

k mance to larger type 6X5GT. Outlines section, 5D; re- 
quires miniature 7-contact socket. This tube, like other 

foz power-handling tubes, should be adequately venti- 
5BS lated. For discussion of Rating Chart and Operation 

Characteristics, refer to Interpretation of Tube Data. Type 12X4 is iden- 
tical with type 6X4 except for heater ratings. 

H NC 
(*) (i) 
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Heater Voltage (ac/dc)   6.3 12.6 vo.ts 
Heater Current   Heater-Cathode Voltage: volts Peak value   f voIt;a Average value   AWhen the heater is operated from a 3-eell (iiominal-6-volt) storage-battery source, the per- 
missible heater-voltage range is from 5 to 8 volts. 

Full-Wave Rectifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage   ^ T„A 
Steady-State Peak Plate Current (Per Plate)   246 mA 
AC Plate Supply Voltage (Per Plate, rms)   See Bating Chart 
DC Output Voltage (At filter input) t   352 
Average Output Current (Each plate)t   « "***■ 
Hot-Switching Transient Plate Current   w 
t This rating applies when the 6X4 is used in vibrator operation with a minimum duty cycle 
of 76 per cent. .... - . - • 
# If hot-switching is regularly reguired in operation, the use of choke-input circuits is recom- 
mended Such circuits limit the hot-switching current to a value no higher than that of the 
neak plate current When capacitor-input circuits are used, a maximum peak current value 
Eer plate ofTl amperes during the initial cycles of the hot-switching transient should not 
be exceeded. 

OPERATION CHARACTERISTICS FULL-WAVE CIRCUITCAPACITOR INPUT TO FILTER 
TYPE 6X4 E 6.3 VOLTS FILTER-INPUT CAPACITOR* lOjtF TOTAL EFFECT. PLATE-SUPPLY IMPEDANCE /520 OHMS FOR CURVES 1-5 PER PLATE ^400 OHMS FOR CURVES 6-8 

700 - DEAS SEE RATING CHART 

OPERATION CHARACTERISTICS FULL-WAVE CIRCUIT. CHOKE INPUT TO FILTER  ! 1 1 1 1 I I I I 
TYPE 6X4 

" E £= 6.3 VOLTS SUPPLY rREQUENCY=60CPS- CHOKES OF INFINITE INDUCTANCE ---—CHOKES OF VALUES SHOWN — — BOUNDARY LINE FOR CHOKE VALUES SHOWN 700-CBA = 5EE RATING CHART 

\ 
y" 

^0- 

sj. 
N 

J \\\. \<sV 
o . * * * ) 'i i- * \ >. sfo r 

a 
RMSy^ PER . •^"PLATE 

20  40 60 80 100 DC LOAD MILLIAMPERES 92CM-803ITI 
20 40 60 80 lU(J DC LOAD MILLIAMPERES 92CM-8030TI 

TYPICAL OPERATION 
Filter Input ,-'ai 

AC Plate Supply Voltage (Each plate, rms)* .. 
Filter Input Capacitor    
Effective Plate Supply Impedance (Each plate) . . 
Filter Input Choke   
Average Output Current       
DC Output Voltage at Input to Filter (Approx.) 
• AC plate supply voltage is measured without load. 

Sine Wave Operation 
Capacitor Choke 

Vibrator 
Operation 
Capacitor 
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RATING CHART 
type 6X4 £ Ef-6.3 VOLTS 

< mn   MAXIMUM OPERATING VALUES WITHs J 00 I i-CHOKE -INPUT FILTER 
c FA 45 *. rCAPACITOR —INPUT FILTER 

mm 

ni 

nm 
0 100 ZOO 300 400 900 

AC PLATE SUPPLY VOLTS (RMS) PER PLATE (WITHOUT LOAD) 

Refer to chart at end of section. 

Refer to chart at end of section. 
6X4W 

FULL-WAVE AVC^T 
VACUUM RECTIFIER OAOGT 

Glass octal type used in power supply of automobile 
and ac-operated receivers. Outlines section, 13D; re- 
quires octal socket. This type may be supplied with 
pin No.l omitted. For maximum ratings, and typical 
operation, refer to type 6X4. 

Refer to chart at end of section. 

MEDIUM-MU TRIODE— 6X8A 
SHARP-CUTOFF PENTODE sxs, uxb 

Miniature type used as combined oscillator and mixer 
tube in television receivers utilizing an intermediate 
frequency in the order of 40 MHz and in AM/FM re- 
ceivers. Outlines section, 6B; requires miniature 9-con- 
tact socket. Types 5X8 and 19X8 are identical with 
type 6X8A except for heater ratings. 

Heater Voltage (ac/dc)   
Heater Current   
Heater Warm-up Time (Average) 
Heater-Cathode Voltage: 

Peak value   
Average value   

Direct Interelectrode Capacitances: 
Triode Unit: 

Grid to Plate   
Grid to Cathode and Heater   
Plate (o 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   

±200 max ±200 max ±200 max 
100 max 100 max 100 max 

Unshielded Shielded4 

0.09 max 0.06 max 

0.05 max 0.04 max 
0.05 max 0.008 max 
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AWith external shield connected to cathode except as noted. 
• Wilth external shield connected to pentode plate. 

Class At Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage        
Grid No.2 (Screen-Grid) Supply Voltage   
Grid-No.2 Voltage  u'v: "  'i" 
Grid-No. 1 (Control-Grid) Voltage, Positive-bias value 
Plate Dissipation    
Grid-No.2 Input: 

For grid-No.2 voltages up to 137.5 volts   
For grid-No.2 voltages between 137.5 and 275 volts 

CHARACTERISTICS 
Plate Voltage  *  
Grid No.3   
Grid-No.2 Voltage   
Grid-No.l Voltage   Amplification Factor   • 
Plate Resistance (Approx.)   Transconductance   
Plate Current   
Grid-No.2 Current    
Grid-No.l Voltage (Approx.) for plate current of 

20 M   

Triode Unit Pentode Unit 

See curve page 300 
0 

  0.45 watt 
— See curve page 300 

125 125 volts 
Connected to cathode at socket 

125 volts 
—1 —1 volt 

40 — 
6000 300000 ohms 
6500 5500 jimhos 

12 9 mA 
2.2 mA 

—7 —6.5 volts 

TYPE 6X8 
TRIODE UNIT 

vy. vrT ✓ (/■•-xEc'+KK 

— 4^6 

TYPE 6X8 
PENTODE UNIT 
GRID-No. 2 V0LTS=I50 
GRID-No. 3 V0LTS = 0 

0 J S 
5s io -ill 

50 100 • 150 200 250 300 350 
PLATE VOLTS 92CS-753IT 

i -o-5-i i ~GRip-No. I VOLTS ECl—1.0 
V-TCP lb 4A- Lo.5 L;- 
Pr-ICZ  
\ __ __ —^^EcrO 

 3.0 
j ^45"'° 

100 200 300 400 
PLATE VOLTS 92CS-7532T 

H H 
GJp.lS @_0 

6X9 / sJX 
HIGH-MU TRIODE— 6'p(g£ 

ECF200 SHARP-CUTOFF PENTODE KpCIXj 
Miniature type used as if-amplifier tube in television kCL 
receivers. Outlines section 6B, except has 10-pin base; 
requires miniature 10-contact socket. 
Heater Voltage   
Heater Current    -t-i sn max 
Peak Heater-Cathode Voltage   —lbu max 

Direct Interelectrode Capacitances: TriodeUnit: ... o 
Plate to All Other Elements (except grid)   £ 
Grid to All Other Elements (except plate)   
Plate to Grid    

Pentode Unit:   ... iv qk 
Plate to All Other Elements (except grid No.l)   ££ 
Grid No.l to All Other Elements (except plate)    
Grid No.l to Cathode       *  K Plate to Grid No.l   1'n 
Grid No.l to Grid No.2   1,8 
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Pentode Grid No.l to Triode Plate 
Pentode Grid No.l to Triode Grid 
Pentode Plate to Triode Plate .... 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentode Unit 
Plate Supply Voltage     550 650 volts 
Plate Voltage   250 250 volts 
Peak Plate Voltage*   600 — volts 
Grid-No.2 (Screen-Grid) Supply Voltage    — 550 volts 
Grid-No.2 Voltage   — 250 volts 
Cathode Current   18 18 mA 
Plate Dissipation     1.5 2.1 watts 
Grid-No.2 Input      — 0.7 watt 
CHARACTERISTICS 
Plate Voltage     170 160 volts 
Grid-No.3 (Suppressor-Grid) Voltage   — 0 volts 
Grid-No.2 Voltage   — 135 volts 
Grid-No.1 (Control-Grid) Voltage   —1 —1.7 volts 
Mu Factor, Grid-No.l to Grid-No.2   — 55 
Amplification Factor         55 — 
Transconductance   4800 14000 /rnihos 
Plate Current   8.5 13 mA 
Grid-No.2 Current   — 6 mA 
MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance   1 1 megohm 
• With a maximum duty factor of 0.18 and maximum pulse duration of 18 microseconds. 

Refer to chart at end of section. 

BEAM POWER TUBE 
6Y6GA/ 

6Y6G 

Glass octal type used as output amplifier in radio re- 
ceivers and in rf-operated, high-voltage power supplies 
in television equipment. Outlines section, 19B; requires 
octal socket. 

Heater Voltage (ac/dc)   
Heater Current   
Peak Heater-Cathode Voltage   
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 At Amplifier 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage   
Grid-No.2 (Screen-Grid) Supply Voltage   
Grid-No.2 Voltage   
Plate Dissipation   
Grid-No.2 Input: 

For grid-No.2 voltages up to 100 volts   
For grid-No.2 voltages between 100 and 200 volts   

TYPICAL OPERATION 
Plate Voltage  
Grid-No.2 Voltage   
Grid-No.l (Control-Grid) Voltage   —1 
Peak AF Grid-No.l Voltage   1 
Zero-Signal Plate Current   
Maximum-Signal Plate Current   
Zero-Signal Grid-No.2 Current   
Maximum-Signal Grid-No.2 Current   1 
Plate Resistance (Approx.)   9< 
Transconductance   7( 
Load Resistance   2( 
Total Harmonic Distortion   
Maximum-Signal Power Output   

6.3 volts 
1.25 amperes 

±180 max volts 

200 volts 
200 volts 
See curve page 300 

12.5 watts 
1.75 watts 
See curve page 300 

135 200 volts 
135 135 volts 

—13.5 —14 volts 
13.5 14 volts 

58 61 mA 
60 66 mA 

3.5 2.2 mA 
11.6 9 mA 

9300 18300 ohms 
7000 7100 /zmhos 
2000 2600 ohms 

10 10 per cent 
3.6 6 watts 
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MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Kesistance: 

For fixed-bias operation 
For cathode-bias operation 

6Y6GT 

megohm 
megohm 

For replacement use type 6Y6GA/6Y6G. 

Refer to chart at end of section. 

Refer to chart at end of section. 

6Y9/EFL200 
DUAL PENTODE VK 

Miniature type for use in color and black-and-white 02'>J@nf; 
television receiver applications. Unit No. 1 is used as 
a video output pentode, and unit No. 2 as a sound if P2' 5p2^pr 
amplifier, age amplifier, or sync separator. Outlines 
section, 6L, except has 10-pin base; requires minia- 
ture 10-contact socket. 10L 
Heater Voltage   
Heater Current   
Peak Heater-Cathode Voltage   
Direct Interelectrode Capacitances: 

Unit No.l: . 
Plate to All Other Elements (except grid No.l)   
Grid No.l to All Other Elements (except plate)   
Plate to Grid No.l     

Unit No.2: . 
Plate to All Other Elements (except grid No.l) ..... 
Grid No.l to All Other Elemente (except plate) ...... 
Plate to Grid No.l     
Grid No.l to Heater   

Plate to Plate   
Grid to Grid    
Plate (Unit No.l) to Grid No.l (Unit No.2)   
Plate (Unit No.2) to Grid No.l (Unit No.2)   

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Supply Voltage   
Plate Voltage   
Grid-No.2 (Screen-Grid) Supply Voltage   
Grid-No.2 Voltage   
Cathode Current   
Plate Dissipation   
Grid-No.2 Input   
CHARACTERISTICS 
Plate Voltage  
Grid-No.2 Voltage   
Grid-No.1 (Control-Grid) Voltage   
Mu Factor, Grid-No.1 to Grid-No.2  
Internal Resistance   
Transconductance   
Plate Current   
Grid-No.2 Current   
MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance   

0.8 
±200 max 

550 650 volts 
250 250 volts 
650 550 volts 
250 260 volts 

60 15 mA 
5 1.6 watts 

2.6 0.5 watts 

170 160 volts 
170 150 volts 

—2.6 —2.3 volts 
88 35 
40 160 kohms 

21000 8500 /imhos 
30 10 mA 
6.5 3 mA 

1 1 megohm 

Refer to chart at end of section. 
For replacement use type 84/6Z4. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 
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POWER PENTODE- ATI rt/A 11A 
GATED-BEAM OZ.IU/OJIU 

)'%„ DISCRIMINATOR 10Z10, 13Z10/13J10 
§Duodecar types used as a combined limiter, discrimi- 

Nc nator, and audio power-output tube in PM radio and 
jT). television receivers. Outlines section, 8C; require 

lp duodecar 12-contact socket. Types 10Z10, and 13210/ 
13J10 are identical with type 6Z10/6J10 except for 
heater ratings. 

Heater Voltage (ac/dc)   
Heater Current   
Heater Warm-up Time (Average) ... 
Heater-Cathode Voltage: 

Peak value   
Average value   

6Z10/6J10 
6.3 

0.95 

±200 max 
100 max 

±200 max 
100 max 

13Z10/13J10 
13.2 
0.45 

11 
±200 max 

100 max 
Direct Interelectrode Capacitances: 

Pentode Unit: 
Grid No.l to Grid No.3   
Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, Plate,' 

and Internal Shield   
Grid No.3 to Cathode, Heater, Grid No.l, Grid No.2, Plate, 

and Internal Shield    
Beam Power 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   

Gated-Beam Unit as Limiter and Discriminator 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Supply Voltage   
Grid-No.2 Voltage  !!!!!!] 
Grid-No.l Voltage, Peak positive value   
Average Cathode Current     
CHARACTERISTICS 
Plate Voltage   135 13 
Grid-No.3 (Suppressor-Grid) Voltage   4 
Grid-No.2 (Screen-Grid) Supply Voltage   — 28' 
Grid-No.2 Voltage   75 — 
Grid No. 1 (Control-Grid) Voltage   0 l 
Grid-No.2 Resistor     3; 
Transconductance, Grid No.l to Plate   — — 
Transconductance, Grid No.3 to Plate   — — 
Average Plate Current   — I 
Grid-No.2 Current   4.5 — 
Grid No.l Voltage (Approx.) for plate current of 

20 juA  _ _ 
Grid No.3 Voltage (Approx.) for plate current of 

20 mA  — — 
Pentode Unit as Class Ai Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage   
Grid-No.2 (Screen-Grid) Voltage   
Plate Dissipation    
Grid-No.2 Input   
TYPICAL OPERATION 
Plate Voltage   
Grid-No.2 Voltage  ,..!!!'.!!!!!!! 
Grid-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   
Plate Resistance (Approx.)   
Transconductance   
Load Resistance   
Total Harmonic Distortion (Approx.)   
Maximum-Signal Power Output   
MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation     
For cathode-bias operation    

volts 
volts 
volts 
volts 
mA 
mA 
mA 
mA 

megohm 
/tmhos 

ohms 
per cent 

watts 

megohm 
megohm 
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6ZY5G Refer to chart at end of section. 

7A4 Refer to chart at end of section. 

7A5 Refer to chart at end of section. 

7A6 Refer to chart at end of section. 

7A7 Refer to chart at end of section. 

7A8 Refer to chart at end of section. 

7AD7 Refer to chart at end of section. 

7AF7 Refer to chart at end of section. 

7AG7 Refer to chart at end of section. 

7AH7 Refer to chart at end of section. 

7AU7 Refer to type 12AU7A. 

7B4 Refer to chart at end of section. 

7B5 Refer to chart at end of section. 

7B6 Refer to chart at end of section. 

7B7 Refer to chart at end of section. 

7B8 Refer to chart at end of section. 

7C5 Refer to chart at end of section. 

7C6 Refer to chart at end of section. 

7C7 Refer to chart at end of section. 

7DJ8/PCC88 Refer to chart at end of section. 

7E6 Refer to chart at end of section. 

7E7 Refer to chart at end of section. 

7EY6 Refer to chart at end of section. 

7F7 Refer to chart at end of section. 

7F8 Refer to chart at end of section. 

7G7 Refer to chart at end of section. 

7GS7 Refer to type 6GS7. 
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Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6HG8/ECF86. 

Refer to chart at end of section. 

Refer to chart at end of section. 

7H7 

7HG8 

7HG8/PCF86 

7J7 

7K7 

SHARP-CUTOFF PENTODE 
7KY6 

9GK 

Miniature type with frame grid used as video output 
amplifier in color and black-and-white television receiv- 
ers. Outlines secton, 6E; requires miniature 9-contact 
socket. 

Heater Voltage (ac/dc)    
Heater Current   
Heater Warm-up Time   
Heater-Cathode Voltage: 

Peak value   
Average value   

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   

7.3 
0.45 

11 
volts 

ampere 
seconds 

±200 max 
100 max 

volts 
volts 

0.16 max 
14 

6 

PF 
PF 
PF 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage   Grid-No.2 (Screen-Grid) Supply Voltage   
Grid-No. 2 voltage   
Grid-No.l (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 ... 

330 
330 

volts 
volts 

See curve page 300 
0 volts 
9 watts 
1 watt 

See curve page 300 
CHARACTERISTICS 
Plate Supply Voltage    
Grid-No.3 Voltage   Connected 
Grid-No.2 Supply Voltage   
Grid-No.l Supply Voltage   

200 volts 
to cathode at socket 

135 volts 
0 volts 

TYPE 7KY6 
GRID-No.2 VOLTS-135 

IP 

100 200 300 400 500 600 
PLATE VOLTS 
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Cathode-Bias Resistor   
Plate Resistance (Approx.) Transconductance   
Plate Current   
Grid-No.2 Current   
Grid-No.1 Voltage (Approx.) 

  47 
  40000 
  30000 

    30 
  6.2 

for plate current of 100 pA   —4.5 

ohms 
ohms 

fiirihos 
mA 
mA 

volts 
MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation   
For cathode-bias operation   

megohm 
megohm 

7KZ6 Refer to chart at end of section. 

7L7 Refer to chart at end of section. 

7N7 Refer to chart at end of section. 

7Q7 Refer to chart at end of section. 

7R7 Refer to chart at end of section. 

7S7 Refer to chart at end of section. 

7V7 Refer to chart at end of section. 

7W7 Refer to chart at end of section. 

7X7 Refer to chart at end of section. 

7Y4 Refer to chart at end of section. 

7Z4 Refer to chart at end of section. 

8A8 For replacement use type 9A8/PCF80. 

8AC10 Refer to type 6AC10. 

8AL9 Refer to chart at end of section. 

8AR11 Refer to type 6AR11. 

8AU8 Refer to chart at end of section. 

8AW8A Refer to type 6AW8A. 

8B8 Refer to type 16A8/PCL82. 

8B10 Refer to type 6B10. 

8BA8A Refer to type 6BA8A. 

8BA11 Refer to type 6BA11. 

8BH8 Refer to chart at end of section. 
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"V (T) °3pi''s 

DUAL PENTODE 8BM11 
i^tEEEEEE^jX Duodecar type used as if amplifier in television re- 

ceivers. Unit No.l is a semiremote-cutoff pentode, and 
pp(9S^X<(v4 unifc No- 2 is a sharp-cutoff pentode. Outlines section, 

W © 'pi 8B; requires duodecar 12-contact socket. Heater: volts 
(ac/dc), 8.4; amperes, 0.45; maximum heater-cathode 

12FU volts, ±200 peak, 100 average. 
Class A, Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) Unit No.l UnitNo.2 
Plate Voltage    ir/) irr 
Grid-No.3 (Suppressor-Grid) Voltage   0 0 volts Grid-No.2 (Screen-Grid) Voltage  ISO 160 volta 
Grid-No.1 (Control-Grid) Voltage, Positive-bias value 0 0 volts 
Plate Dissipation   2.2 2 2 watts 
Grid-No.2 Input  0.56 oTbB watt 
CHARACTERISTICS 
riiHei?oSpIy VoltaEe   125 125 v°lt3 

MOW 'il  Connected to cathode at socket 
£»4-No.2 Voltage    m 126 volts Cathode-Bias Resistor    gg 120 ohms 
Plate Resistance (Approx.)   220000 300000 ohms 

Ti 86009 Grid-No.2 Current    3,6 2 5 mA 
Grid-No.1 Voltage (Approx.) for plate current of 

20- ft A. ^^g g volts 
Grid-No.l Voltage (Approx.) for transconductance of 

60 "mho  _le.6 _ volts MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance, for cathode-bias operation   , n os 

Refer to type 6BN8. 

Refer to chart at end of section. 8BN11 

Refer to type 6BQ5. 

kp2 If1 

SEMI REMOTE-CUTOFF 8BQ11 
DUAL PENTODE IIBQII, I6BQH 

Duodecar type used as intermediate-frequency ampli- 
fier in television receivers. Outlines section, 8B; re- 
quires duodecar 12-contact socket. Types 11BQ11 and 
16BQ11 are identical with type 8BQ11 except for heater 
ratings. 

8BQ11 11BQ11 16BQU 
  1.1.2 16 volts 
 ,■  3.46 0.315 ampere (Average) .... 11 11 H seconds 

Heater Voltage (ac/dc) 
Heater Current   
Heater Warm-up Time 
Heater-Cathode Voltage Peak value   

Average value . .. 

(Average) 
±200 max 

100 max ±200 max 
100 max ±200 max 

100 max 
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   
Grid No.l to Cathode, Heater, Grid No.2, 

Grid No.3, Grid No.3 of Unit No.l, and 
Internal Shield   

Unit No.l Unit No.J 
0.022 0.024 
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Plate to Cathode, Heater, Grid No.2, Grid No.3, 
Grid No.3 of Unit No.l. and Internal Shield . 

Plate of Unit No.l to Plate of Unit. No.2 .    
Grid No.l of Unit No.l to Plate of Unit No.2   
Grid No.l of Unit No.2 to IMnteofUmt No.l. 
Grid No.l of Unit No.l to Grid No.l of Unit No.2 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage ' vrW  
Grid-No.3 (Suppressor-Grid) Voltage   
Grid-No.2 (Screen-Grid) Supply Voltage   
Grid-No.2 Voltage     
Grid-No.l (Control-Grid) Voltage, Positive-bias value 
Plate Dissipation   Grid-No.2 Input: 

For Krid-No.2 voltages up to 165 volts ..... .. ... 
For grid-No.2 voltages between 165 and 330 volts 

CHARACTERISTICS 
Plate Supply Voltage   
Grid No.3   
Grid-No.2 Voltage   
Cathode-Bias Resistor   
Plate Resistance (Approx.)   Transconductance   
Plate Current   
Grid-No.2 Current         •   •;  
Grid-No.l Voltage (Approx.) for plate current 
Grid-No.l^Voitage' '(Approx.)'for transconductance 

of 50 /imho   
MAXIMUM CIRCUIT VALUES Grid-No.l-Circuit Resistance, for cathode-bias 

operation   

Unit No.l Unit No.2 
330 330 volta 0 0 volts 
330 330 volts 
See curve page 300 0 0 volts 
3.1 3.1 watts 

0.65 0.65 watt 
See curve page 300 

125 125 volts Connected to cathode at socket 
125 125 volts 
56 56 ohms 0 2 0.2 megohm 

10500 13000 itmhos 
11 11 mA. 

3.5 3.8 mA 

Aniiii MEDIUM-MU TWIN TRIODE— 
8BU11 SHARP-CUTOFF PENTODE 

Duodecar type used in television receiver applications. 
Outlines section, 8C; requires duodecar 12-contact 
socket. Heater: volts (ac/dc), 7.8; amperes 0.6; warm- 
up time, U seconds, maximum heater-cathode volts, 
±200 peak, 100 average. 

Class A, Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 
G11 d - Noli ^ ^ s'c r'c'c n - *0 r i'd) Supply Voitnge   
Grid-No.l Tcontrol-Grid) Voltage, Positive-bias value 
Plate Dissipation      Grid-No.2 Input: 

For grid-No.2 voltages up to iOS volts ...... • • • ■ 
For grid-No.2 voltages between 165 and 330 volts 

CHARACTERISTICS 
Plate Supply Voltage   Grid-No.2 Voltage   
Grid-No.l Voltage   
Cathode-Bias Resistor   
Amplification Factor    
Plate Resistance (Approx.)   Transconductance      
Plate Current    
Grid"^VoHage1'^Approx.) for plate current of 100 pA 
Grid-No.l Voltage (Approx.) for plate current 

of 30 pA      
MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation   
For cathode-bins operation   

Pentode Unit 
330 
330 

See curve page 3 0 
2.5 

0.55 
See curve page f 

Each 
Triode Unit 

330 
300 — 0 

1.8 

0.5 megohm 1 megohm 
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Refer to chart at end of section. 
For replacement use type 8FQ7/8CG7. 

Refer to type 6CM7. 
Refer to type 6CN7. 
Refer to type 6CS7. 

Refer to type 6CW5/EL86. 
Refer to type 6CWB. 
Refer to type 6CX8. 

Refer to chart at end of section. 
For replacement use type 8GN8/8EB8. 

Refer to type 6EM5. 
Refer to chart at end of section. 
Refer to chart at end of section. 

Refer to type 6FQ7/6CG7. 
Refer to chart at end of section. 

Refer to type 6GJ7/ECF801. 

Refer to type 6GN8. 

Refer to type 6GU7. 
Refer to type 6JU8A. 
Refer to type 6JV8. 
Refer to type 6KA8. 
Refer to type 6LC8. 
Refer to type 6LT8. 

Refer to chart at end of section. 

MEDIUM-MU TRIODE— 
SHARP-CUTOFF PENTODE 

9A8/ 

PCF80 
Miniature type used as combined oscillator and mixer 

9DC tubes in vhf color and black-and-white television re- 
ceivers. Outlines section, 6B; requires miniature 9-contact socket. Heater: 
volts (ac/dc), 9; amperes, 0.3; maximum heater-cathode volts, +100, —200 
peak; —120 average. 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Center Values) TriodeUnit Pentode Unit Plate Supply Voltage     560 560 volte 
Plate Voltage   260 260 volte 
Grid-No.2 (Screen-Grid) Voltage   — 175 volts 
Cathode Current   14 {4 
  1-6 I-' watts Grid-No.2 Input   — 0.6 watt 
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CHARACTERISTICS 
Plate Voltage   
Grid-No.2 Voltage   
Giid-No.l Voltage   
Amplification Factor   
Plate Resistance (Approx.) Transconductance   
Plate Current   
Grid-No 2 Current   
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation ., 
For cathode-bias operation 

* Grid No.2 to Grid No.l. 

9AH9 

9AK10 

9 AM10 

9AQ8/PCC85 

9AU7 

9BJ11 

9BR7 
9CL8 

9EA8 
9GH8A 
9GV8 

9GV8/XCL85 

9JW8/PCF802 

9KC6 

100 170 volts   170 volts 
—2 —2 volts 

20 47* 
0.4 megohm 

6000 6200 /rnihos 
14 10 mA 

2.8 mA 

0.5 0.5 megohm 
0.5 1 megohm 

end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 12AU7A. 

Refer to chart at end of section. 

Refer to chart at end of section. 
Refer to chart at end of section.. 
Refer to chart at end of section. 

Refer to type 6GH8A. 
Refer to chart at end of section. 

Refer to type 6GV8/ECL85. 

Refer to type 6JW8/ECF802. 

Refer to chart at end of section. 

9KX6 SHARP-CUTOFF PENTODE H< 
Miniature type with frame grid used as video output is@i 
amplifier in color and black-and-white television receiv- J 
ers. Outlines section, 6E; requires miniature 9-contact 
socket. Heater: volts, 8.7; amperes, 0.45; warm-up I 
time, 11 seconds; maximum heater-cathode volts, ±200 K 

peak, 100 average. 
Class Ai Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage   
Grid-No.3 (Suppressor-Grid) Voltage, Positive value 
Grid-No.2 (Screen-Grid) Supply Voltage   
Grid-No.2 Voltage   
Grid-No.X (Control-Grid) Voltage, Positive value .. 
Plate Dissipation    
Grid-No.2 Input   
CHARACTERISTICS 
Plate Voltage   
Grid-No.3 Voltage   
Grid-No.2 Supply Voltage 
Grid-No.1 Voltage   

400 volts 
0 volts 

330 volts 
See curve page 300 

0 volts 
11.5 watts 

1.5 watts 

250 50 volts 
Connected to cathode at socket 

150 125 volts 
0 0 volts 
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Cathode-Bias Resistor, Bypassed   56 
Plate Resistance (Approx.)  60000 
Transconductance (Grid No.l to Plate)   3G000 Plate Current     ^ 
Grid-No.2 Current  ' [    6 5 
Grid-No.1 Voltage (Approx.) for plate current  

of 100 /iA  g 7 

MAXIMUM CIRCUIT VALUES 
Grid-No. 1-Circuit Resistance: For fixed-bias operation   

For cathode-bias operation    

Refer to type 6KZ8. 

Refer to chart at end of section. 

For replacement use type 10DE7. 

Refer to type 6U8A. 

Refer to chart at end of section. 

Refer to type 6AL11. 

Refer to type 6BQ5. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6CW5/EL86. 

Refer to type 6DE7. 

Refer to type 6DR7. 

Refer to chart at end of section. 

Refer to type 6DX8/ECL84. 

Refer to chart at end of section. 

Refer to type 6EM7. 

Refer to type 6EW7. 

Refer to chart at end of section. 

Refer to type 6GF7A. 

Refer to type 6GK6. 

Refer to type 6GN8. 

Refer to type 6GV8/ECL85. 

Refer to type 6HF8. 

Refer to type 10JA8/10LZ8 

ohms 
ohms 

fimhoa 
mA 
mA 

volts 

0.1 megohm 0.25 megohm 

9KZ8 

9LA6 

9RAL1 

9U8A 

10 

10AL11 

10BQ5 

10C8 

10CW5 

10CW5/LL86 

10DE7 

10DR7 

10DX8 

10DX8/LCL84 

10EG7 

10EM7 

10EW7 

10GF7 

10GF7A 

10GK6 

10GN8 

10GV8/LCL85 

10HF8 

10JA8 

70 
24 
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10JA8/ 

10LZ8 
HIGH-MU TRIODE— 

SHARP-CUTOFF PENTODE 

Miniature type used in color and black-and-white tele- kj Pp 

vision receiver applications. The triode unit is used as gDX 

pentodeS^^taisrusedlCas'1aPvideonainpUfl^rn^OutHiies section, 6E; requires 
miniature 9-contact socket. 

,, , ... 10.5 volts Heater Voltage (ac/dc)   0.45 ampere 
Heater Current    H seconds 
Heater Warm-up Time   Heater-Cathode Voltage: -4-200 max volts 

Peak value   100 max volts 
Average value     

Direct Interelectrode Capacitances: 
Triode Unit:   4 pF 

Grid to Cathode! Pentode Cathode, Heater, Pentode Grid No.3, ^ pF 

plate^ to^athode. Pentode Cathode, Heater. Pentode Grid No.3, 2 6 pF and Internal Shield   
Pentode Unit:   0.1 max pF 
GHd'Noh" to Cathode, Heater, Grid No.2, Grid No.3, and ^ pp 

Plate^to Cathode, Heater, Grid No.2, Grid No.3, and 4 4 pF 
Internal Shield      0 005 max pF 

Grid No.l to Triode Plate   0.018 max pF 
Plate to Triode Grid   0.17 max pF 
Plate to Triode Plate   

Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage    • •   
Grid-No.2 (Screen-Grid) Supply Voltage   
Gr'id-No.l 7conBtrol-Grid) Voltage, Positive-bias value 
Plate Dissipation   
Grid-No.2 Input: 

For Grid-No.2 voltages up to 165 volte . . . . . ... 
For Grid-No.2 voltages between 165 and 330 volts 

TYPE IOJA0/IOLZ8 

Triode Unit Pentode Unit 
300 330 volts 

330 volts 
  See curve page 300 volts o 0 

1 5 watts 
  1.5 watts 

wm Q1 

— See curve page 300 

fTVPE I0JA8/I0LZ8 GRID-No. 2 V0LTS= 135 

IS ■ W 
^^20W 

0 50 100 150 200 250 300 
PLATE VOLTS 92CS_I2|58T2 

100 150 200 250 300 
PLATE VOLTS 92CS-|2|59T2 

CHARACTERISTICS 
Plate Voltage   
Grid-No.2 Voltage . . 
Grid-No.l Voltage .. Amplification Factor 
Plate Resistance Transconductance 

Triode Unit 
135 200 
—2 —2 

60 70 
39000 19000 

1550 3700 

Pentode Unit 
30 135 200 

135 135 135 0 —1.5 —1.5 
— 66000 70000 
— 12600 14000 
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Plate Current   
Grid-No.2 Current    
Grid-No.l Voltage (Approx.) 

for plate current of 10 /iA 
MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation ... 
For cathode-bias operation 

Triode Unit Pentode Unit 
0.5 0.25 

1 1 
•This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 

Refer to type 6JT8. 

h MEDIUM-MU TRIODE— inivo 
hqM^C3p{sp sharp-cutoff pentode iUJYo 

PT0/f/ rfEin®01'' Miniature type used in television receiver applications. 
~U{=*= yThe pentode unit is used as a video amplifier, and the 

t/®02p tl,iode ""it as a sync separator. Outlines section, 6E; 
(TV- •0 requires miniature 9-contact socket. Heater: volts 

Kt pP (ac/dc), 10.5; amperes, 0.45; warm-up time (average), 
9DX 11 seconds; maximum heater-cathode volts, ±200 peak, 

100 average (—300 peak, —200 average for triode unit). 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentode Unit 
Plate Voltage    330 330 volts 
Grid-No.2 (Screen-Grid) Supply Voltage   — 330 volts 
Grid-No.2 Voltage   — gee curve page 300 
Grid-No.l (Control-Grid) Voltage, Positive-bias value 0 0 volts 
Plate Dissipation   2 5 watts 
Grid-No.2 Input: 

For Grid-No.2 voltages up to 165 volts   — 1.1 watts 
For Grid-No.2 voltages between 165 and 330 volts — See curve page 300 

CHARACTERISTICS 
Piate Voitage   225 60 200 volte 

a8e   — 160 "0 volts Grid-No.l Voitage     — 0   volts 
Cathode-Bios Hesistor   68 — 100 ohms 
Amphncation Factor   46     
Plate Resistance (Approx.)   4400 — 66000 ohms 
Transconductance   10400 — 11000 umhos 
Plate Current   16 60- 24 mA 
Grid-No.2 Current   _ 18. 4.8 mA 
Grid Voltage (Approx.) for plate current of 10 fiA . . —8 — —10 volts 
MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: For fixed-bias operation   0.5 0.25 megohm 

For cathode-bias operation   1 1 megohm 
• This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 

— 66000 
— 11000 
60- 24 
18" 4.8 
— —10 

megohm 
megohm 

Refer to type 6KR8. 

Refer to type 6KU8. 

Refer to chart at end of section. 

Refer to type 6LE8. 

Refer to chart at end of section. 

Refer to chart at end of section. 
For replacement use type 10JA8/10LZ8. 

Refer to type 6T10. 

10KR8 

10KU8 

10LB8 

10LW8 

10LZ8 

10T10 
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10Z10 Refer to type 6Z10. 

11AF9 

Refer to chart at end of section. 

Refer to type 6AF9. 

11AR11 Refer to type 6AR11. 

11BM8 
HIGH-MU TRIODE— 

POWER PENTODE 

Miniature type used as vertical deflection oscillator or cip(3y 
af amplifier and vertical deflection amplifier or_ af Kp~J 
power amplifier in television receivers. Outlines section, ojpC!/ 
6G; requires miniature 9-contact socket. This type is 15 , 
identical with type 1GA8/PCL82 except for the follow- o 
ing items: 
Heater Voltage 
Heater Current 

11BQ11 Refer to type 8BQ11. 

1 -j QT11 DUAL TRIODE— gt, 
I IDI I I SHARP-CUTOFF PENTODE < 

Duodecar type used in television receiver applications. KTz(l 
The triode units are used for general-purpose applica- ^(T 
tions; the pentode unit is used in video-amplifier Q 
service. Outlines section, 8B; requires duodecar 12- Pp 
contact socket. Heater: volts (ac/dc), 10.7; amperes, 
0.6; warm-up time (average), 11 seconds; maximum 
heater-cathode volts, ±200 peak, 100 average. 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 

KT^p. pT| 

Plate Voltage   
Grid-No.2 (Screen-Grid) Voltage . . 
Grid-No.l (Control-Grid) Voltage, 

Positive-bias value   
Plate Dissipation   
Grid-No.2 Input   
CHARACTERISTICS 
Plate Voltage   
Grid-No.2 Voltage   
Grid-No.l Voltage   
Cathode-Bias Resistor   
Amplification Factor   
Plate Resistance (Approx.)   Tvansconductance   
Plate Current   
Grid-No.2 Current   
Grid-No.l Voltage (Approx.) for 

plate current of 100 fiA   
Grid-No.l Voltage (Approx.) for 

plate current of 50 fiA   
MAXIMUM CIRCUIT VALUES 

Grid-No.1-Circuit Resistance: 
For fixed-bias operation - . . 
For cathode-bins operation 

Triode Triode Pentode 
Unit No. 1 Unit No. 2 Unit 

330 330 165 volts 
— — 165 volts 

0 0 0 volts 
1.5 2 3.5 watts 

— 1.5 watts 

200 200 35 160 volts   100 100 volts      0 volts 
270 470 — 82 ohms 

69 40 — — 
12500 7600 — 51000 ohms 

5500 5300 — 19000 fimhoa 
7.1 7.2 64 17.4 mA 

— 13.5 3.2 mA 
— —8 — —6.6 volts 

—5.5 — — — volts 

Triode 
Unit No. 1 

Triode 
Unit No. J 

Pentode 
Unit 
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Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6DS5. 

Refer to type 6PY7. 

HCAll 

llCFIl 

11CHI 1 

HCYZ 

11DS5 

11FY7 

SHARP-CUTOFF PENTODE 11HM7 
Miniature type with frame grid used as Video output 
amplifier in color television receivers. Outlines section, 
CE; requires miniature 9-contact socket. 

Heater Arrangement   
Heater Voltage (ac/dc)    
Heater Current  !!!!!!!!!!!  
Heater-Cathode Voltage:   Peak value   

Average value  !!!!!!!!!!!!  
Direct Interelectrode Capacitances :   

Grid No.l to Plate   
Grid No.l to Cathode. Heater, Grid No.^' Grid No.3 

and Internal Shield   
Plate to Cathode, Heater, Grid No.2, Grid No'.j!  

and Internal Shield   
Class Ai Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage   
Grid-No.2 (Screen-Grid) Supply Voltage   
Grid-No.2 Voltage   
Grid-No.l (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'. 

Parallel 
5.5 
0.6 

±200 max 
100 max 

See curve page 300 
0 volts 
7 watts 
1 watt See curve page 300 

TYPE IIHM7 
GRID-No.2 VOLTS =135 

CHARACTERISTICS 
Plate Supply Voltage . 
Grid-No.3 Voltage .... 
Grid-No.2 Voltage ..., 
Cathode-Bias Resistor 

— Kr ^fcje0 

MDLTS ECl"-1-5 

jr-fCi'O   -2.5  

200 300 400 500 600 
PLATE VOLTS 
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Plate Resistance (Approx.)   Transconductance     
Plate Current   
Grid-No.2 Current   r'i'inn'!/a ' 
Grid-No.1 Voltage (Approx.) for plate current of 100 It A 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Kesistance: 

For fixed-bias operation t     
For cathode-bias operation   

megohm 
megohm 

11JE8 

11KV8 
11LQ8 

11LT8 

Refer to chart at end of section. 

Refer to type 6KV8. 
Refer to type 6LQ8. 

Refer to type 6LT8. 

11MS8 
HIGH-MU TRIODE— 
BEAM POWER TUBE 

Miniature type used in combined vertical-deflection- kt( 
oscillator and vertical-deflection-amplifier applications 
in black-and-white television receivers. Outlines section, oT< 
6G- requires miniature 9-contact socket. Heater: volts, 
11.6: ampere, 0.45; warm-up time (approx.), 11 seconds; 
maximum heater-cathode volts, ±200 peak, 100 average. 

Class A, Amplifier 
Triode 

CHARACTERISTICS U,,it
100 Plate Voltage  ;..     ^ ^ 

Grid-No. 1 (Control-Grid) Voltage   
Grid-No. 1 (Control-Grid) Voltage   u-°» " 
Plate Current     Grid-No. 2 Current   6500 7000 Transconductance    fiQ Amplification Factor*   « 
Plate Resistance (Approx.)   

Vertical-Deflection Oscillator and Amplifier 
For operation in a 525-line, 30-franie system 

MAXIMUM RATINGS (Design-Maximum Values) 

Beam Power 
Unit 

120 volte 
110 volte 

—10 volte 
50 

3 
mA 
mA 

8500 /imhos 
5.8 
13 kilohms 

Plate Voltage    •• ■■■•• -o  „ 2000 
Peak Positive Pulse Plate Voltage#   ^ oflO 
Grid-No. 2 Voltage   _ 0 Grid-No. 1 Voltage   6 Plate Dissipation   j 5 
Grid-No. 2 Input   70 
Average Cathode Current   
MAXIMUM CIRCUIT VALUES 
Grid-No. 1 Circuit Resistance   ~ 2 m' 
Grid-No. 1 Circuit Resistance:   m( For fixed-bias operation   *   me For cathode-bias operation   o-0 

# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds). 
• Grid-No. 2 connected to plate at socket. 

nY9 

11Y9/LFL200 
12 AS 

12A6 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 
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Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 12A8GT 

BEAM POWER TUBE 12AB5 
Miniature type used in the output stage of automobile 
radio receivers operating from a 12-volt storage bat- 
tery. Outlines section, 6E; requires miniature 9-contact 
socket. 

Heater-Voltage Range (ac/dc)*   10 to 15.9 volta 
Heater Current (Approx.) at 12.6 volts   0.2 ampere 
Peak Heater-Cathode Voltage    ±90 max volts 
Direct Interelectrode Capacitances: 

Grid No.l to Plate   0.7 max pF 
Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3 .... 8 pF 
Plate to Cathode, Heater, Grid No.2, and Grid No.3   8.5 pF 

• For longest life, it is recommended that the heater be operated within the voltage range 
of 11 to 14 volts. 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage    315 volts 
Grid-No.2 (Screen-Grid) Voltage     285 volts 
Plate Dissipation   12 watts 
Grid-No.2 Input   2 watts 
Bulb Temperature (At hottest point)   250 0C 
TYPICAL OPERATION WITH 12.8 VOLTS ON HEATER 
Plate Supply Voltage    250 250 volta 
Grid-No.2 Supply Voltage    200 260 volts 
Grid-No.1 (Control-Grid) Voltage   — —12.5 volts 
Cathode-Bias Resistor   270 — ohms 
Peak AF Grid-No.l Voltage   10.5 12.6 volts 
Zero-Signal Plate Current   33.5 45 mA 
Maximum-Signal Plate Current   36 47 mA 
Zero-Signal Grid-No.2 Current   1.6 4.5 mA 
Maximum-Signal Grid-No.2 Current   3.2 7 mA 
Plate Resistance (Approx.)   75000 60000 ohms 
Transconductance   4000 4100 /tmhos 
Load Resistance     6000 5000 ohms 
Total Harmonic Distortion   8 8 per cent 
Maximum-Signal Power Output   3.3 4.6 watts 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation   0.1 megohm 
For cathode-bias operation   0.5 megohm 

volta 
volts 
volts 
ohms 
volts 

mA 
mA 
mA 
mA 

ohms 
/tmhos 

ohms 
per cent 

watts 

megohm 
megohm 

Push-Pull Class ABi Amplifier 
MAXIMUM RATINGS (Same as for Single-Tube Class Ai Amplifier) 
TYPICAL OPERATION WITH 12.6 VOLTS ON HEATER (Values are for two tubes) 
Plate Voltage   250 
Grid-No.2 Voltage   250 
Grid-No.l Voltage   —15 
Peak AF Grid-No.l-to-Grid-No.l Voltage   30 
Zero-Signal Plate Current   70 
Maximum-Signal Plate Current   79 
Zero-Signal Grid-No.2 Current   6 
Maximum-Signal Grid-No.2 Current   13 
Effective Load Resistance (Plate-to-Plate)   10000 
Total Harmonic Distortion   6 
Maximum-Signal Power Output   10 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation     0.1 
For cathode-bias operation   0.6 

volts 
volts 
volts 
volts 

mA 
mA 
mA 
mA 

ohms 
per cent 

watts 
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12AC6 

12AC! OA 

12AD6 

12AE6 
12AE6A 

12AE7 

TYPE I2AB5 
GRID-No.2 VOLTS ■ 250 

100 200 300 400 500 
PLATE VOLTS 92CS-B754T 

Refer to chart at end of section. 

Refer to type 6AC10 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

lOAEin BEAM POWER TUBE— 6Sp (S) (?) ®ib IZMEIU SHARP-CUTOFF PENTODE NCr^^^5v53B 

Duodecar type used as combined PM detector and i:.:: 
audio-frequency output amplifier in television receiv- G!p®\7^^JL^)<52a 

ers. The beam power unit is used in af output stages 
and the pentode unit as an FM detector. Outlines sec- ls (JJ q|) 
tion, 8C; requires duodecar 12-contact socket. Heater: H H 

volts (ac/dc), 12.6; amperes, 0.45; warm-up time (av- 12EZ 
erage), 11 seconds; maximum heater-cathode volts, ±200 peak, 100 average. 

Beam Power Unit as Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage   165 volts 
Grjd-No.2 (Screen-Grid) Voltage   150 volte 
Cathode Current   50 mA 
Plate Dissipation   *> watte 
Grid-No.2 Input   1-25 watts 
TYPICAL OPERATION 
Plate Voltage   145 volte 
Grid-No.2 Voltage    110 volte 
Grid-No.l (Control-Grid) Voltage   —7 volte 
Peak AF Grid-No.l Voltage   7 volte 
Zero-Signal Plate Current   34 mA. 
Maximum-Signal Plate Current   39 mA 
Zero-Signal Grid-No.2 Current   6.6 mA 
Maximum-Signal Grid-No.2 Current   9.3 mA 
Plate Resistance (Approx.)   33000 ohms 
Transconductance   6600 /imhos 
Load Resistance   2500 ohms 
Total Harmonic Distortion (Approx.)   12 percent 
Maximum-Signal Power Output   L45 watts 
MAXIMUM CIRCUIT VALUE 
Grid-No.l-Circuit Resistance: 

For cathode-bias operation   1 megohm 
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Pentode Unit as Class Ai Amplifier 
CHARACTERISTICS 
Plate Voltage   
Grid-No.3 (Suppressor-Grid) Voltage   
Grid-No.2 Voltage   
Cathode-Bias Resistor     
Plate Resistance (Approx.)   
Transconductance, Grid No.l   
Transconductance, Grid No.3     
Plate Current     
Grid-No.2 Current    
Grid-No.1 Voltage (Approx.) for plate current of 10 fiA   
Grid-No.3 Voltage (Approx.) for plate current of 10 /iA   

Pentode Unit as FM Detector 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage   
Grid-No.3 Voltage   
Grid-No.2 Supply Voltage   
Grid-No.2 Voltage   
Grid-No.l Voltage, Positive-bias value     
Plate Dissipation   
Grid-No.2 Input   

330 volts 
28 volts 

330 volts 
See curve page 300 

0 volts 
1.7 watts 
1.1 watts 

Refer to type 6AF3. 
12AF3 

12AF3/12BR3/ 
12RK19 

Refer to chart at end of section. 12AF6 

Refer to chart at end of section. 12AH7GT 

Refer to chart at end of section. 12AJ6 

Refer to type 6AL5. T2AL5 

Refer to chart at end of section. 12AL8 

Refer to type 6AL11. 12 ALII 

Refer to type 6AQ5A. 12AQ5 

Refer to type 6AT6. 12AT6 

HIGH-MU TWIN TRIODE 

12AT7 

12AT7/ 

ECC81 
pts Mim Miniature types used as push-pull cathode-drive ampli- 

9A fiers or frequency converters in the FM and television 
broadcast bands. Outlines section, 6B; require miniature 9-contact socket. 
Each triode unit is independent of the other except for the common heater. 
For typical operation as a resistance-coupled amplifier, refer to Resistance- 
Coupled Amplifier section. 
Heater Arrangement: 
Heater Voltage (ac/dc)   
Heater Current   
Peak Heater-Cathode Voltage 

Parallel 
6.3 volts 
0.3 ampere 
±90 max volts 
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Divect Interelectrode Capacitances I 
Grid-Drive Operation: 

Grid to Plate (Each unit)    
Grid to Cathode and Heater (Each unit) 

Plate to Cathode and Heater: 
Unit No.l   
Unit No.2  ;  

Cathode-Drive Operation: 
Cathode to Plate (Each unit)   
Cathode to Grid and Heater (Each unit) 
Plate to Grid and Heater (Each unit) .. 

Heater to Cathode (Each Unit)   
Class At Amplifier (Each Unit) 

MAXIMUM AND MINIMUM RATINGS (Design-Center Values) 
Plate Voltage     
Grid Voltage, Negative-bias value   
Plate Dissipation   

gggg^l 

■fit 

SP 

a 
100 200 300 400 500 600 

PLATE VOLTS 92CS-7056T 

CHARACTERISTICS 
Plate Supply Voltage   
Cathode-Bias Resistor   
Amplification Factor   
Plate Resistance (Approx.)   Transconductance    •••••■•• • 
Grid Voltage (Approx.) for plate current of 10 fiA 
Plate Current   

100 260 volts 
270 200 ohms 

60 60 
16000 10900 ohms 

4000 6500 /tmhos 
—5 —12 volts 
3.7 10 mA 

12AT7WA 
12AT7WB 

12AU6 
12AU7 

Refer to chart at end of section. 
Refer to chart at end of section. 

Refer to type 6AU6A. 
Refer to chart at end of section. 

12AU7A 

12AU7A/ 

ECC82 nKr-'"TTfe) 
WSaot medium-mu twin triode 

Miniature types used as phase inverters or push-pull ptz hm 
amplifiers in ac/dc radio equipment and as multivi- 9A 
brators or oscillators in industrial control devices. Also used as combined 
vertical oscillators and vertical-deflection amplifiers, and as horizontal- 
deflection oscillators, in color and black-and-white television receivers. 
Outlines section, 6B; require miniature 9-contact socket. Each triode unit is 
independent of the other except for the common heater. For typical opera- 
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tion as a resistance-coupled amplifier, refer to Resistance-Coupled Amplifier 
section. Types 7AU7 and 9AU7 are identical with type 12AU7 and 12AU7A/ 
ECC82 except for heater ratings. 

Heater Voltage(ac/dc) : 
Series   
Parallel   

Heater Current: 
Series   
Parallel     

Heater Warm-up Time (Parallel, Average) ,. 
Heater-Cathode Voltage: 

Peak value   
Average value   

Direct Interelectrode Capacitances (ApproxO : 
Grid to Plate   
Grid to Cathode and Heater   
Plate to Cathode and Heater   

12AU7A 
12AU7A/ 

7AU7 9AU7 ECC82 7 9.4 12.6 3.5 4.7 6.3 
0.3 0.225 0.15 0.6 0.45 0.3 11 11 — 
u.-o U.22& 0.15 ampere 0.6 0.45 0.3 ampere 
11 11 — seconds 

±200 max ±200 max ±200 max volts 
100 max 100 max 100 max volts 

Unit No.l Unit No.2 
1.5 1.5 pp 
1.6 1.6 pF 
0.5 0.35 pP 

Class Ai Amplifier (Each Unit Unless Otherwise Specified) 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage   330 
Cathode Current  .!!!!..!. 22 
Plate Dissipation: 

Each Plate   2.75 
Both Plates (Both units operating)   5.5 

CHARACTERISTICS 
Plate Voltage   100 260 
Grid Voltage   0  8.5 
Amplification Factor   19.5 17 
Plate Itesistance (Approx.)   6250 7700 
Transconductance   3100 2200 
Plate Current   H.g 10.5 
Grid Voltage (Approx.) for plate current of 10 /lA — —24 
MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance: 

For fixed-bias operation   0.25 
For cathode-bias operation    " 1 megohm 

megohm 

Oscillator (Each Unit Unless Otherwise Specified) 
For operation in a 525-line, 30-frame system 

Vertical- Horizon) 
MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Voltage   
Peak Negative-Pulse Grid Voltage   
Peak Cathode Current   
Average Cathode Current   
Plate Dissipation: 

Each Plate   
Both Plates (Both units operating)   

MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance 

Vertical- Horizontal- 
Deflection Deflection 
Oscillator Oscillator 

megohms 

Vertical-Deflection Amplifier (Each Unit Unless Otherwise Specified) 
For operation in a 525-line, SO-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Voltage    330 
Peak Positive-Pulse Plate Voltage#    ISOfl « 
Peak Negative-Pulse Grid Voltage   275 v 
Peak Cathode Current    66 
Average Cathode Current  22 
Plate Dissipation: 

Each Plate   275 v 
Both Plates (Both units operating)   5.5 w, 

MAXIMUM CIRCUIT VALUE 
Grid-Circuit Resistance, for cathode-bias operation   2.2 meeol 
# Pulse duration must not exceed 15(/r of a vertical scanning cycle (2.5 milliseconds). 

megohms 
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TYPE I2AU7A 
EACH UNIT 

100 200 300 400 500 
PLATE VOLTS 92CS-i034eT 

12AV5GA 

12AV6 

12AV7 

12AW6 

12AX3 

12AX4GT 
12AX4GTA 

12AX4GTB 

12AX7 

Refer to type 6AV5GA. 

Refer to type 6AV6. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6AX3. 

Refer to chart at end of section. 

Refer to type 6AX4GTB. 

Refer to chart at end of section. 

12AX7A 

12AX7A/ high-mu twin triode 

ECC83 
Miniature types used as phase inverters or twin _ re- PT2 Hm 

sistance-coupled amplifiers in radio equipment. Outlines 9A _ 
section, 6B; require miniature 9-contact socket. Each triode unit is inde- 
pendent 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 Arrangement: S"'cfi

s volts 
Heater Voltage (ac/dc)   J2- 0;3 ampere 
Heater Current   Heater-Cathode-Voltage:   ±200 max volts 

Peak value   100 max volts 
Average value    

Direct Interelectrode Capacitances (Approx.) s Unit No.l UnitNo.2 
Grid to Plate   1

,
R Grid to Cathode and Heater   l.J {Ji, 

Plate to Cathode and Heater   0-46 0.34 pr 

Parallel 
6.3 
0.3 

100 max 
Unit No.2 

1.7 
1.6 

0.34 
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Class A, Amplifier (Each Unit) 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage    
Grid Voltage: 

Negative-bias value   
Positive-bias value   

Plate Dissipation  !!!!!!!!!! 
EQUIVALENT-NOISE AND HUM VOLTAGE (References To Grid, Each Unit)- 
Average Value    1>8 ^ rmg 
•Measured in "true rms" units under the following conditions: Heater voltage (parallel 
connection), 6.3 volts ac; center tap of heater transformer grounded: plate supply voltage 

« c;. p,ate !5ad r
1
esistor' 100000 ohms; cathode resistor, 2700 ohms bypassed by 

or j resistor, 0 ohms; and amplifier covering frequency range between £o and 10000 Hz. 

Refer to chart at end of section. 

Refer to type 6AY3B. 

12AY3 

12AY3A 

MEDIUM-MU TWIN TRIODE 12AY7 

HT2r-\ _© rfT> Miniature type used in the first stages of high-gain 
g audio-frequency amplifiers. Outlines section, 6B; re- T2(Ywp_ -J-Wt) T| quires miniature 9-contact socket. Each triode unit is 

fc; independent of the other except for the common heater. 
GT2®(^NyIv2®KTi Use of the 12.6-volt connection with an ac heater sup- 

(fj—P'y is not recommended for applications involving low 
PT2 Hm hum. For typical operation as a resistance-coupled am- 

9A plifier, refer to Resistance-Coupled Amplifier section. 
Heater Ariangement : Sericg Parallel 
Heater Voltage (ac/dc)   6.3 u Heater Current    niK aq vons 
Peak Heater-Cathode Voltage .7 ..." -4-9O max 
Direct Interelectrode Capacitances (Approx., Each Unit) ' voics 

Grid to Plate  ' 10 ^ 
Grid to Cathode and Heater     t'o 
Plate to Cathode and Heater  !!!..!!".!!!!!!! 7 0.6 pp 

Class A, Amplifier (Each Unit) 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage   Qnft .. 
Grid Voltage:   300 volts 

Negative-bias value   Kn . u 
Positive-bias value     n vo\^ 

Cathode Current     n? volt? 
piate Dissipation  ::;;;;;:;;;;;;;; ;; ; ;; 1B ™A 
CHARACTERISTICS 
Plate Voltage   9Kft .. 
Grid Voltage     vo f8 

Amplification Factor  .7 .7 . .7 7 .7 7 .7 .'  40 volts 
Plate Resistance     ooonn l 
Transconductance     ohms Plate Current    2 '"nh0A3 

Grid Voltage (Approx.) for plate current oif id mA ' —n 

Refer to chart at end of section. 12AZ7 

HIGH-MU TWIN TRIODE 12AZ7A 

Miniature type used in direct-coupled cathode-drive rf 
amplifier circuits of vhf color and black-and-white tele- 
vision tuners. Outlines section, 6B; requires miniature 
9-contact socket. For characteristics as class Ai am- 
plifier, refer to miniature type 12AT7. 
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Heater Voltage (ac/de) : 
Series   ^ 
Parallel   6-d 

Heater Current: nnr Series   
Parallel   0-^ 

Heater "Warm-up Time (Average)   11 

Heater-Cathode Voltage: o-onn 
Peak value   ="««!"?* 
Average value. .    ;• Unshielded Shielded' 

Direct Intel-electrode Capacitance (Approx.): 
Grid to Plate (Each unit)    
Grid to Cathode and Heater (Each unit) 
Plate to Cathode and Heater: 

Unit No.l   
Unit No.2   

4 With external shield connected to cathode of unit under test. 
Class A, Amplifier (Each Unit) 

MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage   
Grid Voltage, Negative-bias value   
Plate Dissipation    
MAXIMUM CIRCUIT VALUES (Each Unit) 
Grid-Circuit Resistance: 

For fixed-bias operation^  
For cathode-bias operation   

LOW-MU TRIODE 

Miniature type used as vertical-deflection amplifier in 
television receivers. Outlines section, 6E; requires 
miniature 9-contact socket. 

Series 
Heater Voltage   
Heater Current   _ 
Heater Warm-up Time   
Heater-Cathode Voltage: 

Peak value   
Average value     

Direct Interelectrode Capacitances: 
Grid to Plate   
Grid to Cathode and Heater   
Plate to Cathode and Heater   

Class A, Amplifier 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage   
Grid Voltage, Negative-bias value   
Plate Dissipation   
CHARACTERISTICS 
Plate Voltage   
Grid Voltage   
Amplification Factor   
Plate Resistance (Approx.)   Transconductance   
Plate Current  i'" kk"  
Plate Current for grid voltage of —23 volts . ...    
Grid Voltage (Approx.) for plate current of 200 fiA   
MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance: 

For fixed-bias operation   
For cathode-bias operation   

Vertical-Deflection Amplifier 
For operation in a 525-line, 30-franie system 

MAXIMUM RATINGS (Design-Center Values) 
DC Plate Voltage    • • • • • • •••••••. V  
Peak Positive-Pulse Plate Voltage# (Absolute Maximum)   

Parallel 
6.3 volts 
0.6 ampere 
11 seconds 

±200 max volts 
100 max volts 
4.8 pF 

5 pF 
1.5 pF 

550 volts 
50 volts 

5.5 watts 

150 volts 
—17.5 volts 

'6.5 
1030 ohms 
6300 /imhos 

34 mA 
9.6 mA 

—32 volts 

0.47 megohm 
2.2 megohms 

650 volts 
1000t volts 
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Peak Negative-Pulse Grid Voltage   260 
Peak Cathode Current   105 
Average Cathode Current   30 
Plate Dissipation   5.5 y 
MAXIMUM CIRCUIT VALUE 
Grid-Circuit Resistance, for cathode-bias -operation   2.2 megc 
# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds), 
t Under no circumstances should this absolute value be exceeded. 

Refer to chart at end of section. 
Refer to type 6BA6. 

Refer to chart at end of section. 
Refer to chart at end of section. 

Refer to 
Refer to 

type 6BE3. 
type 6BE6. 

Refer to chart at end of section. 
Refer to type 6BF11. 

Refer to chart at end of section. 

12B8GT 
12BA6 
12BA7 
12BD6 
12BE3 
12BE6 

12BF6 
12BF11 
12BH7 

MEDIUM-MU TWIN TRIODE 12BH7A 
iPt' Miniature type used as combined vertical-deflection 
£7)cti amplifier and vertical oscillator, and as horizontal-de- 
]~ flection oscillator, in television receivers, and in 
(e)KT| phase-inverter and multivibrator circuits. Outlines sec- 

tion, 6E; requires miniature 9-contact socket. Each 
hm triode unit is independent of the other except for the 

common heater. 
Heater Arrangement: 
Heater Voltage (ac/dc)   
Heater Current   
Heater Warm-up Time (Average) 
Heater-Cathode Voltage: 

Peak value   
Average value   

Parallel 
6.3 
0.6 
11 

±200 max 
100 max 

Direct Interelectrode Capacitances (Approx.) : 
Grid to Plate   
Grid to Cathode and Heater   
Plate to Cathode and Heater   
Plate of Unit No.l to Plate of Unit No.2 . 

Unit No.1 Unit No.2 
. 2.6 2.6 

3.2 3.2 
0.5 0.4 

0.8 
Class A, Amplifier (Each Unit) 

MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage   
Grid Voltage: 

Negative-bias value   
Positive-bias value   

Cathode Current    
Plate Dissipation: 

Each Plate   
Both plates (Both units operating)   

CHARACTERISTICS 
Plate Voltage   
Grid Voltage    
Amplification Factor   
Plate Resistance (Approx.)   
Transconductance   
Plate Current   
Plate Current for grid voltage of —14 volts   
Grid Voltage (Approx.) for plate current of 50 /xA   

volts 
ampere 
seconds 
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MAXIMUM CIRCUIT VALUES 
Gvid-Circuit Resistance: 

For fixed-bias operation .. 
For cathode-bias operation 

Oscillator (Each Unit) 
For operation in a 525-line, 30-frame system 

Vertical- Horizontal- 

MAXIMUM RATINGS (Design-Center Values) 
DC Plate Voltage   
Peak Negative-Pulse Grid Voltage   
Peak Cathode Current  
Average Cathode Current  
Plate Dissipation: 

Each Plate   
Both Plates (Both units operating)   

MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance   

Deflection Deflection 
Oscillator Oscillator 

Vertical-Deflection Amplifier (Each Unit) 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Center Values) 
DC Plate Voltage'       
Peak Positive-Pulse Plate Voltage# (Absolute maximum)   
Peak Negative-Pulse Grid Voltage   
Peak Cathode Current   
Average Cathode Current   
Plate Dissipation: 

Each Plate   
Both Plates (Both units operating)   

I TYPE I2BH7A 
I EACH TRIOOE UNIT 

R 

100 200 300 400 500 600 700 
PLATE VOLTS 92CS-7742TI 

MAXIMUM CIRCUIT VALUE 
Grid-Circuit Resistance for cathode-bias operation   2.2 megohms 
# Pulse duration must not exceed 15% of a vertical scanning cycle (2.5 milliseconds). 
* Under no circumstances should this absolute value be exceeded. 

12BK5 
12BL6 
12BN6 

12BQ6GTB/12CU6 

12BR3 
12BR7 
12BS3 

Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 

Refer to type 6BQ6GTB/6CU6. 

For replacement use type 12AF3/12BR3/12RK19. 

Refer to chart at end of section. 
Refer to chart at end of section. 
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Refer to type 6BS3A. 

Refer to chart at end of section. 

Refer to chart at end of section. 
For replacement use type 12BY7A/12BV7/12DQ7. 

Refer to type 6BV11. 
Refer to chart at end of section. 
Refer to chart at end of section. 

12BS3A 
12BS3A/12DW4A 

12BT3 

12BV7 

12BVn 
12BW4 
12BY7 

SHARP-CUTOFF PENTODE 

12BY7A 

12BY7A/ 

12BV7/ 

12DQ7 

Miniature types used as video amplifier in television 
receivers. Outlines section, 6E; require miniature 9- 
contact socket. 

Heater Arrangement: S* 
Heater Voltage (ac/dc)   ] 
Heater Current   
Heater Warm-up Time (Average)   
Heater-Cathode Voltage: 

Peak value    
Average value   

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, and Internal Shield 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Supply Voltage   
Grid-No.3 (Suppressor-Grid) Voltage, Positive value   
Grid-No.2 (Screen-Grid) Voltage   
Grid-No.l (Control-Grid) Voltage  

Negative-bias value   
Positive-bias value   

Plate Dissipation   
Grid-No.2 Input   

Parallel 
6.3 volts 0.6 ampere 11 seconds 

±200 max volts 100 max volts 
0.063 pF 
10.2 pF 3.6 PF 

330 volts 0 volts 
190 volts 

55 volts 
0 volts 6.5 watts 

1.2 watts 

TYPE I2BY7A 
GRID No.3 AND INTERNAL SHIELD 

- CONNECTED TO CATHODE AT 
SOCKET. 

GRID-No. 2 VOLTS"180 

• GRID-No. I VOLTS EC| = +2.0 L I | 1 I   +1^—+1,0 
/:=— -£g+q5~Eci-o 

-p  - i.o- 
p   —^flTg^-a.o 
S -30_ 

100 200 300 400 500 600 700 
PLATE VOLTS 9aCS-92J4TI 
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CHARACTERISTICS , 
r!.MeNoTly VoItaBe connected to cathode at socket 
Grid-No.2 Supply Volta^'!!!!   ^ 
Cathode-Bias Resistor   
Plate Resistance (Approx.)   93000 
Transconduetance   28 mA 
Plate Current   . SS mi 
Grid-No.2 Current      • ■ • •    
Grid-No.l Voltage (Approx.) for plate current of 20 pA   —11.1) volts 
MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: meirnhm 

For fixed-bias operation     0.2B 
For cathode-bias operation   1 megonm 

12BZ6 

12BZ7 
12C5 
12C8 

12CA5 
12CK3 
12CL3 
12CN5 
12CR6 
12CS6 

Refer to 

Refer to chart 
Refer to 

Refer to chart 
Refer to 

Refer to chart 
Refer to 

Refer to chart 
Refer to chart 

Refer to 

type 6BZ6. 

at end of section, 
type 6CU5. 
at end of section, 
type 6CA5. 
at end of section, 
type 6CL3. 
at end of section, 
at end of section, 
type 6CS6. 

liClO HALF-WAVE 
17CT3, 25CT3 VACUUM RECTIFIER 

Miniature type used as damper tube in horizontal- 
deflection circuits of black-and-white and small-screen 
color television receivers. Outlines section, 6H; requires 
miniature 9-contact socket. Socket terminals 1, 3, 7, 
and 8 should not be used as tie points for external- 
circuit components. This tube, like other power-handling 
tubes, should be adequately ventilated. Types 17CT3 and 
tical with type 12CT3 except for heater ratings. 

12CT3 17CT3 
Heater Voltage (ac/dc)   jj-j} 
Heater Current      0-6 0-^ 
Heater Warm-up Time (Average)   n 11 

Direct Interelectrode Capacitances (Approx.): 
Plate to Cathode and Heater   
Cathode to Plate and Heater     
Heater to Cathode     

Damper Service 
For operation in a 525-line, 30-franie system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage#   
Peak Plate Current     
Average Plate Current   
Plate Dissipation    Heater-Cathode Voltage: 

Peak value   f*™ 
Average value     -t-iuu 

Bulb Temperature (At hottest point)   
CHARACTERISTICS, Instantaneous Value 
Tube Voltage Drop for plate current of 350 mA   
# Pulse duration must not exceed 15% of a horizontal scanning cycle 

UJ Ts) 10 K 

25CT3 are iden- 

(10 microseconds). 



Technical Data 421 

Refer to chart 
Refer to 

For replacement use 
Refer to chart 
Refer to chart 
Refer to chart 
Refer to chart 

at end of section, 
type 6CU5. 
type 12BQ6GTB/12CU6. 
at end of section, 
at end of section, 
at end of section, 
at end of section. 

Refer to type 6DK6. 
Refer to chart at end of section. 
Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 
Refer to chart at end of section. 

For replacement use type 12GW6/12DQ6B. 

Refer to chart at end of section. 
For replacement use type 12BY7A/12BV7/12DQ7. 

Refer to chart at end of section. 

Refer to type 6DT5. 
Refer to type 6DT8. 

Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 

For replacement use type 12BS3A/12DW4A. 

Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 

Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 

12DK6 
12DK7 

12DL8 
12DM4 

12DM4A 
12DQ6A 

12DQ6B 

12007 

12DS7 
12DS7A 
12DT5 
12DT8 
12DU7 
12DV8 

12DW4A 

12DW7 
12DY8 
12DZ6 
12EA6 
12EC8 
12ED5 
12EG6 
12EH5 
12EK6 
12EL6 

12EAA6 
12EN6 
12EQ7 

12F5GT 
12F8 
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12FK6 
12FM6 
12FQ7 
12FQ8 
12FR8 
12FV7 

Refer to chart at end of section. 
Refer to chart at end of section. 

Refer to type 6PQ7/6CG7. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 

12FX5 POWER PENTODE 
19FXS, 60FX5 ,. ,. 

Miniature type used in output stages of audio ampli- 
fiers Outlines section, 5D; requires miniature 7-con- 
tact socket. Types 19FX5 and 60FX5 are identical with 
type 12FX5 except for heater ratings. 

±200 max 
100 max 

Heater Voltage (ac/dc)   12.6 18.9 
Heater Current         
Heater "Warm-up Time (Average)   11 i1 

Ilea^r-Cathode Voltase:   ±200 max ±200 „ 
Average value':'.:::   • • ■ 100 max 100 u 

Direct Intel-electrode Capacitances (Approx.) . 
Grid No l to" Cathode, Heater, Grid No.2, and iirid No.3 . 
Plate to Cathode, Heater, Grid No.2, and Grid No.3   

Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage        
Grid-No.2 (Screen-Grid) Voltage   
Plate Dissipation   
Grid-No.2 Input   
Bulb Temperature (At hottest point)   
TYPICAL OPERATION 
Plate Supply Voltage   
Grid-No.2 Supply 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   Transconductance    
Load Resistance   

±200 max volts 
100 max volts 

ce < 
o □ 60 

U CVJ40 
£ 

No.| VOLTS -EC) 

50 75 100 125 150 175 
PLATE VOLTS 92CS-I0546T 
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Total Harmonic Distortion   
Maximum-Signal Power Output 
MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: For fixed-bias operation ... 

For cathode-bias operation 

8 per cent 
1.3 watts 

0.1 megohm 
0.5 megohm 

Refer to chart at end of section. 12FX8 
12FX8A 

Refer to chart at end of section. 12GA6 

For replacement use type 12BQ6GTB/12CU6. 12GB3 

For replacement use type 12GW6/12DQ6B. 12GB6 
12GB7 

Refer to chart at end of section. 12GC6 

Refer to type 6GE5. 12GE5 

Refer to chart at end of section. 12GJ5 

Refer to type 6GJ5A. 

Refer to chart at end of section. 

12GJ5A 

12GN7 

Refer to chart at end of section. 
For replacement use type 12HG7/12GN7A. 12GN7A 

Refer to chart at end of section. 

Refer to type 6GW6/6DQ6B. 

Refer to chart at end of section. 

12GT5 
12GT5A 

12GW6/12DQ6B 

Refer to type 38HE7. 12HE7 

SHARP-CUTOFF PENTODE 
12HG7 

12HG7/ 

12GN7A 
rtt2 Miniature types with frame grid used as video ampli- 

fier in color and black-and-white television receivers, 
is.is Outlines section, 6E; require 9-contact miniature 

socket. 
Heater Arrangement: 
Heater Voltage (ac/dc) 
Heater Current   

Series Parallel 
12.6 6.3 volts 
0.26 0.62 ampere 
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Heater-Cathode Voltage: 
Peak value   Average value ;  

Direct Interelectrode Capacitances: 
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   

±200 max 
100 max 

Class A1 Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage     • ■ ■      "S (Screen-Grid) Supply Voltage |3

C® cul.ve pttge
VO300 

Grid-No". 1 (Control-Grid)'Voltage, Positive-bias value    0 ^volta 
Plate Dissipation   Grid-No.2 Input: , watt For Grid-No.2 voltages up to 1661 volts        1 TjaeeSOO 

For Grid-No.2 voltages between 165 and 330 volts   faee curve page 
CHARACTERISTICS 300 volts 
Grid6 ^Ttt^sor Grid) ''. '.'. '.'.! '.'• '•'■' Connected to cathode at socket 
Crid'No 1 Supply Voltaee   '.' Connected' to' negative end of cathode resistor Xrir j   . 47 ohms Cathode Resistor   cnorm 
Plate Resistance (Approx.)   0 hos Transconductance   " "Xi 
Plate Current   4 g 
Grid-Noll Voltage (Approx.)' for plate current of 100 11A.   —d.6 volts 
MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: - , megohm 

For fixed-bias operation.  0-1 
For cathode-bias operation   0^6 megonm 

TYPE I2HG7 GRID-No.2 VOLTS «I35 GRID No.3 CONNECTED TO CATHODE AT SOCKET ,  

IB im 

0 ioo 200 300 400 500 
PLATE VOLTS 92CS-I 

12HL7 SHARP-CUTOFF PENTODE 
Miniature type with frame grid used as a video outjput 
amplifier in color television receivers. Outlines section, 
6E; requires miniature 9-contact socket. 
Heater Arrangement   
Heater Voltage   
Heater Current   u,i} 
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Heater-Cathode Voltage: 
Peak value   ±200 max 
Average value     100 max 

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   

Class At Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage   
Grid-No.3 (Suppressor-Grid) Voltage, Positive-bias value 
Grid-No.2 (Screen-Grid) Supply Voltage   
Grid-No.2 Voltage   
Grid-No.l (Control-Grid) Voltage, Positive-bias value 
Plate Dissipation   
Grid-No.2 Input   
CHARACTERISTICS 
Plate Supply Voltage   
Grid-No.3 Voltage, Referred to negative end of 

cathode   
Grid-No.2 Voltage    
Grid-No.l Voltage   
Cathode Resistor (Bypassed)   
Plate Current   
Grid-No.2 Current   
Transconductance, Grid No.l to Plate   
Plate Resistance (Approx.)   
Grid-No.l Voltage (Approx.) for plate current 

of 100 /iA   
MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation   
For cathode-bias operation   

±200 max 
100 max 

400 volts 0 volts 330 volts See curve page 300 0 volt 
10 watts 

1 watt 

260 volts 

megohm 
megohm 

Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 

Refer to chart at end of section. 
Refer to type 6JB6A. 
Refer to type 6JN6. 

Refer to chart at end of section. 
Refer to type 6JQ6. 

Refer to chart at end of section. 

Refer to type 6JT6A. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 

Refer to chart at end of section. 
Refer to chart at end of section. 

Refer to type 6MD8. 

Refer to chart at end of section. 
Refer to chart at end of section. 

12J5GT 
12J7GT 

12J8 
12JB6 

12JB6A 
12JN6 
12JN8 
12JQ6 

12JT6 

12JT6A 

12K5 
12K7GT 

12K8 
12KL8 

12L6GT 

12MD8 
12Q7GT 

12R5 
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Refer to chart at end of section. 
12RK19 For replacement use type 12AF3/12BR3/12RK19. 

12S8GT Refer to chart at end of section. 

12SA7 Refer to chart at end of section. 
12SA7GT 

12SC7 Refer to chart at end of section. 

12SF5 Refer to chart at end of section. 
12SF5GT 

12SF7 Refer to chart at end of section. 
12SG7 Refer to chart at end of section. 

12SH7 Refer to chart at end of section. 

12SJ7 Refer to chart at end of section. 
12SJ7GT 

12SK7 Refer to chart at end of section. 
12SK7GT 
12SL7GT Refer to type 6SL7GT. 

12SN7GT Refer to chart at end of section. 

12SN7GTA Refer to type 6SN7GTB. 

12SQ7 Refer to chart at end of section. 
12SQ7GT 

12SR7 Refer to chart at end of section. 
12SR7GT 
12SW7 Refer to chart at end of section. 

12SY7 Refer to chart at end of section. 

12TI0 Refer to type 6T10. 

12117 Refer to chart at end of section. 

12V6GT Refer to type 6V6. 

12W6GT Refer to type 6W6GT. 

12X4 Refer to type 6X4. 

12Z3 Refer to chart at end of section. 

13CW4 Refer to type 6CW4. 

13DE7 Refer to type 6DE7. 

13DR7 Refer to type 6DR7. 

13EM7 Refer to type 6EM7/6EA7. 
13EM7/15EA7 

13FD7 Refer to type 6FD7. 

13FM7 Refer to type 6FM7. 
13FM7/15FM7 

13GB5 Refer to chart at end of section. 

13GB5/XL500 Refer to type 6GB5/EL500. 

13GF7A Refer to type 6GF7A. 
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Refer to chart at end of section. 
For replacement use type 13Z10/13J10. 

Refer to type 6JZ8. 

13J10 

13JZ8 

BEAM POWER TUBE— io\/m 
^ <s2p pp SHARP-CUTOFF PENTODE loVIU 

B Ka Duodecar type used as combined FM detector and 
audio-frequency output amplifier in television re- 

Sp;::: ceivers. The beam power unit is used in af output 
0|p7-V^^S JK 28 stages an^ Pentode unit as an FM detector. Out- kp©^/_\^®pb lines section, 8C; requires duodecar 12-contact socket. 

15 h h Heater: volts (ac/dc), 13.2; amperes, 0.45; average warm-up time, 11 seconds; maximum heater-cathode 
12EZ volts, ±200 peak, 100 average. 

Beam Power Unit as Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage    165 volte 
Gvid-No.2 (Screen-Grid) Voltage   150 volts 
Cathode Current   65 mA 
Plate Dissipation    6.5 watts 
Grid-No.2 Input    1.8 watts 
TYPICAL OPERATION 
Plate Voltage    145 volte 
Grid-No.2 Voltage     125 ^olte 
Grid-No.1 (Control-Grid) Voltage    6 volts 
Peak AF Grid-No.l Voltage   6 volte 
Zero-Signal Plate Current  34 mA 
Maximum-Signal Plate Current   36 mA 
Zero-Signal Grid-No.2 Current   2.2 mA 
Maximum-Signal Grid-No.2 Current .    sig mA 
Plate Resistance (Approx.)   0.058 megohm 
Transconductance   6400 amhos 
Load Resistance    3000 ohms 
Total Harmonic Distortion (Approx.)   7 percent 
Maximum-Signal Power Output   1.5 watte 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation       0.25 megohm 
For cathode-bias operation   0.5 megohm 

Pentode Unit as Class Ax Amplifier 
CHARACTERISTICS 
Plate Supply Voltage    
Grid-No.3 (Suppressor-Grid) Voltage   
Grid-No.2 (Screen-Grid) Supply Voltage   
Cathode-Bias Resistor    
Plate Resistance (Approx.)   
Transconductance, Grid No.l to Plate    
Transconductance, Grid No.3 to Plate   
Plate Current   
Grid-No.2 Current   
Grid-No.l Voltage (Approx.) for plate current of 10 /iA   
Grid-No.3 Voltage (Approx.) for plate current of 10 /tA   

Pentode Unit as FM Detector 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage   
Grid-No.3 Voltage   
Grid-No.2 Supply Voltage     
Grid-No.2 Voltage   
Grid-No.l (Control-Grid) Voltage, Positive-bias value   
Plate Dissipation   
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volte   
For grid-No.2 voltages between 165 and 330 volts  

5.5 mA 0.058 megohm 6400 /nnhos 3000 ohms 7 per cent 1.5 watte 

0.25 megohm 0.5 megohm 

150 volte 0 volte 100 volte 560 ohms 0.15 megohm 1000 jumhos 400 /onhos 1.3 mA 2 mA —4.5 • volte —4.5 volte 

330 volte 28 volte 330 volte See curve page 300 0 volte 1.7 watte 
1.1 watte See curve page 300 

Refer to chart at end of section. 

Refer to type 6Z10/6J10. 
13Z10 

13Z10/13J10 
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Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

i xm 11 DUAL TRIODE— 
14BL11 SHARP-CUTOFF PENTODE 

Duodecar type used in television receiver applications. kT2^ 
The pentode unit is used for video amplifier service, 
and the triode units for general-purpose use. Outlines Giaiyj 
section, 8B; requires duodecar 12-contaet socket. Pp(2 
Heater: volts (ac/dc), 14.2; amperes, 0.46; average J 
warm-up time 11 seconds; maximum heater-cathode 
volts, ±200 peak, 100 average. 

Class Ai Amplifier 
Triode Triode Per 

MAXIMUM RATINGS (Design-Maximum Values) Un'tN0-1 Un„i'No-2 " 
Plate Voltage      330 330 t 
Grid-No.2 (Screen-Grid) Voltage   ;.....  — — 1 

Grid-No.1 (Control-Grid) Voltage, Positive-bias 
value   2 « 

Plate Dissipation   1,0   1
i 

Grid-No.2 Input  
CHARACTERISTICS OK 
Plate Voltage   2°° 200 3® 
Grid-No.2 Voltage   — — lu^ 
Grid-No.l Voltage   
Cathode-Bias Resistor       
Amplification Factor   loann 
Plate Resistance (Approx.)    tbUU I2buu Transconductance   6303 6533 ,n Plate Current   1-i ^ 
Grid-No.2 Current      
Grid-No.l Voltage (Approx.) for plate current 

of 100    —£,-b 

MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: - . 

For fixed-bias operation   O-o. " " „ 
For cathode-bias operation   t 

Kll Pti 
C?) (l) ^ 

Triode Triode Pentode 
UnitNo.l UnitNo.i 2 Unit volts 330 330 250 

— 125 volts 
0 0 0 volts 

1.5 2 2.5 watts 
— 1.25 watts 

200 200 35 200 volts   100 100 volts   __ 0 — volts 
470 270 — 82 ohms 

40 69 — — 
7600 12500 — 70000 ohms 
5300 6500 — 19000 /rnihos 

7.2 7.1 40 16 mA 
13 3 mA 

—8 —5.5 — —5.6 volts 

0.5 0.5 0.1 megohm 
1 1 0.25 megohm 

i jinni l DUAL TRIODE— 
14dR11 sharp-cutoff pentode p«"ri Kjg.Jj (6) (7) , 

Duodecar type used in television receiver applications. (gV>< W 
The high-mu triode unit No. 1 is used for general- 15 ©L-2: ? 
purpose use, the medium-mu triode unit No. 2 for _ 
sync separator service, and the pentode unit for video 
amplifier service. Outlines section, 8C; requires duo- Gip^YTr—qiz 
decar 12-contact socket. Heater: volts (ac/dc), 14.2; ^ 
amperes, 0.45; warm-up time, 11 seconds; maximum 
heater-cathode volts, ±200 peak, 100 average. 12GL 
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Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) Tr 
„ „ , Unit Plate Voltage   3 
Grid-No^ (Screen-Grid) Supply Voltage  
Grid-No.2 Voltage   
Grid-No.l (Control-Grid) Voltage, Positive-bias 

value     
Plate Dissipation   1 
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts   
For grid-No.2 voltages between 165 and 330 

volts   
CHARACTERISTICS 
Plate Voltage   2( 
Grid-No.2 Voltage   
Grid-No.l Voltage    
Cathode-Bias Resistor   
Amplification Factor   6 
Plate-Resistance (Approx.)   1240 
Transconductance   550 
Plate Current   
Grid-No.2 Current ! - 
Grid-No.l Voltage (Approx.) for plate current 

of 100 uPl   —5. 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: For fixed-bias operation   0.1 

For cathode-bias operation     ] 

Triode Triode Pentode UnitNo.l Unit No. 2 Unit 330 330 330 volts — — 330 volts — — See curve page 300 
0 0 0 volts 1.5 2 4 watts 

— — 1.1 watts 
— — See curve page 300 

200 200 35 135 volts — — 135 135 volts —2 — 0 — volts — 220 — 100 ohms 68 41     
12400 9400 — 45000 ohms 5600 4400 — 10400 /tmhos 7 9.2 34 17 mA 

— — 13 4 mA 
■—5.5 ■—6.5 — —6 volts 

0.6 0.5 1 megohm 1 1 1 megohm 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 
Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6AF11. 
Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6CW5/EL86. 

Refer to chart at end of section. 

14C5 

14C7 

14E6 

14E7 

14F7 

14F8 

14GT8 

14H7 

14J7 

14JG8 

14N7 

14Q7 

14R7 

15 

15AF11 
15BD11 

15BD11A 

15CW5 

15CW5/PL84 

15DQ8 
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15DQ8/ 

PCL84 

HIGH-MU TRIODE— 
SHARP-CUTOFF PENTODE 

Miniature type used in color and black-and-white tele- 
vision receiver applications. The triode unit is used as 
a sync-separator, sync-amplifier, keyed-age, or noise- 
suppressor tube. The pentode unit is used as a video- 
output tube. Outlines section, 6E; requires miniature 
9-contact socket. 
Heater Voltage (ac/dc)   
Heater Current  
Peak Heater-Cathode Voltage 

15 
0.3 

±200 max 
Class Ai Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) Triode Unit Pentode Unit 
Plate Supply Voltage   650 
Peak Plate Voltage, with maximum plate current of 

0.1 mA*   600 
Plate Voltage   250 
Grid-No.2 (Screen-Grid) Supply Voltage   — 
Grid-No.2 Voltage     7" 
Cathode Current    12 
Plate Dissipation    1 
Grid-No.2 Input   

Triode 
CHARACTERISTICS Unit Pentode Unit 
Plate Voltage   200 110 200 
Grid-No.2 Voltage   — "0 200 
Grid-No.l Voltage   —1.7 —2.1 —2.9 
Amplification Factor   65 — — 
Mu-Factor, Grid-No.2 to Grid-No.l .... — 36 36 
Plate Resistance (Approx.)   — .0.1 0.13 
Transconductance    4000 11000 10400 11 
Plate Current   3 16 16 
Grid-No.2 Current  — 6 3 
TYPICAL OPERATION OF PENTODE UNIT AS VIDEO OUTPUT TUBE 
Plate Supply Voltage   170 200 
Series Plate Resistor   3000 3000 
Grid-No.2 Voltage   170 200 
Grid-No.l Voltage   ,"7*^ 
Transconductance     92 9o 
Plate Current   16 18 
Grid-No.2 Current   6.2 3,1 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: Triode Unit Pentode Unit 

For fixed-bias operation   1 1 1116 

For cathode-bias operation    3 2 meg 
• With maximum duty factor of 0.18 and maximum pulse duration of 18 microseconds. 

15EA7 

15EW7 

15FM7 

15FY7 

15HB6 

15KY8 

15KY8A 

15LE8 

For replacement use type 13EM7/15EA7. 

Refer to type 6EW7. 

Refer to chart at end of section. 
For replacement use type 13FM7/15FM7. 

Refer to type 6FY7. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6KY8A. 

Refer to chart at end of section. 
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Refer to type 6MF8. 
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15MF8 

Refer to chart at end of section. 

HIGH-MU TRIODE— 
POWER PENTODE 

16A8/ 

PCL82 

^G2p Miniature type used in television receiver applications. 
^ The triode unit is used as a vertical oscillator or as an 
J)K af amplifier, and the pentode unit is used as a vertical 

output tube or as an audio output tube. Outlines sec- 
' tion, 6G; requires miniature 9-contact socket. Type 

8B8 is identical with type 16A8/PCL82 except for 
heater ratings. 

Heater Voltage   
Heater Current   
Heater-Cathode Voltage 

16A8/PCL82 
16 

0.8 
±200 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Supply Voltage   
Peak Plate Voltage*   
Plate Voltage   
Peak Inverse Plate Voltage   
Grid-No.2 (Screen-Grid) Supply Voltage   
Grid-No.2 Voltage   
Cathode Current   
Plate Dissipation (Frame Output)   
Plate Dissipation (Audio Output)   
Grid-No.2 Input    
Peak Grid-No.2 Input   

Triode Unit Pentode Unit 

CHARACTERISTICS 
Plate Voltage   
Grid-No.2 Voltage    
Grid-No.1 Voltage   
Amplification Factor   
Mu Factor, Grid No.2 to Grid No.l 
Plate Resistance   
Transconductance   
Plate Current   
Grid-No.2 Current     
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: For fixed-bias operation ......... 

For cathode-bias operation   

Pentode Unit 
30 170 200 
30 170 200 
-6 —11.5 —12.5 

15000 16000 20500 20000 
6800 7500 6800 6400 

megohm 
megohms 

• With a maximum duty factor of 0.04 and maximum pulse duration of 0.8 milliseconds. 

DUAL TRIODE— 
BEAM POWER TUBE 16AK9 

Duodecar type used in vertical-deflection-amplifier, 
'ti vertical oscillator and sync-clipper applications, in 

color television receivers. Outlines section, ISA; re- 
quires duodecar 12-contact socket. Heater: volts (ac/dc), 
16.4; amperes, 0.6; average warm-up time, 11 seconds; 
maximum heater-cathode volts, ±200 peak, 100 average. 
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CHARACTERISTICS 

Class Ai Amplifier 
Triode Triode 

Unit No. 1 Unit No.2 
150 150 

Beam Power 
Unit 

Plate Voltage   150 16V gv xov yuil» 
Giid-No.2 (Screen-Grid) Voltage   — — 128 volta 
Grid-No.1 (Control-Grid) Voltage   —2 —B 0 —14 volts 
Plate Resistance (Approx.)   11000 8B00 16400 Transconductance   3900 2350 — 6200 pmhos 
Plate Current   8.4 6.5 140 49 mA Grid-No.2 Current   — — 13 3.5 mA 
Grid-No.1 Voltage (Approx.) for plate 

current of 100 /jA   —8.7 —11 — —33 volts 
Amplification Factor   43 20 

Vertical-Deflection Oscillator and Amplifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS 9 
(Design-Maximum Values) Unit No. 1 Unit No. 2 Unit Amplifier Oscillator Amplifier 

Plate Voltage   330 330 360 volts 
Peak Positive-Pulse Plate Voltage#   — — 2500 volts 
Grid-No.2 Voltage     — — 350 vo ta 
Peak Negative-Pulse Grid-No.l Voltage   — 400 160 volts 
Grid Voltage, Positive-bias value   0 — voit 
  - - 2 watta Grid-No.2 Input   » 

Peak Plate Current   — ™ z36 
Average Plate Current   20 
Peak Grid-No.2 Current   — — 345 mA 
Average Grid-No.2 Current   
MAXIMUM CIRCUIT VALUES 
Grid-No.l Circuit Resistance: - megohm 

For fixed-bias operation   0-6 1 „ I i^gohms 
For degenerative-bias operation*   — 2.2 2.2 megonms 

# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 
» A cathode resistor or any feedback system which achieves an equivalent reduction in gain. 

16AQ3 
Refer to chart at end of section. 

For replacement use type 16AQ3/XY88. 

16AQ3/ 

XY88 
DIODE 

Z0AQ3/LY88 
Miniature type used as booster diodes in line-time- \J 
base circuits of transformerless television receivers. 9CB 
Outlines section, 7D; requires miniature 9-contact socket. Type 20AQ3/ 
LY88 is identical with type 16AQ3/XY88 except for heater ratings. 

Heater Voltage (ac/dc)   
Heater Current   
Peak Heater-Cathode Voltage 

20AQ3/ 
LY88 
20.2 
0.45 
6600 

MAXIMUM RATINGS (Design-Center Values) 
Supply Voltage at zero current  550 volta 
Supply Voltage   250 volts 
Peak Plate Current   550 mA 
Average Plate Current   220 mA 
Plate Dissipation   cfinn-u. 
Peak Negative-Pulse Plate Voltage*   6000# volts 
* Under no conditions should an absolute maximum value of 7500 volts be exceeded. 
# The pulse duration must not exceed 22 per cent of a cycle, or a maximum of 18 microseconds. 

16BQ11 Refer to type 8BQ11. 
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Refer to chart at end of section. 

Refer to type 6GK6. 

Refer to type 6GY5. 

Refer to chart at end of section. 

Refer to type 6LU8. 

Refer to chart at end of section. 

Refer to type 6AX3. 

Refer to chart at end of section. 

Refer to type 6AX4GTB. 

Refer to type 17AB10/17AX10. 

Refer to chart at end of section. 

Refer to type 6AY3B. 

Refer to chart at end of section. 

Refer to type 6BE3. 

Refer to type 6BE3. 

Refer to type 6BF11. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6BR3/6RK19. 

Refer to chart at end of section. 

Refer to type 6BS3A. 

Refer to type 22BW3. 

Refer to chart at end of section. 
For replacement use type 17BE3/17BZ3. 

Refer to chart at end of section. 
For replacement use type 17CU5/17C5. 

Refer to type 6C9. 
Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 12CT3. 

16BX11 

16GK6 

16GY5 

16KA6 

16LU8A 

T7AB10 
17AB10/17AX10 

17AX3 

17AX4GT 

17AX4GTA 

17AX10 

17AY3 

17AY3A 

17BB14 

17BE3 

17BE3/17BZ3 

17BF11 

17BH3 
17BH3A 

17BQ6GTB 

17BR3 

17BR3/17RK19 

17BS3 

17BS3A 
17BS3 A/17DW4A 

17BW3 

17BZ3 

17C9 

17CK3 

17CL3 

17CT3 
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17CU5 Refer to type 6CU5. 

17CU5/17C5 Refer to type 6CU5. 

j 7D4 Refer to chart at end of section. 

17DE4 Refer to type 6DE4/6CQ4. 

17DM4 Refer to chart at end of section. 

17DM4A Refer to type 6DM4A/6DA4. 

17DQ6A Refer to chart at end of section. 

Refer to chart at end of section. 
17DW4A For replacement use type 17BS3A/17DW4A. 

17EW8 Refer to chart at end of section. 

17EW8/ 

HCC85 
HIGH-MU TWIN TRIODE 

Miniature type used in rf- amplifier and oscillatoi- 
mixer circuits in FM and AM radio receivers. Outlines 
section, 6B; requires miniature 9-contact socket. 
Heater Voltage   
Heater Current .... • •• •    [ t Peak Heater-Cathode Voltage   
Direct Interelectrode Capacitances: 

Plate to Grid (Each Unit) .    
Plate to Cathode (Each Unit) •••••••• ■ •/; . r '/t?„ X VtWim  
Plate to Cathode, Heater, and Internal Shield (Each Unit)   
Grid to Cathode, Heater, and Internal Shield (Each Unit) .... 
Plate of Unit No.l to No-2   
Grid of Unit No.l to Grid of Unit No.2   
Plate of Unit No.l to Grid of Unit No.2   
Plate of Unit No.2 to Grid of Unit No.l    
Plate of Unit No.l to Cathode of Unit No.2   
Plate of Unit No.2 to Cathode of Unit No.l   
Grid of Unit No.l to Triode of Unit No.2   
Grid of Unit No.2 to Triode of Unit No.l   

Class Ai Amplifier (Each Unit) 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage   ,y-. !!'. Grid-Voltage, Negative-bias Value   
Cathode Current    
Plate Dissipation   
CHARACTERISTICS 170 
Plate Voltage    j ^ —1.5 
Grid Voltage   50 50 Amplification Factor  ^gOO g2oc 
Transconductance   4 5 IC 
Plate Current   
MAXIMUM CIRCUIT VALUE 
Grid-Circuit Resistance  
♦ Should not be used if grid current is pot permissible. 

17.6 
0.15 
±90 max 

0.04 max 
0.003 max 
0.008 max 
0.008 max 
0.008 max 
0.008 max 
0.003 max 
0.003 max 

250 volts 
100 volts 

15 mA 
2.5 watts 

200 volts 
—2.1 volts 

48 
5800 fimhos 

10 mA 

1 megohm 

17GE5 Refer to type 6GE5. 
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Refer to chart at end of section. 

Refer to type 6GJ5A. 
Refer to chart at end of section. 

Refer to type 6GT5A. 
Refer to type 6GV5. 

Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6JB6A. 
Refer to type 6JP6. 

Refer to chart at end of section. 

Refer to type 6JG6A. 
Refer to chart at end of section. 

Refer to type 6JM6A. 
Refer to type 6JN6. 
Refer to type 6JQ6. 
Refer to type 6JR6. 

Refer to chart at end of section. 

Refer to type 6JT6A. 

Refer to type 6JZ8. 
Refer to chart at end of section. 

Refer to type 6KV6A. 
Refer to chart at end of section. 

For replacement use type 15KY8A. 
For replacement use type 17BR3/17RK19. 

Refer to chart at end of section. 
For replacement use type 17AB10/17X10. 

Refer to chart at end of section. 

Refer to chart at end of section. 
Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

17GJ5 

17GJ5A 

17GT5 

17GT5A 
17GV5 

17GW6/ 17DQ6B 
17H3 

17HB25 
17JB6 

17JB6A 
17JF6 
17JG6 

17JG6A 
17JM6 

17JM6A 
17JN6 
17JQ6 
17JR6 
17JT6 

17JT6A 

17JZ8 
17KV6 

17KV6A 

17LD8 

17RK19 

17X10 

17Z3/PY81 
18A5 

18AJ10 

18FW6 
18FW6A 

18FX6 
18FX6A 

18FY6 
18FY6A 
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18GB5/LL500 

18GD6A 

18GV8/PCL85 

19 

19AU4 

19AU4GTA 

19BG6G 
19BG6GA 

19CG3 

19CL8A 

19DE3 
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Refer to chart at end of section. 

Refer to type 6GB5/EL500. 

Refer to chart at end of section. 

Refer to type 6GV8/ECL85. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6CG3. 

Refer to chart at end of section. 
For replacement use type 19JN8/19CL8A. 

Refer to chart at end of section. 

19DK3 
HALF-WAVE 

VACUUM RECTIFIER 

Novar type used as a damper tube in television receiv- 
ers. Outlines section, 35A; requires novar 9-contact 
socket. Socket terminals 1, 3, 6, 8 and 9, should not be 
used as tie points. 
Heater Voltage (ac/dc)   
Heater Current   
Heater Warm-up Time (Average) . 
Direct Interelectrode Capacitances: 

Cathode to Plate and Heater . 
Plate to Cathode and Heater . 
Heater to Cathode   

Damper Service 
For operation in a 525-line, 30-frome system 

Peak Inverse Plate Voltage#   
Peak Plate Current   
Average Plate Current   
Plate Dissipation   
Bulb Temperature (At hottest point) Heater-Cathode Voltage: 

Peak value   
Average value   

ic /ty P 
T- t-—Vj 

—■ ]}c i 'vJ 
 %9)NC HIW 

CHARACTERISTIC, Instantaneous Value 
Tube Voltage Drop for plate current of 800 mA   
# Pulse duration must not exceed 15% of a horizontal scanning cycle. 

9SG 
19 volts 

0.6 ampere 
11 seconds 

22.0 pF 
13.6 pF 
1.1 pF 

6500 volts 
1200 mA 

400 mA 
9 watts 

220 0C 
-6500 volts 
—900 volts 

25 volts 

19EA8 Refer to type 6EA8. 

19EZ8 Refer to chart at end of section. 
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Refer to type I2FX5. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6JN8. 

Refer to chart at end of section. 

For replacement use type 18GD6A. 

For replacement use type 18FW6A. 

Refer to chart at end of section. 

Refer to type 6X8A. 

Refer to chart at end of section. 

Refer to type 16AQ3/XY88. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6LF6. 

Refer to chart at end of section. 

Refer to type 6GY5. 

Refer to chart at end of section. 

19FX5 

19607 

19HR6 

19HS6 

19HV8 

19JN8 

19JN8/19CL8A 

19KG8 

19MR9 

19MR19 

20AQ3/LY88 

20EQ7 

20EZ7 

20LF6 

21EX6 

21GY5 

21HB5 

,P 
<($ BEAM POWER TUBE 21HB5A 

^®'c Duodecar type used as horizontal-deflection amplifier 
in television receivers. Outlines section, 15B; requires 
duodecar 12-contact socket. Fox* maximum I'atings, re- 

k) 0i fer to type 6HB5. Heater: volts (ac/dc), 21; amperes 
h 0.45; warm-up time (average), 11 seconds; maximum 

heater-cathode volts, ±200 peak, 100 average 

Class A, Amplifier 
CHARACTERISTICS 
Plate Voltage   
Grid-No.2 (Screen-Grid) Voltage 
Grid-No.l (Control-Grid) Voltage 
Amplification Factor   
Plate Resistance (Approx.)   
Tranuconductence   

Pentode Connection 
fiOOO 60 130 130 130 130 

— 0 —20 
— — 9900 
— — 9000 

Triode* 
Connection 

130 
130 

—20 
4.8 
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Plate Current   9QB 10 — mA 
Grid-No.2 Current    ■ • • • ~ ^ 
Grid-No.1 Voltage (Approx.) for __ __ voltg plate current of 1 mA   64 
* Grid-No.2 tied to plate 
. This value can be measured by a method involving a reeurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 

21HJ5 Refer to chart at end of section. 

21JS6A For replacement use type 23JS6A. 

21JV6 Refer to chart at end of section. 

21JZ6 BEAM POWER TUBE 
Duodecar type used as horizontal-deflection amplifier 
in television receivers. Outlines section, 15C; requires 
duodecar 12-contact socket. Heater: volts (ac/dc), 21; 
amperes, 0.45; average warm-up time, 11 seconds; 
maximum heater-cathode volts, ±200 peak, 100 aver- 

Class A, Amplifier 
Triode4 , _ .. 

CHARACTERISTICS Connection ^nneCtl™0 

^ JfilSppvessor Cnd)';; i!!! i! Connected to cathode 
Grid-No.2 (Screen-Grid) Voltage .... 0 _20 
Grid-No.l (Control-Grid) Voltage   2U •    — Amplification Factor    ^   — 9900 
Plate Resistance (Approx.)       — gggg Transconductance       450 46 
Plate Current       29 1.8 
Grid-No.2 Current        ■ • 
Grid-No.l Voltage (Approx.) foi plate _ _64 _ _32 current of 1.0 mA   
4 Grid No.2 connected to plate. 

Horizontal-Deflection Amplifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) ^ 
Plate Supply Voltage ....... • ■ •   gsgg 
Peak Positive-Pulse Plate Voltage#   1600 
Peak Negative-Pulse Plate Voltage      • 70 DC Grid-No.3 Voltage, Positive-bias value   220 Grid-No.2 Voltage  ■ • • ■ y.- • v.    [ 66 
DC Grid-No.l Voltage, Negative-bias value    330 Peak Negative-Pulse Grid-No.l Voltage   
Peak Cathode Current  230 
Average Cathode Current   lg 
Plate Dissipation"    3.6 
Grid-No.2 Input ..... . • • • • • • ■  ];; I  220 
Bulb Temperature (At hottest point)   
MAXIMUM CIRCUIT VALUE 1 Grid-No. 1-Circuit Resistance   
. A bias resistor or other means is required to protect the tube in absence of excitation. 
#Pute duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 
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BEAM POWER TUBE 21KA6 

Duodecar type used as horizontal-deflection amplifier 
in television receivers. Outlines section, 16A; requires 
duodecar 12-contact socket. A separate connection is 
provided for grid No.3 to minimize "snivets." 

Heater Voltage   
Heater Current   
Heater Warm-up Time . 
Heater-Cathode Voltage: 

Peak value   
Average value   ±200 max 

100 max 

CHARACTERISTICS 
Plate Voltage   
Grid-No.3 (Suppressor-Grid) 

Voltage   
Grid-No.2 (Screen-Grid) Voltage . 
Grid-No.l (Control-Grid) Voltage 
Plate Resistance (Approx.)   
Transconductance   
Plate Current   
Grid-No.3 Current   
Grid-No.2 Current    
Grid-No.l Voltage (Approx.) for 

plate current of 1 mA   
Triode Amplification Factor   

Class Ai Amplifier 

6000 60 60 130 volts 
0 0 25 0 volts 130 130 130 130 volts ■ 0 0 —20 volts — —■ ■—■ 11000 ohms ■—■ — 9100 /imhos — 410* 410* 50 mA — — 2 .— mA 24* 23* 1.75 mA 

—6G — —' —33 volts ■ — — 4.7 
* This value may be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 

Horizontal-Deflection Amplifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Suppiy Voltage   770 ,. Peak Positive-Pulse Plate Voltage#   650o volm 
Peak Negative-Pulse Plate Voltage   S ™ £ Grid-No.3 Voltage, Positive-bias value   7n 
Grid-No.2 Voltage   n2n Grid-No.l Voltage, Negative-bias value     cc 
Peak Negative-Pulse Grid-No.l Voltage    330 vnlS 
Average Cathode Current   ' 230 
Peak Cathode Current     onn 
Plate Dissipation     ,3 
Grid-No.2 Input    o1! 
Bulb Temperature (At hottest point)  .!.!!.!" 220 pq 
MAXIMUM CIRCUIT VALUE 
Grid-No.l-Circuit Hesistance   , .........v.... 
# Pulse duration must not exceed 15% of a horizontal scanning cycle 

1 megohm 
(10 microseconds). 

BEAM POWER TUBE 21KQ6 
29KQ6/PL521 

Magnoval type used as horizontal-deflection amplifier 
in television receivers. Outlines section, 35B; requires 
magnoval 9-contact socket. Type 29KQ6/PL521 is iden- 
tical with type 21KQ6 except for heater ratings. 

29KQ6/PL521 
29 

0.3 
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Heater-Cathode Voltage: 
Peak value   
Average value   

Class Ai Amplifier 
CHARACTERISTICS 
Plate Voltage    
Grid-No.3 (Suppressor-Grid) Voltage .     
Grid-No.2 (Screen-Grid) Voltage   
Grid-No.1 (Control-Grid) Voltage   
Plate Current   
Grid-No.2 Current       • ■ • • • • ■; ■ - 
Grid-No.l Voltage for plate current of 60 nA 
± This value can be measured by a method involving a recurrent maximum ratings of the tube will not be exceeded. 

Horizontal-Deflection Amplifier 
For operation in a 525-line, 30-frame syatem 

MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage    
Peak Positive-Pulse Plate Voltage#    
Peak Negative-Pulse Plate Voltage#   
Grid-No.3 Voltage   
Grid-No.2 Voltage    
Peak Negative-Pulse Grld-No.l Voltage   
Average Cathode Current    
MAXIMUM CIRCUIT VALUES 

—65 max. — volts 
recurrent waveform such that the 

Grid-No.l-Circuit Resistance    
Grid-No.l-Circuit Resistance, for horizontal-deflection circuit 

megohm 
megohms 

# Pulse duration must not exceed 22% of a horizontal scanning cycle (18 microseconds). 

21LG6 Refer to chart at end of section. 

21LG6A BEAM POWER TUBE K,8j(^ 
Duodecar type used as horizontal-deflection amplifier ictTj 
in color television receivers. Outlines section, 16B; re- 
quires duodecar 12-contact socket. Heater: volts, 21; 
ampere, 0.6; maximum heater-cathode volts, ±200 peak, 
100 average. 

Class Ai Amplifier 

H H 
12HL 

Triode* 
Connection Pentode Connection CHARACTERISTICS Connection renioae ^ui. 

Grid-Na2lta(S«een-Grid) " Voltage .... 126 126 126 
Grid-No.l (Control-Grid) Voltage   —25 — 
Plate Resistance (Approx.)         Transconductance       gQO 
Plate Current     40 
Grid-No.2 Current     •••• 
Grid-No.l Voltage (Approx.) for plate   

current of 1 mA       Amplification Factor   
Horizontal-Deflection Amplifier 

For operation in a 525-line, 30-franie system 
MAXIMUM RATINGS (Design-Maximum Values) 

50 175 volts 
125 125 volts 

0 —23 volts 
7500 ohms   11500 /imhos 

600 90 mA 
42 1.7 mA 

— —45 volts 

DC Plate Supply Voltage     . . 
Peak Positive-Pulse Plate Voltage# 
Peak Negative-Pulse Plate Voltage 
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Grid-No.2 Voltage   
Grid-No. 1 Voltage, Negative-bias value 
Plate Dissipation!   
Grid-No.2 Input   
Average Cathode Current   
Peak Cathode Current   
Bulb Temperature   
MAXIMUM CIRCUIT VALUES 
Grid-No.1 Circuit Resistance: 

With feedback type hieh voltage regulation     1.8 megohms 
With shunt-type high voltage regulation (switching mode)   2.2 megohms 

* Grid-No. 2 tied to plate. 
# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 
■ A bias resistor or other means is required to protect the tube in absence of excitation. 

Refer to type 6LR8. 
Refer to type 6LU8. 

Refer to chart at end of section. 
Refer to chart at end of section. 

Refer to chart at end of section. 
Refer to chart at end of section. 

21LR8 
21LU8 

21MY8 
22 

22BH3 

22BH3A 

HALF-WAVE 
VACUUM RECTIFIER 22BW3 

Duodecar type used as damper tube in horizontal-de- 
flection circuits of television receivers. Outlines sec- 
tion, 8D; requires duodecar 12-contact socket. Type 
17BW3 is identical with type 22BW3 except for heater 
ratings. 

Heater Voltage (ac/dc)   
Heater Current    
Heater Warm-up Time  
Direct Interelectrode Capacitances: 

Cathode to Heater and Plate .. 
Plate to Cathode and Heater .. 
Heater to Cathode   

Damper Service 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
!eau iVv.el'S^ Platf Volta<fe#   5000 volts Peak Plate Current  110q mA Average Plate Current   175 mA 
Plate Dissipation  6.6 watts 
Heater-Cathode Voltage: Peak value   +300 —5000 volts 

Average value   +100 —900 volts 
CHARACTERISTICS, Instantaneous Value 
Tube Voltage Drop for plate current of 360 mA   32 volts 
# Pulse duration must not exceed 15% of one horizontal scanning cycle (10 microseconds). 

Refer to type 6DE4/6CQ4. 
Refer to type 6JF6. 

Refer to chart at end of section. 

Refer to type 6JG6A. 

22DE4 
22JF6 

22JG6 
22JG6A 
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22JR6 

22JU6 

22KM6 

22KV6A 

23JS6A 

Refer to type 6JR6. 

Refer to type 6JU6. 

Refer to type 6KM6. 

Refer to type 6KV6A. 

Refer to type 6JS6C. 

OOTO DUAL triode— 
zoZr beam power tube > 

Duodecar type used in combined vertical-deflection- ^ 
oscillator and vertical-deflection-amplifier applications p 
in television receivers. Outlines section, 8B; requires 
duodecar 12-contact socket. Heater: volts (ac/dc), 23; 
amperes, 0.45; average warm-up time, 11 seconds; 
maximum heater-cathode volts, ±200 peak, 100 average. 

Class A, Amplifier 

IC K,03p 

CHARACTERISTICS 
Plate Voltage   
Grid-No.2 (Screen-Grid) Voltage .... 
Grid-No.1 (Control-Grid) Voltage .... Amplification Factor   
Plate Resistance (Approx.)   Transconductance   
Plate Current   Grid-No.2 Current    
Grid-No.l Voltage (Approx.) for plate 

current of 100 pA   
Grid Voltage (Approx.) for plate 

current of 10 pA.   

Triode Triode 
Unit No.l Unit No.2 

Beam Power 
Unit 

Vertical-Deflection Oscillator and Amplifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage          
Peak Positive-Pulse Plate Voltage#   
Grid-No.2 Voltage     
Peak Negative-Pulse Grid-No.l Voltage   
Grid Voltage, Positive-bias value   
Plate Dissipation   
Grid-No.2 Input   
Peak Cathode Current   
Average Cathode Current   
Peak Plate Current   
Average Plate Current   
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bins operation   

Triode Triode Beam Power 
Unit No.l Unit No.2 Unit 
Amplifier Oscillator Amplifier 

volts 330 250 250   2000 volts      200 volts   400 150 volts 
0 — volts 

125 1 7 watts   1.8 watts      245 mA   70 mA    70    mA 
— 20 — mA 

0.5 1 1 megohm 
# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

24A 

24BF11 

24JE6A 

Refer to chart at end of section. 

Refer to type 6BF11. 
Refer to chart at end of section. 

For replacement use type 24LQ6/24JE6C. 

24JZ8 Refer to type 6JZ8. 
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Refer to type 6LQ6. 

Refer to type 6LQ6. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 
Refer to chart at end of section. 

Refer to type 6AV5GA. 
Refer to chart at end of section. 

Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 

Refer to type 6BQ6GTB/6CU6. 

Refer to type 50C5. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6CD6GA. 
Refer to type 6CG3. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 12CT3. 

Refer to type 6BQ6GTB/6CU6. 

Refer to type 6DL3. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6EH5. 
Refer to chart at end of section. 
Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6JZ8. 

Refer to chart at end of section. 

24LQ6 

24LQ6/24JE6C 

24LZ6 

25A6 
25A6GT 
25A7GT 

25AC5GT 
25AV5GA 
25AX4GT 

25B5 
25B6G 

25B8GT 
25BK5 

25BQ6GT 

25BQ6GTB/25CU6 

25C5 

25C6G 

25CA5 

25CD6GA 

25CD6GB 

25CG3 
25CK3 

25CM3 

25CT3 

25CU6 

25DL3 

25DN6 

25E5/PL36 

25EC6 

25EH5 

25F5A 

25HX5 

25JQ6 

25JZ8 

25L6 
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25L6GT /25W6GT 

25N6G 

25W4GT 

25W6GT 

25Z6 
25Z6GT 

26 

26A6 

26A7GT 

26C6 

26D6 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

For replacement use type 25L6GT/25W6GT 
Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

26HU5 BEAM POWER TUBE 
Glass octal type used as horizontal-deflection amplifier 
in color television receivers. Outlines section, 20B; re- 
quires octal socket. Heater: volts (ac/dc), 26; ampere, 
0.6; warm-up time (average), 11 seconds; maximum 
heater-cathode volts, ±200 peak, 100 average. 

Class Ai Amplifier 
CHARACTERISTICS „ Triodej; Triode$ Pentode 

Connection Connection 
150 45 60 175 
150 160 110 110 

—22.5 0 0 —21   6000 
i   — 14000   1100" 750" 125 
— 110- 42" 3.3 
    — —40 

Grid-No.2 (Screen-Grid) Voltage   l&u no "o - " 
Grid-No.l (Control-Grid) Voltage   —22.5 ■ 0 0 21 voUs 
Plate Heaistence (Approx.)   - - U X! 

::::::::::::::::::::::::::: - uoo- "o- m mA 
Grid-No.2 Current   ,   —. HO" «" 3'3 mA 

Grid-No.l Voltage (Approx.) for plate current _ lta of 1 mA     — _ _ Amplification Factor   4 

'This value^c^n^be^measured by a method involving a recurrent waveform such that the 
. maximum ratings of the tube will not he exceeded. 

Horizontal-Deflection Amplifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Supply Voltage     ®jj® Peak Positive Pulse Plate Voltage#    7000 volte Grid-No.2 Voltage       233 *?}»» 
Grid-No.l Voltage, Negative-bias value      250 volte 
Plate Dissipation* (Absolute-maximum value)   oo watts Grid-No.2 Input      3 

Average Cathode Current   
Peak Cathode Current     "gj m

0^ Bulb Temperature (At hottest point)   * 
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#Pulse duration must not exceed 16% of a horizontal scanning cycle (10 microseconds). 
* A bias resistor or other means is required to protect the tube in absence of excitation. 
MAXIMUM CIRCUIT VALUES 
Grid-No. 1-Circuit Resistance: With Feedback-type high voltage regulation   1.2 megohms 

With Shunt-type high voltage regulation (switching mode) ... 2.2 megohms 

Refer to chart at end of section. 

BEAM POWER TUBE 26LX6 

Duodecar type used as a horizontal-deflection amplifier 
in color and black-and-white television receivers. Out- 
lines section, 16E; requires duodecar 12-contact socket. 
Heater: volts (ac/dc), 26; ampere, 0.6; warm-up time, 
11 seconds; maximum heater-cathode volts, ±200 peak 
100 average. ' 

Class Ai Amplifier 

pC«TtaEgRfT,CS  C°Tf0n 

S&& I IV ConnJcdtoc^ideatsS Grid-No. 1 (Control-Grid) Voltage   —21 _ n J? v0 '3 

Plate Resistance (Approx.)       21 volts 
Transconductance   '   ohms Plate Current       14000 /imhos 
Grid-No. 2 Current      i ?nt 6 mA 

Grid-No. 1 Voltage (Approx.) for'plate" l 3-3 mA 

current of 1 mA   _  ,0- 
Amplification Factor  4 — ZI — v0"3 

* Grid-No. 2 tied to plate. 
of SeluTe^ri Lr^fxciedet"8 6 reeU™,,t Waw£o™ that 

Horizontal-Deflection Amplifier 
For operation in a 625-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Supply Voltage   „„„ 
IS NegaGve-Pufife ^Phite^Vcffiage^ (A^»te Maximum Vaiue) Z'7 Grid-No. 3 Voltage, Positive-bias value '  1 „ volts 
Grid-No. 2 Voltage     - 3 volts 
Peak Negative Grid-No. 1 Voltage  volts 

Peak Cathode Current     t?33 volts 
Average Cathode Current   M33 mA 
Piate Dissipation* (Absolute Maximum' Vaiue)  22 "A 
Grid-No. 2 Input     4° watts 
Bulb Temperature (At 'hottest point)' Z !!!!!  240 W 

MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: With feedback-type high voltage regulation   TP „ , 
Grid^oIt-Ch^cuR Resistence0 5.e. reguIa^on (switching mode)" Z t!   0 ohms 
MIMIMUM RECOMMENDED GRID DRIVE 
Peak Positive Pulse Plate Voltage   r.rmn coco 
Peak Nefative Grid-No. 1 Voltage for grid-No.'2 voliage v 

Pea ofN2e00atvoeite ri<i:NO' 1 VoltaKe f01' k»d-No.' 2 voltage -l90 ~210 Vl 

„ _ .   —210 —236 vi 
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27GB5/PL500 

29KQ6/PL521 

Refer to chart at end of section. 

Refer to type 6GB5/EL500. 

Refer to chart at end of section. 

29LE6 BEAM POWER TUBE 

Magnoval type used as horizontal-deflection amplifier 
in television receivers. Outlines section, 35B; requires 
magnoval 9-contact socket. 
Heater Voltage   
Heater Current   
Heater-Cathode Voltage: 

Peak value   
Average value   

Class Ai Amplifier 
CHARACTERISTICS 
Plate Voltage    4[> B{> 
Grid-No.3 (Suppressor-Grid) Voltage   0 0 vo 
Grid-No.2 (Screen-Grid) Voltage   135 200 vol 
Grid-No.1 (Control-Grid) Voltage   0 —13 
Plate Current   «® 6K| £ 
Grid-No.2 Current     3° But 
Grid-No.l Voltage for plate current of 60 /tA   —55 max. — vo. 
j fhia value can be measured by a method involving a recurrent waveform such that t 

maximum ratings of the tube will not be exceeded. 
Horizontal-Deflection Amplifier 

For operation in a 525-line, 30-frame system 
MAXIMUM RATINGS (Design-Maximum Values) 
Plata Voltage   vo 

Peak Positive-Pulse Plate Voltage#     6500 vo Peak Negative-Pulse Plate Voltage#   1650 vo 
Grid-No.3 Voltage  ••••• ™ ™ 
Grid-No.2 Voltage       ™ 
Peak Negative-Pulse Grid-No.l Voltage    660 vo 
Average Cathode Current   3(6 n 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Kesistance    .■•■■■  megot 
Grid-No. 1-Circuit Hesistence, for horizontal-deflection circuit   2.2 megoni 
# Pulse duration must not exceed 22% of a horizontal scanning cycle (18 microseconds). 

30 Refer to chart at end of section. 

30AE3/ 

PY88 
DIODE 

Miniature type used as booster diodes in line-time- 
base circuits of transformerless television receivers. 
Outlines section, 7D; requires miniature 9-contact 
socket. Heater: volts (ac/dc), 30; amperes, 0.3; maxi- 
mum heater-cathode volts, 6600 peak. 
MAXIMUM RATINGS (Design-Center Values) 
Supply Voltage at zero current   
Supply Voltage 
Peak Plate Current   
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Average Plate Current   220 mA 
Plate Dissipation  ' 5 watts 
Peak Negative-Pulse Plate Voltage*   6000# volts 
♦Under no conditions should an absolute maximum value of 7600 volts be exceeded. 
# The pulse duration must not exceed 22 per cent of a cycle, or a maximum of 18 micro- 

seconds. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6KD6. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6JS6C. 

Refer to type 6LQ6. 

Refer to type 6LR8. 

30 AG 11 

30JZ6 

30KD6 

30MB6 

31AL10 

31JS6A 

31JS6C 

31LQ6 

31LR8 

BEAM POWER TUBE 3UZ6 
Novar type used for horizontal-deflection amplifier in 
color television receivers. Outlines section, 18C; requires 
novar 9-contact socket. 

Heater Voltage (ac/dc)   
Heater Current   
Heater Warm-up Time   
Heater-Cathode Voltage: 

Peak value   
Average value   

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 Np.3 ... 

±200 max 
100 max 

CHARACTERISTICS 
Plate Voltage   
Peak Positive-Pulse Plate Voltage# . 
Grid No.3 (Suppressor Grid)   
Grid-No.2 (Screen-Grid) Voltage .... 
Grid-No.1 (Control-Grid) Voltage . .. 
Amplification Factor   
Plate Resistance (Approx.)   
Transconductance   
Plate Current    
Giid-No.2 Current  
Grid-No.l Voltage for plate current 

of 1 mA   

Class At Amplifier 
Triodef 

Connection 
125 - 

Pentode Connection 

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 late Voltage   
DC Grid-No.3 Voltage"   
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DC Grid-No.2 Voltage     «« 
Peak Negative-Pulse Grid-No.l Voltage   330 volte 
Peak Cathode Current   1333 "»»■ 
Average Cathode Current    360 mA 
Grid-No.2 Input    .S 
Plate Dissipation"*   JU watra 
Bulb Temperature (At hottest point)    « 
MAXIMUM CIRCUIT VALUES 
Grid-No.1-Circuit Resistance:  , 

For cathode-bias operation   1 
For grid-leak-bias operation     13 
For fixed-bias operation      • • • 3.47 megohm 

# Pulse duration must not exceed 15% of one horizontal scanning cycle (10 microseconds), 
t Grid No.2 connected to plate. ... . . , ,, , 
ft This value can be measured by a method involving a recurrent waveform such that the maximum ratings of the tube will not be exceeded. ... , ,, . , ■ In this service, a positive value may be applied to grid No.3 to minimize snivete inter- 

ference: a typical value for this voltage is 30 volte. ■ * A bias resistor or other means is required to protect the tube m absence of excitation. 

TYPE 3ILZ6 
GRID-No.3 
VOLTS=30 
GRID-No. I 
VOLTS = 0 

GRID-No.2 VOLTS = 125 

9SSMIBS 

100 200 300 400 500 
PLATE VOLTS 92CS-I768ITI 

0 100 200 300 400 500 
PLATE VOLTS 92C3-I7682T 

32 
32ET5 

32ET5A 
32HQ7 

32L7GT 

33GT7 
33GY7 

33GY7A DIODE—BEAM POWER TUBE 
50GY7A 

Duodecar type used as combined damper diode and 
horizontal-deflection amplifier in television receivers. 
Socket terminals 1, 3, 6 and 7 should not be used as 
tie points. Outlines section, IB A; requires duodecar 12- 
contact socket. Type 50GY7A is identical with type 
33GY7A except for heater ratings. 

Pp _ (?) (?) Kp.Ojp 
(5 ^*"^4 D KD(4/^i. 

\Z®0'p 
/n\ 

PD GMil) 2p 

12FN 

Refer to chart at end of section. 
Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 
Refer to chart at end of section. 
Refer to chart at end of section. 
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33GY7A 50GY7A Heater Voltage (ac/dc)     33.6 50 volts Heater Current   0.45 0.3 ampere Heater Warm-up Time (Average)   11 11 seconds Heater-Cathode Voltage: 
Peak value   ±200 max ±200 max volts Average value      100 max 100 max volts 

Beam Power Unit as Class A, Amplifier 
Triode* CHARACTERISTICS Pentode Connection Connection 

Plate Voltage   6000 60 130 130 volts Grid-No.2 (Screen-Grid) Voltage   130 130 180 130 volts Grid-No.l (Control-Grid) Voltage .... — 0 —22.5 —22.5 volts Amplification Factor   —   — 4 Plate Resistance (Approx.)   — — 10000 — ohms 
Transconductance   —   6500 — /tmhos 
Plate Current   — 320 48 — mA 
Grid-No.2 Current   — 22 ■ 2.9 mA 
Grid-No.l Voltage (Approx.) for plate 

current of 1 mA   —80 — —40 — volts 
* Grid No.2 tied to plate. 
■ This value can be measured by a method involving a recurrent waveform such that the 
maximum ratings of the tube will not be exceeded. 

Beam Power Unit as Horizontal-Deflection Amplifier 
For operation in a 525-line, SO-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
DC Plate Supply Voltage   400 volts Peak Positive-Pulse Plate Voltage#   5000 volts Peak Negative-Pulse Plate Voltage   0 volts 
DC Grid-No.2 Voltage   150 volts 
DC Grid-No.l Voltage   —55 volts 
Peak Negative-Pulse Grid-No.l Voltage   330 volts 
Peak Cathode Current   540 mA 
Average Cathode Current   155 mA 
Plate Dissipationf   9 watts 
Grid-No.2 Input      3 watts 
MAXIMUM CIRCUIT VALUE 
Grid-No.l-Circuit Resistance   1 megohm 
# Pulse duration must not exceed 15% of a horizontal : scanning cycle (10 microseconds). 
t A bias resistor or other means is required to protect the tube in absence of excitation. 

Damper Service (Diode Unit) 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage#   4200 volts Peak Plate Current   810 mA Average Plate Current   135 mA Plate Dissipation   3.8 watts Heater-Cathode Voltage: 

Peak value   +200 —4200 volts 
Average value   +100 —400 volts 

Bulb Temperature (At hottest point)    200 0C 
CHARACTERISTICS, Instantaneous Value 
Tube Voltage Drop for plate current of 250 mA   21 volts 
# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

Refer to type 6JR6. 33JR6 

Refer to chart at end of section. 33JV6 

Refer to chart at end of section. 34 

Refer to type 6CE3/6CD3/6DT3. 34CE3 

Refer to chart at end of section. 34CM3 
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34GD5 

34GD5A 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

35C5 BEAM POWER TUBE 

Miniature type used in output stage of compact, ac/dc 
radio receivers. Outlines section, BD; requires miniature 
7-contact socket. This tube, like other power-handling 
tubes, should be adequately ventilated. Except for ter- 
minal connections and slightly higher ratings, type 
35C5 is equivalent in performance to miniature type 
3BB5 and, within its maximum ratings, to glass octal 
type 35L6GT. 
Heater Voltage (ac/dc)    
Heater Current   
Heater-Cathode Voltage: 

Peak value   
Average value   

Direct Interelectrode Capacitances (Approx.) : 
Grid No.l to Plate   
Grid No.l to Cathode, Heater, Grid No.2, and Grid No.c 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 .. 

Class At Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage   
Grid-No.2 (Screen-Grid) Voltage   
Plate Dissipation    
Grid-No.2 Input  ;  
Bulb Temperature (At hottest point)   
TYPICAL OPERATION 
Plate Voltage   
Grid-No.2 Voltage     
Grid-No.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   
Plate 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   

±200 max volts 
100 max volts 

volts 
volts 
volts 
volts mA 
mA 
mA 
mA 

ohms 
Itmhos 
ohms 

per cent 
watts 

megohm 
megohm 

Installation and Application 
The 35-volt heater is designed to operate under the normal conditions 

of line-voltage variation without materially affecting the performance or 
serviceability of the 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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In a series-heater circuit of the "dc-power line" type employing sev- 
eral 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 em- 
ploying 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 im- 
pressed 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 
rectified 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. 1 

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 re- 
ceivers. The operating values shown under typical operation have been de- 
termined on the basis that grid-No.1 current does not flow during any part 
of the input cycle. 

PENTODE CONNECTION 
GRID-No. 2 VOLTS "110 

200 300 
PLATE VOLTS 

35DZ8 

35EH5 

35GL6 

35L6GT 

35LR6 

Kefer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6LR6. 

5BQ 

HALF-WAVE OClAfil 
VACUUM RECTIFIER o5W4 

Miniature type used in power supply of ac/dc re- 
ceivers. Outlines section, 5D; requires miniature 7- 
contact socket. This type is equivalent in performance 
to glass-octal type 35Z5GT. The heater is provided with 
a tap for operation of a panel lamp. 
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Heater 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   

Peak Heater-Cathode Voltage     
+ Without panel lamp. 

** With No.40 or No.47 panel lamp. 

— ampere 
0.15 ampere 

±360 max volts 

Half-Wave Rectifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage       
Peak Plate Current   
Average Output Current: . „ , T j J No Shunting Resistor With Panel Lamp and j shunting Resistor   

Without Panel Lamp   Panel-Lamp-Section Voltage: 
When Panel Lamp Fails     

Filter-Input Capacitor       4U 40 40 au Minimum Total Effective Plate-Supply Impedance 15 IB 15 16 
Panel-Lamp Shunting Resistor   — 300 150 100 
Average Output Current   60 70 80 00 
t No.40 or No.47 panel lamp used in circuit given below with capacitor-input filter. 

Installation and Application 

OPERATION CHARACTERISTICS  HALF-WAVE RFCTIF1ER -I 1 1 1 1 1 I I I 
■TYPE 35W4 Ea=35VOLTS BETWEEN PINS N43 4 . * N»4 (NO TAP CONNECTION) 
PLATE V0LTS = II7RMS TOTAL EFFECTIVE PLATE-SUPPLY IMPEDANCEPI5 OHMS 
CsCAPACITOR INPUT TO FILTER 

For heater considerations, refer to 
miniature type 35C5. 

With the panel lamp connected as 
shown in the diagram, the drop across 
R and all heaters (with panel lamp) 
should equal 117 volts at 0.15 ampere. 
The shunting resistor R, is required 
when dc output current exceeds 60 milli- 
amperes. Values of R« for dc output cur- 
rents greater than 60 milliamperes are 
given in tabulated data. 

25 50 75 100 loaom,luamperecsm_66ijti. 

OTHER HEATERS 

TYPICAL OPERATION WITHOUT PANEL LAMP 
AC Plnte-Supply Voltage (rms)   Filter-Input Capacitor      
Minimum Total Effective Plate-Supply Impedance   
Average Output Current    • . • •••■•    
DC Output Voltage at Input to Filter (Approx.). 

At half-load current (60 mA)   
At full-load current (100 mA)   Voltage Regulation (Approx.): 
Half-load to full-load current   

MAXIMUM CIRCUIT VALUES 
Panel-Lamp Shunting Resistor:* J 70 mA   

For dc output current of 80 mA   ( 90 mA   
* Required when dc output current is greater than 60 milliamperes. 
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Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

35Y4 

35Z3 

35Z4GT 

HALF-WAVE 
VACUUM RECTIFIER ODOV7I 

Glass octal type used in power supply of ac/dc re- 
ceivers. The heater is provided with a tap for opera- 
tion of a panel lamp. Outlines section, 13D; requires 
octal socket. This type may be supplied with pin No.l 
omitted. For installation and application considera- 
tions, refer to miniature type 35W4. 

Heater Voltage (ac/dc): 
Entire Heater (pins 2 and 7)   
Panel Lamp Section (pins 2 and 3) 

Heater Current: 
Between Pins 2 and 7   
Between Pins 3 and 7   

Peak Heater-Cathode Voltage   
— ampere 

0.15 ampere 
±350 max volts 

* Without panel lamp. 
** With No.40 or No.47 panel lamp. 

Half-Wave Rectifier 
MAXIMUM RATINGS (Design-Center Values) 
Peak Inverse Plate Voltage   700 
Peak Plate Current   600 
Average Output Current: 

With Pflnol T.ftmn and I No Shunting Resistor   60 with ranel ^amp and j Shimting Resistor   90 
Without Panel Lamp   100 

Panel-Lamp-Section Voltage (rms): 
When Panel Lamp Fails    15 

TYPICAL OPERATION WITH PANEL LAMPf 
AC Plate-Supply Voltage (rms)   117 117 117 117 235 
Filter-Input Capacitor   40 40 40 40 40 
Minimum Total Effective Plate- 

Supply Impedance   15 15 15 15 100 
Panel-Lamp Shunting Resistor   — 300 150 100 — 
Average Output Current   60 70 80 90 60 
f No.40 or No.47 panel lamp used in circuit with capacitor-input filter given under 
TYPICAL OPERATION WITHOUT PANEL LAMPf 
AC Plate-Supply Voltage (rms)   117 235 
Filter-Input Capacitor   40 40 
Minimum Total Effective Plate-Supply Impedance .. 15 100 
Average Output Current   100 100 
DC Output Voltage at Input to Filter (Approx.) : 

At half-load current (50 mA)   140 280 
At full-load current (100 mA)   120 235 

Voltage Regulaton (Approx.): 
Half-load to full-load current   20 45 

MAXIMUM CIRCUIT VALUES 
Panel-Lamp Shunting Resistor* : 

f 70 mA   800 
For dc ouptut current of 80 mA   400 

type 36W4. 

70 mA 
80 mA 
90 mA 

• Required when dc output current is greater than 60 milliamperes. 

Refer to chart at end of section. 

Refer to chart at end of section. 
36AM3 

36AM3A 
36AM3B 

Refer to type 6KD6. 36KD6/40KD6 
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BEAM POWER TUBE 36MC6 
Novar type used for horizontal-deflection amplifier in 
color television receivers. Outlines section, 18D; requires 
novar 9-contact socket. 

Heater Voltage (ac/dc)   
Heater Current   Heater-Cathode Voltage: 

Peak value   
Average value  <  

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 

±200 max 
100 max 

Class At Amplifier 

CHARACTERISTICS 
Plate Voltage    ■     • • • 
Peak Positive-Pulse Plate Voltage# . 
Grid No.3 (Suppressor Grid)   
Grid-No.2 (Screen-Grid) Voltage   
Grid-No.1 (Control-Grid) Voltage ... 
Amplification Factor    
Plate Resistance (Approx.)   Transconductance   
Plate Current  Grid-No.2 Current  
Grid-No. 1 Voltage for plate current 

of 1 mA   

Trlodef _ 
Connection Pentode Connection 176   45 60 175 volts 

— 5000 — — — volt3 

_ 30 30 30 30 volts 
175 110 HO 110 110 volts _2i   0 0 —21 volts 
_1   .— — 6000 ohms 
    — — 14000 /tmhos 
— — lioott 750ft 125 mA 
__ — llOff 42tt 3.3 mA 
— —125 — — —40 volts 

Eh « BOGEY VALUE 
GRI0«Ne».3 VOLTS= 30 
GRID-No.2 VOLTSMIO [j 

Ufgp 
iirliiii 
mm 

p&sg 
piiiiiiiliiigiiyjii I £SS!!S!£*!SaiiaaiiiiiSJjSIgSi I ...it   

l0WI0-He.l VQLTS.p. 11 itcl 

100 200 300 400 PLATE VOLTS lEb) 

- ..jL 
ii 
iilillli 
m 

liKii! 

o 100 200 300 400 500 
PLATE VOLTS (Efcl 

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.3 Voltage*   
DC Grid-No.2 Voltage   
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Peak Negative-Pulse Grid-No.1 Voltage 
Peak Cathode Current   
Average Cathode Current   
Grid-No.2 Input   
Plate Dissipation!'   
Bulb Temperature (At hottest point) .. 
MAXIMUM CIRCUIT VALUES 
Grid-No. 1-Circuit Resistance: 

For cathode-bias operation    
For grid-leak-bias operation   
For fixed-bias operation   

Pulse duration must not exceed 15% of one horizontal scanning cycle (10 
f Grid No.2 connected to plate. 
■ft This_ value can be measured by a method involving a recurrent waveform 

maximum ratings of the tube will not be exceeded. 

microseconds). 

such that the 
■ In this service, a positive value may be applied to grid No.3 to minimize "snivets" inter- 

terence; a typical value for this voltage is 30 volts. 
■■A bias resistor or other means is required to protect the tube in absence of excitation. 

Refer to chart at end of section. 

Refer to chart at end of section. 

pp Kp.Gjp diode-beam power tube 38HE7 
Kri) ^ 

Kd(4/^ ~~1 l%y5|p uode<:ar typ® used in television receiver applications. 
_Af I The diode unit is used for damper service and the 

NC^Vj_X=I^IC beam Power unit for horizontal-deflection amplifier p0v/_V4ij)G service. Outlines section, 15D; requires duodecar 12- 
D QJ 1® 2p contact socket. Heater: volts (ac/dc), 37.8; amperes, 

H H 0.45; warm-up time, 11 seconds; maximum heater-cath- 
12FS ode volts, ±200 peak, 100 average. 

Beam Power Unit As Class Ai Amplifier 
Triode** CHARACTERISTICS Pentode Connection Connection 

Grid-No.2 (Screen-Grid) Voltage'.'.' 5130 130 130 130 volts 
Gnd-No.l (Control-Grid) Voltage .... — 0 —22  22 volt* 
PJate Resistance (Approx.)   _ _ 6200 — ohms 
Transconductance   —   oonn   
Plate Current  . . . . : . : . - 450 60 n?A 
Grid-No.2 Current   — 40 2 8   wA* 
Grid-No.l Voltage (Approx.) for plate 

current of 1 mA   —80 — —39 — volts 
Amplification Factor    —     4 2 voits 
** Grid No.2 tied to plate. 

Beam Power Unit as Horizontal-Deflection Amplifier 
For operation in a 525-line, 30-frame system 

MAXIMUM RATINGS (Design-Maximum Ratings) 
Plate Voltage   enn ™n-a 
Peak Positive-Pulse Plate Voltage#  15000 volts 
Peak Negative-Pulse Plate Voltage   0 vnlfa 
Grid-No.2 Voltage    1Rn 
DC Grid-No.l Voltage, Negative-bias value   55 voltq 
Peak Negative-Pulse Grid-No.l Voltage  330 volts 
Average Cathode Current   ' oao a 
Peak Cathode Current     800 wiA 
Plate Dissipationf    10 watts 
Grid-No.2 Input   
MAXIMUM CIRCUIT VALUE 
Grid-No. 1-Circuit Resistance   1 megohm 
tA bias resistor or other means is required to protect the tube in absence of excitation. 

megohm 
excitation. 
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Damper Service—Diode Unit 
For operation in a 525-line, 30-frain'e system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage#   f200 
Peak Plate Current   
Average Plate Current   200 mA 

Hett^tttvha0ldueeV0ltaEe.:    +200 -4200 volts 
Average value       +100 000 

Bulb Temperature (at hottest point)    ^ 
CHARACTERISTICS, Instantaneous Value 
Tube Voltage Drop for plate current of 300 mA   41 voira 
# Pulse duration must not exceed 10% of a horizontal scanning cycle (10 microseconds). 

38HK7 
sJhkT diode—beam power tube 

Duodecar type used in television receiver applications. 
The diode unit is used for damper service and the 
beam power unit for horizontal-deflection amplifier 
service. Outlines section, 15D; requires duodecar 12- 
contact socket. Type 53HK7 is identical with 38HK7 ex- 
cept for heater ratings. 

Heater Voltage (ac/dc)   37 
Heater Current       0' 
Heater Warm-up Time (Average)   
Heater-Cathode Voltage: 

Peak value    — f 
Average value        1 

Direct Interelectrode Capacitances (Approx.): 
Diode Unit: 

Plate to Cathode and Heater    
Cathode to Plate and Heater   
Heater to Cathode   

Beam Power 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 . 

volts 
ampere 
seconds 

±200 max ±200 max 100 max 100 max 

Beam Power Unit as Class Ai Amplifier 
Triode** 

CHARACTERISTICS Connection Pentode Connection 
Plfitp Voltaire   130 3500 50 130 
Grid-No.2 (Screen-Grid) Voltage   130 130 130 130 
Grid-No. 1 (Control-Grid) Voltage .... —22 — 0 —22 
Amplification Factor   4.2 
Plate Resistance   — ™J[ Transconductance   ^ 
Plate Current   — — 9

6» 
Grid-No.2 Current    ■ • — 40 2-8 
Grid-No.l Voltage (Approx.) for plate 

current of 1 mA   — • 66 

MAXIMUM CIRCUIT VALUE 
Grid-No.l-Circuit Resistance     1 

** Grid No.2 tied to plate. 
Beam Power Unit as Horizontal-Deflection Amplifier 

For operation in a 525-line, 30-frame system 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage     5®0 
Peak Positive-Pulse Plate Voltage   6300 
Peak Negative-Pulse Plate Voltage   » 
Grid-No.2 Voltage       
DO Grid-No.l Voltage, Negative-bias value   go Peak Negative-Pulse Grid-No.l Voltage   330 
Average Cathode Current   goo 
Peak Cathode Current   "OO 
Plate Dissipationf   
Grid-No.2 Input    <J-6 
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MAXIMUM CIRCUIT VALUE 
Grid-No.l-Circuit Resistance      1 megohm 
f A bias resistor or other means is required to protect the tube in absence of excitation. 

Damper Service—Diode Unit 
For operation in a 525-line, 30-franie system 

MAXIMUM RATINGS (Design-Maximum Values) 
Peak Inverse Plate Voltage#     4200 volts 
Peak Plate Current   1200 mA 
Average Plate Current     200 mA 
Heater-Cathode Voltage: 

Peak value   +200 —3700 volts 
Average value     +100 —600 volts 

Bulb Temperature (At hottest point)     200 "C 
CHARACTERISTIC, Instantaneous Value 
Tube Voltage Drop for plate current of 350 mA   16 volts 
# Pulse duration must not exceed 15% of a horizontal scanning cycle (10 microseconds). 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 
For replacement use type 36KD6/40KD6. 

39/44 

40KD6 

Refer to type 6KG6A/EL509. 40KG6A/PL509 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6KN6. 

42EC4A/PY500 

42KN6 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 45Z5GT 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to type 6BM8/ECL82. 50BM8/UCL82 
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50C5 
BEAM POWER TUBE 

Miniature type used in output stage ot compact, ac/dc 
radio receivers. Outlines section, 5D; requires minia- 
ture 7-contact socket. This tube, like other power-han- 
dling tubes, should be adequately ventilated. Within its 
maximum ratings, type 50C5 is equivalent in perform- 
ance to glass octal type 50L6GT. Type 25C5 is identical 
with type 50C5 except for heater ratings. 

Heater Voltage (ac/dc)   
Heater Current   Heater-Cathode Voltage: 

Peak value   
Average value  ;      

Direct Interelectrode Capacitances (Approx.): 
Grid No.l to Plate    "A'.'i "-vV 
Grid No.l to Cathode, Heater, Grid No.2, and Grid No. 
Plate to Cathode, Heater, Grid No.2, and Grid No.3 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage     
Grid-No.2 (Screen-Gild) Voltage    
Grid-No.l (Control-Grid) Voltage, Positive-bias value   
Plate Dissipation    
Grid-No.2 Input      
Bulb Temperature (At hottest point)   
TYPICAL OPERATION 
Plate Voltage   
Grid-No.2 Voltage  • •    
Grid-No.l (Control-Grid) Voltage   

25C5 50C5 volts 25 50 
0.3 0.15 ampere 

±200 max ±200 max volts 
100 max 100 max volts 

0.6 PF 
3   13 pF 

8.5 PF 

GRID-No.2 V0LTS=l 10 | „ 

GRIO-NO.1 VOLTS ECl 

100 150 
PLATE VOLTS 

200 
92CS-6603T 

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.)   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 .... 

8 volts 
49 mA 
50 mA 

4 mA 
8.5 mA 

10000 ohms 
7500 /tmhos 
2500 ohms 

10 per cent 
2.3 watts 

0.1 megohm 
0.5 megohm 
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Installation and Application 

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 
he adjusted to 0.1B 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 recom- 
mended that the heater(s) of the 50C6(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 arrang- 
ing 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 sup- 
ply. Between this side of the line and the 50C5(s), any necessary auxiliary 
resistance and the heater of the 35W4 are connected in series. 

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" re- 
ceivers. The operating values shown under typical operation have been de- 
termined on the basis that grid-No. 1 current does not flow during any part 
of the input cycle. 

Refer to chart at end of section. 50C6G 

Refer to chart at end of section. 50DC4 

Refer to type 6EH5. 50EH5 

Refer to chart at end of section. 50FE5 

Refer to chart at end of section. 50FK5 

Refer to type 33GY7A. 50GY7A 

Refer to chart at end of section 50HC6 

POWER PENTODE 50HK6 

Miniature type used in audio-frequency power-output 
stage of radio receivers. Outlines section, 5D; requires 
miniature 7-eontact socket. The heater is provided with 
a tap for operation of a panel lamp. Heater: volts 
(ac/dc), 50; amperes, 0.15; tap volts (without panel 
lamp), 7; maximum heater-cathode volts, ±200 peak, 
100 average. 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage   
Grid-No.2 (Screen-Grid) Voltage   
Plate Dissipation   
Grid-No.2 Input   
RMS Heater-Tap Voltage When Panel Lamp Fails   
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TYPICAL OPERATION AND CHARACTERISTICS 
Plate Voltage   JJ-J 
Grid-No.2 Voltage   V® 
Grid-No.l (Control-Grid) Voltage   —J*® 
Peak AF Grid-No.l Voltage    Yjg 
Zero-Signal Plate Current   JjJ 
Maximum-Signal Plate Current     
Zero-Signal Grid-No.2 Current   f 
Maximum-Signal Grid-No.2 Current   
Plate Resistance (Approx.)   Transconductance   
Load Resistance    Z50iJ 
Total Harmonic Distortion (Approx.)   » Maximum-Signal Power Output   
MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation   [J'l 
For cathode-bias operation   

volts 
volts 
volts 
volts 
mA 
mA 
mA 
mA 

ohms 
jumhos 
ohms 

per cent 
watts 

megohm 
megohm 

50JY6 Refer to chart at end of section. 

50L6GT 
251.6GT BEAM POWER TUBE 

Glass octal type used in output stage of ac/dc radio 
receivers. Outlines section, 13D; requires octal socket. 
This type may he supplied with pin No.l omitted. 
Refer to miniature type B0C5 for installation and ap- 
plication information. Type 25L6GT is identical with 
type 50L6GT except for heater ratings. 

Heater Voltage (ac/dc)   
Heater Current     
Peak Heater-Cathode Voltage     
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 . 

25L6GT 
25 

0.3 
50L6GT 

50 volts 
0.15 ampere 
±90 max volts 

0.6 PF 
15 PF 

9.5 PF 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage   
Grid-No.2 (Screen-Grid) Voltage   
Plate Dissipation   
Grid-No.2 Input   
TYPICAL OPERATION 
Plate Supply Voltage   
Grid-No.2 Supply Voltage   
Grid-No.l (Control-Grid) Voltage   
Peak AF 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 
110 
110 

—7.5 
7.5 

200 
125 
10 

1.25 
Cathode ] 

200 
125 

50X6 

50Y6GT 

Refer to chart at end of section. 

Refer to chart at end of section. 
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Refer to chart at end of section. 50Y7GT 

Refer to chart at end of section.. 50Z7G 

Refer to chart at end of section. 53 

Refer to type 38HK7. 53HK7 

Refer to type 12FX5. 60FX5 

Refer to chart at end of section. 70L7GT 

Refer to chart at end of section. 75 

Refer to chart at end of section. 78 

Refer to chart at end of section. 80 
Refer to chart at end of section. 83 

Refer to chart at end of section. 84/6Z4 

Refer to chart at end of section. 117L7GT/M7GT 

Refer to chart at end of section. 117N7GT 

Refer to chart at end of section. 117P7GT 
Refer to chart at end of section. 117Z3 
Refer to chart at end of section. 117Z4GT 
Refer to chart at end of section. 117Z6GT 

Refer to chart at end of section. 407A 
Refer to chart at end of section. 408A 
Refer to chart at end of section. 884 
Refer to chart at end of section. 955 
Refer to chart at end of section. 959 
Refer to chart at end of section. 991 
Refer to chart at end of section. 1612 
Refer to chart at end of section. 1614 
Refer to chart at end of section. 1619 
Refer to chart at end of section. 1620 
Refer to chart at end of section. 1621 
Refer to chart at end of section. 1622 
Refer to chart at end of section. 1629 
Refer to chart at end of section. 1635 
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2050 GAS THYRATRON 
INDUSTRIAL 

TYPE 
Glass octal type gas tetrode thyratron for use in relay 
and grid-controlled-rectifier service. Outlines section, 
22; requires octal socket. For maximum ratings and 
typical operating conditions refer to type 2050A. 

Min. A 
Heater Voltage (ac/dc)   5.7 
Heater Current   0.54 0 
Cathode: 

Heating Time, prior to tube conduction   10 
Direct Interelectrode Capictances (Approx.) : 

Grid No. 1 to Anode     
Input   
Output      

2050A 
INDUSTRIAL 

TYPE 
GAS THYRATRON 

Glass octal type gas tetrode thyratron for use in relay 
and grid-controlled-rectifier service. Outlines section, 
13C; requires octal socket. 
Heater Voltage (ac/dc)   t 
Heater Current   C 
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode   
Heater positive with respect to cathode   

Cathode: > . 
Minimum heating time prior to tube conduction   

Direct Interelectrode Capacitances (Approx.): 
Grid No. 1 to anode   0. 
Grid No. 1 to cathode and grid No. 2     S 

lonization Time (Approx.): 
For dc anode volts = 100, grid-No. 1 volts (square-wave pulse) 

= 50, peak anode amperes during conduction = 1   ( 
Deionization Time (Approx.): 

With dc anode volts = 125, grid-No. 1 volts = —250, grid-No. 1 
resistor (ohms) = 1000, dc anode amperes = 0.1    

With dc anode volts = 125. grid-No. 1 volts = —10, grid-No. 1 
resistor (ohms) = 1000, dc anode amperes = 0.1   1 

Maximum Critical Grid-No. 1 Current for dc anode supply volts 
(rms) = 460, average anode amperes = 0.1   < 

Anode Voltage Drop (Approx.)   
Grid-No. 1 Control Ratio (Approx.) for grid-No. 1 resistor (ohms) 

= 0, grid No. 2 connected to cathode at socket   2 
Grid-No. 2 Control Ratio (Approx.) for grid-No. 1 resistor (ohms) 

= 0, grid-No. 2 resistor (ohms) =,0, grid No. 1 connected to 
cathode at socket   8 

Relay and Grid-Controlled Rectifier Service 
For anode supply frequency of 60 Hz 

MAXIMUM RATINGS (Absolute-Maximum Values) 
Peak Anode Voltage: 

Forward   180 
Inverse   360 ] 

Grid-No. 2 (Shield-Grid) Voltage: 
Peak, before tube conduction   —100 — 
Average*, during tube conduction   —10 

Grid-No. 1 (Control-Grid) Voltage: 
Peak, before tube conduction    —250 — 
Average*, during tube conduction   —10 

Cathode Current: 
Peak   1 
Average*   0.2 
Fault, for duration of 0.1 second maximum   10 

6BS 
6.3 ±10% 
0.6 

volts 
ampere 

100 max 
25 max 

volts 
volts 

10 seconds 
0.15 
2.2 

PF 
pF 

0.5 /iB 

50 /IS 
100 /IS 

180 650 volts 
360 1300 volts 

—100 —100 volts 
—10 —10 volts 

—250 —250 volts 
—10 —10 volts 

1 1 ampere 
0.2 0.1 ampere 
10 10 amperes 
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Grid-No. 2 Current: 
Average*   +0.01 

Grid-No. 1 Current: 
Average*   +0.01 

Ambient-Temperature Range   —75 to +90 
TYPICAL OPERATION FOR RELAY SERVICE 

+0.01 
-75 to +90 

RMS Anode Voltage   
Grid No, 2     
RMS Grid-No. 1 Bias VoltageA 
DC Grid-No. 1 Voltage   
Peak Grid-No. 1 Signal Voltage 
Grid-No, 1 Circuit Resistance . . 
Anode-Circuit Resistancef   

117 400 volts 
Connected to cathode at socket 

5 — volts 
— —6 volts 

5 6 volts 
1 1 megohm 

1200 2000 ohms 
MAXIMUM CIRCUIT VALUES 
Grid-No, 1-Circuit Resistance: 

For average anode current below 0.1 ampere    10 megohms 
For average anode current above 0.1 ampere  2 megohms 

* Averaged over any interval of 30 seconds maximum. A Approximately 180° out of phase with the anode voltage. 
f Sufficient resistance, including the tube load, must be used under any conditions of opera- 

tion to prevent exceeding the current ratings. 

Operating Considerations 
The heater is designed to operate on either ac or dc at 6.3 volts. Regard- 

less of the heater-voltage supply used the heater voltage must never be al- 
lowed to deviate from its rated range. Heater operation outside of this volt- 
age range will impair tube performance and may cause tube failure. Low 
heater voltage causes low cathode temperature with resultant cathode sput- 
tering and consequent destruction of the cathode; high heater voltage causes 
high cathode temperature with resultant heating of the grid and consequent 
grid emission which produces unpredictable shifts in the critical grid-No. 1 
voltage for conduction. 

The cathode should he allowed to reach normal operating temperature 
before anode current is drawn. The delay period should not be less than 10 
seconds after application of heater voltage. Unless this recommendation is 
followed, the cathode will be damaged. 

OPERATING RANGE 
OF CRITICAL GRID No.l VOLTAGE 

TYPE 2050A GRID No.2 CONNECTED TO CATHODE AT SOCKET 
AMBIENT-TEMPERATURE RANGE PC)*-7S TO +90 RANGES SHOWN ARE FOR TWO VALUES OF GRID- No.l RESISTOR AND TAKE INTO ACCOUNT INITIAL DIFFERENCES BETWEEN INDIVIDUAL TUBES AND SUBSEQUENT DIFFERENCES DURING TUBE LIFE. 

TTI F . I RANGE FOR, !• C \ V 0.1 MEGOHM \ \ O 

RANGE FOR- 10 MEGOHMS 

NON-CONDUCTING 
\ I Vk ■ CRITICAL 

-8 -7 -6 -5 -4 -3 -2 -I 
DC GRID-NO. I SUPPLY VOLTS 

The shield grid (grid No. 2) is normally connected to the cathode at 
socket. It may, however, be used as a control electrode because the control 
characteristic of grid No. 1 may be shifted by varying the potential of grid 
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No. 2. As grid No. 2 is made negative, the grid-No. 1 characteristic is shifted 
in the positive direction. The use of grid No. 2 as the control electrode (with 
grid No. 1 connected to cathode at socket) has the advantage of increased 
sensitivity but consideration must be given to the higher preconduction cur- 
rent, higher capacitance to anode, and less stability of operation. 

A grid-No. 1 resistor having a value as high as 10 megohms to give 
circuit sensitivity can be used with the 2050-A because its control-grid cur- 
rent is very low. However, when a high value of grid resistor is used, care 
should be taken to keep, the tube base and socket clean and dry in order to 
make the effect of leakage currents between the control-grid base pin and 
anode base pin very small. 

Sufficient anode-circuit resistance, including the tube load, must be used 
under any conditions of operation to prevent exceeding the current ratings 
of the tube. 

2081/6AW8A Refer to chart at end of section. 

2082/12AY7 Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

5651A 
INDUSTRIAL 

TYPE 
VOLTAGE-REFERENCE TUBE 

Miniature type cold-cathode, glow-discharge voltage- 
reference tube for use in dc power supplies. Outlines 
section, 5C; requires miniature 7-contact socket. 
MAXIMUM RATINGS (Absolute-Maximum Values) 
DC Operating Current (Continuous) 
DC Operating Current (Continuous) 
Ambient Temperature Range   

3.5 
1.5 

—55 to 90 
CHARACTERISTICS AND OPERATION RANGE VALUES 

DC Starting Voltage    
DC Operating Voltage (Variation from tube to tube) : 

At 1.6 mA   
At 2.6 mA   
At 3.5 mA   

Regulation (1.5 mA to 3.5 mA)   
Temperature coefficient of Operating Voltage (over 

ambient temperature range of —65 to 90oC) .... 
Percentage Variation of Operating Voltage:® 

During first 300 hours of life®   
During subsequent 1000 hours of life   

Short-term (100 hours) 
Variation of Operating Voltage after first 300 

hours of life®   
Instantaneous Voltage 

Fluctuation (Voltage jump)t  
CIRCUIT VALUES 
Shunt Capacitor  
Series Resistor   

Min. Av. 
107 

Max. 
115* volts 

83 
83.5 
84.5 

85 
85.5 
86.5 

87 
87.5 
88.5 

3 

volts 
volts 
volts 
volts 

— —4 — mV/'C 
— — 0.1 

0.1 
per cent 
per cent 

— — 0.05 per cent 
— — 0.1 volt 

— 
1 

0.02 
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* A dc supply voltage of 115 volts minimuTn should be provided to insure "starting" through- 
out tube life. 

■ DC operating current = 2.5 mA. 
• After initial S-minute warm-up period. 
t Defined as the maximum instantaneous voltage fluctuation at any current level within the operating current range. 
t A series resistor must always be used with the 5651A. The resistance value must be chosen so that (1) the maximum current rating of 3.5 mA is not exceeded at the highest anode- 

supply voltage employed, and (2) the minimum current rating of 1,5 mA is always exceeded 
when the anode-supply voltage is at its lowest value. 

Installation and Application 
Make no connection to pins 3 and 6. Any potentials applied to these pins 

may cause erratic tube performance. The three pin terminals for the cathode 
(pins 2, 4, and V) and the two for the anode (pins 1 and 5) oifer the equip- 
ment designer several different possibilities for connection of the 5651A. 
Any pair of interconnected pins can be used as a jumper connection to a 
circuit common to either the cathode or to the anode. The use of such a 
jumper connection provides a means for opening the circuit to protect cir- 
cuit components when the 5651A is removed from its socket. Under no cir- 
cumstances should the current through any pair of interconnected pins exceed 
one ampere. 

If the load for the regulated power supply is disconnected either directly 
or by removing the 5651A from its socket, the rectifier capacitors will charge 
to the rectifier peak voltage. It is important, therefore, that these capacitors 
be rated to withstand such voltage. 

A warm-up period of 3 minutes should be allowed each time the equip- 
ment is turned on to insure minimum voltage drift of the 5651A. 

When a shunt capacitor is used with the 5651A, its value should be 
limited to 0.02 /iP. A large value of capacitance may cause the tube to oscil- 
late and thus give unstable performance. 

Shielding should be utilized for the 5651A to insure maximum stability 
when the tube is operated in the presence of strong rf or magnetic fields. 

Refer to chart at end of section. 5651WA 

SHARP-CUTOFF PENTODE 5654 
INDUSTRIAL 

TYPE 
Miniature type sharp-cutoff pentode used in RP and 
IP broad-band applications at frequencies up to 400 
mHz. Outlines section, 5B; requires miniature 7-contact 
socket. 

Heater Voltage (ac/dc)   
Heater Current   
Heater-Cathode Voltage: 

Peak value   
Direct Interelectrode Capacitances 

Grid No.l to Plate   
Input   
Output   

A With external shield. 

6.3 ±10% 
0.175 

0.020 max. 
4.0 

2.85 

Class Ai Amplifier 
MAXIMUM RATINGS (Absolute-Maximum Values) 
Plate Voltage   
Grid-No.2 (Screen) Voltage   
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Plate Dissipation   
Grid-No.2 Input   
Cathode Current   
TYPICAL OPERATION AND CHARACTERISTICS 
Plate Voltage   
Grid-No.2 Voltage       
Cathode-Bias Resistor   
Plate Resistance (Approx.)   
Transconductance     
Plate . Current   
Grid-No.2 Current   
Grid-No.l Voltage (Approx.) for plate current of 10 /iA 
MAXIMUM CIRCUIT VALUE 
Grid-No.1-Circuit Resistance   

120 180 volts 
120 120 volts 
180 . 180 ohms 
0.30 0.60 megohm 

5000 5100 Itmhos 
7.5 7.7 m A 
2.5 2.4 mA 

—8.5 —8.5 volts 

Special Ratings & Performance Data 
SHOCK RATING 
Impact Acceleration   
FATIGUE RATING 
Vibrational Acceleration     
HEATER CYCLING LIFE PERFORMANCE 
Cycles of Intermittent Operation   

5654W 

5654/6AK5W/ 
6096 

5663 

5670 

5670WA 

5672 

5678 

5686 

5687 

5691 

5692 

5693 

  2000 min. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

5696 THYRATRON 
INDUSTRIAL 

TYPE 
Miniature type gas-tetrode thyratron for use in counter- 
circuit relay applications. Outlines section, 5B; requires 
miniature 7-contact socket. 
Heater Voltage (ac/dc)   
Heater Current   
Heater-Cathode Voltage: 

Peak  - 
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Cathode: 
Minimum Heating Time, prior to tube conduction   10 

Direct Interelectrode Capacitances (Approx.) : 
Grid No.l to Anode  ;  0.03 
Input   1.8 
Output   0.54 

lonization Time (Approx.) : 
For conditions: dc anode volts = 100; grid-No.l square-pulse 

volts = +50; peak cathode amperes during conduction 
= 0.150   0.6 Deionization Time (Approx.): 

For conditions: dc anode volts = 500; grid-No.l volts = —100, 
grid-No.l resistor (ohms) = 1000; dc cathode amperes 
= 0.025      25 For conditions: dc anode volts = 500 ; grid-No.l volts ='—13; 
grid-No.l resistor (ohms) = 1000; dc cathode amperes 
= 0.025   40 Maximum Critical Grid-No.l Current, with ac anode-supply volts 

(rms) = 350, and average cathode amperes = 0.025   0.5 
Anode Voltage Drop (Approx.)   10 
Grid-No.l Control Ratio (Approx.) with grid-No.l resistor (meg- 

ohms) = 0 ; grid-No.2 volts = 0   250 
Grid-No.2 Control Ratio (Approx.) with grid-No.l volts = 0, grid- 

No.2 resistor (ohms) =0     15 
Relay and Grid-Controlled Rectifier Service 

MAXIMUM RATINGS (Absolute-Maximum Values) 
Peak Anode Voltage: 

Forward   500 
Inverse   500 

Grid-No.2 (Shield-Grid) Voltage: 
Peak, before anode conduction    50 
Average, during anode conduction" ;   10 

Grid-No.l (Control-Grid) Voltage: 
Peak, before anode conduction    100 
Average, during anode conduction"    10 

Cathode Current: 
Peak    100 Average"   26 
Surge, for duration of 0.1 sec. max  2 

Grid-No.2 Current: 
Average"     5 

Grid-No.l Current: 
Average"   5 

Ambient Temperature Range  '.!.  55 to +90 

500 volts 500 volts 
—50 volts 
—10 volts 

—100 volts 
—10 volts 

100 mA 
26 mA 2 amperes 

5 mA 
5 mA 

—55 to +90 eC 

TYPE 5696 
GRID-No. 2 (SHIELD) VOLTS = 0 
RANGES SHOWN ARE FOR TWO VALUES OF 
GRID RESISTOR-O.I MEG. AND 10 MEG.-AND 
TAKE INTO ACCOUNT INITIAL DIFFERENCES 
BETWEEN INDIVIDUAL TUBES 8 SUB- 
SEQUENT DIFFERENCES DURING TUBE 
LIFE, FOR A HEATER-VOLTAGE RANGE OF 
5.7 TO 6.9 VOLTS AND FOR AN AMBIENT 
TEMPERATURE RANGE OF-55 T0+90«C 

RANGE FOR 
10 MEGOHMS 

RANGE FOR 
0.1 MEGOHM 

-6 -5 -4 -3 -2 -I 0 
DC GRID-No. I SUPPLY VOLTS 

92CM-7045T 
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TYPICAL OPERATING CONDITIONS FOR RELAY SERVICE 
RMS Anode Voltage        
Grid No.2   Connected to cathode at socket 
RMS Grid-No. 1 Bias Voltage^   J volts 
Peak Grid-No. 1 Signal Voltage   ® Y®1!® 
Grid-No.l-Circuit Resistance   megohm 
Anode-Circuit Resistance#     6000 ohms 
MAXIMUM CIRCUIT VALUE 
Grid-No.l-Circuit Resistance   10 megohms Grid-No.l-Circuit Resistance   10 megohms 
■ Averaged over any interval of 30 sec. max. 
d Approximately 180° out of phase with the anode voltage. - 
# Sufficient resistance, including the tube load, must be used under any conditions of opera- 

tion to prevent exceeding the current ratings. 

5696A 

5725/6AS6W 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

5726/6AL5W 

5726/ 6AL5W/ 
6097 

Refer to chart at end of section. 

Refer to chart at end of section. 

5727 GAS THYRATRON 
INDUSTRIAL 

TYPE 
Miniature type "Premium" gas-tetrode thyratron for 
use in relay, grid-controlled rectifier and pulse-modu- 
lator applications. Outlines section, 5C; requires minia- 
ture 7-contact socket. 
Heater Voltage (ac/dc)   
Heater Current   
Cathode: , 

Minimum heating time prior to tube conduction   
Direct Interelectrode Capacitances (Approx.) : 

Grid No.l to anode   
Grid No.l to cathode, grid No.2, and heater   
Anode to cathode, grid No.2, and heater   

Xonization Time (Approx.) : 
For dc anode volts = 100, grid-No.l volts (square-wave pulse) 

= 60, peak anode amperes during conduction = 0.5   
Deionization Time (Approx.) : 

For dc anode volts = 125, dc anode amperes = 0.1, grid-No.l 
resistor (ohms) = 1000, and grid-No.l volts = —100   

For dc anode volts = 125, dc anode amperes = 0.1, grid-No.l 
resistor (ohms) = 1000, and grid-No.l volts = —100   

Maximum Critical Grid-No.l Current: 
For anode-supply volts (rms) = 460, and average anode amperes 

= 0.1   
Anode Voltage Drop (Approx.)   
Grid-No.l Control Ratio (Approx.) with grid-No.l resistor (meg- 

ohms) = 0, grid-No.2 volts = 0   
Grid-No.2 Control Ratio (Approx.) with grid-No.l resistor (meg- 

ohms) = 0, grid-No.2 resistor (megohms) = 0, grid-No.l volts 
= 0   

6.3 ±10% volts 
0.6 ampere 
20 seconds 

0.026 pF 
2.4 PF 
1.6 pF 

0.5 /is 

35 iUS 
75 /IS 

0.5 fiA 
8 volts 

250 



Technical Data 469 

Relay and Grid-Controlled Rectifier Service 
MAXIMUM RATINGS (Absolute-Maximum Values) 

For anode-supply frequency of 60 Hz 
Peak Anode Voltage: 

Forward   
Inverse   

Grid-No.2 (Shield-Grid) Voltage: 
Peak, before tube conduction   
Average", during tube conduction   

Grid-No.l (Control-Grid) Voltage: 
Peak, before tube conduction   
Average", during tube conduction   

Cathode Current: 
Peak   
Average"   
Fault, for duration of 0.1 second max ;.!. 

Grid-No.2 Current: 
Average"   

Grid-No.l Current: 
Average"   

Heater-Cathode Voltage: 
Peak   

Bulb Temperature (At hottest point on bulb surface) 
Ambient Temperature   

TYPICAL OPERATION FOR RELAY SERVICE 
RMS Anode Voltage 
Grid-No.2 Voltage   
RMS Grid-No.l Bias Voltage^   
DC Grid-No.l Bias . Voltage   
Peak Grid-No.l Signal Voltage   
Grid-No.1-Circuit Resistance   
Anode-Circuit Resistance#  [ 

 +25, . -100 volts 
150 0C —75 0C 

117 400 volts 0 0 volts 5 — volts — —6 volts 5 6 volts 1 1 megohm 1200 2000 ohms 

MAXIMUM CIRCUIT VALUE 
Grid-No.l-Circuit Resistance 

Pulse-Modulated Service 
For rectangular-wave shapes, duty cycle of 0.001 max., pulse duration of 5 as max 

and pulse-repetition rate of 500 pps max. 
MAXIMUM RATINGS (Absolute-Maximum Values) 
Peak Anode Voltage: 

Forward   Knn Inverse   0 yi 

Grid-No.2 (Shield-Grid) ' Voltage:  100 v' 
Peak, before tube conduction    cq 
Average, during tube conduction .    ?n ^ Grid-No.l (Control-Grid) Voltage:   vt 

Peak, before tube conduction    iaa 
Average, during tube conduction      in v< 

Cathode Current:   v< 

^Peak 
Average    Jn ampe 
Rate of change     ,iJJ J 

Peak Grid-No.2 Current     on 
Peak Grid-No.l Current       on 1 

Heater-Cathode Voltage:   1 

Peak   . A Bulb Temperature (At hottest point on buib'surface) ' Ambient Temperature   

MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance 
Grid-No.2-Circuit Resistance 
•For pulse-modulator service, tolerance is +10% —5% ■ Averaged over any interval of 30 seconds maximum. ' 
!i£p&r<!x,™ately-180# out of phase with the anode voltage. # Sufficient resistance, including the tube load, must be used under 

tion to prevent exceeding the current ratings. 

(25000 max. 
1 2000 min. 

megohm 
ohms 
ohms 

any conditions of opera- 
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Special Ratings and Performance Data 
SHOCK RATING 
Impact Acceleration    • max' 8 
FATIGUE RATING 
Vibrational Acceleration   z-5 max- K 

HEATER-CYCLING LIFE PERFORMANCE 
Cycles ot Intermittent Operation   Z000 min- cycles 

Operating Considerations 
Sufficient anode-circuit resistance, including the tube load, must be used 

under any conditions of operation to prevent exceeding the current ratings 
of the tube. 

Curve shown under type 2D21 also applies to type 5727 

5734 

5749 

5749/6BA6W 

5750 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

5751 HIGH-MU TWIN TRIODE 
INDUSTRIAL 

TYPE 
Miniature type "Premium" high-mu twin triode used 
as a phase inverter and as a high gain amplifier in 
industrial control devices. Outlines section, 6B; requires 
miniature 9-contact socket. 
Heater Arrangement: 

Heater Voltage (ac/dc) 
Heater Current   
Heater-Cathode Voltage: 

Peak   

Series 
12.6 ±10% 

0.176 

Class Ai Amplifier (Each Unit) 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage   
Grid Voltage: Negative-bias value   

Positive-bias value   
Plate Dissipation    
Bulb Temperature (At hottest point on bulb surface)   
CHARACTERISTICS 
Plate Voltage   
Grid Voltage   
Amplification Factor    
Plate Resistance   Transconductance   1 
Plate Current   

Parallel 
6.3 ±10% 

0.860 

Special Ratings & Performance Data 

100 250 volts 
—1 —3 volts 

70 70 
68000 58000 ohms 

1200 1200 /tmhos 
0.9 1.0 mA 

SHOCK RATING 
Impact Acceleration 
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FATIGUE RATING 
Vibrational Acceleration   
LOW-FREQUENCY VIBRATION PERFORMANCE 
RMS Output Voltage   
HEATER-CYCLING LIFE PERFORMANCE 
Cycles of Intermittent Operation   

!»■ 

m 

m MBmmo. 

100 200 300 400 
PLATE VOLTS 92CM-794eT 

Refer to chart at end of section. 
5751WA 

H
r. hQ 

VHF BEAM power tube 5763 
K INDUSTRIAL 

n,,. ■ , type ncLA^/Sj AAJg, Miniature type VHF beam power amplifier for use in 
pdT low-power mobile transmitters and the low-power stages 

nu ot larger fixed station transmitters. Outlines section, SK oE; requires miniature 9-contact socket. 
Heater Voltage (ac/dc)   
Heater Current     6.0 ±10% volts 
Heater-Cathode Voltage:   O-75 ampere Peak   
Transconductance for plate current of' 45" mA  ^JS? max- v"lta 

Mu-Factor, Grid No.2 to Grid No 1   7000 fimhoa 
Direct Interelectrode Capacitances:   16 

Grid No.l to Plate 
Input     0.3 max pF 
Output     ' pF   4.6 pF 

Plate-Modulated RF Power Amplifier—Class C Telephony 
Carrier conditions per tube for use with a max. modulation factor of 1.0 

CCS® ICAS®® MAXIMUM RATINGS (Absolute-Maximum Values) 
DC Plate Voltage   

? -m DC Grid-No.2 Current     60 mA 
DC Grid-No.l Current     § ^6 mA 
Plate Input     J 5 mA 
Grid-No.2 Input  !!!!!'.!  2 15 watts 
Plate Dissipaton .... **6 1.5 watts 
Bulb Temperature (At hottest'point on'bulb'suiface) 260 260 wat.^ 
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TYPICAL OPERATION UP TO 30 MHz ^ ^ 
DC Plate Voltage    Connected to cathode at socket 
Grid No.3    • • ■ •    
DC Grid-No.2 Voltaget   
DC Grid-No. 1 Voltage* ......  From a grid resistor of 
Peak RF Grid-No.l Voltage   
DC Plate Current   
DC Grid-No.2 Current     
DC Grid-No.l Current (Approx.) Driving Power (Approx.) ...... 
Useful Power Output (Approx.) 
MAXIMUM CIRCUIT VALUE 
Grid-No.l-Circuit Resistance   0.1 0.1 

RF Power Amplifier & Oscillator—Class C Telegraphy and , ^ 
RF Power Amplifier—Class C FM Telephony 

MAXIMUM RATINGS (Absolute-Maximum Values) 

DC Plate Voltage  ; A  0 0 volts 
DC Grid-No.3 (Suppressor) Voltage   260 2B0 volts 
DC Grid-No.2 (Screen) Voltage   _125 _125 volts 
DC Grid-No.l (Control-Grid) Voltage   B0 50 mA 
DC Plate Current     15 15 mA 
DC Grid-No.2 Current     5 5 mA 
DC Grid-No.l Current   15 17 watts 
Plate Input   2 2 watts Grid-No.2 Input   12 13.B wat„,S 
r/uT Teit-rata" (At hottest point on bulb' surfacej' li l 260 260 C 
TYPICAL OPERATION UP TO 30 MHZ ^ ^ ^ 
DC Plate Voltage   Connected to cathode at socket 
Grid No.3   250 260 volts 
DC Grid-No.2 Voltage   —28.6 —28.6 volts 
DC Grid-No.l Voltage® . .    18000 igQOO ohms From a grid resistor of   37 5 37 volts 
Peak RF Grid-No.l Voltage   50 43.5 mA 
DC Plate Current   6.6 6.2 mA 
DC Grid-No.2 Current        1.6 1.6 mA 
DC Grid-No.l Current (Approx.)   0 j 0 1 watts Driving Power (Approx )     jq j, 12B watts 
Useful Power Output (Approx.)   
TYPICAL OPERATION AT 50 MHZ ^ ^ 
DC Plate Voltage   Connected to cathode at socket 
Grid No.3       260 — volts 
DC Grid-No.2 Voltage    _60 — volts 
DC Grid-No.l Voltage®    22000 — ohms From a grid resistor of   30 —. volts 
Peak RF Grid-No.l Voltage   60 _ mA 
DC Plate Current   5 — mA 
DC Grid-No.2 Current      3 — mA 
DC Grid-No.l Current (Approx.)   0 35 _ watt Driving Power (Approx.)     71 — watts 
Useful Power Output (Approx.)   
MAXIMUM CIRCUIT VALUE ^ ^ megohm 
Grid-No.l-Circuit Resistance   

Frequency Multiplier 

MAXIMUM CCS* RATINGS (Absolute-Maximum Values) 
DC Plate Voltage    ■ ■ •    
DC Grid-No.3 (Suppressor) Voltage . . 
DC Grid-No.2 (Screen) Voltage 
DC Grid-No.l (Control-Grid) Voltage 
DC Plate Current   
DC Grid-No.2 Current   
DC Grid-No.l Current   Plate Input   
Grid-No.2 Input   
Bufb Temperature (At hottest point on bulb surface) 
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wnn 

100 150 200 250 300 350 
PLATE VOLTS 

TYPICAL OPERATION 

DC Plate Voltage 
DC Grid-No.2 Voltage    
DC Grid-No.l Voltage©   

From grid resistor of    ' 
Peak RF Grid-No.l Voltage   
DC Plate Current   
DC Grid-No.2 Current   
DC Grid-No.l Current (Approx.)   
Driving Power (Approx.)   
Useful Power Output (Approx.)   
MAXIMUM CIRCUIT VALUE (For maximum rated conditions) 
Grid-No.l-Circuit Resistance     

Doubler Triplet to 175 MHz to 175 MHz 
300 300 volts Connected to cathode at socket * * volts —75 —100 volts 75000 100000 ohms 95 120 volts 40 35 m A 4 5 mA 

1 1 m A 0.6 0.6 watt 2.1* 1.3* watts 

Gnd-No.l-Circuit Resistance     0.1 0.1 megohm 
X Obtained preferably from a separate source modulated with the plate supply, or from the 

modulated plate supply through a series resistor. 
* Obtained from grid-No.1 resistor or from a combination of grid-No.l resistor with either 

fixed supply or cathode resistor. □ Key down conditions per tube without amplitude modulation. Modulation essentially nega- 
tive may be used if the positive peak of the audio-frequency envelope does not exceed 115% 
of the carrier conditions. 

© Obtained from a fixed supply, or by a grid-No.l resistor of value shown. ■ This value of useful power is measured at load of output circuit. 
• Continuous Commercial Service. 
•• Intermittent Commercial and Amateur Service. 
+ Obtained from plate supply of 300 volts through a series resistor of 12500 ohms. 

Refer to chart at end of section. 

MEDIUM-MU TWIN TRI0DE 5814A 
INDUSTRIAL 

TYPE 
Miniature type "Premium" medium-mu twin triode 
used in a wide variety of applications including mixers, 
oscillators, multivibrators and synchronizing amplifiers 
in industrial control equipment. Outlines section, 6B; 
requires miniature 9-contact socket. 

Heater Arrangement 
Heater Voltage (ac/dc)   
Heater Current   

Heater-Cathode Voltage: 
Peak value   

Direct Interelectrode Capacitances (Approx.) 
Grid to Plate   
Grid to Cathode and Heater   
Plate to Cathode and Heater   

Series 
12.6 ±10% 

0.175 
Parallel 
6.3 ±10% 

0.350 
±100 max ±100 max 

Unit No. 1 Unit No. 2 
  1.6 1.5 
  1.6 1.6 
  0.5 0.4 
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Class Ai Amplifier (Each Unit Unless Otherwise Specified) 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage   
Cathode Current   
Plate Dissipation: 

Each Plate   
Both Plates (Both units operating)    

Bulb Temperature (At hottest point on bulb surface) 
CHARACTERISTICS 
Plate Voltage    100 250 
Grid Voltage   0 S-S 
Amplification Factor   19.5 17 
Plate Resistance (Approx.)   6250 7700 
Transconductance   6100 2200 
Plate Current   H-o 10.5 
Grid Voltage (Approx.) for plate current of 10 jiA   — —22 
MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance: 

For fixed-bias operation ... 
For cathode-bias operation 

megohm 
megohm 

TYPE 50I4A 
EACH UNIT 

W///M 

gg 
100 200 300 400 500 

PLATE VOLTS 92 

er 

g 

mV 

cycles 

mV 

TYPICAL OPERATION AS RESISTANCE-COUPLED AMPLIFIER 
See RESISTANCE-COUPLED AMPLIFIER CHART type 12AU7A conditions 

Special Ratings & Performance Data 
SHOCK RATING 
Impact Acceleration   max. 
FATIGUE RATING 
Vibrational Acceleration   2.5 max. 
LOW-FREQUENCY VIBRATION PERFORMANCE 
RMS Output Voltage   100 max. 
HEATER-CYCLING LIFE PERFORMANCE 
Cycles of Intermittent Operation   2000 min. 
AUDIO-FREQUENCY NOISE AND MICROPHONIC PERFORMANCE 
RMS Output Voltage    100 max. 

5814WA Refer to chart at end of section. 
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GLOW-DISCHARGE TRIODE 5823 
INDUSTRIAL 

TYPE 
Miniature type, cold-cathode, glow discharge triode for 
use primarily as a relay control tube in "on-olf" low 
current electrical circuits. Outlines section, 5C; re- 
quires miniature 7-contact socket. 

MAXIMUM RATINGS* (Absolute-Maximum Values) 
For First-Quadrant Operation Only 

Peak Anode and Starter-Electrode Voltage: 
Inverse   
Forward   

Cathode Current: 
Peak   
Average*   

Peak Starter-Electrode Current: 
With starter-electrode voltage positive   

Ambient Temperature   
100 

—60 to +75 
TYPICAL OPERATING CONDITIONS 

For Relay Service with 60-Hz Supply 
AC Anode Supply Voltage (RMS)   117 
AC Starter-Electrode Voltage: 

Max. Peak Positive Pre-Firing Voltage   70 
Min. Peak Positive Triggering Voltage   35 
Min. Firing Voltage (Sum of In-Phase Instantaneous Pre-Firing 

Voltage and Instantaneous Triggering Voltage)   105 
A These ratings apply to the 5823 when it is operated from a power supply having 

quency of 60 Hz. 
* Averaged over any interval of 15 seconds max. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

5824 

5840 

5840W 

5842/417A 

5844 

5847/404A 

SHARP-CUTOFF PENTODE 5879 
7)=2 Miniature type used as audio amplifier in the input 

stages of medium-gain public-address systems, home 
Dp sound recorders, and audio systems. Outlines section, 

6B; requires miniature 9-contact socket. For operation 
'a as resistance-coupled amplifier, refer to Resistance- 

Coupled Amplifier section. 
Heatei* Voltage (ec/de)    
Heater Current   
Peak Heater-Cathode Voltage   
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   

6.3 
0.15 

±100 max 

0.11 max pF 
2.7 pF 
2.4 pF 
1.4 pF 
1.4 pF 

0.85 PF 
* Grid No.2 and grid No.3 connected to plate. 
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MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage   
Grid-No.2 (Screen-Grid) Voltage   
Grid-No. 2 Supply Voltage   
Grid-No.1 (Control-Grid) Voltage: Negative-bias vajue     

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 300 volts   
CHARACTERISTICS 
Plate Voltage   
Grid No.3   
Grid-No.2 Voltage   
Grid-No.l Voltage   
Amplification Factor   
Plate Resistance (Approx.)   0. Transconductance   J 
Plate Current   
Grid-No.2 Current   
Grid-No.l Voltage (Approx.) for plate 

current of 10 /tA   
MAXIMUM CIRCUIT VALUE 
Grid-No.l-Circuit Resistance   

Class A, Amplifier 
Triode Pentode 

num Values) Connection* Connection 
  275 330 
  See curve page 300 
  — 330 

0.25 
See curve page 300 

100 250 250     Connected to 
—3 

21 
Q 100 q —o 

. 21 
—0 

0.017 0.0137 2 
1240 1530 1000 

2.2 5.5 1.8 — 0.4 
      —8 

* Grid No.2 and grid No.3 connected to plate. 

, TYPE 5879 
/ TRIODE CONNECTION 
-TTIGR'DS No.2 ft No.3" 
// CONNECTED TO 

~T*7 pl-ATE / /A.,i i 

200 300 
PLATE VOLTS 

400 
92CS-7446T 

TYPE 5079 GRID-No. 2 VOLTS'JOO 
PENTODE CONNECTION GRIO-No.3 VOLTSO 

k-'b I I I -0.5 I I 

IKSHSi 

100 200 300 
PLATE VOLTS 

400 
92CS-7439T 

5963 MEDIUM-MU TWIN TRIODE 
INDUSTRIAL 

TYPE 
Miniature type medium-mu twin triode used for "on-off" 
control applications involving long periods of operation 
under cutoff conditions. Outlines section, 6B; requires 
miniature 9-contact socket. 

Ktj/- 

OtsV 

HT2 HTI 
-v (T) PT| 

G 
P ̂ 7 )0T| 

G 

Kr—i r— 
)KT| 

Pfr HM 
9A 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 
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Heater Arrangement 
Heater Voltage (ac/dc)   
Heater Current   

Heater-Cathode Voltage: Peak value   
Direct Interelectrode Capacitances (Approx.) 

Grid to Plate    
Grid to Cathode and Heater   
Plate to Cathode and Heater i  
Grid of Unit No.l to grid of Unit No.2 .. 

Series 
12.6-±10% 
0.15 

Parallel 
6.3 ±10% 

0.30 

Unit No. 1 Unit No. 2 
1.5 1.5 
1.9 1.9 
0.5 0.35 

0.1 max. 

Frequency Divider in Computer Service 
and "On-Off" Control Service 

Values are for Each Unit 
MAXIMUM RATINGS (Absolute-Maximum Values) 
Plate Voltage   
Grid Voltage: 

Negative bias value   
Positive bias value   
Peak negative value   

Plate Dissipation       
Grid Input   
Cathode Current: 

Peak     
dc    

Bulb Temperature (At hottest point on bulb surface)   
TYPICAL OPERATION AS FREQUENCY HALFER 

Plate-Supply Voltage ... 
Grid Voltage   
Plate-Circuit Resistance 
Grid-Circuit Resistance . . 
Plate Current   

Cutoff 
Condition 

150 
—15 

20000 
47000 

0 
MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance: 

For fixed-bias operation ... 
For cathode-bias operation 

100 
0 

200 
2:5 . 
0.5 

100 
20 

±90 max. 
120 

Zero-Bias 
Condition 

150 
0 

20000 
47000 

5.1 

Class Ai Amplier (Each Unit) 
CHARACTERISTICS 
Plate Voltage   
Grid Voltage   
Amplification Factor   
Plate Resistance (Approx.) 
Transconductance   
Plate Current   

Refer to chart at end of section. 

MEDIUM-MU TWIN TRIODE 5965 
INDUSTRIAL 

TYPE 
-^|VV®Kt' Miniature type medium-mu twin triode used for "on-oif" 
r—control applications involving long periods of operation 

"m under cutoff conditions. Outlines section, 6B; requires 
9A miniature 9-contact socket. 

Heater Arrangement 
Heater Voltage (ac/dc) 
Heater Current   

Heater-Cathode Voltage: 
Peak value   
Average value   

Series 
12.6 ±10% 

0.225 
±200 max. 
±100 max. 

Parallel 
6.3 ±10% 

0.45 
±200 max. 
±100 max. 
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Direct Interelectrode Capacitances (Approx.) o n 
Grid to Plate      
Grid to Cathode and Heater   »•= 
Plate to Cathode and Heater   "-O 
Plate of Unit No.l to plate of Unit No.2   

Frequency Divider in Computer Service 
and "On-Off" Control Service 

Values are for Each Unit 
MAXIMUM RATINGS (Absolute-Maximum Values) 
Plate Voltage    
Grid Voltage: Negative bias value        
Plate Dissipation      

Total for both units     
DC Cathode Current     •   ;   
Bulb Temperature (At hottest point on bulb surface)   
TYPICAL OPERATION IN COMPUTER SERVICE 

Unit No. 1 Unit No. 2 

Plate Supply Voltage   
Plate Load Resistor   
Plate Current' '     • • • •; • • • • v  
Grid Voltage (Approx.) for grid current of 140 /iA   
Grid Voltage (Approx.) for plate current of 160 ^A    Difference in Grid Voltage Between Units (For plate current 

of 150 /iA per unit)     
MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance: 

For fixed-bias operation   
For cathode-bias operation   

Cutoff Conduction 
Condition Condition 

150 150 
7200 7200 — 10.5 

— less than 

Class Ai Amplifier (Each Unit) 

0.1 megohm 
0.5 megohm 

CHARACTERISTICS 
Plate Supply Voltage    Cathode-Bias Resistor   
Amplification Factor   
Plate Resistance   Transconductance   
Plate Current      • • • • \ • • • • • ■ • 
Grid Voltage (Approx.) for plate current of 150 /iA 

Refer to chart at end of section. 

6005/6AQ5W 

6005/6AQ5W/ 
6095 

Refer to chart at end of section. 

Refer to chart at end of section. 

6012 gas thyratron 
INDUSTRIAL 

TYPE 
Glass octal negative-control gas-tetrode thyratron for 
use in relay and grid-controlled rectifier applications. 
Outlines section, 36; requires octal socket. 

Heater Voltasre (ac/dc)   5-7 6.3 6 9 
Heater Current   ^ i-'i6 amperes 
Heat^ath0de V0ltage.:  +26,-100 max. volts 
Cathode jm^m hating time prior to tube conduction   30 seconds 

Maximum outage time without reheating    . o seconus 
Direct Interelectrode Capacitances (Approx.): 

Grid No.l to Anode  ■ • ■  0-'J3 
Grid No.l to Cathode, Grid No.2, and Heater   6.8 PP 
Anode to Cathode, Grid No.2, and Heater   3.9 P* 
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Xonization Time (Approx.) : 
For conditions: dc anode volts = 100, ^rid-No.2 volts = 0, 

grid-No.l square-pulse volts = +60, and peak anode amperes 
during conduction = 6   

Deionization Time (Approx.)    
Maximum Critical Grid-No.1 Current: 

For conditions: ac anode-supply volts = 460 (rms), and average 
anode amperes = 0.5   

Anode Voltage Drop (Approx.)    
Grid-No.l Control Ratio (Approx.) : 

For conditions: grid-No.l resistor (megohms) = 0, grid-No.2 
resistor (megohms) = 0, and grid-No.2 volts = 0   

Grid-No.2 Control Ratio (Approx.) : 
For conditions: grid-No.l resistor (megohms) = 0, grid-No.2 

resistor (megohms) = 0, and grid-No. volts = 0   

For Anode-Supply Frequency of 60 Hz 
MAXIMUM RATINGS (Absolute-Maximum Values) 
Peak Anode Voltage: 

Forward   
Inverse  ' 

Grid-No.2 (Shield-Grid) Voltage: 
Peak, before tube conduction   
Average#, during tube conduction   !! 

Grid-No.l (Control-Grid) Voltage: 
Peak, before tube conduction   
Average#, during tube conduction   

Cathode Current: 
Peak   
Average#  ', 
Fault, for duration of 0.1 second max ] 

Average Grid-No.2 Current#  [. 
Average Grid-No.l Current#    
Ambient-Temperature Range  !. ]. 
MAXIMUM CIRCUIT VALUE 
Grid-No.l-Circuit Resistance     # Averaged over any interval of 30 seconds maximum. 

0.5 [IS 
See Table I 

3 fiA 
10 volts 

150 

650 
;e 

650 volts 1300 volts 
—100 volts —10 volts 
—200 volts 
—10 volts 

5 amperes 
0.5 ampere 
20 amperes 

+ 0.05 ampere 
+ 0.05 ampere 

—75 to+90 0C 

megohms 

OPERATIONAL RANGE 
OF CRITICAL GRID-No.1 VOLTAGE 

TYPE 6012 GRID-Na2 (SHIELD) VOLTS =0 RANGES SHOWN ARE FOR TWO VALUES OF GRID-No.1 RESISTOR, 0.1 MEG. AND 2 MEG., AND TAKE INTO ACCOUNT INITIAL 
DIFFERENCES BETWEEN INDIVIDUAL . TUBES AND SUBSEQUENT DIFFERENCES DURING TUBE LIFE. FOR HEATER- VOLTAGE RANGE OF 5.7 TO 6,9 VOLTS AND FOR AN AMBIENT TEMPERATURE 
RANGE OF FROM-75° TO -r90oC. 
B AKJnr rr.D RANGE FOR RANGE FOR 2 MEGOHMS   JC MEGOHM A   "--v 

CON- 
DUCTING 

-I— NON 1— 
CONDUCTING 

-16 -12 -8 -4 0 DC GRID-Nol SUPPLY VOLTS 
92CS -7748TI 
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Table 1 

DC Anode Volts 125 250 

DC Anode Amperes 0.5 1.0 0.5 1.0 

R,., I('n j Rpo E0C2 
Mil volts ohms volts 

DEI0NIZATI0N 
TIME 
>s 

(Appro*.) 

175 225 250 275 0.001 
350 375 450 475 0.1 
650 700 1100 1200 2 
100 125 100 125 0.001 
125 150 150 175 0.1 
250 275 275 300 2 

-13 1000 0 

0.1 -100 1000 0 
2 

' Series resistor between grid No.2 and cathode. 

6072A 

6073/0A2 

6074/0B2 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

6080 
INDUSTRIAL 

TYPE 

GTi|T\ rViPTI 

LOW-MU 
TWIN POWER TRIODE 

Glass octal type used as a regulator tube in dc power- 
supply units and in projection television booster scan- 
ning applications. Outlines section, 36; requires octal 
socket. 
Heater Voltage    
Heater Current     
Heater-Cathode Voltage:# 

Peak    ••• 
Direct Interelectrode Capacitances (Approx.) 

Grid to Plate (each unit)   
Input (each unit)   
Output (each unit)    
Heater to Cathode (each unit)   
Grid of Unit No.l to Grid of Unit No.2 .. 
Plate of Unit No.l to Plate of Unit No.2 

Class A, Amplifier (Each Unit) 
CHARACTERISTICS 
Plate-Supply Voltage 
Cathode-Bias Resistor 
Amplification Factor 
Plate Resistance Transconductance 
Plate Current   

DC Amplifier (Each Unit) 
MAXIMUM RATINGS (Absolute-Maximum Values) 
Plate Voltage   
Plate Current    
Plate Dissipation     
Bulb Temperature (At hottest point on bulb surface) 

6.3 ±10% volts 
2.5 iamperes 
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MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance: 

For cathode-bias operation    
For fixed-bias operationo    
For combined fixed and cathode-bias operation*    

1 megohm 
0.1 megohm 
0.1 megohm 

Booster Scanning Service (Each Unit) 
MAXIMUM RATINGS (Absolute-Maximum Values) 

For operation in a 525-line, 30-frame system 
Peak Negative-Pulse Plate Voltage®   
Peak Negative-Pulse Grid Voltage   
DC Plate Current   
Plate Dissipation   

3000 volts 
2300 volts 
125 mA 

13 watts 
MAXIMUM CIRCUIT VALUES (For maximum rated conditions) 
Grid-Circuit Resistance: 

For cathode-bias operation   1 megohm 
For fixed-bias operation   not recommended 

e "When fixed bias is used, the plate circuit should contain a protective resistance to provide 
a minimum drop of 15 volts dc at the normal operating conditions. 

* When combined fixed- and cathode-bias is used, the cathode-bias portion should have a 
minimum value of 7.5 volts dc at the normal operating conditions. 

• Pulse duration must not exceed 15 per cent of one horizontal scanning cycle (10 micro- 
seconds). 

# Operation of this tube is not recommended with a damper pulse between heater and cathode. 

Special Ratings & Performance Data 
SHOCK RATING 
Impact Acceleration   450 max. g 
FATIGUE RATING 
Vibrational Acceleration   2.5 max. g 
LOW-FREQUENCY VIBRATION PERFORMANCE 
RMS Output Voltage   200 max. mV 

I75i 1 . 1 1 1 1 , TYPE 6080 
ISO-?/-   

" . "/ o) 

1 / J_I j IOO —4—f /—at   

mm-- i /////' / 
0 100 200 300 

PLATE VOLTS 92cs_7695 

Refer to chart at end of section. 6080WA 

Refer to chart at end of section. 6082 

Refer to chart at end of section. 6101 

Refer to chart at end of section. 6101/6J6WA 
Refer to chart at end of section. 6111 
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6186/6AG5WA 

6186W 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

6201 
INDUSTRIAL 

TYPE 
HIGH-MU TWIN TRIODE 

Miniature type used in. mixer, oscillator, and amplifier 
applications at frequencies up to 300 MHz. Outlines 
section, 6B; requires miniature 9-contact socket. For 
typical operation as a resistance-coupled amplifier, re- 
fer to Resistance-Coupled Amplifier section, type 12AT7 
conditions. 
Heater Arrangement: 
Heater Voltage (ac/dc)   
Heater Current   
Peak Heater-Cathode Voltage       • • 
Direct Interelectrode Capacitances (Approx.) : 

Grid-Drive Operation: 
Grid to Plate (Each unit)   ........ 
Grid to Cathode and Heater (Each unit) 

Plate to Cathode and Heater: 
Unit No.l    
Unit No.2   

Heater to Cathode (Each unit)   
Cathode-Drive Operation: 

Cathode to Plate (Unit No.l)   
Cathode to Plate (Unit No.2)   
Cathode to Grid and Heater (Each unit) 
Plate to Grid and Heater (Unit No.l) . . 
Plate to Grid and Heater (Unit No.2)   

Class Ai Amplifier (Each Unit) 
MAXIMUM RATINGS (Absolute-Maximum Values) 
Plate Voltage   
Grid Voltage: Negative bias value   

Positive bias value   
Plate Dissipation   " "j.'' V  
Bulb Temperature (At hottest point on bulb surface)   
MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance: 

For fixed-bias operation   
For cathode-bias operation  

CHARACTERISTICS 
Plate Supply Voltage   Cathode-Bias Resistor   ^ 
Amplification Factor  *  i^onn 
Plate Resistance (Approx.)     J-^uu 
Transconductance    • ■ • • • • • • • 4UU^ 
Grid Voltage (Approx.) for plate current of 10 ft A . . —5 
Plate Current   

Parallel 
6.3 
0.3 

±100 max. 

megohm 
megohm 

100 250 volts 
270 200 ohms 

67 60 
14300 10900 ohms 

4000 5600 /tmhos 
—5 —12 volts 
3.3 10 mA 
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TYPE 6201 
EACH UNIT 

0 100 200 300 400 500 600 
PLATE VOLTS 92CS-705$TI 

Special Ratings & Performance Data 
SHOCK RATING 
Impact Acceleration   
FATIGUE RATING 
Vibrational Acceleration    
LOW-FREQUENCY VIBRATION PERFORMANCE RMS Output Voltage   
HEATER-CYCLING LIFE PERFORMANCE 
Cycles of Intermittent Operation   
AUDIO-FREQUENCY NOISE AND MICROPHONIC PERFORMANCE 
RMS Output Voltage   

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

600 max. g 
2.5 max. g 

100 max. mV 
2000 min. cycles 

100 max. mV 

6202 

6206 

6211 

6336A 

6350 

6360 
6360A 

6386 

6417 

6485 

BEAM POWER TUBE 6550 
INDUSTRIAL 

TYPE 
Glass octal type used in the output stages of high- 
fidelity audio amplifiers. Outlines section, 27C; requires 
octal socket. This tube should be adequately ventilated. 

Heater Voltage (ac/dc)   
Heater Current   
Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode 
Heater positive with respect to cathode 

6.3 volts 
1.6 amperes 

300 max. volts 
200* max. volts 
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Direct Interelectrode Capacitances (Approx.) : 
Grid No.l to plate    - •   
Grid No.l to cathode and grid No.3, grid No.2, base sleeve 

and heater    v *; , V i."" 1' " 
Plate to cathode & grid No.3, grid No.2, base sleeve, and heater 

MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation   
For cathode-bias operation   

Class Ai AF Power Amplifier 
MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage     
Grid-No.2 (Screen-Gridl Voltage   
Grid-No.1 (Control-Grid) Voltage: Negative-bias value   

Positive-bias value   
Cathode Current   
Grid-No.2 Input     
Plate Dissipation    v ' *;  
Bulb Temperature (At hottest point on bulb surface)   
TYPICAL OPERATION AND CHARACTERISTICS 
Plate Voltage   £50 
Grid-No.2 Voltage   2®(] 
Grid-No.l Voltage   
Peak AF Grid-No.l Voltage   1-j 
Zero-Signal Plate Current   IJJJ 
Max.-Signal Plate Current   150 
Zero-Signal Grid-No.2 Current   1^ 
Max.-Signal Grid-No.2 Current   f* 
Plate Resistance (Approx.)   ijJJJjJj Transconductance   
Load Resistance   1&U^ 
Total Harmonic Distortion   ' 
Max.-Signal Power Output   12's 

Class At Push-Pull AF Power Amplifier 
MAXIMUM RATINGS (Design-Center Values) 

Same as for Class Ai AF POWER AMPLIFIER 
TYPICAL OPERATION AND CHARACTERISTICS 

Values are for 2 tubes 

Plate Supply Voltage   
Grid-No.2 Supply Voltage   
Grid-No.l Voltage   
Cathode Resistor   
Peak AF Grid-No.l-to-Grid-No.l Voltage   
Zero-Signal Plate Current   
Max.-Signal Plate Current   
Zero-Signal Grid-No.2 Current   
Max.-Signal Grid-No.2 Current   
Effective Load Resistance (Plate to plate)   
Total Harmonic Distortion   
Max.-Signal Power Output   
* The dc component must not exceed 100 vlots. 

6626/0A2WA Refer to chart at end of section. 

6660/6BA6 Refer to chart at end of section. 

6661/6BH6 sharp-cutoff pentode 
INDUSTRIAL 

TYPE 
Miniature type used as an rf amplifier particularly in 
mobile equipment where low heater-current drain is im- 
portant. It is particularly useful in high-frequency, 
wide-band applications. Outlines section, 5C; requires 
miniature 7-contact socket. 

SHARP-CUTOFF PENTODE 

megohm 
megohm 

250 400 volts 
250 225 volts 

—14 —16,5 volts 
14 16.5 volts 

140 87 mA 
150 105 mA 

12 4 mA 
28 18 mA 

12000 27000 ohms 
11000 9000 /imhos 
1500 3000 ohms 

7 13.5 % 
12.5 20 watts 

Fixed Cathode 
Bias Bias 

400 600 400 volts 
276 300 300 volts 

—23 —31 — volts 
140 ohms 

46 62 53 volts 
180 115 166 mA 
270 273 190 mA 

9 4 7.5 mA 
44 41 39 mA 

3500 5000 4500 ohms 
3 2.5 4 % 

55 100 41 watts 
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Heater Voltage (ac/dc)     
Heater Current   * 
Peak Heater-Cathode Voltage  !!!!!!!!] 
Direct Interelectrode Capacitances: 

Grid No.l to Plate   
Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and 

Internal Shield   

6.3 ±20% 
0.16 

±100 max. 

Plate to Cathode, Heater, Grid No.2, Grid No.3, and 
Internal Shield    

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage       330 vn.t_ 
rr!H"v0,e (Screen-Grid) Voltage   See curve page 300 Giid-No.2 Supply Voltage   33n ^ vnlt. Grid-No.l (Control-Grid) Voltage: 

Negative-bias value   55 volts Positive-bias value   n voif 
Plate Dissipation     o o wntfo 
Grid-No.2 Input:   3,3 watt9 

For Grid-No.2 voltages up to 165 volts   0.56 watt 
For Grid-No.2 voltages between 165 and 300 volts   See curve page 300 

CHARACTERISTICS 
Voltage   250 volte 

^{5 tS^'o    Connected to cathode at socket 

0.56 watt 
See curve page 300 

Grid-No.2 Voltage   
Cathode Resistor   
Plate Resistance (Approx.)   
Transconductance   Plate Current   !!!!!!!!!!.!!!..!! 
Grid-No.2 Current   
Grid-No.l Voltage (Approx.) for plate current of 10 /iA   
TRANSCONDUCTANCE AT REDUCED HEATER VOLTAGE 
Average Value   

With heater volts = 5, plate supply volts = 250, grid No.3 con- 
nected to cathode at socket, grid-No.2 supply volts = 150, 
and cathode resistor (ohms) bypassed = 100. 

volts 
ohms 

megohms 
/imhos 

mA 
mA 

volts 

Refer to chart at end of section. 6662/6BJ6 

Refer to chart at end of section. 6663/6AL5 

Refer to chart at end of section. 6664/6AB4 

BEAM POWER TUBE 
6669/ 

6AQ5A 
INDUSTRIAL 

TYPE 

Heater Voltage (ac/dc)   
Heater Current   
Heater Warm-up Time (Average) 
Heater-Cathode Voltage: Peak value   

iv/r* • j. urisj Miniature type used as output amplifier primarily in 
mobile communications equipment. Outlines section 5D- 
requires miniature 7-contaet socket 

6.3 ±20% 
0.45 

11 
Direct Interelectrode Capacitances' ' (Appiox.V-    

Grid No.l to Plate  
pfil'.'i Sath£,de' Heater,' Grid No.'i' and' Grid No.'s Plate to Cathode, Heater, Grid No.2, and Grid No.3 
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Class Ai Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage    
Grid-No.2 (Screen-Grid) Voltage   
Plate Dissipation   
Grid-No.2 Input     im'\" 
Bulb Temperature (At hottest point on bulb surface) 
TYPICAL OPERATION AND CHARACTERISTICS 
Plate Voltage   
Grid-No.2 Voltage     
Grid-No.l (Control-Grid) Voltage 
Peak AF Grid-No.l Voltage   
Zero-Signal Plate Current   
Max.-Signal Plate Current ...... 
Zero-Signal Grid-No.2 Current .. 
Max.-Signal Grid-No.2 Current . . 
Plate Resistance (Approx.)   Transconductance   
Load Resistance .  _  
Total Harmonic Distortion   
Max.-Signal Power Output   
MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation   
For cathode-bias operation . . 

250 volts 
250 volts 

12 watts 
2 watts 

225 ec 

250 volts 
250 volts 

—12.5 volts 
12.5 volts 

45 ; mA 
47 mA 
4.5 mA 

7 mA 
52000 ohms 

4100 jumhos 
5000 ohms 

8 % 
4.5 watts 

0.1 megohm 
0.5 megohm 

Class ABi Amplifier 

MAXIMUM RATINGS (Same as for Class Ai Amplifier) 
TYPICAL PUSH-PULL OPERATION 

Unless otherwise specified, values are for 2 tubes 
Plate Voltage     
Grid-No.2 Voltage         
Grid-No.l (Control-Grid) Voltage . .     
Peak AF Grid-No.l-to-Grid-No.l Voltage   Zero-Signal Plate Current   
Max.-Signal Plate Current   
Zero-Signal Grid-No.2 Current   
Max.-Signal Grid-No.2 Current        
Effective Load Resistance (Plate to plate)   
Total Harmonic Distortion   Max.-Signal Power Output    
MAXIMUM CIRCUIT VALUES (Same as for Class Ai Amplifier) 
POWER OUTPUT AT REDUCED HEATER VOLTAGE 
Ave wTthTit'ater volts'= 5, piate volts = 250, grid-No.2 voltei^= 26b 

grid-No.1 volts = —12.6, rms signal volts — 8.8, and load 
resistance (ohms) = 6000. 

250 . volts 
250 volts 

„■ —i-15 volts 
30 volts 
70 mA 
79 mA 

5 mA 
13 mA 

10000 ohms 
5 % 

10 watts 

4.1 watts 

6676/6CB6A 

6677/6CL6 

6678/6U8A 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

6679/12AT7 HIGH-MU TWIN TRIODE 
INDUSTRIAL 

TYPE ' 
Miniature type used as a mixer, oscillator c>r amplifier ktjq 
in mobile communications equipment. Outlines section, 
6B; requires miniature 9-contact socket. For typical gt2@ 
operation as a resistance-coupled amplifier, refer to 
Resistance-Coupled Amplifier section, type 12AT7 con- p 

ditions. 
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Heater Arrangement: 
Heater Voltage (ac/dc)   
Heater Current   
Peak Heater-Cathode Voltage   
Direct Interelectrode Capacitances (Approx.) : 

Grid-Drive Operation: 
Grid to Plate (Each unit)   
Grid to Cathode and Heater (Each unit) 

Plate to Cathode and Heater: 
Unit No.l   
Unit No. 2   

Cathode-Drive Operation: 
Cathode to Plate (Each unit)   
Cathode to Grid and Heater (Each unit) 
Plate to Grid and Heater (Each unit) .... 

Heater to Cathode (Each unit)   

Series 
12.6 ±20% 
0.15 

Class Ai Amplifier (Each Unit) 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage   
Grid Voltage: 

Negative bias value   
Positive bias value   

Plate Dissipation   
CHARACTERISTICS 
Plate Supply Voltage   
Cathode-Bias Resistor   
Amplification Factor   
Plate Resistance (Approx.)   
Transconductance   
Grid Voltage (Approx.) for plate current of 10 /iA 
Plate Current   
TRANSCONDUCTANCE AT REDUCED HEATER VOLTAGE 
Average Value (Each unit)   

With heater volts = 10 (Series connection), plate supply volts 
= 250, and cathode resistor (ohms) bypassed = 200. 

Parallel 
6.3 ±20% volts 
0.3 ampere 

±100 max. volts 

100 200 300 400 500 600 
PLATE VOLTS 92CS-7056TI 

6680/ 
MEDIUM-MU TWIN TRIODE 12AU7A 

HTZ (O. PTI INDUSTRIAL 
Q^Lg) TYPE 

>?Wti Miniature type used as a phase inverter or push-pull 
 amplifier in mobile communications equipment. Outlines 

section, 6B; requires miniature 9-contact socket. For 
typical operation as a resistance-coupled amplifier, refer 

pts hm to Resistance-Coupled Amplifier section, type 12AU7A 
9A conditions. 



488 RCA Receiving Tube Manual 

Heater Arrangement 
Heater Voltage (ac/dc)   
Heater Current   

Heater-Cathode Voltage: 
Peak value   
Average value      ■ ■ 

Direct Interelectrode Capacitances (Approx.): 
Grid to Plate   
Grid to Cathode and Heater   
Plate to Cathode and Heater   

Series 
12.6 ±20% 
0.15 

Parallel 
6.3 ±20% 
0.3 

  ±200 max. 
  100 max. 

Unit No. 1 Unit No. 2 

Class Ai Amplifier (Each Unit Unless Otherwise Specified) 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage    
Grid Voltage, positive-bias value   
Plate Dissipation: 

Each Plate     
Both Plates (Both units operating)   

CHARACTERISTICS 
Plate Voltage   
Grid Voltage   Amplification Factor   
Plate Resistance (Approx.)   Transconductance   
Plate Current      Grid Voltage (Approx.) for plate current of 10 ^A   
MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance: 

For fixed-bias operation   
For cathode-bias operation   

TRANSCONDUCTANCE AT REDUCED HEATER VOLTAGE 
Average Value (Each unit)  - • • • • • • • • • • • • • • • • 

With heater volts = 10 (Series connection), plate volts 
and grid volts = —8.5. 

100 250 volts 
0 —8.5 volts 

20 17 
6500 7700 ohms 
3100 2200 /imhos 
11.8 10.5 mA 

—24 volts 

0.25 megohm 
1 megohm 

6681/ 

12AX7A 
INDUSTRIAL 

TYPE 

HIGH-MU TWIN TRIODE 

Miniature type used as a phase inverter or twin re- stagy 
sistance-coupled amplifier in mobile communications ~T 
equipment. Outlines section, 6B; requires miniature 9- ^(j) 
contact socket. For typical operation as a resistance- 
coupled amplifier, refer to Resistance-Coupled Amplifier f 
section, type 12AX7A conditions. 
Heater Arrangement: J 
Heater Voltage (ac/dc)   12.6—20 ^ 6 
Heater Current    0' 
Heater-Cathode Voltage: 

Peak value   .'.iMO max. 
Avcrflgc value   100 max. 

Direct Interelectrode Capacitances (Approx.) : Unit No. 1 Unit No. 2 
Grid to Plate   1-7 } 
Grid to Cathode and Heater   IjO 1 
Plate to Cathode and Heater   0.46 0. 

Parallel 
6.3 ±20% volts 
0.3 ampere 

Class Ar Amplifier (Each Unit) 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage      
Grid Voltage: Negative-bias value    

Positive-bias Value   
Plate Dissipation   
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CHARACTERISTICS 
Plate Voltage   
Grid Voltage   
Amplification Factor   
Plate Resistance (Approx.) 
Transconductance   Plate Current   

100 250 volts —1 —2 volts 100 100 80000 62500 ohms 1250 1600 /tmhos 0.5 1.2 mA 

Refer to chart at end of section. 6688A 

Refer to chart at end of section. 

Refer to chart at end of section. 6922/E88CC 

TWIN-POWER PENTODE 6939 
INDUSTRIAL 

TYPE 
Miniature type twin power-pentode intended for use in 
communications equipment as a push-pull rf power- 
amplifier or frequency-multiplier at frequencies up to 
500 MHz. Outlines section, 6E; requires miniature 9- 
contact socket. 

Heater arrangement Series Parallel 
Heater Voltage (ac/dc)   12.6 ±10% 6.3 ±10% 
Heater Current   0.3 0 6 
Peak Heater-Cathode Voltage  '  ±100* max 
Bulb Temperature (At hottest point on bulb surface)   225 max' 
Direct Interelectrode Capacitances (Approx.. Each Unit) : 

Grid No.l to Plate   0.15 
Grid No.l to Cathode & Grid No.3, Grid No.2, and Heater  6.4 
Plate to Cathode & Grid No.3, Grid No.2, and Heater 1 6 

Transconductance (Each Unit) for dc plate volts = 150, dc grid- No.2 volts =: 150, and dc plate mA = 25   10500 
Mu-Factor, grid No.2 to grid No.l (Each Unit) for dc plate volits 

= 150, dc grid No.2 volts = 150, and dc plate mA = 25   31 
Push-Pull RF Amplifier & Oscillator—Class C Telegraphy* 

and 
Push-Pull RF Power Amplifier—Class C FM Telephony 

Values are on a per-tube basis unless otherwise specified 
MAXIMUM RATINGS (Absolute-Maximum Values) 

Up to 500 MHz 
DC Plate Voltage   
DC Grid-No.2 (Screen-Grid) Voltage . 
DC Grid-No.l (Control-Grid) Voltage 
DC Plate Current   
DC Grid-No.l Current   
DC Cathode Current   
Plate Input   
Grid-No.2 Input   
Grid-No.l Input  
Plate Dissipation   
TYPICAL OPERATION 

DC Plate Voltage   
DC Grid-No.2 Voltage   
DC Grid-No.l Voltage   

From grid resistor for each grid No.l of 
Peak-to-Peak RF Grid-No.l Voltage   
DC Plate Current   
DC Grid-No.2 Current   
DC Grid-No.l Current   
Driver Power Output (Approx.)   
Useful Power Output (Approx.)*   

100 120 12 14 3 8.5 0.2 0.24 6 7.5 

At 500 MHz 
180 200 180 200 —20 —20 27000 27000 50 50 55 60 12.5 14 1.5 1.5 1.2 1.2 5 6 
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Plate-Modulated Push-Pull RF Power Amplifier—Class C Telephony 
Carrier conditions per tube for use with a maximum modulation factor of 1 Values are on a per-tube basis 

MAXIMUM RATINGS (Absolute-Maximum Values) 

DC Plate Voltage   
DC Grid-No.2 (Screen-Grid) Voltage . . 
DC Grid-No.l (Control-Grid) Voltage- 
DC Plate Current   
DC Grid-No.l Current   
DC Cathode Current   
Plate Input  
Grid-No.2 Input   
Grid-No.l Input   
Plate Dissipation   

Up to 500 MHz 
CCS* ICAS^ 
200 200 volts 
200 200 volts 

-100 —100 volts 
64 80 mA 

6 8 mA 
80 96 mA 

8 10 watts 
2 2.3 watts 

0.2 0.24 watt 
4 5 watts 

TYPICAL OPERATION 
At 500 MHz 

DC Plate Voltage   
DC Grid-No.2 Voltage   
DC Grid-No.l Voltage  >  From grid resistor for each grid No.l of 
Peak-to-Peak RF Grid-No.l Voltage   
DC Plate Current   
DC Grid-No.2 Current   
DC Grid-No.l Current    Driver Power Output (Approx.)   
Useful Power Output (Approx.)*   

Frequency Tnpler—Class C 
Values are on a per-tube basis 

MAXIMUM RATINGS (Absolute-Maximum Values) 
Up tO'500 MHz 

ICAS^ 
250 
200 

—100 
80 

8 
80 
10 

8.5 
0.24 
7.5 

CCS* 
250 
200 
-100 

60 

volts 
volts 
volts 
mA 
mA 
mA 

watts 
watts 
watt 

watts 

DC Plate Voltage   
DC Grid-No.2 (Screen-Grid) Voltage . 
DC Grid-No.l (Control-Grid) Voltage 
DC Plate Current   
DC Grid-No.l Current  
DC Cathode Current   
Plate Input   
Grid-No.2 Input   
Grid-No.l Input   
Plate Dissipation    

0.2 

TYPE 6939 | | | 
PARALLEL*HEATER ARRANGEMENT GRID No-2 VOLTS. 200 — 

I 

grIdJJ^ 

50 100 150 200 250 
PLATE VOLTS 
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TYPICAL OPERATION 

DC Plate Voltage   
DC Grid-No.2 Voltage (Approx.)   

Through resistor of   
DC Grid-No.1 Voltage   

From grid resistor for each grid No.l of 
Peak-to-Peak RF Grid-No.l Voltage   
DC Plate Current   
DC Grid-No.2 Current    
DC Grid-No.l Current  [. 
Driver Power Output (Approx.)  !! 
Useful Power Output (Approx.)*    

Up to 500 MHz 
180 200 volts 180 190 volts 1200 1200 ohms —74 —74 volts 82000 82000 ohms 165 165 volts 40 46 mA 9.7 11 mA 1.8 1.8 mA 1,1 1.1 watts 1.8 2.2 watts 

#£eX"down c.onditions Per tube without amplitude modulation. Amplitude modulation essen- tially negative may be used if the positive peak of the audio-frequency envelope does not 
exceed 115% of the carrier conditions. 

* Continuous Commercial Service. 
* Intermittent Commercial and Amateur Service. 
* This value of useful power is measured at load of output circuit. 

BEAM POWER TUBE 
6973 

Miniature type used as power amplifier in compact 
high-fidelity audio equipment. Outlines section, 6G; re- 
quires miniature 9-contact socket. 

Heater Voltage (ac/dc) .. ;  
Heater Current .   
Heater-Cathode Voltage: 

Peak value    
Average value    

Direct Interelectrode Capacitances s 
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 A, Amplifier 
CHARACTERISTICS 
Plate Voltage   
Grid-No.2 (Screen-Grid) Voltage  !!!!!.'!!.'! 
Grid-No.l (Control-Grid) Voltage   
Plate Resistance (Approx.)  !..!!!! 
Transconductance   
Plate Current      
Grid-No.2 Current   
Grid-No.l Voltage (Approx.) for plate current of i66 /iA'!! 

±200 max 
100 max 
0.4 max 

9 
6 

Push-Pull Class AB, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage   
Grid-No.2 Voltage  !!!'.!!!!'.] 
Plate Dissipation  ...!.] 
Grid-No.2 input   
Bulb Temperature (At hottest point)   
TYPICAL OPERATION (Values are for two tubes) 
™ , Fixed Bias Plate Supply Voltage   260 350 400 
Grid-No.2 Supply Voltage   250 280 290 
Grid-No.l Voltage  —15 ^-22 —25 
Cathode-Bias Resistor   —     
Peak AF Grid-No.l-to- 

Grid-No.l Voltage   30 44 60 
Zero-Signal Plate Current   92 68 50 
Maximum-Signal Plate Current   105 106 107 
Zero-Signal Grid-No.2 Current   7 3.5 2.6 
Maximum-Signal Grid-No.2 Current .. 16 14 13.7 
Effective Load Resistance 

(Plate-to-plate)   8000 7500 8000 6 
Total Harmonic Distortion   2 1.6 2 
Maximum-Signal Power Output   12.5 20 24 

Cathode Bias 

ohms 
per cent 

watts 
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MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation   
For cathode-bias operation   

Push-Pull Class ABt Amplifier 
Grid No.2 of Each Tube Connected to Tap on Plate Winding of 

MAXIMUM RATINGS (Design-Maximum Values) 
Plate and Giid-No.2 Supply Voltage     
Plate Dissipation   
Grid-No.2 Input     
Bulb Temperature (At hottest point)   
TYPICAL OPERATION (Values are for two tubes) FixedBiaa 
Plate Supply Voltage   *75 
Grid-No. 2 Supply Voltage   K Grid-No.1 Voltage*   Cathode-Bias Resistor    • •    c_ 
Peak AF Grid-No.l-to-Grid-No.l Voltage   of 
Zero-Signal Cathode Current   
Maximum-Signal Cathode Current    "JJ 
Effective Load Resistance (Plate-to-plate)   i K 
Total Harmonic Distortion   £•£ Maximum-Signal Power Output   i®-0 

MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation   
For cathode-bias operation   

0.5 megohm 
1 megohm 

Output Transformer 

410 volts 
12 watts 

1.75 watts 
,250 0C 

Cathode Bias 
370 volts # volts 

— volts 
355 ohms 

62 volts 74 mA 
84 mA 

13000 ohms 
1.2 per cent 
15 watts 

megohm 
megohm 

TYPE 6973 TYPE 6973 < jRID-No. 2 V0LTSs250 
WITH Er, AS VARIABLE 

■i 

is 
m 

'eWO-N£a VOLTS EC2 " 

wmmmmwm 

200 300 
PLATE VOLTS 

0 z 01 — 7* o _i 75 

= S 50 m 
§ 25 

Hi 

li&SQ 

200 300 
PLATE VOLTS 

400 
92CS-9389T 

* Obtained from taps on the primary winding of the output transformer. The 
on each side of the center tap (B+) so as to apply 50 per cent of the plate signal voltage to 
erid No.2 of each output tube. „ , 
# Obtained from taps on the primary winding of the output transformer. The taps are located 
on each side of^the (Tenter tapP (B+) so as to supply 43 per cent of the plate signal voltage to 
grid No.2 of each output tube. ... i. • . 
• The type of input-coupling network used should not introduce too much resistance 
grid-No.l circuit. Transformer- or impedance-coupling devices are lecommended. 

j-OTT Refer to chart at end of section. 

7025 
HIGH-MU TWIN TRI0DE 

Miniature type used as phase inverter or resistance- 
coupled amplifier in high-quality, high-fidelity audio 
amplifiers. Outlines section, 6B; requires ^ miniature 9- 
contact socket. This type is identical with miniature 
type 12AX7A except that it has a controlled equiva- 
lent noise and hum characteristic. For operation as 
resistance-coupled amplifier, refer to Resistance- 
Coupled Amplifier section. 
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EQUIVALENT-NOISE AND HUM VOLTAGE REFERENCED TO GRID (Each Unit) 
Average Value (i,ms)f     1.8 iiV 
Maximum Value (rms)*   *7 
•{"Measured in "true rms" units under following conditions: heater volts (ac), 0.3 (parallel 
connection) ; center tap of heater transformer connected to ground; plate supply volts, 260 ; 
plate load resistor, 2700 ohms; cathode-bypass capacitor, 100 fiY; 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 is 0.05 megohm. 

Refer to chart at end of section. 7027 

BEAM POWER TUBE 

Glass octal type used in push-pull power amplifier cir- 
cuits of high-fidelity audio equipment. Outlines section, 
9F; requires octal socket. This tube, like other power- 
handling tubes, should be adequately ventilated. 

Heater Voltage (ac/dc)   
Heater Current   
Heater-Cathode Voltage: 

Peak value   
Average value   

Direct Intereleetrode 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 ., . 

±200 max 
100 max 

Class A1 Amplifier 
CHARACTERISTICS 
Plate Voltage   
Grid-No.2 (Screen-Grid) Voltage 
Grid-No.l (Control-Grid) Voltage 
Plate Resistance (Approx.)   
Transconductance   
Plate Current   
Grid-No.2 Current   

Push-Pull Class AB, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage   
Grid-No.2 Voltage   Plate Dissipation    
Grid-No.2 Input   
TYPICAL OPERATION (Values are for two tubes) 

Fixed ] 
Plate Supply Voltage   400 460 
Grid-No.2 Supply Voltage   300 350 
Cathode-Bias Resistor   
Peak AF Grid-No.1-to-Grid-No.l Voltage 
Zero-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 
. 400 450 640 400 380 425 volts . 300 350 400 300 380 415 volts .—25* —30* —38* — — — volts — — — 200 180 200 ohms 2 50 60 76 67 68.5 86 volts 102 95 100 112 138 150 mA 152 194 220 128 170 196 mA 6 3.4 5 7 5.6 8 mA 17 19.2 21.4 16 20 20 mA 
6600 6000 6500 6600 4500 3800 ohms 2 1.5 2 2 3.5 4 per cent 34 50 76 32 36 44 watts 

MAXIMUM CIRCUIT VALUES 
Grid-No. 1-Circuit Resistance: 

For fixed-bias operation*   0.1 megohm 
For cathode-bias operation   0.5 megohm 

• 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. 
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Push-Pull Class ABj Amplifier 
Grid No.2 of Each Tube Connected to Tap on Plate Winding of Output Transformer 

MAXIMUM RATINGS (Design-Maximum Values) 
Plate and Gvid-No.2 Supply Voltage   600 volts 
Plate Dissipation     
Grid-No.2 Input       4-B wtttts 

TYPICAL OPERATION (Values are for two tubes) 
Plate Supply Voltage   410 '"{J® 
Grid-No.2 Supply Voltage   
Cathode-Bias Resistor   z*0 ohms 
Peak AF Grid-No.l-to-Grid-No.l Voltage   JJ volts 
Zero-Signal Cathode Current   Maximum-Signal Cathode Current    
Effective Load Resistance (Plate to plate)   8000 ohms 
Total Harmonic Distortion   L" p 

Maximum-Signal Power Output  24 walt3 

MAXIMUM CIRCUIT VALUE 
Grid-No. 1-Circuit Resistance, for cathode-bias operation   0.5 megonm 
* Obtained from taps on the primary winding of the output transformer. The taps are located 
on each side of the center tap (B-H so as to apply 43 per cent of the plate signal voltage to 
grid No.2 of each output tube. 

TYPE 7027A 
GRID-No.2 VOLTSc 300 

1 
MB 

VOLTS ECl*l| 

100 200 300 400 500 600 PLATE VOLTS 92CS-I0132T 
100 200 300 400 500 600 700 

PLATE VOLTS 92CS-I0I33T 

7044 

7054 

7055 

7056 

7057 

7058 

7059 
INDUSTRIAL 

TYPE 

MEDIUM-MU TRI0DE— 
SHARP-CUTOFF PENTODE 

Miniature type medium-mu triode sharp-cutoff pentode Gipl 
for use as a combined oscillator and mixer in mobile 
communications equipment. Outlines section, 6B; re- 
quires miniature 9-contact socket. 
Heater Voltage Range (ac/dc) 
Heater Current (Approx.) at 13.5 Volte 
Peak Heater-Cathode Voltage   

9AE 
12 to 15 
0.195 
±120 max. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 
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TA. , T , , , ,• . Unshielded ShieldedO Direct Interelectrode Capacitances: 
Triode Unit: 

Grid to Plate   1.7 1.7 
Grid to Cathode, Heater   2.7 2!? 
Plate to Cathode, Heater   oii *1 

Pentode Unit: 
Grid No.l to Plate   0.15 max. 0.007 max. 
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   2.5 3.4 
Heater to Cathode   3 '3B 

With external shield connected to cathode of unit under test except as noted. 
■ With external shield connected to ground. 

PF 
PF PF 
PF 
PF 
PF 
PF 

Class Ai Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
_T . „ .. Triode Unit Pentode Unit Plate Voltage   300 300 volts 
Grid-No.2 (Screen-Grid) Supply Voltage   — .300 volts 
Grid-No.2 Voltage  — See curve page 300 
Grid-No.l (Control-Grid) Voltage, Positive-bias value 0 0 volt 
S1®S\TDi!STPati<Jn   2-B 2-8 watts Grid-No.2 Input: 

For grid-No.2 voltages up to 150 volts   — 0.5 watt 
For grid-No.2 voltages between 150 and 300 volts — See curve' page 300 

MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation   0.5 0.5 megohm 
For cathode-bias operation  1 1 megohm 

CHARACTERISTICS 
Heater Voltage   13.5 13.5 volt3 
n MexrSUePSjyi70 taBe   160 250 volts Grid-No.2 Voltage  — HO volts 
Cathode-Bias Resistor   56 68 ohms 
Amplification Factor   40   
Plate Resistance (Approx.)  !!!!!!! 4700 400000 ohms 
Xransconductance   8500 5200 amhos 
P'ate Current ...   18 10 mA Grid-No.2 Current     3.5 ni^ 
Grid-No.l Voltage for plate current of 10 fiA.   —12  10 volts 

Special Ratings & Performance Data 
HEATER-CYCLING LIFE PERFORMANCE 
Cycles of Intermittent Operation   
LOW-FREQUENCY VIBRATION PERFORMANCE 
RMS Output Voltage, Triode Unit   
RMS Output Voltage, Pentode Unit  !.'!!! 

2000 min. cycles 

150 max. 
250 max mV 

mV 

TYPE 7059 
TRIODE UNIT 

1 

warn 

SiSI 

200 300 
PLATE VOLTS 

400 
92CS—9866T2 

TYPE 7059 
PENTODE UNIT 
GRID-No.2 VOLTS = 110 

GRID No. I VOLTS Ed s0 

22 

100 150 200 250 300 
PLATE VOLTS 92CS-9Q09T 
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Refer to chart at end of section. 

Refer to chart at end of section. 

Refer to chart at end of section. 

7189 POWER PENTODE 

Miniature type used as power amplifier tube in high- 
fidelity audio equipment. Outlines section, 6G; requires 
miniature 9-contact socket. 

Heater Voltage   
Heater Current   
Peak Heater-Cathode Voltage  
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 ... 
Grid No.l to Heater   

Class At Amplifier 
CHARACTERISTICS 
Plate Voltage  Grid-No.2 (Screen-Grid) Voltage .. 
Grid-No.l (Control-Grid) Voltage . 
Mu-Factor, Grid No.2 to Grid No.l 
Plate Resistance (Approx.)   Transconductance   
Plate Current   
Grid-No.2 Current   

6.3 volts 
0.76 ampere 

±100 max volts 

250 volts 
260 volts 

—7.3 volts 
19.6 

40000 ohms 
11300 /tmhos 

48 mA 
6.6 mA 

Push-Pull Class ABj Amplifier 

MAXIMUM RATINGS (Design-Center Values) 
Plate Voltage   
Grid-No.2 Voltage  
Cathode Current   
Plate Dissipation     Zero-Signal Grid-No.2 Input   
Maximum-Signal Grid-No.2 Input   
TYPICAL OPERATION (Values are for two tubes) 
Plate Supply Voltage   
Plate Voltage   
Grid-No.2 Supply Voltage   
Grid-No.2 Voltage   
Grid-No.l 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   
Effective Load Resistance (Plate-to-plate)   
Total Harmonic Distortion    Maximum-Signal Power Output   
MAXIMUM CIRCUIT VALUES 
Grid-No. 1-Circuit Resistance     

Grid-No.2 
Special 

Connection* 
400 376 volts 
300 • volts 

65 66 mA 
12 12 watts 

2 2 watts 
4 4 watts 

375 volts 
400 — volts 
300 • volts 

—15   volts 
220 ohms 

14.8 17.7 volts 
15 70 mA 

105 81 mA 
1.6 • mA 
26 • mA 

8000 11000 ohms 
4 3 per cent 

24 16.5 watts 
Fixed Bias Cathode Bias 

0.3 1 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 tap (B-B so as to supply 43 per cent of the plate signal voltage to 
grid No.2 of each output tube. 
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MEDIUM-MU TRIODE— T-inn 
SHARP-CUTOFF PENTODE 7199 

Miniature type used in high-quality, high-fidelity audio 
equipment, particularly in phase splitters, tone-control 
amplifiers, and high-gain voltage amplifiers. Outlines 
section, 6B; requires miniature 9-contact socket. For 
operation as resistance-coupled amplifier, refer to Re- 
sistance-Coupled Amplifier section. In direct-coupled 
voltage-amplifier phase-splitter circuits, the pentode 
unit should drive the triode unit. 

Heater Voltage (ac/dc)   
Heater Current  ;    
Heater-Cathode Voltage:    

Peak value   
Average value  .!.!!!]!!.!! 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, Gi'id No.3, and 

Internal Shield   
Plate to Cathode, Heater, Grid No.2, Grid No.3," 'and  

Internal Shield     

6.3 volts 0.45 ampere 
±200 max volts 100 max volts 

2 PF 2.3 pF 
0.3 pF 

0.06 max pF 
5 pF 
2 PF 

EQUIVALENT-NOISE AND HUM VOLTAGE REFERENCED TO GRID 
Triode Unit Pentode Unit Median Value (rms)   XOf 35. 

Maximum Value (rms)   jBOf 100« JtV 
f Measured in true rms" units under the following conditions: heater volts (ac), 6 3: center 
tap of 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 between 25 and 10000 cycles per second. 
•Same conditions as for triode unit except: Brid-No.2 supply volts, 250 : grid-No.2 resistor, 
0.33 megohm: grid-No.2-bypass capacitor, 0.22 /iF; cathode resistor, 1200 ohms; and grid-No 1 
resistor, 0.05 megohm. 

Class ^ Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage   
Grid-No.2 (Screen-Grid) Voltage  .!.!!.! 
Grid-No.2 Supply Voltage  !!!.!!! 
Gnd-No.l (Control-Grid) Voltage, Positive-bias vaiue 
Plate Dissipation   
Grid-No.2 Input: 

For grid-No.2 voltages up to 165 volts   
For grid-No.2 voltages between 165 and 330 volits 

Triode Unit Pentode Unit 
330 330 
— See curve page 300 
— 330 

0 0 v 

2.4 3 

— See curve page 300 

TYPE 7199 
TRIODE UNIT 

200 300 
PLATE VOLTS 

400 
92CS-9693T 

TYPE 7199 
PENTODE UNIT 
GRID-No. 2 VOLTS =130 

I GRID-NO.I VOLTS ECI'-I 
W~~ I 

0^  
—-3- 

i = = ^ = ^ 
100 200 300 

PLATE VOLTS 
400 

92CS-9T0IT 
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CHARACTERISTICS Triode Unit Pentode Unit 
Plate Supply Voltage   216 B0 .-q 
Grid-No.2 Supply Voltage    — ™ _ 
Grid-No.l Voltage   8-0 1nnn 62 Cathode-Bias Resistor   17 

1 _   
Amplification Factor     n anal 1 0 4 
Plate Resistance (Approx.)   J 70(j0 Transconductance    12 g Plate Current      n oK . o'c Grid-No.2 Current      •   ; ~ u'6b 

Grid-No.l Voltage (Approx.) for plate current     
of 10 /iA    4U 

MAXIMUM CIRCUIT VALUES Triode Unit Pentode Unit 
Grid-No.1-Circuit Resistance:* n_ ft 9R For fixed-bias operation   

For cathode-bias operation   
* If either unit is operated at maximum rated conditions, grid-No.l-circuit resistance 
units should not exceed the stated value. 

megohm 
/zmhos 

mA 
mA 

megohm 
megohm 
for both 

7947 DUAL TRIODE 
j a (sTT' 

Miniature type used for combined first- and second- ^ 
stage audio preamplification in high-fidelity phonograph 2(Twjha—^3(2) 
or tape equipment. Tube has high-mu unit and medium- 
mu unit. Outline 8B, Outlines section. Tube requires 
miniature nine-contact socket and may be operated m Qj 
any position. Heater: volts (ac/dc), 12.6 (series), 6.3 PT2 HM 

(parallel); amperes, 0.15 (series), 0.3 (parallel). 9A 
Class Ai Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 

Plate Voltage 
Grid Voltages 

Positive-bias value 
Plate Dissipation   Heater-Cathode-Voltage: 

Peak value   
Average value   

CHARACTERISTICS 

Unit Unit 
No.l No.2 

.. 330 330 volts 
65 55 volts 

0 0 volts 
22 mA 

1.2 3 watts 
±200 max volts 

100 max volts 

Plate Voltage   
Grid Voltage   Amplification Factor   
Plate Resistance (Approx.)   Transconductance   
Plate Current    • • ■ • 
Grid Voltage (Approx.) for plate current of 10   

Unit No.l 
100 250 
—1 —2 
100 100 

80000 62500 
1250 1600 

0.5 1.2 

Unit No.2 
100 250 

0 —8.5 
20 17 

500 7700 
100 2200 
il.8 10.5 

megohms 
megohm 

maximum circuit values Unit Unit 
No.l No.2 Grid-Circuit Resistance. _ ^ « c mav metrohms 

For fixed-bias operation   15 0-5 max 
For cathode-bias operation   — 1 max megonm 

HUM OUTPUT VOLTAGE 
Average Value (rms, cathode bypassed)"    wolta 
Maximum Value (rms, cathode unbypassed)*   
0 The dc component must not exceed 100 volts. 
■ Measured in "true rms" units under the following conditions: heater volte (ac), 6.S 

Parallel connection); 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 fit; grid resistor, 0 ohms; amplifier covering frequency range 
26 to 10000 cps. , 

• Same conditions as above, except that cathode resistor is unbypassed and grid resistor 
is 0.05 megohm. 
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7258 

Refer to chart at end of section. 

POWER PENTODE 7355 
Glass octal type used in the power-output stage of 
high-fidelity audio-frequency amplifier systems. Out- 
lines section, 13F; requires octal socket. Heater: volts 
(ac/dc), 6.3; amperes, 0.8; maximum heater-cathode 
volts, ±200 peak, 100 average. 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage   
Grid-No.2 (Screen-Grid) Voltage   
Grid-No.1 (Control-Grid) Voltage, Positive-biaa value  
Average Cathode Current   
Plate Dissipation  j. 
DC Grid-No.2 Input  !!..!!! 
TYPICAL OPERATION AND CHARACTERISTICS 
Plate Voltage   oro 
Grid-No.2 Voltage    22K 
Grid-No.l Voltage  !..!..!!!!!!!!' —15 
Peak AF Grid-No.l Voltage  15 
Plate Resistance (Approx.)  !!!!!!!! 42000 
Transconductance  !!!!!!!! 7600 
Zero-Signal Plate Current 62 
Maximum Signal Plate Current  !!!.!!!!! 74 
Zero-Signal Grid-No.2 Current   3.2 
Maximum-Signal Grid-No.2 Current  !!!!! 16!5 
Load Resistance   2600 
Total Harmonic Distortion (Approx.)  .!.'!! 16 
Maximum-Signal Power Output   9 
Grid-No.l Voltage (Approx.) for plate current of 600 /iA   —36 
MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation   0.3 
For cathode-bias operation   1 

• Grid-No.2 input may reach 7 watts during peak levels of speech and music signals. 

volts 
volts 
volts 
volts 
ohms 

/xmhos 
mA 
mA 
mA 
mA 

ohms 
per cent 

watts 
volts 

megohm 
megohm 

Push-Pull Class AB, Amplifier 
MAXIMUM RATINGS (Same as for class Ai amplifier) 
TYPICAL OPERATION (Values are for two tubes) 
Plate Voltage   300 
Grid-No.2 Voltage  250 
Grid-No.l Voltage  —21 
Peak AF Grid-No.l Voltage   42 
Zero-Signal Plate Current  100 
Maximum-Signal Plate Current   185 
Zero-Signal Grid-No.2 Current   6.6 
Maximum-Signal Grid-No.2 Current  24 
Effective Load Resistance (Plate-to-plate)   4000 
Total Harmonic Distortion   2 
Maximum-Signal Power Output   28.6 

300 400 volts 250 300 volts —21 —34 volts 42 60 volts 100 56 mA 185 175 mA 6.5 3.5 mA 24 24 mA 4000 6000 ohms 2 6 per cent 28.6 40 watts 

Refer to chart at end of section. 7360 
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BEAM POWER TUBE 

Glass octal type used as output amplifier tube in high- 
quality sound systems. Outlines section, 13D; requires 
octal socket. 
Heater Voltage (ac/dc)   
Heater Current   Heater-Cathode Voltage: 

Peak value   
Average value ;   

Direct Interelectrode Capacitances 1 
Grid No.l to Plate  ij'-ij'k' 
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   
Grid-No.2 (Screen-Grid) Voltage  
Grid-No.2 Input   
Plate Dissipation   
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  
Maximum-Signal Plate Current 
Zero-Signal Grid-No.2 Current .. . 
Maximum-Signal Grid-No.2 Current 
Plate Resistance (Approx.)    Transconductance   
Load Resistance . .t t  
Total Harmonic Distortion   Maximum-Signal Power Output 
MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation ...... 
For cathode-bias operation   

60 250 volts 
260 250 volts 

0 —12.5 volts 
12.5 volts 

100» 45 mA 
47 mA 

22* 4.6 mA 
7 mA   50000 ohms 

  4100 /imhos ■ 5000 ohms   7 per cent 
— 4.5 watts 

• This value can be measured by a method involving a 
maximum ratings of the tube will not be exceeded. 

  0.1 megohm 
  0.5 megohm 
recurrent waveform such that the 

7543 SHARP-CUTOFF PENTODE 

Miniature type used in compact audio equipment. Out- 
lines section, 5C; requires miniature 7-contact socket, is 
This type is identical with miniature type 6AU6A ex- gi 
cept that it has a controlled hum characteristic. 7BK 
HUM OUTPUT VOLTAGE 
Average Value, (rms, cathode bypassed)   l-2t milhyoltH 
Average Value (rms, cathode unbypassed)    OV* millivolt 
f Measured in "true rms" units under the following conditions: heater volts (ac), 6.3 i center 
tap of heater transformer connected to ground; plate and grid-No.2 supply volts, 260; plate 
load resistor, 0.27 megohm ; grid No.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 megohms; and stage gain, 340. 
• Same conditions as above except that cathode resistor is unbypassed and stage gain is 110. 
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BEAM POWER TUBE 7551 
INDUSTRIAL 

TYPE x xm 
Miniature type for use as a class C radio-frequency 
amplifier, oscillator, and frequency-multiplier up to 
175 MHz in mobile communications epuipment. Outlines 
section, 6E; requires miniature 9-contact socket. Curves 
shown under type 7558 also apply to the 7551. 

Heater Voltage (ac/dc)   i q k -t-i i: 
Heater Current       ;;;  -1-6 

Peak Heater-Cathode Voltage     •+-i<hnmav 
Direct Interelectrode Capacitances: 

Grid No.l to Plate    0 Ifi mav 
Grid No.l to Cathode, Grid No.3, Grid No.2 and Heater ' 10 
Plate to Cathode, Grid No.3, Grid No.2 and Heater ...  55 

Bulb Temperature (At hottest point on bulb surface)   225 max. 
MAXIMUM CIRCUIT VALUE 
Grid-No.l-Circuit Resistance- •CCS or ICAS operation 

Class Ai Amplifier 
CHARACTERISTICS 
Heater Voltage   10 k 
piate Voltage   yL-S ^ f3 

fJvirl "NTrv Q    volts 
Grid-No 2 Vo'liage'' Z'       Connectcd to cathode at socket 
Grid-No. 1 Voltage     Z]1? 
Mu-Factor, Grid No.2 to Grid No.l    o? 
Transconductance      cqan 
Plate Current      535X """H3 

Grid-No.2 Current  .'   , "V 

AF Power Amplifier & Modulator—Class AB^ 
MAXIMUM CCS* RATINGS (Absolute-Maximum Values) 
DC Plate Voltage       07- .. 
Grid No.3 (Suppressor Grid)     n DC Grid-No.2 (Screen-Grid) Voltage   ''' 300 voltq 
Max.-Signal DC Plate Current*      70 VS1a 
Max.-Signal Plate Input*    o, 
Max.-Signal Grid-No.2 Input"     o 
Plate Dissipation*    10 watts 
TYPICAL CCS PUSH-PULL OPERATION 

Values are for 2 tubes 
Heater Voltage   .q K   
GrMPNo%Voltaee     MO 
DC Grid-No.2 ' Voltage§'     Connected to cathode at socket 
DC Grid-No.i voltages    
Peak AF Grid-No.l-to-Grid-No.l Voltage   in 
Zero-Signal DC Plate Current   in 
Max.-Signal DC Plate Current   iok HJa 
Zero-Signal DC Grid-No.2 Current   2 ™a 
Max.-Signal DC Grid-No.2 Current     14 JJJa 
Effective Load Resistance (Plate to plate)   ROOn nil™- 
Max.-Signal Driving Power     o Znnl 
Total Harmonic Distortion   5 
Max.-Signal Power Output (Approx.)  ! 20.5 watts 

DC Grid-No.2 Voltage^   
DC Grid-No.1 Voltage]}   
Peak AF Grid-No,1-to-Grid-No.l Voltage 
Zero-Signal DC Plate Current   
Max.-Signal DC Plate Current   
Zero-Signal DC Grid-No.2 Current   
Max.-Signal DC Grid-No.2 Current   
Effective Load Resistance (Plate to plate) 
Max.-Signal Driving Power   
Total Harmonic Distortion   
Max.-Signal Power Output (Approx.) ... 

RF Power Amplifier & Oscillator—Class C Telegraphyt 
and 

RF Power Amplifier—Class C FM Telephony 
MAXIMUM RATINGS (Absolute-Maximum Values) 

DC Plate Voltage   
Grid No.3 (Suppressor Grid) 

Up to 175 MHz 
CCS* ICAS** 

375 376 
0 0 
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DO Grid-No.2 (Screen-Grid) Voltage .. 
DC Grid-No. 1 (Control-Grid) Voltage 
DC Plate Current   
DC Grid-No.2 Current   
DC Grid-No.l Current   
Plate Input   Grid-No.2 Input  
Plate Dissipation   
TYPICAL OPERATION 

300 300 
—125 —126 

70 80 
15 15 

5 6 
21 24 

2 2 
10 12 

As amplifier at 175 MHz 
Heater Voltage    ^ 
2C. Voltalte   Connected to cathode s 
DC Gr°Ao:2 Voiiageob- :::::::::::::  200 200 250 
DC Grid-No.l Voltage ®®   —f —« — 

Peak EF Grid-No.l Voltage   « " 
DC Plate Current    „60 ,7" -"V 
DC Grid-No.2 Current      J-7 °-7 ?-i 
DC Grid-No.l Current (Approx.)   Lo 2.1 1.0 
Driver Power Output (Approx.)**   1 J 
Useful Power Output (Approx.)*   o-fi li-5 lu 

Plate-Modulated RF Power Amplifier—Class C Telephony 
Carrier conditions per tube for use with a maximum modulation factor of 1 

MAXIMUM RATINGS (Absolute-Maximum Values) 
Up to 175 MHz 

CCS® ICAS®® 
13.5 13.5 13.5 volts 
250 300 300 volts 
Connected to cathode at socket 

200 200 250 volts 
—40 —42 —55 volts 

47 52 62 volts 
60 70 80 mA 
3.7 3.7 6.1 mA 
1.5 2.1 1.6 mA 

1 1 1.5 . watts 
6.5 8.5 10 watts 

DC Plate Voltage     
Grid No.3 (Suppressor Grid)    
DC Grid-No.2 (Screen-Grid) Voltage 
DC Grid-No.l (Control-Grid) oltage . 
DC Plate Current    
DC Grid-No.2 Current   
DC Grid-No.l Current   
Plate Input   
Grid-No.2 Input   
Plate Dissipation    

iCASa* 
300 

0 
300 

—125 
70 
10 

5 
17.5 

1.4 
8 

TYPICAL OPERATION 
Heater Voltage   
DC Plate Voltage   
Grid No.3   
DC Grid-No.2 Voltage*   
DC Grid-No.l Voltage*     From a grid-No. 1 resistor of 
EF Grid-No.l Voltage   DC Plate Current   
DC Grid-No.2 Current   
DC Grid-No.l Current (Approx.) 
Driving Power (Approx.)**   
Useful Power Output*    

At 175 MHz 

Connected to cathode at socket 

Frequency Multiplier 
MAXIMUM RATINGS (Absolute-Maximum Values) 

DC Plate Voltage    
Grid No.3 (Suppressor Grid)      
DC Grid-No.2 (Screen-Grid) Voltage .. 
DC Grid-No.l (Control-Grid) Voltage 
DC Plate Current   
DC Grid-No.2 Current   
DC Grid-No.l Current   
Plate Input  
Grid-No.2 Input      
Plate Dissipation   

ICASa* 
375 

0 
300 

—125 
60 
16 

5 
16 

2 
12 

TYPICAL OPERATION 
Heater Voltage   
DC Plate Voltage   
Grid No.3   
DC Grid-No.2 Voltage   
DO Grid-No.l Voltage®®    From a grld-No.l resistor of 
Peak EF Grid-No.l Voltage   

As doubler to 175 MHz 

Connected to cathode at socket 
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DC Plate Current   
DC Grid-No.2 Current   
DC Grid-No„l Current (Appro*,) 
Driving Power (Appro*.)AA 
Useful Power Output*   

Heater Voltage   
DC Plate Voltage   
Grid No.3   
DC Grid No.2 Voltage  
DC Grid-No. 1 Voltage®©    

From a grid-No.l resistor of 
Peak RF Grid-No.l Voltage   
DC Plate Current   
DC Grid-No.2 Current   
DC Grid-No.l Current (Appro*.) 
Driving Power (Appro*. )aa   
Useful Power Output*   

As tripler to 175 MHz 

50 60 mA 2.6 3.5 mA 1 1.5 mA 0.4 0.6 watt 3 4.5 watts 

13.5 13.5 volts 200 250 volts Connected to cathode at socket 200 250 volts —90 —120 volts 50000 70000 ohms 105 130 volts 50 60 mA 3 3.9 mA 1.85 1.7 mA 0.4 0.6 watt 1.4 2.3 watts 
^ * indicates that grid-No.l current does not flow during any part of the input 

© Continuous Commercial Service. 
•• Intermittent Commercial and Amateur Service. 
■ Averaged over any audio-frequency cycle of sine-wave form. 
t Key-down conditions per tube without amplitude modulation. Amplitude modulation essen- 

tmlly negative may be used if the positive peak of the audio-frequency envelope does not 
exceed 115% of the carrier conditions. 

§ Obtained preferably from a fixed supply. 
Da Obtained preferably from a separate source or from the plate-voltage supply with a volt- age divider. If a series resistor is used, it should be adjustable to obtain the desired 

operating plate current after initial tuning adjustments are completed. 
®e Obtained from a grid-No.l resistor or from a combination of grid-No.l resistor with 

either fixed supply or cathode resistor. 
Driver stage is required to supply tube losses and rf-circuit losses. The driver stage 
should be designed to provide an excess of power above the indicated values to take care 
of variations in line voltage, components, initial tube characteristics, and tube charac- 
teristics during life. 

* Measured at load. 
A Obtained preferably from a separate source modulated along with the plate supply, or 

from the modulated plate supply through a series resistor. It is recommended that this 
resistor be adjustable to obtain the desired operating plate current after initial tuning 
adjustments a^e made. 

* Obtained from a grid-No.l resistor or from a combination of grid-No.l resistor with 
either fixed supply or cathode resistor. The combination of grid-No.l resistor and fixed 
supply has the advantage of,not only protecting the tube from damage through loss of excitation but also of minimizing distortion by bias-supply compensation. 

Special Ratings & Performance Data 
HEATER-CYCLING LIFE PERFORMANCE 
Cycles of Intermittent Operation   2000 min. cycles 
LOW-FREGUENCY VIBRATION PERFORMANCE 
RMS Output Voltage   200 max. mV 

BEAM POWER TUBE 7558 
INDUSTRIAL 

TYPE 
Miniature type for use as a class C radio-frequency 
amplifier, oscillator, and frequency-multiplier up to 
175 MHz in mobile communications equipment. Outlines 
section, 6E; requires miniature 9-contact socket. This 
type is identical with type 7551 except for heater volt- 
age and current. Special ratings and performance data 
for the 7551 do not apply to the 7558. 

6.3 ±6% 
o.s 
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ft' — TYPE 7558 I GRID No.3 CONNECTED -lb—10- TO CATHODE AT 
-r—T— SOCKET. I GRID No.2 VOLTS*250 

TYPE 7558 
GRID-No.3 CONNECTED TO CATHODE 
- AT SOCKET 
GRID-No 2 VOLTS = 250 

' VOLTS ECI'0 

  

■ 100 200 300 400 
PLATE VOLTS 92CS-I0304T- 

100 200 
PLATE VOLTS 

300 
92CS-I0307TI 

7581A BEAM POWER TUBE 
Glass octal type used in af power-amplifier applica- 
tions. Outlines section, 19D; requires octal socket. For 
typical operation as push-pull class At, class ABi, and 
class ABo amplifier, refer to type 6L6GC. This tube, 
like other power-handling tubes, should be adequately 
ventilated. Heater: volts (ac/dc), 6.3; amperes, 0.9; 
maximum heater-cathode volts, ±200. 

62 C| 
G) (S) 

Class Ai Amplifier 

MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltasre     
Grid-No.2 (Screen-Grid) Voltage   
Plate Dissipation      
Grid-No.2 Input  

Triode 
Connection41 

450 

MAXIMUM CtRCUIT VALUES 
Grid-No.1-Circuit Resistance: 

For fixed-bias operation 
For cathode-bias operation 

Class At Amplifier (Pentode Connection) 
MAXIMUM RATINGS (Same as for Class Ai Amplifier) 
TYPICAL OPERATION 
Plate Voltage   
Grid-No.2 Voltage   
Grid-No.1 Voltage   
Plate Resistance (Approx.)   Transconductance   
Plate Current   
Grid-No.2 Current   
Load Resistance  #  
Total Harmonic Distortion Maximum-Signal Power Output 

Class A, Amplifier (Triode Connection) 
MAXIMUM RATINGS (Same as for Class Ai Amplifier) 
TYPICAL OPERATION 
Plate Voltage   Grid-No.l Voltage   
Peak AF Grid-No.l Voltage   

Pentode 
Connection 

600 volts 
450# volts 35 watts 

5 watts 

megohm 
megohm 

70 250 volts 
300 260 volts 

OA —14 volts 
22500 ohms   6000 /tmhos 

210 72 m A 
26 5 mA 

2500 ohms   10 per cent 
— 6.5 watts 
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AmpJification Factor   
Plate Resistance (Approx.)   
Transconductance   
Zero-Signal Plate Current   
Maximum-Signal Plate Current   
Load Resistance   
Total Harmonic Distortion (Approx.) 
Maximum-Signal Power Output   
* Grid No.2 connected to plate. 
# 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. 
A Applied for short interval (2 seconds) so as not to damage tube. 

INDEX'LARGE LU9 ••SHORT PIN—IC 

MEDIUM-MU TRIODE 7586 
INDUSTRIAL 

TYPE 
Nuvistor type, medium-mu general purpose triode for 
use as an amplifier or oscillator at frequencies extend- 
ing into the UHF region. Outlines section, 1; requires 
nuvistor socket. 

Heater Voltage (ac/dc)   
Heater Current   
Peak Heater-Cathode Voltage   
Direct Interelectrode Capacitance (Approx.): 

Grid to Plate   
Grid to Cathode, Heater, and Shell   
Plate to Cathode, Heater, and Shell   
Plate to Cathode     
Heater to Cathode   

6.3 ±0.6 
0.135 
±100 max. 

Industrial Service 
MAXIMUM RATINGS (Absolute-Maximum Values) 

For operation at any altitude 
Plate Supply Voltage   
Plate Voltage   
Grid Voltage: 

Negative-bias value   
Peak-positive value   

Grid Current   
Cathode Current      
Plate Dissipation     
MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance:* 

For fixed-bias operation ... 
For cathode-bias operation megohm 

megohm 
• For operation at metal-shell temperature of ISO'C. For operation at other metal-shell tem- 

peratures, see Grid-Circuit Resistance Rating Chart, 

Class A, Amplifier 
CHARACTERISTICS 
Plate Supply Voltage   
Plate Voltage   
Grid Supply Voltage   
Cathode Resistor     
Amplification Factor   
Grid Resistor   
Plate Resistance (Approx.)   
Transconductance   
Plate Current  
Grid Voltage (Approx.) for plate /(A = 10 

— — 75 volts 26.5 40 — volts 0 0 0 volt —■ — 100 ohms 31 35 35 0.5 0.5 — megohm 4400 3000 3000 ohms 7000 11500 11600 /tmhos 2.8 7.5 10.5 mA 
— ■ — —7 volts 
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Special Ratings & Performance Data 
SHOCK RATING 
Peak Impact Acceleration 
FATIGUE RATING 
Peak Vibrational Acceleration 

GRID-CIRCUIT-RESISTANCE RATING CHART 
TYPE 7586 

CATHODE 
$ 

50 100 150 200 250 
METAL-SHELL TEMPERATURE—0C 92CS-II9IIT 

40 60 80 100 
PLATE VOLTS 92CS-10460T2 

7587 
INDUSTRIAL 

TYPE 
SHARP-CUTOFF TETRODE 

Heater Voltage (ac/dc)   
Heater Current   
Peak Heater-Cathode Voltage   
Direct Interelectrode Capacitances: 

Grid No.l to Plate   
Grid No.l to Cathode, Grid No.2, Shell, and Heater 
Plate to Cathode, Grid No.2, Shell, and Heater . . 
Heater to Cathode   

Industrial Service 
MAXIMUM RATINGS (Absolute-Maximum Values) For operation at any altitude 
Plate Supply Voltage   
Plate Voltage   
Grid-No.2 (Screen-Grid) Supply Voltage    
Gvid-No.2 Voltage   
Grid-No.1 (Control-Grid) Voltage: 

Negative-bias value   
Peak-positive value   

Cathode Current   
Grid-No.1 Current     
Grid-No.2 Input     
Plate Dissipation   
MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance:* 

For fixed-bias operation   
For cathode-bias operation   

• For operation at metal-shell temperature up to 150oC. 

m 

Nuvistor type sharp-cutoff general-purpose tetrode for 
use in a wide variety of industrial applications. Out- 
lines section, 1A1; requires nuvistor socket. 

INDEX* LARGE LUG • •SHORT PIN—IC 

6.3 ±0.6 
0.150 
±100 max. 
0.015 max. 

7.0 
1.4 
1.4 

megohm 
megohm 
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Class Ai Amplifier 
CHARACTERISTICS 
Plate Supply Voltage    
Grid-No.2 Supply Voltage   
Cathode Resistor   
Plate Resistance (Approx.)   
Transconductance   
Plate Current   
Grid-No.2 Current   
Grid-No.1 Voltage (Approx.) for plate aA = 10 

volts 
volts 
ohms 

megohm 
/tmhos 

mA 
mA 

volts 

TYPE 7587 
PLATE VOLTS 8125 
GRIO-No.2 VOLTS"50 

5 -4 -3 -2 -I 
GRID-No. I VOLTS 

Special Ratings & Performance Data 
SHOCK RATING 
Impact Acceleration .... 
FATIGUE RATING 
Vibrational Acceleration 

Refer to chart at end of section. 

POWER PENTODE 7591A 
Glass octal type used as audio-frequency power-out- 
put tube in high-quality audio applications. Outlines 
section, 13D; requires octal socket. Heater: volts 
(ac/dc), 6.3; amperes, 0.8; maximum heater-cathode 
volts, ±200 peak, 100 average. 

Class A, Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage  
Grid-No.2 (Screen-Grid) Voltage 
Cathode Current  
Plate Dissipation   
Grid-No.2 Input     
TYPICAL OPERATION AND CHARACTERISTICS 
Plate Voltage   
Grid-No.2 Voltage   
Grid-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   
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Maximum-Signal Grid-No.2 Current   -"j 
Triode Amplification Factor*   lb*° 
Plate Resistance (Approx.)   Transconductance     
Load Resistance     Vo 
Total Harmonic Distortion    • A!? Maximum-Signal Power Output   
MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: . 

For fixed-bias operation   u'^ 
For cathode-bias operation   

• Grid-No.2 input may reach 6 watts during peak levels of speech and music signals. 
♦Triode connection, grid No.2 connected to plate. 

Push-Pull Class AB, Amplifier 
MAXIMUM RATINGS (Same as for Class Ai Amplifier) 
TYPICAL OPERATION (Values are for two tubes) Fixed Bias Cathode Bias 
Plate Supply Voltage   350 450 460 
Grid-No.2 Supply Voltage   dBO 400 400 
Grid-No.l Supply Voltage   'L 

Cathode-Bias Resistor 9ftf. 
(Common to both cathodes)    

Peak AF Grid-No.l-to-Grid-No.l Voltage   31 42 28 
Zero-Signal Plate Current   92 66 82 Maximum-Signal Plate Current   130 144 04 
Zero-Signal Grid-No.2 Current   13 M ll.B 
Maximum-Signal Grid-No.2 Current .....    28 6 30 22 
Effective Load Resistance (Plate-to-plate)   6600 6600 9000 
Total Harmonic Distortion   2 1.5 ^ Maximum-Signal Power Output   4" 90 4° 

Refer to chart at end of section. 

7717/6CY5 Refer to chart at end of section. 

7724/14GT8 Refer to chart at end of section. 

7868 POWER PENTODE 
Novar type used in output stages of high-fidelity audio 
amplifiers and radio receivers. Outlines section, 11C or 
30D; requires novar 9-contact socket. This tube, like 
other power-handling tubes, should be adequately ven- 
tilated. 

Heater Voltage (ac/dc)   
Heater Current   Heater-Cathode Voltage: 

Peak value   
Average value         

Direct Interelectrode Capacitances (Approx.): 
Grid No.l to Plate    • • • • • • •••••• • v,'' n' 
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     
Grid-No.2 (Screen-Grid) Voltage ... 
Average Cathode Current   
Plate Dissipation   
Grid-No.2 Input    
Bulb Temperature (At hottest point) 

±200 max 
100 max 
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TYPICAL OPERATION AND CHARACTERISTICS 
Plate Supply Voltage   
Grid-No.2 Voltage   
Grid-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   
Plate Resistance (Approx.)   
Transconductance   
Effective Load Resistance   
Total Harmonic Distortion   
Maximum-Signal Power Output   

300 volts 
300 volts 

—10 volta 
10 volts 60 mA 
75 mA 

8 mA 
15 mA 

29000 ohms 
10200 /tmhos 

3000 ohms 
13 per cent 
11 watts 

TYPE 7868 ' 
GRID-Na2 VOLTS8300 

EC|s0 

100 200 300 400 500 600 
PLATE VOLTS 92CSHI075T 

MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: For fixed-bias operation   0.3 meuohm 

tor cathode-bias operation   1 megohm 
■ In push-pull circuits where the grid No.2 of each tube is connected to a tap on the plate 
winding of the output transformer, this maximum rating is 440 volts. 
• Grid No.2 input may reach 6 watts during peak levels of speech and music signals. 

Push-Pull Class AB, Amplifier 
MAXIMUM RATINGS (Same as for class Ai amplifier) 
TYPICAL OPERATION (Values are for two tubes) 

Cathode 
t>i t o i ir i. Fixed Bias Bias 
£ M%|!UPoly V?lt?,e'L  300 360 ,,00 460 «0 460 volts Grid-No.2 Supply Voltage  300 360 360 360 400 400 volts 

t  —12-6 —16-6 —16 —10.6 —21 — volts Cathode-Bias Resistor (Common 
to both cathodes)    —         

Peak AF Grid-No.l-to- 170 ohm3 

Grid-No.l Voltage   26 31 32 33 42 31 volts 
Zero-Signal Plate Current   74 72 64 60 40 86 mA 
Maximum-Signal Plate Current. 116 130 136 142 146 94 mA 
Zero-Signal Grid-No.2 Current . 10 9.6 8 7 2 6 10 mA 
Maximum-Signal Grid-No.2 " 

current ... ...   28 32 28 26 30 20 mA 
Effective Load Resistance 
mi^tf-to-Plate)   6600 6600 6600 6600 6600 10000 ohms Total Harmonic Distortion 6 2.6 2 2.6 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) 
TYPICAL OPERATION (Values are for two tubes) 
Plate Supply Voltage   
Grid-No.2 Supply Voltage  '' 
Grid-No.l Voltage    
Cathode-Bias Resistor (Common to both cathodes) 

Fixed Bias Cathode Bias 
400 425 
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Peak AF Grid-No.l-to-Grid-No.l Voltage    41 42 volts 
Zero-Signal Plate Current   60 88 riiA 
Maximum-Signal Plate Current   116 166 
Zero-Signal Grid-No.2 Current   jj 12 mA 
Maximum-Signal Grid-No.2 Current   18 16 mA 
Effective Load Resistance (Plate-to-plate)   6600 6600 ohms 
Total Harmonic Distortion   2.6 3.5 per cent 
Maximum-Signal Power Output   23 21 watts 
* Grid No.2 supply voltage is obtained from taps on the primary winding of the output trans- 
former. The taps are located on each side of the center tap (B+) so as to apply 50 per cent 
of the plate signal voltage to the grid No.2 of each output tube. 

7895 
INDUSTRIAL 

TYPE 
HIGH-MU TRIODE 

Nuvistor type high-mu triode for use in a wide variety 
of industrial applications. Outlines section, 1; requires 
nuvistor socket. 
Heater Voltage (ac/dc)    
Heater Current   
Peak Heater-Cathode Voltage   
Direct Interelectrode Capacitances (Approx.): 

Grid to Plate    
Grid to Cathode, Shell, and Heater   
Plate to Cathode, Shell, and Heater   
Plate to Cathode   
Heater to Cathode   

Industrial Service 
MAXIMUM RATINGS (Absolute-Maximum Values) 

For operation at any altitude 
Plate Supply Voltage     
Plate Voltage    
Grid Voltage: Negative-bias value   

Peak-positive value    
Grid Current   
Plate Current   
Cathode Current   
Plate Dissipation   
MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance:* 

For fixed-bias operation   
For cathode-bias operation   

* For operation at metal-shell temperature up to 150oC. 
Class An Amplifier 

CHARACTERISTICS 
Plate Supply Voltage   
Grid Supply Voltage   
Cathode Resistor   
Amplification Factor   
Plate Resistance (Approx.)   Transconductance   
Plate Current    4      
Grid Voltage (Approx.) for plate fiA = 10   

SHOCK RATING 
Impact Acceleration .... 
FATIGUE RATING 
Vibrational Acceleration 

INDEX-LARGE LUG 
• •SHORT PIN —IC 

6.3 ±10% volts 
0.135 ampere 
±100 max. volts 

Special Ratings & Performance Data 
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TYPE 7895 

MAXIMUM'PLATE 
DISSIPATION I 

200 300 
PLATE VOLTS 98CS-I09$5T 

Refer to chart at end of section. 

BEAM POWER TUBE 7905 
INDUSTRIAL 

TYPE 
Miniature quick-heating-filament beam power tube for 
use as an RF oscillator, amplifier and frequency multi- 
plier in mobile communications equipment. Outlines 
section, 6E; requires miniature 9-contact socket. 

Operating: Position    
Vertical, base up or down, or Horizontal 
with pins 2 and 8 in vertical plane 

Filament Voltage   
Filament Current   
Heating Time   
Direct Interelectrode Capacitances: 

Grid No.l to Plate   
Grid No.l to Filament, Grid No.3, and Grid No.2 
Plate to Filament, Grid No.3, and Grid No.2 

Bulb Temperature (At hottest point on bulb surface) 
MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance     

6.3 ±10% volts 
0.66 ampere Less than 1 second 
0.14 max. pF 

8.5 pF 
6.6 pF 

225 max. 0C 

Class Ai Amplifier 
CHARACTERISTICS 
Plate Voltage    200 volts 
Grid No.3   Connected to pin 1 at socket 
Grid-No.2 Voltage   185 volts 
Grid-No.l Voltage   —6 volts 
Mu-Factor, Grid No.2 to Grid No.l   11.5 
Transconductance    6700 /imhos 
Plate Current   36 mA 
Grid-No.2 Current   2.5 mA 

RF Power Amplifier & Oscillator—Class C Telegraphy 
and 

RF Power Amplifier—Class C FM Telephony 
MAXIMUM ICAS1* RATINGS (Absolute-Maximum Values) 

DC Plate Voltage   
Grid No.3 (Suppressor Grid)   
DC Grid-No.2 (Screen-Grid) Supply Voltage 
DC Grid-No.2 Voltage   
DC Grid-No.l (Control-Grid) Voltage   
DC Plate Current   
DC Grid-No.2 Current   

Up to 175 MHz 
300 

Connect to pin 1 at socket 
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DC Grid-No.l Current 
Plate Input   
Grid-No.2 Input   
Plate Dissipation   

TYPICAL ICAS" OPERATION0 

As amplifier at 175 MHz 
r>r Plate Voltaire   30° 300 von3 

rvM NOq *    connected to pin i at socket 
DC Grid-No.2 Voitage3    I60 186 volt8 

DC Grid-No.l Voltage0 from a grid-No.l resistor of 
18,000 ohms   —38 38 

Peak RF Grid-No.l Voltage   <11 ^3 v£|^ 
DC Plate Current    60 60 mA 
DC Grid-No.2 Current       2.5 4 mA 
DC Grid-No.l Current (Approx.)   2 2.2 mA 
Driving Power' (Approx.)     1 1 watts 
Useful Power Outputs (Approx.)   5.5 7 watts 

Plate-Modulated RF Power Amplifier—Class C Telephony 
Carrier conditions per tube for use with a maximum modulation factor of 1 

MAXIMUM ICAS3 RATINGS (Absolute-Maximum Values) 
Up to 175 MHz 

!?5j , Voltage  . Connected to pin 1 at socket 
DC Grid'-No.2 voitage   m ^ 
DC Grid-No.l Voltage   —136 volM 
DC Plate Current     
DC Grid-No.2 Current   18 "Mf DC Grid-No l Current    8 w5to 
Plate Input   watts 
Grid-No.2 Input    1-| 
Plate Dissipation  ' walra 

volts 
at socket 

volts 

TYPICAL ICAS" OPERATION0 

At 175 MHz 
DC Plat3 Voltage  ! l!! i! ^ ' Connected'to pin 1 at soAel 
nr rSd-Nn i' voitage"'   • ■ • 250 wits 
DC Grid-No.l Voltage0 from a grid-No.l resistor of 33,000 ohms .. 70 volts 
Peak RF Grid-No.l Voltage   16 volM 
DC Plate Current   ,bS 
DC Grid-No.2 Current   
DC Grid-No.l Current (Approx.)   4-A ™fl 
Driving Power' (Approx.)     „ watts 
Useful Power Outputs (Approx.)   ,,■t, wans 

Frequency Multiplier 
MAXIMUM ICAS" RATINGS (Absolute-Maximum Values) 

FW,™8"6  Connected to "pin 1 at socket DC Grid-No.2* Supply Voitage'!!!!! ! i i   $£ 
DC Grid-No.2 Voltage   260 vo ra XJ\J Lxrxa-lNU.sS VUIWSMXS   10K DC Grid-No.l Voltage     'jS 
DC Plate Current   
DC Grid-No.2 Current   A: 
DC Grid-No.l Current   -2 
Plate Input   , K Grid-No.2 Input   Vq 
Plate Dissipation     

TYPICAL ICAS" OPERATION0 

As doubler to 175 MHz 
DC Plate Voltage   
Grid No.3    
DC Grid-No.2 Voltage4  .■ ,■ • ■ •    : 
DC Grid-No.l Voltage0 from a grid-No.l resistor of 53,000 ohms   
Peak RF Grid-No.l Voltage   
DC Plate Current    
DC Grid-No.2 Current   
DC Grid-No.l Current (Approx.)   Driving Power' (Approx.)   
Useful Power Output! (Approx.)   

260 300 volts 
Connected to pin 1 at socket 
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As tripler to 175 MHz 
DC Plate Voltage   250 250 volts 
Grid No.3    Connected to pin 1 at socket 
DC Grid-No.2 Voltaged   180 225 volts 
DC Grid-No. 1 Voltage' from a grid-No.l resistor of: 

50,000 ohms   —90 — volts 
60,000 ohms   — —108 volts 

Peak RF Grid-No.l Voltage    105 118 volts 
DC Plate Current   40 50 mA 
DC Grid-No.2 Current   2.5 3.4 mA 
DC Grid-No.l Current (Approx.)   1,8 1.8 mA 
Driving Power' (Approx.)   0.4 0.6 watt 
Useful Power Outputs (Approx.)   1.4 2 watts 
a Key-down conditions per tube without amplitude modulation. Amplitude modulation essen- 

tially negative may be used if the positive peak of the audio-frequency envelope does not 
exceed 115 per cent of the carrier conditions. b Intermittent Commercial and Amateur Service. c Pins 4 and 5 at rf ground. 

d Obtained preferably from a separate source or from the plate-voltage supply with a volt- 
age^ divider. If a series resistor is used, it should be adjustable to permit obtaining the 
desired operating plate current after initial tuning adjustments are completed. 6 Obtained from a grid-No.l resistor, or from a combination of grid-No.l resistor and 
either fixed supply or cathode resistor. The combination of grid-No.l resistor and fixed 
supply has the advantage of not only protecting the tube from damage through loss of 
excitation but also of minimizing distortion by bias-supply compensation. 

' Driving power includes circuit losses and is the actual power measured at the input to 
the grid circuit. 

e Measured at load. 
ll Obtained preferably from a separate source modulated along with the plate supply, or 

from the modulated plate supply through a series resistor. It is recommended that this 
resistor be adjustable to permit obtaining the desired operating plate current after initial 
tuning adjustments are made. 

TYPE 7905 T I I T" I I GRID No.3 CONNECTED TO PIN I AT SOCKET "n 
300 GRID-NO.2 VOLTS =185—1  I ' r.Rin-No.l VOLTS EC|= 5 

JO 100 200 300 400 
PLATE VOLTS 92CS-I9I78T 

#7% 

]( / ) 

INDEX-LARGE LUG •■SHORT PIN —IC 

MEDIUM-MU TRI0DE 8056 
INDUSTRIAL 

TYPE 
Nuvistor type, medium-mu triode for use in low volt- 
age industrial applications. Outlines section, 1; requires 
nuvistor socket. 

Heater Voltage (ac/dc)   
Heater Current   
Peak Heater-Cathode Voltage 

6.3 ±0.6 
0.135 
±100 
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Direct Interelectrode Capacitances (Approx.) s 
Grid to Plate   
Grid to Cathode, Shell, and Heater   
Plate to Cathode, Shell, and Heater   
Plate to Cathode   
Heater to Cathode       

Industrial Service 
MAXIMUM RATINGS (Absolute-Maximum Values) 

For operation at any altitude 
Plate Voltage   
Grid Voltage: 

Negative-bias value     
Peak-positive value   

Grid Current   
Cathode Current    
Plate Dissipation   
TYPICAL OPERATION 
Plate Supply Voltage   
Grid Supply Voltage   
Grid Resistor   
Amplification Factor   
Plate Resistance (Approx.) Transconductance   
Plate Current   
MAXIMUM CIRCUIT VALUES 
Grid-Circuit Resistance:* 

For fixed-bias operation   10 megohms 
For cathode-bias operation   10 megohms 

* For operation at metal-shell temperatures up to 150oC. For operation at other metal-shell 
temperatures, see Grid-Circuit Resistance Rating Chart. 

Class Ai Amplifier 
CHARACTERISTICS 
Plate Supply Voltage    24 volts Grid   Connected to negative end of cathode resistor 
Cathode Resistor   100 ohms 
Amplification Factor    11*6 
Plate Resistance (Approx.)    1530 ohms 
Transconductance      ^ » /imnofl 
Plate Current    8.7 mA 
Grid Voltage (Approx.) for plate /tA = 50   —5 volts 

Special Ratings & Performance Data 
SHOCK RATING 
Impact Acceleration   
FATIGUE RATING 
Vibrational Acceleration 

GRID-CIRCUIT RESISTANCE RATING CHART 
TYPE 8056 

CATHODE BIAS OR FIXED BIAS 

PLATE VOLTS 92CS-II469TI METAL-SHELL TEMPERATURE—'C 92CS-II479TI 
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515 

8058 

POWER PENTODE 8077/7054 
INDUSTRIAL 

^="^1 r TYPE 
Miniature type for use as a class C radio-frequency am- 
plifler, oscillator and frequency multiplier up to 40 MHz 

is in mobile communications equipment. Outlines section, 
9GK 6B; requires miniature 9-contact socket. 

Heater Voltage   
Heater Current    
Peak Heater-Cathode Voltage    
Direct Interelectrode Capacitances (Approx.): 

Grid No.l to Plate   
Grid No.l to all other Electrodes except Plate . 
Plate to all other Electrodes except Grid No.l 

13.5 ±1.5 
0.276 
±120 max. 

Class Ai—AF Power Amplifier 
MAXIMUM RATINGS (Absolute-Maximum Values) 
Plate Voltage   330 volte 
Grid-No.3 (Suppressor Grid)   Connected to cathode at socket 
Grid-No.2 (Screen-Grid) Voltage   180 volte 
Grid-No.l (Control-Grid) Voltage: 

Negative-bias value      55 volte 
Positive-bias value       0 volt 

Grid-No.2 Input     1 watt 
Plate Dissipation     5 watte 
MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation     0.1 megohm 
For cathode-bias operation    0.25 megohm 

CHARACTERISTICS 
Heater Voltage     13.5 volte 
Plate Supply Voltage        250 volte 

"S0, o -i  Connected to cathode at socket Grid No.2 Supply Voltage   
Cathode Resistor     
Plate Resistance (Approx.)   
Transconductance   
Plate Current    
Grid-No.2 Current   
Grid-No.l Voltage (Approx.) for plate /iA = 20 

volte 
ohms 

megohm 
/onhos 

mA 
mA 

volte 
RF Power Amplifier & Oscillator—Class C Telegraphy 

and 
RF Power Amplifier—Class C FM Telephony 

MAXIMUM CCSb RATINGS (Absolute-Maximum Values) 
DC Plate Voltage   300 volts 
52 2ri4 ^0-„8 $uwve*?0*:GrM\   Connected to cathode at socket DC Grid-No.2 (Screen-Grid) Voltage    175 vnlta 
DC Grid-No.l (Control-Grid) Voltage: 

Negative-bias value   50 vnlte 
DC Plate Current   33 
DC Grid-No.2 Current   55 mA 
DC Grid-No.l Current   3 mA 
Grid-No.2 Input   J ^ 
Plate Dissipation   5 watts 
TYPICAL OPERATION 

DC Plate Voltage 
Grid No.3   
DC Grid-No.2 Voltage 
DC Grid-No.l Voltage 

At frequencies up to 40 MHz 

Connected to cathode at socket 
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Peak RF Grid-No.1 Voltage 
DC Plate Current   
DC Grid-No.2 Current   
DC Grid-No.l Current (Approx.) 
MAXIMUM CIRCUIT VALUE 
Grid-No.l-Circuit Resistance .... 

9 11 16 
14.6 20 26 

3 4.1 5.5 
0.6 0.85 1 

Frequency Multiplier 
MAXIMUM CCS1' RATINGS (Absolute-Maximum Values) 

Same as for RF POWER AMPLIFIER & OSCILLATOR 
TYPICAL OPERATION 

As doubler up to 40 MHz 
DC Plate Voltaee     200 2SO DC Plate Voltage     ZOO 2SU »«» , 
Grid No 3   Connected to cathode at socket 
DC Grid-No.2* Voltage' . .   115 145 175 volts 
DC Grid-No.1 Voltage    —18 —20 —25 volts 
Peak RF Grid-No.l Voltage   19 24 31 volts 
DC Plate Current   11 1° 20 mA 
DC Grid-No.2 Current   2 3 4 mA 
DC Grid-No.l Current (Approx.)   0.3 0.45 0.6 mA Driving Power (Approx.)   6 a 13 mvv 
Useful Power Output (Approx.)   1.4 1.9 £.0 watta 
MAXIMUM CIRCUIT VALUE 
Grid-No.l-Circuit Resistance   0*1 megohm 

Key-down conditions per tube without amplitude modulation. Amplitude modulation essen- 
tially negative may be used if the positive peak of the audio-frequency envelope does not 
exceed 115 per cent of the carrier conditions. 

'» Continuous Commercial Service. 

TYPE 8077/7054 GRID No. 3 CONNECTED TO CATHODE / AT SOCKET. | 200 GRID-No.2 VOLTS sISOH  
ib Jllsi 

jg160 V-ia   2 

 I 

, 5 80 r'Ec-O 1^:—   ( 
^ PC V GRIP-Nod VUI-I o^ECi jO ^ 

40 S 
0 100 200 300 400 500 

PLATE VOLTS szcs-s 

Refer to chart at end of section. 

Refer to chart at end of section. 

8393 
INDUSTRIAL 

TYPE 
MEDIUM-MU TRI0DE 

Nuvistor type, medium-mu general purpose triode for 
use as an amplifier or oscillator at frequencies extend- 
ing into the UHF region. 'Outlines section, 1; requires 
nuvistor socket. The 8393 is the same as the 7586 ex- 
cept for the following items: 

INDEXcLARGE I ••SHORT PIN- 



Technical Data 517 

Heater Voltage (ac/dc)   
Heater Current   
Peak Heater-Cathode Voltage   
Direct Interelectrode Capacitance (Approx.): 

Grid to Plate   
Grid to Cathode, Heater, and Shell   
Plate to Cathode, Heater, and Shell   
Plate to Cathode   
Heater to Cathode    

13.5 ±1.4 volts 
0.060 ampere 
±100 max. volts 

2.4 PF 4.4 PF 1.6 pF 0.26 PF 1.7 PF 

BEAM POWER TUBE Oil/ 
Glass octal type used as output amplifier in high- 
fidelity, high-power sound systems. Outlines section, 
19J; requires octal socket. This tube, like other power- 
handling tubes, should be adequately ventilated. 
Heater: volts (ac/dc), 6.3; amperes, 1.6; maximum 
heater-cathode volts, ±200 peak, 100 average. 

Class Ax Amplifier 
MAXIMUM RATINGS (Design-Maximum Values) 
Plate Voltage   
Grid-No.2 (Screen-Grid) Voltage   
Cathode Current       
Plate Dissipation"   
Grid-No.2 Input   
CHARACTERISTICS 
Plate Voltage       
Grid-No.2 Voltage   
Grid-No.l (Control-Grid) Voltage   ... 
Grid-No.l Voltage for plate current of 1 mA 
Plate Resistance   
Transconductance      
Plate Current   
Grid-No.2 Current   
Triode Amplification Factor   
MAXIMUM CIRCUIT VALUES 
Grid-No.l-Circuit Resistance: 

For fixed-bias operation   
For cathode-bias operation   megohm 

megohm 

Push-Pull Class ABi Amplifier 
MAXIMUM RATINGS (Same as for Class Ai Amplifier) 
TYPICAL OPERATION (Values are for two tubes) 
Plate Supply Voltage   41 
Grid-No.2 Supply Voltage   2' 
Grid-No.l Voltage    ; 
Peak AF Grid-to-Grid Voltage   ! 
Zero-Signal Plate Current    II 
Maximum-Signal Plate Current   2! 
Zero-Signal Grid-No.2 Current   4 
Maximum-Signal Grid-No.2 Current   S 
Effective Load (Plate-to-Plate)    28( Total Harmonic Distortion   2 
Maximum Signal Power Output   i 

400 560 volts 275 300 volts 
—13 —15.5 volts 24 31 volts 150 100 mA 294 270 mA 

4.4 3.4 mA 34 31 mA 2800 4200 ohms 2.5 2 per cent 
65 100 watts 

■ A bias resistor or other means is required to protect the tube in absence of excitation. 
* Grid-No.2 may reach 8 watts during peak levels of speech and music levels. 

Refer to chart at end of section. 8532 

Refer to chart at end of section. 8532/6J4WA 
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8532W Refer to chart at end of section. 

8627 Refer to chart at end of section. 

8627A Refer to chart at end of section. 

8628 Refer to chart at end of section. 

8808 Refer to chart at end of section. 

9001 Refer to chart at end of section. 

9002 Refer to chart at end of section. 

9003 Refer to chart at end of section. 

9005 Refer to chart at end of section. 

9006 Refer to chart at end of section. 

EM84/6FG6 Refer to chart at end of section. 

DY87 Refer to type 1S2A/DY87. 

EABC80 Refer to type 6AK8/EABC8. 

EBF89 Refer to type 6DC8/EBF89. 

EC88 Refer to type 6DL4/EC88. 

EC97 Refer to type 6FY5/EC97. 

ECC81 Refer to type 12AT7/ECC81. 

ECC82 Refer to type 12AU7A/ECC82. 

ECC83 Refer to type 12AX7A/ECC83. 

ECC85 Refer to type 6AQ8/ECC85; 

ECC189 Refer to type 6ES8/ECC189. 

ECF80 Refer to type 6BL8/ECF80. 

ECF86 Refer to type 6HG8/ECF86. 

ECF200 Refer to type 6X9/ECF200. 

ECF201 Refer to type 6U9/ECF201. 

ECF801 Refer to type 6Gi7/ECF801. 

ECF802 Refer to type 6JW8/ECF802. 

ECL82 Refer to type 6BM8/ECL82. 

ECL84 Refer to type 6DX8/ECL84. 

ECL85 Refer to type 6GV8/ECL85. 

ECL86 Refer to type 6GW3/ECL86. 
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Refer to type 6AM6/EP91. EF91 
Refer to type 6BA6/EF93. EF93 
Refer to type 6AK5/EF95. EF95 
Refer to type 6EH7/EF183. EF183 
Refer to type 6EJ7/EF184. EF184 
Refer to type 6X9/EFL200. EFL200 
Refer to type 6CA7/EL34. EL34 
Refer to type 6BQ5/EL84. EL84 
Refer to type 6CW5/EL86. EL86 
Refer to type 6DL5/EL95. EL95 
Refer to type 6GB5/EL500. EL500 

Refer to type 6KG6A/EL509. EL509 
Refer to type 6HU8/ELL80. ELL80 
Refer to type 6FG6/EM84. EM84 
Refer to type 6HU6/EM87. EM87 

Refer to type 6AL3/EY88. EY88 

Refer to type 6EC4A/EY500. EY500 

Refer to type 5AR4/GZ34. GZ34 

Refer to type 17EW8/HCC85. HCC85 

Refer to type 6LN8/LCF80. LCF80 

Refer to type 5HG8/LCF86. LCF86 

Refer to type 5U9/LCF201. LCF201 

Refer to type 5GJ7/LCF801. LCF801 

Refer to type 6LX8/LCF802. LCF802 

Refer to type 10DX8/LCL84. LCL84 

Refer to type 10GV8/LCL85. LCL85 

Refer to type 4EH7/LF183. LF183 

Refer to type 4EJ7/LF184. LF184 

Refer to type 11Y9/LFL200. LFL200 

Refer to type 10CW5/LL86. LL86 

Refer to type 18GB5/LL500. LL500 
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LY88 Refer to type 20AQ3/LY88. 

PC900 Refer to type 4HA5/PC900. 

PCC85 Refer to type 9AQ8/PCC85. 

PCC88 Refer to type 7DJ8/PCC88. 

PCF80 Refer to type 9A8/PCF80. 

PCF86 Refer to type 7HG8/PCF86. 

PCF801 Refer to type 8GJ7/PCF801. 

PCF802 Refer to type 9JW8/PCF802. 

PCL82 Refer to type 16A8/PCL82. 

PCL84 Refer to type 15DQ8/PCL84. 

PCL85 Refer to type 6GV8/PCL85. 

PL36 Refer to type 25E5/PL36. 

PL84 Refer to type 15CW5/PL84. 

PL500 Refer to type 27GB5/PL500. 

PL509 Refer to type 40KG6A/PL509. 

PL521 Refer to type 29KQ6/PL521. 

PY81 Refer to type 17Z3/PY81. 

PY88 Refer to type 30AE3/PY88. 

PY500 Refer to type 42EC4A/PY500. 

UCL82 Refer to type 50BM8/UCL82. 

XCC189 Refer to type 4ES8/XCC189. 

XCF80 Refer to type 4BL8/XCF80. 

XCF801 Refer to type 4GJ7/XCF801. 

XCL85 Refer to type 9GV8/XCL85. 

XF183 Refer to type 3EH7/XF183. 

XF184 Refer to type 3EJ7/XF184. 

XL86 Refer to type 8CW5/XL86. 

XL500 Refer to type 13GB5/XL500. 

XY88 Refer to type 16AQ3/XY88. 

YCC189 Refer to type 5ES8/YCC189. 
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1—Glass Envelope 

2—Internal Shield 

3—Plate 

4—Grid No. 3 (Suppressor) 

5—Grid No. 2 (Screen) 

6—Grid No. 1 (Control Grid) 

7—Cathode 

8—Heater 

9—Exhaust Tip 

10—Getter 

11 —Spacer Shield Header 

12—Insulating Spacer 

13—Spacer Shield 

14—Inter-Pin Shield 

15—Glass Button-Stem Seal 

16—Lead Wire 

17—Base Pin 

18—Glass-to-Metal Seal 

iature Tube 

H 1504 



Characteristics 

Entertainment and Industrial 

Key to Chart: Type numbers shown in light face 
are discontinued types. Type numbers shown in 
bold face are available for replacement use, but 
are not recommended for new equipment design. 
Outline numbers refer to diagrams shown in 

Values to right give operat- 
Heater or log conditions and character- 

Filament (F) istics for Indicated typical use 

Glow-Discharge Tube 

Glow-Discharge Tube 

Gas-Triode 
Glow-Discharge Tube 
Glow-Discharge Tube 
Glow-Discharge Tube 
Glow-Discharge Tube 

Full-Wave Gas Rectifier 

Full-Wave Gas Rectifier 

  Voltage Regulator 

—Voltage Regulator 

,— Relay Circuits 
—. Voltage Regulator 
-— Voltage Regulator 
  Voltage Regulator 
   Voltage Regulator 
— Rectifier 

Remote-Cutoff Pentode 

1A5GT Power Pentode 
1^0 Pentagrid Converter 

1A7GT Pentagrid Converter 
1^05 Power Converter 

★1AD2 Half-Wave Rectifier 
1A05 Sharp-Cutoff Pentode 

1AX2 Half-Wave Rectifier 
★1AY2 Half-Wave Rectifier 

★IBSGT Half-Wave Rectifier 
Sharp-Cutoff Pentode 

IBS/ Twin Diode—Medium-Mu Triode 
25S   

1B7GT Pentagrid Converter 
♦ Industrial type 

0.06 Class A Amplifier 
0.05 Class A Amplifier. 
0.06 Converter 

0.05 Converter 

0.04 Class A Amplifier 
, Pulsed Rectifier In 
 TV Receivers  

0.04 Class A Amplifier 
0.65 Pulsed Rectifier In TV Receivers 

„ Pulsed Rectifier in 
 TV Receivers   

0.2 Pulsed Rectifier in TV Receivers 
0.06 Class A Amplifier 
0.06 Triode Unit as Class A Amplifier 

Converter 

See Safety Precautions at end of this section. 



Chart for RCA 

Receiving Tubes 

the Outlines section in the Manual (see Table 
of Contents on page two. Terminal diagrams are 
included in numerical-alphabetical order in 
Terminal Diagram section. (See Table of Con- 
tents). 

Grid Bias Screen 
or Grid Plate AC Plate Trans- 

Cathode Screen Cur- Cur- Resist- conduct- 
Plate Resistor Grid rent rent ance ance 
Volts Volts mA mA Ohms Mlcromhos 

For other characteristics, refer to Type 0A2 

For other characteristics, refer to Type 0B2 
~75 ~ ^ - ~ 5^0 — ^ —     

For other characteristics, refer to Type 0C3 
For other characteristics, refer to Type 0D3 

Starting-Supply Voltage per Plate, 300 mln. peak volts Peak Plate Current, 200 max. mA 
DC Output Current, 75 max., 30 min. mA  DC Output Voltage, 300 max. volts 
Starting-Supply Voltage per Plate, 300 min. peak volts Peak Plate Current, 200 max. mA 
DC Output Current, 75 max., 30 min. mA  DC Output Voltage, 300 max. volts 

Max. Peak Plate Inverse Volts, 330 Max. DC Output mA, 0.5 
 Max. Peak Plate mA, 5 Max. Peak Heater-Cathode Volts, 140 

For other characteristics, refer to Type 1D5GP 

  RCA 
Out- 
put Type 

0A2WA* 
0A3» 

0A3A* 
0A4A» 

0B2WAi 

0C2» 
0C3A* 
0D3A* 

0Z4 
0Z4G 

1A3 
1A4P 

85 
90 

— 4.5V 
— 4.5V 

85 
90 

0.7 
1.1 

3.5 
4.0 

300000 
300000 

800 25000 0.100 
850 ' 25000 0.115 1A5GT 

135 
180 

— 3V 
— 3V 

67.5 
67.5 

2.5 
2.4 

1.2 
1.3 

400000 
. 500000 

Anode-Grid (2): 180 max. volts 
2.3 mA Oscillator-Grid (1) Resistor. 1A6 

90 OV 45 0.7 0.6 600000 . 
Anode-Grid (2): 90 volts, 1.2 mA 
Oscillator-Grid (1) Resistor, 0.2 MO 
Conversion Transcond., 250 micromhos 1A7GT 

45 
67.5 

— 3V 
— 4.5V 

45 
67.5 

0.2 
0.4 

1.0 
2.0 

170000 
150000 

600   40000 0.015 
750   25000 0.050 1AC5 

Max. Peak Inverse Plate Volts, 26000 M„„ 
 Max. Peak Plate mA, 50 Mal'- " 
30 0V 30 0.16 0.45 700000 430 — 
67.5 OV 67.5 0.75 1.85 700000 735 — 

Max. Peak Inverse Plate Volts, 25000 m,. 4u„r Max. Peak Plate mA, 45 flver 

Max. Peak Inverse Plate Volts, 26000 M,„ 
 Max. Peak Plate mA, 50 '>'a*- Hver 

Max. Peak Inverse Plate Volts, 26000 M,Y «uor Max. Peak Plate mA, 50 'v'a''' ft,er 

For other characteristics, refer to Type 1E5GP 

Max. Average Plate mA, 0.5 

Max. Average Plate mA, 0.5 

Max. Average Plate mA, 0.5 
Max. Average Plate mA, 0.5 

For other characteristics, refer to Type 1H6G 
For other characteristics, refer to Type 1A7GT 
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Values to right give operat- 
Heater or Ing conditions and character- 

Filament (F) istics for indicated typical use 

★1BC2 
*1BH2 
*1BH2A 

1C5GT 
1C6 

Half-Wave Rectifier 

Half-Wave Rectifier 
Power Pentode 

Pentagrid Converter 

Pentagrid Converter 

Pulsed Rectifier in 
TV Receivers 

Flyback Rectifier in 
TV Receivers 

Class A Amplifier 
Converter 

1D5GP Remote-Cutoff Pentode 
1D5GT Remote-Cutoff Tetrode 
1D7G • Pentagrid Converter 

1D8GT Dlode-Triode-Power Pentode 

★1DG3 Half-Wave Rectifier 141 

IDNS Diode—Semlremote-Cutoff Pentode 5C 
1ESGP Sharp-Cutoff Pentode 23 
1E7GT Twin Power Pentode 13D 

1E8 Pentagrid Converter 29A 
1F4 Power Pentode  26 

1F5G Power Amplifier Pentode 25 
Ir'C Twin Diode—Sharp-Cutoff Pentode 23 

1F7G Twin Diode—Sharp-Cutoff Pentode 23 

*1.G.3
t
GT/' Half-Wave Rectifier 14B IBjul  

1G4GT Medium-Mu Trlode 13D 
1G5G Power Pentode 25 

1G6GT Hlgh-Hu Twin Power Trlode 13D~ 
1H4G Medium-Mu Triode 22 
1H5GT Diode—Hlgh-Mu Trlode m~ 
1H6G Twin Diode—Medlum-Mu Triode 22 
★1J3 Half-Wave Rectifier 14E 
1J5G Power Pentode 25 

/jliGT Twln-Trlode Amplifiers 
-A-1K3 Half-Wave Rectifier 148 

Half-Wave Rectifier 

5R 2.0F 
Iz ^oT 

Relay Circuits 
Class A Amplifier 
Class A Amplifier 

Converter 
Pentode Unit as Class A 

Amplifier  
Trlode Unit as Class A 
 Amplifier  

Pulsed Rectifier in TV Receivers 
Pentode Unit as Class A 

Amplifier^  
Class A Amplifier 
Class A Amplifier 

 Class A Amplifier  
Class A Amplifier 

Pentode Unit as Class A 
  Amplifier   

Pentode Unit as Class A 
 Amplifier  

Pulsed Rectifier In 
TV Receivers 

Class A Amplifier 
Class A Amplifier 
Class B Amplifier 
Class A Amplifier 

 Class B Amplifier  
Trlode Unit as Class A Amplifier 
Triode Unit as Class A Amplifier 
Pulsed Rectifier in TV Receivers 
 Class A Amplifier  

Class B Amplifier 

Pulsed Rectifier in TV Receivers 
Pulsed Rectifier in 

TV Receivers 

f Industrial type A See Safety Precautions at end of this section. 
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Max. Peak Inverse Plate Volts, 18000 
Max. Peak Plate mA, 45 

Max. Peak Inverse Plate Volts, 18000 
Max. Peak Plate mA, 45 

Max. Average Plate mA, 0.5 
Max. Average Plate mA, 0.2 

1550 — ^ 8000 0.24 90 3.5 7.8 115000 1550   8000 0,24 
For other characteristics, refer to Type 1C7G 

67 5 7 6 in rnnnnft Anode-Grid (2): 180 max. volts, 
67 5 2 0 1 5 700000 4-0 mA Oscillator-Grid (1) Resistor. 67-a 2 0 1-5 Conversion Transcond., 325 micromhos. 

90 
180 { "inIn! } 

67.5 0.9 2.2 600000 720 
67.5 0.8 2.3 1 M 750   — — 1D5GP 

For other characteristics, refer to Type 1D5GP 1D5GT 
For other characteristics, refer to Type 1A6 1D7G 

Max. Peak Inverse Plate Volts, 26000 
Max. Peak Plate mA, 50 

67.5 OV 67.5 0.55 2.1 
90 - 3V 67.5 0.7 1.6 

180 — 3V 67.5 0.6 1.7 
135 — 7.5V 135 3.5 10.5 
45 OV 45 1.1 0.6 
67.5 OV 67.5 1.5 1.0 

Max. Average Plate mA, 0.5 

45 1.1 0.6 400000 Oscillator Grid (1) Resistor, 0.1 MO 
67.5 1.5 1.0 400000 Conversion Transcond., 150 micromhos 

For other characteristics, refer to Type 1F5G 
~90 U O 240000 1400 — 20000 0.11 
135 2.4 8.0 —       0,31 

For other characteristics, refer to Type 1F7G 
67.5 0.7 2.2 —     -— —- 

Max. Peak Inverse Plate Volts, 26000 
Max. Peak Plate mA, 50 Max. Average Plate mA, 0.5 

Max. Peak Inverse Plate Volts, 26000 (Abs.) 
Max. Peak Plate mA, 50 Max. Average Plate mA, 0.5 

~950 — 13500 0.45 
Power Output is for one tube at 

stated plate-to-plate load 
Max. Peak Inverse Plate Volts, 26000 (Abs.) 
Max, Peak Plate mA, 50  

Max. Peak Inverse Plate Volts, 26000 
Max. Peak Plate mA, 50 

Max. Average Plate mA, 0.5 

Max. Average Plate mA, 0.5 

t For two tubes at stated plate-to-plate load. a For two tubes. 
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Terminal 
Out- Oil- 
line tram 

Values to right give operat- 
Heater or ing conditions and character- 

Filament (F) istics for Indicated typical use 

1L6 Pentagrld Converter 

1LA4 Power Pentode 

1LA6 Pentagrld Converter 

1LB4 Power Pentode 
1LC5 Sharp-Cutoff Pentode 

1LC6 Pentagrld Converter 

1LD5 Diode—Sharp-Cutoff Pentode 
1LE3 Medium-Mu Triode 

1LG5 Remote-Cutoff Pentode 
1LH4 Diode—High-Hu Triode 

1LN5 Sharp-Cutoff Pentode 
A'INZA Half-Wave Rectifier 
1N5GT Sharp-Cutoff Pentode 
1N6G Diode—Power Pentode 

1P5GT Remote-Cutoff Pentode 
1Q5GT Beam Power Tube 

IRS Pentagrld Converter 

*rwoi^ Half-Wave Rectifier UYq/  
154 Power Pentode 
155 Diode—Sharp-Cutoff Pentode 
114 Remote-Cutoff Pentode 

1T5GT Beam Power Tube 
1T6 Diode—Sharp-Cutoff Pentode 
1114 Sharp-Cutoff Pentode 
1U5 Diode—Sharp-Cutoff Pentode 

IV Half-Wave Rectifier 

★1X2A Half-Wave Rectifier 
~TX2B 
A1X2B/ Half-Wave Rectifier 

2A5 Power Pentode 
2A6 Twin Diode—Hlgh-Mu Triode 
2A7 Pentagrld Converter 

yV See Safety Precautions at end of this 

5C 7DC 

12B SAD" 

12B 7AK 

12B 5AD~ 
12B 7A0 

12B 7AK 

29A 7AM 
TdA 7Y 

7F 9DT 

5C 7AV 

7A 9Y 

7A 9Y 

27B 4D 2.5F 2.5 

28 6B 2.5 US 
24B 6fi 2.5 0.8 
24B 7C 2.5 0.8 

Converter 

Amplifier 

Converter 

Class A Amplifier 
Class A Amplifier 

Converter 

Pentode Unit as Class A 
 Amplifier  

Class A Amplifier 
Class A Amplifier 

Triode Unit as Class A Amplifier 
Class A Amplifier 

Pulsed Rectifier in TV Receivers 
Class A Amplifier 

Pentode Unit as Class A 
 Amplifier   

Class A Amplifier 
Class A Amplifier 

Pulsed Rectifier in 
TV Receivers 

Class A Amplifier 
Pentode Unit as AF Amplifier 

Class A Amplifier 
Class A Amplifier 

Pentode Unit as Class A 
 Amplifier  

Class A Amplifier 
Pentode Unit as Class A 
 Amplifier  

With Capacitive-lnput Filter 
Pulsed Rectifier In TV Receivers 

Pulsed Rectifier In 
TV Receivers 

Class A Amplifier 
Push-Pull Class ABi Amplifier 

Amplifier 
Triode Unit as Amplifier 

Converter 
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Grid Bias Screen or Grid Plate AC Plate Trans- Cathode Screen Cur- Cur- Resist- conduct- Resistor Grid rent rent ance ance 
Volts mA mA Ohms Micromhos 

Anode-Grid (2): 90 max. volts, 1.2 mA 45 0.6 0.5 650000 Oscillator Grid (1) Resistor, 0.2 MCI 
 Conversion Transcond, 300 micromhos 

For other characteristics, refer to Type 1A5GT 
Total Cathode mA, 4 65 0.6 0.55 750000 Conversion Transcond. (for grid-No. 4 

  bias of —3 volts), 10 micromhos  
For other characteristics, refer to Pentode Unit of Type 1D8GT 

45 (U5 UO 700000 750 ^   
45 0.30 1.15 1 M 775       
oc ft 7c ft 7ft ftnnnnn Anode-Grid (2): 50 max. volts, 1.4 mA 
15 070 0 75 650000 Oscillator-Grid (1) Resistor, 0.2 MCI   touuuu Conversion Transcond., 275 micromhos 

45 OV 45 0.35 1.10 700000 
90 OV 45 0.30 1.15 1M 
45 OV 35 0.75 0.70 300000 
90 OV 35 0.70 0.75 650000 

90 OV 45 0.1 0.6 750000 
90 OV     4.5 11200 
90 - 3V     • 1.4 19000 
90 OV 45 0.4 1.7 1 M 
90 - 1.5V 90 0.9 3.7 500000 

For other characteristics, refer to Type 1H5GT 

Max. Peak Inverse Plate Volts (Total DC and Peak), 26000 
Max. Peak Plate mA, 50   

0V 90 0.3 1.2 1.5 M 750 
90 — 4.5V 90 0.6 3.1 300000 
90 0V 90 0J 2.3 600000 
16 — 6.6V no u ^6 iooooo 

Max. Peak Inverse Plate Volts, 22000 
Max. Peak Plate mA, 40 

Max. Average Plate mA, 0.5 

Conversion Transcond., 210 jumhos 
Conversion Transcond., 280 Amhos 

Max. Average Plate mA, 0.8 

Plate Supply, 90 V applied through 1 MO resistor. Screen Supply, 90 V applied through 3.1 MO 
resistor. Grid Bias, 0 volts. Grid Resistor, 10 megohms. Voltage Gain, 66 approx.  
45 OV 45 0.7 1.7 350000 700 
90 OV 67.5 1.4 3.5 500000 900 
90 - 6V 90 0.8 6.5 250000 1150 
45 OV 45 0.21 0.75 500000 475 
67.5 OV 67.5 0.4 1.6 400000 600 
90 OV 90 0.50 1.1 1M 900 
67.5 OV .67.5 0.4 1.6 600000 625 

Max. AC Plate Volts (RMS), 325 
Max, DC Output mA, 45  
Max. Peak Inverse Plate Volts, 20000 
Max. Peak Plate mA, 45  

Min. Total Effective Plate-Supply Impedance: Up to 117 
volts, 0 ohms; at 150 volts, 30 ohms; at 325 volts, 75 ohms 

Max. Peak Inverse Plate Volts, 22000 
Max. Peak Plate mA, 45 

Max. Average Plate mA, 0.5 

Max. Average Plate mA, 0.5 

250 —45V    ■ 60.0 800 5250 
300 780(1 n 80.0 a   
300 —62V 80.0a " 

For other characteristics, refer to Type 6F6G 
For other characteristics, refer to Type 6SQ7 
For other characteristics, refer to Type 6A8 

t For two tubes at stated plate-to-plate load. n For two tubes. 
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Terminal 
Out- Dia- 
line gram 

Heater or 
Filament (F) 

Volts Amperes 

Values to right give operat- 
ing conditions and character- 
istics for Indicated typical use 

oacan Medlum-Mu Trlode cArAo   
★ 2AH2 Half-Wave Rectifier 
★2AS2 Half-Wave Rectifier 

nD7 Twin Diode—Remote-Cutoff A"' Pentode 
2BA2 Half-Wave Rectifier 

★2BJ2 Half-Wave Rectifier 
A2BJ2A Half-Wave Rectifier 

2BN4 Medium-Mu Triode 
2D21W* Gas-Tetrode 
2CN3A Half-Wave Rectifier 
2DZ4 Medium-Mu Trlode 
2E5 Electron-Ray Tuhe 

2EN5 Twin Diolle 

2ER5 High-Mu Triode 
2FQ5A High-Mu Triode 

High-Mu Triode 
5 Beam Hexode  

★3A2 Half-Wave Rectifier 

*•^3 Half-Wave Rectifier 

Q] 
01 

Class A Amplifier 
Pulsed Rectifier in 
 TV Receivers  

Pulsed Rectifier in 
 TV Receivers  

Pentode Unit as Amplifier 
Flyback Rectifier In 
 TV Receivers  

Pulsed Rectifier in 
 TV Receivers 

Pulsed Rectifier In TV Receivers 
 Class A Amplifier 

Thyrai on 
Flyback Rectifier in 
 TV Receivers  
 Class A Amplifier 

Visual Indicator 
Horizontal Phase Detector 

Class A Amplifier 
Class A Amplifier 

Class A Amplifier 
Class A Amplifier 

Pulsed Rectifier In TV Receivers 

0.22 Pulsed Rectifier in TV Receivers 

3AF4A 
★3AT2 
3AV6 
3AW2 
3AW3 

3B2 
mm* 

3 BAB  
lies 

3BE6 

Half-Wave Rectifier 

Half-Wave Rectifier 

Dlode-Trlode—Pentode 

Medium-Mu Trlode 
Half-Wave Rectifier 

Twin Diode—High-Mu Trlode 
Half-Wave Rectifier 
Half-Wave Rectifier 
Half-Wave Rectifier 
Beam Power Tube 

Remote-Cutoff Pentode 
Sharp-Cutoff Pentode 

14F 8EZ 3.15 

Pentagrid Converter 

14B 8EZ 

I.22 Pulsed Rectifier In TV Receivers 

. „ Pulsed Rectifier in u'" TV Receivers 
AF Power Amplifier 

Triode Unit as Class A Amplifier 
n on Pentode Unit as Class A ^ Amplifier  
0.45  Class A Amplifier 

„ ,, Pulsed Rectifier In 
 TV Receivers  

0.6 Triode Unit as Class A Amplifier 
. Pulsed Rectifier in U-J3 TV Receivers 

0.22 Pulsed Rectifier in TV Receivers 
0.22 Pulsed Rectifier in TV Service 

Class C Amplifier 

Class A Amplifier 
Class A Amplifier 

t Industrial type + See Safety Precautions at end of this section. 
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Grid Bias Screen or Grid Plate AC Plate Trans- Cathode Screen Cur- Cur- Resist- conduct- Plate Resistor Grid rent rent ance ance 
Volts Volts mA mA Ohms Micromhos 

80 ison   — 17.5 2100 6500 

Max. Peak Inverse Plate Volts, 8250 
Max. Peak Plate mA, 50 

(Max. Peak Heater-Cathode Volts, ±200 
(DC Volts Not to Exceed +100 

Max. Peak Inverse Plate Volts, 18000 
Max. Peak Plate mA, 80  

    17.5 2100 6500 13.5   
Max. Peak Inverse Plate Volts, 30000 ua» di^» 1 r 

Max. Peak Plate mA, srf ''a*' Average Plate mA, 1.5 
Max. Peak Inverse Plate Volts, 30000 .. , - 

Max. Peak Plate mA, 80 ^ax' Average Plate mA, 1.5 
For other characteristics, refer to Type 6B8G 

erse Plate Volts, 8250 ' , 777 ] 77" 
ak Plate mA, 50 Max- Average Plate mA, 0.6 

Max. Peak Inverse Plate Volts, 20000 ^ . , 
Max. Peak Plate mA, 80 'A3*' Average Plate mA, 1 

Max. Peak Inverse Plate Volts, 22000 m„v niot. i 
Max. Peak Plate mA, 80  Max. Average Plate mA, 1 

■   -— 9 6300 6800 43   
For other characteristics, refer to Type 2021 

For other characteristics, refer to Type 3CN3A 
    15 2000 6700 14   ~ 

For other characteristics, refer to Type 6E5 
lode Volts, ±200 777777777777 (j _j_i0o Max. DC Plate mAj5 

For other characteristics, refer to Type 6ER5 
For other characteristics, refer to type 6FQ5A 

For other characteristics, refer to Type 6GK5/6FQ5A 
For other characteristics, refer to Type 6GU5 

' Volts, 18000 Max. Average Plate mA, 1.5 

late mA, 1 2BJ2A 
— — 2BN4 

2D21W* 
2CN3A 

— — 2DZ4 
2E5 

Max. Peak Inverse Plate Volts, 30000 
Max. Peak Plate mA, 88 Max. Average Plate mA, 1.7 

Max. Peak Inverse Plate Volts, 30000 
Max. Peak Plate mA, 100 

Max. Peak Inverse Plate Volts, 38000 
Max. Peak Plate mA, 100  

Max. Average Plate mA, 2 

Max. Average Plate mA, 2 
133 100000 1900 
0.2 200000 325 
1.5 800000 750 

For other characteristics, refer to Type 2AF4B 
Max. Peak Inverse Plate Volts, 30000 m,» _« . 

Max. Peak Plate mA, 88 ^a*• Average Plate mA, 1.7 
For other characteristics, refer to Type 6AV6 
For other characteristics, refer to Type 3CZ3 

For other characteristics, refer to Type 3A3/3B2 
Max. Peak Plate mA, 80 
Max. Total DC 8t Peak Inverse Plate Volts, 35000 (Abs.l Max. DC Inverse Plate Volts, 25000 

Max. Average Plate mA, 1.1  

f 
l  

135 6.2 25   
100 4.4 10.8 250000 
100 4.2 11 1 M 
100 1.4 4.7 600000 
150 2.1 7.5 800000 
100 6.8 2.9 1 M 

— — 1.25 3B4WA* 

ZZ ZZ ZZ 3BA6 

— — — 3BC5 
Conversion Transcend., 475 umhos onrC Grid-No. 1 Resistor, 20000 ohms 
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Values to right give operat- 
ing conditions and character- 
istics for Indicated typical use 

Half-Wave Rectifier 

Half-Wave Rectifier 

Half-Wave Rectifier 
Medlum-Mu Triode 
Half-Wave Rectifier 

Sharp-Cutoff Twin Pentode 
Pentagrid Amplifier 
Half-Wave Rectifier 

Sharp-Cutoff Pentode 
Sharp-Cutoff Pentode 

Half-Wave Rectifier 
Half-Wave Rectifier 
Half-Wave Rectifier 

Sharp-Cutoff Pentode 
Medium-Mu Triode 
Sharp-Cutoff Tetrode 

Semiremote-Cutoff Pentode 
Sharp-Cutoff Pentode 

High-Mu Triode 

Sharp-Cutoff Twin Pentode 

13G BMT 

Pulsed Rectifier in 
TV Receivers 

Pulsed Rectifier in ~ 
  TV Receivers  

Flyback Rectifiers in 
TV Receivers 

Class A Amplifier 
Flyback Rectifiers In 
 TV Receivers  

Class A Amplifier 
(With both sections operating) 

Class A Amplifier 
Pulsed Rectifier in 
 TV Receivers  

Class A Amplifier 
Class A Amplifier 

Flyback Rectifiers in 
 TV Receivers  

Pulsed Rectifier in 
 TV Receivers  

Pulsed Rectifiers in 
 TV Receivers   

Class A Amplifier 
Class A Amplifier 

  Class A Amplifier 
Class A Amplifier 
Class A Amplifier 

Class A Amplifier 

Class A Amplifier 
(With both sections operating) 

3HA5 High-Mu Triode 
3HS8 Sharp-Cutoff Twin Pentode 
3JC6 Sharp-Cutoff Pentode 
3JD6 Sharp-Cutoff Pentode  
3LF4 Beam Power Tube 
3(14 Power Pentode 

3Q5GT Beam Power Tube 
334 Power Pentode 

3V4 Power Pentode 
4BC5 Sharp-Cutoff Pentode  
.mo Medium-Mu Triode— 4bLo Sharp-Cutoff Pentode 

Medium Mu Twin Triode 4BZ7  
4BS8 Medium-Mu Twin-Triode 
4BU8 Sharp-Cutoff Twin Pentode 

ft See Safety Precautions at end of this 

5A 7GM 

12B GBA 

Class A Amplifier 
Class A Amplifier 

(With both sections operating) 
Class A Amplifier 

Class A Amplifier 
Class A Amplifier 
Class A Amplifier 
Class A Amplifier 
Class A Amplifier 
Class A Amplifier 
Class A Amplifier  

Triode Unit as Class A Amplifier 
Pentode Unit as Class A 
 Amplifier  

Each Unit 
as Class A Amplifier 
Class A Amplifier 
Class A Amplifier 

(With both sections operating) 
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Grid Bias Screen 
or Grid Plate AC Plate Trans- 

Cathode Screen Cur- Cur- Resist- conduct- 
Plate Resistor Grid rent rent ance ance 
Volts Volts mA mA Ohms Micromhos 

Max. Peak Inverse Plate Volts, 33000 
Max. Peak Plate mA, 100 M *■ 

Max. Peak Inverse Plate Volts, 33000 
 Max. Peak Plate mA, 100   

Max. Peak Inverse Plate Volts, 30000 M,v Max. Peak Plate mA, 88 Max- 
For other characteristics, refer to Type 6BN4 

Max. Peak Inverse Plate Volts, 38000 
Max. Peak Plate mA, 110  
  67.5 6.5        
  67.5 3.3 2.2      

For other characteristics, refer to Type 6BY6 
Max. Peak Inverse Plate Volts, 30000 M„v  Max. Peak Plate mA, 100     

For other characteristics, refer to Type 6CE5 
For other characteristics, refer to Type 6CF6 

Max. Peak Inverse Plate Volts, 38000 
Max. Peak Plate mA, 110 ; 

Max. Average Plate mA, 2 

Max. Average Plate mA, 2 

Max. Average Plate mA, 1.7 

Max. Average Plate mA, 2.2 

Max. Average Plate mA, 2 

eiae riaic vuiio, oouuu  i,. 
ak Plate mA, 110 Average Plate mA, 2.2 

For other characteristics, refer to Type 3CZ3 
Max. Peak Inverse Plate Volts, 38000 i .... Di,t» ™« it 

Max. Peak Plate mA, 110 Max, Average Plate mA, 2.2 
100 2.1 1.1 150000 515     

For other characteristics, refer to Type 2DZ4 
140 0.95 10 150000 8000     

For other characteristics, refer to Type 6EH7 
190 4l 10 350000 15000 - ■ • — I 200 4.1 10 350000 15000  .   

For other characteristics, refer to Type 6FH5 

For other characteristics, refer to Type 4GS8/4BU8 

10 19 1000 20000 8C 
67.5 7     — 
67.5 4.4 2     — 

125 3.2 13 180000 15000 — 
125 3.4 14 180000 16000 — 

For other characteristics, refer to Type 6JD6 
For other characteristics, refer to Type 3Q5GT 
For other characteristics, refer to Type 3V4 

110 — 6.6V 110 1.4 10.0 100000 2200 
110 - 6.6V 110 1.1 8.5 110000 2000 
90 — 7V 67.5 1.4 7.4 100000 1575 
90 — 7V 67.5 1.1 6.1 100000 1425 
90 — 4.5V 90 2.1 9.5 100000 2150 
90 — 4.5V 90 1.7 7.7 120000 2000 

250 1800 150 2.1 7.5 800000 5700 

For other characteristics, refer to Type 6BL8 

For other characteristics, refer to Type 6BQ7A 

For other characteristics, refer to Type 3BU8 
For other characteristics, refer to Type 6BS8 
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Terminal 
Out- Dia- Heater or 
line gram Filament (F) 

Volts Amperes 

Medium-Mu Twin Triode 
Sharp-Cutoff Tetrode 5C TEW 
Sharp-Cutoff Pentode SC 7EN 

Semiremote-Cutoff Pentode GC 9AQ 
Sharp-Cutoff Pentode 

Variable-Mu Twin-Trlode 

Varlable-Mu Twin Triode 
Sharp-Cutoff Pentode 

Semiremote-Cutoff Pentode 
Sharp-Cutoff Pentode 

Sharp-Cutoff Twin Pentode 

Medlum-Mu Triode— 
Sharp-Cutoff Pentode 

Power Pentode  
High-Mu Triode 

Dual Triode 

Dual Triode 

Dual Triode 
Sharp-Cutoff Pentode 

Semiremote-Cutoff Pentode 
Sharp-Cutoff Pentode 

Medium-Mu TWin-Triode 

Sharp-Cutoff Pentode 

Full-Wave Rectifier 
Diode—Sharp-Cutoff Pentode 

Full-Wave Rectifier 

Medium-Mu Triode— 
Sharp-Cutoff Pentode 

Full-Wave Rectifier 
Full-Wave Rectifier 

Medium-Mu Triode— 
Sharp-Cutoff Pentode 

Full-Wave Rectifier 

cdco Medlum-Mu Triode—Sharp-Cutoff 3dlo Pentode 

m 
m 

50 7CM 4.2 
50 7CM 4.2 

SE 9LW 4.2 

90A 4.2 

7CV 4 
7GM 3.9 

12Fa 4.2 

12Fa 4.2 

7CM 4.2 

5T 5.OF 
9DS 4.7 ~ 

5T 5.0F 

17C 901 5F 

SB 9EG 4.7 

Values to right give operat- 
ing conditions and character- 
istics for indicated typical use 

Each Unit 
as Class A Amplifier  
Class A Amplifier 
Class A Amplifier 
Class A Amplifier  
Class A Amplifier  

Each Unit as Class A Amplifier 
Cascode-Type Amplifier ~ 

Each Unit 
as Class A Amplifier 
 Class A Amplifier  

Class A Amplifier 
Class A Amplifier  
Class A Amplifier 

(With both sections operating) 
Triode Unit as Class A Amplifier 

Pentode Unit as Class A 
 Amplifier  

Class A Amplifier  
Class A Amplifier 

Each Unit 
as Class A Amplifier 

Class A Amplifier 
Each Unit 

as Class A Amplifier 
Class A Amplifier   
Class A Amplifier 
Class A Amplifier  

Class A Amplifier 

Class A Amplifier 

With Capacitive-lnput Filter 
. Class A Amplifier  

With Capacitive-lnput Filter 
With Inductive-Input Filter 

Triode Unit as Class A Amplifier 
Pentode Unit as Class A Amplifier 

Rectifier  

Triode Unit as Class A Amplifier 
Pentode Unit as Class A Amplifier 

With Capactlve-lnput Filter 

With Inductive-Input Filter 
Triode Unit as Class A Amplifier 

Pentode Unit as Class A 
 Amplifier  
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Grid Bias Screen or Grid Plate AC Plate Trans- Cathode Screen Cur- Cur- Resist- conduct- Resistor Grid rent rent ance ance 
Volts mA mA Ohms Micromhos 

For other characteristics, refer to Type 6BZ7 
80 1 1.5 10 100000 8000 

100 2.1 1.1 150000 515 
90 4.5 12 0.5 12500 

200 4.1 10 0.35 15000 
For other characteristics, refer to Type 6ES8 

For other characteristics, refer to Type 6ES8/ECC189 
For other characteristics, refer to Type 6EW6 
For other characteristics, refer to Type 6GM6 

For other characteristics, refer to Type 4GS8/4BU8 
67.5 6.0 —- Grid-No. 3 volts, each section, —10 
67.5 6.0 2.0 Grid-No. 3 voits, each section, 0 
: Grid current adjusted for 100 microamperes DC ~ 

For other characteristics, refer to Type 5GX7 

For other characteristics, refer to Type; 6GZ5 
—- TLB ^ 14500 72 - - 
    19   20000 80   
    10.5 7700 2200 17 
 1.2 62500 1600 100   

For other characteristics, refer to Type 5HA7 

250 820£1 250 2.3 
50 65fi 250 15 
Max. AC Volts per Plate (RMS), 550 
Max. Peak Inverse Volts, 1550 

For other characteristics, refer to Type 6HM6 
125 4 15 143000 14000  ~ 
For other characteristics, refer to Type 6JC6 

For other characteristics, refer to Type 6KN8/6RHH8 
"250 2^3 9 280000 3900 

Max. AC Volts per Plate (RMS), 550 Max. DC Output mA, 300 Min. Total Effect. Supply 
Max. Peak Inverse Volts, 1550 Max. Peak Plate mA, 1000. Imped, per Plate, 97 ohms 
  For other characteristics, refer to Type 6AS8 

Max. DC Output mA, 325 for AC Volts per Plate, 400 Max. Peak Inverse Volts 1400 
  and Total Effect. Supply Imped, per Plate, 50 ohms Max. Peak Plate mA per Plate 1075 

Max. DC Output mA, 325 for AC Volts per Plate, 500 and Input Choke 10 henries 
Max. Peak Inverse Volts, 1400 Max Peak Plate mA per Plate, 1075 

290 -6V   — 13 5750 3300 19  ■ 
200 180!! 150 2.8 9.5 300000 6200         

Max. Peak Inverse Volts, 1550 Max. Peak Plate mA per Plate, 750  
 For ratings and characteristics, refer to Type 5Y3GT 

200 —6V  1 — 13 5750 3300 19  ;  
200 leon iso 2! sis 300000 6200 viz 

Max. AC Volts per Plate (RMS), 500 Max DC Cutout mA 150  
Max. Peak Inverse Volts 1700 Ei ^eak pTatemA m Plate, 1000 
 Mm. Total Effect. Supply Imped, per Plate, 21 dhms 

Max. AC Volts per Plate (RMS), 600 Max. DC Cutout mA 150  
Max. Peak Inverse Volts, ITOO^ Max. Peak Plate mA per Plate, 1000 

  Min. Value of Input Choke, 10 henries 
-JOO  50fl      18 5000 8500 40   — ' 

250 680 110 3.5 10 400000 5?nn     
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5BT8 Twin-Diode—Sharp-Cutoff Pentode 
KDu/o Twin-Diode— >IB"» Sharp-Cutoff Pentode  
5CL8 Medium-Mu Triode— 
  High-Mu Triode—Sharp-Cutoff 
5CM8 Pentode 
rOn0 Medium-Mu Triode— ■)"«'> Sharp-Cutoff-Pentode  
cnuo High-Mu Triode—Sharp-Cutoff 5IJH8 Pentode 

Full-Wave Rectifier 

Terminal 
Out- Dia- 

68 9HK 

6B 9EG 

19E 8KS 

Values to right give operat- 
Heater or ing conditions and character- 

Filament (F) istics for indicated typical use 
Volts Amperes 
4i7 0.6  Class A Amplifier 
4.7 0.6 Pentode Unit as Class A Amplifier 
4.7 0.6 Triode Unit as Class A Amplifier 

Triode Unit as Class A Amplifier 
6.3 0.45 Pentode Unit as Class A  Amplifier  

4.7 0.6 Class A Amplifier 
Triode Unit as Class A Amplifier 

5.2 0.6 Pentode Unit as Class A 
 Amplifier 

With Capacltive-lnput Filter 
5.0 3.0       

With Inductive-Input Filter 

Variable-Mu Twin-Triode 68 9AJ 5.6 
Each Unit as Class A Ampiifief 

Cascode Type Amplifier 

Medium-Mu Triode— 
Sharp-Cutoff Pentode 

— Medium-Mu Triode 
Sharp-Cutoff Pentode 

Medium-Mu Triode 
Sharp-Cutoff Pentode 

68 9JF 4.7 

6J 9QA 5.6 

0.6 Class A Amplifier 

0.6 Class A Amplifier 
Triooe unit as Class A Amplifier 

0.45 Pentode Unit 
as Class A Amplifier 

5GX6 Sharp-Cutoff Pentode 5C TEN 4.7 Class A Amplifier 

Medium-Mu Triode— 
Sharp-Cutoff Pentode 

Dual Triode 
Medium-Mu Triode— 
Sharp-Cutoff Pentode 
Sharp-Cutoff Pentode 

Semiremote-Cutoff Pentode 

Full-Wave Rectifier 

5U4G Full-Wave Rectifier 
51)9/ Medium-Mu Triode— 

LCF201 Sharp-Cutoff Pentode 

Full-Wave Rectifier 

68 9I1A 5.6 

8A 12Ftt 5.6 

68 9MP 5.3 

5C 7CM 4.9 
5C 7CM 4.9 

278 5T 5.0F 

68 10K 5.9 

19E 5T 5.0F 

Triode Unit as Class A Amplifier 
Pentode Unit as Class A Amplifier 

Each Unit as Class A Amplifier 
Triode Unit as Class A Amplifier 

Pentode Unit as Class A 
 Amplifier 

Class A Amplifier 
Class A Amplifier  

With Capacltive-lnput Filter 
With Inductive-Input Filter 

With Capacitlve-lnput Filter 

Class A Amplifier 

With Capacltive-lnput Filter 

With Inductive Input Filter 

With Capactive-lnput Filter 
Full-Wave Rectifier 

With Inductive-Input Filter 



Characteristics Chart 535 

Grid Bias 
or 

Cathode 
Resistor 

Screen 
Grid 

Screen Cur- 
Grid rent 

Plate AC Plate Trans- Amplifi- " 
Cur- Resist- conduct- cation 
rent ance ance Factor 

Power 

Plate Load 
Out- 
put 

" RCA 
Type 

Volts Volts mA mA Ohms Micromhos Ohms Watts 
200 ison 150 2.8 9.5 300000 6200       5BT8 

For other charateristics, refer to Type 6BW8 5BW8 
125 — IV —_   14 5000 8000 40     5CL8 

For other characteristics, refer to 6CM8 5CM8 

For other characteristics, refer to Type 6CQ8 5CQ8 
250 390n     7.3 12000 4400 53     
125 sen 125 3.8 13.5 150000 8600       - 5DH8 

Max. Peak Inverse Volts, 1700 
AC Volts per Plate (RMS), 550 
Max. Peak Inverse Volts, 1700 

Max Peak Plate mA, 1000 
DC Output mA, 275 
Max Peak Plate mA, 1000 

Min. Total Effect. Supply 
Imp, per Plate; 67 ohms 

For other characteristics, refer to Type 6ES8/ECC189 

Min. Value of Input 
Choke, 10 henries 

5DJ4 

For other characteristics, refer to Type 6EU8 

5ES8 
5ES8/ 

YCC189 
5EU8 

For other characteristics, refer to Type 6FV8A 5FV8 

3700 
(Grid-No. 

10 3 3.7 140000 1 t0
7P'ate) - 

(Grid-No.   3 to Plate) 
—   12.5   8700 4 
—   13 4700 8500 - 
10 2.8 8.5   13000 — 
15 2.5 8 200000 , 11000 — 

For other characteristics, refer to Type 4HA7 

For other characteristics, refer to Type 6HG8 

For other characteristics, refer to Type 6JK6 

. AC Volts per Plate (RMS), 450 

. Peak Inverse Volts, 1550 

. AC Volts per Plate (RMS), 550 

. Peak Inverse Volts, 1550  

. AC Volts per Plate (RMS), 450 

. Peak Inverse Volts, 1550  

12.5 120000 15500 
Max. DC Output mA, 225 
Max. Peak Plate mA, 675 
Max. DC Output mA, 225 
Max. Peak Plate mH, 675 
Max. DC Output mA, 225 
Max. Peak Plate mA, 675 

Min. Total Effect. Supply 
Imped, per Plate, 150 ohms 
Min. Value of Input Choke, 
 10 henries 

Min. Total Effect. Supply 
Imped, per Plate, 170 ohms 

For other characteristics, refer to Type 6U9/ECF201 
. AC Volts per Plate (RMS), 425 Max. DC Output mA, 350 
. Peak Inverse Volts, 1400 Max. Peak Plate mA per Plate, 1200 
 Min. Total Effect. Supply Imped, per Plate, 56 ohms  
. AC Volts per Plate (RMS), 500 Max. DC Output mA, 350 
. Peak Inverse Volts, 1400 Max. Peak Plate mA per Plate, 1200 

Min. Value of Input Choke, 10 henries 
, AC Volts per Plate (RMS), 375 Max. DC Output mA, 175 
, Peak Inverse Volts, 1400 Max. Peak Plate mA per Plate, 525 
 Min. Total Effect. Supply Imped, per Plate, 100 ohms  
, AC Volts per Plate (RMS), 500 Max. DC Output mA, 175 

Peak Inverse Volts, 1400 Max. Peak Plate mA per Plate, 525 
Min. Value of Input Choke, 4 henries 
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Beam Power Tube 
Full-Wave Rectifier 
Full-Wave Rectifier 
Full-Wave Rectifier 

Terminal 
Out- Dla- 
lina gram 

Heater or 
Filament (F) 

Volts Amperes 

Values to right give operat- 
ing conditions and character- 
istics for Indicated typical use 

Class A Amplifier 

With Capacitive-lnput Filter 

With Capacitive-lnput Filter 

5Y4GA Full-Wave Rectifier 
5Y4GT  

5Z3 Full-Wave Rectifier 

524 Full-Wave Rectifier 

043 Power Triode  
6A6 High-Mu Twin Power Trlode 
6A7 Pentagrid Converter 

With Capacitive-lnput Filter 

With Inductive-Input Filter 
Amplifier   
Amplifier 

Pentagrid Converter 

6AB5/ Electron-Ray Tube 
6N5 

0407 Sharp-Cutoff Pentode 

6AC5GT High-Mu Power Triode 

£4(7 Sharp-Cutoff Pentode 
6AD6G Electron-Ray Tube 

6AD7G Low-Mu Triode—Power Pentode 

6AE5GT Hw-M" Tf'0116 

6AE6G Twin-Plate Control Tube 

0AE7GT Twin-Input Triode 
0AQ7Y* Power Pentode  
04G11 Twin Diode—Twin Triode 

6AH4GT Low-Mu Triode 
0AH6 Sharp-Cutoff Pentode 
—un Medium-Mu Triode— 6An9 Sharp-Cutoff Pentode 

lAiflj/ Triple Diode- 
EABC80 Hign-Mu Triode  
"54410 High-Mu Triple Triode 

BAL3 Half-Wave Rectifier 

Visual Indicator 

Class A Amplifier  
Class B Amplifier 

Dynamic-Coupled Amplifier With 
76 Driver 

Class A Amplifier  
Visual Indicator 

Triode Unit as Class A Amplifier 
Pentode Unit as Class A  Amplifier  

Class A Amplifier  
Remote Cutoff Triode 

Sharp-Cutoff Triode 
Class A Amplifier  
Class A Amplifier  

Each Triode as Class A Amplifier 
Vertical Deflection Amplifier 

Class A Amplifier  
Triode Unit as Class A Amplifier 

Pentode Unit as Class A Amplifier 

Triode Unit as Class A Amplifier 
Each Unit as Class A Amplifier 

Television Damper Service 

♦ Industrial Type 
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Screen Power Grid Plate AC Plate Trans- Amplifi- Screen Cur- Cur- Resist- conduct- cation Out- Grid rent rent ance ance Factor Load put 
Volts mA mA Ohms Micromhos Ohms Watts 

Grid Bias 
or 

Cathoda 
Plate Resistor 

  For other characteristics, refer to Type 6V6GT 
Max. Peak Inverse Volts, MOO Max. DC Output mA, 100 

For other ratings, refer to Type 51MG 
Max. AC Volts per Plate (RMS), 350 Max. DC Output mA, 125 
Max. Peak Inverse Volts, MOO Max. Peak Plate mA, 440 

Max. Peak Plate mA,300 

Min. Total Effect. Supply 
Imped, per Plate, 50 ohms 

Max. Peak Plate mA, 375 (5Y4G) 
Max. Peak Plate mA, 400 (5Y4GA, 5Y4GT) For other ratings, refer to Type 5Y3G 

  For other ratings, refer to Type 5U4G 
Max. AC Volts per Plate (RMS), 350 Max. DC Output mA, 125 
Max. Peak Inverse Volts, 1400 Max. Peak Plate mA, 375  
Max. AC Volts per Plate (RMS), 500 Max. DC Output mA, 125 
Max. Peak Inverse Volts, 1400 Max. Peak Plate mA, 375  
  For other characteristics, refer to Type 6B4G 
  For other characteristics, refer to Type 6N7GT 

For other characteristics, refer to Type 6A8 

Mln. Total Effect Supply 
Imped, per Plate, 50 ohms 
Min. Value of Input Choke, 

5 henries 

■ Anode-Grid (2): 250 max. V, 4.0 mA 250 - — 3V 100 2.7 3.5 360000 Oscillator-Grid (1) Res. Conversion 
Transcend., 550 /tmhos 

Plate 4,Target Supply = 135 volts Triode Plate Resistor = 0.25 Mfl Target Current = 2.0 mA 
Grid Bias, — 10.0 volts; Shadow Angle, 0°. Bias, 0 volts; Angle, 90°; Plate Current, 0.5 mA. 
Plate & Target Supply = 135 volts. Triode Plate Resistor = 1.0 Mfl Target Current = 1.9 mA 
Grid Bias, — 15.5 volts; Shadow Angle, 0°. Bias, 0 volts; Angle, 90°; Plate Current, 0.13 mA 
300 — 3V 200 3.2 12.5 700000 5000       
250 QV — thOD - - -   10000 tun 

Bias for both 6AC5GT and 76 Is developed In coupling circuit 
250 Average Plate Current of Driver = 5.5 milllamperes 7000 3 7 
 Average Plate Current of 6AC5GT = 32 milllamperes 

MO Ifson 150 2fi Eo Tm 9000 I— HZ 
Target Voltage, 150 volts. Control-Electrode Voltage, —50 volts; Shadow Angle, 135°; Target 
 Current, 1.2 mA Control-Electrode Voltage, 75 volts; Angle, 0°; Target Current, 3 mA 

Max. DC Plate Volts, 500 
Max. DC Cathode mA, 60 

-   10.0 4650 3000 14  >   
For other characteristics, refer to Type 6AG7 
-   7.5 8500 7800 66 : II 

Max. Peak Positive-Pulse Plate Volts, 2000 
 Max. Plate Dissipation, 7,5 watts  
i 2! Eo 500000 9000 HH ZH 
-   8 7300 2750 20 =1 H 
i0 6 25 5500 21000   ~i: 

Max. Peak Inverse Plate Volts, 7500 (Abs.) 
Max. Peak Plate mA, 550 
Max, DC Plate mA, 220  

t For two tubes at stated plate-to-plate load. 

Max. Plate Dissipation, 5 watts 
Max. Peak Heater-Cathode Volts, 6600 6AL3 

D For two tubes. 
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Terminal 
Out- Dia- line gram 

Heater or 
Filament (F) 

Volts Amperes 

Values to right give operat- 
ing conditions and character- 
istics for Indicated typical use 

6AL7GT Electron-Ray Tube 13C 

6AM4 Hlgh-Mu Triode 6A 

6AM8 Diode—Sharp-Cutoff Pentode SB 

6AN4 ' High-Mu Triode 5B_ 
BANS* Beam Power Tube  5C 
cans Medium-Mu Triode—Sharp-Cutoff bAN8 Pentode 

6AQ5 Beam Power Tube 5D 

6AQ6 Twin-Diode—High-Mu Triode 5C 
6AQ7GT Twin-Diode—High-Mu Triode 13D 

6AQ8 High-Mu Twin Triode SB 
BARS Power Pentode 5D 
BARS Beam-Deflection Tube 6E 

BASS* Bual Control RF Pentode SB 
6AS7GA* Low-Mu Twin Triode 19E 

cacii Dual Triode—Sharp-Cutoff .d BASH Pentode 88 

8  Medium-Mu Triode 6B^ 
6AU4GT Half-Wave Rectifier 13G 

6AU6 Sharp-Cutoff Pentode 5C 

6AU7 Medium-Mu Twin Triode SB 

cams Medium-Mu Triode—Sharp-Cutoff » oAUti Pentode 0 

6AV5GT Beam Power Tube 13D 

6AV11 Medium-Mu Triple Triode 8A 

CAUUQ Hlgh-Mu Triode—Sharp-Cutoff gp SAW# Pentode 

6AX4GT Half-Wave Rectifier 13D 

cavo Medium-Mu Triode—Semiremote oAao Cutoff Pentode 0 

BAYS Half-Wave Rectifier 11D 

BAYll Twin Diode—Hlgh-Mu Twin Triode 8A 
BB4G Power-Trlode 27B 
BBS Direct-Coupled Power Triode 26 

BB6G Twin-Diode—High-Mu Triode 23 
» Industrial type 

Visual Indicator 

Class A Amplifier 
 Diode Unit  

Pentode Unit as Class A 
  Amplifier 

Class A Amplifier 
Class A Amplifier 

Triode Unit as Class A Amplifier 
Pentrode Unit as Class A 

Amplifier  
Single Tube Class A Amplifier 
Push-Pull Class Ai Amplifier 

Triode Unit as Class A Amplifier 
Triode Unit as Class A Amplifier 
Each Unit as Class A Amplifier 

Class A Amplifier 
Color TV Demodulator 

Class A Amplifier  
Voltage Regulator 

Dual Triode Unit as Class A 
 Amplifier 

Pentode Unit as Class A  Amplifier   
Triode Unit as Class A Amplifier 
, Television Damper Service 

Class A Amplifier 

Each Unit as Class A Amplifier 
Triode Unit as Class A Amplifier 

Pentode Unit as Class A 
 Amplifier  

Horizontal Deflection Amplifier 

Each Unit as Class A Amplifier 
Triode Unit as Class A Amplifier 

Pentode Unit as Class A 
Amplifier 

Television Damper Service 

Triode Unit as Class A Amplifier 
Pentode Unit as Class A 
 Amplifier  

Television Damper Service 

Each Triode Unit as Class A  Amplifier  
 Class A Amplifier 

Class A Amplifier  
Triode Unit as Amplifier 
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Grid Bias 
or 

Cathode 
Resistor 

Plate AC Plate 
Resist- conduct- 
ance ance 

Target Voltage, 315 volts 
Grid Voltage = 0 volts 
Cathode Bias Res., 3300 ohms approx. 

Max. DC Plate mA, 5 

125 3.8 
180 3.0 

250 4.5 
250 5.0a 

Grid Voltage for Pattern Cutoff, —7 volts appro*. 
Deflecting-Electrodes—No. 1, No. 2 and No. 3 
 Voltage, 0    
.0 8700 9800 85      

Max. Peak Heater-Cathode Volts, ±200   
2.5   7800       
13 , 7000 10000 70   

35 12500 8000    2500 1.3 
5 4500 4700 31     

(EC3 = OV) 
For other characteristics, refer to Type 6AS7G 

9.2 4400 4400 7 12400 5500 
24 70000 10500 
12 6000 6500 

Max. Peak Inverse Plate Volts, 4500 (Absolute) 
Max. Peak Plate mA, 1050   

6500 40     6AT8 
Max. Average Plate mA, 175 caimpt 
Max. Plate Dissipation 6.0 watts »"U4ol 

3900       caiic 
5200     :  6AU6 
3500 19!   = ^TTTT" 
2200 17     uAU/ 
4900 40     ~ 
7nnn —     6AU8 

Max. DC Plate Volts, 550 
Max. DC Cathode mA, 110 

250 —8.5V — 
100 OV   
200 — 2V   
150 1500 150 

Max. Peak Positive-Pulse Plate Volts, 5500 (Abs.) eauitnT 
Max. Plate Dissipation, 11 watts oAVDIjI 
TOO 2200 17 ^ 
500 3100 20     SAVll 
—■ 4000 70     
rinnrt roifi ZZ: zzr oRm 

10.5 7700 2200 11.8 6500 3100 
4   4000 
13 200000 9500 

  6AW8A Features a plate current characteristic with a controlled knee 
Max. Peak Inverse Plate Volts, 4400 M„v u„.,„ ., ,, 
Max. Peak Plate mA, 750 e ^ Heater-Cathode Volts: 
Max. DC Plate mA, 125 "DC component must not exceed 

50 560n     18 5000 8500 40 

Max. Peak Heater-Cathode Volts: j 
"DC component must not exceed 900 volts 
5000 8500 40   

400000 4800   -— 
Max. Plate Dissipation, 6.5 watts 
Max. Peak Heater-Cathode Volts: (z 

Max. Peak Inverse Plate Volts, 5000 
Max. Peak Plate mA, 1100 
Max. DC Plate mA 175 

250 —45V     60 800 5250 4.2 
 For other characteristics, refer to Type 6N6G 
 For other characteristics, refer to Type 6SQ7 

t For two tubes at stated plate-to-plate load. 

  6AY11 
3.5 6B4G 
 6B5 

6B6G 
a For two tubes. 
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Values to right give operat- 
ing conditions and character- 
istics for indicated typical use 

6B7 Twin-Diode—Remote-Cutoff 24B 7D 6B7S Pentode 24B 
cdo Twin-Diode—Semiremote-Cutoff , 8E 6B° Pentode 3 

coon Twin Diode—Semiremote-Cutoff ,3 8E ,  Pentode 33 

SBA3 Half-Wave Vacuum Rectifier 3DB SHI 

6BC5 Sharp-Cutoff Pentode 5C 7BD 
6BC7 Triple Diode SB 9AX 

*6BD4 Sharp-Cutoff Beam Triode 21C 8FU 

★6BD4A Sharp-Cutoff Beam Triode 21C 8FU 
6BD6 Remote-Cutoff Pentode 5C 7BK 

6BD11 Sha?pU-Cutaff0pentode 8B 12DI 

6BF5 Beam Power Tuhe 5D 7BZ 
6BF6 Twin-Diode—Medlum-Mu Triode 5C 7BT 

6BGBG Pnuipr Tnhp rn 51! 

SB 12DP 

Beam Power Tuhe 

Half-Wave Rectifier 

Medium-Mu Triode— 
Sharp-Cutoff Pentode 

Half-Wave Rectifier 

Remote-Cutoff Pentode 
Triple Diode. 

Beam Triode 

★6BK4B Beam Triode 
SBK5 Beam Power Tube 

6BK7A Medlum-Mu Twin Triode 

28B SBT 
21B SBT 

11D 9HP 

6E 9DX 

8C 12BL 

IE 7CM 

21B 8GC 

21B 8GC 
GE 9BQ 

6BL4 Half-Wave Rectifier 13F 8GB 

6BL7GT Medium-Mu Twin Triode 13D 8BD 

R„18 Medium-Mu Triode— 6B gDC odLo Sharp-Cutoff Pentode 

5BN4 Medium-Mu Triode 5C TEG 
BBN6 Beam Tuhe SB 7PF 

6BQ6GT Beam Power Tube 14D 6AM 
6BQ7 Medium-Mu Twin Triode 6B 9A1 

cddo Medium-Mu Triode—Sharp-Cutoff eB gFA bBKo Pentode 

* See Safety Precautions at end of this section. 

SD 7DF 
14D GAM 

Volts Amperes 

Pentode Unit as Amplifier 

Pentode Unit as Amplifier 
Pentode Unit as Class A 
 Amplifier  

Television Damper Service 

Class A Amplifier  
Each Unit—Half-Wave Rectifier 

Voltage-Control 
Voltage-Control 

Class A Amplifier  
Triode No. 1 as Class A Amplifier 
Triode No. 2 as Class A Amplifier 
Pentode Unit as Class A Amplifier 

Class A Amplifier  
Triode Unit as Class A Amplifier 

Horizontal Deflection Amplifier 

Television Damper Service 

Triode Unit as Class A Amplifier 
Pentode Unit as Class A Amplifier 

Television Damper Service 

Class A Amplifier 
Each Unit—Half-Wave Rectifier 

Voltage-Control 

Shunt Voltage Regulator 
Class A Amplifier 

Each Unit as Class A Amplifier 

Television Damper Service 

Vertical Deflection Amplifier 
Triode Unit as Class A Amplifier 

Pentode Unit as Class A 
 Amplifier  

Class A Amplifier  
Limiter and Discriminator  

Horizontal Deflection Amplifier 
Each Unit as Class A Amplifier 

Triode Unit as Class A Amplifier 
Pentode Unit as Class A Amplifier 
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Grid Bias Screen or Grid Plate AC Plate Trans- Cathode Screen Cur- Cur- Resist- conduct- Plate Resistor Grid rent rent ance ance 
Volts Volts mA mA Ohms Micromhos 

Input Triode: 
Output Triode: 

Plate Volts, 300 max; Grid Volts, 0; Plate mA, 8; AF Signal Volts (Peak), 21 
Plate Volts, 300 max.; Plate mA, 45; Plate Res., 24000 ohms; Load Resistance, ■7000 ohms; Power Output, 4 watts  

For other characteristics, refer to Type 1208 
125 2.3 9 600000 1125      

Max. Peak Inverse Plate Volts, 5000 M„v d.,i, ii.i» i—auuu-- Max. Peak Plate mA, 1000 ■ Heater-Cathode Volts 
Max. DC Plate mA, 165 ** DC Component must not exceed 900 Volts 

For other characteristics, refer to Type 6BC5/6CE5 
Max. Peak Inverse Plate Volts, 330 Max. DC Output mA, 12 
Max. Peak Plate mA, 54  Min. Total Effect. Plate Supply Impedance 

Max. DC Plate Volts, 20000 Max. DC Plate mA, 1.5 
Max. DC Output mA, 12 

Min. Total Effect. Plate Supply Impedance, 560Q 
Max. DC Plate mA, 1.5 
 Max. Plate Dissipation, 20.0 watts 

Max. DC Plate mA, 1.5 
 Max. Plate Dissipation, 25.0 watts 
0000 2000 - —^ ZZ   

Max. Unregulated DC Supply Volts, 40000 
Max. DC Plate Volts,'27000 
Max. Unregulated DC Supply Volts, 55000 

Power Output, 
300 milliwatts 

Max. DC Plate Volts, 700 
Max. DC Cathode mA, 110 Max. Peak Positive-Pulse Plate Volts, 6600 (Abs.) 

Max. Plate Dissipation, 20 watts 
Max. Peak Inverse Plate Volts, 5500 Max. Plate Dissipation, 6.5 watts 
Max. Peak Plate mA, 1100 ,, „ , „ , „ .. . ,, „ 
Max. DC Plate mA, 180 Max' Peak Heater-Cathode Volts: 

_J50 —5V      9.5 5150 3300 
200 82B 125 3.4 15 150000 7000 

Max. Peak Inverse Plate Volts, 3300 unotor p,,. 
Max. Peak Plate mA, 840 ^a>:' Peak Heater-Catl 
Max, DC Plate mA, 140 " DC component must 

100 —IV  100 3,5 9 250000 3650 - 
Max. Peak Inverse Plate Volts, 330 Max. D 
Max. Peak Plate mA, 10  Max. Peak Heater-t 

Max. DC Plate Volts, 27000 Max. DC PI 
Max. Unregulated DC Supply Volts, 60000 Max. Plate 
  Max. Plate Dissipation, 30 Watts (6BK4A) 

Max. DC Plate Volts, 27000 Max 
 Max. Unregulated DC Supply Volts, 60000 Max. P 
250 — 5V 250 3.5 ' 35 100000 8500 

Max. Peak Heater-Cathode Volts: jjjjj0 

5150 3300 17 " 
150000 7000       

Max. Peak Heater-Cathode Volts {Zjlfoo0** 
** DC component must not exceed 600 volts  
250000 3650 -   —   

Max. DC Output mA, 1 
Max. Peak Heater-Cathode Volts, +100, —330 

— Max. DC Plate mA, 1.6 Max. Plate Dissipation, 25 Watts (6BK4) 

Max. Average Plate mA, 1.6 
Max. Plate Dissipation, 40 Watts 

Max. Peak Inverse Plate Volts, 4500 (Abs.) 
Max. Peak Plate mA, 1200 
Max. DC Plate mA, 200 
Max. DC Plate Volts, 500 
Max, DC Cathode mA. (Each Unit), 60  

100 — 2V   |   14 
170 — 2V 170 2.8 10 

<60° « forCutoff, —11 
Max. Peak Heater-Cathode Volts I T^qq0* 
'DC component not to exceed —900 volts  
Max. Peak Positive-Pulse Plate Volts, 2000 (Abs.) 
Max. Plate Dissipation (Each Unit), 10 watts 
— sooo 20 - _ 

400000 6200 - _ . 

For other characteristcis, refer to Type 6BN6/6KS6 
Max. DC Plate Volts, 550 
Max. DC Cathode mA, 110 

— — 6BN4 
  6BN6 

Max. Peak Positive-Pulse Plate Volts, 5500 (Abs.) cnnc^ 
 Max. Plate Dissipation, 11 watts  otfdbu I 

90 58°° s™ 35 MM 6BQ7 
13.5 7500   40   ZZT 
9.5 200000 5000       
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RCA 
Type 

Name Out- 
line 

Terminal 
Dia- 
gram 

Heater or 
Filament (F) 

Use 
Values to right give operat- 
ing conditions and character- 
istics for Indicated typical use 

Volts Amperes 

6BS3 Half-Wave Rectifier 11D 9HP 6.3 1.2 Television Damper Service 

6BS8 Medlum-Mu Twin Triode 6B 9AJ 6.3 0.4 Each Unit as Class A Amplifier 
6BV8 Twin Diode—Medium-Mu Triode EB 9FJ 6.3 0.6 Triode Unit as Class A Amolifier 

With Capacitive Input Filter 
6BW4 Full-Wave Rectifier 6E 9DJ 6.3 0.9 

With Inductive input Filter 

6BW8 Twin Diode— 
Sharp-Cutoff Pentode EB 9HK 6.3 0.45 Pentode Unit as Class A Amplifier 

Vertical Deflection Oscillator 
6BX7GT Medlum-Mu Twin Triode 13D SBD 6.3 1.5 

Vertical Deflection Amplifier 

6BY5GA Full-Wave Rectifier 18R 

cmfii Beam Power Tube— BBYll Sbarp-Cutoff Pentode 
6BZ7 Medium-Mu Twin Tried: SB 
6BZ8 Medium-Mu Twin Triode GB_ 

6®®®T Medium-Mu Triode 

6C6 Sharp-Cutoff Pentode 24A 
6C7 Twin-Diode—Medium-Mu Triode 24B 
6C8G Medium-Mu Twln-Triode 23~ 
6C10 High-Mu Triple Triode SA 

6CA7 Power Pentode 

6CB5 Beam Power Tube 28A 
6CB6 Sharp-Cutoff Pentode 5C 

6CD6G Beam Power Tube 28B 
6CE3 Half:Wave Vacuum Rectifier 8G 
6CE5 Sharp-Cutoff Pentode 5C 
6CF6 Sharp-Cutoff Pentode 5C 

®C
0
G

r,
3/ Half-Wave Rectifier BF qLUJ ■ 

cppp Medium-Mu Triode—Sharp-Cutoff 6B bUbii Pentode ,,D 

entjo Medium-Mu Triode—Sharp-Cutoff .B uCHB Pentode ^ 

6CK3 Half-Wave Vacuum Rectifier SOB 

6CK4 Low-Mu Triode 13F 

cm o Medium-Mu Triode—Sharp-Cutoff EB 6CL8 Tetrode 

Television Damper Service 

Beam Unit as Class A Amplifier- 

Pentode Unit as Class A Amplifier 
Each Unit as Class A Amplifier 
Each Unit as Class A Amplifier 

Class A Amplifier 
Amplifier Detector  

Triode Unit as Class A Amplifier 
Each Unit as Class A Amplifier 

Each Unit as Class A Amplifier 
Class A Amplifier 

Push-Pull Class AB, Amplifier 
Horizontal Deflection Amplifier 

Class A Amplifier 
Horizontal Deflection Amplifier 
Television Damper Service 

Class A Amplifier 
Class A Amplifier  

Television Damper Service 
Triode Unit as Class A Amplifier 

Pentode Unit as Class A 
 Amplifier  

Triode Unit as Class A Amplifier 
Pentode Unit as Class A 
 Amplifier   

Television Damper Service 

Vertical Deflection Amplifier 
Triode Unit as Class A Amplifier 

Tetrode Unit as Class A Amplifier  
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Grid Bias 
or 

Cathode 
Resistor Screen 

Grid 

Screen 
Grid 
Cur- 
rent 

Plate 
Cur- 
rent 

AC Plate 
Resist- 
ance 

Trans- 
conduct- 

ance 
Amplifi- ■ 
cation 
Factor Load 

Volts mA mA Ohms Micromhos Ohms 
Max. Peak Inverse Plate Volts, 5000 
Max. Peak Plate mA, 1100 
Max. DC Plate mA, 200 

Max. Plate Dissipation, 6 watts 
Max. Peak Heater-Cathode Volts: 

Max. AC Volts per Plate (RMS), 325 
Max. Peak Inverse Volts, 1275 Max. DC Output mA, 62.5 

Max. Peak Plate mA, per Plate, 350 
  Total Effect. Supply Imped, per Plate, 82 ohms 

Max. AC Volts per Plate (RMS), 450 Max. DC Output mA, 62.5 ~ 
Max. Peak Inverse Volts, 1275 Max. Peak Plate mA per Plate, 350 
 Mm. Value of Input Choke, 10 henries   
250 68(7 110 3.5 10 250000 5200   —   

Max. DC Plate Volts, 500 ' Max DC Pathnrip ma isn 
Max. Plate Dissipation: 10 watts either plate; 12 watts both plates ' 
M3X' P|a*e Volts' 500 Max. Peak Positive-Pulse Plate Volts, 2000 (Abs.) Max. DC Cath. mA, 180 Max. Plate Dissipation: 10 watts either plate; 12 watts both plates 
Max. Peak Inverse Plate Volts, 3000 (Abs.) ;  
£ D^PIall^Vs25 Max' Pe3k Heater-Cath0de V°lts: {+100 Max. Peak Heater-Cathode Volts: J "l3-l +100 

2500 4 
(grid no. 1 to plate) 

  8.0 10000 2000 
For other characteristics, refer to Type 617 

250 — 9V — 
250 — 4.5V — 
250 ^V ^ 
100 —IV - 

265 —13.5V 250 
450 232(1 450 

Max. DC Plate Volts, 700 
Max. DC Cathode mA, 200 

125 56(1 125 

5000 11000   2000 11 
—     6500 40 
Max. Peak Positive-Pulse Plate Volts, 6800 (Abs.) Max. DC Cathode mA, 200 Max. Plate Dissipation, 23 Watts 

125 560 125 3.7 13 280000 8000       
fiax' 55 J1?'6 _yo|ts. TOO Max. Peak Positive-Pulse Plate Volts, 7000 Max. DC Cathode mA, 200   Max. Plate Dissipation, 20 watts  
 For other characteristics, refer to Type 6CE3/6CD3/6DT3 

125 — IV 125 2.3 11 300000 7600     - 
125 56n 125 37 126 300000 7800   ~ ZZ 

Max. Peak Inverse Plate Volts, 5000 Max. DC Plate mA, 350 Max. Peak Heater Cathode Volts: (+300 
Max. Peak Plate mA, 2100 ■ Max. Plate Dissipation, 6.5 watts 1—5000 

100 — IV     12 6000 6500 
250 — IV 125 2.2 9 300000 5500 
200 - 6V     13 5750 3300 
200 1800 150 2.8 9.5 300000 6200 

Max. Peak Inverse Plate Volts, 5200 
Max. Peak Plate mA, 1200 
Max. DC Plate mA, 250 

Max. DC Plate Volts, 550 
Max. Peak Cathode mA, 350 

125 — IV     

Max. Peak Heater-Cathode Volts {4.300°** 
' DC component must not exceed 900 volts  

Max. Peak Positive-Pulse Plate Volts, 2000 (Abs.) 
Max. Plate Dissipation, 12 watts 
5000 8000 40   
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RCA 
Typo 

Name Out- 
line 

Terminal 
Dia- 

gram 
Heater or 

Filament (F) 

Use 
Values to right give operat- 
ing conditions and character- 
istics for Indicated typical use 

Volts Amperes 

6CM6 Beam Power Tube CE 9CK 6.3 0.45 Class A Amplifier 

6CM8 High-Mu Trlode—Sharp-Cutoff Pentode SB 9FZ 6.3 0.45 
Trlode Unit as Class A Amplifier 

Pentode Unit as Class A 
Amplifier 

8CQ4 Half-Wave Rectifier 136 4CG 6.3 1.6 Television Damper Service 

6CR6 Diode-Remote-Cutoff Pentode 5C TEA 6.3 0.3 Pentode Unit as 
Class A Amplifier 

6CT3 Half-Wave Rectifier 6H 9RX 6.3 1.2 Television Damper Service 

6CU8 Medium-Mu Trlode— 
Sharp-Cutoff Pentode SB 9GM 6.3 0.45 Trlode Unit as Class A Amplifier 

Pentode Unit as Class A Amplifier 

6CW5 Power Pentode BG 9CV 6.3 0.76 Vertical-Deflection Amplifier 

BD4» Gas Trlode 5C SAY 6.3 0.25 Thyratron 

6D6 Remote-Cutoff Pentode 24A BP 6.3 Amplifier Mixer 
Sharp-Cutoff Pentode 24A 7H 6.3 0.3 Amplifier Detector 

6D8G g 0.15 Converter 

8A 12BG 6.3 0.45 Each Unit as Class A Amplifier 

MB! 13D 4CG 6.3 1.2 Television Damper Service 

6DB5 Beam Power Tube BP 9GR 6.3 1.2 Class A Amplifier 
Twin Diode—Remote-Cutoff Pentode BE ■a 6.3 0.3 Class A Amplifier 

|iij Twin Diode-Semiremote 
Cutoff Pentode BE 9HE 6.3 0.3 Pentode Unit as 

Class A Amplifier 

6DE4 Half-Wave Vacuum Rectifier 13G 4CG 6.3 1.6 Television Damper Service 
6DL4/ 
EC88 Hlgh-Mu Trlode SM 9NY 6.3 0.165 Class A Amplifier 

6DL5 
6DL5/ 
EL95 

Power Pentode BE 7DQ 6.3 0.2 Class A Amplifier 

6DM4 
6DM4A Half-Wave Rectifier 13G 4CG 6.3 1.2 Damper Service 

SDNS Beam Power Tube 21B 5BT 6.3 2.5 Horizontal Deflection Amplifier 
Half-Wave Rectifier 

Beam Power Tube 

6DT6 Sharp-Cutoff Pentode 5C TEN 6.3 (K3 Class A Amplifier 

6DW4 Half-Wave Rectifier 11D 9HP 1.2 Television Damper Service 

6DW4A Half-Wave Rectifier 1TD 9HP 1.2 Television Damper Service 

6DW5 Beam Power Tube mm 9CK wm 1.2 Vertical Deflection Amplifier 

6DX8 High-Mu Trlode— 
Sharp-Cutoff Pentode BE 9HX 6.3 0.72 

Trlode Unit as Class A Amplifier 
Pentode Unit as Class A 

Amplifier 
0 Industrial type 

l 1.2 Damper Service 

1 1.2 Horizontal Deflection Amplifier 
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Plate 

Grid Bias 
or 

Cathode 
Resistor 

Screen 
Grid 

Screen 
Grid 
Cur- 
rent 

Plate 
Cur- 
rent 

AC Plate 
Resist- 
ance 

Trans- 
conduct- 

ance 
Volts Volts mA mA Ohms Mlcromhos 

250 
250 

—12.5V 
—12.5V *250 IT 

49.5 
45 

1960 
50000 

5000 
4100 

250 — 2V   — 1.8 50000 2000 
250 ison 150 2.8 9.5 600000 6200 

(Triode Connected) enue 
5000 8 

Max. Peak Inverse Plate Volts, 5500 Max. DC Plate mA, 190 Max. Peak Heater /4-300 cnna 
Max. Peak Plate mA, 1200 Max. Plate Dissipation, 6.5 watts Cathode Volts: 1—5500 

Max. Peak Inverse Plate Volts, 5000 
Max. Peak Plate mA, 1200 

Max. Average Plate mA, 250 
125 —1     17 
125 56S2 125 3.8 12 

Max. DC Plate Volts, 275 
Max, DC Cathode mA, 110  

.cn Tube Voltage drop at oc ,:>u 25 mA = 16 Volts a 

800000 2200       6CR6 
Max. Plate Dissipaation, 6.5 Watts 

Max. Peak Heater-Cathode Volts: ®GT3 
„ „ - If - 

170000 7800     — i"'ul1 

Max. Peak Positive-Pulse Plate Volts, 2200 KfMin; 
Max. Plate Dissipation, 12 watts 00"3 

Peak Anode Current =: 100 mA 6D4* 
For other characteristics, refer to Type 6U7G 
For other characteristics, refer to Type 6J7 

~~ Anode-Grid (2): 250 max. volts, 4 mA 250 — 3V 100 2.7 3.5 360000 Oscillator-Grid (1) Resistor. Conversion 
 Transcend., 550 mlcromhos,   

125 —IV —   4.2 13600 4200 57 —   
Max. Peak Inverse Plate Volts, 4400 Max. DC Plate mA 155 Max. Peak Heater 

Max. Peak Plate mA, 900 Max. Plate Dissipation, 5.5 watts Cathode Volts: 
200 180 SI 125 2.2 46 28000 8000   4000 3.8 

— 2V 100 2.7 9 1 M 3800   -—   

200 —1.5V 100 3.3 11 600000 4500   —   

  For other characteristics, refer to Type 6DE4/6CQ4 . 

. 230n 200 4.2 23       8000 2.3 
3200 250 4.5 24     — 10000 3 

, Peak Inverse Plate Volts, 5000 Max. Peak Plate mA, 1100 Max. DC Plate mA, 175 
. Peak Heater—Cathode Volts, —5000 (DC Component Not to Exceed 900 Volts) 

Peak Heater—Cathode Volts, +300 (DC Component Not to Exceed 100 Volts)   
DC Plate Volts, 700 Max. Peak Positive-Pulse Plate Volts, 6600 (Abs.) 
DC Cathode mA, 200 Max. Plate Dissipation, 15 watts   

, Peak Inverse Volts, 5500 Max. DC Plate mA, 175 
. Peak Plate mA, 1000 ^ Max. Plate Dissipation, 6 watts 

DC Plate Volts, 770 Max. Peak Positive-Pulse Plate Volts, 6000 (Abs.) 
DC Cathode mA, 155 (6DQ6A) Max. Plate Dissipation, 18 watts 
DC Cathode mA, 175 (6DQ6B)   

5600 100 2.1 1.1 150000 515        
Peak Inverse Plate Volts, 5000 
Peak Plate mA, 1300 
DC Plate mA, 250  

Max. Peak Inverse Plate Volts, 5500 
Max. Peak Plate mA, 1300 

Max. Average Plate mA, 250 
. DC Plate Volts, 330 
. DC Cathode mA, 65 

— 1.7V     3 
— 2.1V 170 3 18 
— 2.9V 200 3 18 
— 3.4V 220 3 18 

150000 515        
Max. Plate Dissipation, 8.5 
Max. Peak Heater-Cathode Volts: ' 

Max. Plate Dissipation, 8.5 Watts 
Max. Peak Heater-Cathode Volts: 

Max. Peak Positive-Pulse Plate Volts, 2200 
Max. Plate Dissipation, 11 watts 

  4000 65     
100000 11000   —-   
130000 10400   —-   
150000 10000       
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Terminal 
Out- Dia- 

Twin Power Pentode 

Twin Power Amplifier 
Remote-Cutoff Pentode 

High-Mu Triode 
Sharp-Cutoff Tetrode 

Dual Triode 

Half-Wave Vacuum Rectifier 

Beam Triode 
Semiremote-Cutcff Pentode 

Medlum-Mu Triode—Sharp-Cutoff 
Pentode 

, Beam Triode 
Sharp-Cutoff Pentode 

Beam Triode 

Dual Triode 
Diode—Remote-Cutoff Pentode 

High-Mu Triode  
Variable-Mu Twin Triode 

Twin Diode— 
 Sharp-Cutoff Pentode 

Medium-Mu Triode— 
Sharp-Cutoff Pentode  
High-Mu Twin Triode 

Beam Power Tube  
Beam Power Tube 
Beam Power Tube 

High-Mu Triple Triode 

High-Mu Triode 

Power Pentode 

LoW-Mu Triode—Remote-Cutoff Pentode 
Medium-Mu Twin Triode 
Diode—Sharp-Cutoff, 
Twin-Plate Tetrode  
Beam Power Tube 

10D 12FA 

1GE 12FA 

21D BMW 

"m 8BD 
IE 918 

EB 9AJ 

acorn 7BR 

Heater or 
Filament (FJ 

Volts Amperes 

Values to right give operat- 
ing conditions and character- 
istics for indicated typical use 

Class A Amplifier 
1.52 Both Units as Push-Pull 
 Class ABi Amplifier 
0.6 Push-Pull Class A Amplifier 
0.3 Amplifier 
0.2 Shunt Voltage Regulator 
0.2 Class A Amplifier 

Vertical Deflection Oscillator 
 Vertical Deflection Amplifier 
2.1 Television Damper Service 

0.2 Shunt Regulator 
0,3 Class A Amplifier  

Triode Unit as Class A Amplifier 
0.45 Pentode Unit as Class A 
 Amplifier   

0.2 Voltage Control 
0.3 Class A Amplifier 

0.2 Shunt Voltage Regulator 

0.925 Class A Amplifier  
0.3 Pentode Unit as Class A Amplifier 
0.2 Class A Amplifier 

Each Unit as Class A Amplifier 
 Cascode-Type Amplifier 

0.75 Pentode Unit as Class A Amplifier 
. .c Triode Unit as Class A Amplifier 

Pentode Unit as Class A Amplifier 
0.6 Relay Control 
2.25 Horizontal Deflection Amplifier 
0.68 Vertical Deflection Amplifier 
0.8 Vertical Deflection Amplifier 
0.45 Each Unit as Class A Amplifier 
n AF, RF Amplifier 0-22b and Oscillator 
0.3 Class A Amplifier 

Pentode Class A Amplifier 
0.7 Triodea Class A Amplifier 

Pentode Push-Pull Class A  Amplifier  
Triode Unit as Class A Amplifier 

0.3 Pentode Unit as Class A 
  Amplifier  

0.6 Each Unit as Class A Amplifier  H—:  
0.3 Tetrode Unit as Class A Amplifier 

Class A Amplifier 

♦ Industrial type ■ See Safety Precautions at end of this section. 
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Grid Bias Screen or Grid Plate AC Plate Trans- Cathode Screen Cur- Cur- Resist- conduct- Plate Resistor Grid rent rent ance ance 
Volts Volts mA mA Ohms Micromhos 
250 — 7.3V 250 5.5 48 38000 11300 
400 —11V 250 13 100 __   
300 1200 250 15 80     

 For other characteristics, refer to Type 6U7G 
Max. DC Plate Volts, 27000 Max. Plate Dissi 
Max. Unregulated DC Plate Supply Volts, 60000 Max. DC Plate it 

250 — IV 140 0.95 10 150000 8000 
250 — 3    ■ 2 30000 2200 
175 —25     40 920 6000 

Max. Peak Inverse Plate Volts, 5600 m 
Max. Peak Plate mA, 800 ul!t? 
Max. DC Plate mA, 440 ^a*• ^ea'< Heater 

Max. Plate Volts, 27000 Max. Peak Grid Volts, —440 
Max. DC Grid Volts, —135 Max. DC Plate mA, 1.6 lvlax- p|al 

Max. Plate Dissipation, 30 watts 
Max. DC Plate mA, 1.6 

Max. Plate Dissipation, 11 watts 
Max. Peak Heater-Cathode Volts, —6300 

Max. DC Plate Volts, 27000 
Typical Unregulated DC Supply Volts, 36000 

Max. Plate Dissipation, 30 watts 
12500 —   I 
7500 40    - 
6000      

Max. DC Plate mA, 1.5 
Max. Plate Dissipation, 40 watts 

For other characteristics, refer to Type 6LJ6 
For other characteristics, refer to Type 6EM7/6EA7 
100 3.5 9 250000 3800 (Rg = 2.2 megohms bypassed) 

^ io 8000 9000 75 ■ - -   
-—■ 15 2500 12500       

    15   12500       
150 5.5 25 60000 11500       
150 18 55 (Instantaneous plate knee characteristics)  
    18 5000 8500 40     
125 4 12 80000 6400       
    18.5 Grid Volts for Plate /tA 100 = —9 2500-ohm 
    10.0 Grid Volts for Plate /iA 100 — —5 relay  
175 3.3 67 8500 7700           

Use either plate with unused plate grounded 
145 —16V 145 18 100 
For two tubes at stated plate-to-plate load. 

For other characteristics, refer to Type 6J5 
100 3 2^2 130000 1900(With 2.2 megohm No.l grid resistor) 

□ For two tubes. 
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RCA 
Typo 

Name Out- 
line 

Terminal 
Dia- 

gram 
Heater or 

Filament (F) 

Use 
Values to right give operat- 
ing conditions and' character- 
istics for indicated typical use 

Volts Amperes 

6FG6 Refer to lype EM84/GFG6 
6FJ7 Medium-Mu Dual Triode 8B 12BM 6.3 0.9 Unit No. 1 as Class A Amplifier 

Unit No. 2 as Class A Amplifier 
6FM8 Twin Diode— 

High-Mu Triode 6B 9KR 6.3 0.45 Triode Unit as Class A Amplifier 
6FQ5A Hlgh-Mu Trlode 5C 7FP 6.3 0.18 Class A Amplifier 

GE 9LP 6.3 0.6 
5C 7F0 6.3 0.2 

GB 9FA 6.3 0.45 

6FQ7 Medlum-Mu Twin Trlode GE 9LP 6.3 
6FV6 Sharp-Cutoff Tetrode 5C TEH 6.3 
6FV8 Medlum-Mu TrJodej—Sharp-Cutoff 6B SFA 6.3 

fiFyoA. Medlum-Mu Trlode qF. R brVBA Sharp-Cutoff Pentode 68 9FA 6 3 

6FW5 Beam Power Tube 19B GCK 6.3 
6FW8 Medlum-Mu Twin Trlode 6B 9AI 6.3 

High-Mu Trlode GC 7FP 6.3 

6G6G Power Pentode 22 7S 6.3 

6G11 Beam Power Tube-Sharp-Cutoff 8B 12BU 5 3 

Beam Power Tube 
Beam Power Tube 

IDE 9NH 6.3 
SB 12BJ 6.3 

11A SUB 6.3 

GB 9AE 6.3 0.45 

ISA 90K 6.3 1.2 

GJ 9QA 6.3 0.41 

6GH8 Metlium"Mu Pelntoed"eShar|l CUt0f' 68 9AE 6-3 

6GJ5 Novar Beam Power Tube 18A 9QK 6.3 
cp 17 Madium-Mu Tflode— gj oqa 6 3 dW/ Sharp-Cutoff Pentode 51 saft b'J 

6GJ8 Medcum-Mu TMode—Sharp-Cutoff gB gjg 6.3 

6GL7 Dual-Trlode 13B 8BD 6.3 
6GM5 Power Pentode 1CD 9Ma 6.3 

6GQ7 Triple Diode 6B 9QM 

Each Unit as Class A Amplifier 
Class A Amplifier 

Trlode Unit as Class A Amplifier 
Pentode Unit as Class A 
 Amplifier  

Trlode Unit as Class A Amplifier 
Pentode Unit 

 as Class A Amplifier 
Horizontal Deflection Amplifier 
Each Unit as Class A Amplifier 

Class A Amplifier 

Pentode Class A Amplifier 
Beam Power Unit as Class A 
 Amplifier  

Pentode Unit as Class A 
 Amplifier  

Horizontal Deflection Amplifier 
Horizontal Deflection Amplifier 

Vertical Deflection Oscillator 
Vertical Deflection Amplifier 

Triode Unit as Horiz. Defl. Osc. 
Pentode Unit as 

 Horiz. Defl. Osc,  
Horizontal Deflection Amplifier 

~Triode Unit as Class A Amplifier 
Pentode Unit as Class A 
 Amplifier  

Triode Unit as Class A Amplifier 
Pentode Unit as Class A 
 Amplifier  

Unit 1 as Class A Amplifier 
Unit 2 as Class A Amplifier 

Class A Amplifier 

0.45 Each Unit as Half-Wave Rectifier 

6GT5 Beam Power Tube 17B 9NZ 6.3 1.2 Horizontal Deflection Amplifier 

fiGUS Beam Hexode 50 7GA 6.3 0.22 Class A Amplifier 

6GV8 High-Mu Trlode— 
Power Pentode GO SLY 6.3 0.9 

Triode Unit as Class A Amplifier 
Pentode Unit as Class A 

Amplifier 
6GW6 Beam Power Tube 20A GAM 6.3 1.2 Horizontal Deflection Amplifier 
6GX6 Sharp-Cutoff Pentode 50 TEN 6.3 0.45 Class A Amplifier 
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Grid Bias 
or 

Cathode 
Resistor Grid rent rent Pate 

Volts mA Ohms Micromhos Volts 

8000 2500 22.5 
2000 7700 15.4 
58000 1200 70 

6300 12000 74 
250 — 8V     9 7700 2600 20     6FQ7 
125 —1 80 1.5 10 100000 8000       6FV6 
125 — IV     14 5000 8000 40     

' 6FV8 125 — IV 125 4 12 200000 6500   -     
125 — 1     12 5600 8000 45     

" 6FV8A 125 — 1 125 4 12 20000 6500   —    
Max. DC Plate Volts, 770 
Max. DC Cathode mA, 610 

Max. Peak Positive-Pulse Plate Volts, 6500 
Max. Plate Dissipation, 18 watts 6FW5 

100 1.2V     15 2500 13000 33     6FW8 
135 —IV     11 — 13000 70     6FY5/ 

EC97 
180 — 9V 180 2.5 15.0 175000 2300   10000 1.1 6G6G 
120 — 8V 110 4 49 10000 7500   2500 2.3 
150 1500 150 3.5 15 20000 9500       Oil 1 1 

Max. DC Plate Volts, 275 
Max. DC Cathode mA, 275 

Max. Peak Positive-Pulse Plate Volts, 7700 
Max, Plate Dissipation, 17 watts 6GB5 

Max. DC Plate Volts, 770 
Max. DC Cathode mA, 160 

Max. Peak Positive-Pulse Plate Volts, 5000 
Max. Plate Dissipation, 9 watts 6GF5 

Max. DC Plate Volts, 330 
Max. DC Cathode mA, 22 

Max. Plate Dissipation, 1.5 watts 
KRF7 Max. DC Plate Volts, 330 

Max. DC Cathode mA, 50 
Max. Peak Positive-Pulse, Plate Volts, 1500 fAbs.) 
Max. Plate Dissipation, 11 watts 

Our/ 

Max. DC Plate Volts, 330 Max. Plate Dissipation, 2.5 watts 
" 6GH8 Max. DC Plate Volts, 350 

Max. Peak Neg.-Pulse Grid Volts, 175 
Max. Peak Cathode mA, 300 
Max. DC Cathode mA, 20 

Max. Plate 
Dissipation, 2.5 watts 

250 -22.5V 150 2.1 70 15000 7100       6GJ5 
100 - 3V     15   9000 20     

' 6GJ7 170 - 1.2V 120 3 10 350000 11000 Ampl. Factor, 55 
(Grid No. 2 to Grid No. 1) 

125 - IV   13.5 5000 8500 40     
• 6GJ8 125 — IV 125 4.5 12 150000 7500       

250 
175 

—3V   
—25V     2 

46 
30000 
780 

2200 
6400 

66      6GL7 
300 —10V 300 8 60 29000 10200   3000 11 6GM5 

Max. Peak Inverse Volts, 330 
Max. RMS Plate Volts, 117 
Max. Peak Plate mA, 54 

Max. DC Average mA, 9 
Min, Total Effective Plate 

Supply Impedance, 300 ohms 6GQ7 
Max. DC Plate Volts, 770 
Max. DC Cathode mA, 175 
Max. Plate Dissipation, 17.5 watts 

Max. Peak Neg.-Pulse Grid-No. 1 Volts, — 330 
Max. Grid-No. 2 Volts, 220 
Max. Peak Positive-Pulse Plate Volts, 6500 6GT5 

135 —0.4V   9 67000 15000       6GU5 
100 — 0.8V     5 7600 6500 50   — 
170 -15 170 2.7 41 25000 7500     .   " 6GV8 

250 -22.5V 150 2.1 70 15000 7100       6GW6 
150 180Q 100 3 3.7 140000 3700 (Grid No. 1 to plate) 6GX6 
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6GY8 High-Mu Triple Trioie 

Power Pentode 

Terminal 
Out- Dia- 
llne gram 

Heater or 
Filament (F) 

Volts Amperes 

6B 9MB 6.3 0.45 

50 7CV 6.3 0.38 

Values to right give operat- 
ing conditions and character- 
istics for indicated typical use 

Unit No. 1 as 
Class A Amplifier 

Units No. 2 and No. 3 as 
Class A Amplifier 

Class A Amplifier 

Voltage Doubler 
Half-Wave Rectifier 

Power Pentode 

Beam Power Tube 

Beam Power Tube 

Medium-Mu Triode— 
Sharp-Cutoff Pentode 
Beam Power Tube 

Diode—Sharp-Cutoff Pentode 
High-Mu Triode 

Sharp-Cutoff Pentode 
Beam Power Tube 

Semiremote-Cutoff Pentode 
Electron-Ray Tube 

Twin Pentode 
Beam Triode 

Beam Triode 

High-Mu Triode— 
Sharp-Cutoff Pentode 

6G 9NW 6.3 

60 12EY 6.3 

50 7BZ 6.3 

6B 9MP 6.3 

6J4WA» Triode 

RIR 
cieftT Medium-Mu Triode Ojolil  

6J6 
6J6WA+ Medium-Mu Twin Triode 
6J6WB*  

6J7 
6J7G Sharp-Cutoff Pentode 

JSJTGT  

6J8G Triode-Heptode Converter 

6J9 High-Mu Triple Triode 
6J10 Pentode-Beam Power Tube 
6J11 Sharp-Cutoff Twin Pentode 

e Industrial type 

9NJ 6.3 0.55 

12GY 6.3 1.8 

12GY 6.3 2.4 

BE 9DX 6.3 

5C 760 6.3 

2A 60 
130 60 

3 7R 
23 7R 
14A 7R 

7R 
7R 6.3 

8H 6.3 

6B 10G 6.3 
8B 12BT 6.3 

8A 12BW 6.3 

0.76 Vertical Deflection Amplifier 

0.8 Class A Amplifier 
0.45 Class A Amplifier 

Triode Unit as Class A Amplifier 
0.34 Pentode Unit as Class A 
 Amplifier   

2.25 Horizontal Deflection Amplifier 
0.45 Pentode Unit as Class A Amplifier 

0.19 Class A Amplifier 
0.3 Class A Amplifier 
0.45 Vertical-Deflection Amplifier 
0.45 Class A Amplifier 
0.3 Tuning Indicator 

0.55 Power Amplifier 

1.8 Class A Amplifier 
2.4 High Voltage Pulse Regulator 

Triode Unit as Class A Amplifier 
1.125 Pentode Unit 
 as Class A Amplifier 

0.4 UHF Amplifier 

0.3 Class A Amplifier 

^ Each Unit as Class A Amplifier 
0.45 Push-Pull Class C Amplifier 

0.3 Pentode Class A RF Amplifier 

3 Triode Unit as Oscillator 
 Heptode Unit as Mixer 

0.45 Each Unit as Class A Amplifier 
n Qc Pentode Units as u  Class A Amplifier 

n „ Each Unit as u  Class A Amplifier 
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Plate 

Grid Bias 
or 

Cathode 
Resistor 

Screen 
Grid 

Screen 
Grid 
Cur- 
rent 

Plate 
Cur- 
rent 

AC Plate 
Resist- 
ance 

Trans- 
conduct- 

ance 
Amplifi- " 
cation 
Factor 

Power 

Load 
Out- 
put 

- RCA 
Type 

Volts Volts mA mA Ohms Micromhos Ohms Watts 

125 
125 

220S1 
—IV     4.5 

4.5 
14000 
14000 

4500 
4500 

,63 
63    6GY8 

!50 270n 250 2.7 16 —      15000 
!50 270Q 250 2.7 16 150000 8400   15000 ]  ;  (bypassed)       

Max. AC Supply Volts per Plate (RMS), 117 Max. DC Output mA, 8. mln. Mm. Total Effect. Plate-Supply Imped, pet Plate: half-wave, 30 ohms; full wave, 15 ohms  
Max. AC Plate Volts (RMS), 150 Min. Total Effective Plate-Supply Impedance: up 
Max. DC Output mA, 8 per Plate to 117 volts, 15 ohms; at 150 volts, 40 ohms 

125 4.2 
250 6.2 28000 24000   

24000 20000 33 

50000 4100       
Instantaneous Plate Knee characteristic 

52000 4100   5000 4^5" 
58000 3700   5500 2 
  5500 17     

350000 12000       
5000 10000 4~2   

200000 9300 ~ HI .  
5000 15000 75 ^ 

156000 15000 ZZ   
  3600 ^ ^ 

Triode Plate and Fluorescent-Target Volts = 250 
Triode Grid-Supply Volts = —10 to +15 

4.3 13.2 500000 8500       

?-l,riVto+s 250 sliadow Sectio" =0 to o-83 inch 

4.5 24 80000 6000   10000 3 
For other characteristics, refer to Type 6HS5 

Ma*. Pulse Plate Volts, 5500 
Max. Peak Plate mA, 325 Max. Plate Dissipation, 35 watts 

Max. Peak Heater-Cathode Volts, +200, —450 

50n (For both units) 
-10V — - 

Triode-Grid Resistor, 
50000 ohms 

7100 5300 38 
Grid Current, 16 mA 
Driving Power, 0.35 watt 

Conversion Transcend,, 290 micromhos 
5200 57 — ZZT 

6J4* 
6J4WA* 

6J5 
6J5GT 

6J6 
6J6WA* 
6J6WB* 

617 
6J7G 
6J7GT 
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6JB6 Beam Power Tube 

6JC6 Sharp-Cutoff Pentode 
6JE6 Beam Power Tube 

6JE6A Beam Power Tube 
era High-Mu Triode "Jto Sharp-Cutoff Pentode 

6JG6 Beam Power Tube 
6JK6 Sharp-Cutoff Pentode 
6JK8 Dual Triode 

6JM6 Beam Power Tube 
6JS6 Beam Power Tube 

6JS6A Beam Power Tube 
6JT6 Beam Power Tube 
6JU8 Quadruple Diode 

6JZ6 Beam Power Tube 
6K5GT High-Mu Triode 

ISA SQL 6.3 1.2 

6B 9PM 6.3 0.3 
18B 9QL 6.3 2.5 

32B 9QL 6.3 2.5 

17B 9QU 
5C 7CM 
6B 9AJ 

16A 12FJ 

17C 9QU 
6E 9PQ 

Values to right give operat- 
Heater or ing conditions and character- 

Filament (F) istics for Indicated typical use 
fits Amperes 

.3 1.2 Horizontal Deflection Amplifier 

1.3 0.3 Class A Amplifier 
.3 2.5 Horizontal Deflection Amplifier 
.3 2.5 Horizontal Deflection Amplifier 
. , Triode Unit as Class A Amplifier 
'•J U,'B Pentode Unit as Class A Amplifier 

1.3 1.6 Horizontal Deflection Amplifier 
6.3 0.35 Class A Amplifier 
Zl ~Z~. Unit No. 1 as Oscillator ™   Unit No. 2 as RF Amplifier 
i.3 1.2 Horizontal Deflection Amplifier 
).3 2.25 Horizontal Deflection Amplifier 
i.3 2.25 Horizontal Deflection Amplifier 
^3 1.2 Horizontal Deflection Amplifier 
i.3 0.6 Phase Detector 

6.3 1.5 Horizontal Deflection Amplifier 
1.3 0.3 Class A Amplifier 

Remote-Cutoff Pentode Class A Amplifier 

Triode-Hexode Converter 
Triode Unit as Oscillator 

Hexode Unit as Mixer 

Twin Hlgh-Mu Triode— 
Medium-Mu Triode 

Diode—Sharp-Cutoff Pentode 

Medium-Mu Twin Triode 
Twin Diode— 

Sharp-Cutoff Pentode 
Beam Power Tube 

Sharp-Cutoff Pentode 

High-Mu Triode 
Beam Power Tube 

Medium-Mu Triode 

Beam Power Tube 

8A 12BY 6.3 

6E 9LQ 6.3 

6B 9AJ 6.3 

IDA 9LT 6.3 
31D SOU 6.3 
6E 9GK 6.3 

11C 9QT 6.3 

22 6Q 0~ 

27B 7AC 
19D 7AC 

Twin Unit as Class A Amplifier 
Class A Amplifier 

Pentode Unit as Class A 
 Amplifier  

Each Triode as Class A Amplifier 
Pentode Unit as 

 Class A Amplifier 
High-Voltage-Pulse 
 Shunt Regulator 

Class A Amplifier 
Triode Unit as Oscillator 

Beam Power Unit as Amplifier 
Class A Amplifier 

Single-Tube Class A Amplifier 
Push-Pull Class A Amplifier 

Push-Putl Class ABi Amplifier 

Pentagrid Mixer Mixer Service 



Characteristics Chart 553 

Plate 

Grid Bias 
or 

Cathode 
Resistor 

Screen 
Grid 

Screen 
Grid 
Cur- 
rent 

Plate 
Cur- 
rent 

AC Plate 
Resist- 
ance 

Trans- 
conduct- 

ance 
Amplifi- ~ 
cation 
Factor Load 

Volts Volts mA mA Ohms Micromhos Ohms 
, DC Plate Volts, 770 
, Peak Cathode mA, 550 
, Plate Dissipation, 17.5 watts 

Max. Peak Neg.-Pulse Grid-No. 1 Volts, — 330 
Max. Grid-No. 2 Volts, 220 
Max. Peak Positive-Pulse Plate Volts, 6500 

For other characteristics, refer to Type 6JE6A 
5800 9600 3    
  4200 70 

140000 12000   
Instantaneous Plate Knee characteristic 

For other characteristics, refer to Type 6JG6A 

For other ratings, refer to Type 61B6 
—25V 125 irT 125 5600 U300 3 

—25 125 4,5 125 5600 11300 3   
For other ratings, refer to Type 6JB6 

, Peak Inverse Plate Volts, 300 Max. DC Output mA, 9 
, Peak Plate mA, 54 Max. Peak Heater-Cathode Volts, ± 300 

—20V 130 1.8 46 9900 9000  
 OV 130 29 450 Instantaneous Plate Knee characteristic 

— 3V     1.1 50000 1400 70   - 

— 3V 125 2.6 10.5 600000 1650     

Grid Res., 50000 ohms 3.8  Triode-Grid & Hexode-Grid Current, 0.15 mA 
- 3V 100 6.2 2.3 400000 Conversion Transcond., 325 micromhos 
- 3V 100 6.0 2.5 600000 Conversion Transcond., 350 micromhos 

62500 1600 
7700 2200 

5.5 555000 Grid-No. 1 Volts for plate cur- 
 rent of 10 yrA, 4.2 

200 —18V 13 
Max. DC Plate Volts, 330 
Max. DC Cathode mA, 22 
Max. DC Plate Volts, 300 
Max. DC Cathode mA, 60 

250 — 9V     8.0 
250 -14V 250 5.0 72.0 
250 16811 250 5.4 75.0 
270 —17.5V 270 11,00 134.00 
270 124170 270 11.00 134.00 
360 -22.5V 270 5.0 D 88.0O 
360 248110 270 5.0 0 88.0O 

250 — 6V 150 9.2 2.3 

For other characteristics, refer to Type 10KU8 
For other characteristics, refer to Type 6KV6A 

i 5.2 30 40000 30000   
Max. Plate Dissipation, 1.5 watts 
Max. Peak Positive-Pulse Plate Volts, 2200 (Abs.) 
Max. Plate Dissipation, 12 watts   

9000 1900 17   — 
    :  2500 6.! 
      2500 6.! 
      5000 17.! 
    '   5000 18.! 
      6600 26.! 
      9000 24.! 

Oscillator-Grid (No. 3) Bias, —15 volts 
Grid-No. 3 Peak Swing, 16 volts minimum 
Conversion Transcond., 350 micromhos 

t For two tubes at stated plate-to-plate load. o For two tubes. 
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Terminal 
Out- Dia- 
line gram 

Medium-Mu Triode 
Sharp-Cutoff Pentode 

Beam Triode  
Beam Triode 

Beam Power Tube 
Beam Power Tuhe  

Sharp-Cutoff Pentode 
Direct-Coupled Power Triode 

Medium-Mu Twin Power Triode 

Medium-Mu Triode 
Low-Mu Triode—Remote-Cutoff 

Heater or 
Filament (F) 

Volts Amperes 

Use 
Values to right give operat- 
ing conditions and character- 
istics for indicated typical use 

Triode Unit as Class A Amplifier 
Pentode Unit as Class A Amplifier 
 Shunt Voltage Regulator 

Shunt Voltage Regulator 

Horizontal Deflection Amplifier 
Horizontal Deflection Amplifier 

Class A Amplifier  
Class A Amplifier 

Class A Amplifier (as Driver) 
Class B Amplifier ~ 

Amplilier Detector  
Amplifier and Converter 

Twin Diode High-Mu Triode 

Twin High-Mu Triode— 
Medium-Mu Triode 

Triode Unit as Class A Amplifier 

Twin Unit as Class A Amplifier 
Class A Amplifier  

Twin Diode—Medium-Mu Triode Triode Unit as Class A Amplifier 

Power Pentode 
Medium-Mu Triode 

Remote-Cutoff Pentode 
Triple Diode—High-Mu Triode 

Pentagrid Converter 

Pentagrld Converter 
High-Mu Twin Triode 

High-Mu Triode 

Diode—Remote-Cutoff Pentode 
Semiremote-Cutoff Pentode 

Sharp-Cutoff Pentode 

Sharp-Cutoff Pentode 

Remote-Cutoff Pentode 

Medium-Mu Twin Triode 

Class A Amplifier 
Vertical Deflection Amplifier 

Class A Amplifier 

Triode Unit as Class A Amplifier 

Each Unit as Amplifier 
Class A Amplifier 

Pentode Unit as Class A 
 Amplifier  

Class A Amplifier 
Class A Amplifier 

Class A Amplifier 

Class A Amplifier 

Each Unit as Class A Amplifier 
Each Unit as Vertical Amplifier 
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Plate 

Grid Bias 
or 

Cathode 
Resistor 

Screen 
Grid 

Screen 
Grid 
Cur- 
rent 

Plate 
Cur- 
rent 

AC Plate Trans- Amplili- " 
Resist- conduct- cation 

ance ance Factor 

Power 

Load 
Out- 
put 

RCA 
Type 

Volts Volts mA mA Ohms Micromhos Ohms Watts 
125 680 .—.   13 6000 5000 30     
200 
50  

820 
OV 

100 
100 

3.5 
18 

17 
55 

5000 20000 — 
Instantaneous Plate Knee characteristic   6LB8 

For other characteristics, refer to Type 6U6 
Max. Plate Volts, 27000 Max. Average Plate mA, 1.6 

Max. Unregulated Plate Supply Volts, 60000 Max. Plate Dissipation, 40 Watts 
7500 2.8     — 

For other characteristics, refer to Type 31LZ6 
For other characteristics, refer to Type 6MK8A 

' Output Triode: Plate Volts, 300; Plate mA, 45; Load, 7000 ohms 
Trlode: Plate Volts, 300; Grid Volts, 0; Input Plate mA, 8 

250 — 5V 6.0 11300 3100 35 
300 — 6V  7.0 11000 3200 35 
300 OV Power Output for 1 tube at stated plate-to-plate load 

250 —13.5     5.0 9500   13.8 
For other characteristics, refer to Type 6F7 

250 —3V 150 
Max. DC Plate Volts, 550 
Max. DC Cathode mA, 30 

0.8 58000 1200 70 
1.1 58000 1200 70 
1.2 62500 1600 100 

22 7000 2500 18 

9.5 8500 1900 16 

22 55000 8500 
Max. Peak Positive-Pulse Plate Volts, 2200 
Max. Plate Dissipation, 8.5 watts  

8.2 250000 

Grid-No. 1 Resistor, 20000 ohms. 
Conversion Transcond., 450 micromhos 
Grid-No. 1 Resistor, 20000 ohms. 
Conversion Transcond., 950 micromhos 

0.9 66000 1500 100 
12.0 200000 
12.4 700000 

5.3 350000 

100 OV   
250 — 8V  

','.=1 DC Plate Volts, 450 
Max. Peak Cathode mA, 70 

900000 4900 
2.9 700000 

13.0 120000 
9.2 800000 

— 10.0 6700 3000 20   — 
— 9.0 7700 2600 20      

Max. Plate Dissipation: 5 watts either plate; 7.5 watts both plates 
Max. Peak Positive Pulse Plate Volts, 1500 

6SH7 
6SJ7 
6SJ7GT 
6SK7 

6SK7GT 
6SN7GT 

- 6SN7 
GTA 
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Values to right give operat- 
Heater or log conditions and character- 

Filament (FJ Istics for indicated typical use 

Twin-Diode—Hlgh-Mu Triode 

Twin Diode—Medium-Mu Triode 
Remote-Cutoff Pentode 

Twin Diode—Medium-Mu Triode 
Twin Diode—High-Mu Triode 

Medium-Mu Triode 

Twin Diede—High-Mu Triode 

Triple Diode—High-Mu Triode 

High-Mu Triode— 
Power Pentode 

Electron-Ray Tube 
Remote-Cutoff Pentode 

Medium-Mu Triode—Sharp-Cutoff Pentode 
Medium-Mu Triode 

Sharp-Cutoff Pentode 

Half Wave Rectifier 

Ream Power Tube 

Twin Diode—tow-Mu Triode 

Half-Wave Rectifier 

Sharp-Cutoff Pentode 
Full-Wave Rectifier 

Full-Wave Rectifier 

cvo Medium-Mu Triode— u"® Sharp-Cutoff Pentode 

6Y5 Full-Wave Rectifier 
6Y7G High-Mu Twin Power Triodi~ 
6Y9 Dual Pentode 
62 4 Refer to type B4/6Z4 
625 Full-Wave Rectifier 

627G Hlgh-Mu Twin Power Triode 
l.7tn Power Pentode pclU Dated-Beam Discriminator 

62Y5G Full-Wave Rectifier 

Volts Amperes 

6.3 0.3 

61 6.3 0.8 
BB 6.3 0.6 

10L 6.3 0.8 

0.3 Triode Unit as Class A Amplifier 
0.3 Triode Unit as Class A Amplifier 
0.15 Class A Amplifier 
0.15 Triode Unit as Amplifier 
0.15 Triode Unit as Class A Amplifier 

Oscillator in UHF TV Receivers 
0.225    Class A Amplifier 
0.15 Triode Unit as Class A Amplifier 

Triode Unit as Class A Amplifier 
Triode Unit as 

. — Class A Amplifier u'aJ Pentode Unit as 
  Class A Amplifier 
0.3 Visual Indicator 
0.3 Class A Amplifier 

Triode Unit as Class A Amplifier 
0.45 Pentode Unit as Class A 
 Amplifier  

„ Triode Unit as Class A Amplifier u•,1 Pentode Unit as Class A Amplifier 

1,75 Television Damper Service 

Single-Tube Class A Amplifier 
0.45 •  

Push-Pull Class ABi Amplifier 
0.3 Triode Unit as Amplifier 

1.2 Television Damper Service 

0.15 Class A Amplifier 
T"! With Capacitive-lnput Filter 0'b With Inductive-Input Filter 

With Capacitive-lnput Filter 
0.6   

With Inductive-Input Filter 
Triode Unit as Class A Amplifier 

1.45 Pentode Unit as Class A 
 Amplifier  
0.8 With Capacitive-lnput Filter 
0.6 Class B Amplifier 
~ Unit No. 1 as Class A Amplifier 

Unit No. 2 as Class A Amplifier 

jJ-J With Capacitive-lnput Filter 
0.3 Class B Amplifier 
0.95 Class A Amplifier 

0.3 With Capacitive-lnput Filter 
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Grid Bias 
or 

Cathode 
Resistor 

Plate 
Cur- 
rent 

AC Plate 
Resist- 
ance 

Trans- 
conduct- 

ance 
mA Ohms Micromhos 

0.5 
1.1 

110000 
85000 

925 
1175 

9.5 8500 1900 
9.0 1M 1850 

100 — IV 
250 - 3V - 

Max. DC Plate Volts, 200 
Max. DC Cathode mA, 30 

80 150n  
250 - 3V - 
300 4580n  
100 - IV 
250 - 3V 

For other characteristics, refer to Type 6SR7 
^ = O 54000 1300 _   1.0 53000 1200 0.8 54000 1300 70       

1,0 53000 1200 70     
Max. Grid mA, 8 

 Max. Plate Dissipation, 3.5 watts  
18  ■ 7000 13      
1.2 62000 1050 65      

Grid Resistor, 0.5 Mfl Gain per stage, 40 
0.8 54000 1300 70       
1.0 58000 1200 70      

Plate & Target Supply, 250 volts. Triode Plate Resistor, 1.0 MCI Target Current, 4.0 mA 
Grid Bias, —22 volts; Shadow Angle, 0°. Bias, 0 volts; Angle, 90°; Plate Current, 0.24 mA 

Max. Peak Inverse Plate Volts, 6000 (Abs.) 
Max. Peak Plate mA, 800 

Max. Average Plate mA, 135 
Max. Peak Heater-Cathode Volts: 

250 —12.5V 250 4.5 45.0 
315 —13V 225 2.2 34.0 
250 —15V 250 5.0D 70.0n 
285 —19V 285 4.0D 70.0n 

For other characteristics, refer to Type 85 
Max. Peak Inverse Plate Volts, 3850 Mav piate r 
Max. Peak Plate mA, 750 Max peak Heater-C 
Max. Average Plate mA, 125    

_ 3V 100 6! 2T) i!~M 1225 

Max. Plate Dissipation, 3.5 watts 
Max. Peak Heater-Cathode Volts, —2300, +300 

Max. AC Volts per Plate (RMS), 325 
Max. Peak Inverse Volts, 1250 
Max. AC Volts per Plate (RMS), 400 
Max. Peak Inverse Volts, 1250 

125 — IV     

100 0.5 2.0 1.5 M 1225 
For other characteristics, refer to Type 6X4 

! (RMS), 325 Max. DC Output mA, 70. i, 1250 Max. Peak Plate mA, 245 
! (RMS), 400 Max. DC Output mA, 70 i, 1250 Max. Peak Plate mA, 245 
    12 6000 6500 ; 
125 2.2 9 300000 5500 - 

Max. AC Volts per Plate (RMS), 350 
Max. DC Output mA, 50  

For other characteristics, refer to Type 79 
170 6.5 30   21000 
150 3 IQ   8500 

Min. Total Effect. Supply 
Imped, per Plate, 525 ohms 
Min. Value of Input Choke, 

10 henries 

Max. AC Volts per Plate (RMS), 230 
Max. DC Output mA, 60  

Power Output is for one tube at stated plate-to-plate load 
For other characteristics, refer to Type 6Z10/6J10 

Max. Peak Inverse Volts, 1250 M 

t For two tubes at stated plate-to-plate load. 

Max. DC Output mA, 40 
Max. Peak Plate mA, 120 

Min. Total Effect. Supply cvycp 
Imped, per Plate, 225 ohms DAlDu 

D For two tubes. 
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Terminal Values to right give operat- 
Out- Dia- Heater or ing conditions and character- 
line gram Filament (F) istics for indicated typical use 

Medium-Mu Triode 
Beam Power Tube 
 Twin Diode  

Remote-Cutoff Pentode 

Octode Converter 

Power Pentode 
Medium-Mu Twin Triode 

Sharp-Cutoff Pentode 
Sharp-Cutoff Pentode 

High-Mu Triode  
Power Pentode 

Twin Diode—High-Mu Triode 
Remote-Cutoff Pentode 

Pentagrid Converter 
Beam Power Tube 

Twin Diode—High-Mu Triode 
Sharp-Cutoff Pentode 

Dual Triode 

Twin Diode—Medium-Mu Triode 
Twin Diode—Remote-Cutoff  Pentode  

Beam Power Tube 
High-Mu Twin Triode 

Medium-Mu Twin Triode 
Sharp-Cutoff Pentode 

Semiremote-Cutoff Pentode 

Medium-Mu Triode— 
Sharp-Cutoff Pentode 

Triode-Heptode Converter 

Twin Diode—High-Mu Triode 
Sharp-Cutoff Pentode 
Sharp-Cutoff Pentode 

Medium-Mu Twin-Triode 
Pentagrid Converter 

Twin Diode—Remote-Cutoff  Pentode ' 

Triode-Heptode Converter 

Sharp-Cutoff Pentode 
Sharp-Cutoff Pentode 

Twin Diode—High-Mu Triode 
Full-Wave Rectifier 

12B 8BL 6.3 0.3 

12B 8BF 6.3 0.3 
6E 9GK 7.3 0.45 

12B 8V 6.3 0.3 
12C 8AC 6.3 0.6 
12B SAL 6.3 0.3 

12B 8AE 6.3 0.3 

12B 8BL 6.3 0.3 

12B 8V 6.3 0.45 
12B 8BJ 6.3 0.45 
12C 8BZ 6.3 0.3 
12B SAB 6.3 0.5 

Amplifier 
Class A Amplifier 
Detector Rectifier 
Class A Amplifier 

Class A Amplifier 
Each Unit as Class A Amplifier 

Class A Amplifier 
Class A Amplifier 

Amplifier 
Class A Amplifier 

Triode Unit as Amplifier 
Class A Amplifier 

Converter 
Class A Amplifier 

Triode Unit as Class A Amplifier 
Class A Amplifier 

Each Unit as 
Class A Amplifier 

Triode Unit as Amollfier 
Pentode Unit as Class A 
 Amplifier  

Vertical Deflection Amplifier 
Each Unit as Amplifier 

Each Unit as Class A Amplifier 
Class A Amplifier 
Class A Amplifier 

Triode Unit as Class A Amplifier 
Pentode Unit as Class A 
 Amplifier  

Triode Unit as Oscillator 
Heptode Unit as Mixer 

Triode Unit as Class A Amplifier 
Class A Amplifier 
Class A Amplifier 

Each Unit as Class A Amplifier 
Converter 

Pentode Unit as Class A 
 Amplifier  

Triode Unit as Oscillator 
Heptode Unit as Mixer 

Class A Amplifier 
Class A Amplifier 

Triode Unit as Class A Amplifier 
With Capacitive-lnput Filter 
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Grid Bias 
or 

Cathode 
Resistor 

Screen 
Grid 

Screen Cur- 
Grid rent 

Plate AC Plate Trans- 
Cur- Resist- conduct- 
rent ance ance 
mA Ohms Mlcromhos 

For other characteristics, refer to Type 6J5 
io _ 7.5V no HTo 4oto ioooo ssoo 2500 HTs 
25 — 9V 125 3.3 44.0 17000 6000 2700 2.2 

Max. AC Voltaee per Plate, 150 Volts, RMS  Max, DC Output Current per plate, 8 mA 
For other characteristics, refer to Type 6SK7   

Anode-Grid (2): 250 max. volts, 4.2 mA 
50 — 3V 100 3.2 3.6 700000 Oscillator-Grid No. 1 Resistor. Conver-   sion Transcend., 550 mlcromhos  
DO 68n 150 7.0 28.0 300000 9500           
50 —10V      9.0 7600 2100 16     
50 2500 250 2.0 6.0 1 M 4200  ■     
50 2500 250 1.9 6.8 1 M 3300       

For other characteristics, refer to Type 6SF5    
For other characteristics, refer to Type 6K6GT  
For other characteristics, refer to Type 6SQ7 

50 — 3V 100 1.7 8.5 —- 750000 1750    .   
For other characteristics, refer to Type 6A8 
For other characteristics, refer to Type 6V6 

so — iv — — il iooooo iooo ioo —■ — 
50 — 3V 100 0.5 2.0 2 M 1300    -—   

90 —1.3      15 .• ■ 12500 33     • 
For other characteristics, refer to Type 6BF6 

50 3300 100 1.6 7.5 700000 1300       
For other characteristics, refer to Type 6EY6 

For other characteristics, refer to Type 6SL7GT 
50 soon ^ ^ ftF 3300 48~    '  250 soon     6.0   3300 

250 - 2V 100 2.0 6.0 800000 4500 
100 — 1.5V 100 2.6 7.5 350000 4000 
250 1800 150 3.2 10.0 800000 4000 

For other characteristics, refer to Type 6HG8 

Triode-Grid Resistor, 
50000 ohms Triode-Grid & Heptode-Grid Current, 0.4 mA 

1.5 M Conversion Transcond., 290 /imhos 
44000 1600 70 —■ — 

45000 24000        

For other characteristics, refer to Type 6SN7GT 
nn o a IS i u Grid No. 1 Resistor, 20000 ohms 
"Y    Conversion Transcond., 450 yimhos 

Triode-Grid Resistor, 
50000 ohms 

- 2V 100 3.0 — 2V 100 3.0 1.8 1.25 M Conversion Transcond., 525 yimhos 
160n 150 3.9 10.0 300000 5800  ■       

For other characteristics, refer to Type 7V7 
— IV     1.9 67000 1500 100     

Peak Inverse Volts, 1250 Max. DC Output mA,70 Max. Peak Plate mA, 
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Terminal 
Out- Dia- 
ling cram 

Heater er 
Filament (F) 

Volts Amperes 

Values to right give operat- 
ing conditions and character- 
istics for Indicated typical use 

Full-Wave Rectifier 

High-Mu Triode 
Sharp-Cutoff Pentode 

Medium-Mu Triode 
Sharp-Cutoff Pentode  

Sharp-Cutoff Twin Pentode 
Sharp-Cutoff 

 Twin Pentode  
Hlgh-Mu Triode 

Sharp-Cutoff Pentode 
Twin Diode— 

 Sharp-Cutoff Pentode 
Medlum-Mu Twin Triode 

Medium-Mu Triode— 
Sharp-Cutoff Pentode 

Medium-Mu Triode— 
Sharp-Cutoff Pentode 

Medium-Mu Triode 
Sharp-Cutoff Pentode 

High-Mu Triple Triode 
High-Mu Triple Triode 

Hlgh-Mu Twin Triode 
Beam Power Tube 

 Sharp-Cutoff Pentode  
Twin Diode—High-Mu Triode 

Modium-Mu Triode—Sharp-Cutoff 
Tetrode 

nr-Ao Medium-Mu Triode— utflo Sharp-Cutoff Pentode 

Hlgh-Mu Triode— 
Power Pentode 

Sharp-Cutoff Pentode 

Sharp-Cutoff Pentode 
Medium-Mu Triode— 
Sharp-Cutoff Pentode 

Power Triode 
High-Mu Triode—Sharp-Cutoff 

Pentode 
Power Pentode 

Hlgh-Mu Triode— 
Sharp-Cutoff Pentode 

With Capacitive-lnput Filter 
Triode Unit as Class A Amplifier 

Pentode Unit as Class A Amplifier 
Triode Unit as Class A Amplifier 

Pentode Unit as Class A Amplifier 
Each Unit as 

 Class A Amplifier  
Each Unit as Class A Amplifier 

Triode Unltas Class A Amplifier 
Pentode Unit 

 as Class A Amplifier 
Pentode Unit as 

 Class A Amplifier 
Vertical and Horizontal 
 Deflection Oscillators 

Triode Unit as Class A Amplifier 
Pentode Unit as Class A 
 Amplifier  

Triode Unit as Class A Amplifier 
Pentode Unit as Class A 
 Amplifier  

Triode Unit as Class A Amplifier 
Pentode Unit as Class A Amplifier 

Each Unit as Class A Amplifier 
Each Unit es Class A Amplifier 

Each Unit as Class A Amplifier 
Beam Unit as Class A Amplifier 

Pentode Unit as Class A Amplifier 
Triode Unit as Class A Amplifier 
Triode Unit as Class A Amplifier 

Tetrode Unit as Class A 
 Amplifier  

Triode Unit as 
Class A Amplifier 
Pentode Unit as 

 Class A Amplifier  
Triode Unit as Class A Amplifier 

Pentode Unit as Class A 
  Amplifier  

Class A Amplifier 

Class A Amplifier 

Class A Amplifier 
 Class A Amplifier  

Triode Unit as Class A Amplifier 
Pentode Unit as Class A   Amplifier  

Vertical Deflection Amplifier 
Triode Unit as Class A Amplifier 

Pentode Unit as Class A 
 Amplifier  

Class A Amplifier 
Vertical Deflection Amplifier 
Vertical Deflection Oscillator 
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Grid Bias Screen or Grid Plate AC Plate Cathode Screen Cur- Cur- Resist- Resistor Grid rent rent ance 
Volts mA mA ohms 

Max. Peak Inverse Volts, 1250 

Grin Plate AC Plate Trans- Amplifi-   
Screen Cur- Cur- Resist- conJuct- cation 

Grid rent rent ance ance Factor Load 
Volts mA mA Olims Mlcromhos Ohms 

Is 1250 Max. DC Output mA, 100 Min. Total Effec. Supply 
_! Max. Peak Plate mA, 300 Imped, per Plate, 75 ohms 
     7.6 9200 6300 59   
150 iTfi 28 40000 30000   
125 21 56 Instantaneous Plate Knee characteristic 

For other characteristics, refer to Type 6BH8 

For other characteristics, refer to Type 6BN11 

125 3.8 11 200000 13000     
    2 37000 2700 100   
125 7 25 75000 12500       

For other characteristics, refer to Type 6ET7 
For other characteristics, refer to Type 6FQ7 

For other characteristics, refer to Type 6GJ7 

—   14 — 5000 20 ~ -   14   5000 20 
I 2.8 10 400000 6200 . 
For other characteristics, refer to Type 6AH9 
For other characteristics, refer to Type 6AK10 
- • • 8 9300 6900 64 

-   10 — 5800 48 

Ampl. Factor. (Grid 
No. 2 to Grid No. 1), 47 

(Grid No. 1 = 10000 

For other characteristics, refer to Type 6EA8 

For other characteristics, refer to Type 6GV8 

>0 9 18 55000 24000 (Eca = 0V) 10 25 25  Instantaneous Plate Knee characteristic 
25 32 76 : "—  '  
so 6 25 55000 21000 ZZ ZZ 

For other characteristics, refer to Type 6U8A 
—   18.0 5000 1600 8.0 10200 
  7.3 12000 4400 53   i 

S 3.2 11.5 190000 8000     
For other ratings, refer to Type 6CW5 

For other characteristics, refer to Type 6DX8 

For other characteristics, refer to Type 6EW7 
For other ratings, refer to Type 6GF7 
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Values to right give operat- 
ing conditions and character- 
istics for indicated typical use 

High-Mu Triode 
Sharp-Cutoff Pentode 

Medium-Mu Triode 
Sharp-Cutoff Pentode 

High-Mu Triode 
Sharp-Cutoff Pentode 

High-Mu Triode— 
Sharp-Cutoff Pentode 

Detector Amplifier 

Dual Triode 
Sharp-Cutoff Pentode 

6E 9DX Class A Amplifier 
Class A Amplifier 

Triode Unit as Class A Amplifier 
Pentode Unit as Class A Amplifier 

Triode Unitas Class A Amplifier 
Pentode Unit 

 as Class A Amplifier 
Class A Amplifier 

Triode Unit 1 as Class A Amplifier 
Triode Unit 2 as Class A Amplifier 
Pentode Unit as Class A Amplifier 

Dual Triode 
Sharp-Cutoff Pentode 

Triode Unit 1 as Class A Amplifier 
O j Triode Unit 2 as Class A Amplifier 

Pentode Unit as Class A Amplifier 

Dissimilar Double Triode 
Sharp-Cutoff Pentode 

High-Mu Triode 
Sharp-Cutoff Pentode 

Power Pentode 

Triode Unit 1 as Class A Amplifier 
O.g Triode Unit 2 as Class A Amplifier 

Pentode Unit as Class A Amplifier 
n -c Vertical Deflection 
 Oscillator and Amplifier 

0.45 Class A Amplifier 

Unit No. 1 as Class A Amplifier 
0.45   

Unit No. 2 as Class A Amplifier 
Ej'S Class A Amplifier 

Beam Power Tube 

12A7 Rectifier—Power Pentode 

12A8GT Pentagrid Converter 

Class A Amplifier 
Pentode Unit as Class A 
 Amplifier  

Half-Wave Rectifier 

12AC6 Remote-Cutoff Pentode 

12AD6 Pentagrid Converter 

12AE6 Twin Diode—Medium-Mu Triode 

12AE6A Twin Diode—Medium-Mu Triode 

approx. Class A Amplifier 
at 12.6 V 

0.15 
approx. Converter 

at 12.6 V 
0.15 

approx. Triode Unit as Class A Amplifier 
at 12.6 V  

0.15 
approx. Triode Unit as Class A Amplifier 

0.45 Unit No. 1 as Class A Amplifier 
approx.   

at 12.6 V Unit No. 2 as Class A Amplifier 

12AF6 Remote-Cutoff Pentode Class A Amplifier 

Medium-Mu Twin Triode Each Unit as Class A Amplifier 

12AJ6 Twin Diode—Medium-Mu Triode 

4 Industrial type 

approx. Triode Unit as Class A Amplifier 
at 12.6 V 
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Grid Bias Screen or Grid Plate AC Plate Cathode Screen Cur- Cur- Resist- Resistor Grid rent rent ance 
Volts mA mA Ohms 
For other characteristics, refer to Type 10JA8/10LZ8 

For other characteristics, refer to Type 6LB8 
200 —2V 
200 82S2 35 0 

250 — 2 
200 0 
135 —10.5V 
200 270SJ 
200 270S2 
200 65S2 40 OV 
200 270(1 
200 270S1 
200 65(1 
40 OV 

200 270(1 
200 470(1 
200 65(1 50 OV 

18700 4000 75 — 
60000 19000 ^ : 
 Instantaoeous Plate Knee characteristic 

52000 2100 HQ   
150000 9500      

20 17-6 68 Instantaneous Plate Knee characteristic 
—   7.1 12400 5500 69 —>- 
—   7.6 9200 6300 59 
M 4T) 2A5 490000 21200 IZI 20 12-6 68 Instantaneous Plate Knee characteristic 
—   7.1 12500 5500 69 _ 
—   7.2 7600 5300 40 " 
M 4^9 27^5 490000 20000 ZZ ! 
^ I® 71 Instantaneous Plate Knee characteristic 

For other characteristics, refer to Type 6CY7 

For other characteristics, refer to Type 6JE8 

170 6.5 30 
150 3 10 
180 8.0 45.0 

250 3.5 30 

135 2.5 9.0 

Ampl. Factor (Grid-No. 
1 to Grid-No. 2), 38 

Ampl. Factor (Grid-No. 
1 to Grid No. 2), 35 

Maximum AC 
Maximum DC Plate Voltage 195 Volts RM3 

Output Current ; 30 Milliamperes 
For other characteristics, refer to Type 6A8GT 

12.6 .2 

12.6 1.5 

Grid Res. 1.5 megohms 
Grid Res. 1 megohm 

.55 500000 

0.45 1M 

0.75 15000 

500000 730 } Supply Volts, 0 (Grid-No. 1 Res., 2.2 megoh 
1 Grid-No. 1 Resistor, 33000 ohms 

Conversion Transcend., 260 micromhos 

15000 1000 

13000 1300 

3150 4000 
985 6500 

12.6   12.6 0.45 

180 - 6.5V     

lilfi /Grid-No. 1 Supply Volts, 0 1 
IGrld-No. 1 Res., 2.2 megohms/ 

1.1 350000 (Grid-No. 1 Supply Volts, 0 1 
(Grid-No. 1 Res., 2.2 megohms/ 

8400 1900 

0.75 45000 1200 
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Terminal 
Out- Dia- 
llne gram 

Medium-Mu Trlode—Power 0E ggs 
Tetrode 

Heater or 
Filament (F) 

Volts Amperes 

10.0 0.55 
to approx. 

15.9 at 12.6 V 

Use 
Values to right give operat- 
ing conditions and character- 
istics for indicated typical use 

Triode Unit as Class A Amplifier 

Tetrode Unit as Class A Amplifier 

12AT7WB* High-Mu Twin Triode 
12AU7 Medium-Mu Twin Triode 
12AV7 Medium-Mu Twin Triode 
12AW6 Sharp-Cutoff Pentode 

Class A Amplifier 

j>^5 Each Unit as Class A Amplifier 

{j-^5 Each Unit as Class A Amplifier 
0,15 Class A Amplifier  

Half-Wave Rectifier j>-§ Television Damper Service U.b 

12AX7 High-Mu Twin-Trlode 
12AY3 Half-Wave Rectifier ~ 
12AZ7 High-Mu Twin-Trlode 

i odopt High-Mu Triode—Remote-Cutoff 12pou I Pentode 

12BA7 Pentagrld Converter 
12BD6 Remote-Cutoff Pentode 
12BF6 Twin Diode—Medium-Mu Triode 
12BH7 Medium-Mu Twin Triode 
12BK5 Beam Power Tube  

12BL6 Remote-Cutoff Pentode 

12BN6  Beam Tutie   
12BR7 Twin Diode—High-Mu Triode 
12BS3 Half-Wave Rectifier  

12BT3 Half-Wave Rectifier 

12BV7 Sharp-Cutoff Pentode 

12BW4 Full-Wave Rectifier 

12BY7 Sharp-Cutoff Pentode 
"12827 High-Mu Twin Triode 

,000 Twin Diode—Semiremote-Cutoff l'-"'' Pentode . 
12CK3 Half-Wave Rectifier  

12CN5 Remote-Cutoff Pentode 

12CR6 Diode-Remote-Cutoff Pentode 

i opto Medium-Mu Triode—Sharp-Cutoff iiulo Pentode 

Each Unit as Class A Amplifier 
Television Damper Service 

Each Unit as Class A Amplifier 
Triode Unit as Class A Amplifier 

Pentode Unit as Class A 
 Amplifier  

Converter  
Class A Amplifier  

Triode Unit as Class A Amplifier 
Vertical Deflection Amplifier 

Class A Amplifier  

Class A Amplifier 

Limiter and Discriminator 
Triode Unit as Class A Amplifier 

Television Damper Service 

Television Damper Service 

Class A Amplifier 
With Capactive Input Filter 
With Inductive Input Filter 

Class A Amplifier 
Each Unit as Class A Amplifier 

Pentode Unit as RE Amplifier 
Television Damper Service 

Class A Amplifier 
Pentode Unit as 

 Class A Amplifier 
Triode Unit as Class A Amplifier 

Pentode Unit as Class A Amplifier  
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Plate 

Grid Bias 
or 

Cathode 
Resistor 

Screen 
Grid 

Screen Cur- 
Grid rent 

Plate 
Cur- 
rent 

AC Plate 
Resist- 
ance 

Trans- 
conduct- 

ance 
Volte Volts mA mA Ohms Micromhos 

12.6 — 0.9V 
(across 2.2 megohm res.) .5 13000 1000 

Grid-No. 2 (Control Grid) Volts, —.5 
(across 2.2 moBoitm res.) 

Grid-No. 1 (Space-Charge Grid) Volts, 12.6 
Transcend. (Grid-No. 2 to Plate), 15000 /imhos 

Ampl. Factor (Grid-No. 2 to Plate) 7.2 
Grid-No. 1 mA, 75 Plate mA, 10 
Plate Resistance, 480 ohms 

For other characteristics, refer to Type 12AT7 
11.8 6250 3100 19.5 10.5 7700 2200 17 
18 4800 8500 41 Cutoff Volts, -12 

For other characteristics, refer to Type 6AG5 

Max. Peak Inverse Plate Volts, 4400 
Max. Peak Plate mA, 750 
Max. DC Plate mA, 125 

Max. Peak Heater-Cathode VoNs: j^gg0 

DC component must not exceed 900 volts 

  0.5 80000 1250 
   1.2 62500 1600 

For other ratings, refer to Type 6AY3 
  3.7 15000 4000 
  IQ.O 10900 5500 
  2.8 37000 2400 

 For other characteristics, refer to Type 6BA7 12BA7 
 For other characteristics, refer to Type 6BD6 IPRDfi 
_ 9V    16 1900 9.5 8500   f°!J,er.,0.utPut. lOBFB 

—7^— ——— . 300 milliwatts litirb Max. DC Plata Volts, 450 Absoiuta Max. Peak Positive-Pukp Plate vnitc icnn 
Max. DC Plate mA, 20 Max, Plato PI Jlguo^'fach 1500 12BH7 
 250 3,5 35 100000 8500 -— 6500 3 5 12BK5 

"• 'SV 1.35 500000 1350 ^^^irscSW^^ 0 ' ' u micromhos, —5 
For other characteristics, refer to Type 6BN6/6KS6 ITRNfi" 

USS — — " 15000 4000 60——=: :  2000     10 10900 5500 60     12BR7 
For other ratings, refer to Type 6BS3 12BS3 

Max. Peak Inverse Plate Volts, 3300 : Max. Average Plate mA, 165  
Max. Peak Plate mA, 1000 Max. Peak Heater-Cathode Volts: {-^00 12BT3 

"680 150 6 27 85000 13000    Z   
— 8V 180   0.5      r    I2BV7 

For other characteristics, refer to 6BW4 12BW4 

180 5.75 26 93000 11000 
■     2.5 31800 3200 
125 2.3 10 600000 1325 

For other characteristics, refer to Type 6CK3 

12.6 3.5 4.5 40000 3800 15 

12BW4 

- - ^ 12BY7 
— — "T2BZ7" 

— — 12C8 
12CK3 

/Grid-No. 1 Supply Volts, 0 1 1 Grid-No. 1 Res., 2.2 megohms) I2CND 
For other characteristics, refer to Type 6CR6 
  9 8200 4900 40 
3.4 15 150000 7000   
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Heater or 
Filament (F) 

12CX6 Remote-Cutoff Pentode 

-1204 Half-Wave Rectifier 
12DB5 Beam Power Tube 

12DE8 Diode—Remote-CutoR Pentode 

12DK7 Twin Diode—Power Tetrode 

12018 Twin Diode—Power Tetrode 

Half-Wave Rectifier 12DM4A    
12DQ6A Beam Po,"er Tulle 

12DQ6B Beam Power Tube 
lonnT Power Pentode 

12DS7 Twjn piode—power Tetrode 
12DS7A 

volts Amperes 

5C 7BK 
10.0 
to 

15.9 
0.15 

approx. 
at 12.6V 

13D 4CG 12.6 0.6 

6F 9GR 12.6 0.6 

63 9HG 
10.0 
to 

15.9 
0.2 

approx. 
at 12.6V 

6E 9HZ 
10.0 
to 

15.9 
0.5 

approx. 
at 12.6V 

6E 9HR 
10.0 
to 

15.9 
0.55 

approx. 
at 12.6V 

13F 
13G 4CG 12.6 0.6 

20A GAM 12.6 0.6 
20A GAM 12.6 0.6 
GE 9BF 6.3 

12.5 
0.6 
0.3 

6E 
6E 9JU 

10.0 
to 

15.9 
0.4 

approx. 
at 12.6V 

Twin Diode—Power Tetrode 

Twin Diode—Power Tetrode 

Half-Wave Rectifier 
Dual Triode 

Medium-Mu Triode— 
Remote-Cutoff Tetrode 

Remote-Cutoff Pentode 

Remote-Cutoff Pentode 

Medium-Mu Triode— 
Semiremote-Cutoff Pentode 

Beam Power Tube  

Pentagrid Amplifier 

Power Pentode  

Remote-Cutoff Pentode 

Twin Diode—High-Mu Triode 

9HR to 15.9 
9HP 12.6 

7CV 12.6 
10.0 

Values to right give operat- 
ing conditions and character- 
istics for indicated typical use 

Class A Amplifier 

Television Damper Service 

Class A Amplifier  
Pentode Unit as Class A Amplifier 

Tetrode Unit as Class A Amplifier 

Tetrode Unit as Class A Amplifier 

Television Damper Service 

Horizontal Deflection Amplifier 
Horizontal Deflection Amplifier 

Class A Amplifier 

Tetrode Unit as Class A Amplifier 

 Diode Units  
Tetrode Unit as Class A Amplifier 

Class A Amplifier 

Television Damper Service 
Unit No. 1 as Class A Amplifier 
Unit No. 2 as Class A Amplifier 

"iriode Unit as Class A Amplifier 
Tetrode Unit as Signal Seeker Relay  

Class A Amplifier 

Class A Amplifier 

Triode Unit as Class A Amplifier 
Pentode Unit as Class A  Amplifier  

Class A Amplifier  

Class A Amplifier 

Push-Pull Class AB, Amplifier 

Class A Amplifier 

Class A Amplifier 
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Grid Bias Screen or Grid Plate AC Plate Trans- Cathode Screen Cur- Cur- Resist- conduct- Resistor Grid rent rent ance ance 
Volts mA mA Ohms Micromhos 

Grid-No. 1 
12.6 Supply 12.6 1.4 
 Volts. 0  

Max. Peak Inverse Plate Volts, 4400 
Max. Peak Plate mA, 900 
Max. Average Plate mA, 155  

200 18012 125 2.2 

40000 moo Grid-No. 1 Volts for Plate ouuuu JIOO Current of 10 ^ _4 5 

Max. Peak Heater-Cathode Volts, —4400, +300 
 Plate Dissipation 5.5 watts  
18000 8000   4000 3.8 

00000 1500 No. 1 Supply Volts, 0 uuuuu Grid-No, 1 Res., 2.2 meeolims 

Grid-No. 2 (Control Grid) Volts, —0.5 
12 c (across 2.2 megohm resistor) Grid-No. 1 (Space-Charge Grid) Volts, 12.6 
 Transcond. (Grid-No. 2 to Plate), 15000 /rmhos 

5000   3500 0.010 12DK7 
Ampl. Factor (Grid-No. 2 to Plate) 7.2 
Grid-No. 1 mA, 75 Plate mA, 40 12DL8 
Plate Resistance, 480 ohms 

Max. DC Plate Volts, 700 
Max. DC Cathode mA, 140 

For other characteristics, refer to Type 6DM4 
   12DM4A 
*> Max. Peak Positive-Pulse Plate Volts, 6000 (Abs.) ronncA 40 Max. Plate Dissipation, 15 watts l/DQoA 

For other ratings, refer to Type 6DQ6B 12DQ6B 
125 5.6 26 53000 10500       12007 

(across 75 ^OOOO 9,1 
2.2 (Grid- 35 500 (

M
G„ri(!; (Grid- 

megohm No. 1) . Ng; 2 No. 2 
resistor) 4o Plate) to Plate) 

Diode Plate mA, with 10 Volts Applied, 3 mA 

      12DQ7 

  12DS7 
12DS7A 

0.025 12DU7 
Grid-No. 2 (Control Grid) Resistor, 4.7 megohms 
Grid-No. 1 (Space-Charge Grid) Volts, 12.6 
Transcond. (Grid-No. 2 to Plate), 8500 ^mhos 

Ampl. Factor (Gr:d-No. 2 to Plate) 7.6 
Grid-No. 1 mA, 53 Plate mA, 9 
Plate Resistance, 900 ohms 

— 6V 
Grid-No.1 

Supply 
Volts, 0 

47000 
(Grid Res.) 

For other characteristics, refer to Type 6DW4A 1?f)W4A 
: := 1.2 62500 ^ 100 - -   /_  
  10.5 7700 2200 17 ^— 12QW7 
  T2 10000 2000 20 ^    

   5 min. Grid No. 1 resistor 10 megohms. Plate Load 700 ohms 12DY8 
  3 max.       Plate Load 700 ohms 

/Grid-No. 1 Supply Volts, 0 ( 
IGrid-No. 1 Res., 10 megohms) 

12.6 2.8 

120 no 

0.66 750000 

.55 150000 
~~47o   

0.75 45000 

t For two tubes at stated plate-to-plate load. 

Grid No. 1 Res., 33000 ohms 
  4500 1,5 12 505" 

tBetween Grid No. 3 & Plate 
fuias voltage across res. 12EG6 

2.2 megohms  
  6000 3.8t 12EH5 
Grid-No. 1 Supply Volts, 0 
Grid-No. 1 Res. (Bypassed), 12EK6 
 2.2 megohms  

55 — — 12EL6 
D For two tubes. 
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Values to right give operat- 
ing conditions and character- 
istics for indicated typical use 

Diode—Power Tetrode BE 9HV 

Beam Power Tuhe 13D 7AC 

Diode—Remote-Cutoff Pentode BE BLtt 
Hlgh-Mu Triode HA 5M 

Twin Diode—Remote-Cutoff gp gpp Pentode 

Twin Diode—Low-Mu Triode 5C 7BT 

Twin Diode—Medlum-Mu Triode 5C 7BT 

High-Mu Twin 
Double-Plate Triode 

Diode—Medium-Mu Triode 
Remote-Cutoff Pentode 

Medium-Mu Twin Triode 

Medium-Mu Triode—Pentagrid Converter 

Medlum-Mu Triode-Pentagrld Converter 

Pentagrid Converter 

Beam Power Tube 
Beam Power Tube 

Sharp-Cutoff Pentode 

Beam Power Tube 

Twin Diode 

Medlum-Mu Triode 
Sharp-Cutoff Pentode 

Twin Diode—Power Tetrode 

Beam Power Tube 
Medlum-Mu Triode— 
Sharp-Cutoff Pentode 

Beam Power Tuba 

Power Tetrode 

Remete-Cuteff Pentode 

Volts Amperes 
loll o! 

to approx. 
15.9 at 12.6V 

SB 9KT 

6K 9KU 
BE 9A 

Class A Amplifier 

Vertical Deflection Amplifier 

0.15 Pentode Unit as Class A Amplifier 
0.15 Amplifier  

Pentode Unit as Class A 
atl26V AmP"fer 

0l5 approx. Triode Unit as Class A Amplifier 
at 12.6 V   

0 15 
approx. Triode Unit as Class A Amplifier 

at 12.6V   
0.15 Each Unit as Class A Amplifier 

0.32 Triode Unit as Class A Amplifier 
g'^5 Each Unit as Class A Amplifier 

0.3 Triode Unit as Class A Amplifier 
approx.    
at 12.6V Pentagrid Unit as Converter 

0.27 Triode Unit as Class A Amplifier 
a^l^BV Pentagrid Unit as Converter 
0l5 ~ " 

approx. Converter 
at 12.6V  

Horizontal Deflection Amplifier 
0.6 Horizontal Deflection Amplifier 
0-6 Class A Amplifier 

■ 0.6 Horizontal Deflection Amplifier 

■ Voltage Doubler 0'15 Half-Wave Rectifier 

0.15 Amplifier  
0.15  Amplifier  
0.325 Tetrode Unit as Class A 

aatP?2°6V An""""lr 

0.6 Horizontal-Deflection Amplifier 
Triode Unit as Class A Amplifier 

0.225 Pentode Unit as Class A 
  Amplifier  

0.6 Horizontal Deflection Amplifier 
0.4 

approx; Class A Amplifier 
at 12.6V    

0.15 Amplifier  
a is furlllfltor Mixer 
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Grid Bias Screen 
or Grid Plate AC Plate Trans- Cathode Screen Cur- Cur- Resist- conduct- Plate Resistor Grid rent rent ance ance 

Volts Volts mA mA Ohms Micromhos 

12.6    12.6 1 6 4000 5000 
Max. Peak Pos.-Pulse Volts, 1200 
Max. Peak Nee.-Pulse Grid Volts, 
Max. Peak Catnode mA, 175 

Grid-No. 1 Res., 2.2 megohms 12EM6 

Max. Plate Dissipation, 7 watts iocmc 
Max. DC Plate Volts, 300 "t1™ 

For other characteristics, refer to Type 6EQ7 
For other characteristics, refer to Type 6F5GT 

Grid-No. 1 Volts for trans- cend. of 10 micromhos, —5 
Grid Supply Volts, 0 

Grid Res. (Bypassed), 
2.2 megohms 

-   1 7700 1300 10 
= — TS 76000 1250 95" With plate not in use connected to ground. 

DC Plate Volts, 770 
. DC Cathode mA, 175 

1400 in Res., ,u" 1U 2.2 megohms 
Grid No. 3 Res., 2.2 megohms 
Conversion Transcend., 300 /imhos 

1400 10    " 
Grid No. 3 Res., 2.2 megohms 
Conversion Transcond., 300 yimhos 

u Grid No. 1 Res., 33000 ohms 
Conversion. Transcend., 140 /imhos 

Max. Peak Positive-Pulse Plate Volts, 6500 
Max. Plate Dissipation 17.5 watts 

For other characteristics, refer to Type 6615 
24 

6. 

" Plate Volts, 770 Max. Peak Positive-Pulse Plate Volts, 6500 . DC Cathode mA, 175 Max. Plate Dissipation, 17.5 watts [ 

■ yolt„s, ?er„p|at,e (RMS), 117 Max. DC Output mA, 8. min. 1 IS'i Piste-Supply Imped, per Plate; half-wave, 30 ohms; full Wave, 15 ohms 
■ K a, W (RMS), 150 Min. Total Effective Plate-Supply Impedance; up . DC Output mA, 8 per Plate  to 117 volts, 15 ohms; at 150 volts, 40 ohms 

For other characteristics, refer to Type 6J5GT 
For other characteristics, refer to Type 6J7GT 

For other ratings, refer to Type 6JB6 
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Termlml 
Out- Dla- Heater or 
line gram Filament (F) 

Values to right give operat- 
ing conditions ana character- 
istics for indicated typical use 

12KL8 Diode—Sharp-Cutoff Pentode 
12L6GT Beam Power Tube 
12Q7GT Twin Diode—Hlgh-Mu Triode 

12R5 Beam Power Tube 

12S8GT Triple Diode—Hlgb-Wu Triode 
12SA7 

12SA7 Pentagrld Converter 
GT  

12SC7 Hlgh-Mu Twin Triode 
12SF5 

12SF5 Higb-Mu Triode 
GT   

"12SF7 Diode—Remote-Cutoff Pentode 
12SG7 Semiremote-Cutoff Pentode 
12SH7 Remote-Cutoff Pentode 

Remote-Cutoff Pentode 

Medlum-Mu Twin Triode 

12SG7 Semiremote-Cutoff Pentode 
12SH7 Remote-Cutoff Pentode 
l2S]7 
12SJ7 sharp-Cutoff Pentode 

GT   
12SK7 
12SK7 Remote-Cutoff Pentode 

GT  
12SN7 Medlum-Mu Twin Triode 

GT   
12SQ7 
12SQ7 Twil1 Diode—Higb-Mu Triode 

GT     
12SR7 
12SR7 Tw',, Diode—Medlum-Mu Triode 

_GT " 
I2SW7* Twin Diode—Medium-Mu Triode 
12SY74 Pentagrid Converter 

12U7 Medlum-Mu Twin Triode 

12Z3 Half-Wave Rectifier 

18FM7 Dual Triode 

Beam Power Tube 
Dual Triode 

Power Pentode 
Gated-Beam 

Discriminator 
Power Pentode 

Gated-Beam Discriminator 
Medium-Mu Triode 
Beam Power Tube 

14B BOB 12.6 

2A BR ja fi 
13D BAD "■0 

2A BAB .26 13D BAB 

2A 7AZ 12.6 
2A BBK 12.6 
3 8BK 12.6 

2A 8N jo c 13D BN 

,?S BH "■« 015 

13A BBD 

HE 8HH 
11A SOD 

SB 12BT 

SC 12BT 
12B 5AC~ 
12B BAA 

Pentode Unit as Class A 
 Amplifier   

Class A Amplifier 
Triode Unit as Amplifier 

Vertical Deflection Amplifier 

Triode Unit as Class A Amplifier 

Each Unit as Class A Amplifier 

Class A Amplifier 

Pentode Unit as Amplifier 
Class A Amplifier  
Class A Amplifier  

Class A Amplifier 

Class A Amplifier 

13D BBD 12.6 0.3 Each Unit as Class A Amplifier 

2A 80 y.g 0.15 Triode Unit as Class A Amplifier 
13D BO 

0.15 Triode Unit as Class A Amplifier 

0.15 Triode Unit as Class A Amplifier 
0.15 Converter 

approx. Each Unit as Class A Amplifier 
at 12.6V    

0.3 With Capacltlve-lnput Filter _ 
Unit No. 1 as , 

Vertical Deflection Amplifier 0-45 Unit No. 2 as 
 Vertical Deflection Amplifier 

0.6 Horizontal Deflection Amplifier 
_ Vertical Deflection Amplifier 

0-45 Vertical Deflection Oscillator 
Pentode Unit as Class A 
 Amplifier   

O-45 Beam Unit as 
  Gated-Beam Discriminator 

0.45 Class A Amplifier 
0.15 Class A Amplifier  
0,15 Class A Amplifier  
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Grid Bias Screen 
or Grid Plate AC Plate Trans- 

Cathode Screen Cur- Cur- Resist- conduct- 
Plate Resistor . Grid rent rent ance ance 
Volts Volts mA mA ' Ohms Micromhos 

For other characteristics, see Type 6KL8 
110 — 7.5V 
200 ieon 

110 4.0 49 
125 : 2.2 46 

13000 8000 
28000 8000 

Max. DC Plate Volts, 150 
Max. Peak Cathode mA, 155 
Max. Plate Dissipation, 4.5 watts 

For other characteristics, refer to Type 6Q7GT 
Max. Peak Neg.-Pulse Grid-No. 1 Volts, 150 
Max. Grid-No. 2 Volts, 150 

ratts Max. Peak Positive-Poise Plate Volts, 1500 (Abs.) 
  0.9 91000 1100 100 —   

For other characteristics, refer to Type 6SA7 

For other characteristics, refer to Type 6SC7 

For other characteristics, refer to Type 6SF5 

For other characteristics, refer to Type 6SF7 
For other characteristics, refer to Type 6SG7 
For other characteristics, refer to Type 6SH7 

For other characteristics, refer to Type 6SJ7 

For other characteristics, refer to Type 6SK7 

For other characteristics, refer to Type 6J5 

For other characteristics, refer to Type 6SQ7 

For other characteristics, refer to Type 6SR7 

Grid-No.1 resistor = 20000S21 

Max. DC Plate Volts, 330 
Max. DC Cathode mA, 22 
Max. DC Plate Volts, 330 
Max. DC Cathode mA. 50 

Max. DC Output mA,55 
Max. Plate Dissipation, 1.5 watts 
Max. Peak Positive-Pulse Plate Volts, 1500 

 Max. Plate Dissipation, 10 watts  
For other ratings, refer to Type 6G85 
For other ratings, refer to Type 6GF7 

2 35 
Max. Supply Volta, 330 
Max. Grid-No. 2 Volts, 110 

Max. Peak Positive Grid-No. 1 Volts, 60 
Max. DC Cathode mA, 13 

For other characteristics, refer to Type 6Z10/6J10 
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Values to right give operat- 
Heater or log conditions and character- 

Filament (F) Istlcs for indicated typical use 

Itemote-Cutoff Pentode 
Medlum-Mu Twin-Triode 

Twin Diode—Hlgh-Hu Trlode 
Pentagrld Converter 
Beam Power Tube 

Sharp-Cutoff Pentode 
Twin Diode—Medium-Mu Trlode 

Twin Diode—Remote-Cutoff  Pentode  
High-Mu Twin Trlode 

Medlum-Mu Twin Trlede 
Twin Diode 

High-Mu Trlode  
Semiremote-Cutoff Pentode 
Triede-Heptode Converter 

Twin Diode—Hlgh-Mu Trlede 
Medium-Mu Twin Trlode 

Pentagrld Converter 
Twin Diode—Remote-Cutoff  Pentode   

Sharp-Cutoff Pentode 

Dual Trlode— 
A Sharp-Cutoff Pentodo 

Power Pentode  
High-Mu Trlode 

Sharp-Cutoff Pentode 

Dual Trlode 

Power Pentodo 
High-Mu Trlode— 

 Beam Power Tube 
Twin Pentode  

Hlgh-Mu Trlode— 
Power Pentode 

Hlgh-Mu Triodo 
Medium-Mu Trlode Sharp-Cutoff Pentode 

Beam Power Tube 

Power Pentode 
Cated-Beam Discriminator 

SAC 12.6 
dW 12.6 
8X 12.6 

6AA 12.6 

BAC 12.6 
8BW 12.6 

8BI 12.6 
8KR 14 
8AC 12.6 
SAL 12.6 

aB 12DP 14.7 

tG 9CV 15 

aC 12EJ 14.8 

SB 9HW 14.7 

11C CUT 15 
"Tb ioz iiT- 

9EX 16 

ID 9CB 16.4 

BB 12CA 16 

ISA 12GH 15.8 

SC 12BT 16.8 

Class A Amplifier 
Each Unit as Class A Amplifier 

Trlode Unit as Class A Amplifier 
Converter 

Class A Amplifier 
Class A Amplifier 

Trlode Unit as Class A Amplifier 
Pentode Unit as Class A 
 Amplifier   

Each Unit as Class A Amplifier 
Each Unit as Class A Amplifier 

Triode Unit as Class A Amplifier 
Class A Amplifier  

Converter  
Trlode Unit as Class A Amplifier 
Each Unit as Class A Amplifier 
 Converter  

Pentode Unit as Class A  Amplifier  
Class A Amplifier  
Dual Trlode Unit 

as Class A Amplifier 
~ Pentode Unit as Class A 
 Amplifier  

Vertical Deflection Amplifier 
Trlode Unit as Class A Amplifier 

Pentode Unit 
 as Class A Amplifier 

Vertical Deflection 
Oscillator and Amplifier 

Vertical Deflection Amplifier 
Trlode Unit as Oscillator 

Beam Power Unit as Amplifier 
Class A Amplifier 

Triode Unit as Class A Amplifier 
Pentode Unit 

as Class A Amplifier 

Triode Unit 1 as Class A Amplifier 
Trlode Unit 2 as Class A Amplifier 
Pentode Unit as Class A Amplifier 

Horizontal Deflection Amplifier 
Pentode Unit as Class A Amplifier 

Beam Unit 
Gated-Beam Discriminator 

Half-Wave Rectifier 

Half-Wave Rectifier 
Beam Pentode 

IIP 9HP 16.8 
35B 9HH 16.8 

Television Damper Service 

Television Damper Service 
Class A Amplifier  



Characteristics Chart 573 

Grid Blai 
or 

Citliode 
Reiistor 

100 - IV 
250 — 3V 

Screen 
Grid Plate AC Plate Trans- Screen Cur- Cur- Resist- conduct- Grid rent rent ance ance 

Volts mA mA Ohms Mlcromhos 
100 4.0 13.0 120000 2350 100 2.6 9.2 800000 2000 

For other characterlsticr, refer to Type 7AF7 
For other characteristics, refer to Type 6SQ7 
For other characteristics, refer to Type OAS 

225 2.2 34.0 80000 3750  " 
For other characteristics, refer to Type 6SJ7 
For other characteristics, refer to Type 6BF6 

100 1.6 7.5 700000 1300   
For other characteristics, refer to Type 6SL7GT 

■   6.0   3300 48 
    0.7 72000 1000 72 

For other characteristics, refer to Type 7H7 
For other characteristics, refer to Type 717 

    2 41000 2200 90 
For other characteristics, refer to Type 6SN7GT 
For other characteristics, refer to Type 6SA7 
For other characteristics, refer to Type 7R7 

67.5 o! Os 800000 750   1.85 800000 750 
7 12400 5500 9.2 9400 4400 

17 45000 10400 

'ililf 

Power 
  RCA 

Out- 
Load put Type 

■— 15BD11 
  15BD11A 

Max. DC Plate Volts, 350 
Max. Peak Positive-Pulse Plate Volts, 2500 

3 18 

For other characteristics, refer to Type 6FM7 

te Volts, 2500 Mal<' plate Dissipation, 10 watts 
For other ratings, refer to Type 6KY8 

200 —16 200 7 35 20000 6400     .   " 16A8 
Max. Supply Volts, 250 
Max. DC Plate mA, 220 Max. Peak Negative-Pulse Plate Volts, — 6000 

Max. Plate Dissipation, 5 watts 16AQ3 
150 15011   •  11 6800 6200 42     
150 15011 •    7.6 8400 6800 57     IRBVII 125 5611 125 3.8 
35 OV 125 9.2 12 

20 
100000 11300      

Instantaneous Plate Knee characteristic 
— IQDAll 

For other characteristics, refer to Type 21KA6 16KA6 
145 —6V 110 3 36 30000 8600   3000 2.4 17AB10 

Max. Supply Volts, 330 
Max. Grid No. 2 Volts, 330 Max. Peak Positive Grid No. 1 Volts, 60 

Max. DC Cathode mA, 13 
17AB10/ 
17AX10 Max. Peak Inverse Plate Volts, 4400 

Max. Peak Plate mA, 750 
Max. DC Plate mA, 125 

Max. Peak Heater-Cathode Volts: | ^qq" 
DC component must not exceed 900 volts 

17AX4 
GT 

For other ratings, refer to Type 6AY3 17AY3 
100 —7.7V 100 7 100 5300 14000       17BB14 
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Values to rleht give operat- 
ing conditions and character- 
istics for indicated typical use 

17 mo. Half-Wave Rectifier 17BH3A  
17BQ6GTB Beam Power Tube  
17BR3 Half-Wave Rectifier 
17BS3 Half-Wave Rectifier 
17BZ3 Half-Wave Rectifier 

17CK3 Half-Wave Rectifier 
1704 Half-Wave Rectifier 

17DM4 Half-Wave Rectifier 
17DQ6A Beam Power Tube 
17DW4A Half-Wave Rectifier 
17EW8 High-Mu Twin Triode 
17GJ5 Novar-Beam Power Tube 

"T7GT5 Ream Power Tube   
17H3 Half-Wave Rectifier 

17HB25 Beam Pentode 
17JB6 Beam Power Tube 
17JG6  Beam Power Tube  

T7JT6 Beam Power Tube  
17KV6 Beam Power Tube 

,,, no Medlum-Mu Triode-Sbarp-Cutoff 17LDo Pentode 

17X10 Pentode—Beam Power Tube 

nvi?/ Half-Wave Rectifier PTol  
18A5 Beam Power Tube 

TTTiTn Beam Power Tube  Sharp-Cutoff Pentode  

1WW6A Bemote-Cutoff Pentode 

lervct Pentagrid Converter lorADft  
Twin Biode—High-Mu Triode iBFTBfl   

18GB5 Beam Power Tube 
18GD6A Sharp-Cutoff Pentode 

19 High-Mu Twin Power Triode 
1MU4 

19AU4 Half-Wave Rectifier 
GTA 

I9BG6G 
19BG6 Beam Power Tube 

11D SHP 

14P 6AM 
TO 9CB 
IIP SHP 
8D 12FX 

3SB 9HP~ 
13P 4CG 

19A aaK 
17B 9HZ 

EE 9FK 

35 17HB25 
ISA sat " 
17B 980 
17C 9ttU 
31P 9QU 

10F 911 

8C 12BT 

7H 9CB 

13F 6CK 
8C 12EZ 

5C 7CC 

5C 7CH 

7BT 18.0 0.1 

9NH 18 0.45 
7BK 18 0.1 
6C 2.OF 0.26 

4CG 18.9 0.6 

5BT 18.9 0.3 

Television Damper Service 

Horizontal Deflection Amplifier 
Television Damper Service 
Television Damper Service 
Television Damper Service 

Television Damper Service 
Television Damper Service 

Television Damper Service 
Horizontal Deflection Amplifier 

Television Damper Service 
Each Unit as Class A Amplifier 
Horizontal Deflection Amplifier 
Horizontal Deflection Amplifier 

Television Damper Service 
Horizontal Deflection Amplifier 
Horizontal Deflection Amplifier 
Horizontal Deflection Amplifier 
Horizontal Deflection AmpTifier 

High-Voltage-Pulse 
 Shunt Regulator 

Triode Unit as Class A Amplifier 
Pentode Unit as Class A 
 Amplifier  

Beam Power Unit as 
 Class A Amplifier  

Television Damper Service 

Horizontal Deflection Amplifier 
Beam Unif as Class A Amplifier 
Pentode Unit as FM Detector 

Class A Amplifier 

Converter 

Triode Unit as Class A Amplifier 
Horizontal Deflection Amplifier 

Class A Amplifier  
Amplifier 

Television Damper Service 

Horizontal Deflection Amplifier 
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Grid Bias 
or 

Cathode 
Resistor Screen 

Grid 

Screen 
Grid 
Cur- 
rent 

Plate 
Cur- 
rent 

AC Plate 
Resist- 
ance 

Trans- 
conduct- 

ance 
Amplifi- 
cation 
Factor Load 

Volts mA mA Ohms Micromhos Ohms 

For other ratings, refer to Type 6BH3 

  For other characteristics, refer to Type 6BQ6GTB/6CU6 
Max. Peak Inverse Plate Volts, 5500 Max. DC Plate mA, 200 Max. Peak Heater [+300 
Max. Peak Plate mA, 1200 Max. Plate Dissipation, 6.5 watts Cathode Volts: 1—5500 
 For other ratings, refer to Type 6BS3 

Ma*- Peak Inverse Plate Volts, 4500 Max. Plate Dissipation, 6.5 watts Max. Peak Plate mA, 1200 .... . . „ . „ ' „ „ r_ xMn Max, Peak Heater Cathode Volts: j+gpo 
 For other characteristics, refer to Type 6CK3 
 For other characteristics, refer to Type 12D4 
 For other ratings, refer to Type 6DM4 

Max. DC Plate Volts, 700 
Max. DC Cathode mA, 140 Max. Peak Positive-Pulse Plate Volts, 6000 (Abs.) 

Max. Plate Dissipation, 15 watts 
For other characteristics, refer to Type 6DW4A 

■   10   4600 50 
'   4.5   5800 48 

 For other ratings, refer to Type 6GJ5 
For other ratings, refer to Type 6GT5 

ptli tesLPlaAenV0,tS' 2000 Max. Average Plate mA, 7b  Max. Peak Plate mA, 450   Max. Plate Dissipation, 3 watts 
Max. Peak Positive-Pulse Plate Volts, 7000    

  ^ Max. Average Cathode mA, 150 Max. Plate Dissipation, 13 Watts 
 For other ratings, refer to Type 6JB6 
   For other characteristics, refer to Type 17JG6A 
  For other ratings, refer to Type 6JT6 

For other characteristics, refer to Type 6KV6A 
50 — 5V -     3.3 11300 1900 21.5    : " 
m — 8V 110 4 46 11700 7100        
15 — 6V HO 3 36 30000 8600   3000   

ugt' S SSmAPla45nVOltS' 5000 „ „Ma*- Average Plate mA, 150 Max. HeaK Plate mA, 450 Max. Heater-Cathode Volts, +220 —4500 

_KBssra,g   

-M -as ioo si a si a 

2.3 400000 Grid No. 1 Resistor, 20000 ohms 
Conversion Transcond., 480 /imhos 

For other characteristics, refer to Type 6GB5/EL500 
100 2 5 500000 4300   

For other characteristics, refer to Type 1J6GT 

For other ratings, refer to Type 6AU4GTA 

Max. DC Plate Volts, 700 
Max. DC Plate Current, 110 mA. M"' Efl11 Positive-Pulse Plate Volts, 6600 (Abs.) Max. Plate Dissipation, 20 watts 
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Terminal 
Out- Dla- 
line gram 

Heater or 
Filament (F) 

Volts Amperes 

Values to right give operat- 
ing conditions and character- 
istics for Indicated typical use 

Medlum-Mu Triode— 
Sharp-Cutoff Tetrode 

Half-Wave Rectifier 

High-Mu Triple Triode 
Triple Diode  

Semiremote-CutoH Pentode 
Sharp-Cutoff Pentode 

High-Mu Triode 
Sharp-Cutoff Pentode 

Medlum-Mu Twin Triode 

Medium-Mu Triode— 
Sharp-Cutoff Pentode 
Medium-Mu Triode 

Sharp-Cutoff Pentode 
Medium-Mu Triode— 

Semiremote-Cutoff Pentode 

Medlum-Mu Triode— 
Sharp-Cutoff Pentode 

Power Triode  
Diode—Remote-Cutoff Pentode 

High-Mu Twin Triode 
Beam Power Tube  
Beam Power Tube 

Beam Power Tube 
Beam Power Tube 

Beam Power Tube 

High-Mu Triode 
Beam Power Tube 

Sharp-Cutoff Tetrode 

Half-Wave Rectifier 

Beam Power Tube 
Sharp-Cutoff Tetrode 

Beam Power Tube 
Beam Power Tube 

Power Pentode 

Rectifier—Power Pentode 

6B BUM 
~5C 7BK 

GB 10H 

15B 12BJ 

15C 12FL 
15B 12FK 

1GB 12HL 

15D 12DZ 

29k 4K 

11D 9HP 

32B SDl. 

13D GF 

18.9 0.15 

18.9 0.15 

18.9 0.15 

Triode Unit as Class A Amplifier 
Tetrode Unit as Class A Amplifier  Pentode Unit as  

Television Damper Service 
Each Unit as 

 Class A Amplifier 
Each Unit as Half-Wave Rectifier 

Class A Amplifier 
Class A Amplifier 

Triode Unit as Class A Amplifier 
Pentode Unit as Class A Amplifier 

Each Unit as Class A Amplifier 
Triode Unit as Class A Amplifier 

Pentode Unit as 
 Class A Amplifier  

Triode Unit as Class A Amplifier 
Pentode Unit as Class A Amplifier 

^ Triode Unit as 
Class A Amplifier 
Pentode Unit as . 

 Class A Amplifier 
Triode Unit as Class A Amplifier 

Pentode Unit as Class A 
 Amplifier  

Class A Amplifier 
Pentode Unit as Class A Amplifier _ 

Each Unit as Class A Amplifier 
Horizontal Deflection Amplifier 
Horizontal Deflection Amplifier 
Horizontal Deflection Amplifier 
Horizontal Deflection Amplifier 

Horizontal Deflection Amplifier 

Triode Unit as Class A Amplifier 
Beam Unit as Class A Amplifier 

Screen-Grid RE Amplifier 

Television Damper Service 
Horizontal Deflection Amplifier 

Screen-Grid RF Amplifier 

Horizontal Deflection Amplifier 
Horizontal Deflection Amplifier 

Class A Amplifier 
Pentode Unit as Class A  Amplifier   

Half-Wave Rectifier ~ 

High-Mu Power Triode 
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Plate 

Grid Bias 
or 

Cathode 
Resistor 

Screen 
Grid 

Screen 
Grid 
Cur- 
rent 

Plate 
Cur- 
rent 

AC Plate 
Resist- 

ance 
Trans- 

conduct- 
ance 

Volts Volts mA mA Ohms Micromhos 
125 - 1    ■ 14 5000 8000 
125 - 1 125 4 12 200000 6500 

Max. Peak Inverse Plate Volts, 5000 
Max. Peak Plate mA, 1050  Max. Average Plate mA, 350 

Max. Heater-Cathode Volts, +300, - 
For other characteristics, refer to Type 6EZ8 

For other characteristics, refer to Type 6GQ7 
For other characteristics, refer to Type 6HR6 

5 ^ ^ ^ ^ 50~ 

50n (For both units at 
the specified conditions) 

For other characteristics, refer to Type 6X8 

-   6.5 6300 525 3.3 
For other characteristics, refer to Type 6EQ7 
^ L2 62500 1600 100 250 —2V   — 1.2 62500 1600 
 For other ratings, refer to Type 6EX6 

Max. DC Plate Supply Volts, 770 Max. DC Cat 
Max. Peak Positive-Pulse Plate Volts, 6000 Max. Plate C 
Max. DC Plate Supply Volts, 770 Max. DC Cat 
Max. Peak Positive-Pulse Plate Volts, 7000 Max. Plate [ 

Max. DC Plate Supply Volts, 770 M 
Max. Peak Positive Pulse Plate Volts, 6000 Max. 

Max. DC Plate Volts, 900 Max. 
 Max. Average Cathode mA, 315 Max. Pea 
_250 —«   —2.3 16000 3600~" 

135 —10 120 3 56 12000 9300 
_J5 OV 125 20 200 Instantaneoui 

Max. DC Cathode mA, 230 
Max. Plate Dissipation. 18 watts  
Max. DC Cathode mA, 280 
Max. Plate Dissipation, 24 watts 

Max. DC Cathode mA, 230 
 Max. Plate Dissipation, 18 watts 

250 —4V   
135 —10 120 45 OV 125 

135 - 1.5V 67.5 

For other ratings, refer to Type 6BH3 

Max. Plate Dissipation, 28 Watts ohm 
Max. Peak Positive-Pulse Plate Volts, 7500 r-lUrt 

16000 3600 58 - 13  
12000 9300 — —- 21MY8 

Instantaneous Plate Knee characteristic  
25000 500       22 

fer to Type 6BH3 22BH3 
    22BH3A 
, refer to Type 22JG6A 22JG6  For other characteristics, refer to Type 22JG6A 22JG6 

• 3V 90 (j^x j 4.0 600000 1050       24A 
Max. DC Plate Volts, 990 Max. Peak Positive-Pulse Plate Volts, 7500 ohm. 

Max, Average Cathode mA, 350 Max. Plate Dissipation. 30 Watts 24JE6A 
 For other characteristics, refer to Type 311.76 7il7R 

100 —15V 100 ' 
Max. AC Plate Volts (RMS)7ll7~ 

110 +15V (Grid mA, 7) 

20.5 50000 1800 
Max, DC Output mA, 75 

15 15200 3800 

  4500 0.77 
Max.Peak Plate mA, 450 

58     
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Bulni 
Out- Dia- 

gram 
Values to right give operat- 

Heater or ing conditions and character- 
Filament (F) istics for indicated typical use 

25AX4 Half-Wave Rectifier 
ul  

25B5 Direct-Coupled Power Amplifier 
25B6G Power Pentode   
ocnorr High-Mu Triode—Remote-Cutoff ZSBBbl Pentode 

25BK5 Beam Power Tuhe  
25BQ6 Beam power TU|,6 

ul   
25C6G Beam Power Tuhe  
25CA5 Beam Power Tube 

Beam Power Tube GA  
25CK3 Half-Wave Rectifier  
25CM3 Half-Wave Rectifier 
25DN6 Beam Power Tube 

^bi oV Beam Power Tube rloo  
25EC6 Beam Power Tube 
25F5A Beam Power Tube  
25HX5 Beam Power Tube 
ocinc Beam Power Tube iSJUo with integral Diode 

Beam Power Tube 
25L6GT 
25L6GT/ Beam Power Tube 
25W6GT  
25N6G Direct-Coupled Power Amplifier 

25W4GT Half-Wave Rectifier 

25W6GT Beam Power Tube 
25Y5 Rectlfler-Doubler 
25Z5 Rectlfier-Doubler 

•cwSt Rectlfler-Doubler 

13D 7AC 25.0 

— 7W 25.0 

2B 70 25.0 
13D 70 25.0 

26 Medium-Mu Triode 
26A64 Remote-Cutoff Pentode 

26A7GT* Twin Power Pentode 
26C64 Twin Diode—Medium-Mu Triode 
26D6+ Pentagrid Converter 

26LW6 Beam Power Tube 
* Industrial Type 

26 4D 1.5F 
5C 7BK 26.5 

13G 8BU 26.5 
~lc 7BT 26.5 

5C 7CH 26.5 

Television Damper Service 
Amplifier 

Class A Amplifier 
Triode Unit as Class A Amplifier 

Pentode Unit as Class A 
  Amplifier  

Class A Amplifier 

Horizontal Deflection Amplifier 
Class A Amplifier 
Class A Amplifier 

Horizontal Deflection Amplifier 

Television Damper Service 
Television Damper Service 

Horizontal Deflection Amplifier 
Horizontal Deflection Amplifier 

Horizontal Deflection Amplifier 
 Class A Amplifier  

Vertical Deflection Amplifier 

Vertical Deflection Amplifier 
Amplifier 

Amplifier 

Class A Amplifier 

4CG 25.0 0.3 Television Damper Service 

7AC 25 0.3 Class A Amplifier 
6E 25.0 0.3 Half-Wave Rectifier 

6E 25.0 0.3 Rectifier-Doubler 

Voltage Doublet 
Half-Wave Rectifier 
Class A Amplifier 
Class A Amplifier 
Class A Amplifier 

Triode Unit as Class A Amplifier 
Converter 

Horizontal Deflection Amplifier 



Characteristics Chart 579 

Grid Bias Screen 
or Grid Plate AC Plate Trans- Cathode Screen Cur- Cur- Resist- conduct- Plate Resistor Grid rent rent ance ance 

Volts Volts mA mA Ohms Micromhos 

For other characteristics, refer to Type 6AX4GTB 

For other characteristics, refer to Type 25N6G 
~m Es 62T) 18000 5000   62.0 18000 5000 

0.6 75000 1500 
7.6 185000 2000 100 2.0 7.6 185000 2000 

For other characteristics, refer to Type 6BK5 
Max. DC Plate Volts, 600 
Max. DC Cathode mA, 112.5 Absolute Max. Peak Positive-Pulse Plate Volts, 6000 (Abs.J 

Max. Plate Dissipation, 11 Watts 

Max. DC Plate Volts, 700 
Max. DC Plate mA, 200 

For other characteristics, refer to Type 6Y6G 
"no 15 32 16000 8100 — 3i 

125 4 37 15000 9200     41 
10 Max. Peak Positive-Plus Plate Vols, 7000 

Max. Plate Dissipation, 20 Watts 
For other characteristics, refer to Type 6CK3 
For other characteristics, refer to Type 6CM3 

For other characteristics, refer to Type 6DN6 
Max. DC Plate Supply Volts, 550 
Max. Peak Positive Pulse Plate Volts, 7000 
Max. DC Plate Volts, 700 
Max. DC Cathode mA, 200 

110 —7.5V 110 3.8 43 
100 —8.2V 100 7 100 
40 OV 100 19 240 

Max. DC Cathode mA, 200 
Max. Plate Dissipation, 10 watts 

Max. Peak Positive-Pulse Plate Volts, 700 (Abs.) 
Max. Plate Dissipation 10 watts. 

0 14000    . 
Instantaneous Plate Knee characteristic 

For other characteristics, refer to Type 6JQ6 

For other characteristics, refer to Type 50L6GT 

Output Triode: Plate Volts, 180; Plate mA, 46; Load, 4000 ohms 
Triode: Plate Volts, 100; Grid Volts, 0; A-F Signal Volts (Peak), 29.7; Plate mA, 5.8 
Max. Peak Inverse Plate Volts, 3850 (Abs.) 
Max. Peak Plate mA, 750 
Max. DC Plate mA, 125 

Max. Peak Heater-Cathode Volts: j ^qq 'Abs•' 
DC Component must not exceed 100 volts 

  22 1600 3800 
Max. DC Output mA per Plate, 75 

For other ratings, refer to Type 25Z6 
Max. AC Volts per Plate (RMS), 117 
Max. DC Output mA, 75 
Max. AC Volts per Plate (RMS), 235 
Max. DC Output mA per Plate, 75 

80 —14.5V     
250 1250 100 4.0 

Min. Total Effective Plate-Supply Impedance: Half- 
Wave, 30 ohms; Full-Wave, 15 ohms  
Min. Total Effect. Supply Imped, per Plate: at 117 volts 
15 ohms; at 150 volts, 40 ohms; at 235 volts, 100 ohms 

62 7300 1150 63 ZZ 
ois IM 4000 _ ZZ 

Max. Peak Positive Pulse Plate Volts, 7500 
Max. Peak Cathode mA, 1400 

475 Grid-No.l resistor = 2000011 
Max. DC Cathode mA, 400 

Max. Plate Dissipation, 40 watts 



Dual Medium-Mu Triode 
Beam Power Tube DC 12HR 31.5 

Beam Power Tube 16B 12FY 31.5 
Sharp-Cutoff Tetrode 29K 4K 2.0F 

Power Pentode 5D 7CV 32.0 

Damper Diode 
Beam Power Tube 15A 12HT 32.6 

32L7GT Hectlfler—Beam Power Tube 14A 8Z 32.5 

Power Pentode 

Damper Diode 
Beam Power Tube ISA MFC 33.6 

33GY7 Diode—Beam Power Tube ISA 12FN 33.6 

Beam Power Tube 
Remote-Cutoff Pentode 

Half-Wave Rectifier 

Beam Power Tube 

15B 12FK 33 
2aK 4M 2.0F 
368 9HP 33.5 

5D 7CV 34.0 

7C 9CB 34 

29K 5E 2.5 
12C 6AA 35.0 
5D 7BZ 35.0 

34R3 Half-Wave Rectifier 7C 9CB 34 
35 Remote-Cutoff Tetrode 29K 5E 2.5 

35A5 Beam Power Tube 12C 6AA 35.0 
35B5 Beam Power Tube 5D 7BZ 35.0 

35DZ8 Higb-Mu Triode—Power Pentode 6H 9JE 35.0 

jgpRj Power Pentode 5D 7CV 35 
35(3|j5 Beam Power Tube 5D 7FZ 35.0 

35L6GT BMm Power Tllbe 13D 7AC 35 

Triode No. 1 as Class A Amplifier 
Triode No. 2 as Class A AmpllfieT 
Beam Unit as Class A Amplifier 

Horizontal Deflection Amplifier 
Class A Amplifier 

Class A Amplifier 
Diode Unit as Television 
 Damper Service  

Beam Unit as 
Horizontal Deflection Amplifier 
 Class A Amplifier  

Half-Wave Rectifier 
Class A Amplifier  

Diode Unit as Television  Damper Service  
Beam Unit as 

Horizontal Deflection Amplifier 
Diode Unit as 

Television Damper Service 
Beam Power Unit as 

Horizontal Deflection Amplifier 
Horizontal Deflection Amplifier 

Screen-Grid RF Amplifier 
Television Damper Service 

Class A Amplifier 

Television Damper Service 
Screen-Grid RF Amplifier 

Single-Tube Class A Amplifier 
Class A Amplifier  

Triode Unit as Class A Amplifier 
Pentode Unit as Class A 

- Amplifier  
Class A Amplifier  

Class A Amplifier  
Class A Amplifier 



Characteristics Chart 581 

Grid Bias 
or 

Cathode 
Resistor 

Screen 
Grid 
Cur- 
rent 

Plate AC Plate Trans- 
Cur- Resist- conduct- 
rent ance ance 

Screen 
Grid Plate 

Volts Volts mA mA Ohms Micromhos 

250 5.2 9250 —21V 975 9.0 
Max. DC Plate Volts, 275 
Max. Peak Positive Pulse Plate Volts, 6500 

Max. Plate Dissipation, 17 watts 
Max. DC Cathode mA, 275 . 

For other characteristics, refer to Type 1H4G 
For other characteristics, refer to Type 6JZ6 

For other characteristics, refer to Type 6AG11 
Max. DC Plate Volts, 990 
Max. Peak Positive Pulse Plate Volts, 8000 

Max. Plate Dissipation, 38 watts 
Max. DC Cathode mA, 400 

Instantaneous Plate Knee characteristic 
For other characteristics, refer to Type 6JS6A 
67.5 0.4 1.7 1 M 650 — 

Max. Peak Inverse Plate Volts, 3300 
Max. Peak Plate mA, 600  
Max. DC Plate Supply Volts, 400 
Max. Peak Positive-Pulse Plate Volts, 4000 
90 — 7V 90 2.0 27.0 

Max. Plate Dissipation, 3.8 watts 
Max. Peak Heater-Cathode Volts, +200, —3300 

Max. DC Cathode mA, 125 
 Max, Plate Dissipation, 7 watts  

17000 4800   2600 1.0 
Maximum AC Plate Voltage J25 Volts, RMS 
Maximum DC Output Current 60 Milllamperes 

Max. Peak Inverse Plate Volts, 2500 
Max. Peak Plate mA, 750  
Max. DC Plate Supply Volts, 400 
Max, Peak Positive Plate Volts, 3500  

Max. Peak Inverse Plate Volts, 4200 
Max. Peak Plate mA, 810 
Max. DC Plate Supply Volts, 400 
Max. Peak Positive-Pulse Plate Volts, 5000 

Max. Plate Dissipation, 3.5 watts 
Max. Peak Heater-Cathode Volts, +200, —2500 

Max. DC Cathode mA, 140 
 Max, Plate Dissipation, 9 watts  

Max. Plate Dissipation, 3.8 watts 
Max. Peak Heater-Cathode Volts: 
Max. DC Cathode mA, 155 
Max. Plate Dissipation, 9 watts  

Max. Peak Inverse Plate Volts, 4500 
Max, Peak Plate mA, 450  

exn — 3 V on 0 c 

For other characteristics, refer to Type 21JV6 
67.5 1.0 2.8 1 M 620     

For other characteristics, refer to Type 6CM3 

110 3 35 13000 5700   2500 
Volts, 4500 Max. DC Cathode mA, 150 

I  
90 2.5 6.5   1050     

For other characteristics, refer to Type 35L6GT 
For other characteristics, refer to Type 35C5 

  .—.0.8   1400 100   
120 6 45   7500   2500 
115 ?! 32 14000 3000   3000 
110 3 45 12000 7500   2500 
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RCA 
Typo 

Name Out- 
line 

Terminal 
Dia- 
gram 

Heater or 
Filament (F) 

Use 
Values to right give operat- 
ing conditions and character- 
istics for indicated typical use 

Volts Amperes 

3SY4 Half-Wave Rectifier Heater Tap 
for Pilot 

120 SAL 35.0 0.15 
Pilot Between Pins 1 and 4 With Capacltlve-lnput Filter 

35Z3 Half-Wave Rectifier 120 4Z 35.0 0.15 With Capacltlve-lnput Filter 

35Z4GT Half-Wave Rectifier 13D 5AA 35.0 0.15 With Capacitive-lnput Filter 

36 Sharp-Cutoff Tetrode 24B 5E 6.3 0.3 Screen-Grid RF Amplifier 

36AM3 Half-Wave Rectifier 5D 5BQ 36.0 0.1 With Capacitive-lnput Filter 

36AM3A Half-Wave Rectifier 5D 5BQ 36.0 0.1 With Capacitive-lnput Filter 

37 Medlum-Mu Triode 22 or 
13H 5A 6.3 0.3 Class A Amplifier 

38 Power Pentode 24B 5F 6.3 0.3 Class A Amplifier 

39/44 Remote-Cutoff Pentode 24B 5F 6.3 0.3 Class A Amplifier 

40 Medium-Mu Triode 26 4D 5.0F 0.25 Class A Amplifier 
40KD6 Beam Power Tube 160 12GW 40 0.45 Horizontal Deflection Amplifier 

Power Pentode  
Half-Wave Rectifier 

Power Pentode  
Power Triode 

Half-Wave Rectifier 
Half-Wave Rectifier 
Heater Tap fer Pilot 

Dual-Grid Power Amplifier 
Power Pentode  
Power Tetrode 

Dual-Grid Power Amplifier 
Power Triode 

Beam Power Tube 
Beam Power Tube 
Beam Power Tube 

Half-Wave Rectifier 
Beam Power Tube 

Power Pentode  
Power Pentode 

Beam Power Tube 
Rectifier-Doubler 
Hectifier-Doubler 

Rectifier-Doubler 
Heater Tap for Pilot 

Rectifier-Doubler 
Heater Tap for Pilot 

High-Mu Twin Power Triode 

350 GEC4 12 0.3 
28 6B 25.0 0.3 
26 40 2.5F 1.5 

50 SAM 45.0 0.075 
13D GAD 45.0 0.15 

Pilot Between Pins 2 and 3 

Television Damper Service 
Amplifier 

Class A Amplifier 
Half-Wave Rectifier 

With Capacltive-lnput Filter 
 Class A Amplifier  

Class A Amplifier 
 Class A Amplifier  

Class A Amplifier  
 Class A Amplifier  
 Class A Amplifier  

Class A Amplifier  
Single-Tube Class A Amplifier 

With Capacitive-lnput Filter 

as U il i] 11 iM 

tuiiii IIIH 

120 7DX 50.  
13D 7G 50.0 0.15 

13D SAN 50.0 0.15 
Pilot Between Pins 6 and 7 

~22 BAN 50X1 0.15 
Pilot Between Pins 6 and 7 

Rectifier-Doubler 
Voltage Doubler 

Half-Wave Rectifier 
Voltage Doubler 

Half-Wave Rectifier 
Amplifier 



Characteristics Chart 583 

Grid Bias Screen 
or Grid Plate AC Plate Trans- 

Cathode Screen Cur- Cur- Resist- conduct- 
Plata Resistor Grid rent rent ance ance 
Volts Volts mA mA Ohms Micromhos 

Amplifi- 
cation 
Factor 

Power 

Load 
Ohms 

Out- 
put 

Watts 

RCA 
Typo 

For other characteristics, refer to Type 35W4 35Y4 
For other ratings, refer to Type 35Z5GT 

Max. DC Output mA, 100 Mil). Total Effective Plate-Supply Impedance: Up to 117 
volts, 15 ohms; at 235 volts, 100 ohms 

For other characteristics, refer to Type 6KD6 

35Z4GT 
100 - 1.5V 55 
250 — 3V 90 1.7 

1.8 
3.2 

550000 
550000 

850 
1080        36 

AC Plate Volts (RMS), 117 
Max. DC Output mA, 82 

Max. Peak Inverse Volts, 365 
Tube Voltage Drop for Plate mA, 150, 20 volts 36AM3 

Max. AC Plate Volts (RMS), 120 
Max. DC Output mA, 82 

Max. Peak Inverse Volts. 365 
Tube Voltage Drop for Plate mA, 150, 16 volts 36AM3A 

250 -18V     7.5 8400 1100 9.2     37 
250 —25V 250 3.8 22.0 100000 1200   10000 2.50 38 
2™ j "minV } 90 1.4 5.8 1.0 1050 — —   39/44 
160 — 3V   ■   0.2 150000 200 30     40 

40KD6 
For other characteristics, refer to Type EK6GT 41 
For other characteristics, refer to Type 6F6G 42 

For other characteristics, refer to Type 6EC4A/EY500 42" 
P 

For other characteristics, refer to Type 25A6 

Max. Peah Inverse Volts, 350 D Max. DC Output mA, 65 
For other ratings, refer to Type 3525GT 

Max. Peak Plate mA, 390 

AC Plate Volts (RMS) 117 
Max. Peak Inverse Plate Volts, 330 

    55 1800 2100 
For other characteristics, refer to Type 50L6GT 

For other characteristics, refer to Type 50C5 
135 31 58 9300 7000 — 2000 
135 2.2 61 18300 7100   2600 
7 DC Output mA, 110 
Volts, 330 Max. Peak Plate mA, 720 

For other characteristics, refer to Type 6FE5 
115 8.5 32 14000 12800   3000 
115 11,5 42 11000 14600   3000 

Max. DC Plate Volts, 275 
Max. Peak Positive-Pulse Plate Volts, 7700 Max. DC Cathode mA, 220 

Max. Plate Dissipation, 13 watts 
For other ratings, refer to Type 25Z6GT 
For other ratings, refer to Type 25Z6GT 

Max. AC Volts per Plate (RMS), 117 Mln. Total Effective Plate-Supply Impedance per 
Plate. 15 ohms  

Max. AC Volts per Plate (RMS), 235 Mln. Total Effec. Plate-Supply Imped, per Plate: At 117 
Max. DC Output mA per Plate, 65 volts, 15 ohms; at 150 volts, 40 ohms; at 235 volts, 100 ohms 
 Max. DC Output mA, 65   

Max. DC Output mA per Plate, 65 
   For other characteristics, refer to Type 6N7 
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RCA 
Type 

Name Out- 
line 

Terminal 
Dia- 
gram 

Heater or 
Filament (F) 

Use 
Values to right give operat- 
ing conditions and character- 
istics for indicated typical use 

Volts Amperes 

70L7GT Rectifier-Beam Power Tube 13F 8AA 70.0 0.15 
Amplifier Unit as Class A Amplifier 

Half-Wave Rectifier 

75 Twin Diode—Higb-Mu Triode 24B GG 6.3 0.3 Amplifier 

78 Remote-Cutoff Pentode 24B GF 6.3 0.3 Amplifier Mixer 

80 Full-Wave Rectifier 21 4C 5.0F 2.0 
With Capacitlve-lnput Filter 
With Inductive-Input Filter 

83» Full-Wave Mercury- 
Vapor Rectifier 27B 4C 5.0 3.0 With Capacltive-lnput Filter 

With Inductive-Input Filter 

84/6Z4 Full-Wave Rectifier 22 or 
13H SD 6.3 0.5 

With Capacltive-lnput Filter 
With Inductive-Input Filter 

117L7 
GT/ 

M7GT 
Rectifier-Beam Power Tube 13F GAD 117 0.09 

Amplifier Unit as Class A 
Amplifier 

Half-Wave Rectifier 

117N7 
GT 

Rectifier-Beam Power Tube 13F GAV 117 0.09 
Amplifier Unit as Class A 

Amplifier 
Half-Wave Rectifier 

117P7 
GT 

Rectifier-Beam Power Tube 13F GAV 117 0.09 

117Z3 Half-Wave Rectifier 5D 4CB 117 0.04 With Capacitlve-lnput Filter 

117Z4 
GT 

Half-Wave Rectifier 29F 5AA 117 0.04 With Capacitlve-lnput Filter 

117Z6 
GT 

Rectifier-Doubler 13D n 117 0.075 
Voltage Doubler 

Half-Wave Rectifier 

407A* Medlum-Mu Twin Triodp SA 407A 40 
20 

0.05 
0.1 Class A Amplifier 

408A* Sharp-Cutoff Pentode SB 7BD 20 0.05 Class A Amplifier 

884 ♦ Gas Triode 22 602 6.3 0.6 Relaxation Oscillator 
Grid-Controlled Rectifier 

955 ♦ Medlum-Mu Triode acorn SBC 6.3 0.15 
n ne 

AF and RF Amplifier 
Place A Amnllfior 

Glow-Discliarge Tube 

PentaiMJ Amplifier 
Beam Power Tube 
Beam Power Tube 

Power Pentode 

Electron-Ray Tube 
1635» Higb-Mu Twin Power-Triode 

2081/ Higb-Mu Triode—Sbarp- 
6AW8A* Cutoff Pentode 
* Industrial type 

Voltage Regulator 

Class A Amplifier 
Class A, AB Amplifier 
Class AB, C Amplifier 

Class A Amplifier 
Class A Amplifier 

Power Amplifier  
Triode Unit as Class A Amplifier 

Pentode Unit as Class A Amplifiei 



Characteristics Chart 585 

Grid Bias Screen 
or Grid Plate AC Plate Trans- 

Cathode Screen Cur- Cur- Resist- conduct- 
Plate Resistor Grid rent rent ance ance 
Volts Volts mA mA Ohms Micromhos 

110 - 7.5V 110 3.0 40.0 15000 7500 
Max. Peak Inverse Volts, 350 

AC Volts per Plate (RMS), 350 
Max. Peak Inverse Volts, HOP 
AC Volts per Plate (RMS), 500 
Max. Peak Inverse Volts, HOP 
Max. AC Volts per plate (RMS) 450 
Max AC Volts per plate (RMS) 500 
AC Volts per Plate (RMS), 325 
Max. Peak Inverse Volts, 1250 
AC Volts per Plate (RMS), 450 
Max. Peak Inverse Volts, 1250 

Max. DC Output mA. 70 Max. 
, Total Effect. Plate-Supply Imped,, 15 olinis 
r other characteristics, refer to Type 6SQ7 
ir other characteristics, refer to Type 6K7 

DC Output mA, 125 
Max. Peak Plate mA, 440 
Max. DC Output mA, 125 

 Max. Peak Plate mA, 440  
Max. DC Output Current, 

I — 225mA — 
 . Max. DC Output Current, — 

225mA 
DC Output mA, 60 

 Max. Peak Plate mA, 180  
Max. DC Output mA, 60 
 Max. Peak Plate mA, 180  

- 2000 
Peak Plate mA, 420 

Min. Total Effect. Supply 
Imped, per Plate, 50 ohms on 
Min. Value of Input Choke, 
 10 henries  
-Condenser = 40 /iF (max.) gat 
- Choke = 3 henries (min.) 00 

Total Effect. Supply 
Imped, per Plate, 150 ohms ten 

Value of Input WoU 
Choke, 10 henries  

Max. AC Plate Volts (RMS), 117 
Maffl. Peak Inverse Volts, 350 

Max. DC Output mA, 75 
Max. Peak Plate mA, 450 

Min. Total Effect. Plate- 
Supply Imped., 15 ohms 

Max. AC Plate Volts (RMS), 117 
Max. Peak Inverse Volts, 350 

7 Max. DC Output mA, 75 M 
 Max. Peak Plate mA, 450 S 
' other characteristics, refer to Type 117L7/M7GT 

Min. Total Effect. Plate- 
Supply Impedance, 15 ohms 

Max. Peak Inverse Volts. 330 

Max. Peak Inverse Volts, 350 

AC Volts per Plate (RMS), 117 
DC Output mA, 60  
AC Volts per Plate (RMS), 235 
DC Output mA per Plate, 60 

Max. DC Output mA, 90 
Max. Peak Plate mA, 540 
Max. DC Output mA, 90 
Max. Peak Plate mA, 540 

Min. Total Effect. Plate- 
Supply Imped,, 20 ohms 
Min. Total Effect. Plate- 
Supply Imped., 30 ohms 

Min. Total Effective Plate-Supply Impedance per Plate: 
Half-Wave, 30 ohms; Full-Wave, 15 ohms   
Min. Total Effect. Supply Imped, per Plate: At 117 
volts, 15 ohms; at 150 volts, 40 ohms; at 235 volts, 100 ohms 

8.2 6350 5500 35 (each unit) 
! 7 340000 5000     —   

I 300 ml (peak) Averaee Anode Curre,,t = 75 <«A 

6.3 11400 2200 25 —   
1.7 800000 600   —     

—■ 991 ♦ 

100 6.5 5.3 600000 1100 Grid-No.3 Bias 
For other characteristics, refer to Type 616, 6L6GC 

"ioo 4 44 8800 ^ ^   
For other characteristics, refer to Type 6)7 

For other characteristics, refer to Type 6F6G 
For other characteristics, refer to Type 616, 6L6GC 

For other characteristics, refer to Type 6E5 
  '(plate to plate) 12000* 10.4 1635* 

For other characteristics, refer to Type 6AW8 
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Values to right give operat- 
ing conditions and character- 
istics for indicated typical use 

, Medium-Mu Twin Triode 

5636 ♦ Sharp-Cutoff Pentode 
5639 ♦ Semiremote-Cutoff Pentode 

5642 ♦ Half-Wave Rectifier 
5651WA+ Glow Discharge Tube 

5654/ 
Sharp-Cutoff Pentode bUob* 

5654W*  
5663 ♦ Gas-Tetrode  

a Medlum-Mu Twin Triode 5670WA*  
5672f Power Pentode 

Medium-Mu Twin Triode 

Power Pentode 
RF Pentode 

Beam Power Tube 
Medium-Mu Twin Triode 

High-Mu Twin Triode 
Medlum-Mu Twin Triode 

Sharp-Cutoff Pentode 
Gas Tetrode 

Medium-Mu Triode 

High-Mu Triode 

Sharp-Cutoff Pentode 

SB 7BD 6.3 

submin- ecvo 
iature 

m 
Q] 
121 

uomin- anir 
Iature 8'"' 

SB 7CM 

Class A Amplifier 

Class A Amplifier 
Class A Amplifier 

Pulsed Rectifier Service 
Voltage Reference 

Class A Amplifier 

Thyratron 

Class A Amplifier 

Class A Amplifier 

Class A Amplifier 
Class A Amplifier 
Class A Amplifier 
Class A Amplifier 
Class A Amplifier 
Class A Amplifier 

Relay Applications 
Class A Amplifier 

Class A Amplifier 

Class A Amplifier 

SB 6BT 6.3 Half-Wave Rectifier 

Remote-Cutoff Pentode 

LLMiJ 
5734♦ Mechano-Electronlc Transducer 
5; 
5 

6BA6W» 
5750» Pentagrid Converter 
5751WA* High-Mu Twin Triode 
57830 Glow Discharge Tube 

5814WA* Medlum-Mu Twin Triode 
58240 Power Pentode 

5840WO Sharp-Cutoff Pentode 
o industrial type 

5734 5734 

5C 7BK 

6.3 0.3 
12.6 0.15 
6.3 0.3 

12.6 0.15 
6.3 0.3 

Vibration Measurements* 

Class A Amplifier 

Converter 
Class A Amplifier 

Voltage Reference 
Class A Amplifier 
Class A Amplifier 
Class A Amplifier 



Characteristics Chart 587 

Grid Bias Screen or Grid Plate AC Plate Trans- Cathode Screen Cur- Cur- Resist- conduct- Plate Resistor Grid rent rent ance ance 
Volts Volts mA mA Ohms Micromhos 

For other characteristics, refer to Type 12AY7 

100 5.8 4 50000 1950 EC3 = —3V - 
100 4 21 50000 9000      - 

    0.15   Tube drop at 4 mA = 30 volts 
For other characteristics, refer to Type 5651A 

For other characteristics, refer to Type 5654 

(each unit) 

— 20000 

250 3 27 45000 3100    
• •   12 3000 5400 16 
    2.3 44000 1600 70 
 ■   6.5 9100 2200 20 
100 0.83 3   1650   

For other characteristics, refer to Type 5696 
     13 4150 6500 27 
 ■   1.85 30500 2300 70 

120 3.5 5.2     3200   

— 5636 ♦ 
— 5639 ♦ 

is 5642» 
5651WA4 

5654/ 
6AK5W/ 
6096f 

5654W» 
— 5653* 

567e* 
5670WA* 

.065 5672» 

^ 5678 ♦ 
~2J 56B6* 9000 2.7 5666* 

(each unit) 5687 ♦ 
(each unit) 5691 ♦ 
(each unit) 5692* 

(Grid-No.3 = OV) 5693+ 
5696A+ 

5725♦ 
(Grid-No.3 = OV) 5725/ 

For other characteristics, refer to Type 6AL5 

    1.5 7200 275 second.  

For other characteristics, refer to Type 6BA6 

For other characteristics, refer to Type 6BE6 
For other characteristics, refer to Type 5751 

For other characteristics, refer to Type 5814A 

- 5734+ 
5749+ 
5749/ 

6BA6W+ 
5758+ 

5751WA+ 
- 5783+ 

5814WA+ 
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Terminal Values to right give operat- 
Out- Dia- Heater or ing conditions and character- 
line gram Filament (F) istics for indicated typical use 

Medium-Mu Trlode 

Medlum-Mu Twin Trlode 

Sharp-Cutoff Pentode 

Beam Power Tube 
Twin Diode 

Semiremote-Cutoff Pentode 

Beam Power Pentode 
Pentagrid Amplifier 

Medlum-Mu Twin Trlode 

29M TAG 
submln- 

6073* 
6073/ Glow-Discharge Tube 
0A2*  
6074» 
6074/ Glow-Discbarge Tube 
0B2» 
BOBOWA* Low-Mu Twin Trlode 

Low-Mu Twin Trlode 

Glow-Discbarge Tube 5D SBD 

36 6BD 

Class A Amplifier 

Class A Amplifier 

Class A Amplifier 

Class A Amplifier 

Full-Wave Rectifier 

Class A Amplifier 

Class A Amplifier 
Class A Amplifier 

Class A Amplifier 

Class A Amplifier 7BZ 6.3 Beam Power Tube 

6021 ♦ Medium-Mu Twin Trlode 'SJ- 8DG Class A Amplifier 0.3 6.3 

Class A Amplifier Medium-Mu Twin Triode 

Voltage Regulator 

Voltage Regulator 

Voltage Regulator 
Voltage Regulator 

Class A Amplifier Medium-Mu Twin Triode 

6111 ♦ Medium-Mu Twin Triode submin- 
iature 8DG 6.3 0.3 Class A Amplifier 

6112* High-Mu Twin Triode submin- 
lature 8DG 6.3 0.3 Class A Amplifier 

6136 4 Sharp-Cutoff Pentode 5C 7BK 6.3 0.3 Class A Amplifier 
6186 4 

6186/ 
mm* 
6186W4 

Sharp-Cutoff Pentode 5C 7BD 6.3 0.3 Class A Amplifier 

61894 Medium-Mu Twin Triode 6B 9A 12.6 
6.3 

0.15 
0.3 Class A Amplifier 

61974 Power Pentode GE 9BV 6.3 0.65 Class A Amplifier 

62024 Twin Diode 5D 5BS 6.3 0.6 Full-Wave Rectifier 

6206 4 Semiremote-Cutoff Pentode submin- 
iature 8DC 6.3 0.15 Class A Amplifier 

62114 Medium-Mu Twin Triode 6B 9A 12.6 
6.3 

0.15 
0.3 Class A Amplifier 

* Industrial type 
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Grid Bias 
or 

Cathode 
Plate Resistor 

Screen 
Grid Plate AC Plate Trans- Amplifi- 

Screen Cur- Cur- Resist- conduct- cation 
Grid rent rent ance ance Factor 

Power 
  RCA 
Out- 
put Type Load 

Volts Volts mA mA Ohms Micromhos Ohms watts 

150 m 1700 25000 

100 120(2 100 
100 270(2 100 
67.5 OV 67.5 
100 50(2* 

100 2.2 30 
260000 4500 

15000 4200 
— — — 5899 ♦ 

' Common to both units 

2000 (grid No. 
1100 (grid No 

6500 6000 39 
4 voltage = —4 volts) cnv c* 
,4 voltage = 0 volts) 

(each unit) 

For other characteristics, refer to Type 6AQ5A 

0 15012   ■  6.5 6500 5400 35 

0 —4V     3 25000 1750 44 

For other characteristics, refer to Type 0A2 

For other characteristics, refer to Type 0B2 

For other characteristics, refer to Type 6080 
For other characteristics, refer to Type 6080 

For other characteristics, refer to Type 6J6A 

10 220£2       8.5 4000 5000 20 

iO 820S2       1.75   2500 70 
For other characteristics, refer to Type 6AU6A 

For other characteristics, refer to Type 6AG5 

For other characteristics, refer to Type 12AU7A 
0 ^3V 250 70 30 90000 11000 — 

325 RMS, 4 uF input filter 50 (each plate)   
450 RMS, 8 henry Input choke 50 (each plate)  

0 120(2 100 2.2 7.2 260000 4500   

7500 3600 27 

— — 6021 ♦ 
6072 ♦ 
6072A* 
6073* 
6073/ 
0A2» 
6074* 
6074/ 
0B2* 

608uWA» 
60824 
61014 
6101/ 

6J6WA4 
—   61114 
— ■ — 61124 
 61364 

6186/ 
61864 

6AG5WA4 
6186W4 

61894 
— — 61974 
— — 62024 

^ 6206* 
(each unit) 6211 ♦ 
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Terminal 
Out- Dia- Heater or 

Filament (F) 
Volts Amperes 

Values to right give operat- 
ing conditions and character- 
istics for indicated typical use 

6336A* 
6350 ♦ 
6360* 

6360A* 
6386 ♦ 
6417* 
6485* 
6626/ 

0A2WA* 
6660/ 
6BA6+ 

Low-Mu Twin Trlode 
Medium-Mu Twin Triode 

Medium-Mu Twin Triode 
VHF Beam Power Tube 
Sharp-Cutoff Pentode 
Glow-Discharge Tube 

Remote-Cutoff Pentode 

Remote-Cutoff Pentode 

Twin Diode 

Hlgh-Mu Triode 

Sharp-Cutoff Pentode 

Power Pentode 

Medium-Mu Triode 
Sharp-Cutoff Pentode 
Sharp-Cutoff Pentode 

Medium-Mu Twin Triode 

Indicator Triode 

Ream Power Tube 

Medium-Mu Twin Triode 
Power Pentode 

Twin Diode  
Sharp-Cutoff Pentode 

Medium-Mu Twin Triode 
High-Mu Twin Triode 

Medium-Mu Triode 
Power Pentode 

Beam Power Tube 
Sharp-Cutoff Tetrode 

Medium-Mu Triode 
Sharp-Cutoff Pentode 

Medium-Mu Twin Triode 

Beam Deflection Tube 

GA BCJ 
~6E siT" 
~5C 7CC~ 

6.3 5.0  Class A Amplifier 
J-? Class A Amplifier 6.3 IMj - 

Class ABi Power Amplifier 

6.3 0.35 Class A Amplifier 
12.6 0.375 RF Power Amplifier 
6.3 0.45 Class A Amplifier 
    Voltage Regulator 

5C 7BK 6.3 

5C 7CM 6.3 

SB 6BT 6.3 

5C SCE 

5C 7CM 6.3 

6E 9BV 6.3 

6B 9AE 6.3 

6A SED 6.3 
~5A 6BT e/T 

Mature" 6977  ^ 

19F 8HY 6.3 

Class A Amplifier 

Class A Amplifier 

Half-Wave Rectifier 

Class A Amplifier 

Class A Amplifier 

0.65 Class A Amplifier 

„ Triode Unit as Class A Amplifier 
Pentode Unit as Class A Amplifiei 

0.3 Class A Amplifier 
0.2 Half-Wave Rectifier 
0.3 Class A Amplifier 

0.03 Logic Level Indicator 

Push-Pull Class ABi Amplifier 0.9 
  Push-Pull Class ABi AmpMeT 

0.9 Class A Amplifier  
0.275 Class A Amplifier  
0.155 Half-Wave Rectifier 
0.15 Class A Amplifier  
0.18 Class A Amplifier  
0.155 Class A Amplifier  

Triode Unit as Class A Amplifier u'4° Pentode Unit as Class A Amplifiei 
0.21 Class A Amplifier 
0.09  VHF Class A Amplifier 
. Triode Unit as Class A Amplifier l) '!1 Pentode Unit as Class A Amplifiei 
0,335 Class A Amplifier  

0.35 Class A Amplifier 

* Industrial type 
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Plate 

Grid Bias 
or 

Cathode 
Resistor 

Screen 
Grid 

Screen 
Grid 
Cur- 
rent 

Plate 
Cur- 
rent 

AC Plate 
Resist- 

ance 
Volts Volts mA mA Ohms 

190 200!!       200 
150 —5V     11 3900 

ance 
Micromho 

13500 
4600 

Load put 
Olims Watts 

(each unit) 
(each unit) 

10000 
plate to plate 

For other characteristics, refer to Type 5763 

6626/ 
0A2WA* For other characteristics, refer to Type OA2 

For other characteristics, refer to Type 6BA6 

For other characteristics, refer to Type 6BJ6 6662/ 
6616+ 

For other characteristics, refer to Type 6AL5  6663/ 
For other characteristics, refer to Type 6AB4 mSJa   6AB4+ 

For other characteristics, refer to Type 6CB6A 
  6CD6A* 

For other characteristics, refer to Type 6CL6 6677/ 
6CL6+ 

For other characteristics, refer to Type 6U8A 

190 630!! 160 3.3 13 90000 nvuin 8rid-No.3 voltage = 0 volts iK>uu grid-No.l supply voltage = +9 volts 6688A+ 
360 RMS (max.) each plate —DC Plate Current = 10 mA max. 6887+ 

100 680!!   15   12500 33 (each unit) 6922/ 
E88CC+ 

50 OV 
—3V Rg — 100,000!! 585yiA 

5/iA           6977+ 
450 -30V 350 3.4n 95 □       6000 50t 
400 
380 

2000 
1800 

300 
380 

70 
5.6n 

112o 138 □       6600 
4500 

32t 
36t 7027 

410 2200 Cath. mA, 134        8000 24t 
120 —2V   36 1750 12000 21 (each unit) 7044+ 

For other characteristics, refer to Type 8077/7054 7054+ 
117 RMS each plate - -DC plate current 9 mA. 7655+ 

200 180!! 150 2.8 9.5 600000 6200   •—■   7056+ 
150 220!!   10 5300 6800 36 (each unit) 7057+ 
250 —2V   1.25 61000 1650 100 (each unit) 7058+ 
150 
200 

150!! 
82!! 125 3.4 

9 
15 

8200 
150000 

4900 40 
7000       7060+ 

200 -10V 200 9 35.5 60000 4200   5000 3 7061 + 
125 -IV 80 1.4 10 125000 8000       7167+ 

For other characteristics, refer to Type 6AN8A 7256+ 
For other characteristics, refer to Type 6922/E88CC 7308+ 

150 
each 
plate 

150!! 
5400 

175 2.1 8.5   both plates tied 
deflection electrode 

voltage = 25 volts 7360+ 

t For two tubes at stated plate-to-plate load. a for two tubes. 
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Values to right give operat- 
ing conditions and character- 
istics for indicated typical use 

Heater or 
Filament (F) 

Class A Amplifier 
Push-Ptill Class ABi Amplifier 

Class A Amplifier 
Push-Pull Class ABi Amplifier 

Beam Power Tube 

Beam Power Tube 

Class A Amplifier Sharp-Cutoff Tetrode 

Twin-Diode 
High-Mu Triode Triode Unit as Class A Amplifier 

Class A Amplifier 
Class A Amplifier 
Class A Amplifier 
Class A Amplifier 

High-Mu Twin Triode 
Nuvistor, High-Mu Triode 

Sharp-Cutoff Pentode 
Nuvistor. Power Triode 

SB 9EP 13.5 
1A1 12CT 6.3 
5C 7CM 6.3 
1 12AQ 6.3 

Class A Amplifier High-Mu Triode 5C 7BQ 6.3 

Class A Amplifier Nuvistor. Power Triode 1A2 12CT 
Class A Amplifier 
Class A Amplifier 

Nuvistor, High-Mu Triode 
Nuvistor, High-Mu Triode 

Detector Amplifier Pentode Class A Amplifier 
Detector; Amplifier, Oscillator 

Class A Amplifier 
Half-Wave Rectifier 
Half-Wave Rectifier 

Medium-Mu Triode 
RF Pentode 
UHF Diode 
UHF Diode 

acorn 5BG 

Visual Indicator 6F 9GA 6.3 Electron—Ray Tube 

♦ Industrial type 

SAFETY PRECAUTIONS 

Electron tubes that operate at potentials exceeding several thousand 
volts may emit X-radiation. 

The high voltages associated with these devices result in production 
of X-radiation which may constitute a health hazard on prolonged exposure 
at close range unless the tube is adequately shielded. Equipment design 
must provide for this shielding. 
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Grid Bias 
or 

Cathode 
Resistor 

Screen 
Grid 
Cur- 
rent 

Plate 
Cur- 
rent 

AC Plate 
Resist- 
ance 

Amplifi- 
cation 

Factor 
Screen 
Grid Load Plate 

Watts Volts mA mA Ohms Micromhos 
10200 

Ohms Volts 
J0_ 
82a 
MO. 

210° 

29000 3000 
9000 
1100 
1500 

11 
281 

4.5 
10t 

—10V 
2000 

-11V 
500 

11.5a 
J>  
9° 

7000 

For other characteristics, refer to Type 6CY5 

For other characteristics, refer to Type 14GT8 
(each unit)   10 10900 5500 60 

-   10 5600 12400 70 
For other characteristics, refer to Type 6DK6 

13000 

3100 127 
18000 100 
1400 
2200 
1800 

DC Output Current 1.0 mA max 
DC Output Current 5.0 mA 

117 RMS max 
270 RMS 
Triode Plate Supply Volts, 250 Fluorescent-Target Volts, 250 
Triode-Plate Resistance, 1 MO Triode-Grid Resistance, 0.47 MO 
Triode Grid-Supply Volts, —22 Triode Plate mA, 0.06 Fluorescent Target mA, 1.6 

Max. Length of Dark Part of Target, when triode grid resistor = 0, 1.14 inch 
t For two tubes at stated plate to plate load a For two tubes 

SAFETY precautions 

Precautions must be exercised during the servicing of equipment em- 
ploying these devices to assure that the high voltage is adjusted to the 
recommended value and that any shielding components are restored to 
their intended positions before the equipment is operated. 

Caution: Operation of this tube outside of the maximum values indicated 
may result in either temporary or permanent changes in the X- 
radiation characteristics of the tube. Equipment design must be 
such that these maximum values are not exceeded. 

Note: For Safety Precautions that apply to all tubes, refer to page 93. 



Terminal Diagrams 

For Receiving Tubes 

THE following pages contain comprehensive listings of domestic and 
foreign entertainment and industrial receiving tubes cross-referenced to 

a particular terminal diagram. _ 
The first index lists the terminal diagrams in numerical-alphabetical 

sequence and cross-references each diagram to receiving tube types hav- 
ing the same diagram. . , , . i. x- i 

The second index lists receiving tube types in numerical-alphabetical- 
numerical sequence and cross-references each type to its respective ter- 
minal diagram. . , 

These listings can be used as an initial approach to tube interchange- 
ability. However, tube interchangeability is not implied. Before any inter- 
changeability is attempted, a comparison must be made of all essential data, 
including maximum ratings, performance characteristics and mechanical 
characteristics. Many types listed in these indexes are currently in RCA s 
line; consequently, data are included in this manual. For those tube types 
not currently in RCA's line, it will be necessary to consult other data sources. 

Terminal diagrams are shown immediately following the indexes. 

TERMINAL DIAGRAM vs. TYPE NUMBER 

1AY2 
1AY2 
1AY2A 

1B3GT 
1G3GT/1B3GT 
1G3GTA/1B3GT 
113 
1K3/1J3 
1K3A/.1J3 
1N2A 
8016 
DY30 
U41 

4CG 
6AU4GT 
6AU4GTA 
6AX4GT 
6AX4GTB 
6CQ4 
6DA4 
6DE4 
6DM4A 
6GK17 
6W4GT 
12AX4GT 
12AX4GTA 
12AX4GTB 
1204 
12DM4 
12DM4A 
17AX4GT 
17AX4GTA 
17D4 
17DE4 
17DM4 
17DM4A 
19AU4 
19AU4GTA 
22DE4 
25AX4GT 
25W4GT 

4CB 
117Z3 

4R SAM 
0Z4A 45Z3 
0Z4G 

SAP 
4V 1A3 

1C21 0A90 
0A4G 

SAY 
5A fiD4 

27 
37 SB 

47 
5AA 

35Z4GT SBC 
117Z4GT 955 
U74 
U76 5BE 

959 
SAB 

7Y4 5BG 
7Z4 9005 

SAC 5B0 
7B4 5651A 
14A4 5651WA 

6073 
SAD 6073/OA2 

1LA4 6074 
1LB4 6074/OB2 

6626/0A2WA 
SAG 0A2 

1LH4 0A2WA 
0B2 

SAL 0B2WA 
35Y4 0C2 
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6AM 
25CU6 
HD94 
HD96 

6AR 
1L4 
1T4 
1U4 
DE91 
DF904 
W17 

6BW 
1DN5 
105 
DAF92 

6AU 
1S5 
AD17 
DAF91 

6EX6 
19BG6G 
19BG6GA 
21EX6 
25CD6GA 
25CD6GB 
25DN6 
25EC6 

GAB 
6SF5 
12SF5 
12SF5GT 

GAD 
35Z5GT 
45Z5GT 

6CK 
6AU5GT 
6AV5GA 
6AV5GT 
6FW5 
12AV5GA 
25AV5GA 

GCN 
6BY5GA 

2T4 
5AS4 
5AS4A 
5AU4 
5AW4 
5AZ4 
5R4GYB 
5U4G 
5U4GB 
5V3 
5V3A/5AU4 
5W4 
5W4GT 
5Y3G 
5Y3GT 
5Z4 
2076/5R4GYB 
GZ30 
RJ2 
U50 
U52 

6AF 
1Q5GT 

GAM 
6BQ6GT 
6BQ6GTB/6CU6 
6CU6 
6DQ6A 
6DQ6B 
6GB3A 
6GB6 
6GB7 
6GW6 
6GW6/6DQ6B 
12BQ6GTB/12CU6 
12CU6 
12DQ6A 
12DQ6B 
12GB3 
12GB6 
12GB7 
12GW6/12DQ6B 
17BQ6GTB 
17DQ6A 
17GB3 
17GW6/17DQ6B 
25BQ6GT 
25BQ6GTB/25CU6 

GBS 
2050 
2 050A 

6BT 
3AL5 
6AL5 
12AL5 
5726 
6663/6AL5 
6887 
7055 
D2M9 
D63 
D152 
EAA91 
EB91 
FAA91 
HAA91 
QA2404 
XXA-91 
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7AC 
6W6GT 
6Y6GA/6Y6G 
7EY6 
12EN6 
12L6GT 
12V6GT 
12W6GT 
25C6G 
2516 
25L6GT/25W6GT 
25W6GT 
35L6GT 
50C6G 
50L6GT 
7408 
7581A 
EL37 
KT-32 
KI66 
KT71 
OSW3106 

7AG 
6AD6G 
6AF6G 

7AX 
6AE7GT 

7AH 
6AE6G 

7AP 
3Q5GT 
DL33 
N16 

7BD 
3BC5 
3BC5/3CE5 
3CE5 
4BC5 
6AG5 
6AK5/EF95 
6AN5 
6BC5/6CE5 
6CE5 
6RHH2 
408A 
5654 
6186 
9001 
9003 
DP61 
EF95 
EF96 
EF905 
PM05 

7BF 
516 
5MHH3 
616 
6J6A 
6J6WA 
6MHH3 
1916 
5844 

7BF 
5964 
ECC91 
M8081 
T2M05 

7BK 
3AU6 
3BA6 
4AU6 
6AH6 
6AH6WA 
6AK6 
6AU6 
6AU6A 
6AU6WB 
6BA6/EF93 
6BD6 
6HR6 
6HS6 
12AC6 
12AF6 
12AU6 
12BA6 
12BD6 
12BL6 
12CX6 
12DZ6 
12EA6 
12EK6 
12EK6/12DZ6/ 

12EA6 
18GD6A 
19HR6 
19HS6 
19MR9 
26A6 
5749 
6660/6BA6 
7543 
EF93 
EF94 
HF93 
HF94 
M8108 
PM04 
W727 
XF94 

7BN 
2021 
5696 
5696A 
5727 

7BT 
3AV6 
4AV6 
6AQ6 
6AT6 
6AV6 
6BF6 
12AE6 
12AE6A 
12AJ6 
12AT6 
12AV6 
12BF6 
12FK6 
12FM6 
18FY6 
18FY6A 
26C6 
DH77 
EBC90 
EBC91 
H8C90 
HBC91 

7BZ 
5AQ5 
6AQ5 
6AQ5A 
6BF5 
6DS5 
6HG5 
6HR5 
11DS5 
12AQ5 
35B5 
50B5 
6005 
6669/6AQ5A 
BPM04 
EL90 
M8245 
N727 

7CC 
18FW6 
18FW6A 

7CH 
3BE6 
3BY6 
3CS6 
4CS6 
6BE6 
6BY6 
6CS6 
12AD6 
12BE6 
12EG6 
12GA6 
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7CH 
18FX6 
18FX6A 
26D6 
5750 
5915 
EH90 
EK90 
HK90 
HM04 
X77 
X107 
mi 

7CK 
12U7 

7CM 
3BZ6 
3CB6/3CF6 
3CF6 
3DK6 
4BZ6 
4CB6 
4DE6 
4DK6 
4EW6 
4GM6 
4JH6 
4LU6 
5EW6 
5GM6 
5JK6 
5JL6 
6AS6 
6BH6 
6BJ6 
6BZ6 
6CB6A/6CF6 
6CF6 
6DC6 
6DE6 
6DK6 
6EW6 
6GM6 
6JH6 
6JK6 
12AW6 
12BZ6 
12DK6 
5725 
6661/6BH6 
6662/6BJ6 
6676/6CB6A 
7056 
EF190 

7CV 
4GZ5 
6AS5 
6CA5 
6CU5 
6EH5 
12C5 
12CA5 

7CV 
12CN5 
12CU5/12C5 
12ED5 
12EH5 
12FX5 
17C5 
17CU5/17C5 
19FX5 
25C5 
25CA5 
25EH5 
25F5A 
32ET5 
32ET5A 
34GD5 
34GD5A 
35C5 
35EH5 
50C5 
50EH5 
50FK5 
60FX5 
HL92 

7CV 
3B4WA 
6GZ5 

2B7 
6B7 
6B7S 

7DC 
1L6 

7DF 
3BN6 
4BN6 
6BN6/6KS6 
6KS6 
12BN6 

7DK 
2AF4A/2AF4B 
2AF4B/2DZ4 
2DZ4 
3AF4A 
3AF4A/3DZ4 
3DZ4 
6AF4 
6AF4A 
6AN4 
6DZ4 
6T4 
EC94 

7 DO 
6DL5 
6DL5/EL95 
EL95 

7DX 
50X6 

7E 
6F7 

7EA 
6CR6 
12CR6 

7EG 
2BN4 
2BN4A 
3BN4 
3BN4A 
6BN4 
6BN4A 

7EK 
12K5 

7 EN 
3DT6 
3DT6A 
4DT6 
4DT6A 
5GX6 
5HZ6 
6DT6 
6DT6A 
6GX6 
6GY6 
6GY6/6GX6 
6HZ6 

7EW 
2CY5 
3CY5 
3EA5 
4CY5 
6CY5 
6EA5 
6EV5 
7167 
7717/6CY5 

7F 
12A5 

7FB 
12EL6 

7FL 
2EN5 

7FP 
2ER5 
2FH5 
2FQ5A 
2GK5/2FQ5A 
3ER5 
3FH5 
3GK5 
4GK5 
6ER5 
6ES5 
6FH5 

7FP 
6FQ5A 
6FY5/EC97 
6GK5/6FQ5A 
EC95 
EC97 
PC95 
XC95 
XC97 
YC95 

7FQ 
6FV6 

7FZ 
35GL6 
50HC6 
50HK6 

7G 
6C7 

7GA 
2FS5 
2GU5 
3FS5 
6FS5 
6GU5 . 

7GM 
2HA5 
2HQ5 
3HM5/3HA5 
3HQ5 
4HA5 
4HA5/PC900 
4HQ5 
6HA5 
6HK5 
6HM5/6HA5 
6HQ5 
EC900 
LC900 
PC900 
XC900 

7GW 
17DQ6B 

7H 
607 
6E7 

7K 
12A7 

6H6 
6H6GT 
12H6 
25Z6 
25Z6GT 
50Y6GT 
117Z6GT 
EB34 

7R 
617 
6J7G 
6J7GT 
6K7 
6K7G 
6K7GT 
687 
6S7G 
6U7G 
6W7G 
12J7GT 
12K7GT 
1620 
A863 
EF37 
KTW63 
KTZ63 
W61 
W63 
163 

6DG6GT 
6F6 
6F6G 
6F6GT 
6G6G 
6K6GT 
12A6 
25A6 
25A6GT 
25B6G 
1613 
1614 
1621 
1622 
5824 
5881 
6550 
8417 
EM840 
KT-63 
N63 

617 
6L7G 
1612 

711 
6P7G 

6B6G 
6Q7 
6Q7G 
6Q7GT 
6R7 
6R7G 
6R7GT 
6T7G 
6V7G 
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6AS7G 
6BL7GT 
6BL7GTA 
6BX7GT 
6DN7 
6EA7 
6EM7/6EA7 
6GL7 
6SL7GT 
6SN7GT 
6SN7GTA 
6SN7GTB 
10EG7 
10EM7 
12SL7GT 
12SN7GT 
12SN7GTA 
12SX7GT 
13EM7 
13EM7/15EA7 
5691 
5692 

8CB 
6S8GT 
12S8GT 

8CH 
6AL7GT 

8CK 
6AQ7GT 
ECL180 

SET 
6CA7/EL34 
6CZ7 
EL34 

8EZ 
3A3 
3A3/3B2 
3A3A/3B2 
3A3B 
3A3C 
3AW3 
3CZ3 
3CZ3A 

8FU 
6BD4 
(jBD4A 

8JX 
12GC6 

8KB 
6FE5 
50FE5 

8KQ 
7591 
7591A 

8CT 
6BA7 
12BA7 

8BE 
12AH7GT 

8GC 
6BK4 
6BK4A 
6BK4B 
6BK4C/6EL4A 
6EL4 

8GD 
6CB5 
6CB5A 

8MH 
3CA3 
3CA3A 

8MK 
3CU3A 

8ML 
6LH6A 

8MQ 
6LJ6 
6LJ6A/6LH6A 

8BK 
6SG7 
6SH7 
12SG7 
12SH7 

8BU 
26A7GT 

8GT 
25E5/PL36 
N308 
PL36 

SHY 
7027 
7027A 

8MU 
2CN3A 
3CN3A 
3CN3B 

8MX 
3DB3 
3DB3/3CY3 
3DJ3 

BEL 
6AH4GT 



Terminal Diagrams 

8N 8V 
68 J 7 7AH7 
6SJ7GT 7B7 
6SJ7Y 7C7 
6SK7 7G7 
6SK7GT 7L7 
6SS7 7V7 
12SJ7 14A7 
12SJ7GT 14C7 
12SK7 14H7 
12SK7GT EF22 
5693 W81 
KT77 W143 
OSW3111 W148 

8NB 8W 
26HU5 7B6 

7C6 
8NC 7E6 

26LW6 14B6 
14E6 

8ND 
1DG3 8X 
1DG3A 1488 

8NJ 8Y 
6EN4 6AG4Y 

Qfl 6AG7 
OU 

6AE5GT 8Z 
6SQ7 32L7GT 
6SQ7GT 
6SR7 9A 
6ST7 6AU7 
6SZ7 7AU7 
12SQ7 9AU7 
12SQ7GT 12AE7 
12SR7 12AT7/ECC81 
12SR7GT 12AT7WA 
12SW7 12AT7WB 
0BC3 12AU7 
OSW3105 12AU7A/ECC82 

12AV7 
8R 12AX7 

6SA7 12AX7A/ECC83 
6SB7Y 12AY7 
12SA7 mn 
12SY7 12AZ7A 
OSW3104 12BH7 

12BH7A 
88 12BZ7 

6SC7 12DW7 
12SC7 12FV7 

5751 
8T 5814A 

12B8GT 5963 
25B8GT 5965 

6072 
81) 6189 

7A8 6211 
6679/12AT7 

8V 6680/12AU7A 
7A7 6681/12AX7A 
7AD7 7025 
7AG7 7247 

9A 
B152 
B309 
B329 
B339 
B739 
B749 
B759 
E81CC 
E82CC 
E83CC 
ECC81 
ECC82 
ECC83 
ECC186 
ECC801 
ECC802 
ECC803 
M8136 
M8137 
M8162 
PCC18 
QA2406 
QB309 
XCC82 

9AE 
5EA8 
5GH8A 
5K08 
5118 
6AX8 
6EA8 
6GH8 
6GH8A 
6GJ8 
6HL8 
6K08 
6LM8 
6MQ8 
6MU8 
6U8 
6U8A/6KD8 
9GH8A 
9JW8/PCF802 
19EA8 
6678/6U8A 
7059 
CXF80 
ECF82 
ECF802 
LCF802 
PCF802 

9AG 
12B4A 

9AJ 
4BC8 
4BQ7A 
4BQ7A/4BZ7 
4BS8 
4BZ7 
4ES8/XCC189 
4KN8/4RHH8 
4RHH2 
5BK7A 
5BQ7A 
5ES8/YCC189 
6AQ8 
6AQ8/ECC85 
6BC8/6BZ8 
6BK7A 
6BK7B 
6BQ7 
6BQ7/6BZ7/6BS8 
6BS8 
6BZ7 
6BZ8 
6DJ8/ECC88 
6DT8 
6ES8/ECC189 
6JK8 
6KN8/6RHH8 
9AQ8/PCC85 
12DT8 
17EW8 
17EW8/HCC85 
6922/E88CC 
7057 
7308 
B719 
ECC85 
ECC88 
ECC180 
ECC189 
HCC85 
PCC85 
XCC189 
YCC189 
YCL180 

9BD 
6V3A 
EY81F 

9BV 
6CL6 
6197 
6677/6CL6 

9AQ 
3EH7 
3EH7/XF183 
3EJ7 
3EJ7/XF184 
4EH7/LF183 
4EJ7/LF184 
6EH7/EF183 
6EJ7 
6EJ7/EF184 
EF183 
EF184 
EF811 
EF814 

9CB 
6AF3 
6AL3 
6AL3/EY88 
6BR3/6RK19 
6RK19 
12AF3/12BR3/ 

12RK19 
12BR3 
12RK19 
16AQ3 
16AQ3/XY88 
17BR3 
17BR3/17K19 
17RK19 
17Z3/PY81 
20AQ3/LY88 
30AE3/PY88 
34R3 
EY88 
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9CB 9DC 9DX 9EU 
LY88 9A8/PCF80 8BA8A 6GC5 
XY88 ECF80 8BH8 12AB5 

LCF80 8CX8 6973 
9CF LZ319 8EB8 7061 

9BR7 LZ329 8GN8 
12BR7 PCF80 8JV8 9EX 

XCF80 10GN8 6BM8/ECL82 
9CK 10HF8 8B8 

6CM6 9DE 10JA8/10LZ8 11BM8 
6DW5 4RHH8 10JT8 16A8/PCL82 

6RHH8 10JY8 50BM8/UCL82 
9CV ECC89 10KR8 ECL82 

6BQ5/EL84 10LB8 LCL82 
6CW5 9DJ 10LW8 LN119 
6CW5/EL86 6BW4 10LZ8 N369 
8BQ5 12BW4 11JE8 PCL82 
8CW5/XL86 11KV8 UCL82 
10BQ5 9DP 11LQ8 UCL83 
10CW5 6AR8 PCF82 

9FX 
5CL8 
5CL8A 
6CL8 
6CL8A 
9CL8 

10CW5/LL86 
15CW5 
15CW5/PL84 
EL84 
EL86 
LL86 
M709 
PL84 
XL84 
XL86 

9CY 
5AM8 
6AM8 
6AM8A 
6HJ8 

9DA 
5AN8 
6AN8 
6AN8A 
10C8 
12CT8 
7060 
7258 

9DC 
4BL8 
4BL8/XCF80 
4KE8 
5JW8 
5KE8 
6BL8 
6BL8/ECF80 
6JW8/ECF802 
6KE8 
6LN8 
6LN8/LCF80 
6LX8/LCF802 
6MG8 

9DT 
1RK23 
1S2A/DY87 
3A2 
3A2A 
DY87 

9DW 
5AT8 
6AT8 
6AT8A 

9DX 
6AU8 
6AU8A 
6AW8 
6AW8A 
6BA8A 
6BH8 
6CX8 
6EB8 
6GN8 
6HF8 
6HZ8 
6JE8 
6JT8 
6JV8 
6KR8 
6KV8 
6LB8 
6LF8 
6LQ8 
6LY8 
6MV8 
8AU8, 
8AW8A 

5T8 
6AK8/EABC80 
6T8 
6T8A 
19T8 
DL012 
EABC80 

9FA 
5BR8 
5BR8/5FV8 
5FV8 
5MB8 
6BR8 
6BR8A 
6FV8 
6FV8A 
6JN8 
6MB8 
12EC8 
12JN8 
19CL8A 
19HV8 
19JN8/19CL8A 

9FG 
3BU8/3GS8 
3HS8 
4BU8 
4BU8/4GS8 
4HS8 
6BU8 
6HS8 
6MK8 
6MK8A 

9GA 
6FG6/EM84 
6HU6/EM87 
EM84 
EM87 

9EQ 
6688A 

9GF 
4LJ8 
5CG8 
5FG7 
5GS7 
5LJ8 
6CG8 
6CG8A 
6FG7 
6GS7 
6LJ8 
7GS7 

9GK 
6GK6 
7KY6 
9KX6 
9LA6 
10GK6 
16GK6 
7054 
8077/7054 
PCL800 

9GR 
6DB5 
12DB5. 

9GS 
12AL8 



Terminal Diagrams 

9HE 
6DC8 
6DC8/EBF89 
EBF85 
EBF89 

9HF 
6DE7 
6DR7 
6EW7 
6FD7 
9RAL1 
10DE7 
10DR7 
10EW7 
13DE7 
13DR7 
13FD7 

9HG 
12DE8 

9HP 
17AY3 
17AY3A 
17BH3 
17BS3 
17BS3A/17DW4A 
17CK3 
17DW4A 
22BH3 
22BH3A 
25CK3 

9HR 
12DL8 
12DV8 

9KR 
14JG8 
7724/14GT8 

9HN 
5CZ5 
6CZ5 
6DT5 
6EM5 
8EM5 
12DT5 

9HV 
12EM6 

9HX 
6DX8 
6DX8/ECL84 
10DX8 
10DX8/LCL84 
15DQ8/PCL84 
ECL84 
LCL84 

9HZ 
120K7 

9JE 
35DZ8 

9KU 
12FR8 

9KV 
12FX8 
12FX8A 

9LG 
6CY7 
11CY7 

9LP 
6CG7 
6EV7 
6FQ7 
6FQ7/6CG7 
6GU7 
8CG7 
8FQ7 
8FQ7/8CG7 
8GU7 
12FQ7 

9LY 9NZ 
10GV8/LCL85 6GT5 
11MS8 6GT5A 
18GV8/PCL85 12GT5 
19KG8 12GT5A 
ECL85 17GT5 
LCL85 17GT5A 
PCL85 7868 
XCL85 

9LZ 9PA 
6JC8 6GW8/ECL86 

ECL86 9PB 
9M 7905 

6CA4 
9PG EZ4 

U709 20EZ7 
UU12 

9PL 
9MB 8106 

6GY8 
9PM 

9MP 3JC6 
5HG8 3JC6A 
5HG8/LCF86 3KT6 
6HG8 4HM6 
6HG8/ECF86 4JC6A 
7HG8 4JD6 
7HG8/PCF86 4KT6 
ECF86 6HM6 
LCF86 6JC6A 
PCF86 6JD6 

6KT6 
9MQ 

6GM5 9PQ 
6 JUS 

9MR 6JU8A 
6FA7 8JU8A 

9JG 12EQ7 9NH 
9HP 6EH8 12KL8 6GB5 

6AY3 20EQ7 6GB5/EL500 
6AY3B 9JT 13GB5 
6BA3 7199 9LS 13GB5/XL500 
6BH3 6EU7 17BB14 
6BH3A 9JU 

9LT 
18GB5/LL500 

6BS3 12DS7 27GB5/PL500 
6BS3A 12DS7A 6ET7 EL500 
6CH3 6KU8 LL500 
6CJ3/6CH3 9K 8ET7 PL500 
6CK3 5763 10KU8 XL500 

9KR 
6FM8 
14GT8 

9LW 
3GS8/3BU8 
3GS8 
4GS8 
4GS8/4BU8 

9LY 
6GV8 
6GV8/ECL85 
9GV8 
9GV8/XCL85 

9NJ 
6HU8/ELL80 

9NW 
6HA6 
6HB6/6HA6 

9NY 
6DL4/EC88 
EC88 



RCA Receiving Tube Manual 

9QU 
6JG6 
6JG6A 
6JR6 
6JT6 
6JT6A 
6KV6 
6KV6A 
12JT6 
12JT6A 
17JG6 
17JG6A 
17JT6 
17JT6A 
17KV6A 
22JG6 
22JG6A 
22JR6 
22KV6A 
33JR6 

9QZ 
6LE8 
10LE8 
15LE8 

9RA 
6JQ6 
12JQ6 
17JQ6 

9RG 
1BC2 
1BC2A 
1BH2 
1BH2A 

9RT 
2BJ2 
2BJ2A 

9RX 
12CT3 
17CT3 
25CT3 

9SB 
25HX5 

12 AG 
6DS4 
13CW4 
7586 
7895 
8056 
8203 
8393 
8628 

6KG6A/EL509 
21KQ6 
29KQ6/PL521 
29LE6 
40KG6A/PL509 
EL509 
PL509 
PL521 

9RQ 
6MD8 
12MD8 

5842/417A 

5847/404A 

1AX2 
1X2A 
1X2B/1X2A 
1X2C 
DY80 
R-19 

10K 
5U9/LCF201 
6U9/ECF201 
6X9/ECF200 
ECF200 
ECF201 
LCF201 

10L 
6AF9 
6Y9/EFL201 
11AF9 
11Y9 
11Y9/LFL200 
EFL200 
EFL201 
LF200 
LFL200 

12BJ 
6GE5 
6GF5 
6HB5 
12GE5 
17GE5 
21HB5 
21HB5A 

12BL 
6AX3 
6BJ3 
12AX3 
12BT3 
17AX3 

12BQ 
6C10 
6D10 
ECH42 
X150 

12BT 
6J10 
6Z10/6J10 
10Z10 
13J10 
13Z10 
13Z10/13J10 
17AB10/17X10 
17X10 

12BU 
6AL11 
6G11 
10AL11 
12AL11 

12BY 
6AV11 
6K11 
6K11/6Q11 
6Q11 

12CA 
6M11 
16BX11 

120 A 
6AG11 
6AY11 

12DM 
6AR11 
8AR11 
8BQ11 
8CB11 
11AR11 
11BQ11 
16BQ11 

12DP 
6AF11 
6AS11 
6BD11 
15AF11 
15BD11 
15BD11A 

12DR 
6GV5 
6GY5 
16GY5 
17GV5 
21GY5 

12DZ 
6JZ8 
6LU8 
6MF8 
13JZ8 
15MF8 
16LU8A 
17JZ8 
21LU8 
23JZ8 
24JZ8 
25JZ8 

12EJ 
6FM7 
13FM7 
13FM7/15FM7 
15FM7 



Terminal Diagrams 

12FN 
33GY7 
33GY7A 
50GY7A 

12FP 
6BH11 
8BU11 

12FQ 
4HA7 
4HA7/4HC7 
5HA7 

12FS 
38HE7 
38HK7 
53HK7 

12FU 
8BM11 
9BJ11 

12FV 
3AT2 
3AT2B 
3BN2 
3BN2A 

12FX 
17BW3 
17BZ3 
22BW3 

12FY 
6JS6 
6JS6A 
6JS6C 
6LR6 
21JS6A 
23JS6A 

12FY 
30MB6 
31JS6A 
31JS6C 
35LR6 

12GA 
6BE3/6BZ3 
12BE3 
17BE3/17BZ3 

12GC 
14BL11 

12GF 
6BN11 
8BN11 

12GH 
21KA6 

12GK 
34CE3 

12GL 
14BR11 

12GS 
11BT11 
11CH11 

12GU 
6KN6 
42KN6 

12GV 
1AD2 
1AD2A 

12GW 
6KD6 
6 LEG 
20LF6 
30KD6 
36KD6 
36KD6/40KD6 
40KD6 

12GY 
6HV5A 
6HZ5 
6HZ5/6JD5 

12GZ 
16AK9 
23Z9 

12HA 
3AW2 
3AW2A 

12HB 
6BV11 
12BV11 

12HD 
6BW11 

12HF 
6BW3 
6CD3 
6CE3 
6CG3/6CE3/ 

6CD3/6BW3 
19CG3 
25CG3 

12HW 
11CF11 

12HX 
19DE3 

12JA 
26LX6 

12JB 
2BU2 
2BU2/2AH2 

17HB25 
17HB25 

12HK 
3BL2 
3BL2A 
3BM2 

12HL 
21LG6 
21LG6A 

12HN 
11CA11 

12HR 
31AL10 

12HT 
32HQ7 

6360A 
6360A 
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TYPE NUMBER vs. TERMINAL DIAGRAM 

Type Terminal Type Terminal Type Terminal Type Terminal Type Terminal 
No. Diagram No. Diagram No. Diagram NO. Diagram No. Diagram 

1A3 SAP 1LA4 SAO 2CY5 7EW 3BT2 12HY 3KT6 9PM 
1A4P 4M 1LA6 7AK 2021 7BN 3BU8/ 

9FG 
3LF4 6BA 

1A5GT 6X 1LB4 5AD 2084 12AQ 3GS8 3Q4 7BA 
1A6 61 1LC5 7AQ 2DV4 12EA 3BW2 12HY 3Q5GT 7AP 
1A7GT 7Z 1LC6 7AK 2DZ4 7DK 3BW2/ 384 7BA 
1AC5 8CP 1LD5 6AX 2E5 6R 3BS2A/ 3V4 6BX 
1AD2 12GV 1LE3 4AA 2EG4 12AQ 3BT2 12HY 4AU6 7BK 
1AD2A 12GV 1LG5 7A0 2EN5 7FL 3BY6 7CH 4AV6 7BT 
1AD5 8CP 1LH4 5AG 2ER5 7FP 3BZ6 7CM 4BC5 7 BO 
1AX2 9Y 1LN5 7A0 2FH5 7FP 3CA3 8MH 4BC8 9AJ 

1AY2 1AY2 1N2A 3C 2FQ5A 7FP 3CA3A 8MH 4BL8 9DC 
1AY2A 1AY2 1N5GT 5Y 2FS5 7GA 3CB6/ 4BL8/ 

9DC 1B3GT 3C 1N6G 7AM 2GK5/ 3CF6 7CM XCE80 
1B4P 4M 1P5GT 5Y 2FQ5A 7FP 3CE5 7BD 4BN6 7DF 
1B5/25S 6M 1Q5GT 6AF 2GU5 7GA 3CF6 7CM 4BQ7A 9AJ 
1B7GT 11 1R5 7AT 2HA5 7GM 3CN3A 8MU 4BQ7A/ 

9AJ 1BC2 9RG 1RK23 9DT 2HQ5 7GM 3CN3B 8MU 4BZ7 
1BC2A 9RG 1S2A/ 214 5T 3CS6 7CH 4BS8 9AJ 
1BH2 9RG DY87 901 3A2 901 3CU3A 8MK 4BU8 9FG 
1BH2A 9RG 184 7AV 3A2A 901 3CX3 8MT 

1C5GT 6X 185 6AU 3A3 8EZ 3CY5 7EW 4BU8/ 
1C6 61 1T4 6AR 3A3/3B2 8EZ 3CZ3 8EZ 4GS8 9FG 
1C7G 11 1T5GT 6X 3A3A/ 3CZ3A 8EZ 4BZ6 7CM 
1C21 4V 1T6 8DA 3B2 8EZ 3DB3 8MX 4BZ7 9AJ 
1D5GP 5Y 1U4 6AR 3A3B 8EZ 3DB3/ 4CB6 7CM 
1D5GT 5R 1U5 6BW 3A3C 8EZ 3CY3 8MX 4CS6 7CH 
1D7G 11 IV 4G 3A4 7BB 30C3 8MZ 4CY5 7EW 
1D8GT 8AJ 1V2 91) 3A5 7BC 3DF3 8MT 4DF6 7CM 
1DG3 8ND 1X2A 9Y 3A8GT 8AS 3DG4 50 E 4DK6 7CM 
1DG3A 8ND 3AF4A 7DK 3DJ3 8MX 4DT6 7EN 

1DN5 6BW 1X2B/ 3AF4A/ 3DK6 7CM 4DT6A 7EN 
1E5GP 5Y 1X2A 9Y 3DZ4 7DK 3016 7EN 4EH7/ 
1E7GT 8C 1X2C 9Y 3AL5 6BT 3DT6A 7EN LF183 9AQ 
1E8 8CN 2A3 40 - 3AT2 12FV 3DZ4 7DK 4EJ7/ 
1F4 5K 2A5 6B 3AT2B 12FV 3EA5 7EW LF184 9AQ 
1F5G 6X 2A6 6G 3AU6 7BK 3EH7 9AQ 4ES8/ 
1F6 6W 2A7 7C 3AV6 7BT 3EH7/ XCC189 9AJ 
1F7G 7AF 2AF4A/ 3AW2 12HA XF183 9AQ 4EW6 7CM 
1G3GT/ 2AF4B 7DK 3AW2A 12HA 3EJ7 9AQ 4GJ7/ 

1B3GT 3C 3AW3 8EZ XCE801 9QA 

1G3GTA/ 2AF4B/ 3B2 8GH 3EJ7/ 4GK5 7FP 
1B3GT 3C 2DZ4 7DK 3B4WA 7CY XF184 9AQ 4GM6 7CM 

1G4GT 5S 2AH2 12DG 3BA6 7BK 3ER5 7FP 4GS8 9LW 
1G5G 6X 2AS2 12EW 3BC5 7BD 3FH5 7FP 4GS8/ 
1G6GT 7AB 2AS2A 12EW 3BC5/ 3FS5 7GA 4BU8 9LW 
1H4G 58 2AV2 9U 3CE5 7BD 3GK5 7FP 4GX7 9QA 
1H5GT 5Z 2B7 70 3BE6 7CH 3GS8/ 4GZ5 7CV 
1H6G 7AA 2BJ2 9RT 3BL2 12HK 3BU8 9LW 4HA5 7GM 
1J3 3C 2BJ2A 9RT 3BL2A 12HK 3GS8 9LW 4HA5/ 
1J5G 6X 2BN4 7EG 3BM2 12HK PC900 7GM 

1J6G 7AB 2BN4A 7 EG 3BN2 12FV 3HM5/ 4HA7 12FQ 
1J6GT 7AB 2BU2 12JB 3BN2A 12FV 3HA5 7GM 4HA7/ 
1K3/1J3 3C 2BU2/ 3BN4 7 EG 3HQ5 7GM 4HC7 12FQ 
1K3A/1J3 3C 2AH2 12JB 3BN4A 7 EG 3HS8 9EG 4HC7 12FR 
1L4 6AR 2CN3A 8MU 3BN6 7DF 3JC6 9PM 4HM6 9PM 
1L6 7DC 2CW4 12AQ 3BS2A 12HY 3JC6A 9PM 4HQ5 7GM 



Terminal Diagrams 

Type Terminal Type Terminal 
No. Diagram No. Diagram 

4HS8 9FG 5HG8 9MP 
4JC6A 9PM 5HG8/ 
4JD6 9PM LCF86 9MP 
4JH6 7CM 5HZ6 7EN 
4KF8 9DC 5J6 7BF 
4KN8/ 5JK6 7CM 

4RHH8 9AJ 5JL6 7CM 
4KT6 9PM 5JW8 9DC 
4LJ8 9GF 5KD8 9AE 
4LU6 7CM 5KE8 9DC 
4RHH2 9AJ 5KZ8 9FZ 
4RHH8 9DE 5LJ8 9GF 
5AM8 9CY 5M88 9FA 
5AN8 9DA 5MHH3 7BF 
5AQ5 7BZ 5R4GYB 51 
5AR4/ 5T8 9E 

GZ34 5DA 5U4G 5T 
5AS4 51 5114GB 5T 
5AS4A 51 5HA7 12FQ 
5AS8 9DS 5U8 9AE 
5AT8 9DW 5U9/ 
5AU4 51 LCF201 10K 
5AV8 9DZ 5V3 51 
5AW4 51 5V3A/ 
5AZ4 51 5AU4 51 
5B8 9EC 5V4G . 5L 
5BC3 9QJ 5V4GA 5L 
5BC3A 9QJ 5V6GT 7AC 
5BE8 9EG 5W4 5T 
5BK7A 9AJ 5W4GT 5T 
5BQ7A 9AJ 5X4G 5Q 
5BR8 9FA 5X8 9AK 
5BR8/ 5Y3G 5T 

5FV8 9FA 5Y3GT 5T 
5BT8 9FE 5Y4G 5Q 
5BW8 9HK 5Y4GA 5Q 
5CG8 9GF 5Y4GT 5Q 
5CL8 9FX 5Z3 4C 
5CL8A 9FX 5Z4 5T 
5CQ8 9GE 6A3 4D 
5CZ5 9HN 6A6 7B 
5DH8 9 EG 6A7 . 7C 
5DJ4 8KS 6A7S 7C 
5EA8 9AE 6A8 8A 
5ES8/ 6A8G 8A 

YCC189 9AJ 6A8GT 8A 
5EU8 9JF 6AB4 5CE 
5EW6 7CM 6AB5/ 
5FG7 9GF 6N5 6R 
5FV8 9FA 6AB7 8N 

5GH8A 9AE 6AC5GT 6Q 
5GJ7/ 6AC7 8N 

LCF801 9QA 6AC7W 8N 
5GM6 7CM 6 AC 10 12FE 
5GS7 9GF 6AD6G 7AG 
5GX6 7EN 6AD7G SAY 
5GX7 9QA 6AD10 12EZ 
5HB7 9QA 6AE5GT 8Q 

Type Terminal Type 
No. Diagram No. 

6AE6G 7AH 6AU6A 
6AE7GT 7 AX 6AU6WB 
6AF3 9CB 6AU7 
6AF4 7DK 6AU8 
6AF4A 7DK 6AU8A 
6AF6G 7AG 6AV5GA 
6AF9 10L 6AV5GT 
6AF11 12DP 6AV6 
6AG4Y 8Y 6AV11 
6AG5 7BD 6AW8 

6AG7 8Y 6AW8A 
6AG9 12HE 6AX3 
6AG11 12DA 6AX4GT 
6AH4GT BEL 6AX4GTB 
6AH6 7BK 6AX5GT 
6AH6WA 7BK 6AX8 
6AH9 12HJ 6AY3 
6AK5/ 6AY3B 

EF95 7BD 6AY11 
6AK6 7BK 6AZ8 
6AK8/ 6B4G 

EABC809E 6B5 
6AK10 12FE 6B6G 
6AL3 9CB 6B7 
6AL3/ 6B7S 

EY88 9CB 6B8 
6AL5 6BT 6B8G 
6AL7GT 8CH 6B10 
6AL11 12BU 6BA3 
6AM4 9BX 
6AM8 9CY 6BA6/ 
6AM8A 9CY EF93 
6AN4 7DK 6BA7 
6AN5 7BD 6BA8A 
6AN8 9DA 6BA11 
6AN8A 9DA 6BC4 
6AQ5 7BZ 6BC5/ 
6AQ5A 7BZ 6CE5 
6AQ6 7BT 6BC7 
6AQ7GT 8CK 
6AQ8 9AJ 6BC8/ 
6AQ8/ 6BZ8 

ECC85 9AJ 6BD4 
6AR5 6CC 6BD4A 
6AR8 9DP 6BD6 
BAR 11 12DM 6BD11 

BASS 7CV 6BE3/ 
6AS6 7CM 6BZ3 
6AS7G 8BD 6BE6 
BASS 9DS 6BF5 
BASH 12DP 6BF6 
6AT6 7BT 6BF11 
BATS 9DW 6BG6G 
6AT8A 9DW 6BH3 
6AU4GT 4CG 6BH3A 
6AU4GTA 4CG 6BH6 
6AU5GT 6CK 6BH8 
6AU6 7BK 6BH11 
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Terminal Type Terminal Diagram No. Diagram 
7BK 6BJ3 12BL 
7BK 6BJ6 7CM 
9A 6BJ7 9AX 
9DX 6BJ8 9ER 
9DX 6BK4 8GC 
6CK 6BK4A 8GC 
6CK 6BK4B 8GC 
7BT 6BK4C/ 
12BY 6EL4A 8GC 
9DX 6BK5 9BQ 
9DX 6BK7A 9AJ 
12BL 6BK7B 9AJ 
4CG 6BL4 8GB 
4CG 6BL7GT 8BD 
6S 6BL7GTA 8BD 
9AE 6BL8 9DC 
9HP 6BL8/ 
9HP ECF80 9DC 
12DA 6BM8/ 
9ED ECL82 9EX 
5S 6BN4 7 EG 
6AS 6BN4A 7 EG 
7V 6BN6/ 
70 6KS6 7DF 
70 6BN8 9ER 
8E 6BN11 12GF 
8E 6BQ5/ 
12BF EL84 9CV 
9HP 6BQ6GT BAM 

7BK 
6BQ6GTB/ 

6CU6 BAM 
8CT 6BQ7 9AJ 
9DX 6BQ7A/ 
12ER 6BZ7/ 
90 R BBSS 9AJ 

7BD 
6BR3/ 

6RK19 9CB 
9AX 6BR8 9FA 

6BR8A 9FA 
6BS3 9HP 

9AJ 6BS3A 9HP 
8FU BBSS 9AJ 
8FU 6BU8 9FG 
7BK 6BV8 9FS 
12DP 6BV11 12HB 

6BW3 12HF 
12GA 6BW4 901 
7CH 6BW8 9HK 
7BZ 6BW11 12HD 
7BT 6BX7GT 8BD 
12EZ 6BY5GA 6CN 
5BT 6BY6 7CH 
9HP 6BY8 9FN 
9HP 6BY11 12EZ 
7CM 6BZ6 7CM 
9DX 6BZ7 9AJ 
12FP 6BZ8 9AJ 
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6CE5 7BD 
6CE6 7CM 
6CG3/ 

6CE3/ 
6CD3/ 
6BW3 12HF 

6CG7 9LP 
6CG8 9GF 
6CG8A 9GF 
6CH3 9HP 

6CH8 9FT 
6CJ3/ 

6CH3 9HP 
6CK3 9HP 
6CK4 8JB 
6CL3 9HP 
6CL3/ 

6CK3 9HP 
6CL6 9BV 
6CL8 9FX 

6CL8A 9FX 
6CM3 9HP 
6CM6 9CK 
6CM7 9ES 
6CM8 9FZ 
6CN7 9EN 
6CQ4 4CG 
6CQ8 9GE 
6CR6 7EA 
6CS6 7CH 
6CS7 9 EE 

6CU5 7CV 
6CU6 6AM 
6CU8 9GM 
6CW4 12AQ 
6CW5 9CV 
6CW5/ 

EL86 9CV 

Type Terminal 
No. Diagram 
6CX8 9DX 
6CY5 7EW 
6CY7 9LG 
6CZ5 9HN 
6CZ7 SET 
6D4 BAY 
6D6 6F 
6D7 7H 
6D8G 8A 

6D10 12BQ 
6DA4 4CG 
6DB5 9GR 
6DC6 7CM 
6DC8 9HE 
6DC8/ 

EBF89 9HE 
6DE4 4CG 
6DE6 7CM 
6DE7 9HF 
6DG6GT 7S 

6DJ8/ 
ECC88 9AJ 

6DK3 9SG 
6DK6 7CM 
6DL4/ 

EC88 9NY 
6DL5 7DQ 
6015/ 

EL95 7DQ 
6 DM4 A 4CG 

6DN3 9HP 
6DN6 5BT 
6DN7 8BD 
6DQ5 8JC 
6DQ6A 6AM 
6DQ6B 6 AM 
6DR7 9HF 
6DS4 12AQ 
6DS5 7BZ 
6DT5 9HN 

6DT6 7EN 
6DT6A 7 EN 
6DT8 9AJ 
6DV4 12 EA 
6DW4 9HP 
6DW4B 9HP 
6DW5 9CK 
60X8 9HX 
60X8/ 

EC 184 9HX 
6DZ4 7DK 

6DZ7 8JP 
6E5 6R 
6E6 7B 
6E7 7H 
6EA4 12FA 
6EA5 7EW 
6EA7 8BD 

Type Terminal 
No. Diagram 
6EA8 9AE 
6EB8 9DX 
6EC4/ 

EY500 6EC4 
6EH4A 12FA 
6EH5 7CV 
6EH7 12FA 
6EH7/ 

EF183 9AQ 
6EH8 9JG 
6EJ4A 12HC 
6EJ7 9AQ 
6EJ7 

EF184 9AQ 
6EL4 8GC 
6EM5 9HN 
6EM7/ 

6EA7 8BD 
6EN4 8NJ 
6EQ7 9LQ 
6ER5 7FP 
6ES5 7FP 
6ES8/ 

ECC189 9AJ 
6ET7 9LT 
6EU7 9LS 
6EU8 9JF 
6EV5 7EW 
6EV7 9LP 
6EW6 7CM 

Type Terminal 
No. Diagram 
6FS5 7GA 
6FV6 7FQ 
6FV8 9FA 
6FV8A 9FA 
6FW5 6CK 
6FY5/ 

EC97 7FP 
6FY7 12E0 
6G6G 7S 

6G11 12BU 
6GB3A 6AM 
6GB5 9NH 
6GB5/ 

EL500 9NH 
6GB6 6AM 
6GB7 6AM 
6GC5 9EU 
6GE5 12BJ 
6GF5 12BJ 
6GF7 9QD 
6GF7A 9QD 
6GH8 9AE 
6GH8A 9AE 
6GJ5 9QK 
6GJ5A 9QK 
6GJ7 9QA 
6GJ7/ 

ECF801 9QA 
6GJ8 9AE 

Type Terminal 
No. Diagram 
6GY6/ 

6GX6 7EN 
6GY8 9MB 
6GZ5 7CY 
6H6 7Q 
6H6GT 7Q 
6HA5 7GM 
6HA6 9NW 
6HB5 12BJ 

6HB6/ 
6HA6 9NW 

6HB7 9QA 
6HE5 12EY 
6HF5 12FB 
6HF8 9DX 
6HG5 7BZ 
6HG8 9MP 
6HG8/ 

ECF86 BMP 
6HJ5 12FL 
6HJ8 9CY 
6HK5 7GM 
6HL8 9AE 
6HM5/ 

6HA5 7GM 
6HM6 9PM 
6HQ5 7GM 
6HR5 7BZ 
6HR6 7BK 
6HS5 12GY 

6GK5/ 6HS6 
6FQ5A 7FP 6HS8 

6GK6 9GK 6HU6/ 
6GK17 4CG EM87 
6GL7 8BD 6HU8/ 
6GM5 9MQ ELL80 
6GM6 7CM 6HV5 
6GN8 - 9DX 6HV5A 
6GQ7 9QM 6HZ5 
6GS7 9GF 

6GT5 9NZ 6HZ5/ 
6GT5A 9NZ 6JD5 
6GU5 7GA 6HZ6 
6GU7 9LP 6HZ8 
6GV5 12DR 6J4 
6GV8 9LY 6J5 
6GV8/ 6J5GT 

ECL85 9LY 6J6 
6GW6 BAM 6J6A 
6GW6/ 6J6WA 

6DQ6B 6AM 6J7 

6GW8/ 
ECL86 9LZ 

6GX6 ZEN 
6GX7 9QA 
6GY5 12DR 
6GY6 7EN 
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Type Terminal Type Terminal Type Terminal Type Terminal Type Terminal 
No. Diagram NO. Diagram No. Diagram NO. Diagram NO. Diagram 

6JB6 9QL 6KN8/ 6MK8A 9FG 6U8A/ 7L7 8V 
6JB6A 9QL 6RHH8 9AJ 6MN8 12HU 6KD8 9AE 7N7 SAC 
6JC6A 9PM 6KR8 9DX 6MQ8 9AE 6U9/ 7Q7 SAL 
6JC8 9PA 6KS6 6DF 6MU8 9AE ECF201 10K 7R7 8AE 
6 JDS 9PM SKIS 9PM 6MV8 9DX 6U10 12FE 7S7 8BL 
6JE6 9QL 6KT8 9QP 6N6G 7AU 6V3A 9BD 7V7 8V 
6JE6A 9QL 6KU8 9LT 6N7 8B 6V6 7AC 7X7 8BZ 
6JE8 9DX 6KV6 9QU 6N7GT 8B 6V6GT 7AC 7Y4 SAB 
6JF6 9QL 6KV6A 9QU 6P5GT 6Q 6V6GTA 7AC 7Z4 SAB 
6JG6 9QU 6KV8 9DX 6P7G 711 6V7G 7V 8A8 9DC 
6JG6A 9QU 6KY8 9QT 6Q7 7V 6W4GT 4CG 8AC10 12FE 
6JH5 12JE 6KY8A 9QT 6Q7G 7V 6W6GT 7AC 8AL9 12HE 
6JH6 7CM 6KZ8 9FZ 6Q7GT 7V 6W7G 7R 8AR11 12DM 
6JH8 9DP 6L5G 6Q 6Q11 12BY 6X4 5BS 8AU8 9DX 
6JK6 7CM . 6L6 7AC 6R7 7V 6X4W 5BS 8AW8A 9DX 
6JK8 9AJ 6L6G 7AC 6R7G 7V 6X5 6S 8B8 9 EX 
6JM6 12FJ 6L6GB 7AC 6R7GT 7V 6X5GT 6S 8B10 12BF 
6JM6A 12FJ 6L6GC 7AC 6RHH2 7BD 6X8A 9AK 8BA8A 9DX 
6JN6 12FK 617 71 6RHH8 9DE 6X9/ 8BA11 12ER 
6JN8 9FA 6L7G 71 6RK19 9CB ECF200 10K 8BH8 9DX 
6JQ6 9RA 6LB6 12GJ 6S4 9AC 6Y6GA/ 8BM11 12FU 
6JR6 9QU 6LB8 9DX 6S4A 9AC 6Y6G 7AC 8BN8 9ER 
6JS6 12FY 6LC8 9QY 6S7 7R 6Y7G 8B 8BN11 12GF 
6JS6A 12FY 6LE8 9QZ 6S7G 7R 6Y9/ 8BQ5 9CV 
6JS6C 12FY 6LF6 12GW 6S8GT 8CB EFL201 10L 8BQ11 12DM 
6JT6 9QU 6LF8 9DX 6SA7 8R 6Z4 5D 8BU11 12FP 
6JT6A 9DX 6LH6A 8ML 6SA7GT SAD 6Z5 6K 8CB11 12DM 
6JT8 9QU 6LJ6 8MQ 6SB7Y 8R 6Z7G 8B 8CG7 9LP 
6JU6 9QL 6LJ6A/ 6SC7 8S 6Z10/ 8CM7 9ES 
6JU8 9PQ 6LH6A 8MQ 6SF5 6AB 6J10 12BT 8CN7 9 EN 
6JU8A 9PQ 6LJ8 9GF 6SF7 7AZ 6ZY5G 6S 8CS7 9EF 
6JV8 9DX 6LM8 9AE 6SG7 8BK 7A5 6AA 8CW5/ 
6JW8/ 6LN8 9DC 6SH7 8BK 7A6 7AJ XL86 9CV 

ECF802 9DC 6LN8/ 6SJ7 8N 7A7 8V 8CX8 9DX 
6JZ6 12GD LCF80 9DC 6SJ7GT 8N 7A8 8U 8EB8 9DX 
6JZ8 12DZ 6LQ6/ 6SJ7Y 8N 7AD7 8V 8EM5 9HN 
6K5GT 5U 6JE6B 9QL 6SK7 8N 7AG7 8V 8ET7 9LT 
6K6GT 7S 6LQ6/ 6SK7GT 8N 7AH7 8V 8FQ7 9LP 
6K7 7R 6JE6C 9QL 6SL7GT 8BD 7AU7 9A 8FQ7/ 
6K7G 7R 6LQ8 9DX 6SN7GT 8BD 7B4 5AC 8CG7 9LP 
6K7GT 7R 6LR6 12FY 6SN7GTA 8BD 7B5 6AE 8GJ7 9QA 
6K8 8K 6LR8 9QT 6SN7GTB 8BD 7B6 8W 8GJ7/ 
6K8G 8K 6LT8 9RL 6SQ7 8Q • 7B7 8V PCF801 9QA 
6K8GT 8K 6LU8 12DZ 6SQ7GT 8Q 7C5 6AA 8GN8 9DX 
6K11 12BY 61X8/ 6SR7 8Q 7C6 8W 8GU7 9LP 
6K11/ LCF802 9DC 6SS7 8N 7C7 8V 8JU8A 9PQ 

6Q11 12BY 6LY8 9DX 6ST7 8Q 7E6 8W 8JV8 9DX 
6KA8 9PV 6LZ6 9QL 6SZ7 8Q 7E7 8AE 8KA8 9PV 
6KD6 12GW 6M11 12CA 6T4 7DK 7EY6 7AC 8LC8 9QY 
6KD8 9AE 6MB8 9FA 6T7G 7V 7F7 SAC 8LT8 9RL 
6KE8 9DC 6MD8 9RQ 6T8 9E 7F8 8BW 9A8 9DC 
6KG6A/ 6ME6 9QL 6T8A 9E 7G7 8V 9A8/ 

EL509 9RJ 6ME8 9RU 6T9 12FM 7GS7 9GF PCF80 9DC 
6KL8 9LQ 6MF8 12DZ 6T10 12EZ 7HG8 9MP 9AH9 12HJ 
6KM6 9QL 6MG8 9DC 6U5 6R 7HG8/ 9AK10 12FE 
6KM8 9QG 6MHH3 7BF 6U7G 7R PCF86 9MP 9AM10 12FE 
6KN6 12GU 6MJ8 12HG 6U8 9AE 7K7 8BF 9AQ8/ 

6MK8 9FG 7KY6 9GK PCC85 9AJ 
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Type Terminal 
No. Diagram 

10EW7 9HF 
10GF7 9QD 
10GF7A 9QD 
10GK6 9GK 
10GN8 9DX 
10GV8/ 

LCL85 9LY 
10HE8 9DX 
10JA8/ 

10LZ8 9DX 

Type Terminal 
No. Diagram 

11CH11 12GS 
11CY7 9LG 
11DS5 7BZ 
11FY7 12E0 
11HM7 9BF 
11JE8 9DX 
11KV8 9DX 
11LQ8 9EX 
11LT8 9RL 
11MS8 9LY 

9 KGB 9RF 11Y9 10L 
9KX6 9GK 11Y9/ 
9KZ8 9FZ LFL200 101 
91A6 9GK 12A5 7F 
9RAL1 9HF 12A6 78 
9U8A 8AE 12A7 7K 
10 40 12A8GT 8A 
10AL11 12BU 12AB5 9 ED 
10BQ5 9CV '12AC6 7BK 
10C8 9DA 12AC10A 12FE 

10CW5 9CV 12AD6 7CH 
10CW5/ 12AE6 7BT 

LL86 9CV 12AE6A 7BT 
10DE7 9HF 12AE7 9A 
10DR7 9HF 12AE10 12EZ 
100X8 9HX 12AF3/ 
100X8/ 12BR3/ 

LCL84 9HX 12RK19 9CB 
10EG7 8BD 12AF6 7BK 
10EM7 8BD 12AH7GT 8BE 

12AJ6 7BT 
12AL5 6BT 
12AL8 9GS 
12AL11 12BU 
12AQ5 7BZ 
12AT6 7BT 
12AT7/ 

ECC81 9A 
12AT7WA 9A 
12AT7WB 9A 

12AU6 7BK 
12AU7 9A 
12AU7A/ 

ECC82 9A 
12AV5GA 6CK 
12AV6 7BT 
12AV7 9A 
12AW6 7CM 
12AX3 12BL 
12AX4GT 4CG 
12AX4GTA 4CG 
12AX4GTB 4CG 
12AX7 9A 
12AX7A/ 

ECC83 9A 
12AY3 9HP 
mm 9HP 
12AY7 9A 

Type Terminal 
No. Diagram 

12AZ7 9A 
12AZ7A 9A 
12B4A 9AG 
12B8GT 8T 
12BA6 7BK 
12BA7 8CT 
12BD6 7BK 
12BE3 12GA 
12BE6 7CH 
12BF6 7BT 
12BF11 12EZ 
12BH7 9A 
12BH7A 9A 
12BK5 9BQ 
12BL6 7BK 
12BN6 7DF 
12BQ6GTB/ 

12CU6 BAM 
12BR3 9CB 
12BR7 9CF 

12BS3 9HP 
12BS3A/ 

120W4A9HP 
12BT3 12BL 
12BV7 9BF 
12BV11 12HB 
12BW4 9DJ 
12BY7 9BF 

12BY7A/ 
12BV7/ 
12DQ7 9BF 

12BZ6 7CM 
12BZ7 9A 
12C5 7CV 
12C8 8E 
12CA5 7CV 
12CL3 9HP 
12CN5 7CV 
12CR6 7EA 
12CT3 9RX 
12CT8 BOA 
12CU5/ 

12C5 7CV 
12CU6 BAM 
12CX6 7BK 
1204 4CG 
12DB5 9GR 
12DE8 9HG 
12DK6 7CM 
12DK7 9HZ 
12DL8 9HR 
12DM4 4CG 
12DM4A 4CG 
12DQ6A BAM 
12DQ6B BAM 
12DQ7 9BF 

Type Terminal 
No. Diagram 

12DS7 9JU 
12DS7A 9JU 
12DT5 9HN 
12DT8 9AJ 
12DV8 9HR 
12DW4A 9HP 
12DW7 9A 
12DY8 9JD 
12DZ6 7BK 
12EA6 7BK 
12EC8 9FA 
12ED5 7CV 
12EG6 7CH 
12EH5 7CV 
12EK6 7BK 
12EK6/ 

12DZ6/ 
12EA6 7BK 

12EL6 7FB 
12EM6 9HV 
12EN6 7AC 
12EQ7 9LQ 
12F5GT 5M 
12F8 9FH 
12FK6 7BT 
12FM6 7BT 
12FQ7 9LP 
12FQ8 9KT 
12FR8 9KLI 
12FV7 9A 

12HG7/ 
12GN7A9BF 

12HL7 9BF 
12J5GT 6Q 
12J7GT 7R 
12J8 9GC 
12JB6 9QL 
12JB6A 9QL 

Type Terminal 
No. Diagram 

12JN6 12FK 
12JN8 9FA 
121(16 9RA 
12JT6 9QU 
12JT6A 9QU 
12K5 7EK 
12K7GT 7R 
12K8 8K 
12KL8 9LQ 
12L6GT 7AC 

12MD8 9RQ 
12Q7GT 7V 
12RK19 9CB 
12S8GT 8CB 
12SA7 8R 
12SA7GT BAD 
12SC7 88 
12SF5 BAB 
12SF5GT BAB 
12SF7 7AZ 
12SG7 8BK 
12SH7 8BK 
12SJ7 8N 
12SJ7GT 8N 
12SK7 8N 
12SK7GT 8N 
12SL7GT 8BD 
12SN7GT 8BD 
12SN7GTA8BD 
12SQ7 8Q 

12FX5 7CV 12SQ7GT 8Q 
12FX8 9KV 12SR7 8Q 
12FX8A 9KV 12SR7GT 8Q 
12GA6 7CH 12SW7 8Q 
12GB3 BAM 12SX7GT 8BD 
12GB6 BAM 12SY7 8R 
12GB7 BAM 12T10 12EZ 
12GC6 81X 1207 7CK 
12GE5 12BJ 12V6GT 7AC 
12GJ5 9QK 12W6GT 7AC 

12GJ5A 9QK 12X4 BBS 
12GN7 9BF 12Z3 6G 
12GN7A 9BF 13CW4 12AQ 
12GT5 9NZ 13DE7 9HF 
12GT5A 9NZ 13DR7 9HF 
12GW6/ 13EM7 8BD 

120Q6B BAM 13EM7/ 
12H6 7Q 15EA7 8BD 
12HE7 12ES 13FD7 9HF 
12HG7 9BF 13FM7 12EJ 

13FM7/ 
15FM7 12EJ 

13GB5 9NH 
13GB5/ 

XL500 9NH 
13GF7 9QD 
13GF7A 9QD 
13110 12BT 
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Type Terminal Type Terminal Type Terminal Type Terminal Type Terminal No. Diagram No. Diagram No. Diagram No. Diagram No. Diagram 
13JZ8 12DZ 17BBM 9NH 18AJ10 12EZ 22BW3 12FX 26 40 
13V10 12EZ 17BE3/ 18FW6 7CC 22DE4 4CG 26 AS 7BK 
13Z10 12BT 17BZ3 12GA 18FW6A 7CC 22JF6 9QL 26A7GT 8BU 
13Z10/ 17BF11 12EZ 18FX6 7CH 22JG6 9QU 26C6 7BT 

13J10 12BT 17BH3 9HP 18FX6A 7CH 22JG6A 9QU 26D6 7CH 
14A4 SAC 17BJ6 9QL 18FY6 7BT 22JR6 9QU 26HU5 8NB 
MAS 6AA 17BQ6GTB SAM 18FY6A 7BT 22JU6 9QL1 26LW6 8NC 
MA7 8V 17BR3 9CB 18GB5/ 22KM6 9QL 26LX6 12JA 
MAF7 8AC 17BR3/ LL500 9NH 22KV6A 9QU 27 5A 
MBS 8W 17K19 9CB 23JS6A 12FY 
MB8 8X 17BS3 9HP 18GD6A 7BK 231Z8 12DZ 27GB5/ 
MBL11 12GC 17BS3A/ 18GV8/ 23Z9 12GZ PL500 9NH 
MBR11 12GL 17DW4A9HP PCL85 9LY 24A 5E 29KQ6/ 
MC5 6AA 17BW3 12FX 19 6C 24BF11 12EZ PL521 9RJ 
MC7 8V 17BZ3 12FX 19AU4 4CG 241E6A 9QL 29LE6 9RJ 
ME6 8W 17C5 7CV 19AU4GTA4CG 24JZ8 12DZ 30 40 
ME7 8AE 17C9 10F 19BG6G 5BT 24LQ6/ 30AE3/ 
MF7 SAC 17CK3 9HP 19BG6GA 5BT 24JE6C 9QL PY88 9CB 
MF8 8BW 17CT3 9RX 19CG3 12HF 24LZ6 9QL 30JZ6 12GD 
MGT8 9KR 17CU5/ 19CL8A 9FA 25A6 78 30K06 12GW 
MH7 8V 17C5 7CV 19DE3 12HX 25A6GT 78 30MB6 12FY 
MJ7 8BL 17D4 4CG 19EA8 9AE 25A7GT 8F 31 40 
MJG8 9KR 17DE4 4CG 19EZ8 9KA 25AC5GT 6Q 31AL10 12HR 
MN7 SAC 17DM4 4CG 19FX5 7CV 25AV5GA 6CK 31JS6A 12FY 
MR7 8AE 17DM4A 4CG 19GQ7 9QM 25AX4GT 4CG 31JS6C 12FY 
15 5F 17DQ6A SAM 19HR6 7BK 25B5 SO 31LQ6 9QL 
15AF11 12DP 17DQ6B SAM 19HS6 7BK 2SB6G 78 31LR8 9QT 
15BD11 12DP 17DW4A 9HP 19HV8 9FA 25B8GT 8T 31LZ6 9QL 
15BD11A 12DP 17EW8 9AJ 1916 7BF 25BK5 9BQ 32 4K 
15CW5 9CV 17EW8/ 19JN8/ 25BQ6GT SAM 32A5 6AA 
15CW5/ HCC85 9AJ 19CL8A 9FA 25BQ6GTB/ 32ET5 7CV 

PL84 9CV 17GB3 SAM 19KG8 9LY 25CU6 SAM 32ET5A 7CV 
15DQ8/ 17GE5 12BJ 19MR9 7BK 25C5 7CV 32HQ7 12HT 

PCL84 9HX 17GJ5 9QK 19T8 9E 25C6G 7AC 32L7GT 8Z 
15FM7 17GJ5A 9QK 19X8 9AK 25CA5 7CV 33 5K 
15FY7 12E0 17GT5 9NZ 20 40 25CD6GA 5BT 33GT7 12FC 
15KY8 9QT 17GT5A 9NZ 20AQ3/ 25CD6GB 5BT 33GY7 12FN 
15KY8A 9QT 17GV5 12DR LY88 9CB 25CG3 12HF 33GY7A 12FN 
15LE8 9QZ 17GW6/ 20EQ7 9LQ , 25CK3 9HP 33JR6 9QU 
15MF8 12DZ 17DQ6B SAM 20EZ7 9PG *' 25CT3 9RX 33JV6 12FK 
16A8/ 17H3 9FK 20LF6 12GW 25CU6 SAM 34 4M 

PCL82 9 EX 17HB25 17HB25 21EX6 5BT 25DN6 5BT 34CE3 12GK 
16AK9 12GZ 17JB6A 9QL 21GY5 12DR 25E5/ 34GD5 7CV 
16AQ3 9CB 17JF6 9QL 21HB5 12B1 PL36 8GT 34GD5A 7CV 
16AQ3/ 17JG6 9QU 21HB5A 12BJ 25EC6 5BT 34R3 9CB 

XY88 9CB 17JG6A 9QU 21 HIS 12FL 25EH5 7CV 35 5E 
16BQ11 12DM 17JM6A 12F1 21JS6A 12FY 25F5A 7CV 35B5 7BZ 
16BX11 12CA 17JN6 12FK 21JV6 12FK 25HX5 9SB 35C5 7CV 
16GK6 9GK 17JQ6 9RA 21JZ6 12G0 25JZ8 12DZ 350Z8 91E 
16GY5 12DR 17JT6 9QU 21KA6 12GH 25L6 7AC 35EH5 7CV 
16LU8A 12DZ 17JT6A 9QU 21KQ6 9RJ 25L6GT/ 35GL6 7FZ 
17AB10/ 17JZ8 12DZ 21LG6 12HL 25W6GT7AC 35L6GT 7AC 

17X10 12 BT 17KV6A 9QU 21LG6A 12HL 25N6G 7W 35LR6 12FY 
17AX3 12BL 17LD8 9QT 21LR8 9QT 25W4GT 4CG 35W4 5BQ 
17AX4GT 4CG 17RK19 9CB 21LU8 12DZ 25W6GT 7 AC 35Y4 SAL 
17AX4GTA 4CG 17X10 12BT 22 4K 25Y5 6E 35Z4GT 5AA 
17AY3 9HP 17Z3/ 22BH3 9HP 25Z6 7Q 35Z5GT SAD 
17AY3A 9HP PY81 9CB 22BH3A 9HP 25Z6GT 7Q 36 5E 
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Type Terminal 
No. Diagram 

36AM3 5BQ 
36AM3A 5BQ 
36AM3B 5BQ 
36KD6 12GW 
36KD6/ 

40KD6 12GW 
36MC6 9QL 
37 5A 
38 5F 
38HE7 12FS 
38HK7 12FS 
39/44 5F 
40 40 
40KD6 12GW 
40KG6A/ 

PL509 9RJ 
41 6B 
42 6B 
42EC4A/ 

PY500 6EC4 

42KN6 12GU 
43 6B 
45 40 
45Z3 SAM 
45Z5GT 6A0 
46 5C 
47 5B 
48 6A 
49 5C 
50 40 
50A5 BAA 
50B5 7BZ 
50BM8/ 

UCL82 9EX 
50C5 7CV 
50C6G 7AC 
50DC4 5BQ 
50EH5 7CV 
50FE5 8KB 
50FK5 7CV 
50GY7A 12FN 
50HC6 7FZ 
50HK6 7FZ 
50JY6 8MG 
50L6GT 7AC 
50X6 7DX 
50Y6GT 70 
50Y7GT SAN 
50Z7G 8AN 
53 7B 
53HK7 12FS 
60FX5 7CV 
70L7GT 8AA 
75 6G 
78 6F 
80 4C 
83 4C 
84/6Z4 50 

11717/ 
M7GT 

117N7GT 
117P7GT 
117Z3 
117Z4GT 
117Z6GT 
407A 
408A 

1612 7T 
1613 7S 
1614 7S 
1619 7 AW 
1620 7R 
1621 7S 
1622 7S 

1629 7AL 
1635 8B 
2050 6BS 
2050A 6BS 
2076/ 

5R4GYB5T 
5636 8DC 
5639 8DE 
5642 5642 
5651A 5B0 
5651WA 5BO 
5654 7BD 
5663 6CE 
5670 8CJ 
5672 5672 
5678 5678 
5686 9G 
5687 9H 
5691 8BD 
5692 8BD 

Type Terminal 
No. Diagram 

5842/ 
417A 9V 

5844 7BF 
5847/ 

404A 9X 
5879 9AD 
5881 7S 
5896 801 
5899 8DE 
5902 8DE 

5915 7CH 
5963 9A 
5964 7BF 
5965 9A 
6005 7BZ 
6012 6C0 
6021 8DG 
6072 9A 
6073 5B0 
6073/ 

0A2 5B0 
6074 5B0 
6074/ 

0B2 5B0 
6080 8BD 
6080WA 8BD 
6082 8BD 
6111 8DG 
6112 8DG 
6186 7BD 
6189 9A 
6197 9BY 
6202 5BS 
6206 8DC 
6211 9A 
6336A 8BD 
6350 9CZ 
6360A 6360A 
6386 8CJ 
6417 9K 
6485 5C 
6550 7S 
6626/ 

0A2WA 5B0 
6660/ 

6BA6 7BK 
6661/ 

6BH6 7CM 
6662/ 

6BJ6 7CM 

Type Terminal 
No. Diagram 

6677/ 
6CL6 9BV 

6678/ 
6U8A 9AE 

6679/ 
12AT7 9A 

6680/ 
12AU7A 9A 

6681/ 
12AX7A 9A 

6688A 9EQ 
6814 SDK 
6887 6BT 
6922/ 

E88CC 9AJ 
6939 9HL 
6973 9EU 
6977 6977 
7025 9A 
7027 SHY 

6663/ 7724/ 0195 
6AL5 6BT 14 GTS 9KR DP61 

6664/ 7868 9NZ DY30 
6AB4 5CE 7895 12AQ DY80 

6669/ 7898 9EP DY87 
6AQ5A 7BZ 7905 9PB E81CC 

6676/ 8016 3C E82CC 
6CB6A 7CM 8056 12AQ E83CC 
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Type Terminal Type Terminal Type Terminal Type Terminal Type Terminal No. Diagram No. Diagram No. Diagram NO. Diagram No. Diagram 
EAA91 6BT EF190 7CM KT77 8N OC2 BBO U70 BAA 
EABC80 9E EF811 9AQ KT81 BAA OC3 4AJ U74 BAA 
EB34 7Q EF814 9AQ KT88 8EP OC3A 4AJ U76 BBS 
EB91 6BT EF905 7B0 KTW63 7R OD3 4AJ U78 BBS 
EBC90 7BT EFL200 10L KTZ63 7R OD3A 4AJ U707 BDA 
EBC91 7BT EFL201 10L 163 6Q OSW3104 8R U709 9M 
EBF85 9HE EH90 7CH L63B 6Q OSW310S 8Q UCL82 9EX 
EBF89 9HE EK90 7CH 177 6BG OSW3106 7AC UCL83 9EX 

9M EC88 9NY EL22 BAA LC900 7GM OSW3110 6R UU12 
EC90 6BG EL34 8ET LCF80 9DC OSW3111 8N V1B3 4G 
EC92 5CE EL37 7 AC LCF86 9MP OZ4 4R V741 6BG 
EC94 7DK EL84 9CV LCF201 10K 0Z4A 4R VSM70 BBS 
EC95 7FP EL86 9CV LCF801 9QA OZ4G 4R W17 BAR 
EC97 7FP EL90 7BZ LCF802 9AE PC95 7FP W61 7R 
EC900 7GM EL95 7DQ LCL82 9EX PC900 7GM W63 7R 
ECC32 8BD EL180 9BF LCL84 9HX PCC18 9A W81 8V 
ECC35 8B0 EL500 9NH LCL8B 9LY PCC89 9AJ W143 8V 
ECC81 9A EL509 9RJ IF 183 9AQ PCF80 9DC W148 8V 
ECC82 9A EM35 6R LF184 9AQ PCF82 9DX W727 7BK 
ECC83 9A EM84 9GA LF200 10L PCF86 9MP X17 7AT 
ECC85 9AJ EM87 9GA LFL200 10L PCF801 9QA X63 8A 
ECC88 9AJ EM840 78 LL86 9CV PCF802 9AE X77 7CH ECC89 9DE EY81F 9BD LLSOO 9NH PCL82 9EX X107 6CH ECC91 7BF EY88 9CB LN119 9 EX PCL84 9HX X150 12BQ 
ECC180 9AJ EY500 6EC4 LY88 9CB PCL85 9LY X727 7CH 
ECC186 9A EZ4 9M LZ319 9DC PCL800 9GK XC9B 7FP 
ECC189 9AJ EZ35 68 LZ329 9DC PH4 8A XC97 7FP 
ECC801 9A EZ90 BBS M709 9CV PL36 8GT XC900 7GM 
ECC802 9A EZ900 BBS M8080 6BG PL84 9CV XCC82 9A 
ECC803 9A GZ30 61 M8081 7BF PLBOO 9NH XCC189 9AJ 
ECF80 9DC GZ32 BOA M8108 7BK PL509 9RJ XCF80 9DC ECF82 9AE GZ34 5DA M8136 9A PL521 9R1 XCF801 9QA 
ECF86 9MP GZ37 BDA M8137 9A PM04 7BK XCL85 9LY 
ECF200 10K H63 SM M8162 9A PMOS 7BD XF94 7BK ECF201 10K HAA91 6BT M8245 7BZ PY81 4G XF183 9AQ 
ECF801 9QA HBC90 7BT NIB 7AP PY83 4G XF184 9AQ ECF802 9AE HBC91 7BT N17 7BA PY88 4G 9CV XL84 ECH42 12BQ HCC85 9AJ N18 7BA PYBOO 6EC4 XL86 9CV ECL82 9EX HD14 SZ N19 6BX PY800 4G XLSOO 9NH 
ECL84 9HX HD94 BAM N63 78 QA2401 6BG XXA-91 6BT 
ECL85 9LY HD96 BAM N148 BAA QA2404 6BT XY88 9CB ECL86 9LZ HF93 7BK N308 8GT QA2406 9A Y61 6R 
ECL180 8CK HF94 7BK N369 9EX QB309 9A YC95 7FP 
EF22 8V HK90 7CH N727 7BZ QL77 6BG YCC189 9A1 
EF37 7R HL92 7CV OA2 BBO R-19 9Y YCL180 9AJ 
EF80 9FN HM04 7CH 0A2WA BBC R-B2 BDA YF183 9AQ EF93 7BK HY90 SBQ OA3 4AJ RJ2 BT YF184 9AQ EF94 7BK HZ90 BBS 0A3A 4AJ T2M05 7BF Z14 BY EF95 7BD KT-32 7AC 0A4G 4V 1141 3C Z63 7R EF96 7BD KT-63 78 0B2 BBO USD ST 
EF183 9AQ KT66 7 AC OB2WA BBO U52 BT 
EF184 9AQ KT71 7 AC OBC3 8Q U54 BDA 
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DJa 
DJb 

F 
F+ 
F- 

FM 
G 

Gi. Ga, etc. 
H 

B 
D 

HP 

PIN NUMBER 
2 3 4 5 B 7 8 9 IB 11 12 TC 

3C LC F LC LC LC LC F,IS LC 

4AA* F P NC NC IC G NC F 

4 AT NC K JPR P JPR NC 

4C PD2 PD1 F F 

4CB IC NC H H P K NC 

4CG iC IC K P H H 

4CK* P IC K SIR IC IC K 

4D F P G F 

4F F P F G 

4G H P K H 

4K F P G2 F 

4M F+ P G2 F—,G3 

4R* S NC P2 PI NC K 

4V* NC K NC P STR NC 

a H P NC NC NC NC K H 

5A H P G K H 

5AA NC H NC P H K 

SAB H NC PD2 NC NC PD1 K H 

KEY TO TERMINAL DIAGRAMS 
LETTER COMBINATIONS 

;iec- Ha = Heater End A Hb = Heater End B 
Jec- HI = Heater Insulator 

Hm = Heater Tap 
d (Un- IC = Do Not Use 

IS = Internal Shield 
d (Electrostatic) 
nly) JPR = Juniper End 
d K = Cathode 
inly) LC = May be used only p under Limited 

Conditions 
irld NC = No Internal Con- nection 
(Un- NC G = No Base Connec- tion, glass tube 

SUBSCRIPTS FOR MULTIUNIT TYPES 
Beam Power Unit HX = Hexode Unit TR = Tetrode Unit 
Diode Unit P = Pentode Unit 1, 2, 3, etc. = No. 1, No. 2, 
Heptode Unit T = Triode Unit No. 3, etc. 

Termi- 
nal 

Dia- A gram 
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Termi- 
nal 
Dia- « 
gram 1 2 3 4 

P 1 N 
5 

NUMBER 
G 7 8 

SAC H P NC NC NC G K H 

SAD F+ P G2. NC NC G1 NC F—,63 

5A6 F+.IS PT NC PD NC GT NC F- 

SAL H P NC HM NC NC K H 

SAM H P IC K NC P H 

SAP H P K NC IC P H 

SAY G NC H H K NC P 

SB F P G1 G2 F 

SBC H P G H K 

SBE F+ G2 G3 F- F- 
BOT LEAD G1 

SBG HB K P HA HA 

5BO* P K IC K P IC K 

5BQ NC NC H H P HL K 

5BS PD2 NC H H NC PD1 K 

5BT NC H K,G3 NC G1 NC H 

5C F P G1 G2 F 

5CE P NC H H NC G K 

5D H PD2 PD1 K H 

5DA IC H PD2 PD1 H,K 

5DE F IC F PD2 PD1 

5E H P G2 K H 

5F H P G2 K,G3 H 

SK F+ P G1 G2 F-G3 

5L NC H PD2 PD1 H.K 

5M NC G 
S M 

H NC P NC H 

5Q NC NC PD2 NC PD1 NC F 

5R 1 NC F P G2 NC F 
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Termi- 
nal 

Dia- 
eram i 2 3 4 

PIN 
5 

NUMBER 
6 7 8 

5S NC F P NC G NC F NC 

5T NC G 
S M 

F PD2 PD1 F 

SU H P NC H K 

5V BC F+ P G2 NC F—,18 
G3 

NC 

5Z BC F+ PI NC PD F- NC 

6A H P G2 G1 K H 

6AA H P G2 NC NC G1 K,G3 H 

GAB NC G 
S M 

K G P H H 

GAD NC H HM P H K 

6AE H P G2 NC NC G1 K,G3 H 

6AF NC F+ P G2 G1 F-,G3 NC 

GAM NC H NC G2 G1 H K,G3 

GAR F—,18 
G3 

P G2 NC F—,18 
G3 

G1 F+ 

GAS H PT2 PT1 GTI K H 

GAD F- 
G3P 

NC PD G2P PP G1P F+ 

6AX F+ PP G2P PD NC G1P NC F- 
G3P 

6B H P G2 G1 K 
G3 

H 

6BA F+ P G2 NC NC G1 FM 
G3 

F- 

GBG P IC H H P G K 

GBH P K H H P NC K 

BBS* H P NC G1 G2 H K 

GBT KD2 PD1 H H KD1 IS PD2 

GBW F- 
G3P 

PP G2P PD NC G1P F+ 

GBX F- P G2 NC FM,G3 G1 F+ 
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Termi- 
nal 

Dia- , 
iram 1 2 3 4 

PIN NUMBER 
5 8 1 « S 10 11 12 TC 

6C F PT2 GT2 GT1 PT1 F 

6CC G1 GS.K H H P G2 NC 
6CE* G1 K H H G2 NC P 

6CK G1 H G3,K P H G2 
6CN KD2 H IC PD2 PD1 H KD1 
SCO* K H G1 P H G2 
60 H PT2 PT1 GT1 K H 
6E H PD2 K02 KD1 PD1 H 
6F H P G2 G3 K.IS H G1 
60 H PT PD2 PD1 K H G1 
U H ES PD2 K PD1 H 
8K HM H PD2 K PD1 H 
6L F P G2 G1 63,65 F G4 
6M F PT PD2 PD1 GT F 
60 NC G 

S M 
H P G H K 

SO H PT 
RCi 

GT TA K H 

6S NC G 
S M 

H PD2 PD1 H K 

6W F+ PP G2P PD2 PD1 F- 
G3P G1P 

OX NC F+ P G2 G1 F—,G3 
7M NC F+ PT PD2 PD1 GT F- NC 
7AB NC F PT2 GT2 GT1 PT1 F NC 
7AC NC G 

S M 
H P G2 G1 H K 

G3 
7XF NC F+ PP PD2 PD1 G2P F- 

G3P 
NC G1P 

7X0 NC H RCJB RCJA TA H K 
7AK NC H PT 

REM 
PT 
SHP 

G H K 
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PIN NUMBER 
Dia- 
gram 1 2 3 4 5 e 7 6 

7AJ H KD2 P02 NC IS PD1 KD1 H 

7AK F P 62 61 63,65 64 NC F 

7AL NC H PT 
RCJ 

7A 67 H K 

7AM NC F+ PP 62P SIP PD F- 
63? 

NC 

7A0 F+ P 62 63 F-,IS 61 NC F—,IS 

7AP NC F+ P 62 61 F- 63,FM 

7AQ NC F P 62 61 F FM,63 

7AT F—,65 P 62,64 61 F—,65 63 F+ 

7AU NC H PT2 P71 671 H K 

7AV F—,63 P 61 62 F-,e3 P F+ 

7AW S F P 62 61 F 63 

7AX NC H P 6B KB 6A H KA 

7AZ S 61P K,e3P 62? PD PP H H 

7B H PT2 612 K 671 v P71 H 

7BA F P 61 62 FM,G3 P F+ 

7BB F- P 62 61 FM P F+ 

7BC F- PT2 672 FM 671. P71 F+ 

7BD 61 K,IS 
63 

H H P 62 K,IS 
63 

7BF PT2 PT1 H H 671 672 K 

7BK 61 63,IS H H P 62 K 

7BN' ' 61 K H H 62 P 62 

760 6,IS K H H 6,IS 6,IS P 

7BR H 6 P P 6 H K 

7BS P K H H P 6 K 

7BT 67 K H H PD2 PD1 P7 

7BZ 61 K,63 H H P 62 61 

70 H P 63,65 62 61 K H 
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nil1' PIN NUMBER 
,D'a' 1 2 ) 4 5 5 7 I 9 10 11 12 TC 

ICC G1 63,18 H H P G2 K 

7CH G1 K.GS H H P G2,G4 G3 

7CK K.IS 
G3 

H G2 K,IS 
G3 

G1 CO
 

H 

7CM G1 K H H P G2 63,1! 

7CV K.GS G1 H H G1 G2 P 

ICY G2 FM.GS 
IS 

G1 F F FM,G3 
IS 

P 

7D H PP G2P PD2 PD1 K.GSP H 

7DC F P G2 G1 G3,G5 G4 F 

7DF K,IS G1 H H G2 G3 P 

7 OK P G H H K G P 

700 G1 K,G3 H H P G2 G1 

7DX H KD2 PD2 NC NC PD1 KOI 

7E H PP G2P PT GT K.GSP H 

7EA K,G3P PD H H PP G2P GIF 

7EG K G H H P K G 

7EK K G2 H H G1 G1 P 

7EN G1 K.IS H H P G2 G3 

7EW G1 K,IS H H P G2 K,IS 

7F H P G2 G1 K.GS HM H 

7FB GT PT H H PD2 PD1 K 

7FL NC PD2 H H K IS P01 

7FP K G2 H H P IS K 

7FQ G1 IS H H P G2 K 

7FZ K,G3 G1 H H G2 HM P 

70 H PT ES P02 PD1 K H 

7GA G1 K,G2 
G4 

H H P G3 K,G2 
G4 

7GM G1 K H H _ P IS K 
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Termi- 
nal 

Dia- 
gram 1 2 3 4 

PIN 
5 

NUMBER 
S 7 1 9 10 ii 12 re 

7H H P G2 G3 ES K H G1 

7K H PP G2P KD PD KP 
G3P 

H GIP 

7Q NC 6 
S M 

H PD2 KD2 PD1 H KD1 

7R NC G 
S M 

H P G2 G3 H K 
IS 

7S NC G 
S M 

H P G2 G1 H K 
G3 

n NC G 
S M 

H P G2 
G4 

G3 H K 
G5 

G1 

7U NC H H PP G2P PT G1 K,G3P GIP 

7 V NC H PT PD2 PD1 H K GT 

7W NC H PT2 PT1 GT1 H K 

7Z BC F P G3,G5 G2 F NC G4 

M NC G 
S M 

H P G3 
G5 

G1 G2 H K G4 

IM KD H PB G2B GIB KB 
G3B 

H PD 

MC H KT2 PT2 GT2 Gil PT1 KT1 H 

MD NC H P 62,64 G1 K,G5 H G3 

HE H PP PD2 PD1 G2P GIP K,G3P H 

MI NC F+ PP G2P G1P PT F- 
G3P 

PD GT 

ML H P 62,64 G1 G5 G3 K H 

MN NC H PD2 KD2 PD1 HM H KD1 

MO KD H PB GIB G2B PD H KB 
G3B 

MS FM.IS 
G3P 

F PP G2P GT PT F- PD GT 

MV NC H PB GIB G2B KB 
G3B 

PD 
H 

KD 

MY GT H PP G2P GIP PT H K,G3P 

II NC G 
S M 

H PT2 GT2 GT1 PT1 H K 
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Term 
nal 

Dia- 
gram 

i- 

i 2 3 4 
PIN NUMBER 

5 6 7 8 

8BD GT2 PT2 KT2 GT1 PT1 KT1 H H 

8BE GT2 KT2 PT2 KT1 GT1 PT1 H H 

8BF H KT PT GT PD2 PD1 KOI 
KD2 

H 

8BJ H P G2 K IS,G3 G1 K H 

8BK S H K,G3 G1 K.GS G2 H P 

8BL H PHP PT GT 
G3HP 

G2HP 
G4HP 

G1HP K,IS 
G5HP 

H 

8BU G1B1 K 
G3B1 

. G3B2 

G1B2 PB2 G2B1 
G2B2 

H H PB1 

8BW GT2 H PT2 KT2 KT1. PT1 H GT1 
8BZ H PT2 G1 KT.IS 

KD1 
PD1 PD2 KD2 H 

8C NC F+ PP2 G1P2 G1P1 PP1 F—,63 G2 
8CB PD3 KT 

K02 
KD3 

PD1 PD2 KOI PT H H 

8CH G H TA DJ2 DJ3 DJ1 H K 
8CJ H KT2 GT2 PT2 IS PT1 GT1 KT1 
8CK PD2 KD1 

KD2 
PD1 GT PT KT H H 

8CN IC G1 NC F-G5 F+ P G2,G4 G3 
8CP NC G1 NC F—,G3 F+ NC P G2 
8CT 62,64 G1 K H H 65,18 G3 IS 
8BA PP NC G1P F- 

G3P 
F-f PD NC G2P 

8DC G1 K,IS H G3 P H G2 K,IS 
8BE G1 K.GS H K,G3 P H G2 K,G3 
8BG PT2 GT2 H KT2 KT1 H GT1 PT1 
8DJ PD2 KD2 H IS PD1 H KOI NC 
SDK G NC H NC K H NC P 
8E BC H PP PD2 PD1 G2P H K,G3P 
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Termi- 
nal 

Dia- « 
gram 2 3 4 

PIN 
5 

NUMBER 
6 7 8 9 10 11 12 TC 

8EL G H NC P H K 

SEP G3 H P G2 G1 NC H K 

BET G3 H P G2 G1 NC H K 

8EZ LC H LC LC H,K 
IS 

P 

8F KD H PP G2P G1P PD H KP 
G3P 

8FU K H NC NC H NC P 

86 NC H PT2 KT2 GT1 PT1 H KT1 GT2 

8GB IC IC K IC P IC H H 

8GC K H IC IC G IC H IC P 

8GD G2 H GS.K G1 G1 GS.K H G2 P 

8GH LC H LC LC LC LC H.K 
IS 

LC P 

8GT IC H IC G2 G1 H K,G3 P 

8H NC H PHP G2HP 
G4HP 

GT 
G3HP 

PT H K 
G5HP 

G1HP 

8HY G2 H P G2 G1 G1 H K.GS 

8JB G H G P H K 

8JC G1 H GS.K G2 G1 GS.K H G2 P 

8JP G1P2 H PP2 G2 G1P1 PP1 H K.GS 

8JX H K.GC G2 G1 H G2 P 

8K S H PHX G2HX 
G4HX 

GT 
G1HX 

PT H K G3HX 

8KB H P G2 G1 H K.GS 

8KN H P GS.K G1 H G2 

8KQ H P G2 GS.K G1 H G2 

8KS F F PD2 PD2 PD1 PD1 F F 

8MG IS H G3 G2 G1 NC H K P 

8MH LC H LC LC H,K 
IS 

LC P 

8MK IC F IC IC F,IS IC P 
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nr PIN NUMBER 
1 2 3 4 5 6 7 8 9 10 11 12 TC 

8ML IS H IC IC G K H IC P 

8MI1 IC H IS IC G K H IC P 

8MT NO IC H IC IC IC NC H,K 
IS 

P 

8MU IC H IC NC IC NC H.K 
IS 

IC P 

8MW K,IS H IC IC G NC H IC P 

8MX H,K 
IS 

H IC NC IC NC H,K 
IS 

IC P 

8MZ F.IS F F,IS NC FJS NC F,IS NC P 

8N S H G3 G1 K G2 H P 

8NB G1 K.GS G2 NC G1 IC H H P 

8NC IC K,G3 G2 NC G1 IC H H P 

8ND NC IC F IC F 'C. NC FJS P 

8NJ K,IS H IC IC G G H IC P 

80 S GT K PD2 PD1 PT H H 

8R 8,63 H P G2,G4 G1 K H G3 

8S S PT2 GT2 GT1 PT1 K H H 

8T KP 
G3P 

H PP G2P PT KT H GT G1 

811 H P G2 G1 G3,G5 G4 K.Gfi H 

8V H P G2 G3 IS G1 K H 

8W H PT GT IC PD2 PD1 IS,K H 

8X H P G2 G1 63,65 G4 K H 

8Y G3,S H NC G1 K G2 H P 

8Z KD H PB G2B GIB PD H KB 
G3B 

9A PT2 GT2 KT2 HT2 HT1 PT1 GT1 KT1 HM 

SAC IC K G H H G IC IC P 

SAD 61 NC K H H NC G2 P G3 

9AE PT G1P G2P H H PP KP.IS 
G3P 

KT GT 
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Termi- 
nal 
Dia- 
gram 1 2 3 4 

PIN NUMBER 
5 6 7 8 9 

9AG K G HM H H NC G NC P 

9AJ PT2 GT2 KT2 H H PT1 GT1 KT1 IS 

9AK G3P GT PT H H K G1P G2P PP 

9AQ K G1 K H H IS P G2 G3 

9AX KD3 P03 IS H H PD2 KD2 PD1 KDi 

9BD NC P NC H H NC: P NC P 

9BF K G1 63,18 H H HM P G2 G3,IS 

9BL IC G1 K,G3 H H IC P IC G2 

9BQ P NC G1 H H K,G3 G1 G2 NC 

9BV K G1 G2 H H P 63,18 G2 G1 

9BX G K G G P G H H G 

9CB IC IC IC H H IC IC IC P 

9CF PT GT KT H H PD2 PD1 KD1 
KD2 
IS 

HM 

9CK G2 NC G1 H H G1 K,G3 NC P 

9CV IC G1 K.GS H H IC P IC G2 

9CY KP G1P G2P H H PP KD PD G3P 
IS 

9CZ PT2 KT2 GT2 H H PT1 KT1 GT1 HM 

9DA PT GT KT H H PP G2P G1P G3P 
KP.IS 

9DC PT G1P G2P H H PP KP,IS 
G3P 

KT GT 

9DE PT2 GT2 KT2 H H PT1 GT1 KT1 IS 

9BJ PD2 NC NC H H NC PD1 NC K 

9BP DJ2 DJ1 G3 HB HA, IS 
G3 

G1 K P2 PI 

9DR P G G H H K G G P 

9BS G2P G1P KP H H PD G3P 
IS 

KD PD 

9DT H,K 
IS 

H NC H.K 
IS 

H H,K 
IS 

NC H H,K 
IS 



Terminal Diagrams 623 

Termi 
nal 

Dia- 
gram 1 2 3 

9DW GT PT K 

9DX KT GT PT 

9DZ KT GT PT 

9E PD3 PD2 KD2 
IS 

9EC G3P 
KTJS 

GT PT 

9ED PP G2P KP 

9EF PT2 NC GT2 

9EG GT PT ktj: 
G3P 

9EN PD2 PD1 KD1 
KD2 
IS 

9EP PT2 GT2 KT2 

9EQ K G1 K 

9ER PD2 KD2 KD1 

9ES PT2 NC KT1 

9EU G2 NC G1 

9EX GT KPJS 
G3P 

G1P 

9FA GT PT KT 

9FE PD2 PD1 KD1 
KD2 

9FG K G2JS PP2 

9FH PD2 GP2 PP 

9FJ KT GT PT 

9FK K IC P 

9FN G1P G3P 
IS 

KD 

PIN NUMBER 
5 6 7 8 9 16 11 12 TC 

H PR G2P G3P G1P 

H G3P G1P G2P PP 
KP.IS 

H G1P G3P G2P PP 
KP.IS 

H PD1 KT.IS GT PT 
KD1 
K03 

H G1P KP G2B PP 

H,IS G1P KT PT GT 
G3P 

H PT1 GT1 KT1 KT2 

H PP G2P KP G1P 

H KT GT PT HM 

H PT1 GT1 KT1 IC 

H IC P G3 G2 

H PD1 PT GT KT 

H PT1 GT1 GT2 KT2 

H G1 K.GS G2 P 

H PP G2P KT PT 

H PP G2F KPJS G1P 
G3P 

H PP G2P G1P KP 
G3P 

H G3P2 G1 PP1 G3P1 

H PD1 K G1P G3P 

H PD2 KD1 KD2 PD1 

H IC IC P IC 

H PD PP G2P KP 
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Termi- 
nal 
Dia- 
gram 1 2 3 4 

PI N 
5 

NUMBER 
6 7 8 9 

9FT KT PP G2P H H,IS 
G3P 

KP G1P GT PT 

9FX GT PT KT H H PTR G2TR KTR 
IS 

G1TR 

9FZ PT G1P 

CO
 CO

 

H PP G2P KT GT 

9G K,G3 G1 K.GS H H G2 P K,G3 G2 

9GA GT IC K H H TA RCJ IC PT 

9GC G1TR KTR G2TR H H PTR KD1 
KD2 

PD2 PD1 

9GE PT G1TR G2TR H H PTR KTR 
IS 

KT GT 

9GF GT PT K H H PP G2P GSP.K G1P 

9GK K G1 63,18 H H NC P G2 63,18 

9GM 

CO PP G2P H H KP G1P GT PT 

9GR G2- K,G3 G1 H H G1 K.GS IC P 

9GS PT G2TR G1TR H H PTR KTR GT KT 

9H PT2 GT2 KT2 H H KT1 GT1 HM PT1 

9HE G2P G1P K,IS H H PP PD1 PD2 G3P 

9HF PT2 GT2 GT2 H H PT1 GT1 KT1 KT2 

9HG G1P KD PD H H PP GP3 
IS 

G2P KP 

9HK PD2 KOI 
KD2 

PD1 H H G1P KP.IS 
G3P 

G2P PP 

9HL G1P2 K,G3 G1P1 HP2 HP1 PP2 G2 PP1 HM 

9HN G2 NC G1 H H G1 K,G3 IC P 

9HP IC P IC H H IC P IC K 

9HR PD2 KTR G1TR H H PTR G2TR KD1 
K02 
IS 

PD1 

9HV G1TR K G2TR H H PTR IC IC PD 

9HX GT PT KT H H PP KP.IS 
G3P 

G1P G2P 



Terminal Diagrams 625 

Termi- 
nal 

Dia- 1 gram 1 2 3 4 
PIN NUMBER 
5 6 7 8 9 

9HZ G1TR K G2TR H H PD2 PTR KTR PD1 

9JD G1TR KTR G2TR H H PTR KT.IS PT GT 

9JE GT KP,IS 
G3P 

G1P H H PP G2P KT PT 

9JF PP GT PT H H KT G1P KP,IS 
G3P 

G2P 

9JG K,IS 
G3P 

GT PT H H K,IS 
G3P 

G1P G2P PP 

9JT PT PP G2P H H 

CO 
oTco 

G1P KT GT 

9JU PD2 NC G1TR H H PTR G2TR K PD1 

9K P NC G3 H H G2 K G1 G1 

9KA KT3 GT3 PT3 H 
KT1 
KT2 

H PT2 GT2 PT1 GT1 

9JX G1TR K G2TR H H PTR PD2 IC PD1 

9KP P1BTR GT PT H,K H G1TR G2TR P1ATR P2TR 

9KR KD2 PD1 KOI H H PD2 KT GT PT 

9KS K,IS G2 G1 H H PB PA DJB DJA 

9KT 2PB 2G 2 PA H H 1PB 1G 1PA K 

9KU GT KT G1P H H,G3P 
KP,IS 

G2P PP PD PT 

9KV G2 
G4HP 

G1HP PHP H H 
KT 

GT G5HP 
KHP 
IS 

PT G3HP 

9LG PT2 IC GT2 H H PT1 GT1 KT1 KT2 
9LK K G1 G2 H H P G3 G2 K 
9LP PT2 GT2 KT2 H H PT1 GT1 KT NC 

9LQ G3P G1P K H H G2P PP PD IS 

9LS H H NC KT2 GT2 PT2 PT1 GT1 KT1 

9LT KD1 
KD2 
ISO 

PD2 PD1 H H KP 
G3P 
ISP 

G1P G2P PP 

9LW K 
IS 

G2 PP2 H H G3P2 G1 PP1 G3P1 
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PR G2 KP G1P 
G3P 9LY PT GT KT H H 

PP KP.IS G1P PT 
G3P 

9LZ GT KT G2P H H 

NC PD2 NC NC 9M PD1 NC K 

PT1 KT1 KT2 PT2 9MB GT3 PT3 GT2 H.GTl H 
KT3 

PT PP G2P 9MP KP G1P KT.IS H 

G1 K,G3 IC IC IC 9MQ G2 
PATR K.IS G1TR G2TR PD H 9MR PBTR NC 

G2 G3,K G3,K H 9NH G1 
G2P2 G1P2 K.IS PP2 

G3 
9NJ G1P1 G2P1 PP1 H 

G3 H 9NW K 

9NY G 

G2 IC K.GS H 9NZ G2 G1 

PP K,IS GT 
G3P 

9PA K,IS G1P G2P H 
G3P 

F+ G3 G2 F- G1 G2 LC LC 

PT2 PT1 GT1 KT1 KT2 GT2 9PG H 
K,G3 K,G3 G1 G2 K.GS G2 9PL P 
63,18 

KOI PD2 PD1 
KD2 9Pa P04 PD3 KD3 H 

KD4 

G1P G3P G2P K.IS H 9PV PT GT 

G1 K,G3 IC 9PX G2 NC 
G2P PT 9QA K.IS G1P K,IS H 

G3P G3P 

PT2 NC PT1 GT1 9QD KT1 GT2 KT2 H 

K.IS G1TR G2TR P2TR 906 P1BTR P1ATR PD H 

PD2 LC PD1 PD1 901 FB FA FA LC PDZ 

G1 G2 IC IC 9QK G2 G1 K,G3 H 



Terminal Diagrams 627 

Termi- 
nal 
Dia- | 
gram 1 2 3 4 

PIN NUMBER 
5 6 7 8 9 

9QL G2 G1 K H H G1 G2 G3 IC 
9QM KD3 PD3 IC H H PD2 K02 PD1 KD1 
9QP KT GT PT H H,IS 

G3P 
KP G1P G2P PP 

9QT KT GIB KB 
G3B 

H H PB G2B PT GT 

9QU G2 G1 K H H G3 G2 IC P 
9QY PT GT KT.IS 

G3P 
H H G1P KP GP2 PP 

9QZ PP2 G3P2 K H H PP1 G3P1 G2 G1 

9RA P IC G2 H H G^PD G1 G1 K 
9RF K G1 NC H H G3 P NC G2 
9RG F.IS IC IC IC F IC NC IC IC 
9RJ G1 G3 G2 H H G2 G3 G1 K 
9RL KPJS 

G3P 
G2P PP H H PD2 KB PD1 G1P 

9RQ PT3 PT2 PT1 H H GT1 K GT2 GT3 
9RT H,K 

IS 
H IC H.K 

IS 
H H.K 

IS 
IC H H.K 

IS 
9RU DJ2 DJ1 G3 HB HA, IS G1 ^62 P2 PI 
9RX IC P IC H H P IC IC K 
9SB G1 K,G3 K,G3 H H G2 G1 IC P 

9S6 HI P IC H H IC P IC NC 

9U P IC IC F F IC IC IC P 

9V P NC H G G K G G H 

9X G1 NC H K,IS 
G3 

NC P NC G2 H 

9Y F,IS F LC F.IS F F.IS LC F F.IS 

10F G1TR2 G2TR2 PTR2 H H KTR1 G1TR1 PTR1 KTR2 

19G PT3 GP3 KT3 H H PT2 GT1 PT1 GT2 



628 RCA Receiving Tube Manual 

PIN NUMBER 
5 6 j B 9 11 12 TC 

10H G1P 

10K KT 

G2P PP H H 

KP G1P G3P H 
IS 

KT GT PT KP 

PP G2P PT GT 

10L G1P2 KP2 
G3P2 

G2P2 PP2 H H KP1 
G3P1 
IS 

G1P1 G2P1 PP1 

ma P G K H H 

12AS G2 G1 K H H P 

12BF H KT2 GT2 PT2 GT1 PT1 KT! PD2 KD1 
KD2- 

PD1 IS H 

12BJ H G2 G1 K.GS IC IC P IC IC K G1 H 

12BL H NC NC P NC NC K NC NC P NC H 

12BMH NC GT2 NC PT2 IC KT2 NC KTl GT1 PTl H 

12BQ H PT3 KT3 KT1 PT2 KT2 GT2 IC GT.l PT1 GT3 H 

12BT H G2P K,G3P PB G3B G2B GIB KB,IS PP NC G1P H 

12BU H KP G1P G3P IS PP G2P GIB KB 
G3B 

G2B PB H 

12BWH G2P2 PP2 G3P2 
IS 

G1P2 KP2 G2P1 KP1 PP1 G3P1 
IS 

G1P1 H 

12BY H PT3 KT3 KTl PT2 KT2 GT2 IS GT1 PT1 KT3 H 

12CA H G1P G2P KT2 GT2 PT2 PT1 GT1 KTl KP.IS 
G3P 

PP H 

12CT K K K H SHEL H 
G 

P 

12DA H KD2 PD2 KT2 GT2 PT2 PT1 GT1 KTl PD1 KOI H 

12DG H,K 
IS 

IC IC LC LC IC IC IC IC LC IC H P 

12DMH PP2 G2P2 G3P2 G1P2 KP2 G3P1 
IS 

PP1 G2P1 G1P1 KP1 H 

12BP H PP GT2 PT2 KTl GT1 KT2 
IS 

PT1 KP.IS 
G3P 

G2P G1P H 

1208 F.IS IC IC LC IC IC IC IC IC LC IC F P 

12DRH NC G2 K,G3 G1 NC G2 NC G1 K,G3 G2 H P 
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Termi- 
nal 

Dia- 4 
gram 1 2 3 4 

PIN NUMBER 
5 6 7 8 9 10 11 

12DZ H PT NC PB NC GIB GIB G2B KB 
G3B 

GT KT 1 

12EA P P G G K H H 

12EJ H NC GT2 NC PT2 IC KT2 GT2 KT1 Gil PTI L 

12E0 H NC GT2 NC PT2 NC KT2 IC KT1 GT1 PTI H 

12ER H PP2 G2P 
IS 

G1P G3P2 PP1 G3P1 K 
IS 

GT KT PT H 

12ES H NC G1 K.GS G2 IC P IC G2 K.GS G1 H 

12EW H,K 
IS 

H,K 
IS 

IC LC IC H.K 
IS 

LC IC H,K 
IS 

LC IC H 

12EY H G1 G2 K,G3 NC P NC NC G1 G2 K.GS H 

12EZ H KP 
IS 

G1P, NC G3P G2P PP GIB G3B 
KB 

G2B PB H 

12FA H IC IC IC KJS G NC IC, IC IC IC H 

12FB H NC G2 K.GS G1 G2 NC G2 G1 K.GS G2 H 

12FC H PD NC KD PP NC IC KP 
G3P 

G1P G2P G1P H 

I2FE H PT3 KT3 KT1 PT2 KT2 GT2 NC GT1 PTI GT3 H 

12FJ H K G2 G3 G1 NC NC IC NC G3 NC H 

12FK H K G2 G3 NC NC P NC NC G3 G1 H 

12FL H K G1 G3 G2 IC P IC G2 G3 Gl H 

12FM H PT NC GT KT IS NC G1P KP 
G3P 

G2P PP H 

12FN H PP NC KD PB NC IC KB 
G3B 

GIB GIB G2B H 

12FP H KT2 PT2 GT2 KT1 
IS 

GT1 PT1 G1P G2P PP KP.IS H 
G3P 

12FQ H PT2 KT2 KT1 IC NC NC: IS GT1 PTI GT2 H 

12FR H PT2 KT2 . KT1 NC NC PTi. NC GT1 PTI GT2 H 

12FS H PD NC KD PP NC IC KP 
G3P 

G1P IC G2P H 

12FU H PP2 G2P2 G3P2 KP2 G1P2 PP1 G3P1 
IS 

G2P1 KP1 G1P1 H 

12FV H.K H.K IC NC H.K H.K NC H K NC IC H P 
IS IS IS IS 
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Termi- 
nal 

Dia- 1 gram 2 3 4 
PIN 
5 

NUMBER 
6 7 8 9 10 11 12 TC 

12FX H NC NC P IC IC K IC IC P NC H 

12FY H K G2 G3 G1 NC IC NC IC G3 G2 H P 

12GAH NC NC P IC NC K NC IC P NC H 

12GC H PR GT2 KT2 GT1 KT1 PT1 KP.IS 
G3P 

PT2 G2P G1P H 

12GD H K G2 G3 G1 NC NC NC IB G3 ; IC H P 

12GF H KP2 G1P2 G2P2 PP2 G3P2 
IS 

G1P1 KP1 G2P1 G3P1 
IS 

PP1 H 

12GH H NC G2 G3 G1 NC IC NC IC K IC H P 

12GI H K G2 G3 G1 NC IC NC IC G3 IC H P 

12GKH IC IC P IC IC K IC IC P IC H 

12GL H G1P G2P KP,IS 
G3P 

KT2 
IS 

PT2 KT1 GT2 PT1 GT1 PP H 

12GS H PP GT2 KT2 GT1 KT1 
G3P 
IS 

PT1 KP PT2 G2P G1P H 

12GU H NC G2 G3 G1 NC IC NC IC K IC H P 

12GV H IC IC NC IC H IC IC IC NC IC H P 

12GWH K : G2 G3 . G1 NC IC NC G1 G3 G2 H P 

12GY H G BP.: K IB IC P IC IC BP G H 

12GZ H PT2 GT2 NC PP IC K.GSP G1P G2P GT1 PT1 H 

12HA H,K 
IS 

H.K 
IS 

IC NC H,K 
IS 

HIK 
IS 

NC IC H.K 
IS 

NC IC H P 

12HB H G3P2 PP2 G2P2 KP2 G1P2 G1P1 KP1 G2P1 PP1 G3P1 H 

12HCH IC IC IC K G IC IC IS IC IC H P 

12HD H KP2 G1P2 G2P2 PP2 G3P2 
IS 

G3Pi 
IS 

PP1 G2P1 KP1 G1P1 H 

12HE H PP NC G3P GT KT PT IS KP G2P G1P H 

12HF H IC NC P IC IC K IC IC P NC H 

12HGH PT3 K PT2 NC PT1 NC GT1 NC GT2 GT3 H 

12HJ H GT PT KT G1P G1P KP G2P G3P 
IS 

NC PP H 

12HK F,IS F.IS IC NC F.IS F,IS NC F F,IS NC IC F P 
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Termi- 
nal 

Die- 1 iram 1 2 3 4 
PIN NUMBER 

S E 1 | 9 10 11 12 T 

12HL H IC IC K,G3 G1 NC IC NC IC K.GS G2 H p 
12HNH PT2 GT2 PT1 KT1 GT1 KT2 

G3P 
G1P KP G2P PP H 

12HRH PT2 GT2 PP G2P IC KT2 
KP 
G3P 

G1P PT1 KT1 Gil H 

12HTH PD NC KD PP NC IC KP 
G3P 

G1P NC G2P H 

12HU H PT3 K PT2 NC PT1 IC GT1 IC GT2 613 H 
12HWH PT2 PP G2P G1P G1P 

KP 
KT2 KT1 Gil PT1 GT2 H 

12HXH IC NC P IC IC IC IC IC P NC H K 
12HY H,K 

IS 
H,K 
IS 

IC NC H,K 
IS 

IC IC H H.K 
IS 

NC IC H P 

12JA H K G2 G3 G1 NC H NC G2 G3 G2 H P 
12JB H,K 

IS 
H,K 
IS 

IC NC H,K 
IS 

IC H.K 
IS 

H H.K 
IS 

NC NC H P 

12JF H K G2 G3 G1 NC NC NC IC G3 G2 H P 
1AY2 F F P 
6EC4 IC P HI H H IC P P IC K 
17- G1 
BH25 

G1 G3 H H G2 G2 G3 K P 

4B7A HT2 KT2 GT2 PT2 HM.IS PT1 GT1 KT1 HT1 
ssr K P 

191* P 
F 

K 
F 

OR 
P 

5972 P G2 F+ G1 F—,63 
5979 P G2 F-IS 

G3 
G1 F+ 

G3 
5734 H G H K,IS SHELL P 
5743*K P K 
4369 G1TR1 K 

IS 
G1TR2 HTR1 HTiR2 PTR1 G2TR1 

G2TR2 
PTR2 HM 

G F 

K K SHELL G 



Outlines 

METAL TYPES 
.40U 

—^ MAX. K— 

n-1"! .629 
v MAX- 

MAX 
rrrrnl\ 
.440 t —» MAX. k- 

-lMZAX.r 

-2- 
Y X 

i* 2-5/8 2-1/16 
28 3-1/4 2-11/16 

MINIATURE — CAP 

13 
fsz 

P-'A 

\sMAUL- 
1^ MAX.-* 

-CERAMIC 
CYLINDER 

» y ui •—j— 
max^T 

BASE -IA- 
X * x 

1A1 1.050 0.840 .255 
1A2 0.985 0.780 .255 
1A1 0.985 0.780 .317 

—| ||L MAX. — 

« T 
V SMALL- WAFER 

OCTAL 

GLASS TYPES 

—jlMAXk— 4 

T 

, Tsi Z , 

/ SMALL-BUTTON MINIATURE 7-PIN 

1-5/8 1-3/8 
Z 

1 ± 3/32 
1-3/4 1-1/2 1-1/8 ±3/32 
2-1/8 1-7/8 1-1/2 ±3/32 
2-5/8 2-3/8 2 ± 3/32 
2-3/8 2-1/8 1-3/4 ± 3/32 

All measurements in Inches. 

-~I!max.|— 

fhfn 
A T6* f 1 

L SMALL-BUTTON MINIATVRE 9-PIN 

6C 2-13/32 

1-1/8 ± 3/32 
1-9/16 ±3/32 1-25/32 ±3/32 

1-13/18 ± 3/32 
2 ± 3/32 

2-1/8 ± 3/32 
2-7/16 ± 3/32- 

2-1/2 ± 3/32 
1-29/32 
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SKIRTED 
MINIATURE 

CAP 

SMALL-BUTTON DUODECAR 12-PIN SMALL-BUTTON MINIATURE 9-PIN SMALL-BUTTON DUODECAR 12-PIN 
-9- 

X Y 
M 1.875 1.250-1.500 
81 2.375 1.750-2.000 
80 2.625 2.000-2.250 
80 2.875 2.250-2.500 
IE 3.050 2.770 MAX. ■F 3.125 2.500-2.750 
BG 3.375 2.750-3.000 

7A 2-27/32 
70 3-1/16 
70 3-9/32 
70 3-1/2 
7E 2-17/32 
7F 2-29/32 
7G 2-23/32 
7H 3-3/16 

2-7/16 ± 1/8 
2-15/32 MAX. OA 3.375 2.750-3.000 10 3.625 3.000-3.250 2-7/8 ± 1/8 

3-1/4 MAX. 80 4.110 3.766 MAX. 90 3.875 3.250-3.500 3-1/4 MAX. 
2-1/8 ± 1/8 
2-5/8 MAX. 

2-1/8 ± 1/8 
2-15/16 

—» 1.188 MAX. [•— —• 1.188 MAX. H  
—H l]| MAX. ^- 

o 

LARGE-BUTTON NEONOVAL 9-PIN 
, \ LOCK-IN 

Ijl MAX. |— TYPE 
\ SMALL-BUTTON NOVAR 9-PIN X Y I 10A 2.630 2.320 1.770-2.010 

108 2.900 2.620 2.070-2:310 
100 2.930 2.620 2.070-2.310 100 3.230 2.920 2.370-2.610 
10E 4.125 3.750 
10F 3.110 2.730 
10G 3.080 2.770 
10F 3.511 3.169 2.68 

X Y Z 
11A 3.000 2.620 2.100-2.280 
118 3.080 2.700 2.050-2.230 
110 3.110 2.739 2.210-2.390 
110 3.410 3.010 2.510-2.690 
11E 2.960 2.580 2.060-2.240 

X Y 
12A 2-9/32 1-3/4 
120 2-25/32 2-1/4 
120 3-5/32 2-5/8 

All meisuremcnts in indies. 



C 3-1/16 
D 3-5 /16 
E 3- 3/8 
F 3-7 /IB 
6 3-13 /IB 
H 4-3 /IB 

Wm 
* nTwM 

nil m 
LARCE-BUTTON 

OUODECAR 12-PIN 
-16- 

X V 
1M 3.625 3.000-3.250 
IBB 4.125 3.500-3.750 
IIC 4.875 4.250-4.500 
1ID 4.375 4.000 MIN. 
1IE 4.375 3.750-4.000 
1IF 4.95 4.57 MAX. 
IIC 4.625 4.0004.250 1IM 4.75 4.125-4.375 

III U II 
LARGE-BUTTO NOVAR 9-PIN 

17A 3.180 2.800 2.280-2.460 
17B 3.410 3.030 2.510-2.690 
17C 4.160 3.780 3.260-3.440 
170 3.550 3.170 
17E 3.710 3.330 2.810-2.900 

LARGE-BUTTON NOVAR 9-PIN 

X * 
1IA 3.55 3.04 ±0.13 
IBB 4.60 4.09 ±0.13 
IIC 4.38 3.75-4.00 
1ID 4.625 4.25 

All ■CHwcneiiU in iiichis. 



Outlines 

H | MAX.--| , o , SKIRTED k-I^MAX.-H ^MINIATURE H-I^MAxH SMALL 

X Y Z 
20A 4-1/4 3-11/16 1-13/32 
20B 5 4-7/16 1-3/8 

Ml max.-* 
- J i|max. U 

SKIRTED .MINIATURE CAP 

OCTAL OR SMALL-SHELL 
SMALL 4-, 5-, 6-, OR 7- 

PIN 
-22- 

SMALL-SHELL SMALL 4-, 5-, 6-, OR 7-PIN 

X Y 
24A 4-15/16 4-3/16 ± 1/8 
24B 4-17/32 3.25/32 ± 1/8 

All measurements in inches. 
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K? MAX:r|_ 

MEDIUM-SHELL 
SMALL 4-, 5-,OR 6- PINi MEDIUM 7-PIN 

-26- OCTALOR SMALL-SHELL SMALL 4-, 5-, 6-, OR 7- 
PIN 

X Y 
27A 5-1/8 4-3/8 ±3/16 
27B 5-3/8 4-9/16 ±3/16 

—• 1.186 MAX «  
MAX. 

DIAMETER 
0.4 

1-5/16 
1-5/16 
1-1/16 
1-5/16 
1-5/16 

1-15/16 
1-3/16 
1-9/16 

1-13/16 
2-7/16 
1-7/16 
1.813 

MAX. 
LENGTH 

1-3/4 
1-3/4 

2-5/16 
2-5/8 
2-7/8 3 

3-7/16 
4 

4-7/8 
5-1/32 
6-1/4 

3-15/32 
5.31 

19 MAX. 

SMALL-BUTTON NOVAR 9-PIN 

X Y 
30A 2.380 2.000 
308 3.005 2.625 
300 3.080 2.700 
30D 3.110 2.730 

OCTAL OR SMALL-SHELL SMALL 4-, 5-, 6-, OR 7- PIN 
-28- 
X Y 

28A 5-1/8 4-7/16 ± 5/32 
288 5-11/16 4-31/32 ± 5/32 

30E 2.125 1.750 30F 3.380 3.000 

All measurements in inches. 
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SKIRTED MINIATURE CAP 

LARGE-BUTTON NOVAR 9-PIN LARGE-BUTTON NOVAR 9-PIN 

x y 
32A 3.505 2.875-3.125 
32B 4.130 3.500-3.750 
32C 4.380 3.750-4.000 

X Y 
31A 2.880 2.500 
31B 3.130 2.750 
31C 3.880 3 500 310 3.380 3.000 

SMALL EMBOSSED CAP 
1.108 MAX!*— SMALL ^CAP 

LARGE BUTTON 
2-PIN 

-34- 
X Y 

34A 4.312 MAX. 3.7 MAX 
X Y 

33A 3.06 MAX. 2.52-2 

All meisurements in Inches. 



RCA Receiving Tube Manual 

1.188    
MAX' .SKIRTED 

. MINIATURE CAP 

MAGNOVAL 
9-PIN 

X Y 
35A 4.133 3.760 
35B 4.125 3.750 
35C 4.54 4.18 

TT16 I 
BULB 4.750 

MAX. Y., T12 
MAX. 

-38- - 
X Y 

38A 4-29/32 4-9/32 

All measurements in inches. 



Resistance-Coupled 

Amplifiers 

Resistance-coupled, audio- 
frequency voltage amplifiers utilize 

simple components and are capable of 
providing essentially uniform amplifica- 
tion over a relatively wide frequency 
range. 

Suitable Tubes 
In this section, data are given for 

48 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 
appropriate 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 
oilers several advantages over fixed- 
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 
toward 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 with- 

Type Chart No. 
3AU6 2 
3AV6 9 
3BC5/ 

3CE5 11 
3CB6/ 

3CF6 11 

4AU6 2 
4AV6 9 
4BQ7A/ 

4BZ7 10 
4CB6 11 
5BK7A 10 

5BQ7A 10 
5T8 5 
6AB4 4 
6AG5 11 
6AT6 5 
6AU6A 2 

6AV6 9 
6BC5/ 

6CE5 11 
6BK7B 10 
6BQ7A/ 

6BZ7/ 
6BS8 10 

Type Chart No. 
6FQ7/ 

6CG7 8 
6SL7GT 5 
6SN7GTB 8 

8CN7 
8FQ7/ 

8CG7 
9AU7 
12AT6 
12AT7/ 

ECC81 

12AU6 2 
12AU7A/ 

ECC82 3 
12AV6 9 
12AX7A/ 

ECC83 9 

12AY7 1 
12FQ7 8 
12SL7GT 5 
12SN7GTA 8 

3 5879P 6 
5879T 7 

11 7025 9 
5 7199P 12 
9 7199T 13 

6C4 
6CB6A/ 

6CF6 
6CN7 
6EU7 

T — Triode Unit or Triode Connection 
P = Pentode Unit or Pentode Connection 

KEY TO CHARTS 
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out encountering any difficulties due to 
coupling through the power unit. When 
decoupling filters are not used, not 
more than two stages should be op- 
erated from a single power-supply unit. 

Symbols Used in Resistance- 
Coupled Amplifier Charts 

C = Blocking Capacitor (/iF). 
Ck = Cathode Bypass Capacitor 

(/•F). 
C«j = Screen-Grid Bypass Capacitor 

G»f). 
Ebb = Plate-Supply Voltage (volts). 

Voltage at plate equals plate- 
supply voltage minus drop in Rp 
and Rk. 

Rk = Cathode Resistor (ohms). 
Rpa = Screen-Grid Resistor 

(megohms). 
R, = 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 ade- 
quate to swing the grid of 
the resistance-coupled amplifier 
tube to the point where its grid 
starts to draw current. 

Note: The listed values for Eo are the peak 
output voltages available when the grid is 
driven from a low-impedance source. The 
listed values for the cathode resistors are op- 
timum for any signal source. With a high- 
impedance source, protection against severe 
distortion and loss of gain due to input load- 
ing 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. 

General Circuit Considerations 
In the discussions which follow, 

the frequency (L) 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 below a satisfactory value, as 
discussed below. A variation of 10 per 
cent in values of resistors and capaci- 
tors has only slight effect on perform- 

ance. One-half-watt resistors are usually 
suitable for R^, Rg, RP, and Rk resistors. 
Capacitors C and Cgg should have a 
working voltage equal to or greater 
than Ebb. Capacitor Ck may have a low 
working voltage in the order of 10 to 
25 volts. 

f, 420~ fa 
FREQUENCY »• 

Triode Amplifier 
Heater-Cathode Type 

Capacitors C and Ck have been 
chosen to give an output voltage equal 
to 0.8 Eo for a frequency (fi) of 100 
Hz. For any other value of fi, multi- 
ply values of C and Ck by 100/f,. In 

P *"9 
CkT lRk 

Diagram No. 1 

the case of capacitor Ck, the values 
shown in the charts are for an amplifier 
with dc heater excitation; when ac is 
used, depending on the character of the 
associated circuit, the gain, and the 
value of fi, it may be necessary to in- 
crease the value of Ck to minimize 
hum disturbances. It may be desirable 
to operate the heater at a positive volt- 
age of from 15 to 40 volts with respect 
to the cathode. The voltage output at 
L of "n" like stages equals (0.8)" X Eo, 
where Eo is the peak output voltage of 
final stage. For an amplifier of typical 
construction, the value of U is well 
above the audio-frequency range for any 
value of Rp. 
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Pentode Amplifier 
Heater-Cathode Type 

Capacitors C, Ct, and CB2 have 
been chosen to give an output voltage 
equal to 0.7 x E<, for a frequency (L) 
of 100 cycles. For any other value of 
fi, multiply values of C, Ct, and CB2 
by 100/fi. In the case of capacitor Ct, 
the values shown in the charts are for 

jlfr-p 

ckf 1 

— - Ebb — 
Diagram No. 2 

an amplifier with dc heater excitation; 
when ac is used, depending on the 
character of the associated circuits, the 
voltage gain, and the value of L, it 
may be necessary to increase the value 
of Ct to minimize hum disturbances. 
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 L for 
"n" like stages equals (0.7)" x E. where 
Eo is peak output voltage of final stage. 
For an amplifier of typical construc- 
tion, and for Rp values of 0.1, 0.25, 
and 0.5 megohm, approximate values 
of ft are 20000, 10000, and 5000 Hz, 
respectively. 

Eo* V.G. 

® 
0.1 0.24 
0.24 0.51 
0.51 1.0 

13 24 
14 26 
16 27 

31 27 
33 29 
33 30 12AY7* 

0.1 
0.24 
0.51 

58 28 See Circuit 
30 30 Diagram 1 
56 31 

• One trlode unit. • Peak volts. 4 Coupling capacitors should be selected to give desired frequency response. Cathode resistors 
should be adequately bypassed. 
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0.22 0.22 0.340 
0.22 0.47 0.370 
0.22 1.0 0.380 
0.47 0.47 1.00 
0.47 1.0 1.00 
0.47 2.2 1.00 
1.0 1.0 1.90 
1.0 2.2 2.40 

0.22 0.22 
0.22 0.47 
0.22 1.0 
0.47 0.47 

180 0.47 1.0 
0.47 2.2 
1.0 1.0 
1.0 2.2 

0.22 0.22 0.530 
0.22 0.47 0.540 
0.22 1.0 0.540 
0.47 0.47 1.15 

300 0.47 1.0 1.22 
0.47 2.2 1.31 
1.0 1.0 2.50 
1.0 2.2 2.80 

5.8 0.0081 
5.4 0.0055 
5.3 0.0034 
2.8 0.0042 
2.7 0.0027 
2.8 0.0019 
1.7 0.0025 
1.7 0.0017 

8.8 0.0081 
8.7 0.0053 
8.6 0.0032 
5.5 0.0041 
5.4 0.0027 
5.4 0.0019 
3.2 0.0023 
2.8 0.0015 

13.2 0.0082 
13.2 0.0053 
13.1 0.0033 

8.4 0.0045 
7.4 0.0027 
7.2 0.0017 
5.3 0.0022 
4.2 0.0015 

16 79 
22 104 
25 125 
13 105 
17 137 
25 161 
10 139 
19 184 

31 143 
43 192 
48 223 
34 189 
43 249 
50 294 
33 230 
40 323 

53 200 
65 270 
74 316 
56 275 
72 357 
82 418 
57 352 
72 466 

0.047 0.047 
0.047 0.1 
0.047 0.22 
0.1 0.1 
0.1 0.22 
0.1 0.47 
0.22 0.22 
0.22 0.47 
0.22 1.0 

0.047 0.047 
0.047 0.1 
0.047 0.22 
0.1 0.1 
0.1 0.22 
0.1 0.47 
0.22 0.22 
0.22 0.47 
0.22 1.0 

0.047 0.047 
0.047 0.1 
0.047 0.22 
0.1 0.1 
0.1 0.22 
0.1 0.47 
0,22 0.22 
0.22 0.47 
0.22 1.0 

- 12i 
- 15i 
- 19 
- 30 
- 40 
- 53 
_ 88 
- 110 

3.2 0.061 
2.5 0.033 
2.0 0.015 
1.6 0.032 
1.1 0.015 
1.0 0.007 
0.7 0.015 
0.5 0.0065 

3.9 0.062 
2.9 0.037 
2.5 0.016 
1.9 0.032 
1.4 0.016 
1.1 0.007 
0.8 0.015 
0.56 0.007 

9 10 
11 11 
14 11 
10 11 
15 11 
18 11 
14 11 
20 11 

_ 0.43 0.0035 24 11 

20 11 
26 12 
29 12 
24 12 
33 12 
40 12 
31 12 
44 12 

_ 0.48 0.0035 54 12 

_ 4.1 
- 3.0 
- 2.4 
- 1.9 
- 1.3 
- 1.1 
- 0.9 
_ 0.52 0.007 
- 0.46 0.0035 

• One triode unit. 



Resistance-Coupled Amplifiers 643 

Eo* V.G. 

0.1 
0.1 
0.1 
0.22 

90 0.22 
0.22 
0.47 
0.47 
0.47 

0.1 
0.1 
0.1 
0.22 

180 0.22 

0.1 
0.1 
0.1 
0.22 

300 0.22 

l! i (4) 
13 28 W 
10 25 
14 28 
15 28 
13 26 6AB4 14 28 AX 
18 28 12AT 

18 20 31 
28 33 
31 34 
24 33 
35 33 I ^ee Circuit 
42 33 I Diagram 1 
31 31 
39 32 
45 32 

37 34 
57 34 
78 33 
50 33 
78 33 
85 32 
57 33 
81 32 

0.1 0.1 
0.1 0.22 
0.1 0.47 
0.22 0.22 
0.22 0.47 
0.22 1.0 
0.47 0.47 
0.47 1.0 
0.47 2.2 

0.1 0.1 
0.1 0.22 
0.1 0.47 
0.22 0.22 

180 0.22 0.47 
0.22 1.0 
0.47 0.47 
0.47 1.0 
0.47 2.2 

0.1 0.1 
0.1 0.22 
0.1 0.47 
0.22 0.22 

300 0.22 0.47 
0.22 0.1 
0.47 0.47 
0.47 1.0 
0.47 2.2 

- 5200 
- 6300 
- 7200 

5.4 22 
7.5 27 
9.1 30 
7.3 30 
10 34 
12 37 
10 36 
14 39 
16 41 

19 30 
25 35 
32 37 
24 38 
34 42 
38 44 
29 44 
38 46 
43 47 

74 50 
85 51 

6SL7GT 

12SL7GT 

• One triode unit. ♦ Peak volts. 
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As Pentode: 
5879 

Rp R. R* 

0,1 0.1 0.35 
0,1 0.22 0.35 
0.1 0.47 0.35 
0.22 0.22 0.80 
0.22 0.47 0.80 
0.22 1.0 0.80 
0.47 0.47 1.9 
0.47 1.0 1.9 
0.47 2.2 1.9 

0.1 0.1 0.35 
0.1 0.22 0.35 
0.1 0.47 0.35 
0.22 0.22 0.80 
0.22 0.47 0.80 
0.22 1.0 0.80 
0.47 0.47 1.9 
0.47 1.0 1.9 
0.47 2.2 1.9 

0.1 0.1 0.35 
0.1 0.22 0.35 
0.1 0.47 0.35 
0.22 0.22 0.80 
0.22 0.47 0.80 
0.22 1.0 0.80 
0.47 0.47 1.3 
0.47 1.0 1.3 
0.47 2.2 1.3 

E„* V.G. 

13 29 
17 39 
20 47 
15 43 
21 59 
24 67 
21 59 
25 75 
28 87 

24 39 
28 56 
33 65 
24 65 

As Triode: 

* Peak volts 
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0.047 
0.047 
0.047 
0.1 

90 0.1 

0.047 
0.047 
0.047 
0.1 

180 0.1 

0.047 
0.047 
0.047 
0.1 

300 0.1 

Rk Ce, Ck C Eo* V.G. 

1870 3.1 0.063 14 13 
2230   2.5 0.031 18 14 
2500 — 2.1 .0.016 20 14 
3370   1.8 0.034 15 14 
4100   1.3 0.015 20 14 
4800 — 1.1 0.006 23 15 
7000 _ 0.80 0.013 16 14 
9100 _ 0.65 0.007 22 14 

10500 — 0.60 0.004 25 15 

1500   3.6 0.066 33 14 
1860 — 2.9 0.055 41 14 
2160 — 2.2 0.015 47 15 
2750   1.8 0.028 35 15 
3550   1.4 0.015 45 15 
4140 — 1.3 0.007 51 16 
5150   1.0 0.016 36 16 
7000 0.71 0.007 45 16 
7800 — 0.61 0.004 51 16 

1300 3.6 0.061 59 14 
1580 — 3.0 0.032 73 15 
1800 — 2.5 0.015 83 16 
2500 — 1.9 0.031 68 16 
3130 — 1.4 0.014 82 16 
3900 _ 1.2 0.0065 96 16 
4800   0.95 0.015 68 16 
6500   0.69 0.0065 85 16 
7800 — 0.58 0.0035 96 16 

0.1 
0.1 
0.1 
0.22 

90 0.22 
0.22 
0.47 
0.47 
0.47 

0.1 
0.1 
0.1 
0.22 

180 0.22 

4400   2.7 0.023 5 29 
4700 — 2.4 0.013 6 35 
4800 — 2.3 0.007 8 41 
7000 _ 1.6 0.012 6 39 
7400 — 1.4 0.006 9 45 
7600 .— 1.3 0.003 11 48 

12000 — 0.9 0.006 9 48 
13000   0.8 0.003 11 52 
14000 — 0.7 0.002 13 55 

1800   4.0 0.025 18 40 
2000 — 3.5 0.013 25 47 
2200 — 3.1 0.006 32 52 
3000   2.4 0.012 24 53 
3500 — 2.1 0.006 34 59 
3900 — 1.8 0.003 39 63 
5800 — 1.3 0.006 30 62 
6700   1.1 0.003 39 66 
7400 — 1.0 0.002 45 68 

1300   4.6 0.027 43 45 
1500 — 4.0 0.013 57 52 
1700 — 3.6 0.006 66 57 
2200 — 3.0 0.013 54 59 
2800 — 2.3 0.006 69 65 
3100 — 2.1 0.003 79 68 
4300   1.6 0.006 62 69 
5200 — 1.3 0.003 77 73 
5900 — 1.1 0.002 92 75 

See Circuit 
Diagram 1 

1 One triode unit. * Peak volts. 
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Cgz Ck 

0.047 
0.047 
0.047 
0.10 

180 0.10 
0.10 
0.22 
0.22 
0.22 

E„* V.G. 

9 18 
13 19 
16 20 
12 19 
17 20 
20 20 
16 19 
21 20 
25 20 

25 23 
32 24 
35 25 
30 23 
32 24 
38 24 
35 22 
41 23 
49 23 

0.047 0.047 - 438 - 6.70 BE1 62 38 
0.047 0.1 - 542 - 5.50 0.032 48 

0.22 - 644 - 4.30 0.0 16 57 
0.10 - 1009 - 3.5 0.0 31 42 h 

J 0.22 - 1332 - 2.5 0.0 15 56 
s 0.47 - 1609 - 2.1 0.0 MB 64 
J 12 0.22 - 2623 - 1.5 0.0 15 m 
1 12 0.47 - 3900 - 1.1 0.0073 70 
5 22 1.0 - 4920 - 0.88 0.0039 84 

0.22 
0.22 
0.22 
0.47 

90 0.47 
0.47 
1.0 
1.0 

0.046 5.5 
0.049 5.5 

0.0084 
0.0054 
0.0034 
0.0044 
0.0029 
0.0020 
0.0023 
0.0017 

10 
16 
23 
10 111 
15 
18 
10 
11 

0.045 5.3 
0.033 2,9 
0.033 2.8 
0.031 2.6 
0.018 1.4 
0.016 1.2 

0.072 9.5 
0.062 8.5 
0.062 8.5 
0.059 6.0 
0.059 6.0 
0.059 5.8 
0.029 2.7 
0.029 2.7 

0.0090 
0.0053 
0.0034 
0.0048 
0.0031 
0.0020 
0.0022 
0.0016 

30 161 
36 208 
43 239 
34 183 
41 229 
46 262 
33 227 
38 281 

0.550 
0.620 
0.650 
1.00 
1.00 
1.00 
2.60 
2.60 

0.22 
0.22 
0.22 
0.47 

180 0.47 

0.22 
0.47 
1.0 
0.47 
1.0 
2.2 
1.0 
2.2 

0.22 
0.22 
0.22 
0.47 

300 0.47 

* One triode unit. 

0.085 13.0 
0.084 12.0 
0.081 11.0 
0.064 7.9 
0.061 7.6 
0.057 7.1 
0.044 5.2 
0.038 4.3 

* Peak volts 

51 223 
64 288 
74 334 
52 285 
67 363 
79 416 
51 334 
69 427 
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Hp R» Rg2 Rk Cg3 Ck C E„* V.G. 

0.22 0.22 0.560 3700 0.046 4.50 0.0090 12 73 
0.22 0.47 0.600 3900 0.043 4.30 0.0055 17 95 
0.22 1.0 0.640 4200 0.039 4.00 0.0033 19 109 
0.47 0.47 0.870 6000 0.036 2.70 0.0046 16 95 
0.47 1.0 0.980 6700 0.044 3.00 0.0030 22 113 
0.47 2.2 1.00 6700 0.043 2.80 0.0020 25 131 
1.0 1.0 2.00 12200 0.021 1.44 0.0028 15 119 
1.0 2.2 2.20 12800 0.024 1.74 0.0016 21 167 

0.22 0.22 0.530 1570 0.069 7.50 0.0088 32 82 
0.22 0.47 0.600 1730 0.064 7.40 0.0064 38 164 
0.22 1.0 0.650 1820 0.061 7.30 0.0034 45 190 
0.47 0.47 1.12 3200 0.053 5.30 0.0046 35 147 
0.47 1.0 1.40 3500 0.042 5.10 0.0028 40 209 
0.47 2.2 1.57 ' 3740 0.040 5.40 0.0019 45 250 
1.0 1.0 2.50 6500 0.039 2.80 0.0024 34 179 
1.0 2.2 3.40 7500 0.026 2.30 0.0015 39 277 

0.22 0.22 0.600 9200 0.086 11.2 0.0085 52 182 
0.22 0.47 0.670 1010 0.076 10.5 0.0052 66 236 
0.22 1.0 0.720 1100 0.076 10.0 0.0033 77 257 
0.47 0.47 1.25 1950 0.060 7.0 0.0044 41 221 
0.47 1.0 1.43 3210 0.053 6.4 0.0027 72 296 
0.47 2.2 1.45 2200 0.055 6.3 0.0019 82 345 
1.0 1.0 3.00 4100 0.040 4.2 0.0022 57 295 
1.0 2.2 3.30 4340 0.037 3.6 0.0016 74 378 

0.047 0.047 1292 _ 3.3 0.060 8 12 
0.047 0.1 — 1401 — 2.8 0.032 10 13 
0.047 0.22   1470 — 2.4 0.016 11 13 
0.10 0.1 — 2630   1.60 0.029 9 13 
0.10 0.22 — 3090   1.24 0.015 12 13 
0.10 0.47 — 3440 — 1.10 0.008 14 14 
0.22 0.22 — 6550 — 0.70 0.015 12 12 
0.22 0.47 — 8270   0.51 0.0077 16 12 
0.22 1.0 — 9130 — 0.44 0.0045 18 12 

0.047 0.047   723   4.0 0.061 16 14 
0.047 0.1 — 836   3.5 0.032 20 14 
0.047 0.22 — 948   2.9 0.016 24 15 
0.10 0.1 — 1543   2.0 0.031 17 14 
0.10 0.22 — 2002   1.6 0.016 24 14 
0.10 0.47 — 2522 "   1.2 0.0082 30 13 
0.22 0.22 _ 4390   0.79 0.015 24 13 
0.22 0.47 — 6122   0.57 0.0078 33 12 
0.22 1.0 ■ — 8060 — 0.47 0.0046 41 12 

0.047 0.047 534 4.0 0.061 27 15 
0.047 0.1 — 726   3.6 0.031 38 15 
0.047 0.22 — 840 — 3.0 0.015 44 15 
0.10 0.1 -. 1117   2.3 0.031 26 15 
0.10 0.22 — 1613   1.7 0.0155 41 14 
0.10 0.47 — 2043   1.31 0.0078 51 14 
0.22 0.22   3133   0.93 0.015 36 13 
0.22 0.47 _ 4480   0.69 0,0079 51 13 
0.22 1.0 — 4930 — 0.56 0.0045 55 13 

© 

Pentode 
Unit 

Tiiode 
Unit 

See Circuit 

* Peak volti 



Replacement Guide- 

Entertainment Receiving Types 

This guide was prepared to assist in the selection of current direct replacement 
tube types for foreign and domestic receiving tubes. Domestic and foreign receiv- 
ing tubes are listed in numerical alphabetical sequence with the RCA type that 
can be used as a direct replacement. Types replaceable only by themselves are 
not included. Whenever possible, a defective tube should be replaced by a type 
having the same number, or a superseding number. 
The primary considerations in selecting direct replacement tubes for this guide 
are1 (1) mechanical interchangeability, (2) electrical mterchangeability, (3) pe - 
formance characteristics similar to that of the original equipment. All replace- 
ments shown are unilateral — that is the RCA tube can replace the indicated 
type The reverse however, is not always permissible because of differences in 
electrical ratings. In some compact equipment designs, space limitations may make 
the suggested replacement impractical. 
Type to be Replace by 
Replaced RCA Type 

Type to be Replace by Replaced RCA Type 

OZA.OZAA 
0Z4G 
1AD2 
1AY2 
1B3GT 

1G3GT/ 
1B3GT 

1J3,1J3A 
1J3GT 
IKS.IKSGT 
1N2,1N2A 
1N5G 
1N5GT/G 
1P5G 
1P5GT 
1P5GT/G 
1P10 
1P11 
1U6* 1X2,1X24, 

1X2B 
1X2B/1X2A 
2A3H 
2AF4 
2AF4A 
2AF4B 

OZ4A/OZ4 
0Z4A/0Z4 
1AD2A 
1AY2A 1G3GTA/1B3GT 
1R5 
1U5 
1T4 
1S5 1G3GTA/1B3GT 

1G3GTA/1B3GT 
1K3A/113 lK3A/li3 
1K3A/1J3 
.1K3A/1J3 
1G3GTA/1B3GT 
1N5GT 
1N5GT 
1N5GT 
1N5GT 

1X2C 
2A3 2AF4B/2DZ4 
2AF4B/2DZ4 
2AF4B/2DZ4 
2BU2/2AH2 
2AS2A 
2AV2 
2BN4A 
2BU2/2AH2 
2CN3A 
20S4 2AF4B/2DZ4 
2CY5 
2GK5/2FQ5A 

2ES5 2GK5/2FQ5A 
2EV5 2CY5 
2FQ5 2GK5/2FQ5A 
2FQ5A 2GK5/2FQ5A 
2FS5 2GK5/2FQ5A 
2GU5 2FS5 
2GK5 2GK5/2FQ5A 
2HA5 2GK5/2FQ5A 
2HQ5 2GK5/2FQ5A 
2T4* 2AF4B/2DZ4 
3A3,3A3A, 

3A3B 3A3C 
3A3A/3B2 3A3C 
3AF4 3AF4A/3DZ4 
3AF4A 3AF4A/3DZ4 
3AF4B 3AF4A/3DZ4 
3AT2,3AT2A 3AT2B 
3AU6 3BA6 
3AW2 3AW2A 
3AW3 3A3C 
3B2 3A3C 
3B5 3Q5GT 
3BA6 3AU6 
3BC5 3BC5/3CE5 
3BL2 3BL2A 
3BN4. 3BN4A 
3BS2.3BS2A 3BW2/3BS2A/ 3BT2 
3BT2 3BW2/3BS2A/ 

3BT2 

3BW2 3BW2/3BS2A/ 
3BT2 

3BU8 3BU8/3GS8 
3BU8A 3BU8/3GS8 
3BY6 3CS6 

3C5GT 3Q5GT 
3CB6 3CB6/3CF6 
3CE5 3BC5/3CE5 
3CF6 3CB6/3CF6 
3CN3 3CN3B 

Type to be Replace by 
Replaced RCA Type 
3CN3A 3CN3B 
3CU3 3CU3A 
3CY3 3DB3/3CY3 
3CZ3 3CZ3A 
3DB3 3DB3/3CY3 
3DE6 3BZ6 
3DF3 3CX3 
3DT6 3DT6A 
3DZ4 3AF4A/3DZ4 
3EA5 3CY5 
3EH7 3EH7/XF183 
3EJ7 3EJ7/XF184 
3EV5 3CY5 
3FH5* 3ER5 
3FQ5 3GK5 
3FQ5A 3GK5 
3FY5 3GK5 
3GS8 3BU8/3GS8 
3GU5* 3FS5 
3HA5 3HM5/3HA5 
3HM5 3HM5/3HA5 
3HS8 3BU8/3GS8 
3JC6 3JC6A 
3KF8 3BU8/3GS8 
3M-V7 3BZ6 
3M-R24 3DK6 
3Q5G 3Q5GT 
3Q5GT/G 3Q5GT 
4BA6* 4AU6 
4BC5 4BZ6 

4BC8 4BQ7A/4BZ7 
4BL8 4BL8/XCF80 
4BQ7 4BQ7A/4BZ7 
4BS8 4BQ7A/4BZ7 
4BU8 4BU8/4GS8 

4BU8A 4BU8/4GS8 
4BY6 4CS6 
4BZ7 4BQ7A/4BZ7 
4BZ8 4BQ7A/4BZ7 
4CF6 4CB6 

★ Renlacement type may not work in some circuits. 
* Use replacement type in parallel heater circuits only. 
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Type to be Replace by 
Replaced RCA Type 
4DE6 4BZ6 
4DK6 4BZ6 
4DT6 4DT6A 
4EH7 4EH7/LF183 
4EJ7 4EJ7/LF184 
4ES8 4ES8/XCC189 4FQ5 4GK5 
4FQ5A 4GK5 
4FY5 4GK5 
4GJ7 4GJ7/XCF801 

Type to be 
Replaced 

Replace by 
RCA Type Type to be 

Replaced 

4GM6 
4GS7 ★ 
4GS8 
4GS8/4BU8 
4HA5 

4EW6 
4LJ8 
4BU8/4GS8 
4BU8/4GS8 
4HA5/PC900 
4HQ5 
4HQ5 
4JC6A 
4BU8/4GS8 
4JD6 
4JG6A 
4BZ6 
4HS8 
4KN8/4RHH8 
4BQ7A/4BZ7 
4KN8/4RHH8 
5AR4/GZ34 
5AS4A 
5U4GB 
5V3A/5AU4 

6AC7 
6AF6G 
6AF4A 
6AF6G 
6BC5/6CE5 
6AG7 
6AK5/EF95 
6AK8/EABC80 
6AL3/EY88 6AM4 
6AM8A 
6AN8A 
6AQ5A 
6AQ8/ECC85 
6JH8 

Replace by 
RCA Type 
6BG6G 
6BH3A 
6BJ6 
6BK4C/6EL4A 
6BK4C/6EL4A 
6BK4C/6EUA 
6BK4C/6EL4A 
6AQ6 
6BK7B 
6BK7B 

6BL7GTA 
6BL8/ECF80 
6BM8/ECL82 
6BN4A 
6BN6/6SK6 

6BQ5/EL84 
6BQ6GTB/6CU6 
6BQ6GTB/6CU6 
6BQ6GTB/6CU6 
6BQ6GTB/6CU6 

6BQ6GT8/6CU6 
6BQ7A/6BZ7/ 

6BS8 
6BQ7A/6BZ7/ 

6BS8 
6BR3/6RK19 
6BR8A/6FV8A 
6BR8A/6FV8A 
6BS3A 
6BQ7A/6BZ7/ 

6BS8 
6BF6 
6BU8 
6CG3/6BW3/ 

6DQ3 
6BQ7A/6BZ7/ 

6BS8 

5BQ7A 
5BQ7A 
5BR8/5FV8 
5Y3GT 
5FG7 

6AW8A 
6AX4GTB, 

6DM4A/6DA4 
6AX4GTB, 

6DM4A/6DA4 

6BY5GA 
6CS6 
6BE3/6BZ3 
6BQ7A/6BZ7/ 

6BS8 
6BC8/6BZ8 
6C5 
605 
605 
6BL8/ECF80 

5BR8/5FV8 
5GH8A 
5GJ7/LCF801 
5HZ6 
5GH8A 

5J6 
5BQ7A 
4BL8/XCF80 5U4GB 
5U4GB 

5V3A/5AU4 
5V3A/5AU4 
5V4GA 

6AY3B 
6AY3B 
6BA6/EF93 
6BA8A 
6BC5/6CE5 

6BC8/6BZ8 
6AT6 
6BK4C/6EL4A 
6BK4C/6EL4A 
6AF11 
6BE3/6BZ3 
6FG7 
6FG7 
6BE3/6BZ3 
6BE3/6BZ3 6CG3/6CD3 

6K8 
6CA7/EL34 
6CB5A 
6CB6A/6CF6 
6CB6A/6CF6 

6CE3/6CD3/ 
6DT3 

6CD6GA 
6CE3/6CD3/ 

6DT3 

6BC5/6CE5 
6CB6A/6CF6 
6CG3/6BW3/ 

6DQ3 
6CG3/6BW3/ 

6DQ3 
* Replacement type may not work in some circuits. 
* Use replacement type in parallel heater circuits only. 
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Replace by 
RCA Type 
6BD6 
6FQ7/6CG7 
6CG8A 
6CJ3/6CH3 
6CJ3/6CH3 
6CL3/6CK3 
6CL8A 
6DE4/6CQ4 
6DS4 
6CW5/EL86 
6BQ6GTB/6CU6 
6CY5 
6J6A 6AL5 
6AX4GTB, 

6DM4A/6DA4 
6AX4GTB, 

60M4A'6[>A4 
6ES8/ECC199 
6DL4/EC88 
6DL5/EL95 
6DM4A/6DA4 
6DM4A/6DM4 
6CG3'6BW3/ 

6DQ3 
6GW6/6DQ6B 
6GW6/6DQ6B 
6CE3'6CD3/ 

6DT3 
6AX4GTB, 

6DM4A/6DA4 
6DT6A 
6DW4B 
6DW4B 
6DX8/ECL84 
6EV5 
6EM7/6EA7 
6EC4A/EY500 
6EC4A/EY500 
6EH4A 
6CU5 
6EH7/EF183 
6EJ4A 
6EJ7/EF184 
6BK4C/6EL4A 
6BK4C/6EL4A 
6EM7/6EA7 
6ES8/ECC189 
6KU8 
6CD6GA 
6EZ5 

6AC7 
6EJ7/EF184 
6EH7/EF183 
6EJ7/EF184 
6AU6A 
6AK5/EF95 
6AH6 
6FG6/EM84 
6FG6/EM84 

Type to be Replace by 
Replaced RCA Type 
6FQ5 6GK5/6FQ5A 
6FQ5A 6GK5/6FQ5A 
6FQ7 6FQ7/6CG7 
6FV8 6BR8A/6FV8A 
6FV8A 6BR8A/6FV8A 
6FW8 6ES8/ECC189 
6FY5 6FY5/EC97 
6GB3A 66G6GTB/6CU6 
6GB5 6GB5/EL500 
6G86 6GW6/60Q6B 
6GB7 6GW6/6DQ6B 
6GF7 6GF7A 
6GH8 6GH8A 
6GJ5 6G15A 
6G17 6GJ7/ECG801 
6GK5 6GK5/6FQ5A 
6GK17 6AU4GTA 
6GS8 6BU8 
6GT5 6GT5A 
6GU5* 6FS5 
6GV8 6GV8/ECL85 
6GW6 6GW6/6DQ6B 
6GW8 6GW8/ECL86 
6GX6 6GY6/6GX6 
6GY6 6GY6/6GX6 
6H6G 6H6 
6H6GT 6H6 
6H6GT/G 6H6 
6H31 6BE6 
6HA5 .6HM5/6HA5 
6HA6 6HB6/6HA6 
6HB6 6HB6/6HA6 
6HE5 61B5/6HE5 
6HG8 6HG81ECF86 
6HK5* 6HM5/6HA5 
6HM5 6HM5/6HA5 
6HQ6 61H6 
6HT6 61D6 
6HU6 6HU6/EM87 
6HU8 6HU8/ELL80 
6HV5 6HV5A 
6HZ5 6HZ5/61D5 
6HZ8* 6GN8 
6!5G 615 
6I5GT 615 
6J5GT/G 615 
616 616A 
6I7G 617 
6I7GT 617 
6110 6Z10/6J10 
6JA8* 6GN8 
6JB5 61B5/6HE5 6JB6 6JB6A 
6JC6 61C6A 
61D5 6HZ5/6JD5 
61E6 6LQ6/61E6C 
6IE6A 6LQ6/61E6C 
61E6B 6LQ6/61E6C 
6IE6C 6LQ6/61E6C 
6JG6 61G6A 
61L6 61K6 
61M6 61M6A 
61N6A 61N6 
6186 6JS6C 
61S6A 6JS6C 

Type to be 
Replaced 

Replace by 
RCA Type 
6JS6C 
6JT6A 
6JU8A 
6JW8/ECF802 
6K6GT 

6K11/6Q11 
6U8A/6KD8 
6BU8 
6KN8/6RHH8 
6KR8 
6BN6/6KS6 
6KV6A 

6LJ6A/6LH6A 
6LJ6A/6LH6A 
6LJ6A/6LH6A 
6LN8/LCF80 
6LQ6/6JE6C - 

6N7 
6N7 
6AQ5A 
6BQ5/EL84 
6BM8/ECL82 
6Q7 
6Q7 
6K11/6Q11 
6BC8/6BZ8 
6KN8/6RHH8 

6SA7GT 
6SA7GT/G 
6SB7 
6SC7GT 
6SF5GT 

★ Replacement type may not work in some circuits. 
* Use replacement type in parallel heater circuits only. 
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Type to be Replace by 
Replaced RCA Type Type to be 

Replaced 

6SK7GT/G 
6SN7GT 
6SN7GTA 
6SQ7G 
6SQ7GT 
6SQ7GT/G 
6SR7G 
6SR7GT 
6T4 
6T5 

6SK7 
6SN7GTB 
6SN7GTB 
6SQ7 
6SQ7 

6T8A 
6U5 
6U8A/6KD8 
6U8A/6KD8 
6U9/ECF201 
6V6,6V6GT 
6V6,6V6GT 
6V6,6V6GT 
6W4GT 
6W6GT 
6X5GT 
6X5GT 
6X8A 
6X9/ECF200 
6Y6GA/6Y6G 
6Y6GA/6Y6G 
6Y6GA/6Y6G 
6Y9/EFL201 
84/674 
6Z10/6J10 
6X4 
6CA7/EL34 
7HG8/PCF86 
9A8/PCF80 
8AW8A 

8FQ7/8CG7 
8CW5/XL86 
8CW5/XL86 
8GN8/8EB8 
8FQ7/8CG7 
8GJ7/PCF801 
8GN8/8EB8 
8GN8/8EB8 
81 USA 
8AW8A 
9A8/PCF80 
9U8A 
9GH8A 
9GV8/XCL85 
9KX6 
10DE7 
9U8A 
10CW5/LL86 
12AL5 
10DX8/LCL84 
10GN8 
10GF7A 

12AU7 
12AU7A 
12AV5GT 
12AX4GT 
12AX4GTA 

12BE6A 
12BH7 
12BQ6GA 
12BQ6GT 
12BQ6GTA 
12BQ6GTB 
12BR3 

Replace by 
RCA Type 
10GV8/LCL85 
10JA8/10LZ8 
10JA8'10LZ8 
50BM8/UCL82 12V6GT 

12AE6A 
12AF3/12BR3/ 

12RK19 
12AT7/ECC81 
12AU6 
12AU7A/ECC82 
12AU7A/ECC82 
12AV5GA 
12AX4GTB 
12AX4GTB 
12AX7A/ECC83 
12AX7A/ECC83 
12AY3A 
12AZ7A 
12B4A 
13GB5/XL500 
12AV6 
12AT6 
12BA6 
12BE3 
12BE6 
12BH7A 
12BQ6GTB/12CU6 
12BQ6GTB/12CU6 
12BQ6GTB/12CU6 
12BQ6GTB/12CU6 
12AF3/12BR3/ 

12RK19 
12BR7 
12BS3A/12DW4A 
12BF6 
12BY7A/12BV7/ 

12DQ7 
12BY7A/12BV7/ 12DQ7 
12CU5/12C5 
12CL3 
12CU5/12C5 
12BQ6GTB/12CU6 12BL6 
12D4 
12AX4GTB 
12AX4GTB 
12GW6/12DQ6B 
12GW6/12DQ6B 
12GW6/12DQ6B 
12GW6/12DQ6B 
12BY7A/12BV7/ 

12DQ7 
12DS7 
12BS3A/12DW4A 
6CA7/EL34 
12FX5 
12CA5 

Type to be 
Replaced 

Replace by 
RCA Type 

12GB7 12GW6/12DQ6B 
12GN7 12HG7/12GN7A 
12GN7A 12HG7/12GN7A 
12GT5A 12GT5 
12GW6 12GW6/12DQ6B 
12H31 12BE6 
12HG7 12HG7/12GN7A 
12J5 12J5GT 
12JB6 12JB6A 
12JN6A 12JN6 
12JT6 12JT6A 
12KL8* 12EQ7 
12RK19 12AF3/12BR3/ 

32RK19 12RLL3* 12AV7 
12SA7G I2SA7 
12SA7GT 12SA7 
12SA7GT/G 12SA7 
12SF7GT 12SF7 
12SG7GT 12SG7 
I2SH7GT 12SH7 
12SJ7GT 12SJ7 
12SK7G 12SK7 
12SK7GT 12SK7 
12SK7GT/G 12SK7 
12SN7GT 
12SQ7G 
12SQ7GT 
12SQ7GT/G 13DE 

17BQ6GTB 
17BR3 
17BS3A 
17BZ3 
17C5 

12SN7GTA 
12SQ7 
12SQ7 
12SQ7 
6SN7GTB 
13EM7/15EA7 
13FM7/15FM7 13FD7 
13GB5/XL500 13GF7A 
13Z10/13J10 
13Z10/13J10 
14GT8 
34GT8 
15BD11A 
15CW5/PL84 
13EM7/1SEA7 
13DE7 
13FM7/15FM7 
15KY8A 

15KY8A 
16AQ3/XY88 
16LU8A 
17AB10/17X10 

17GW6/17DQ6B 
17BR3/17RK19 
17BS3A/170W4 
17BE3/17BZ3 
17CU5/17C5 

★ Replacement type may not work in some circuits. 
Use replacement type in parallel heater circuits only. 
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Type to be Replace by 
Replaced RCA Type 
17C9A 17C9 
17CL3 17BS3A/17DW4B 
17CU5 17CU5/17C5 
17CQ4 17DE4 
17D4 17DM4A 
17D4A 17DM4A 
17DL8 15KY8A 
17DM4 17DM4A 
17DQ4 17DM4A 
17DQ6 17GW6/170Q6B 
17DQ6A 17GW6/17DQ6B 
17DQ6B 17GW6/17DQ6B 
17DQ6B/ 

17GW6 17GW6/17DQ6B 
17DW4A 17BS3A/17DW4A 
17EW8 17EW8/HCC85 
17GB3 ' 17GW6/17DQ6B 
17G15 17GJ5A 
17GT5 17GT5A 
17GW6 17GW6/17DQ6B 
17JB6 171B6A 
171G6 17JG6A 
171 MB 171M6A 
171N6A 171N6 
171T6 17JT6A 
17JZ8A 171Z8 
17KV6 17KV6A 
17LD8 15KY8A 
17RK19 17BR3/17RK19 
17X10 17AB10/17X10 
17Z3 17Z3/PY81 
18FW6 18FW6A 
18FX6 18FX6A 
18FY6 18FY6A 
18GB5 18GB5/LL500 
18GD6 18GD6A 
18GV8 18GV8/PCL85 
19AU4 19AU4GTA 
19AU4GT 19AU4GTA 
19CL8A 191N8/19CL8A 
19EA8A 19EA8 
191N8 19iN8/19CL8A 
19MR9 18G06A 
19MR19 18FW6A 
19TA8 19T8 
20AQ3 20AQ3/LY88 
21EX6* 25CD6GB 
21HB5 21HB5A 
2US6 231S6A 
21JS6A 231S6A 
22BH3 22BH3A 
221F6 22KM6 
221G6 221G6A 
23186 231S6A 
24JE6 24LQ6/24JE6C 
241E6A 24LQ6/24JE6C 
241E6B 24LQ6/241E6C 
241E6C 24LQ6/241E6C 
25AV5GT 25AV5GA 
25BQ6GA 25BQ6GTB/25CU6 
25BQ6GT 25BQ6GTB/25CU6 
25BQ6GTB 25BQ6GTB/25CU6 
25CA5 25C5 
25CD6G 25CD6GB 
25CD6GA 25CD6GB 

Type to be 
Replaced 

25L6 
25L6G 
25L6GT/G 
25W6GT 
25Z6 
25Z6GT/G 
27GB5 
29KQ6 
30C1 
30P4 

34GD5 
35C5A 
35EH5A 
35L6G 
35L6GT/G 

50HC6 
50L6G 
50Y6G 
50Y6GT/G 
52 KU 

Replace by 
RCA Type 
25BQ6GTB/25CU6 
25CD6GB 
25E5/PL36 
25CD6GB 
25F5A 
25L6GT/25W6GT 
25L6GT/25W6GT 
25L6GT/25W6GT 
25L6GT/25W6GT 
25Z6GT 
25Z6GT 
27GB5/PL500 
29KQ6/PL521 
9A8/PCF80 
25E5/PL36 
15CW5/PL84 
25E5/PL36 
16A8/PCL82 
16GK6 
16GK6 

Type to be 
Replaced 

36KD6/40KD6 
36KD6/40KD6 
40KG6A/PL509 
42 
42EC4A/PY500 
50BM8/UCL82 
50BM8/UCL82 
50EH5 
50EH5 
50GY7A 
50HK6 
50L6GT 
50Y6GT 
50Y6GT 
5AR4/GZ34,5V4G 
5AR4/GZ34,5V4G 
5AR4/GZ3415V4G 
6C6 
n7N7GT 
5Z3 

5V4G 
6X4 
6L6GC 
12AX7A/ECC83 

Replace by 
RCA Type 
1G3GTA/1B3GT 
6J7 
185 
12SN7GTA 
6SN7GTB 
12AT7/ECC81 
12AT7/ECC81 
12AU7A/ECC82 
12AX7A/ECC83 
6AQ8/ECC85 
12AT7/ECC81 
12AU7A/ECC82 
12AX7A/ECC83 
6AQ5A 
4BL8/CXF80 

6AK8/EABC80 
1R5 
3Q5GT 
384 
3V4 

6AK5/EF95 
1G3GTA/1B3GT 
1X2C 
12AT7/EGC81 
12AU7A/ECC82 
12AX7A/ECC83 
6AL5 
6AK8/EABC80 
6H6 
6AL5 
6AT6 
6AT6 
6BL4/EC88 
6C4 
6AB4 
6AF4A 
6ER5 
6FY5/EC97 
6HM5/6HA5 
6SN7GTB 
6SL7GT 
12AT7/ECC81 
12AU7A/ECC82 
12AX7A/ECC83 
6AQ8/ECC85 
6ES8/ECC189 
6J6A 
6BQ7A/6BZ7/ 

6BS8 
12AU7A/ECC82 
6ES8/ECC189 
12AT7/ECC81 
12AU7A/ECC82 

★ Replacement type may not work in some circuits. 
* Use replacement type in parallel heater circuits only. 
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Replace by 
RCA Type 
12AX7A/ECC83 
6BL8/ECF80 
6GH8A 
6GH8A 
6X9/ECF200 
6U9/ECF201 
6GJ7/ECF801 
6JW8/ECF802 
6C10 
6BM8/ECL82 
6DX8/ECL84 
6GV8/ECL85 
6GW8/ECL86 
6AQ7A/6BZ7/ 

6BS8 
6J7 
6BY8 
6AU6A 
6AU6A 
6AK5/EF95 
6BC5/6CE5 
6EH7/EF183 
6EJ7/EF184 
6BZ6 
6EH7/EF183 
6EJ7/EF184 
6AK5/EF95 
6Y9/EFL201 
6CS6 
6BE6 
7C5 
6CA7/EL34 
6BQ5/EL84 
6CW5/EL86 
6AQ5A 
6DL5/EL95 
12BY7A/12BV7/ 

12DQ7 
6GB5/EL500 
6HU8/ELL80 
6U5 
6F6G/EM84 
6HU6/EM87 
6AL3/EY88 
6EC4A/EY500 

5Y3GT 
5AR4/GZ34,5V4G 
5AR4/GZ34,5V4G 
5AR4/GZ34,5V4G 
6F5 
12AL5 
12AT6 
12AT6 
17EW8/HCC85 
6BQ6GTB/6CU6 
25BQ6GTB/25CU6 
12AU6 
12AU6 
12BE6 
50C5 

Replace by 
RCA Type 
6BE6 
35W4 
12X4 
25L6GT/25W6GT 
6F6 
6L6GC 
50L6GT 
6CA7/EL34 
7C5 
6CA7/EL34 

3HM5/3HA5 
5U9/LCF201 
5GJ7/LCF801 
6LX8/LCF802 
11BM8 
10DX8/LCL84 
10GV8/LCL85 
4EH7/LF183 
4EJ7/LF184 
1DCW5/LL86 
18GB5/LL500 
50BM8/UCL82 
20AQ3/LY88 
9A8/PCF80 
9A8/PCF80 
6C4 
6J6A 
6BA6/EF93 
12AU7A/ECC82 
12AX7A/ECC83 
12AT7/ECC81 
6AQ5A 
3Q5GT 
3Q5GT 
384 
3Q4 
3V4 
6F6 
7C5 
25E5/PL36 
16A8/PCL82 
6BQ5/EL84 
6AQ5A 
12SQ7 
6SA7 

4HA5/PC900 
7AU7 
9A8/PCF80 
7HG8/PCF86 
8GJ7/PCF801 
16A8/PCL82 
15DQ8/PCL84 
18GV8/PCL85 
16GK6 
6A8 

Type to be 
Replaced 

Replace by 
RCA Type 

PL36 25E5/PL36 
PL84 15CW5/PL84 
PL500 27GB5/PL500 
PL509 40KG6A/PL509 
PL521 29KQ6/PL521 
PM04 6AU6A 
PM05 6AK5/EF95 
PY81 17Z3/PY81 
PY83 17Z3/PY81 
PY88 30AE3/PY88 
PY500 42EC4A/PY500 
PY800 17Z3/PY81 
QA2401 6C4 
QA2404 6AL5 
QA2406 12AT7/ECC81 
QB309 12AT7/ECC81 
QL77 6C4 
R-19 1X2C 
R-52 SARA/GZSA.SVAG 
RJ2 5Y3GT 
T2M05 616A 
U41 1G3GTA/1B3GT 
U50 5Y3GT 
U52 5U4GB 
U54 SARA/GZSA.SVAG 
U70 5AR4/GZ34,5V4G U78 6X4 
U707 6X4 
U709 6CA4 
UCL82 50BM8/UCL82 
UCL83 50BM8/UCL82 UU12 6CA4 
V153 17Z3/PY81 V741 6C4 
VSM70 6X4 
W17 1T4 W61 6K7 
W63 6K7 
W727 6AU6A X17 1R5 
X63 6A8 X64* 6L7 
X77 6BE6 
X107 18FX6A X150 6C10 
X727 6BE6 
XC900 2HA5 XCC82 7AU7 
XCC189 4ES8/XCC189 
XCF80 4BL8/XCF80 
XCL85 9GV8/XCL85 
XF94 3AU6 
XF183 3EH7/XF183 XF184 3E17/XF184 
XL86 8CW5/XL86 
XL500 13GB5/XL500 XXA-91 3AL5 
XY88 16AQ3/XY88 Y61 6U5 
YC95 3ER5 
YCL180 5BQ7A YF183 4EH7/LF183 
YF184 4EJ7/LF184 
Z14 1N5GT Z63 6J7 

* Replacement type may not work in some circuits. 
* Use replacement type in parallel heater circuits only. 



Replacement Guide—Industrial 

Receiving Types 

How to Use 

The Replacement Guide consists of a series of three columns. 
Column 1: Type Designation of Type to be Replaced. 
Note: Types are indexed in a special numerical sequence; check the 

steps below before proceeding! 
a. Locate the first numerical field in the type designation. Ignore all 

letters that come before the first number; read the number to the end, or 
up to a letter, hyphen or slash. Note the first numerical field underlined in 
the following examples: 

OA2, GQ5G, T66G-GT, E182F, 7866, and 8532/6J4WA. 
b. Type designations consisting entirely of letters are listed in alpha- 

betical order at the end of the Guide. 
c. Types are ordered in numerical sequence of the first numerical field 

described in (a). 
d. Types with the same first numerical field are then ordered by the 

next character as follows: end of designation, slash, hyphen, and letter: 
E81CC, CC81E, AA91E, E91N. 
e. If more than one type in (d) is the end of the type designation, the 

types are ordered alphabetically by the letter prefixes: 
EC71, EF71, EL71. 
{."if more than one type in (d) is followed by a slash, hyphen, or letter 

the types are ordered alphabetically or numerically according to the field 
following the slash or hyphen or the alphabetical field including the letter. 

TQ1/2, QEL1/150, CT1/2500, TD1-100A, QV1-150A, XG1-2500 
Column 2: Direct RCA Replacement Type. 
RCA types shown in this column are direct replacements for correspond- 

ing types to be replaced. 
Column 3: Similar RCA Replacement Type. 
RCA types shown in this column are not directly interchangeable 

with the types to be replaced because of differences in mechanical and/or 
electrical characteristics. For more information as to degree of inter- 
changeability, refer to respective tube data. 

Types replaceable only by themselves are not included. 

Type to be 
Replaced 

0A3/VR75 

RCA Replacement 
Direct Similar 

0A2 0D3 
0A2WA 0D3A 
0A2WA 0A2 

093 
0D3A 

0A3 0C2 
0A3A 

Type to be 
Replaced 

RCA Replacement 
Direct Similar 

0A3A 0A3 
0C2 

032 003 
0B2WA 0C3A 

0B2WA 0B2 
003 
0C3A 

002 0A3 
0A3A 
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Type to be 
Replaced 

RCA Replacement 
Direct Similar 

Type to be 
Replaced 

RCA Replacement 
Direct Similar 

5726 6AL5 
 6663/6AL5 

6005 6AQ5A 
6AS6 
5725   
5725 6AS6 
6AS7G 6080 
6AS7GA  
6AS7GA 6AS7G 

6AS7GYB 

5R4GYB 
2076/5R4GYB 
5R4GYB 
2076/5R4GYB 

5R4GYB 
2076/5R4GYB 
6L6 6L6GC 
 6AC7 
 6AC7 
 6AC7 
 6AG5 
 6AG7 
 6AH6 

5654 6AK5/EF95 

6SJ7WGT 

6SL7WGT 

6SN7GTY 

12AT7WA 

12AT7WB 

12AU7WA 

6AU6WB 6AU6A 
 6136 

6AU6WB 6AU6A 
6AU6WA 

  6136 
5749 6BA6/EF93 

6BE6 
 5760 

6DJ8/ECC88  
 614  
 614  

6J6A 
 5964 

6J6A 
 5964 

616 
 6L6GC 

6SJ7 
5693  
6SJ7 

 5693 
6SL7GT 

 5691  
6SN7GTB 
 5692  

6V6 
 6V6GT 

6V6 
 6V6GT 

6202 
6X4W 
12AT7W 6201 
12AT7WB 6679/12AT7 
12AT7WB 12AT7WA 

6201 
 6679/12AT7 

6680/12AU7A 
 12AU7A/ECC82 
6681/ 12AX7A/ECC83 



656 RCA Receiving Tube Manual 

Type to be 
Replaced 

RCA Replacement 
Direct Similar 

7724/14GT8 
2D21 
5727 

Type to be 
Replaced 

STV108/30 

WTT-114 
WTT-115 
WTT-122 

RCA Replacement 
Direct Similar 
082 003 
0B2WA 0C3A 
082 003 
0B2WA 0C3A 
0Z4A/0Z4  
 117N7GT 

6SJ7 

5642 
5718 
6021 
5718 
0A3 
0A3A 
6201 
12AT7WA 
12AT7WB 
6DJ8/ECC88 
6922/E88CC 
3A5 
12A6 
2021 
5727 
5726 

E95F 
WTT-100 
WTT-102 
WTT-103 
VR105 

6AL5 
6663/6AL5 
6AL5 
6663/6AL5 
2021 

6AK5/EF95 
6X4 
5Y3GT 
6H6 
082 
0B2WA 

0A2 003 
0A2WA 0D3A 
0A2 003 
0A2WA 0D3A 
003 0A2 
0D3A 0A2WA 
5847/404A 

6679/12AT7 
12AT7/ECC81 
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Type to be RCA Replacement 
Replaced Direct Similar 

Type to be RCA Replacement 
Replaced Direct Similar 

WT210-0019 83 WT308 6X5GT 
WT210-0021 6X5GT 310A 6C6 
WT210-0028 3Q5GT 310B 1620 
WT210-0029 6C5 328A 6C6 
WT210-0040 6X4W 6X4 348A 1620 
WT210-0042 5Y3GT 349A 6K6GT 
WT210-0048 5U4G 

5U4GB 
351A 6X5GT 
WT389 3Q5GT 

WT210-0060 0Z4A/0Z4 WT390 6C5 
WT210-0061 117N7GT 395A 5823 
WT210-0077 5727 2021 403A 6AK5/EF95 

5654 WT210-0081 6SJ7 
5697 403B 6AK5/EF95 

5654 WT210-0082 6V6 
6V6GTA 404A 5847/404A 

WT210-0084 6N7 
. 6N7GT 

417A 5842/417A 
421A 6AS7G 

6080 WT210-0085 50B5 
WT210-0087 6K8 
WT210-0088 6J5 
 6J5GT 
WT210-0090 6C6 
WT210-0091  0Z4A/0Z4 
WT210-0108 6AS7G 
 60§  
CV216 0D3 0A2 
  0D3A 0A2WA 
217A 80 

6680/12AU7A 
12AU7A/ECC82 
6680/12AU7A 
12AU7A/ECC82 
OD3 
OD3A 

Jasm 

ECC802S 

S856 

S860 

5654 6AK5/EF95 
9001 

245 884 
WT246 2050 

2050A 
WT261 6H6 
WT261A 6H6 
WT269 0C3 

0C3A 
0B2 
0B2WA 

WT270 80 
WT270X 5Z3 
274A 5R4GYB 

2076/5R4GYB 
274B 5R4GYB 

2076/5R4GYB 

CR275/866A/ 
3B28 886A 

WT294 003 
0D3A 

0A2 
0A2WA 

Z300T 0A4G 
WT301 83 
301A 83 
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Type to be RCA Replacement 
Replaced Direct Similar 

5651A 
5842/417A 

CV2742  M 

Type to be 
Replaced 

RCA Replacement 
Direct Similar 

6679/12AT7 

5842/417A 

6BA6/EF93 
6AS6 1631 

6679/12AT7 12AT7WA 
12AT7WB 
5726 

CV4024 

6AL5 
6663/6AL5 
0B2 
0C3 
0C3A 

CV4025 
1852 
E1955 0B2WA CV4028 

2057/6H6 
2076/5R4GYB 

2081/6AW8A 
2082/12AY7 
CV2129 
CV2240 
CV2241 
QS2404 
QS2406 

2050 
2050A  
 6H6 

2076/ 
5R4GYB 

5R4GYB  
2081/6AW8A 6AW8A 

12AY7 

5642  
5726  
6201 12AT7WA 

12AT7WB 
6679/12AT7 

6922/E88CC 
6AS6 
5725 

5590/401B 

5591/403B 

0C3 
0C3A 
0D3 
0D3A 
12AT7WA 
12AT7WB 
6679/12AT7 
5654 
6AK5/EF95 
5654 
6AK5/EF95 
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Type to be - 
Replaced 

5651 
5651WA 
5654 
5654/6AK5W 
5659 
5661 
5663 

5696A 
5718A 
5725 
5725/6AS6W 
5726/6AL5W 

5726/6AL5W/ 
6097 

5727 
5727/2D21W 
5729/6BA6W 
5750 
5751WA 
5812 
5814 
5814WA 

RCA Replacement 
Similar 

5651A 
6AK5/EF95 
6AK5/EF95 
12A6 
12SK7 
5696 
5696A 
5670 
6SJ7 

5696 
5718 
6AS6  
6AS6 
6AL5 
6663/6AL5 
6AL5 
6663/6AL5 
2D21  
2D21  
6BA6/EF95 
6BE6  
5751  
5763  
12AU7A/ECC82 
12AU7A/ECC82 
5814A 
5840  
5840 

Type to be 
Replaced 

RCA Replacement 
Similar 

6005/6AQ5W/ 
6095 

6062 
6067 

6073/OA2 mm 

0B2WA 0B2 
0C3 
0C3A 

fiw 

5842/417A 

5915  
5964 
6J6A  
2A3  
5U4G 
5U4GB 
12AU7A/ECC82 

6101/6J6WA 

6136 
6140/423A 
6180 
6186 
6186/6AG5WA 

6005 
6AQ5A 
6005 
6AQ5A 
5654 
6AK5/EF95 
5726 
6AL5 
6663/6AL5 
5964 
6J6A 
5964 
6J6A 
5964 
6J6A 
6AU6WB 
5651A 
5692 
6AG5 
6AG5 
12AU7A/ECC82 
5814A 
6680/12AU7A 5964 

6189/12AU7WA 5965A 
6005/6AQ5W 



660 RCA Receiving Tube Manual 

6660 6660/6BA6 

6660/6BA6 6660/6BA6 

6661 6661/6BH6 
6661/6BH6 6661/6BH6 
666 2 6662/6BJ6 
6663 6663/6AL5 

6664 6664/6AB4~ 
6664/6AB4 6664/6AB4 
6669 6669/6AQ5A 

6669/6AQ5A 6669/6AQ5A 

6676 6676/6CB6A 
6676/6CB6A 6676/6CB6A 
667 7 6677/6CL6 
6677/6CL6 6677/6CL6 
667 8 6678/6U8A 
6678/6U8A 6678/6U8A 
6679 6679/12AT7 

6679/12AT7 

RCA Replacement 
Direct Similar 
6201 12AT7WA 

12AT7WB 
 6679/12AT7 

6211 

6360 
5965 
7551 
6AS6 
5725 
6AS6 
5725 
7027A 
0A2 
0D3 
0D3A 
0A2 
0D3 
0D3A 
0B2 
0C3 
0C3A 
6BA6/EF93 
5749 
6BA6/EF93 
5749 
6BH6 
6BH6 
6BJ6 
6AL5 
5726 
6AB4 
6AB4 
6AQ5A 
6005 
6AQ5A 

6679/12AT7 

6680/ 
12AU7A 

6CB6A/6CF6 
6CB6A/6CF6 
6CL6  
6CL6  
6U8A/6DK8 
6U8A/6DK8 
12AT7WA 
12AT7WB 
12AT7WA 
12AT7WB 
12AU7A/ECC82 

Type to be 
Replaced 

6680/12AU7A 

6681/12AX7 

6681/12AX7A 

RCA Replacement 
Direct Similar 
6680/ 

12AU7A 
6681/ 

12AX7A 
6681/ 

12AX7A 
6681/ 

12AX7A 

12AU7A/ECC82 

12AX7A/ECC83 

12AX7A/ECC83 

12AX7A/ECC83 

7645 
7701 
7717 
7717/6CY5 
7724 
7724/14GT8 
7728 
7729 

8077 
8077/7054 
M8079 

6922/E88CC 

8077/7054 

1620  
5915  
7054  
5965  
6AS7G 
6080 
6J6A ^ 
6J6A  
6J4 
6J4  
12AU7A/ECC82 
5814A 
5687 
6AU6 
6AU6WB 

7717/6CY5 
7717/6CY5 
7724/14GT8 
7724/14GT8 
6201 

12AX7A/ECC83 
6681/12AX7A 
6U8A/6KD8 
6678/6U8A 
6CB6A/6CF5 
12AU7A/ECC82 
5814 A 
5963 

1G3GTA/ 
1B3GT  

8077/7054 7054 
8077/7054 7054 
5726 6AL5 

6663/6AL5 

6189/ 12AU7A/ECC82 
12AU7WA 



Replacement Guide—Industrial Types 661 

Type to be 
Replaced 

RCA Replacement 
Similar Direct 

M8162 12AT7WA 6679 
12AT7WB 
5725 6AS6 

6679/12AT7 

M8196 

6AL5 
6663/6AL5 
0A2 
003 
0D3A 
0B2 
0C3 
0C3A 

Type to be 
Replaced 

M8232 
M8245 
8380 
8382 
8441 
8532 
8532/6J4WA 
8556 
CCa 

8056 
6922/E88CC 
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PICTURE TUBE CHARACTERISTICS CHART 

Color Picture Tubes 

Range of 
Horn. Design Focus Voltage 

Enve- Safety Deflec- Max. in Volts or Termi- 
lope Fea- tion Anode % of Range of Screen nal 

Type Code ture Angle Heater Voltage Anode G2 Voltage Diag. Diagram 
No. • ★ Degrees Volts/mA KV Voltage Volts Inches A 

11WP22': SGA P 72 13.8/580 18.0 -250 - +500VC! 220 -460k 10.250 14BJ 
14VAHP221' SGA H 90 6.3/900 22.5 -75V- +400^ 150- 390' 13.557 14BH 
HVAUW SGA M 90 6.3/900 22.5 -75V - +400V9 150 -390' 13.557 14BH 
15AEP22< SGA M 90 6.3/900 22.5 -75V -+400^ 150 - 390' 13.557 14BH 
15LP22C SGAT D 90 6.3/900 22.5 -75V -+400V9 150-390' 13.557 14BH 
15NP22C SGA H 90 6.3/900 22.5 -75V - +400^ 150 - 390' 13.557 14BH 
15VADTC01h|> SGA H 90 6.3/900 27.5 16.8-20.0 425 - 820 15.051 130 
16VACP22h SGA H 90 6.3/900 22.5 -75V -+400V' 165-420' 16.191 14BH 
17EZP22'; SGA H 90 6.3/900 22.5 -75V -+400^ 150 -390' 16.191 14BH 
17VACP221' SGA F 90 6.3/900 22.5 -75V- +400V9 150 - 385' 17.018 14BH 
17VADP22'"" SGA F 90 6.3/900 22.5 -75V - +400V9 150 -385' 17.018 14BH 
ITVARPaZ"™ SGA F 90 6.3/900 27.5 16.8 -20.0 255- 655 17.018 14BE 
18VAHP22h SGAT 0 90 6.3/900 27.5 16.8 -20.0 285 - 685 18.075 14BE 
18VBJP22h SGA F 110 6.3/900 22.5 16.8 - 20.0 265 - 665 18.075 13C 
18VAZP221' SGA F 90 6.3/900 22.5 -75V -+400V^ 150 - 390' 18.075 14BH 
18VBDP22'' SGA F 90 6.3/900 22.5 -75V -+400V« 150- 390' 18.075 14BH 
18VBGP22'' SGAT D 90 6.3/900 22.5 -75V - +400V'' 150 - 390! 18.075 14BH 
18VBJP22h SGA K 90 6.3/900 22.5 -75V - +400V'' 150 - 390' 18.075 14BH 
18VBKP22'"" SGA F 90 6.3/900 27.5 16.8-20.0 285-685 18.075 14BE 
19GVP22/ 

19EXP22C SGA A 90 6.3/900 27.5 16.8 -20.0 285 -685 18.075 14BE 
19GWP22/ 

14BE 19EYP22'= SGAT D 90 6.3/900 27.5 16.8 -20.0 285 - 685 18.075 
19HCP22/ 

14BE 19HKP22<: SGA F 90 6.3/900 27.5 16.8 -20.0 285 - 685 18.075 
19HNP22° SGA F 90 6.3/900 22.5 -75V - +400V9 150- 390' 18.075 14BH 
19)WP22C SGAT 0 90 6.3/900 22.5 -75V - +400V9 150- 390' 18.075 14BH 
19VABP22h RGAT D 70 6.3/1800 27.5 16.8 -20.0 310-690 19.250 14AU 
19VANP22'' SGA F 90 6.3/900 22.5 -75V - +400V9 150 -390' 18.897 14BH 
19VBLP22'' SGA F 110 6.3/900 27.5 16.8 -20.0 265- 665 18.897 13C 
19VBQP22hm SGA F 90 6.3/900 22.5 -75V - +400V9 150 -375' 18.897 14BH 
19VBRP22hm SGA F 90 6.3/900 27.5 16.8 -20.0 285 - 685 18.897 14BE 
19VCTP22ta SGA F 90 6.3/900 27.5 16.8 -20.0 285 -685 18.897 14BE 
19VDSP22hm SGA F 90 6.3/900 27.5 16.8 -20.0 260 -660 18.897 14BE 
19VDTP22h SGA F 90 6.3/900 27.5 16.8 -20.0 285 -685 18.897 14BE 
20VAGP22h SGAT D 90 6.3/900 27.5 16.8 -20.0 285 - 685 20.233 14BE 
20VAHP22h SGA F 90 6.3/900 22.5 -75V - +400V9 150 -390' 20.233 14BH 
21FBP22= RGA A 70 6.3/1800 27.5 16.8 -20.0 310-690 19.250 14AU 
21FJP22C RGAT D 70 6.3/1800 27.5 16.8 -20.0 310-690 19.250 14AU 
21GUP22/ 

21FBP22AC RGA A 70 6.3/1900 27.5 16.8 -20.0 310 - 690 19.250 14AU 
21GVP22/ 

21FJP22AC RGAT D 70 6.3/1900 27.5 16.8 -20.0 310-690 19.250 14AU 
21VAKP22"m SGAT D 90 6.3/900 27.5 16.8 -20.0 285 - 685 20.871 14BE 
21VAZP22hm SGA F 90 6.3/900 27.5 16.8 -20.0 260 - 660 20.871 14BE 
22JP22C SGAT D 90 6.3/900 27.5 16.8 -20.0 285 - 685 20.233 14BE 
22KP22C SGA A 90 6.3/900 27.5 16.8 -20.0 285- 685 20.233 14BE 
nmv SGA F 90 6.3/900 27.5 16.8 -20.0 285 - 685 20.233 14BE 
23EGP22= SGAT 0 92 6.3/1350 27.5 16.7 -21.6 320-625' 22.375 14BE 
ZSVALPZZ1"" SGAT 0 90 6.3/900 27.5 16.8 -20.0 260-660 22.995 14BE 
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Color Picture Tubes (Cont.) 

Enve- 
lope Type Code 

No. • 
23VANP22h SGAT 
23VAQP22', SGA 
25BCP22"n SGAT 
25XP22/ 

25ALP22AC SGA 
25VABP221"" SGA 
25VAMP22'm SGAT 
25VBEP22hm SGA 
25XP22/ 

25AP22AC SGAT 
25YP22/ 

25BP22AC SGA 

Nom. Safety Deflec- 
Fea- tlon 
ture Angle Heater ★ Degrees Volts/mA 

D 90 6.3/900 
F 90 6.3/900 
0 90 6.3/900 

K 90 6.3/900 
D 90 6.3/900 
D 90 6.3/900 
K 90 6.3/900 

D 90 6.3/900 

A 90 6.3/900 

Range of 
Design Focus Voltage 
Max. in Volts or 

Anode % of 
Voltage Anode 

kV Voltage 
27.5 16.8 -20.0 
27.5 16.8 - 20.0 
27.5 16.8 -20.0 

27.5 16.8-20.0 
27.5 16.8-20.0 
27.5 16.8 -20.0 
27.5 16.8-20.0 

27.5 16.8 - 20.0 

27.5 16.8 -20.0 

Termi- Range of Screen nal 
G2 Voltage Diag. Diagram 

Volts Inches a 
260 - 660 22.995 14BE 
260 - 660 22.995 14BE 
260 - 660 22.995 14BE 

260 - 660 22.995 ,14BE 
260-660 24.658 14BE 
250-650 24.658 14BE 
285 - 685 24.658 14BE 

285 - 685 22.995 14BE 

285 - 685 22.995 14BE 

   Color Test Picture Tube 
1830P22 SGAT D 90 6.3/900 27.5 16.8-20.0 285-685 18.075 ME 

10ATP4 
10AVP4 
11CP4 
11GP4 
12BNP4A 
12DEP4 
12DFP4 
120KP4 
12DSP4 
12VAGP4 
12VAQP4 
12VAXP4 
13AP4 
15VACP4 
16BGP4 
16CHP4A 
16CMP4A 
16RP4B 
17BJP4 
17BP4D 

Silverama* Types for Black-and-White TV 
Nom. Enve- Safety Deflec- Focus- 

lope Fea- tlon ing 
W0 Cede ture Angle Heater Method 
"ll- • ir Degrees Volts/mA ■ 

5VABP4 SGA A 70 12.0/79 E 
8DP4t SG A 90 6.3/600 E 
9AEP4 SGA F 85 6.3/450 E 
9VABP4 SGA F 85 6.3/450 E 
9WP4 SGA G 90 12.0/75 E 
10ATP4 SGA 7 85 6.3/300 E 
10AVP4 SGA F 85 12.0/79 E 
JICM SGA A 110 6.3/450 E 
11GP4 SGA C 110 6.3/450 E 

SGA J 110 6.3/450 E 
~SGA F HO 6.3/450 T 

SGA H 110 6.3/450 E 
SGA F 110 6.3/450 E 
SGA H 110 6.3/300 E 
SGA G 110 6.3/300 E 

"SGA G~ 110 4.2/450 T 
SGA J 110 11.0/82 E 
SGA C 110 6.3/450 E 
SGA H 114 6.3/450 E 
SGA G 114 6.3/450 E 

~SGA j 114 6.3/450 T 
SGA G 114 6.3/450 E 
SGA A 70 6.3/600 M 
SGA A 90 6.3/600 E 
SGA A 70 6.3/600 M 

r J?.!™ picture tubes are shown on pages For SAFETY PRECAUTIONS and NOTES refer to page 666. 
t Requires ION trap. 

Design 
Max. Typical 

Anode 02 Screen 
Voltage Voltage Diag. 

kV Volts Inches 
15.0 115 5.036 
9-0 200 7.750 

15.0 100 9.024 
15.0 140 9.024 
12.0 100 8.270 

~153) M 9.024 
15.0 90 9.024 
15.0 400 10.125 
15.0 135 10.188 
16.0 250 11.625 

~15T) 100 11.625 
15.0 200 11.620 
16.0 140 11.625 
15.0 140 11.625 
14.0 200 11.500 

ISX) 140 11.500 
14.0 150 11.500 

20.0 300 
20.0 30 
18.0 300 
17.5 300 
17.5 300 
17.5 300 
668 and 669. 

Max. 
Over- Terml- 
all nal 

Length Diagram 
Inches a 
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Silveramaa Types for Black-and-White TV (Cont.) 

17HP4C 
17LP4B 
17QP4B 
18VAUP4 
19ABP4 

Nom. 
Enve- Safety Deflec- 
lope Fea- tion 
Code tare Angle Heater • ★ Degrees Volts/mA 

90 6.3/600 
110 6.3/450 
110 2.68/450 
110 6.3/600 
114 6.3/450 
70 6.3/600 
70 6.3/600 
70 6.3/600 

114 6.3/450 
114 2.68/450 

SGA A 
SGCA A 
SGCA A 
SGA F 
SGA A 

114 6.3/600 
114 6.3/450 
114 6.3/600 
114 6.3/450 

92 6.3/600 

Design 
Focus- Max. Typical 

ing Anode G2 Screen 
Method Voltage Voltage Diag. ■ kV Volts Inches 

—E lL5 300 15.750 
E 17.5 50 15.750 
E 17.5 300 15.750 
E 20.0 400 15.750 
E 22.0 50 16.250 
E 17.5 300 15.562 
E 17.5 300 15.562 
M 20.0 300 15.562 
E 23.5 30 17.562 
E 20.0 300 17.562 
E 20.0 300 17.625 
E 20.0 50 17.562 
E 23.0 400 17.562 
E 23.0 400 17.562 

50 17.562 

Max. 
Over- Termi- 
all nal 

Length Diagram 
Inches ▲ 

14.375 121 
12.375 7 FA 
11.000 8JK 
11.438 8HR 
11.562 8HR 
19.562 12L 
19.562 121 
19.562 12N 
11.875 8HR 
11.125 8JK 
11.938 8HR 
11.625 7FA 
11.625 8HR 
11.625 8HR 
15.625 12L 
11.875 
11.875 
11.938 
11.875 
12.125 

20.0 
20.0 
23.0 
20.0 
19.8 

50 17.562 
30 17.562 
50 17.625 
45 17.562 
40 17.562 

114 6.3/600 
114 6.3/450 
114 6.3/450 
114 6.3/600 
114 6.3/450 

19CHP4 
19CMP4 
19CVP4 
19CXP4 
19DBP4 

SGA B 

11.875 
11.875 
11.875 
11.969 
11.875 

300 17.562 
300 17.562 

50 17.562 
50 17.562 

400 17.562 

114 6.3/450 
114 6.3/600 
114 6.3/600 
114 6.3/450 
114 6.3/600 

23.0 
23.0 
20.0 
22.0 
23.0 

19DQP4 
19DRP4 
190SP4 
19DUP4 
19EBP4 

50 17.562 
45 17.562 

300 17.562 

11.875 
11.875 
11.625 
11.875 
11.875 

21.0 
19.8 
23.0 
19.8 
23.0 

114 6.3/450 
114 6.3/450 

19EGP4 
19EZP4 
19FLP4 
19GAP4 
19GEP4A 

114 6.3/450 E SGA G 
400 17.562 
300 17.562 

114 6.3/450 
114 6.3/450 

19VAHP4 
19VAJP4 
19VALP4 
20RP4 
20TP4 
20VAQP4 
21AMP4B 
21AVP4C 
21AWP4A 
21CBP4A 
21CQP4 
21BLP4 
21DSP4 
21EMP4/ 

21EQP4 
21EP4C 

SGA H 
SGA H 
SGA C 
SGA F 
SGA J 

114 6.3/450 E 
114 9.45/300 E 
114 6.3/450 E 
114 6.3/450 E 
114 6.3/450 E 
114 6.3/450 E 

90 6.3/600 M 
72 6.3/600 E 
72 6.3/600 M 
90 6.3/600 E 

110 6.3/600 E 
90 6.3/600 E 
90 6.3/600 E 

30 18.625 
30 18.625 

300 18.625 
50 18.625 

300 18.625 
30 19.625 

300 20.250 
300 20.250 
400 20.250 
300 20.250 
300 20.250 
300 20.250 

50 20.250 

SGA A 110 6.3/600 E 20:0 500 20.250 
SGCA A 70 6.3/600 M 20.0 300 20.000 

13.440 8HR 
23.406 12N 

8KW 
121 
8HR 
8HR 

12N 

13.375 
23.406 
12.937 
12.937 
22.812 

300 20.250 
300 20.000 
400 19.625 

30 19.625 
300 19.250 

20.0 
20.0 
23.0 
23.5 
20.0 

6.3/600 
6.3/600 
6.3/450 
6.3/450 
6.3/600 
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Silveramaa Types for Black-and-White TV (Cont) 

21XP4B 
21YP4B 
21ZP4C 
22VABP4 
22VACP4 
22VABP4 
22VAEP4 
23AHP4/ 

23ASP4 
23ARP4 
23BGP4 

Nom. 
Safety Deflec- 
Fea- tlon 
ture Artgle Heater 
■k Degrees Volts/mA 
A 70 6.3/600 
A 70 6.3/600 
A' 70 6.3/600 
F 110 6.3/450 
D 110 6.3/450 
C 92 6.3/450 
K 110 6.3/450 

A 92 6.3/600 
A 110 6.3/600 
B 110 6.3/600 
A 92 6.3/600 
B 92 6.3/600 
B 110 6.3/450 
A 92 6.3/450 
B 110 6.3/600 

Design Focus- Max. Typical 
ing Anode G2 Screen 

Method Voltage Voltage Diag. 
■ KV Volts Inches 

E 20.0 300 19.250 
E 20.0 300 20.000 

M 20.0 300 20.000 
E 23.5 30 22.312 
E 23.0 30 22.312 
E 25.0 400 22.312 
E 23.0 300 22.312 

E 22.0 400 22.312 
E 22.0 400 22.312 
E 22.0 50 22.312 

23.0 300 
22.0 500 
22.0 400 
23.5 500 
23.0 50 
22.0 50 
25.0 400 

Max. 
Over- Terml- 
all nal 

Length Diagram 
Inches a 

22.812 121" 
23.406 12L 
23.406 12N 
14.406 8HR 
14.594 8HR 
18.375 121 
15.156 8HR 

23EP4 
23ETP4 
23EWP4A 
23EYP4 
23EZP4 
23FP4A 
23FRP4 
23FSP4 
23GWP4 
23HFP4A 
23HUP4A 
23HWP4A 
23JEP4 
23JP4 
23NP4 

6.3/600 
6.3/450 
6.3/600 
6.3/450 
6.3/450 
6.3/450 
6.3/450 
6.3/450 
6.3/450 
6.3/600 

K 110 

Black-and-White Test Picture Tubes 

a Terminal diagrams for RCA picture tubes are shown on pages 668 and 669. 
For SAFETY PRECAUTIONS and NOTES refer to page 666. 
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SAFETY PRECAUTIONS 

In servicing n television re- should be used to assure the same 
ceiver that requires a replacement or improved integral x-radiation 
picture tube, a tube with the same shielding and implosion protection, 
type number or an RCA recom- Note: For additional Safety 
mended replacement tube type Precautions, refer to page 93. 

Notes for Picture Tube Characteristic Chart 

• Envelope Code (All types 
have spherical faceplate ex- 
cept where noted) 

R Round 
S Rectangular 
G Glass 
C Cylindrical faceplate 
A Alumlnized 
T Treated faceplate 

^■Safety Feature 
A Conventional Tube — Re- 

quires Safety Window in 
Receiver 

B Integral Moulded-Glass 
Safety Panel (Bi-Panel*) 

C Filled Rim (Shelbondf) 
D Integral Safety Panel 

(Laminated) 
F Tension Band Over Formed 

Rim Bands (Kimcode ♦) 
G Welded Tension Band Over 

Formed Rim Bands (Pan- 
O-Ply*) 

H Tension Band Over Tape 
(T-Band) 

J Welded Tension Band Over 
Tape (T-Band) 

K Tension Band Over Formed 
Rim Bands With Mounting 
Lugs (Kimcode/Lugs) 

L Welded Tension Band Over 
Formed Rim Bands With 
Mounting Lugs 
(Pan-O-Ply/Lugs) 

M Tension Band With Mount- 
ing Lugs Over Tape 
(T-Band Lugs) 

P Fiberglass Tape Tension 
Band 

■ Focusing Method 
A Automatic focus 
E Electrostatic focus 
M Magnetic focus 

Footnotes 
a. All Materials and parts 

used in the manufacture of 
RCA Silverama Picture 
Tubes are new except for 
the envelope which, prior 
to reuse, was carefully in- 
spected to meet the stand- 
ards of the original new 
envelope. 

c. Only Colorama versions 
(prefix C—) are available. 
RCA Colorama Picture 
Tubes contain used ma- 
terials which, prior to re- 

use, are carefully inspected 
to meet RCA's high qual- 
ity standards. 

g.This type has an einzel lens 
focus system. Values shown 
are in volts which do not 
vary with anode voltage. 

h. Only Hi-Lite Versions (pre- 
fix H—) are available. RCA 
Hi-Lite Color Picture Tubes 
contain all New Parts and 
Materials. 

/. At Grid-No.l voltage of 
—100 volts. 

k. At Grid-No.l voltage of 
—50 volts. • 

m. MATRIX Color Picture 
Tube. 

p. Precision In Line Color 
Picture Tube. 

* Trademark of RCA, Har- 
rison, N.J. 07029 

t Trademark of Corning 
Glass Works, Corning, 
N.Y. 14830 

♦ Trademark of Owens- 
Illinois, Inc., Columbus, 
Oh. 58727 
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Key to Color Picture Tube Type Designation System 

Old-Designa- 
tion Series 
(Rounded-off 
Tube Glass 
Diagonal in 
Inches) 

Equivalent 
New Designa- 
tion Series 
(Rounded-off 
Min. Screen 
Diagonal in 
Inches) 

Comparable 
Japanese 
Designation 
Series 
(Rounded-off 
Tube Glass 
Diagonal in 
mm) 

Other 
Designation 
Series 
Replaced 
by this 
Series 

11 
12 
13 

10 V 270 — 

12 V 320   
14 — 350   
IS 14 V 370    
— 15 V —   
16 — 400 __ 
17 16 V 440   
— 17 V 470   
19 18 V 490   

21 
21 (Round) 

19 V 510 — 

19 V __ . 
22 20 V 550 21 
22 21 V —    
23 — — — 
25 23 V — 23 
26 25 V 

" 
""1 

Key to Black-and-White Picture Tube Type Designation System 

Old-Designa- 
tion Series 
(Rounded-off 
Tube Glass 
Diagonal in 
Inches) 

Equivalent 
New Designa- 
tion Series 
(Rounded-off 
Min. Screen 
Diagonal in 
Inches) 

Comparable 
Japanese 
Designation 
Series 
(Rounded-off 
Tube Glass 
Diagonal in 
mm) 

9 — 230 
10 — 240 
11 — 280 
12 12 V 310 
13 —   
— 13 V 340 
14 — — 
15 — 
16 15 V 400 
17 16 V 440 
19 18 V 470 
20 19 V 500 
21 20 V 520 
22 21 V — 
23 22 V 590 
24 — 
25 —    
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Terminal Diagrams for 

Picture Tubes 

ANODE H G| 
^4^ n rT} 

H r Gi 
^ n fT) 

^ r= = =HUiy?)G4 

7FG 
Anode = Ga + Gs + CL 
Automatic Focusing 

Anode=Gj-j- Gj-f" CL 
Focusing Electrode^Gd Anode = Gj+Gs+CL 

Focusing Electrode=G4 

8HR 
Anode=G34- G5-F CL 

Focusing Electrode^G^ 
Anode=Gj-f- Gj-f" CL 

Focusing Eleclrode = G4 

8KW 
Anode = G34-Gs-1-CL 

Focusing Eleclrode = G4 



Terminal Diagrams for Picture Tubes 669 

G3 g5 "} ULTOR net J 

01 (jT© K 

H H 

12AB 
Anode — Gj-j- Gs-f- CL 

Focusing Electrode—G4 

G4 
ANODE.(O 

12L 
Anode==Gj-}-G5-|*CL 

Focusing Electrode •• G4 

12S 
Anode = 03+65 + CL 
Automatic Focusing 

13C 
Anode = 64+ CL 

Focusing Electrode = G3 
13D 

Anode = G2 + CL 
Focusing Electrode = G3 

IT) n 04 

VUKrrsr::^ Xi)»B 

ANOOL^f?TSiJ L 
H H H H ■« Gr© 028 02® Oln 

14BE 
Anode=G4 + Gj + CL Focusing Eleclrode = Gj 

14AU 
Anode = G4 -F Gj~F CL 

Focusing Electrode —G3 

14BJ 
Anode = Gj + G5 + CL 
Focusing Electrode = G4 
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Circuits 

THE circuits included in this Man- Performance of these circuits de- 
ual illustrate some of the more pends as much on the quality of the 

important applications of RCA re- components selected and the care em- 
ceiving tubes; they are not nec- ployed in layout and construction as 
essarily examples of commercial on the circuits themselves. Good 
practice These circuits have been signal reproduction from receivers 
conservatively designed and are ca- and amplifiers requires the use of 
pable of excellent performance. The good-quality speakers, transformers, 
brief description provided with each chokes, and input sources (micro- 
circuit explains the functional rela- phones, phonograph pickups, etc.). 
tionships of the various stages and Coils for the receiver circuits 
points out intended applications, ma- may be purchased at local parts deal- 
jor performance characteristics, and ers by specifying the characteristics 
significant design features of the required: for rf coils, the circuit po- 
over-all circuit. Detailed descriptive sition (antenna or interstage), tun- 
information on individual circuit ing range desired, and tuning ca- 
stages (for example, amplifiers, de- pacitances employed; for if coils or 
tectors, or oscillators) is given in the transformers, the intermediate fre- 
section on Electron-Tube Applica- quency, circuit position (1st if, 2nd 
tions earlier in this Manual, as well if, etc.), and, in some cases, the 
as in many textbooks on electron- associated tube types; for oscillator 
tube circuits. coils, the receiver tuning range, the 

Electrical specifications are given intermediate frequency, the type of 
for circuit components to assist those converter tube, and the type of wind- 
interested in home construction. Lay- ing used (tapped or transformer- 
outs and mechanical details are omit- coupled). 
ed because they vary widely with the The voltage ratings specified for 
requirements of individual set build- capacitors are the minimum dc work- 
ers and with the sizes and shapes of ing voltages required. Paper, mica, 
the components employed. or ceramic capacitors having higher 

Circuits designed for operation voltage ratings than those specified 
from both ac and dc voltage sup- may be used except insofar as the 
plies should be installed in non-me- physical sizes of such capacitors may 
tallic cabinets or properly insulated affect equipment layout. However, if 
from metallic cabinets. Potentiome- electrolytic capacitors having sub- 
ter shafts and switches should make stantially higher voltage ratings than 
use of insulated (plastic) knobs. In those specified are used, they may not 
practical use, no metallic part of an "form" completely at the operating 
"ac/dc" chassis should be exposed to voltage, with the result that the ef- 
touch accidental or otherwise. When fective capacitances of such units may 
such 'circuits are tested outside of be below their rated value. The watt- 
their cabinets, a line isolation trans- age ratings specified for resistors as- 
former such as the RCA WP-25A sume methods of construction that 
Isotap should be used. provide adequate ventilation; com- 
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pact installations having poor venti- 
lation may require resistors of higher 
wattage ratings. 

Circuits which work at very high 
frequencies or which are required 
to handle very wide bandwidths de- 
mand more than ordinary skill and 
experience in construction. Place- 
ment of component parts is quite 
critical and may require considerable 
experimentation. All rf leads to com- 
ponents including bypass capacitors 
must be kept short and must be prop- 

erly dressed to minimize undesirable 
coupling and capacitance effects. Cor- 
rect circuit alignment and oscillator 
tracking may require the use of a 
cathode-ray oscilloscope, a high-im- 
pedance vacuum-tube voltmeter, and 
a signal generator capable of sup- 
plying a properly modulated signal 
at the appropriate frequencies. Un- 
less the builder has had considerable 
experience with broad-band, high- 
frequency circuits, he should not 
undertake the construction of such 
circuits. 

LIST OF CIRCUITS 

AC/DC Superheterodyne Radio Receiver     673 
AM/FM Superheterodyne Radio Receiver     674 
FM Tuner   678 
Three-Stage IF Amplifier/Limiter and Detector   680 
FM Stereo Multiplex Adapter   682 
Preamplifier for Amateur Receiver (21-, 30-, and 50-MHz Ama- 
teur Bands and 27-MHz Citizens Band)   684 

Code-Practice Oscillator    ggg 
Intercommunication Set (With Master Unit and Two or More Re- 
mote Units)    687 
High-Fidelity Audio Amplifier (Class ABi; Power Output, 15 
Watts)       688 
High-Fidelity Audio Amplifier (Class ABi; Power Output, 30' 
Watts)     690 
High-Fidelity Audio Amplifier (Class ABi; Power Output, 50 
Watts)   692 
Two-Channel Stereophonic Amplifier (Power Output, 1 Watt Each 
Channel)     694 
Microphone and Phonograph Amplifier (Power Output, 8 Watts) 695 
Two-Channel Audio Mixer    696 
Phonograph Amplifier (Power Output, 1 Watt)   697 
Preamplifier for Magnetic Phonograph Pickup 

(With RIAA Equalization)     698 
High-Fidelity Preamplifier for Tape-Head Pickup 

(With NARTB Equalization)   699 
Preamplifier for Ceramic Phonograph Pickup 

(Cathode-Follower Output)     700 
Low-Distortion Preamplifier (For Low-Output, High-Impedance 
Microphones)        701 



672 RCA Receiving Tube Manual 

Bass and Treble Tone-Control Amplifier   
Electronic Volt-Ohm Meter   
Series-Type Stabilized Voltage Supply   
Ail-Purpose Power Supplies     
VHP Tuner (For Black-and-White TV Receiver)  _• 
Video IF Amplifiers and Sound-Channel Circuits (For Black-and- 
White TV Receiver)      -- • ■ 
Video, AGC, and Sync Amplifiers, (For Black-and-White TV 
Receiver)     '' ' ' ' ' ' ' ' ' 
Vertical and Horizontal Deflection Circuits and High-Voltage 
Rectifier (For Black-and-White TV Receiver)     • ■ • 
Low-Voltage and Heater Supply (For Black-and-White TV Receiver) 
Low-Voltage Power Supply, Degaussing Circuit, and Heater Connec- 
tions (For Color TV Receiver)   
VHF Tuner (For Color TV Receiver)     
Video- and Sound-Channel Circuits (For Color TV Receiver) .... 
Sync, AGC, and Vertical-Deflection Circuits (For Color TV Re- 
ceiver)  ' ' " ' ' o " i '"re " 
Horizontal-Deflection Circuit and High-Voltage Power Supply (For 
Color TV Receiver)       
Chroma Circuits (For Color TV Receiver)    
Picture Tube and Associated Circuits (For Color TV Receiver) .... 

MANUFACTURERS OF SPECIAL COMPONENTS AND MATERIALS 
REFERRED TO IN PARTS LIST 

Allen-Bradley Co. 
1201 S. 2nd Street 
Milwaukee, Wis. 53204 
Alpha Wire Corp. 
711 Lidgerwood Avenue 
Elizabeth, N. J. 07202 
Arco Electronics, Inc. 
Community Drive 
Great Neck, N- Y. 11021 
Freed Transformer Company, Inc. 
1795 Weirfield Street 
Brooklyn, N. Y. 11227 
Knight Products 
Allied Radio Corp. 
100 N. Western Avenue 
Chicago, 111. 60612 
J. W. Miller Co. 
5917 S. Main Street 
Los Angeles, Calif. 90003 

Moldite Electronics Corp. 
250 South Street 
Newark, N. J. 07114 
Ohmite Manufacturing Co. 
3635 W. Howard Street 
Skokie, 111. 60076 
Stancor Electronics, Inc. 
3501 W. Addison Street 
Chicago, 111. 60618 
Thordarson-Meissner, Inc. 
Electronic Center 
7th and Bellmont 
Mt. Carmel, 111. 62863 
Triad Distributor Div. 
Litton Industries 
305 N. Briant Street 
Huntington, Ind. 46750 
United Transformer Corp. 
Div. Thompson-Ramo-Wooldridge, 
150 Varick Street 
New York, N. Y. 10013 

Note: Components and materials identified by RCA stock numbers may be 
obtained through authorized RCA distributors. 
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29-1 AC/DC SUPERHETERODYNE RADIO RECEIVER 

PENTAGRID CONVERTER TYPE 12BE6 
DIODE DETECTOR,AVC 

T IF AMPLIFIER AUDIO AMPLIFIER 
I? TYPE I2BA6 ^3 TYPE I2AV6 

POWER AMPLIFIER TYPE 50C5 
I UL 

"4 Rs 
Ti w 

Mom) 
UmJ 

RECTIFIER si TYPE 35W4 

PANEL LAMP 
I| 

TYPE TYPE TYPE TYPE I2AV6 12BE6 I2BA6 50C5 

S| 

Parts List 
Ci, C5=Ganged tuning ca- 

pacitors ; Ci, 10-366 pF, 
Cs, 7-115 pF 

Cs=Trlmmer capacitor, 4-30 pF 
C3=0.05 /tF, paper, 50 V 
C4=0.1 fiF, paper, 400 V 
Cfl=Trimnier capacitor, 

2-17 pF 
C7=56 pF, ceramic 
C8=30 fiF, electrolytic. 

150 V 
Co, Cio=150 pF, ceramic 
Cn, Cu=0.02 /tF, paper, 

400 V 
Ci2=0.002 /iF, paper, 400 V 
Ci3=330 pF, mica 

Ci5=:0.05 fiF, paper, 400 V 
Cie=50 fiF, electrolytic, 

150 V 
Ii=Panel lamp, No. 40 or 47 
L=:Loop antenna or ferrite- 

rod antenna, 540-1600 kHz 
(with specified values of 
capacitance for Ci and C2) 

Ri=0.22 megohm, 0.5 watt 
R2= 33000 ohms, 0.5 watt 
R3=;100 ohms, 0.5 watt 
R4=3.3 megohms, 0.5 watt 
R6=4700Q ohms, 0.5 watt 
R<j=Volume control, potenti- 

ometer, 0.5 megohm 
R7=4.7 megohms, 0.5 watt 
Rs, R0=O.47 megohm, 

0.5 watt 

Rio=160 ohms, 0.5 watt 
Rii=1200 ohms, 1 watt 
Si=On-off switch; single- 

pole, single-throw 
SPi=Speaker 
Ti=Oscillatoi* coil for use with 7-115 pF tuning ca- 

pacitor and 456-kHz inter- 
mediate-frequency trans- former 

Ta, T3=Intermediate-fre- 
quency transformers, 455 
kHz (permeability-tuned 
type may be used) 

T4= Output transformer for 
matching impedance of 
voice coil to 2500-ohm 
load 

Circuit Description 

This basic five-tube superhetero- 
dyne radio receiver operates directly 
from an ac power line or a dc supply 
of 117 volts. AC power inputs are con- 
verted to dc power by the 35W4 half- 
wave rectifier circuit. The receiver 
uses a series heater arrangement. 
With ON-OFF switch Si closed, the 
heater string is connected directly 
across the 117-volt input terminals. 
A 6.3-volt panel lamp Ii connected be- 
tween heater pins 3 and 6 of the 35W4 

rectifier tube lights to indicate that 
power is applied to the receiver. 

A ferrite-rod or loop antenna L 
and tuning capacitor Ci select ampli- 
tude-modulated rf signals from the 
desired broadcast-band (550 to 1600 
kHz) radio station and couple these 
signals to grid No. 3 (pin 7) of the 
12BE6 pentagrid converter. A local- 
oscillator signal, developed by the 
resonant circuit formed by oscillator 
coil Ti and variable capacitors Cs and 
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29-1 AC/DC SUPERHETERODYNE RADIO RECEIVER (Cont'd) 

Circuit Description (Cont'd) 

Co, is also applied to the 12BE6 pen- 
tagrid converter, at grid No. 1 (pin 
1). The modulated-rf and local-oscil- 
lator signals are mixed across the 
nonlinear impedance of the converter 
tube to produce the 455-kHz inter- 
mediate frequency used in the re- 
ceiver. The antenna and oscillator 
tuning capacitors Ci and Co are me- 
chanically ganged so that the an- 
tenna and oscillator resonant circuits 
can be adjusted together to maintain 
the 455-kHz difference frequency for 
any dial setting in the broadcast-fre- 
quency band. Trimmer capacitors Co 
and Co are adjusted to assure that 
the desired tracking relationship is 
maintained across the band. Positive 
feedback to sustain oscillations is in- 
ductively coupled by T, from the cath- 
ode of the 12BE6 converter to the 
local-oscillator resonant circuit. 

A single if stage, which uses 
a high-transconductance 12BA6 re- 
mote-cutoff pentode, provides the re- 
quired amplification of the interme- 
diate-frequency signals. This stage 
is made selective at 455 kHz by the 
double-tuned input and output trans- 
formers T2 and Tn. Audio-signal com- 
ponents are extracted from the if 

signal by the second-detector circuit, 
which consists of the pin 6 diode 
section in the 12AY6 tube and asso- 
ciated components. (The pin 5 diode 
section of the 12AV6 is not used and 
is shorted to the tube cathode, pin 
2.) The audio output from the de- 
tector is developed across the VOL. 
CONT. potentiometer Ro, which pro- 
vides manual adjustment of the out- 
put sound level of the receiver. The 
detector also develops a negative dc 
voltage proportional to the rf input 
across a 150-picofarad capacitor Co 
for automatic volume control in the 
receiver. This avc voltage is used as 
bias for the converter and if amplifier 
and automatically controls the gain 
of these stages. 

The audio-signal voltage at the 
wiper arm of the VOL. CONT. poten- 
tiometer is amplified by the triode 
(audio-voltage-amplifier) section of 
the 12AV6 and is then used to drive 
the 50C5 audio output stage. The out- 
put stage develops the audio power 
required to produce an audible out- 
put from the speaker. Audio output 
transformer Ti matches the 2500-ohm 
plate-load impedance of the 50C5 to 
the speaker voice coil. 

29-2 AM/FM SUPERHETERODYNE RADIO RECEIVER 

Circuit Description 
This AM/FM radio receiver op- position), amplitude - modi 

erates directly from either an ac 
power line or a dc supply of 117 volts. 
AC power inputs are converted to dc 
power by a 1N3756 silicon-rectifier 
half-wave power supply. The receiver 
uses a series heater string, which is 
connected across the 117-volt input 
when ON-OFF switch S.i and inter- 
lock Sa are closed. The interlock as- 
sures that power is automatically dis- 
connected when the receiver is re- 
moved from the chassis. 

AM or FM operation of the re- 
ceiver is selected by means of switch 
Si. For AM operation (Si set to AM 

position), amplitude - modulated rf 
signals in the AM broadcast band 
(550 to 1600 kHz) from the desired 
radio broadcast station are selected 
by antenna La and tuning capacitor 
Gas. These signals are amplified and 
converted to the 455-kHz AM inter- 
mediate frequency by the 12BE6 pen- 
tagrid converter. Tuning capacitors 
Gas and Cai are mechanically ganged 
so that the antenna and local-oscil- 
lator sections of the converter can be 
tuned simultaneously to maintain the 
455-kHz difference frequency for any 
station setting. Trimmer adjustments 
are provided by variable capacitors 
Cm and Cm. 
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AM/FM SUPERHETERODYNE 
RADIO RECEIVER (Cont'd) 

RF AMP./FM CONV. 

PCi I 
i 1 i sc- 

i rI 11 7/cb | rAAAq! . r~V 

rfc' i^P 
o-1 tHi tiT="" TO | T|J 

ANTENNA LC2 I ||I ==C7 

Qn fL 

Ldtji 
I rV-r— 

I Fffl 

 —i3j- 
ci4t 

AFC DIODE I R7 
TYPE * 
IN3182 T 

 1 CI5 

iiti- 
u h. 

X-)ICI6 

CI9 xl2,2 

-irfti 

<=21 

- k " STO- J-t'-w |FM-AFC|-| 
1 C6 5R3 I I  1  i —ji—s 1  i ! |— 

j = =c3o|i ic32- 

-czs'ifiT4 | ! 

TYPE IN3756 

117 
VOLTS Sg AC-DC ^ 

CHASSIS RI3 

TYPE TYPE TYPE TYPE TYPE 50C5 I2DT8 I2BE6 I9HR6 I2AU6 

C35T T C36 

Parts List 
Ci=Part of PCi 
C2=Part of PC2 
Cs, Gi2= Ganged tuning ca- 

pacitors ; tune Li and T2 to 
88-108 MHz 

Cj, Ci3=Trimmer capacitors, 
1-7 pF 

Cs, Cie, 018=1000 pF, feed- 
through, 500 V 

C8= 0.1 /iF» ceramic, 600 V 

07=36 pF, ceramic, 600 V 
Cs, Cu=6.8 pF, ceramic, 

500 V 
Go=ll pF, ceramic, 600 V 
Cio=68 pF, ceramic, 600 V 



CEIVER (Cont'd) 
AMR/LIM., AM DET. 

1/2 TYPE 
I4GT8 
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AM/FM SUPERHETERODYNE 
RADIO RECEIVER (Cont'd) 

Circuit Description (Cont'd) 

. With switch Si in the PM or FM- 
AFC position, the FM tuner selects 
rf signals in the FM broadcast hand 
(88 to 108 MHz) from the desired 
FM radio station, amplifies these sig- 
nals, and converts them to the 10.7- 
MHz FM intermediate frequency. The 
rf-amplifier and converter stages of 
the tuner each use one section of a 
12DT8 high-mu twin triode. Ganged 
tuning of the rf-amplifier and con- 
verter tuning capacitors, Ca and Cia, 
assures that the converter local-oscil- 
lator frequency tracks the input tun- 
ing at 10.7 MHz above the center 
frequency of the FM channel selected. 
Trimmer adjustments are provided 
by variable capacitors Ci and Cm. 

The 19HR6 if amplifier is used 
in both FM and AM modes of opera- 
tion. Depending upon the setting of 
selector switch Si, this stage ampli- 
fies the frequency-modulated 10.7- 
MHz intermediate-frequency output 
from the FM converter or the am- 
plitude-modulated 455-kHz interme- 
diate-frequency signal from the AM 
converter. Additional amplification of 
FM if signals is provided by the 
12AU6 pentode stage, which is used 
as a combination second FM if am- 
plifier and noise limiter. A portion of 
the 12AU6 stage is also used as a 
second detector circuit to extract the 
audio-signal components from the 
455-kHz AM if signals. For this de- 
modulation function, the cathode and 
control grid of the 12AU6 are used 
as the detector diode. The 10.7-MHz 
FM if signals are demodulated and 
amplitude distortion is removed by a 
ratio detector that uses the diode sec- 
tions of a 14GT8 twin diode—high- 

mu triode. Good selectivity in the if 
amplifier and detector at 10.7 MHz 
is provided by the double-tuned trans- 
formers T3, To, and Ts, and at 455 
kHz by the double-tuned transform- 
ers To and T,. 

Depending upon the mode of op- 
eration, a section of S, selects the 
audio output from the AM detector 
or from the FM ratio detector. The 
selected audio output is amplified by 
an audio voltage amplifier which 
uses the high-mu triode section of 
a 14GT8 and a 50C5 audio output 
stage. The output stage provides the 
power necessary to produce the re- 
quired speaker output. Transformer 
Tu matches the 2500-ohm plate im- 
pedance of the 50C5 to the speaker 
voice coil. Manual adjustment of the 
receiver output is provided by the 
VOL. CONT. potentiometer R® in the 
control-grid circuit of the audio volt- 
age amplifier. 

A negative dc voltage propor- 
tional to the input signal level is de- 
veloped across Ris and Cn during 
either AM or FM operation of the 
receiver. This voltage is applied as 
bias to the control grid (pin 1) of the 
19HR6 if amplifier and the signal grid 
(pin 7) of the 12BE6 AM converter to 
provide automatic gain control of the 
receiver in each mode of operation. 
With Si in the FM-AFC position, the 
1N3182 AFC diode rectifies the volt- 
age across the tertiary winding of the 
ratio-detector transformer Ta. The re- 
sultant frequency-sensitive voltage, 
applied to the plate resonant circuits 
of the FM rf-amplifier and converter 
stages, provides automatic frequency 
control in the FM tuner. 

Note: See general considerations for construction of high* 
frequency and broad-band circuits on page 671. 
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AM/FM SUPERHETERODYNE 
RADIO RECEIVER (Cont'd) 

678 

29-2 

Parts List (Cont'd) 
023=4700 pF, ceramic, 

v 
024=0.15 /iF, paper, 200 V 
C25, C27=Ganged tuning ca- pacitors ; tune Ti to 

640-1650 kHz 
C26, C28=Trimmer capaci- tors, 12 pF 
C20, C33, Css, C47—0.01 /iF, ceramic, 500 V 
C3o=PartofT5 
Csi, Gio—1000 pF, ceramic, 

500 V 
C32=Part of Te # C3i=0.1 /tF, ceramic, 500 V 
037=0.047 /iF, paper, 400 V 
033=80 /iF, electrolytic, 

160 V 
Cio, 043=2700 pF, ceramic, 

500 V 
Oil, 043=100 pF, ceramic, 

600 V, NPO 
On, 045=330 pF, mica, 

500 V . ^ ,r Ci6=2 fiF, electrolytic, 60 V 
O48=0.01 /iF, paper, 200 V 
C5o= 5600 pF, ceramic, 600 V 
C5i=0.1 /iF, paper, 200 V 
052=0.022 /iF, paper, 200 V 
053=50 /iF, electrolytic, 

150 V 
Li, Xj3=1 /iH, rf coil 

L2=Aiitennal air-loop type 
with back cover 

PCi, PC2=Printed circuit; 
includes 0.5 megohm, 
0.25-watt resister and 470- 
picofarad, 500-volt capa- 
citor ; RCA Stock No. 
104328 

Ri=Part of PCi 
R2=Part of PC2 
R3=2200 ohms, 0.5 watt 
1*4=1200 ohms, 0.5 watt 
Rb, R2i=33000 ohms, 0.5 watt 
Ro, Rii= 22000 ohms, 0.5 

watt 
R7, R28, R3i=0.47 megohm, 0.5 watt R8=3900 ohms, 0.5 watt 
Ro, R22=470Q0 ohms, 0.5 

watt 
Rio=220 ohms, 0.5 watt 
R12, Ri7=l megohm, 0.5 watt Ri3=0.22 megohm, 0.5 watt 
Ru=100 ohms, wire-wound, 

4 watts 
R15, R2o=68 ohms, 0.5 watt 
Rie=4700 ohms, 0.5 watt 
Ri8=0.33 megohm, 0.5 watt 
R10, R24=1000 ohms, 0.5 watt 
R23, R25=6800 ohms, 0.5 watt 
R2o=220 ohms, 0.6 watt 

R27=3.3 megohms, 0.5 watt 
R20=Volume control, potenti- 

ometer, 1 megohm, part of 
assembly with Sa 

R3o=4.7 megohms, 0.5 watt R32=150 ohms, 0.5 watt 
R33=1500 ohms, 0.6 watt 
R3t=820 ohms, 0.5 watt 
R35=3900 ohms, 0.5 watt 
R3o=560 ohms, 0.5 watt 
Si=AM-FM-AFC selector; 3-section slide switch 
S2=Tnterlock 
S3=ON-OFF switch, part of 

assembly with R20 
Ti=FM antenna transformer 
T2=FM oscillator trans- 

former 
Ts, Te=FM if transformer, 

10.7 MHz 
T4=AM oscillator coil; with 

specified values of tuning 
and trimmer capacitance, 
tunes to 640 to 1600 kHz 

Ts, T7=AM if transformer, 
455 kHz T8=Ratio-detector trans- 
former, 10.7 MHz 

To=Audio output trans- 
former, matches imped-^ 
ance of speaker voice coil 
to 2500-ohm tube load 

FM TUNER 

Circuit Description 

This three-stage FM tuner fea- 
tures a pair of 6CW4 nuvistor triodes 
operated in a low-noise, high-gam 
cascode rf-amplifier stage. The mixer 
and local-oscillator sections of the 
tuner use the pentode and triode sec- 
tions, respectively, of a 6KE8 triode- 
pentode. The dc operating power for 
the tuner is obtained from a 180-volt, 
20-milliampere supply. Power for the 
tube heaters is obtained from a 6.3- 
volt, 660-milliampere ac source. 

The tuner uses a 300-ohm bal- 
anced antenna. Antenna transformer 
Ti matches the 300-ohm antenna im- 
pedance to the input circuit of the 
cascode rf amplifier. Antenna tuning 
capacitor Ct is adjusted to select the 
desired FM channel. The frequency- 
modulated rf signals are amplified by 
the cascode rf stage and coupled to 

the control grid of the mixer stage. 
The local oscillator generates a sig- 
nal, at a frequency 10.7 MHz above 
the center frequency of the selected 
FM channel, which is also applied to 
the control grid of the mixer stage. 
The rf and local-oscillator signals are 
mixed to produce the desired 10.7- 
MHz FM intermediate frequency. 
Ganged tuning of the antenna, mixer, 
and local-oscillator tuning capacitors, 
C,, C13, and Cm, assures that the local- 
oscillator frequency tracks the input 
tuning at 10.7 MHz above the selected 
FM channel. Capacitors Co, Cio, and 
Cio are trimmer adjustments for the 
tuner. The double-tuned transformer 
T2 selects the 10.7-MHz FM if signals 
at the plate of the mixer stages and 
couples them to the if-amplifier/ 
limiter section of the FM receiver. 
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FM TUNER (Cont'd) 
c23 Tg 

CASCODE RF AMPLIFIER B + isov n 
20mAY R| 

± JL 
TYPE 

C2 R2 6CW4 
T "" 
4r R3 

<-15 C|8 
C3 m 

•i- LOC. — C31 R|| 
Cae^r 0SC.1J °^FP-jWV 

C3S 

T -— TO 300 OHM *| i-nRRP—1 TYPE BALANCED I 1 L2 2 6CW4 ANTENNA 
~ T| LeO{ C ' yyl/^ITrt 

R|0< 6KE8 r 20 ? < y, 8 ,a 

—4 -1 c32 nx 
C|9 C20 

C33-T ^L7 

RANGE oL0CAL 

SWITCH f DISTANT 1—o o • 

" 31 "el 

C2l"8 AFC 
VOLTAGE -I5V < 

10 R7< C17 

c36 C37 L 9 -o—p—nrnnr^— >—o—o—nrsnr* 
X X 

—. o6-3 v 

T LJ 660 mA 
X -J-C39 

* A metal shield should be provided between grid and plate terminals on the 6CW4 socket. 
Parts List 
Ci, Ca, C35, 030=0.01 /iF. 

ceramic disc, 400 V 
C2, C3i=2000 pF, feed- 

through, 400 V 
Cs, C11, C21, Cai, C30, C37, 

038=1000 pF feedthrough, 
400 Y 

Ci, Cm, Cio= Ganged tuning 
capacitor; 6.6-23 pF, 400 V ; 
Miller No. 1461-BS or 
equiv. 

Cs, 0®, 028=1000 pF, 
ceramic, 400 V 

Ca, Cis, Cie=Trimmer ca- 
pacitors, 1-7.5 pF, 
ceramic, 400 V 

Or, Cis, 033=10 pF, ceramic, 
400 Y 

Cio=2000 pF, ceramic disc, 
400 V 

C12, 030= 2000 pF, ceramic, 
400 V 

On, 032=6.8 pF, ceramic, 
400 V 

Ci7=0,22 /iF, ceramic, 400 V 
020=18 pF, ceramic, 400 V 
C22=Capacitor inserted in 

place of tuning capacitor 
in secondary winding of T2; 
value with cable capaci- 
tance tunes output circuit 
of tuner to 10.7 MHz 

. C23, 024=2 pF feedthrough, 
400 V 

025=22 pF, ceramic, 400 V 
020=2.2 pF, ceramic, 400 V 
027=47 pF, ceramic, 400 V 
C2o= Part of T2 
Li=RF coil, 5 turns of No. 

22 enamel wire close- 

wound on -inch-diameter 
coil form 

L2=RF coil, 12 turns of No. 
22 enamel wire close- 
wound on ^4-inch-diameter 
slug-tuned coil form; tun- ing slug = %-inch-long 
Moldite No. 5101 ferrite 
or equiv. 

L3=RF choke, 4 /iH, J. W. 
Miller No. 70F396A1 or 
equiv. 

L4=RF coil, 3 turns of No. 
16 enamel wire wound 
double-spaced on %-inch- 
diameter slug-tuned coil 
form ; tuning slug = %- 
inch-long Moldite No. 
6101 ferrite or equiv. 

L5=RF coil, l-y2 turns of 
No. 16 enamel wire close- 
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Parts List (Cont'd) 
wound on %-inch-diameter 
slug-tuned coil form: 
tuning slug=%-inch-long 
Moldite No. 6101 ferrite 
or equiv. 

Lfl=RF choke, 2/iH, Ohmite 
No. Z144 or equiv. 

L7=RF coil; 0.4 /iH; 20 
turns of No. 26 enamel 
wire close-wound on a 0.47 megohm, 0.5-watt Allen- 
Bradley resistor or resistor 
of equivalent physical size 

La, Lo=RF chokes ; 1/tH; 25 
turns of No. 24 enamel wire close-wound on a 0.47- 
megohm, 1-watt Allen- 

FM TUNER (Cont'd) 

Bradley resistor or resistor 
of equivalent physical size 

Ri, Ri8=220 ohms, 0.5 watt 
R2=5 ohms, 0.5 watt 
Rs, R9=0.47 megohm, 0.5 

watt 
Ri, Ro, Re=47000 ohms, 0.5 

watt 
Rb=0.1 megohm, 0.6 watt 
R7=3900 ohms, 0.5 watt 
Rio=22000 ohms, 0.5 watt 
Rii=4700 ohms, 0.5 watt 
Ri2=15000 ohms, 0.5 watt 
Si=AM/FM range switch; 

open position is used for^ 
local stations, closed posi- 
tion for distant stations 

Ti=Antenna transformer; 
primary: 2 turns of No. 32 
wire with type B nylon 
insulation, Alpha No. 1860 
or equivalent, center- 
tapped ; secondary: 3 turns 
of No. 16 enamel wire ; 
wound double-spaced on 
^-inch-long coil form; tun- 
ing slug = %-inch-long 
Moldite No. 5101 ferrite 
or equiv. 

T2=FM if transformer, 10.7 
MHz; J. W. Miller 1451 or 
equiv.; capacitor in second- 
ary should be replaced by 
C23 

Note: See general considerations for construction of high-frequency and broadband circuits 
on page 671. 

29-4 THREE-STAGE IF AMPLIFIER/LI MITER 
AND DETECTOR 

For Monaural or Stereo Tuner 

Circuit Description 

This three-stage if amplifier/ 
limiter and detector circuit, when 
used with a front-end circuit such as 
that shown in circuit 25-3, makes pos- 
sible an over-all tuner gain of 35 dB. 
The over-all bandwidth of the if- 
amplifier stages, between the 6-dB- 
down points, is 300 kHz, and the peak 
separation of the detector is 440 kHz. 
The circuit provides a signal-to-noise 
ratio of 20 dB for an input of 2.8 
microvolts or 30 dB for an input of 
4.1 microvolts. The 6HR6 and 6HS6 
pentodes used in the if-amplifier 
stages have very high transconduct- 
ance and a grid-No.1-to-plate capaci- 
tance substantially less than 0.01 
picofarad and are, therefore, espe- 
cially suited for use in FM if ampli- 
fiers and television sound if ampli- 
fiers. These pentodes operate from a 
180-volt, 25-milliampere dc supply. 
Heater power for the pentodes and 
for the 6AL5 twin diode used in the 
ratio detector is obtained from a 6.3- 
volt ac source. 

The frequency-modulated, 10.7- 
MHz intermediate-frequency signal 
from the mixer stage in the FM tuner 
is applied to the control grid of the 
first if-amplifier stage. This signal is 
amplified by the three transformer- 

coupled amplifier stages and applied 
by transformer Ts to the ratio de- 
tector. The doubled-tuned coupling 
transformers Ti, T2, and T., provide the 
selectivity at 10.7 MHz and the band- 
pass characteristics required for op- 
timum transfer of the frequency- 
modulated signal. Circuit stability is 
improved by the use of unbypassed 
cathode resistors in each amplifier 
stage. The first two if stages are 
basically amplifiers, although they 
provide some saturation limiting of 
large-level signals. The 3300-ohm 
screen-grid dropping resistors (R^ 
and Ri) reduce the screen-grid volt- 
ages in these stages to obtain the 
desired limiting characteristics. The 
6HR6 pentode used in the first if am- 
plifier is a remote-cutoff tube and, if 
desired, this stage may be operated 
with age bias. The 6HS6 pentodes 
used in the second and third if stages 
are sharp-cutoff tubes. In addition, 
the screen-grid voltage divider net- 
work (R, and Rs) for the third stage 
substantially reduces the screen-grid 
voltage so that the stage will provide 
both cutoff and saturation limiting of 
large-level signals. The limiting in the 
if stages helps remove any amplitude 
modulation from the frequency-mod- 
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THREE-STAGE IF AMPLIFIER/LIMITER 
AND DETECTOR (Cont'd) 

IF AMPLIFIER/LIMITERS 
T| Tg 

!Ciflf|t+C4| !C5filPC7i IliiflH 
__x---_ 

.5 ~ p- 
UN TYPE •=- 
EEW _ 

TYPE -4=] /^TN TYPE -J 

FROM IF TRANSFORMER 
IN TUNER < 

»r4 -=k- I r7< <r8 

TYPE TYPE TYPE TYPE 6HR6 6HS6 6HS6 6AL5 
V "W 4\3/ 4\ 

Ll LZ L3 i -trrp-, JTRRPH Hj-jnnpvH ^ 
cl8pt: CI9~ c20^p C2I~ 

RATIO DETECTOR 

AFC - VOLTAGE 

71 1 L ' -LC|2 SR14 
IATLY5PE Pi1,4 f + MONAURAL 

-i tHM P'e or^T 
6-3V "iirWi** rfrp 

u 

-J— TO MULTIPLEX 
ST detector 

Parts List 
Ci, C4=Part of Ti 
Cs, Go=2200 pF, ceramic 
' disc, 400 V 
C3=50 /iF, electrolytic, 

450 V 
Cb, C?—Part of Ts 
C8=47 pF, ceramic disc, 

400 V 
Co, Cl8, Cl9, C20, C21 = 0.01 

fiF, ceramic disc, 400 V 
Cio=1500 pF ceramic disc, 

400 V 
Cii=Part of Ta 

C12, C13, Gi6=330 pF, 
ceramic disc, 400 V 

Cu=100 pF, ceramic disc, 
400 V 

Cio=2 /tF, electrolytic, 
400 V 

Ci7=1000 pF, ceramic disc, 
400 V 

Li, L2, Larrl /zH 
Ri, R3=68 ohms, 0.6 watt 
R2, R*, Ri3=3300 ohms, 

0,6 watt 
R6=0.1 megohm, 0.5 watt 

Re, Rio=100 ohms, 0.5 watt 
R7=15000 ohms, 0.5 watt 
R8=22000 ohms, 0.5 watt 
Re=2200 ohms, 3 watts 
Rii=1200 ohms, 0.5 watt 
R12=390 ohms, 0.5 watt 
Ru, Ri6=6800 ohms, 

0.5 watt 
Riq=68000 ohms, 0.6 watt Ti, T2=IF transformers, 

10.7 MHz 
T3=Ratio-detector 

transformer, 10.7 MHz 
Note: Tube shields may be required if regeneration is encountered. See general considerations 

for construction of high-frequency and broad-band circuits on page 671. 
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29-4 THREE-STAGE IF AMPLIFIER/LIIVIITER 
AND DETECTOR (Cont'd) 

Circuit Description (Cont'd) 
ulated signals. 

The 6AL5 ratio-detector circuit 
provides additional noise limiting of 
the FM signal and demodulates this 
signal to recover the audio informa- 
tion. The detector circuit provides the 

input to the audio amplifiers of a 
monaural receiver or to the multiplex 
detector in a stereo system. The RC 
network (R™ and C17) in the monaural 
output lead provides the desired de- 
emphasis of high audio frequencies. 

29-5 FM STEREO MULTIPLEX ADAPTER 

Circuit Description 
This FM stereo multiplex adapt- stage eliminates any SCA (storecast 

er demodulates composite multiplex allocation) signal components that 
signals from an FM tuner and sep- may be included in the composite sig- 
arates these signals into left- and nal. The composite signal is coupled 
right-channel inputs for stereo audio- from the plate of the input stage to 
output stages. The dc operating pow- the control grid of the 6CL8A triode 
er for the 12AX7A and 6CL8A twin section used in a signal-separation 
triodes used in the adapter circuit is driver. This stage operates as a cath- 
obtained from a 180-volt, 15-milliam- ode follower for the L + R audio 
pere supply. Power for the dual heat- components and the L — R subcar- 
ers of the 12AX7A and the single rier sideband components. The L + 
heater of the 6CL8A is obtained from R audio components are developed 
a 6.3-volt source. across the MATRIX BALANCE 

The composite signal applied to ADJ. potentiometer Ris and coupled 
the multiplex adapter from the ratio from the wiper arm of this potenti- 
detector (or discriminator) in an FM ometer to the output resistor matrix 
receiver includes a 19-kHz pilot-fre- network Rio through R22. A 3300- 
quency (multiplex-reference) compo- picofarad capacitor Cm in the cou- 
nent and sum (L + R) and differ- pling circuit filters out any 19-kHz 
ence (L — R) components of left- and pilot-frequency components or 38- 
right-channel audio signals. The L + kHz subcarrier sideband components 
R signal is the demodulated in-phase that may be developed across potenti- 
combination of the left- and right- ometer R.s. The L — R sideband corn- 
channel audio information used to ponents are coupled from the cathode 
modulate the main carrier frequency of the signal-separation driver to the 
of the receiver. The L — R signal is center tap of the secondary winding 
the out-of-phase combination of the of the transformer Ts in the peak de- 
left- and right-channel information tector. The 38-kHz band-pass coil La 
and is used to amplitude-modulate a and the 67-kHz series-resonant trap 
38-kHz subcarrier. This subcarrier is Co and Lo assure maximum signal 
suppressed in the FM tuner so that transfer of the L — R sideband corn- 
only the L — R sideband components ponents with minimum interference 
of the amplitude-modulated signal from storecast signals, 
remain. The 19-kHz double-tuned trans- 

The composite input signal is am- forfner Ti in the plate circuit of the 
plified by the 12AX7A triode section signal-separation driver presents a 
in the input stage of the adapter. The highly selective load to the 19-kHz 
high input impedance of this stage pilot-frequency component included 
prevents excessive loading of the in the composite multiplex signal and 
ratio detector. The 67-kHz trap (Li couples this 19-kHz component to the 
and C») in the cathode circuit of this pilot-frequency doubler. The doubler 
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29-5 FM STEREO MULTIPLEX ADAPTER (Cont'd) 

COMPENSATING AMPLIFIER 
1/2 TYPE I2AX7A 

SIGNAL-SEPARATION DRIVER 
1/2 TYPE 6CL0A 

PILOT FREQUENCY DOUBLER 

SHAPING AMPLIFIER 
1/2 TYPE 6CL6A 

PHASE SPLITTER 
1/2 TYPE 

I2AX7A 

r r 1 PEAK DETECTOR 

-=) lilt 

IN295 C|5 

39-kHz 67-kHz MATRIX BALANCE ADJ. 
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FM STEREO MULTIPLEX ADAPTER (Cont'd) 
Parts List 
Ci, Cu, C12, Gi3> Cu, Ci7, RCA stock No. 111047 C2o=0.01 fiF, ceramic, or equiv. 

500 V L2=RF coil, 38-kHz band- 
Ca, Co=2200 pF, film, pass, RCA stock No. 

500 V, N160 111048 or equiv. 
Ca, Cis, Ci9=270 pF, ceramic, Ri=330 ohms, 1 watt 

500 V, N750 R2=:0.56 megohm, 0.5 watt 
C4=0.047 /iF, paper, 200 V Ra--1500 ohms, 0.5 watt 
C5=40 /iF, electrolytic, 450 V Ri^lSOOO ohms, 0.5 watt 
Co=0.22 /tF, paper, 400 V Rb=68000 ohms, 0.5 watt 
Ct, 08=1500 pF, film, 500 V, Ro=3.9 megohms, 0.6 watt N150 R7=l megohm, 0.5 watt 
Cio=1000 pF, film, 500 V, Rs, Rio=10000 ohms, 

N150 0.5 watt 
Ci6=470 pF, ceramic, 600 V Ro, Rw, Ri5=47000 ohms, 
Cio=3300 pF, ceramic, 500 V 0.6 watt 
Li, L3=RF coil, 67-kHz trap, 
Note: See general considerations for construction of high* 

on page 671. 

Ru=4700 ohms, 0.5 watt 
Ri2=1.2 megohms, 0.5 watt 
Ri3=0.15 megohm, 0.5 watt 
Rio, Rit, R23=22000 ohms, 

0.5 watt RismPotentiometer, balance 
adjustment, 10000 ohms, 
RCA stock No. 111044 
or equiv. 

Rio, R20, R21, R22—0.1 megohm, 0.5 watt 
Ti=19-kHz transformer, 

RCA stock No. 111045 
or equiv. 

T2=38-kHz transformer, 
RCA stock No. 111046 
or equiv. 

•frequency and broadband circuits 

Circuit Description (Cont'd) 
circuit, which consists of two 1N295 
diodes (CRi and CR2) in a full-wave 
rectifier configuration, doubles the 
pilot frequency to regenerate the 38- 
kHz subcarrier required for demodu- 
lation of the L — R sideband com- 
ponents. 

The 38-kHz output of the doubler 
is amplified by the 6CL8A triode sec- 
tion used in the shaping amplifier 
and reshaped to a sine wave by the 
tuned primary of the peak detector 
transformer T2. In the secondary of 
Tj, the 38-kHz subcarrier is recom- 
bined with the L — R sideband com- 
ponents from the cathode of the sig- 
nal-separation driver. This combined 
signal is then demodulated by the 
1N29B detector diodes CR3 and CR. 
to obtain the L — R audio signal. 

The L — R audio signal is applied 
to the control grid of the 6CL8A sec- 
tion used in a phase-splitter circuit. 

The cathode and plate outputs of the 
phase splitter are equal in amplitude 
and opposite in phase so that one out- 
put represents an L — R signal and 
the other output represents a — L 
+ R signal. These signals are applied 
to the output-resistor matrix network 
where they are added to the L + R 
audio signal from the cathode circuit 
of the signal-separation driver. In 
the summation of the L + R and L 
— R audio signal, the R components 
are canceled, and the resultant ob- 
tained is the left-channel audio out- 
put. The summation of the L -(- R and 
— L + R signals results in cancella- 
tion of the L components so that only 
the right-channel audio output is ob- 
tained. These outputs are then ap- 
plied to the stereo receiver left- and 
right-channel audio-output stages, 
respectively. 

PREAMPLIFIER FOR AMATEUR RECEIVER 

For 15-, 10-, and 6-Meter (21-, 30-, and 50-MHz) 
Amateur Bands and 27-MHz Citizens Band 

Circuit Description 
In this preamplifier, two 6CW4 

high-mu nuvistor triodes are used in 
a high-gain, low-noise cascode rf- 
amplifier stage that adds 25 to 35 dB 
of gain ahead of a receiver operated 
on the 6-, 10-, or 15-meter amateur 
band or on the 27-MHz citizens band. 
This added gain, together with the 

low noise figure (approximately 5 
dB) of the preamplifier, substantially 
increases both the sensitivity and the 
signal-to-noise ratio of the receiver. 
The preamplifier operates from a dc 
plate supply of 150 volts at 5 milli- 
amperes. The tube heaters require an 
ac power input of 6.3 volts at 0.26 
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29-6 PREAMPLIFIER FOR AMATEUR RECEIVER (Cont'd) 

TYPE 
6CW4 19 

INPUT VX] 
©i7' cii 4% 

TYPE > C7: 
6CW4J9 R3> 

Cst* >R4 

>R| ^C4 

Operating Frequency 
21 MHz 
27 MHz 
30 MHz 
50 MHz 

ALIGNMENT DATA 
Tune Ti to: 

21.25 MHz 
30 MHz 
32 MHz 
51 MHz 

Tune Ta to: 
21.22 MHz 

27 MHz 
29.5 MHz 

50 MHz 

Parts List 
Ci, €7=See Note 1 
C2, Csj Gi, C5> Co, Cs, 

C9=0.001 /tP, 500 V, 
ceramic 

Ri, R2=100 ohms, 0.5 watt 
R3=0.47 megohm, 0.5 watt 
R4=1000 ohms, 0.5 watt 
Ti=Input transformer (slug- 

tuned) ; matches preampli- 
fier to 62-ohm input line 
(for 300-ohm input line, 
double number of turns in 

primary) ; wound from #32 
copper enamel wire on slug- 
tuned form having ^-inch 
outer diameter: primary, 

turns; secondary, 18 
turns for operation at 21, 
27, or 30 MHz or 10 turns 
for operation at 60 MHz 

T2=Output transformer 
(slug-tuned) ; matches pre- 
ampliflev to 72-ohm output 
lines (use of other than a 

72-ohm line between pre- 
amplifier output and re- 
ceiver input is not recom- 
mended) ; wound from #32 
copper enamel wire on slug- 
tuned form having *4-inch 
outer diameter; primary, 
18 turns for operation at 
21, 27, or 30 MHz or 10 
turns for operation at 50 
MHz, secondary, l1/^ turns. 

Notes: 1. For operation at 21 or 27 MHz, use 6.8-pF 500-volt capacitors for Ci and Cr; 
for operation at 30 MHz, use 5-pF 600-volt capacitors for Ci and C7; for operation 
at 60 MHz, use 6-pF 500-volt capacitor for Ci and 6.8-pF 600-volt capacitor for Ct. 

2. See general considerations for construction of high-frequency and broadband circuits 
on page 671. 

Circuit Description (Cont'd) 
ampere. These small power require- 
ments can usually be provided by the 
receiver. 

Input transformer Ti matches 
the high input impedance of the pre- 
amplifier to a 72-ohm or 300-ohm an- 
tenna. When a 72-ohm antenna is 
used, the primary of Ti consists of 
a 1 % -turn link wound about the hot 
end of the secondary coil. For a 300- 
ohm antenna, a 3-turn link is used. 
The secondary of T, is an 18-turn coil 
for operation at 10 or 15 meters or 
on the citizens band. At 6 meters, a 
10-turn secondary coil is used. The 
unit is normally connected to the an- 

tenna cable by means of a coaxial 
connector. If a balanced antenna sys- 
tem is used, however, terminal strips 
for the twin leads may be used instead 
of the coaxial connector. In this lat- 
ter case, the input link (primary of 
Ti) is not grounded. 

Nuvistors Vi and Vs are operated 
in a stacked (cascode) arrangement 
in series with the B+ supply. The 
input is coupled by T, to the control 
grid of Vi, which is essentially a 
grounded-cathode amplifier. The out- 
put of Vi is applied to the cathode of 
Vs, which is basically a grounded- 
grid amplifier. The inherent stability 
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29-6 PREAMPLIFIER FOR AMATEUR RECEIVER (Cont'd) 
Circuit Description (Cont'd) 
of this type of arrangement, together to the secondary coil of inp 
with the ample decoupling and by- 
passing networks included in the 
circuit, provides assurance that the 
preamplifier will not break into os- 
cillation. 

The output of Vs is developed 
across the primary coil of output 
transformer T2. This coil is identical 

to the secondary coil of input trans- 
former Ti. The secondary of Ta con- 
sists of a 1%-turn link about the pri- 
mary coil. This link matches the out- 
put of the preamplifier to a 75-ohm 
receiver input cable. (The maximum 
length of coaxial cable between re- 
ceiver and preamplifier should not 
exceed 12 inches.) 

CODE-PRACTICE OSCILLATOR 

R| pPx" 

Clj-! C2J=!. ivJ R2r°L- |V CONT. 

Note • Any two terminals of the secondary of To that give the desired tone may be 
selected. Adjustment of volume control may cause a slight change in tone. 

Parts List 
Ci, Cs=20 /iF, electrolytic, Ji=Input jack for key 150 V Rr .1500 ohms, 1 watt 
C3=0.001 fiF, paper, 200 V R2=Potentiometer, 0.1 
Ci=0.03 /iF, paper, 200 V megohm, 0.6 watt 
F=% ampere 

Circuit Description 
This code-practice oscillator op- 

erates from a 117-volt ac power line. 
When ON-OFF switch Si is closed, 
the 117-volt ac input power is stepped 
up to 125 volts across the upper sec- 
ondary winding of power transformer 
Ti and is stepped down to 6.3 volts 
across the lower secondary winding. 
The 6.3-volt winding provides the op- 
erating power for the heater of the 
6BJ8 twin diode-tride used in the cir- 
cuit. The diode sections of the 6BJ8 
are connected to operate as a single 
diode in a half-wave rectifier circuit 
that converts the ac power across the 

Ti=:P6wer transformer, 125 
volts rmsj 15 ma; 6.3 volts, 
0.6 ampere 

T2=Output transformer, 
universal 

125-volt winding of T, to dc operating 
power for the 6BJ8 triode section. 
This triode section is used as the am- 
plifier tube in a simple audio-oscilla- 
tor stage. 

Operation of the oscillator stage 
is controlled by a telegraph key, 
which is connected into the circuit by 
means of jack Ji. When the key is 
closed, the triode section of the 6BJ8 
supplies energy to the oscillator res- 
onant circuit formed by capacitor Ci 
and the effective inductance of the 
primary of output transformer Tz. 
This circuit then resonates to pro- 
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29-7 CODE-PRACTICE OSCILLATOR (Cont'd) 
Circuit Description (Cont'd) 
duce an audio signal that is coupled 
by transformer T2 to the speaker to 
produce an audible indication of the 
keying. Positive feedback to sustain 
oscillation is developed by the auto- 
transformer action of the tapped pri- 
mary of transformer Ts. 

Output transformer T2 is a uni- 
versal type which contains multiple 
taps on the secondary winding. These 
taps enable the transformer to match 
the oscillator output impedance to 

different values of speaker voice-coil 
impedance. The speaker impedance 
and transformer terminals used, how- 
ever, affect the effective inductance 
in the primary of T, and, thus, the 
tone of the audio output. Volume- 
control potentiometer Ra adjusts the 
level of the audio output. Adjustment 
of potentiometer Rz varies the load- 
ing on the oscillator resonant circuit 
and may also cause a slight change 
in the tone of the audio output. 

INTERCOMMUNICATION SET 
With Master Unit and Two or More Remote Units 

type r; 6EH5 J2 Cai LTP 
VOL.   CONT. , JVPE . / 7 6AV6 „ l/C| "X r3 < t3M R4< I* X 

^ ^ TxT 

tU4 the. 
T___£r 

REMOTE UNIT 

REMOTE UNIT 

The leads from the LISTEN-TALK switch Si to Ti and Ts should be kept as 
far apart as possible to prevent undesirable regenerative effects. 
Connections to the remote speaker units should be made with low-resistance wire, preferably with shielded "intercom" cable. 

Parts List 
Ci, C2=0.0022 /iF, paper, 

200 Y. 
C3=0.005 /iF, paper, 200 V. 
C4, C5=60 /iF, electrolytic, 

150 Y. 
Fi=Fuse, 1 ampere 
Ri—Volume control, potenti- 

ometer, 0.6 megohm, audio 
taper, attached to switch S3 

R2=6.8 megohms, 0.5 watt 
Rr, R4=0.47 megohm, 

0.5 watt 
R5=10000 ohms, 0.5 watt 

Ro, R7=68 ohms, 0.5 watt 
R8=:2200 ohms, 1 watt 
Si=Talk-listen switch, 

double-pole, double-throw S2—Station Selector, rotary 
switch 

S3=On-off switch, single-pole, 
single-throw; attached to 
volume-control potentiom- eter 

SPi,: SPa, SP3=Speaker ; per- 
manent-magnet ; voice-coil 
impedance, 3 to 4 ohms 

Ti=Input transformer, 4-ohm 
primary, 25000-ohm second- 
ary, Knight 64A1492 or 
equiv. 

T2=Output transformer, 3000- ohm primai-y, 4-ohm sec- 
ondary, Knight 54A2371 or 
equiv. 

Ts=P6wer transformer, 125 
volts rms, 60 mA., 6.3 volts 
rms. 2 amperes. Knight 
54A1411 or equiv. 
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29-8 INTERCOMMUNICATION SET (Cont'd) 

Circuit Description 
This simple "intercom" set can the desired remote unit into the in- 

be used to achieve reliable voice com- tercom system. With Si depressed to 
munications, at normal speaking lev- the TALK position, the remote unit 
els, between any two points in a speaker is automatically connected 
normal-size house. The system con- to the audio amplifier output for lis- 
sists of a master unit, centrally lo- ten-mode operation. When Si is in 
cated at the hub of household activity, the LISTEN position, the master-unit 
interconnected by low-loss cabling to speaker is connected in the listen 
remote units located at points (e.g., mode, and the remote-Unit speaker is 
garage, attic, and cellar) beyond the connected to the amplifier^ input. A 
range of normal voice levels. An au- reply from the remote unit is then 
dio amplifier, which includes a 6AV6 coupled from the remote speaker by 
voltage-amplifier stage and a 6EH5 transformer Ti to the control grid of 
power-output stage, provides the am- the 6AV6 audio amplifier, 
plification necessary to overcome the Transformer Ti matches the 
attenuation of voice levels by system voice-coil impedance of the 4-ohm 
cabling. A 6X4 half-wave rectifier permanent-magnet speaker (of either 
circuit converts the 117-volt ac input master or remote unit) to the 25000- 
power to the dc power required for ohm input impedance of the 6AV6 
operation of the amplifier stages. A amplifier stage. This stage and the 
6.3-volt secondary winding on the 6EH5 audio output stage amplify the 
power transformer (T3) in the recti- audio (voice) signals received from 
fier circuit provides heater power for . one location (the master unit or one 
the amplifier and rectifier tubes. of the remote units) to develop the 

The speaker at each intercom audio power required to produce an 
station is used for both talk and lis- audible output from the speaker at 
ten functions. The talk-listen switch another location. Output transformer 
Si at the master location establishes T2 matches the 3000-ohm plate-circuit 
the talk or listen mode for all sta- impedance of the output stage to the 
tions. The voice communications are 4-ohm voice-coil impedance of the 
initiated from the master unit. Switch speaker (master-unit or remote-unit) 
Si is depressed to the TALK position, to which the communication is di- 
and the initiator talks into the mas- rected, as determined by the settings 
ter-unit speaker. The audio (voice- of switches Si and S2. The VOL. 
signal) voltage that is then developed CONT. potentiometer Ri in the input 
across the speaker voice coil is cou- circuit of the 6AV6 audio amplifier 
pled by input transformer T, to the stage provides the volume-control ad- 
control grid of the 6AV6 audio am- justment for the system, 
plifier. Selector switch S2 connects 

29-9 HIGH-FIDELITY AUDIO AMPLIFIER 
Glass ABi; Power Output, 16 Watts 

Circuit Description 
This high-fidelity audio power tivity is such that the rated output of 

amplifier can deliver 15 watts of rms 15 watts is obtained for an input of 
output power with less than 0.4 per 1.2 volts rms. The total hum^ ana 
cent total harmonic distortion and noise, with the input shorted, is 84 
less than 1.5 per cent intermodulation dB below 15 watts. The circuit op- 
distortion. The frequency response of erates from a 117-volt ac power line, 
the amplifier is flat within ±0.5 dB The transformer-coupled ac input 
from 20 Hz to 60 kHz, and the sensi- power is converted to dc operating 
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29-9 HIGH-FIDELITY AUDIO AMPLIFIER (Cont'd) 

TYPE 295 V 6973 91 
RM 

R3S R5< <r6 

;rQ
pi h r, i7ev 

^l0 type ^ 

°un V TO y 
/^V. ^ SPEAKER Ri2 3/ rrruU2.9,5 voice coil -vOU-p-^le v 

R4< R? AUXILIARY POWER FOR 
PREAMPLIFIER, 

TONE-CONTROL AND MIXER 
CIRCUITS 

4+B v Rie 

1+ CIIT- , 1 +iC|2 
C|0t+ ?RI7 

R2| hum bal. adj 

Parts List 
Ci=40 fiF, electrolytic, 450 V. 
Cz, Ci, Cg=0.25 fiF, paper, 

400 V. 
08=3.3 pP, ceramic or mica, 

600 v. 
08=150 pP, ceramic or mica, 

400 V. 
Ct, Ca=0.06 fiF, paper, 

400 V. 
00=0.02 fiF, paper 600 V. 
Cio=100 fiF, electrolytic, 

50 V. 
Cii=80 fiF, electrolytic, 

450 V. 
Ci2=40 fiF, electrolytic, 

460 V. 
Fi=Fuse, 3 amperes 
Li=Choke, 3 H, 160 mA, dc 

resistance 75 ohms or less, 
Triad C-13X or equiv. 

Ri=Volume control, potenti- 
ometer, 1 megohm 

R2=10000 ohms, 0.5 watt 
R3=0.82 megohm, 0.5 watt 
R4=820 ohms, 0.5 watt 
R5=0.22 megohm, 0.6 watt 
Ro, R7=15000 ohm ±5 per 

cent, 2 watts 
R8=3900 ohms, 2 watts 
Ro, Rio=0.1 megohm, 

0.5 watt 
Ru, Ri2=1000 ohms, 0.5 watt 
Ria, Ri4=100 ohms, 0.5 watt 
Ri6=8200 ohms, 0.5 watt 
Rie=15000 ohms, 1 watt 
Ri7=68000 ohms, 0.5 watt 
Ri8=4700 ohms, 2 watts 
Rib=0.27 megohm, 1 watt 
R2o=47000 ohms, 0.5 watt 

R2i=Hum balance adjust- 
ment, potentiometer, 100 
ohms, 0.5 watt 

SRi=Selenium rectifier, 20 
mA, 135 volts rms 

Ti=Output transformer, 
(having 8-ohm tap for feed- 
back connection) for match- ing impedance of voice coil 
to 6600-ohm plate-to-plate 
tube load ; 50 watts ; fre- 
quency response, 10 to 50000 
Hz ; Stancor A-8056 or 

equiv. 
T2=Power transformer, 

360-0-360 volts rms, 120 
mA; 6.3 V., 3.5 A; 5 V., 
3 A; Stancor 8410 or equiv. 
(see Note 1) 

Notes: 1. For stereo operation from a single power supply, the power transformer T2 must 
be replaced by one that has a higher current rating. A Stancor Type 6315 or 
equivalent (370-0-370 volt rms, 275 mA) is recommended. 

2. If the amplifier oscillates or "motorboats," reverse ground and feedback connec- 
tions in secondary of output transformer Ti. 
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HIGH-FIDELITY AUDIO AMPLIFIER (Cont'd) 

Circuit Description (Cont'd) 
power for the amplifier stages by the 
5BC3 full-wave rectifier. Heater pow- 
er for the amplifier tubes and the 
rectifier are obtained from the 6.3- 
volt and 5-volt secondary windings, 
respectively, on the rectifier power 
transformer (Ta). 

A high-gain pentode voltage 
amplifier is used as the input stage 
for the audio power amplifier. The 
output of this stage is direct-coupled 
to the control grid of a triode split- 
load type of phase inverter. The use 
of direct coupling between these 
stages minimizes phase shift and, 
consequently, increases the amount of 
inverse feedback that may be used 
without danger of low-frequency in- 
stability. A low-noise 7199 tube, 
which contains a high-gain pentode 
section and a medium-mu triode sec- 
tion in one envelope, fulfills the 
active-component requirement for 
both the pentode input stage and the 
triode phase inverter. Potentiometer 
Ri in the input circuit of the 7199 
pentode section is the volume control 
for the amplifier. 

The plate and cathode outputs of 
the phase inverter, which are equal in 
amplitude and opposite in phase, are 
used to drive a pair of pentode-con- 
nected 6973 beam-power tubes used 
in a class ABi push-pull output stage. 
The 6973 output tubes are biased for 
class ABi operation by the fixed nega- 
tive voltage applied to the control- 
grid circuit from the rectifier circuit. 
Fixed bias is used because a class AB 
amplifier provides highest efficiency 

and least distortion for this bias 
method. 

Transformer Ti couples the audio- 
amplifier output to the speaker. The 
taps on the secondary of this trans- 
former match the plate-to-plate im- 
pedance of the output stage to the 
voice-coil impedance of an 8- or 16- 
ohm speaker. Negative feedback of 
19.5 dB is coupled from the secondary 
of the output transformer (speaker 
voice coil) to the cathode of the input 
stage to reduce distortion and to im- 
prove circuit stability. 

Fixed-bias operation of the out- 
put stage requires that the power 
supply provide very good voltage 
regulation because the plate current 
of the 6973 tubes varies considerably 
with the signal level. The conven- 
tional choke-input type of power- 
supply used provides the required 
regulation. The fixed bias for the out- 
put stage is obtained from one-half 
the high-voltage secondary winding 
of power transformer T2 through a 
capacitance-resistance voltage divider 
and the 20-milliampere, 135-volt 
selenium rectifier. Potentiometer R2L 
connected across the 6.3-volt second- 
ary winding of transformer T2 pro- 
vides a hum balance adjustment for 
the audio power amplifier. The wiper 
arm of this potentiometer is con- 
nected to the junction of a resistive 
voltage divider across the output of 
the power supply. The resulting posi- 
tive bias voltage applied to the tube 
heaters minimizes heater-to-cathode 
leakage and substantially reduces 
hum. 

29-10 HIGH-FIDELITY AUDIO AMPLIFIER 
Class ABi; Power Output, 30 Watts 

Circuit Description 
This audio power amplifier can Hz to 40 kHz. The total hum and 

deliver 30 watts of rms output power noise, with the input shorted, is 85 
with less than 0.7 per cent total har- dB below 30 watts. The rated output 
monic distortion and less than 1.5 of 30 watts is obtained for an input 
per cent intermodulation distortion. of 1 volt rms. 
The frequency response of the ampli- The 30-watt amplifier is essen- 
fier is flat within ±0.5 dB from 15 tially identical to the 15-watt ampli- 
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HIGH-FIDELITY AUDIO AMPLIFIER (Cont'd) 

!> J> -=rC3 TYPE i +390 V 

>r7 >rIO J;. 7868 9l +390 V 

[+280- [ v 4:02 

TYPE r 7199 2—^1 +105 

 X X +115 V 
C| +1.1 V 

r4> <r8 

3 14 7868 
i2t6/V^Y'7 

TO 
SPEAKER VOICE COIL 

irC9 ircll 

TYPE R20< 
5BC3 < 

AUXILIARY 
POWER FOR 

PREAMPLIFIER, 
TONE-CONTROL, 

AND MIXER 
CIRCUITS 

HUM BAL. ADJ. 

Parts List 
Ci=25 fiF, electrolytic, 60 V 
02=22 pF, ceramic or mica, 

600 V 
C3=80 /iF, electrolytic, 460 V 
C-j, C-i=0.26 ^F, paper, 600 V 
Co=0.01 /iF, paper, 600 V 
Ct, C8=0.05 /iF, paper, 600 V 
Co, Cii=40 /iF, electrolytic, 

600 V 
Cio=100 /iF, electrolytic, 50 V 
Ci2=20 /iF, electrolytic, 

450 Y 
Fi=:Fuse, 3 amperes, 160 V 
Ri=Volume control, poten- 

tiometer, 1 megohm 
Rs^rlOOOO ohms, 0.5 watt 
R3=0.22 megohm, 0.5 watt 

R4=820 ohms, 0.5 watt 
Ro^lO ohms, 0.6 watt 
Ro=0.18 megohm, 0.5 watt 
Rt, R8=:15000 ohms ±5 per 

cent, 2 watts 
Ro=1000 ohms, 0.5 watt 
Rio=22000 ohms, 0.5 watt 
R11—2000 ohms, 2 watts 
R12, Ri3=0.1 megohm, 0.5 

watt 
R14, Ri5=1000 ohms, 0.5 watt 
Rio, R 17=56 ohms, 0.5 watt 
Ri8=270 ohms, 0.5 watt 
Rio=Hum balance adjust- 

ment, potentiometer, 100 
ohms, 0.5 watt 

R2o=220 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 ; fre- 
quency response, 10 to 
50000 Hz ; Stancor A-8056 
or equiv. 

T2=Power transformer, 375- 
0-375 volts rms, 160 mA : 
6.3 V., 5 A; 5 V., 3 A; 
Thordarson type T22R33 or 
equivalent (see Note 1). 

Notes: 1. For stereo operation from a single power supply, the power transformer T2 must 
be replaced-by one that has a higher current rating. A Stancor Type 6315 or 
equivalent (370-0-370 volts rms, 275 mA) is recommended. 2. if amplifier oscillates or "motorboats," reverse ground and feedback connections 
in secondary of output transformer Ti. cnons 
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29-10 HIGH-FIDELITY AUDIO AMPLIFIER (Cont'd) 

Circuit Description (Cont'd) 
fier (circuit 29-9) except that it uses rectifier, to supply the fixed-bias 
7868 beam power tubes in the out- voltage for the output stage. A po- 
put stage to develop the higher audio tentiometer (Rio) connected across 
power output and uses a resistive the 6.3-volt heater winding also pro- 
network in the negative leg of the vides the hum balance adjustment 
power supply, rather than a separate for the 30-watt amplifier. 

HIGH-FIDELITY AUDIO AMPLIFIER 
Class ABi; Power Output, 50 Watts 

TYPE l75Vl 1/ 6CB6A i 
APPROPRIATE TAP 15 1 + R|. +220V .v? 1 \/\| TYPE , I 3J 1 7199 f ay ^ k 1 

5—' "v $ 6v rh \ X ) 

3 4 Rpg 

RI3 L AVVy^Rir BAL./ > CONT. \ RI8> ^ X R23 >R26 

TYPE 15 6CB6A T" 
R|9> r20> r24 

TYPE 81 is 6GF7 /I N 
BIAS R35 ADJ. 

R3I ,SRI R37 AUXILIARY POWER FOR PREAMPLIFIER, TONE-CONTROL, AND R3e MIXER CIRCUITS. 
HUM BAL. R32 ADJ. 

125V TO | 214,7 150 V ?— 
R39 

R40 R4I 

Preliminary Adjustments 
The following adjustments should be made before operation: 

(1) With rectifier out of socket, adjust Bias Adj. R33 for —40 volts between the wiper 
(2) With Speaker connected, adjust Screen-Grid Voltage Adj. R39 for 400 volts between pin 3 of 6GF7 and ground bus. , . . 
(3) With input shorted, adjust Hum Bal. Adj. Rm for minimum hum from spejakei. 
(4) With input open and Vol. Cont. set for maximum volume, adjust Bal. Cont. R17 for minimum hum from speaker. 
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29-11 HIGH-FIDELITY AUDIO AMPLIFIER (Cont'd) 

R30=O.27 megohm, 0.5 watt 
R38=10000 ohms, 1 watt 
R36=Screen-grid voltage ad- 

justment, potentiometer, 
25000 ohms, 2 watts 

Rio=15000 ohms, 2 watts 
Rii—12000 ohms, 2 watts 
R42=0.22 megohm, 2 watts 
R4s=22000 ohms, 2 watts 
SRi=Selenium rectifier, 20 

mA, 135 volts rms 
Ti=Output transformer for 

matching impedance of 
voice coil to 5000-ohm 
plate-to-plate tube load; 50 
watts; frequency response, 
10 to 50000 Hz; United 
Transformer Corp. LS6L4 or equiv. (see Note 1) 

T2=Power transformer, 
600-0-600 volts rms, 200 
mA, 6.3 V., 5 A; 5 V., 
3 A ; Thordarson 22R36 or 
equiv. (see Note 2) 

T3=Filament transformer, 6.3 volts, center tapped, 
1 ampere; Thordarson 
21F08 or equiv. 

Parts List 
Cl'.£2Tr40 'lF, e'ectrotytic, R12, Ru=1.3 megohms, R3e=0.27 megohm, 0.5 watt _ 4°? v„ ^ „ 0.5 watt R3S=10000 ohms, 1 watt C3, C4—0.02/iF, paper, 400 V Ri3_47 ohms, 0.5 watt R3&=Screen-grid voltage ad- 
S5' 9°rr ^5-' v Rl5» Ri9=0.15 megohm, justment, potentiometer, 

& to 4-ohm tap; 0.5 watt 25000 ohms, 2 watts O-JOJ5 AF to 8-ohm tap; or, Rio. Ri8=390 ohms, 0.5 watt Rio=15000 ohms, 2 watts 0.001 /tF to 16-ohm tap; Ri7=AC balance control, po- R4i=12000 ohms, 2 watts 
paper, 400 V „ tentiometer, 500 ohms R42=0.22 megohm, 2 watts 

Ce, Ce—0.05 /tF, paper, 600 V R2o=0.15 megohm, 1 watt R43=22000 ohms, 2 watts 
Clo,TA20TT/iF' electro]ytic. Rax, R2i=0.33 megohm, SRi=Selenium rectifier, 20 

. 1,. 1 watt mA, 135 volts rms L t9 V ' electrolytlc' R22. R23=0.12 megohm, Ti=Output transformer for 
n -Sia ui 1 * w ^ 2 watts matching impedance of 

^Tn ' electroIytlc' R25, R20=0.1 megohm, voice coil to 5000-ohm 
tt k ^ 0.6 watt plate-to-plate tube load; 50 
y1 ZpS t QaSPoKnS a j R27, R28—47000 ohms, watts; frequency response, Lx—Choice, 8 H, 250 mA, dc 0,5 watt 10 to 50000 Hz; United 

resistance 60 ohms, or less R2o=600 ohms to 4-ohm tap ; Transformer Corp. LS6L4 Ki__Volume control, potenti- 820 ohms to 8-ohm tap; or, or equiv. (see Note 1) 
?-5 1200 ohms to 16-ohm tap; T2=Power transformer, 

52~a oo ohm3/ 0'5 watt 0.5 watt 600-0-600 volts rms, 200 
t* Za 00 watt R30=Hum balance adjust- ' mA, 6.3 V., 5 A; 5 V., 
tTzSoa 1^egoh

/,
m' 0.5 watt ment, potentiometer, 100 3 A; Thordarson 22R86 or Rs—820 ohms, 0.5 watt ohms equiv. (see Note 2) 

Ro-_10 ohms, 0.5 watt R3i=0.12 megohm, 5 watts T3=Filament transformer, 
Rt R8= 15000 ohms, 2 watts R32, Rsi, R35, R37=33000 6.3 volts, center tapped, 
Ko, Rio—1.5 megohms, ohms, 2 watts 1 ampere ; Thordarson 
*> 1- « R33=Bias adjustment, poten- 21F08 or equiv. Rii=33000 ohms, 2 watts tiometer 50000 ohms. 
Notes: 1. In many applications, less expensive transformers, such as Stancor Type A8053 

or United Transformer Corporation Type S-17, which have a narrower frequency 
response, may be used for Ti with satisfactory results. 2. For stereo operation from a single power supply, the following changes are re- 
quired: (a) The power transformer T2 must be replaced by one that has a higher 
a AAAent £atinfir; Transformer Corporation Type DC6A or equivalent (600- 0-600 volts rms, 300 mA) is recommended, (b) The 50000-ohm Bias Adj. potenti- 
ometer R33 should be replaced by two 100000-ohm potentiometers (one for each 
channel) connected in parallel, (c) A -second 5R4-GYB rectifier tube should be 
KT?ln/wt? 1TV Parallel with the one used for monaural operation. (Connect the 6K4-GYB tubes so that the two sections of each tube are in parallel with the 
corresponding sections of the other tube; do not use separate tubes for each 
section of the rectifier circuit.) 

3. If the amplifier oscillates or "motorboats," reverse ground and feedback connec- 
tions m secondary of output transformer Ti. 

Circuit Description 
This four-stage audio power for the 7027A beam power tubes in 

amplifier can deliver 50 watts of rms the output stage and to the use of 
power output with less than 0.1 per inverse-feedback loops from the plates 
cent total harmonic distortion and to the grids of the output tubes, from 
less than 1 per cent intermodulation the plates of the output tubes to the 
distortion. The frequency response cathodes of the driver tubes, and 
of the amplifier is flat within ±0.5 from the voice-coil winding of the 

a n d0m It • t r" go mtty outPut transformer to the cathode of 
now VTh Tt rr d WattS the input amplifier. Additional fea- output. The total hum and noise is +11T,/5C, * +i, * n , 7 
70 dB below 50 watts. tf63 ai® the oPf/ation of all heaters 

The 50-watt amplifier, like the at a P°sltlve voltage with respect to 
15-watt and 30-watt high-fidelity ground and use of a balancing adjust- 
amplifiers (circuits 29-9 and 29-10), m®nl; (two) in the heater-supply cir- 
uses a 7199 low-noise triode-pentode cuit to minimize hum, a grid-No. 2 
as an input amplifier and phase- voltage adjustment (Ran), a grid-No. 
splitter, but has a push-pull driver t bias adjustment (Raa) for the 7027A 
stage, which uses 6CB6 sharp-cutoff output tubes, and an ac-balance 
pentodes. The superior performance adjustment (Ria) which may be used 
of this amplifier can also be attrib- to balance the outputs of the push- 
uted, in part, to the use of a 450-volt pull stages. Operation of the 50-watt 
plate supply and a 400-volt electron- amplifier is essentially the same as 
ically regulated grid-No. 2 supply that of the 15-and 30-watt amplifiers. 

for the 7027A beam power tubes in 
the output stage and to the use of 
inverse-feedback loops from the plates 
to the grids of the output tubes, from 
the plates of the output tubes to the 
cathodes of the driver tubes, and 
from the voice-coil winding of the 
output transformer to the cathode of 
the input amplifier. Additional fea- 
tures are the operation of all heaters 
at a positive voltage with respect to 
ground and use of a balancing adjust- 
ment (Rao) in the heater-supply cir- 
cuit to minimize hum, a grid-No. 2 
voltage adjustment (Rao), a grid-No. 
1 bias adjustment (Raa) for the 7027A 
output tubes, and an ac-balance 
adjustment (Ria) which may be used 
to balance the outputs of the push- 
pull stages. Operation of the 50-watt 
amplifier is essentially the same as 
that of the 15- and 30-watt amplifiers. 
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TWO-CHANNEL STEREOPHONIC AMPLIFIER 
Power Output, 1 Watt Each Channel 

INPUT C- CRYSTAL OR S. CERAMIC )| PHONOGRAPH rh PICKUP CHASSIS 

TYPE 7l 60FX5^-t 

>BAL. 
R7< CONT. 

C^t <R8 

jyLl TYPE /S \ 60FX5 

TO SPEAKER VOICE COIL 

• TO SPEAKER I VOICE COIL 

TYPE TYPE 60FX5 60FX5 
—3^4 3/V ce^i ce^i 

Parts List 
Ci, C3=0.22 iiF, paper, 

400 V 
C2=0.1 fiF, paper, 400 V 
Ci, C5=50 fiF, electrolytic, 25 V 
Ce=50 /iF, electrolytic, 150 V 
Ct, C8=50 mF .electrolytic, 150 V 
Fi=Fu8e, 3 amperes 

Ri, Rs = Volume control po- tentiometer, 1.6 megohms, 
ganged, audio taper 

Ra = 0.22 megohm, 0.5 watt 
Ri, Rs = 47000 ohms, 0.5 

watt 
Ro = 12 ohms, 1 watt Rt = Balance control, po- 

tentiometer, 2 megohms, 
audio taper 

Ra, Ro = 60 ohms, 1 watt 
Rio = 280 ohms, 2 watts Ru = 220 ohms, 2 watts 
Si = ON-OFF switch, single- 

pole, single-throw 
Ti, Ta = Output transformer 

for matching impedance of 
voice coil to 3000-ohm tube 
load ; Triad S-16X or equiv. 

Circuit Description 
This ac/dc two-channel (stereo) 

amplifier operates from either an ac 
power line or dc supply of 117 volts. 
AC power inputs are converted to dc 
power by the 1N1763 silicon-diode 
half-wave rectifier circuit. The 
heaters of the 60PXB power pentodes 
(one for each channel) used in the 
amplifier are connected in series 
directly across the input power line. 

In stereo units that use high- 
output ceramic stereo cartridges, the 
high power sensitivity of the 60FX5 
tubes at low supply voltage elimi- 
nates the need for preamplifier 
stages. The 60PX5 provides a power 
output of 1.3 watts to a 3000-ohm 
transformer primary with only 3 
volts peak drive on grid No. 1. With 
a transformer having a good imped- 
ance match and 85-per-cent efficien- 
cy, each channel of the stereo ampli- 
fier supplies 1.1 watts of useful 
power output at the speaker. 

No special mounting or layout 

precautions are necessary for this 
amplifier other than the value and 
placement of the isolating capacitor 
C„ between B— and the chassis. This 
capacitor should be connected to the 
same point on the chassis at which 
the common cartridge lead is tied. 
A value of 0.1 microfarad for the 
isolating capacitor is suggested so 
that full output is obtained from the 
pickup. 

As with all single-ended ampli- 
fier circuits, especially ac/dc units, 
adequate screen-grid bypassing is 
necessary to minimize hum. Screen- 
grid filtering is obtained through use 
of a 220-ohm dropping resistor Rs and 
a 50-microfarad electrolytic capacitor 
Co. Although, in the circuit shown, 
separate cathode-bias resistors are 
used for better dynamic balance, a 
single 30-ohm common cathode-bias 
resistor bypassed with a 50-micro- 
farad electrolytic capacitor may also 
be used. 
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29-13 MICROPHONE AND PHONOGRAPH AMPLIFIER 
Power Output, 8 Watts 

J2o^ $1 ^ ' 
+-L " csi+T -2;c4 L5I- 

-Cj2 <RI7 

TYPE 6L6-GC ' 

R| 4)co6 Re| 5feKy 
ifTa c8 Cio4: 2 fT4 

I ♦ ^-|bassH(- T U>LX_ 
c,.,! " 

1 "4c# M"05] k WA \ Ta 

S2 F 
o-cf*o—&4c -X TYPE 5Y3-GT 

-rvr^. 

R|9 Rzo 

R2I +L L| +L R22tL 
-rj-Cis ^j-C|6 ~J-C|7 

Parts List 
Ca, C2=100 pF, disc-ceramic, 

300 V 
C3=0.05 /iF, paper, 200 V 
64=8 fiF, electrolytic, 450 V 
C5=16 fiF, electrolytic, 450 V 
Co=25 fiF, electrolytic, 450 V 
C7=0.1 /iF, paper, 200 V 
C8=0.001 /iF, disc-ceramic, 

300 V 
Co=0.01 /iF, disc-ceramic, 

300 V 
Cio=470 pF, disc-ceramic, 

300 V 
Cii=4700 pF, disc-ceramic, 

300 V 
Ci2=4 /iF, electrolytic, 450 V 
Ci3=0.05 /iF, paper, 600 V 
Ci4=25 /iF, electrolytic, 25 V 
Gas, C10, Ci7=20 /iF, electro- 

lytic, 450 V 
Fi=Fuse, 1 ampere 
Ji=Jack for high-impedance 

crystal microphone input; 
max. input: 2 millivolts 
peak 

J2=Jack for crystal phono- 
pickup input 

Li=Filter choke, 5 H, 
200 mA, United Trans- 
former Corp. R20 or equiv. 

Ri, Rio=10000 ohms, 0.5 watt 
R2=Vo]ume Control, potenti- 

ometer, 1 megohm 
R3=2.2 megohms, 0.5 watt 
Ra, Rs, R2o=0.22 megohm, 

0.6 watt 
R5=27000 ohms, 0.5 watt 
Ro=1200 ohms, 0.5 watt 
R7, Ri3=0.1 megohm, 

0.5 watt 
Ro, Ru=Tone control, po- 

tentiometer, 0.5 megohm 
Rio=22000 ohms, 0.5 watt 
Ri2=12000 ohms, 0.5 watt 

Ri4=1800 ohms, 0.5 watt 
Ri6=0.47 megohm, 0.5 watt 
Ri7=0.16 megohm, 0.5 watt 
Ri8=180 ohms, 2 watts 
Rio=47000 ohms, 1 watt 
R2i=60 ohms, 10 watts 
R22=8200 ohms, 2 watts 
Si=Microphone-phonograph selector; wafer switch ; 

single-pole, double-throw 
S2=ON-OFF switch, single- 

pole, single-throw Ti=Power transformer, 300- 
0-300 V., 90 mA. ; 6.3 V., 
3.5 A., center tapped ; 5 V., 
2 A, Thordarson 22R04 or 
equiv. 

T2=Output transformer for 
matching impedance of 
voice coil to 4000-ohm tube 
load; 10 watts ; United 
Transformer Corp. S14 or 
equiv. 

Circuit Description 
This microphone and phonograph 

amplifier can deliver up to 8 watts of 
audio output power for an input of 
200 millivolts rms at .L (phonograph 
input) or an input of 6.8 millivolts 
rms at Ji (microphone input). The 
amplifier uses a 6EU7 twin-triode 
input amplifier, a 6AV6 driver stage, 

and a 6L6GC single-ended output 
stage to increase the signal power 
from a high-impedance crystal micro- 
phone or crystal phonograph pickup 
to the desired level. The transformer- 
coupled ac input power is converted 
to dc operating power for these 
stages by a 5Y3GT full-wave recti- 
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MICROPHONE AND PHONOGRAPH 
AMPLIFIER (Cont'd) 

Circuit Description (Cont'd) 
tier circuit. A 5-volt winding on 
power transformer Ti provides the 
heater power for the rectifier tube, 
and a 6.3-volt winding provides 
heater power for the other tubes in 
the amplifier. The center tap on the 
6.3-volt winding is connected to the 
junction of a resistive voltage divider 
(Rio and Rm) across the output of the 
power supply. The resulting positive 
bias applied to the tube heaters sub- 
stantially reduces heater-to-cathode 
leakage and, consequently, minimizes 
hum. 

The signals from a crystal micro- 
phone are usually much smaller than 
those from a crystal phonograph 
pickup. Microphone signals, there- 
fore, are amplified by both sections 
of the 6EU7 twin-triode amplifier. 
The signals are coupled from Ji to 
the pin 5 control grid of the 6EU7. 
The plate output from this triode 
section is then coupled through 
switch Si (microphone position) and 
volume-control potentiometer Ra to 

the pin 8 control grid of the 6EU7. 
With selector switch Si in the phono- 
graph position, phonograph inputs 
are coupled directly from Ja across 
volume-control potentiometer Ra to 
the pin 8 control grid, and the first 
section of the 6EU7 is bypassed. 

The outputs from the pin 7 plate 
of the 6EU7 are coupled across the 
frequency-sensitive tone-control net- 
work to the control grid of the 6AV6 
driver stage. The bass and treble 
controls Ro and Ru are adjusted to 
assure optimum low- and high-fre- 
quency response characteristics for 
the amplifier. The two diode plate 
sections of the 6AV6 are shorted to 
the tube cathode and thereby are 
made inoperative. The output of the 
driver stage is applied to the 6L6GC 
output stage which develops the 
audio power required to drive a 
speaker. Transformer T> matches the 
4000-ohm plate impedance of the out- 
put stage to the speaker voice-coil 
impedance. 

29-14 TWO-CHANNEL AUDIO MIXER 

Voltage Gain from Each Grid of 6EU7 to Output is Approximately 20 
OUTPUT TO 

I U 1 *■ GRID OF 
ro > NEXT STAGE 

R2 R6 

TYPE 6 7 SEur/p-iv R7< INPUT 

R4> 

Parts List 
Ci=10 fiF, electrolytic, 25 V 
C2=0.05 fiF, paper, 400 V 
Ri, Rs, R8=l megohm, 

0.5 watt 
Ra Ro=0.1 megohm, 

0.5 watt 
Rs, Rv^Potentiometers, 0.1 

megohm, audio taper 
R4=1200 ohms, 0.5 watt 
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29-14 TWO-CHANNEL AUDIO MIXER (Cont'd) 
Circuit Description 

This high-fidelity mixer circuit 
can be used to combine audio-fre- 
quency program material from two 
sources. Each signal channel consists 
of a one-stage voltage amplifier 
using one section of a 6EU7 low- 
noise twin-triode. Each section of 
the mixer can provide a voltage gain 

of about 20, and can handle an input 
signal of about 0.2 volt rms without 
overloading. The dc plate supply of 
-(-250 volts (nominal value) for the 
mixer stages can usually be obtained 
from an auxiliary tap on the power 
supply for the audio power amplifiers. 

PHONOGRAPH AMPLIFIER 
Power Output, 1 Watt 

TYPE 
50EH5 IT 

:c, >RI 

TO 
SPEAKER 

VOICE 
COIL 

C3pf:+ C4^:l 

Parts List 
Ci=:0.082 /fF, paper, 400 V 
C2=0.02 /iF, paper, 400 V 
Ca, C-i=40 /iF, electrolytic, 

150 V 
Fi=Fuse, 1 ampere 
Ji=Input connector, shielded, 

for crystal phonograph 

pickup 
Ri=0.22 megohm, 0.5 watt 
R2=Volume control, potenti- 

ometer, 0.5 megohm, 
audio taper 

R3=10000 ohms, 0.6 watt 
Ri=22 ohms, 0.5 watt 

R5=210 ohms, 10 watts 
Ro, R7=56 ohms, 0.5 watt 
R8=3300 ohms, 1 watt 
Ti=Output transformer for 

matching impedance of 
voice coil to 3000-ohm 
tube load 

Circuit Description 
This single-stage phonograph 

amplifier operates directly from 
either an ac power line or a dc supply 
of 117 volts. AC power inputs are 
converted to dc power by the 35W4 
half-wave rectifier circuit. The heat- 
ers of the amplifier and rectifier tube 
are connected in series, together with 
a 210-ohm voltage-dropping resistor, 
Rs, directly across the input power 
line. 

The amplifier uses a 50EH5 

power pentode to develop up to 1 
watt of audio output power from the 
input supplied from a crystal phono- 
graph pickup. The input is applied at 
Ji and coupled through a length of 
shielded cable to the input circuit of 
the pentode amplifier. Volume-control 
adjustment for the amplifier is pro- 
vided by potentiometer R2. The out- 
put coupling transformer T matches 
the 3000-ohm plate load impedance 
of the 50EH5 to the voice-coil im- 
pedance of the speaker. 
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29-16 PREAMPLIFIER FOR MAGNETIC PHONOGRAPH PICKUP 
With RIAA Equalization 

"9 

i-195 V era I Re 

TYPE 
7025 

ov zf- 
;c6 'SR|0 

, AF OUTPUT -Ce (LOAD=220000 
OHMS MIN.) 

;,iL R< R7>C4+=k<R8 

Sensitivity=3 millivolts rms input for output of 0.55 volt at frequency of 1000 Hz. 
Parts List 
Ci, C4=25 ilF, electrolytic, 

25 V . 
O2, C5=20 /iF, electrolytic, 

450 y 
C3=0.1 /tF, paper, 600 V Co=0.0033 /iF±5 per cent, 

paper, 600 V 
C7=0.01 /iF±5 per cent, 

paper, 600 V 

Circuit Description 

C8=180 pF±5 per cent, 
ceramic or mica, 600 V 
(includes capacitance of 
output cable) 

Co=0.22 /tF, ceramic, 500 V 
J=Input connector, shielded, 

for high-impedance mag- 
netic phono pickup (10 mV 
output, approx.) 

Ri=Value depends on type 

of magnetic pickup used. 
Follow pickup manufac- 
turer's recommendations Rs, R7=2700 ohms, 0.5 watt 

Rs, R5=0.1 megohm, 0.5 watt 
R4=39000 ohms, 0.5 watt 
Ro=0.47 megohm, 0.5 watt 
R8=0.68 megohm, 0.5 watt 
R0=15OOO ohms, 1 watt 
Rio=22000 ohms, 0.5 watt 

This two-stage audio preamplifier 
is intended for use with high-fidelity 
magnetic phonograph pickups. The 
two amplifier stages provide an over- 
all circuit gain of approximately 150. 
The 7025 twin triode used in the 
circuit features exceptionally low 
hum and noise and is designed es- 
pecially for use in high-fidelity cir- 
cuits that operate at low signal 
levels. The preamplifier is ideally 
suited for use as the low-level input 
stage for audio power amplifiers such 
as the 50-watt unit, circuit 29-11. For 
use with audio power amplifiers such 
as the 15- and 30-watt units, circuits 
29-9 and 29-10, which require higher 
input signals, another low-level am- 
plifier (e.g., the tone-control ampli- 
fier, circuit 29-20) must be inserted 
between the preamplifier and the 

power amplifier to obtain the full 
rated output. The heater and dc 
operating power required for the pre- 
amplifier can usually be obtained 
from the power-supply circuit for the 
power amplifier. 

The audio signal from the phono- 
graph pickup is applied to J and 
coupled through a length of shielded 
cable to the control grid of the input 
stage of the preamplifier. The inter- 
stage coupling between the two am- 
plifier sections of the preamplifier 
includes an RIAA equalization net- 
work (Rio and Co). This network com- 
pensates for the Orthophonic record- 
ing characteristic* introduced into a 
record disc by the manufacturer. The 
output from the preamplifier is 
coupled from the plate of the second 
stage hy output coupling capacitor 
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29-16 PREAMPLIFIER FOR MAGNETIC 
PHONOGRAPH PICKUP (Cont'd) 

Circuit Description (Cont'd) 
Co to the input of a tone-control 
amplifier (if used) or directly to the 
input of the power amplifier. Because 
of its relatively high output imped- 
ance, the preamplifier is recom- 
mended for use in systems in which 
the preamplifier is mounted on the 
same chassis as the power amplifier 
and/or tone-control amplifier. The 
preamplifier may be used at distances 
up to 6 feet from the following am- 
plifier provided that the capacitance 
of capacitor Cs is reduced approxi- 
mately 30 picofarads for each foot 
of shielded cable used for the audio- 
frequency connection between the 
preamplifier and the following ampli- 
fier. 

* To achieve wide frequency and dy- 
namic ranges, manufacturers of com- 
mercial recordings use equipment 
which introduces a non-uniform re- 
lationship between amplitude and 
frequency. This relationship is known 
as a "recording characteristic." To 
assure proper reproduction of a high- 
fidelity recording, therefore, some 
part of the reproducing system must 
have a frequency-response character- 
istic which is the inverse of the re- 
cording characteristic. Most manu- 
facturers of high-fidelity recordings 
use the RCA "New Orthophonic" 
(RIAA) characteristic for discs and 
the NARTB characteristic for mag- 
netic tape. 

29-17 HIGH-FIDELITY PREAMPLIFIER FOR TAPE-HEAD PICKUP 
With NARTB Equalization 

TYPE ,1 5  TO25 lJ—-<6 +B 
AUXILIARY 

SUPPLY 

C| ~ INPUT + I 
RIS X)< V 

"?< C7P 

I I 
OUTPUT 

(L0AD=50000 
OHMS MIN.) 

Sensitivity—3 millivolts rms input for output of 0.55 volt at frequency of 1000 Hz. 

Parts List 
Ci=:0.047 ceramic. 

400 V 
C2—40 /iF, electrolytic. 

450 V 
03=0.1 fiF, ceramic, 400 V 
04=25 /iF, electrolytic, 25 V 
05=0.22 fiF, ceramic, 400 V 
08=0.015 /tF, ceramic, 400 V 
07=25 /iF, electrolytic, 25 V 

08=0.22 /iF, ceramic, 400 V 
Ce=40 /iF, electrolytic, 450 V 
Cio=0.47 /iF, ceramic, 400 V 
Ri=l megohm, 0,5 watt 
R2=0.1 megohm, 0.5 watt 
113=1000 ohms, 0.5 watt 
R4=0.47 megohm, 0.5 watt 
R5=0.22 megohm, 0.5 watt 
R6=22000 ohms, 0.5 watt 

R?—3300 ohms, 0.5 watt 
R8=3.3 megohms, 0.5 watt 
Re=1500 ohms, 0.5 watt 
Rio=0.1 megohm, 0.5 watt 
Rii=1500 ohms, 0.5 watt 
Ri2=15000 ohms, 0.5 watt 
Ri3=0.47 megohm, 0.5 watt 
Ri4=4700 ohms, 0.5 watt 



700 RCA Receiving Tube Manual 

29-17 HIGH-FIDELITY PREAMPLIFIER FOR 
TAPE-HEAD PICKUP (Cont'd) 

Circuit Description 
This three-stage preamplifier 

provides the amplification necessary 
to increase the output from a tape- 
head pickup to the level required to 
drive an audio power amplifier. The 
circuit uses a 5879 low-noise sharp- 
cutoff pentode in a high-gain input 
voltage amplifier, one section of a 
7025 twin triode in a second voltage 
amplifier, and the other section of the 
7025 in a cathode-follower output 
stage. Because of the low-impedance 
cathode-follower output circuit, the 
preamplifier may be installed at dis- 
tances up to 50 feet from the follow- 
ing stage (tone-control or power 
amplifier) without adverse effect 
upon its frequency-response charac- 
teristics. The preamplifier is intended 
for use as the low-level input stages 
for an audio power amplifier, such as 
the 50-watt unit (circuit 29-11) or, 
when followed by another low-level 
amplifier (e.g., the tone-control am- 
plifier, circuit 29-20) the 15- or 30- 
watt unit (circuit 29-9 or 29-10). 

The heater and dc operating power 
for the preamplifier can usually be 
obtained from the power supply for 
the power amplifier. 

The preamplifier provides an 
over-all circuit gain of 180. An input 
of 3 millivolts rms at the input 
terminals, is amplified by the pentode 
and triode voltage amplifiers to de- 
velop an output of approximately 
0.55 volt rms at the cathode of the 
cathode-follower output stage. The 
interstage coupling between the 
pentode and triode voltage amplifiers 
equalizes the playback frequency 
response of the preamplifier to com- 
pensate for the NARTB recording 
characteristic introduced into the 
magnetic tape by the manufacturer. 
(See footnote for circuit 29-16.) The 
output of the preamplifier is coupled 
by capacitor Cio to the input of the 
audio power amplifier or to the input 
of an intermediate tone-control 
amplifier. 

29-18PREAMPLIFIER FOR CERAMIC PHONOGRAPH PICKUP 
Cathode Follower (Low-Impedance) Output 

+ 230-300 V 

AF OUTPUT 
(LOAD = 
50000 

OHMS MINI 
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29-18 PREAMPLIFIER FOR CERAMIC 
PHONOGRAPH PICKUP (Cont'd) 

Parts List 
Ci=0.1 /iF, paper, 400 V for high-impedance R3=0.82 megohm, 0.5 watt 
C2=0.01 /iF, paper, 400 V ceramic phono pickup R4=0.22 megohm, 0.5 watt 
C3=20/iF, electrolytic, (0.6-volt output) Ro, R8=47000 ohms, 0.5 watt 

400 V Ri=1.8 megohms, 0.5 watt R6=4700 ohms, 0.5 watt 
Ci—0.25 fiF, paper, 400 V R2=Volume control, potenti- R7=1000 ohms, 0.5 watt 
Cs=0.22 /iF, paper, 600 V ometer, 0.5 megohm, audio Ro=l megohm, 0.5 watt 
Ji=Input connector, shielded, taper Rio=1800 ohms, 0.5 watt 

Circuit Description 
This two-stage preamplifier is The preamplifier uses a 7199 

intended for use with a high-imped- triode-pentode in a high-gain pentode 
ance ceramic phonograph pickup. The input stage and a triode cathode- 
circuit features a cathode-follower follower output stage. These stages 
(low-impedance) output which makes provide the amplification necessary 
it possible to install the preamplifier to increase the output from a crystal 
at distances up to 50 feet from the phonograph pickup, applied at J,, to 
succeeding stage (tone-control or the level required to drive an audio 
power amplifier). The preamplifier power amplifier. The output of the 
operates from a dc supply of 230 to preamplifier, coupled from the cath- 
300 volts and a heater supply of 6.3 ode of the 7199 triode section, may 
volts. These voltages can usually be be applied directly to the power 
obtained from the power supply for amplifier, or to an intermediate tone- 
the power amplifier in the audio control amplifier, 
system. 

LOW-DISTORTION PREAMPLIFIER 
For Low-Output, High-Impedance Microphones 

+250-300 V 

R4> I 

TYPE 8 
5879 /- 

OUTPUT 
(LOAD = 
220000 

OHMS MIN.) 

INPUT •=!= 

"3^ IPFCZ 

Sensitmty=3 millivolts rms input for output of 220 millivolts. 
Parts List 
Ci=0.047 /iF, paper, 400 V 
C2=25 /iF, electrolytic, 25 V 
03=0.22 /iF, paper, 400 V 
Ci=40 /iF, electrolytic, 450 V 

Ri=2.2 megohms, 0.5 watt 
R2=0.1 megohm, 0.5 watt R3=1000 ohms, 0.5 watt 

Ri=0.47 megohm, 0.5 watt 
R5=22000 ohms, 0.5 watt 



702 RCA Receiving Tube Manual 

29-19 LOW-DISTORTION PREAMPLIFIER (Cont'd) 

Circuit Description 
This single-stage preamplifier is 

intended for use with a high-fidelity, 
high-impedance crystal or dynamic 
microphone. The circuit uses a 5879 
low-noise sharp-cutoff pentode in a 
conventional amplifier circuit that 
has a high-impedance output, a volt- 
age gain of approximately 70, and 
a flat frequency response over the 

audio range. Because of its high out- 
put impedance, the preamplifier 
should be mounted on the same 
chassis as the power amplifier and 
tone-control amplifier (if used). 
Heater and dc power for the circuit 
can be obtained from the power 
supply for the audio power amplifier. 

BASS AND TREBLE TONE-CONTROL AMPLIFIER 

+250-300V 

TYPE 
6EU7 el OUTPUT 

(LOAD = 
100000 
OHMS 

MIN.} 

RbJ BASS ; 
control; TREB 1 

CONTROL 

Ro=1000 ohms, 0.6 watt 
R8=Bass control, potenti- 

ometer, 1 megohm, audio 
taper 

Ro=10000 ohms, 0.5 watt 
Ri2=Treble control, poten- 

tiometer, 1 megohm, 
audio taper 

Sensitivity=0.5 volt rms input for output of 1.25 volts with controls set for flat response. 
Parts List 
Ci=0.047 /iF, paper, 400 V 08=0.0022 /(F, paper, 400 V Ro=1000 ohms, 0.6 watt Ca ci=20 «F. electrolytic, Ri=0.47 megohm, 0.6 watt R8=Bass control, potenti- 450 V R2=1600 ohms, 0.5 watt ometer, 1 megohm, audio 
C3=0.1 «F, paper, 400 V Rs, Rii=15000 ohms, 0.5 watt taper 
Cb=0 0022 aF paper, 400 V R4=22000 ohms, 0.5 watt Ro=10000 ohms, 0.5 watt 
Ca=o!o22 uF, paper, 400 V Rs, Rv, Rio=0.1 megohm, Ri2=Treble control, poten- 
Ct=o122 aF, paper, 400 V 0.6 watt tiometer, 1 megohm, 
Ca=220 pF, ceramic or mica, audio taper 

600 V 
Circuit Description 

This high-fidelity tone-control pling network. The bass and treble 
amplifier uses a 6EU7 low-noise twin controls in the coupling network can 
triode in a two-stage amplifier cascade be adjusted to provide up to 16 dB 
that consists of an input cathode of boost or attenuation (cut) at 30 
follower connected to a triode voltage Hz and at 15 kHz. With the bass and 
amplifier through a frequency-sensi- treble controls set at the mid-range 
tive (tone-control) interstage cou- positions, the amplifier provides an 

pling network. The bass and treble 
controls in the coupling network can 
be adjusted to provide up to 16 dB 
of boost or attenuation (cut) at 30 
Hz and at 15 kHz. With the bass and 
treble controls set at the mid-range 
positions, the amplifier provides an 
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29-20 BASS AND TREBLE TONE-CONTROL 
AMPLIFIER (Cont'd) 

Circuit Description (Cont'd) 
over-all voltage gain of approxi- the volume control on the power 
mately 2.5, and its frequency re- amplifier may be physically located 
sponse is flat within ±ldB from 30 on the tone-control chassis. In this 
Hz to 15 kHz. case, it is advisable to insert a 

The tone-control amplifier is de- 1-megohm resistor in place of 
signed for use immediately ahead of the volume control on the power 
an audio power amplifier, such as the amplifier. If partial compensation for 
15-, 30-, or 50-watt unit (circuit 29- the reduced high- and low-frequency 
9, 29-10, or 29-11, respectively), sensitivity of the ear at low volume 
Operating power for the tone-control levels is desired, the volume-control 
circuit can usually be obtained from potentiometer may be replaced by a 
the power supply for the power am- loudness-control potentiometer, 
plifier. For operating convenience, 

29-21 ELECTRONIC VOLT-OHM METER 

Circuit Description 
This electronic volt-ohm meter 

can be used to measure rms values 
of ac sine-wave voltages from 0.1 to 
1500 volts, dc voltages from 0.2 to 
1500 volts, peak-to-peak voltages 
from 0.2 to 4000 volts, and resist- 
ances from 0.2 ohms to 1000 meg- 
ohms. Within these over-all limits, a 
Range Selector (Si) can he used to 
select seven different measurement 
ranges for each measurement func- 
tion, as shown in the switch-position 
chart. The mode of operation of the 
volt-ohm meter is determined by the 
setting of the five-position (OFF, 
AC, —DC, -f-DC, and OHMS) Func- 
tion Selector (S2). A section (San) of 
the Function Selector is also used to 
control the application of the 117- 
volt, 60-Hz, input ac power. The ac 
input power is converted to dc power 
by the 1N1764 selenium rectifier and 
associated components. A 6.3-volt 
secondary winding of power trans- 
former Ti supplies power to the tube 
heaters. A neon lamp connected 
across the primary of power trans- 
former Ti lights when ac power is 
applied to the circuit. 

A balanced push-pull dc ampli- 
fier, which includes a dc microam- 
meter Mi connected as part of a dc 
bridge network between the two 
plate sections of the stage, is used 
as the basic measuring circuit for 
each measurement function of the 
volt-ohm meter. This circuit has a 
linear response, excellent stability, 
and a very high input impedance. 
Calibration adjustments are provided 
for each mode of operation to as- 
sure that accurate measurements are 
obtained. If desired, the ZERO ADJ 
potentiometer R™ may be adjusted 
to provide a center-scale zero read- 
ing on the meter, which is useful in 
discriminator and bias voltage 
measurements. 

For ac voltage measurements, 
Function Selector S- must be rotated 
to the AC position. The ac voltage to 
be measured, applied between the 
AC-OHMS and COMMON terminals, 
is coupled through contacts 10 and 9 
of Sia to the ac-voltmeter multipliers 
(Ra through Ri). The ac voltage from 
one of the taps on the multiplier, as 
determined by the setting of the 
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ELECTRONIC VOLT-OHM METER (Cont'd) 

Rg R3 "4 

■ oWJ 
121 I « 

ohms 
©Si3 

IL 0 O 9 
fW R26^27 

IH+f TYPE _ T J\|2AU7A Rag 

,112= A' 2 n'W'a 

^ Re R? Re R9 Rio R11 R|2 
R33 JuR34 R35 "36 iz | ^ IL OO 2 

io.0/^e: 
s®_NE2 O* 80 _ _ 05 

I2AU7A 6AL5 Fl ,B1 
105-125V 

50-60He 

SWITCH POSITIONS 

Function Selector. Se Range Selector, Si 

OFF 
AC VOLT 

—DC VOLTS 
4-DC VOLTS 

OHMS 

Rxl 
RxlO 
RxlOO 
RxlOOO 
RxlO, 000 
RxlOO,000 
RxlM 

Notes: 1. Switches are shown in their maximum counterclockwise position (Si_l.B V, R 1 " g2—"OFF") 
2. The accuracy of the volt-ohm meter depends upon the accuracy of the multiplier 

resistors. 

Parts List 
Bi=Battery, 1.6 V 
Ci=470 pF, ceramic disc, 

1600 V 
C2=0.001 /iF, ceramic disc, 

600 V 
€3=0.47 /iF, tubular, 400 V 
Ci, €5=0.02 /iF, ceramic 

disc, 400 V 
Co, €7=0.005 /tF, ceramic 

disc, 200 V 

€8=10 /iF, electrolytic, 
400 V 

Fi=Fuse, 0.5 ampere 
Mi=Meter, dc, 0-200 /iA 
NE2=Neon lamp 
Ri=DC-voltage probe 

isolating resistor, 1 meg- 
ohm, 0.25 watt 

Ra^lSSOOO ohms, 0.25 watt 
R3=320000 ohms, 0.5 watt 

Ri=0.9 megohm, 1 watt 
Rs, Ri6=l megohm, 

0.25 watt 
Ro, Rie, Rss, R27=10000 ohms, 

0.5 watt 
R7=20000 ohms, 0.25 watt 
R8=70000 ohms, 0.26 watt 
Ro=0.2 megohm, 0.25 watt 
Rio=0.7 megohm, 0.25 watt 
Ru=2 megohms, 0.25 watt 
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ELECTRONIC VOLT-OHM METER (Cont'd) 

Parts List (Cont'd) 
Ri3=7 megohms, 0.26 watt 
Ri3=8.2 ohms, wire-wound, 

0.5 watt 
Ri4=:100 ohms, 0.25 watt 
Rio=1000 ohms, 0.25 watt 
Ri7=0.1 megohm, 0.25 watt 
Rio=10 megohms, 0.25 watt 
R2o=20 megohms, 0.25 watt 
R2i=91 megohms, 0.5 watt 
R22=10000 ohms, poten- 

tiometer ac calibration, 
0.5 watt 

R23=10000 ohms, poten- 
tiometer dc calibration, 

0.5 watt 
RaiplSOOO ohms, poten- 

tiometer', ohms adjustment, 
0.25 watt 

R2o=10000 ohms, poten- 
tiometer, zero adjustment, 
0.25 watt 

R28=3.3 megohms, 0.5 watt 
R20=6.8 megohms, 0.5 watt 
Rao, R31=330 ohms, 0.5 watt 
R32=15000 ohms, 0.5 watt 
R33=27000 ohms, 0.5 watt 
R34=10000 ohms, poten- 

tiometer, ac balance. 

0.5 watt 
R35=47000 ohms, 0.5 watt 
R3o=0.22 megohm, 0.5 watt 
Si=Rapge selector switch, 

7 position, RCA stock No. 
217924 or equiv. 

S2=Function selector 
switch, 5 position, RCA 
stock No. 217923 or equiv. 

Ti=Power transformer, 
105-125 volts rms. 50-60 
Hz, RCA stock No. 217921 
or equiv. 

Circuit Description (Cont'd) 
Range Selector (Sia section), is rec- 
tified by the 6AL5 twin diode. The 
resultant dc voltage across the recti- 
fier bleeder resistors R21 and Rai is 
proportional to the ac voltage from 
the multiplier network. This voltage 
is then coupled through contacts 4 
and 5 of S2B, through one of the 
contacts 4 through 10 (as determined 
by setting of Range Selector) and 
contact 1 of Sjc, and through contacts 
1 and 2 of S2A to the pin 2 control 
grid of the 12AU7A twin triode in 
the balanced dc amplifier. This input 
disturbs the balance of the amplifier 
and a current proportional to the ac 
input flows through the dc micro- 
ammeter connected between the 
plates of the 12AU7. The pointer on 
the microammeter is then deflected 
to indicate the value of the voltage 
being measured. 

With the Function Selector ro- 
tated to either —DC or +DC, a dc 
voltage being measured is coupled 
through the 1-megohm probe Ri, the 
DC VOLTS terminal, and contacts 6 
and 5 of San to the dc-voltmeter mul- 
tipliers (Rn through R12). The 1-meg- 
ohm resistance of the dc probe 
together with the resistance of the 
multipliers results in an input re- 
sistance of 11 megohms for dc volt- 
age measurements. The dc voltage 
from the appropriate tap on the 
multiplier network selected by the 
Sic and Sin sections of the Range 
Selector is coupled through contact 1 
of these switch sections (or contact 

3 of Sic) and contacts 1 (or 3) and 
2 of Ssa to the input of the balanced 
dc amplifier. The pointer of the mi- 
croammeter in the balanced amplifier 
is then deflected to provide an indica- 
tion of the value of the dc voltage 
being measured. The S2c section of 
the Function Selector reverses the 
connections of the microammeter 
when the Function Selector is rotated 
from —DC to -)-DC so that current 
will flow through the microammeter 
in the same direction regardless of 
whether a negative or positive dc 
voltage is being measured. 

For resistance measurements, 
the Function Selector is rotated to 
the OHMS position, and the external 
resistance to be measured is con- 
nected between the AC-OHMS and 
COMMON terminals of the volt-ohm 
meter. A 1.5-volt dry cell then causes 
current to flow through the external 
resistance, through contacts 10 and 
11 of Sza, and through one of the 
ohmmeter-section multiplier resistors 
(Rm through Rio), as determined by 
the setting of the Range Selector 
(Sib section). Because the multiplier 
resistance is fixed for each range, the 
voltage developed across the external 
resistance provides an accurate indi- 
cation of the value of this resistance. 
This voltage is coupled through con- 
tacts 10 and 2 of Ssa to the input 
of the balanced dc amplifier. The 
pointer of the microammeter is then 
deflected to indicate the value of the 
resistance being measured. 
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29-22 SERIES-TYPE STABILIZED VOLTAGE SUPPLY 

Circuit Description 
This series-type stabilized voltage through the 6080. The resulting out- 

supply uses type 5651A as a voltage put voltage is essentially independ- 
reference tube, type 6080 as a series- ent of change in load current, 
regulator tube, and type 5751 as a The voltage regulation of this 
control tube. In this circuit, the supply operated at a fixed line volt- 
5651A supplies a fixed reference age of 117 volts and an output 
voltage between the grid of the first voltage of 250 volts is less than 
unit of the 5751 and its cathode re- 0.2 volt over the current range of 
turn. Changes in supply voltage to 0 to 225 milliamperes. At full cur- 
the load are amplified by the 5751 rent, the regulation for a variation 
which is connected as a two-stage of ± 10 per cent in line voltage 
dc amplifier to control the drop is less than 0.1 volt. 

R2< r3< <r4 <r5 <r6 

Mregolated 
SUPPLY 

7 "7 VOLTAGE 
  WAr-i > TO LOAD 

250 VOLTS 
0-225 mA0 

UNREGULATED 
FILTERED 3 

DC VOLTAGE A 

Z +5 £1 HEATERS CiFk R8< 9 C*-! 3* 

Parts List 
Oi — 0 1 uF 400 volts Rs = 470000 ohms, V2 watt Rt = 1 megohm, % watt £= Plate current balanc- Ri = 470000 ohms, % watt Rs = 16000 ohms 2 watts 

ine notentiometer 160 Rs = 12000 ohms, 2 watts Ro — Output voltage-control ohms^ 10 watte ' Ro = 68000 ohms, 1 watt potent.ometer, 10000 ohms 
Ra = 12000 ohms, 2 watts 
Notes: A 375 volts approx. at zero load current; 325 volts approx. at 225 milliamperes load 

® Socket ^connections for the 5661A are made so that removal of the B661A from its 
socket opens the load. 

* Pins 3 and 6, do not use. 
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ALL-PURPOSE DC POWER SUPPLIES 

6.3 V TO HEATERS R| L| 

POWER SUPPLY I 

TO FILTER 
I OR 2 

Ci^k <*8* 

FILTER I -±r -±r 

II7V AC * O—Cr c 
POWER SUPPLY 2 

TO HEATERS 
R| Ra 

C|^p C2-p 

TO FILTER FILTER 3 ^ -±' 
I, 2, OR 3     

POWER TRANS- 
SUPPLY FORMER CHOKE (Li) 

Stancor 140 mA, 7H, 33 ohms 
PC or PM 165 ohms 5W 

8177 Stancor C1421 
(300-0-300) or equiv. 
or equiv. 

Ci, Ca FIL- OUTPUT 
TER VOLTS MA 

40 /iF 360 60 
450 Vdc 1 340 80 

320 120 

1 Stancor 
(5BC3) PC or PM 

8412 
(400-0-400) 
or equiv. 

200mA, 4H, 56 ohms 
146 ohms 10W 

Thordarson 
20C54 

or equiv. 

40 yiF 
600 Vdc 

2 Stancor 
(6X4) P-6358 

(300-0-300) 
or equiv. 

80 mA, 12H, 
375 ohms 

Thordarson 
20C53 

or equiv. 

600 ohms 500 ohms 
5W 3W 40 /tF 

450 Vdc 

Stancor 
PM or PC 

8419 
(240-0-240) 
or equiv. 

80 mA, 12H, 
375 ohms 

Thordarson 
20C53 

or equiv. 

500 ohms 500 ohms 
5W 3W 40 fiF 

450 Vdc 

xov DU 
f0?if-edeir c5n be oni^ted if an external load is permanently connected across the ounut terminals. Bleeder current should be approximatly 10 per cent of the load current. 
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ALL-PURPOSE DC POWER SUPPLIES (Cont'd) 

Circuit Description 
In these power-supply circuits, 

5BC3 and 6X4 full-wave rectifier 
tubes are used to convert ac input 
power to dc output power in various 
combinations of output voltage and 
load current. The 5BC3 tube is a 
directly heated novar type intended 
for use in power supplies for radio 
equipment, television receivers, and 
other applications that have rela- 
tively high dc requirements. The 6X4 
tube is an indirectly heated minia- 
ture type used primarily in power 
supplies for automobile and ac-oper- 
ated radio receivers and other equip- 
ment that have moderate dc require- 
ments. 

In each rectifier circuit, the 117- 
volt ac input power is applied to the 
primary of a step-up power trans- 
former Ti. The two plate sections of 
the rectifier tube are connected to 
opposite ends of the center-tapped 
secondary winding of transformer 
T,. With respect to the grounded 
center tap, the voltage applied to 
each plate of the rectifier tube, there- 
fore, is 180 degrees out of phase 
with that applied to the other plate. 
With an external load connected to 
the rectifier cathode, pulses of cur- 
rent flow alternately to one plate 

and then to the other plate for each 
half cycle of the ac input power. 
This 120-Hz pulsating current de- 
velops a positive dc voltage across 
the load circuit. 

Removal of virtually all the 
120-Hz ripple component from the 
dc output can be accomplished by 
connection of a suitable filter net- 
work between the rectifier output 
(cathode) and the load circuit. Either 
Filter 1 or Filter 2 provides ade- 
quate filtering for the 5BC3 circuit. 
Any one of the three filter networks 
is satisfactory for use with the 6X4 
circuit. Filter 3 is not recommended 
for use with the 5BC3 circuit be- 
cause the use of the two resistors 
R, and Rz in series with the rela- 
tively high output results in exces- 
sive power loss. 

The chart shown with the recti- 
fier circuits lists a wide range of dc 
output voltage obtainable for vari- 
ous values of load current. Proper 
selection of power transformer Tj, 
of the type of filter network, and 
of the values of filter choke Li and 
resistors Ri and Rz results in the 
desired combination of output volt- 
age and current. 

BLACK-AND-WHITE TELEVISION RECEIVER 

Circuits 29-24 through 29-28 are 
essentially identical to the corre- 
sponding circuits in the RCA-KCS- 
162 Television Receiver. These cir- 
cuits comprise a complete intercar- 
rier television receiver with the 
exception of the deflection coils and 
the picture tube. Portions of any 
television receiver, however, are re- 
quired to operate over an extremely 
wide range of very high frequencies. 
The construction of such circuits 
requires more than ordinary skill 
and experience and the use of so- 
phisticated test equipment (see gen- 
eral consideration for the construc- 
tion of high-frequency and broad- 
band circuits at the beginning of 

this section). Home construction of 
such circuits is not recommended un- 
less the builder has had consider- 
able experience in this type of work. 

The chassis of circuits 29-24 
through 29-28 are connected to one 
side of the ac line during operation. 
Servicing of these circuits should 
not be attempted by persons not 
familiar with the following precau- 
tions necessary when working on this 
type of equipment: 

1. An isolation transformer 
should be inserted between 
the receiver and the ac line 
before any servicing is at- 
tempted. 
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BLACK-AND-WHITE TELEVISION RECEIVER (Cont'd) 

2. If the receiver must be op- 
erated directly from the ac 
supply, the power plug should 
be inserted in the proper di- 
rection to connect the chas- 
sis to the ground side of the 
ac line. An ac voltmeter 
should be used to measure 

the voltage between the chas- 
sis and the power-source 
ground; no voltage reading 
should he obtained. If a read- 
ing is obtained, the power- 
plug should be reversed and 
another check made for a 
zero reading. 

29-24 VHP TUNER 
For Black-and-White Television Receiver 

Circuit Description 
This vhf tuner selects the de- can be matched to the unbalanced 

sired vhf frequency channel, ampli- 75-ohm tuner input by means of the 
fies composite video signals in the antenna-matching balun Ti. A 13- 
frequency channel selected, and con- position channel selector, which con- 
verts the signal frequencies to the sists of several wafer-switch sec- 
45.75-MHz picture intermediate fre- tions (Si through S,) mounted on 
quency and the 41.25-MHz sound in- a common shaft, establishes the op- 
termediate frequency used in televi- erating frequency of the tuner for 
sion receivers. When used with a each of the vhf channels 2 through 
uhf tuner, the vhf tuner is operated 13 or adapts the vhf tuner for opera- 
as a two-stage broadband rf ampli- tion with a uhf tuner. With S, set 
fier tuned to 44 MHz (center fre- to any of the channel positions 2 
quency of the if band) and is es- through 13, the selected-channel sig- 
sentially a pre-if amplifier for the nal from the vhf antenna is coupled 
television receiver. In each mode of through contacts U and 2 of Sm 
operation, the tuner has a hand pass and input transformer T-. to the rf 
that is broad enough to pass all the amplifier, and the input lead from 
video information (including syn- the uhf tuner is not connected to 
chronizing and equalizing pulses) the vhf circuit, 
and the sound information super- The vhf input signals are am- 
imposed on the video and sound car- plified by the 3GK5 high-mu frame- 
rier frequencies and has sufficient grid triode used in the rf amplifier 
selectivity to assure adequate ad- stage. The S:, section of the channel 
jacent-channel and image-frequency selector connects the appropriate 
rejection. The +140 volts used as combination of the inductors L5 
the B+ supply for the vhf tuner is through Lls into the grid circuit of 
obtained from the low-voltage power the rf amplifier to tune this stage to 
supply of the receiver. The heaters the desired frequency channel. The 
of the tubes in the circuit are con- age bias voltage applied to the con- 
nected in series with those of other trol grid of the 3GK5 triode auto- 
tubes in the receiver, and power for matically controls the gain of the 
the series heater string is obtained rf stage. The bias voltage, which 
directly from the input ac power varies directly with the amplitude 
line- of the received signal, is derived by 

The antenna used with the vhf a keyed age amplifier in the televi- 
tuner may be either a 75-ohm mono- sion receiver. 
pole, as used with portable receivers, The output of the rf amplifier is 
or a balanced 300-ohm antenna. A coupled through a resonant imped- 
balanced 300-ohm antenna system ance network to the control grid of 
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Circuits 

VHF TUNER (Cont'd) 
Parts List 
Ci, C2=82 pF, ±5%, dual 

disc, ceramic. 600 V, 
N760 

Ca, C4, Cb, 016, 016=1000 pF, 
feedthrough, 600 V 

Co=12 pF, 6%, ceramic, 
600 V, N760 

07=20 pF, ±6%, feed- 
through, 600 V, N470 

Ca=0.56 pF, ±6%, headed 
lead, 600 V 

Ce=100 pF, ceramic, 600 V, 
N1600 

Cio=0.22 fiF, ceramic, 600 V 
Cii=0.82 pF, headed lead, 

600 V 
Ci2=82 pF, ±6%, feed- 

through, 600 V, N760 
Ci3=8 pF, ceramic, 600 V 
Ci4=10 pF, ±5%, radial 

leads, ceramic, 600 V, 
N330 

GIMMICK=Trimmei*-capaci- tor plate 
Li, La, L3=RF coils; with 

two 82-picofarad capaci- 
tors, forms high-pass filter 
(antenna input network), 
RCA Stock No. 114468 
or equiv. 

Li=RF amplifier grid coil, 
part of Sa assembly 

Ls through Li6=RF-amplifier 
tuning coils, part of Ss 
assembly 

Lifl=Mixer grid coil, part 

of Sa assembly 
Li7=Interstage coupling coil for rf amplifier and mixer, 

part of Sa assembly 
Lia through L29=Mixer tun- 

ing coils, part of Sa 
assembly 

L3o=Variable rf coil; mixer plate tuning adjustment; 
RCA stock No. 112909 
or equiv. 

L3i=RF choke 
L32=yariable rf coil; local- 

oscillator tuning adjust- 
ment for channel 13 

Laa through Li3=Local- 
oscillator tuning coils 
(variable coil Lao is tun- ing adjustment for channel 
6), part of Si assembly 

Li4=Variable rf coil; fine- tuning control; RCA 
Stock No. 113323, or 
equiv. 

Ri=4700 ohms, 1 watt 
R2=5600 ohms, 0.6 watt 
R3=47000 ohms, 0.5 watt 
R4=0.1 megohm, 0.5 watt 
Rs, R7=10000 ohms, 0.6 watt 
Re, Rio=1000 ohms, 0.6 watt 
R8=2200 ohms, 0.5 watt 
Ro=6800 ohms, 0.5 watt 
Si=Local-oscillator section of channel-selector switch ; 

stator assembly, RCA 
Stock No. 114462 or 

equiv., includes local- 
oscillator tuning coils 
L33 through L43 

S2=Mixer section of chan- 
nel-selector switch; stator 
assembly, RCA Stock No. 
114461 or equiv., includes 
mixer tuning coils Ls, 
Lb, and Lis through L29 

S3=RF amplifier section of 
channel-selector switch; stator assembly, RCA 
Stock No. 114460 or equiv,, 
includes rf-amplifler tun- ing coils Li and Lr 
through L17 

S4=VHF-XJHF function se- lector ; two-section switch 
ganged with channel se- 
lectors, Si, S2, and Ss: 
RCA Stock No. 114185 
or equiv. 

Ti=Antenna-matching balun; matches 300-ohm 
balanced antenna-lead 
line to 75-ohm unbalanced 
receiver-input line; RCA Stock No. 111973 or equiv. 

T2—Antenna transformer: 
RCA Stock No. 113195 
or equiv. 

Zi, Z2=Resistance-capaci- 
tance network (capristor), 
RCA Stock No. 109956 
or equiv. 

NOtCS: ^ iannIlt13eposUionanBed together on same shaft and are shown with shaft in 
2. Voltages shown are obtained with no signal input. 
3. For dc voltage and heater supply, see circuit 29-28, page 721. 
4. See additional notes on page 708. 

Circuit Description (Cont'd) 
the 6KZ8 pentode section used in the 
mixer stage. Section Sz of the ganged 
channel selector selects the proper 
combination of the inductors Lw 
through LS9 to tune the mixer input 
circuit to the same operating fre- 
quency as that of the rf amplifier. A 
signal from the plate of the 6KZ8 
triode section used in the local-oscil- 
lator stage is also applied to the 
input circuit of the mixer. Section Si 
of the channel selector connects the 
right combination of the inductors Lwa 
through L13 into the oscillator res- 
onant circuit to maintain the operat- 
ing frequency of the oscillator at 
45.75 MHz above the video carrier 
frequency (41.25 MHz above the 
sound carrier frequency) of the vhf 
channel selected by the tuner. Induc- 
tor Lu in the series-resonant feedback 
circuit of the oscillator is the fine- 

tuning adjustment for the vhf tuner. 
This adjustment assures that the 
oscillator frequency accurately tracks 
the input tuning in each channel. 

The signals from the rf am- 
plifier and the local oscillator are 
heterodyned in the mixer stage to 
produce the 45.75-MHz amplitude- 
modulated and 41.25-MHz frequen- 
cy-modulated difference frequencies 
used as the picture and sound inter- 
mediate frequencies, respectively, in 
the television receiver. The picture 
and sound if signals are coupled from 
the plate of the mixer to the if stages 
of the receiver. 

When the multiple-section chan- 
nel selector is rotated to the U posi- 
tion (for uhf operation), a connec- 
tion from the B+ line of the vhf 
tuner through a 5600-ohm dropping 
resistor R2, contacts 4 and 10 of S,., 
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VHF TUNER (Cont'd) 

Circuit Description (Cont'd) 
and a 4700-ohm dropping resistor Ri 
provides the B+ voltage for the uhf 
tuner. In addition, transformer T2) 
which provides the input to the rf 
amplifier, is connected through con- 
tacts 2 and 13 of Sib to the output 
of the uhf tuner, and the signal from 
the vhf antenna is shorted to ground 
through Contacts U and 12 of Si*. 
The input to the rf amplifier is then 
the amplitude-modulated 45.75-MHz 
picture if and frequency-modulated 
41.25-MHz sound if signals from the 
uhf tuner. 

In the U positions, switch sec- 

tions Sa and Sa select the tuning in- 
ductors required for operation of the 
rf amplifier and mixer stages as 
broadband 44-MHz amplifiers, and 
section Si disables the oscillator 
stage by connection of the oscillator 
control grid directly to ground 
through switch contacts 2 and U. 
With these changes, the vhf tuner 
essentially becomes a broadband 44- 
MHz amplifier which provides two 
stages of amplification of the picture 
and sound if signals ahead of the re- 
ceiver main if strip. 

Circuit Description 
These circuit stages are typical 

of those used in the if and audio 
channels of any intercarrier type of 
black-and-white television receiver. 
The over-all circuit operates from a 
dc supply of +150 volts obtained 
from the receiver low-voltage (B + ) 
dc power supply. The heaters of the 
tubes in the circuit are connected in 
series with those of tubes in other 
sections of the receiver. Operating 
power for the series heater string 
is obtained directly from the 117-volt 
ac power line. 

The input from the vhf tuner con- 
sists of amplitude-modulated 45.75- 
MHz picture if signals and frequen- 
cy-modulated 41.25-MHz sound if 
signals. This composite input is cou- 
pled by a broadly tuned bandpass 
filter network to the control grid of 
the 4JD6 remote-cutoff pentode used 
in the first picture if amplifier. A dc 
bias voltage proportional to the in- 
put signal from the age amplifier 
is also applied to the control-grid 
circuit to provide automatic gain 
control of this stage. The output of 
the first picture if amplifier is cou- 
pled by the single-tuned transformer 
Ti to the control grid of the 4JC6A 
pentode used in the second picture 
if amplifier. The double-tuned trans- 

VIDEO-IF AMPLIFIERS AND 
SOUND-CHANNEL CIRCUITS 

For Black-and-White Television Receiver 

former Tz couples the output of this 
stage to the video detector (CRi 
and associated components). The in- 
put filter network and picture if 
transformers Ti and Ta are stagger 
tuned to obtain the broad response 
for the if amplifiers required to as- 
sure adequate passage of both the 
45.75-MHz video and 41.25-MHz 
sound if signals. 

The video detector demodulates 
the 45.75-MHz picture if signal, and 
the resultant video signal is coupled 
through inductors L., and L, and the 
lower winding of transformer Ta to 
the video amplifier (shown in cir- 
cuit 29-27). The video detector also 
operates as a second mixer circuit. 
The 45.75-MHz picture if signal and 
the 41.25 sound if signal are hetero- 
dyned to produce a second sound if 
carrier of 4.5 MHz. This 4.5-MHz 
second sound if carrier is still fre- 
quency-modulated by the audio com- 
ponents contained in the original rf 
signal input at the receiver antenna. 
The sound-takeoff transformer Ta, 
which forms a selective load imped- 
ance for the detector circuit at 4.5 
MHz, couples the 4.5-MHz sound if 
signal to the control grid of the 
pentode section of a 6GH8A triode 
pentode used in the sound if ampli- 
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VIDEO-IF AMPLIFIERS AND 
SOUND-CHANNEL CIRCUITS (Cont'd) 

IF INPUT FROM VHF TUNER Cl 

1ST PIX IF AMPLIFIER 
128V T' 

^ 2V|—i /TYPE 
' , 13^-^ 4JD6 L3 lo.sv 
It 4725-MHz >1 I 'I TRAP <r3 ^€5 

2ND PIX IF AMPLIFIER 

TYPEH-^ 4JC6Ap_ 
l.2V^> 

R6< 

VIDEO DET. 
_ i^CRi   

fi || f C9 C|0^ 

SOUND IF AMPLIFIER 
SOUND TYPE i507 

TRAS^ER SGHSA^r 

1ST AUDIO AMPLIFIER AND SOUND DETECTOR 

M IPIt017! \\75Ws/^ 

VIDEO SIGNAL 

+250V (+B VOLTAGE FROM HORIZ. OUTPUT STAGE) 

AUDIO OUTPUT 

■=L RI6S 
VOL. < CONt TYPEijjsy 12 FX 5 r v 

>R|7 

Parts List 
Ci, C0=47O pF, ceramic, 

500 v 
C2, C7=0.001 fiF, ceramic 

500 V 
C3=7 pF, ceramic, 500 V, 

N150 
Ci=2 pF, ceramic, 500 V, 

NPO 
C6=56 pF, ±5%, ceramic, 

500 V, N750 
C8=560 pF, ceramic, 500 V 
Ce=18 pF, 5%, ceramic, 

500 V, N220 
Cio=6 pF, ceramic, 500 V 
Cii=10 pF, ceramic, 600 V, 

NPO 
Ci2=39 pF, ceramic, 500 V, 

N150 
Ci3=68 pF, ceramic, 500 V, 

N750 

C14, Ci9=0.0X fiF, ceramic, 
500 v 

Cib, Ci7=12 pF, part of T* 
C10, Ci8=0.0022 fiF, ceramic, 

500 V 
C2o=10 pF, part of Te 
C2i=680 pF, ceramic, 500 V 
022=0.047 fiF, paper, 200 V 
C23=0.01 fiF, ceramic, 

500 V 
021=0.0068 fiF, ceramic, 

500 V 
CRi=Video detector, crystal 

diode, RCA Stock No. 
112524 or equiv. 

Li=RF coil, RCA Stock No. 
114315 or equiv. 

L2=RF coil, RCA Stock No. 
114314 or equiv. 

L3=RF coil, 47.26-MHz trap 

RCA Stock No. 113097 
or equiv. 

Li=RF coil, RCA Stock No. 
113097 or equiv. 

L5=Video-detector peaking 
coil, 36 /tH, RCA Stock 
No. 109758 or equiv. 

L7=Filter choke (reactor), 
2.7 fiH, RCA Stock No. 
107463 or equiv. 

Ri=3300 ohms, 0.5 watt 
R2=1000 ohms, 0.5 watt 
R3=39 ohms, ±5%, 

0.5 watt 
Ri=4700 ohms, 

0.5 watt 
R5=1500 ohms, 1 watt 
Rg=100 ohms, 0.5 watt 
R7=470 ohms, 0.5 watt 
R8=3000 ohms, ±5%, 

0.5 watt 
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29-25 VIDEO-IF AMPLIFIERS AND 
SOUND-CHANNEL CIRCUITS (Cont'd) 

Parts List (Cont'd) 
Ro=820 ohms, 0.5 watt RCA-Stock No. 109158 RCA Stock No. 104137 Rio=82000 ohms, 0.5 watt or equiv. or equiv. 
Ru=15000 ohms, 1 watt T2=Second pix if trans- T6=Sound detector resonant 
Ri2=560 ohms, 0.5 watt former, RCA Stock No. circuit (includes 10-pF Ri3=470 ohms, 0.5 watt 114317 or equiv. capacitor), RCA Stock 
Ri4=0.47 megohm, 0.6 watt T3=Sound take-off trans- No. 109948 or equiv. 
Ri5=0.39 megohm, 0.5 watt former, 4.6-MHz, RCA To=Audio output trans- 
Rifl=Volume control, poten- Stock No. 114489 or equiv. former, matches speaker 

tiometer, 1 megohm T-i—Sound if transformer voice-coil impedance to 
Ri7=180 ohms, 0.5 watt (includes primary and tube plate load, RCA 
Ti=:First pix if transformer, secondary capacitors), Stock No. 114490 or equiv. 
Notes: 1. Voltages shown are obtained with no signal input. 

2. For dc voltage and heater supply, see circuit 29-28, page 721. 
3. See additional notes on page 708. 

Circuit Description (Cont'd) 
fier. The amplified if signal from to drive the speaker is developed by 
this stage is coupled by the doubled- a 12FX5 pentode used in a single- 
tuned 4.5-MHz transformer T. to the ended audio output stage. The audio- 
6HZ6 audio detector-amplifier stage. signal voltage from the plate of the 
This stage demodulates the 4.5-MHz audio detector-amplifier is amplified 
sound if signal and amplifies the re- by the 12PX5 and coupled by trans- 
sultant audio signal voltage. The former To to the voice coil of the 
+250 volts used as the plate supply speaker. The volume-control poten- 
for the 6HZ6 is obtained from the tiometer Rw in the input circuit of the 
horizontal output stage (shown in output stage provides manual ad- 
circuit 29-27 of the receiver. justment of the sound level from the 

The audio-signal power required speaker. 

29-26 VIDEO, AGO, AND SYNC AMPLIFIERS 
For Black-and-White TV Receiver 

Circuit Description 
This circuit shows video, age, 

and sync amplifiers for a black-and- 
white television receiver. The video 
and sync amplifiers operate from a 
plate supply (B + ) voltage of 150 
volts obtained from the receiver low- 
voltage power supply. The plate sup- 
ply voltage for the age amplifier is 
a positive keying pulse from the 
high-voltage transformer in the re- 
ceiver. The heaters of the three tubes 
are connected in series with those 
of tubes in other sections of the re- 
ceiver. Operating power for the se- 
ries heater string is obtained di- 
rectly from the ac power line. 

In the video amplifier, the pen- 
tode section of an 11LQ8 triode-pen- 
tode provides the required amplifica- 
tion of the video signal. The video 
signal is coupled from the video 
detector to the control grid of the 
video amplifier. The output from 
the voltage divider in the plate cir- 

cuit of this stage is applied to the 
cathode of the picture tube to in- 
tensity-modulate the electron beam 
during its vertical and horizontal 
scanning of the picture-tube screen. 
The contrast control adjusts both 
the amplitude of the video output 
and the dc potential at the cathode 
of the picture tube to control picture 
contrast. The voltage-divider net- 
work in the plate circuit of the video 
amplifier is interconnected with an- 
other voltage-divider network. This 
second network includes the bright- 
ness control and the width control 
in the screen-grid circuit of the re- 
ceiver horizontal-output tube (shown 
in circuit 29-27. The brightness con- 
trol adjusts the cathode bias on the 
picture tube to control the intensity 
of the screen display. 

An output from the video am- 
plifier is also applied to the control 
grid of the 11LQ8 triode section used 
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VIDEO, AGO, AND SYNC AMPLIFIERS (Cont'd) 
AGC VIOEOOUTPUT TO GR1DN0.2 GATING VOLTAGE (TO CATHODE OF OF HORIZ. (FROM HV. PICTURETUBE) OUTPUT TUBE TRANSFORMER) 

A A A AGC T VOLTAGE 
L| < R|3 r^l 1 — I BRIGHTNESS " ] T CONTROL 

VIDEO | 
AMPLIFIER! 

1/2 TYPE 
IILQ8. 

AGC 
AMPLIFIER 

TAWF- 'VIDEOINPUT -I.OV 7N TRANS. < 

SYNC AMPLIFIER 
1/2 TYPE 85V 6GH0A I 

AGC TO VHF TUNER 

Notes: 1. Voltages shown are obtained with no signal input. 
2. For dc voltage and heater supply, see circuit 29-28, page 721. 
3. See additional notes on page 708. 

Parts List 
Ci=:5 fiF, electrolytic, 150 V 
C2=0.15 hF, paper, 200 V 
03=0.033, paper, 200 V 
04=0.0047, ceramic, 500 V 
Cs=0.1 ftF, paper, 200 V 
06=470 pF, ceramic, 500 V 
07=100 pF, ceramic, 500 V, 

N1500 
Li=Video-amplifler peaking 

coil, 18 juH, RCA Stock 
No. 109946 or equiv. 

Ri=18000 ohms, 0.5 watt 

R2=330 ohms, 0.5 watt 
R3=1500 ohms, 0.5 watt 
R4=Contrast control, poten- 

tiometer, 4000 ohms, 
3 watts 

R6=l megohm, 0.5 watt 
Ro=10 ohms, ±5%, 0.5 watt 
R7=22000 ohms, 0.5 watt 
R8=0.27 megohm, 0.5 watt 
Re, Rio, R2o=27000 ohms, 

0.6 watt 
Rii=27000 ohms, 1 watt 

Circuit Description (Cont'd) 
in a keyed-age amplifier stage. The 
operation of the age amplifier is 
gated (keyed) by a positive pulse 
from the high-voltage power trans- 
former (shown in circuit 29-27). 

R12=18000 ohms, 0.5 watt 
Ri3=Brightness control, 

potentiometer, 0.1 megohm R14, Ri7=0.82 megohm, 
0.5 watt 

Ri6=l megohm, 0.5 watt 
Rio, R2i=0.68 megohm, 

0.5 watt 
Ri8=3300 ohms, 0.6 watt 
Ri9=8.2 megohms, 0.5 watt 
R22=5.2 megohms, 0.5 watt 
R23=33000 ohms, 0.5 watt 
R24=15000 ohms, 0.5 watt 

This 450-volt keying pulse, which i: 
synchronized with the video signal 
overcomes the bias provided by th( 
150 volts applied to the cathode cir- 
cuit and serves as the plate supply 
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29-26 VIDEO, AGO, AND SYNC AMPLIFIERS (Cont'd) 

Circuit Description (Cont'd) 
voltage for the age amplifier. For- synchronizing pulses contained in 
tions of the video signal that occur the composite video signal it re- 
coincident with the keying pulse are ceives from the plate circuit of the 
amplified by the age stage. A 0.1- video amplifier. The circuit uses the 
microfarad capacitor Co and a 0.82- triode section of a 6GH8A triode- 
megohm resistor Ru in the plate pentode to develop the synchronizing 
circuit of this stage filter out the pulses for the vertical- and hori- 
pulsating components to obtain a zontal-deflection circuits of the re- 
negative dc voltage proportional to ceiver. The sync amplifier is basi- 
the video signal and thus to the rf cally a class C limiter stage. With 
input at the receiver antenna. The the video signal applied, the stage 
negative voltage developed in the is biased beyond cutoff by the grid- 
plate circuit of the stage is applied leak bias network formed by the 
as age bias to the first picture if 470-picofarad capacitor Co and the 
amplifier and to the rf amplifier 0.68-megohm resistor Ra in the con- 
in the vhf tuner. trol-grid circuit. Only the sync pulses 

Synchronizing pulses are in- in the composite video signal have 
eluded in the video signals trans- sufficient amplitude to drive the sync 
mitted by a television broadcast sta- amplifier into conduction. The result- 
tiori to provide timing information ant pulses developed across the out- 
required for synchronization of the put voltage-divider network are used 
transmitter and receiver scanning as the synchronizing inputs to the 
systems. The sync amplifier, or sep- horizontal- and vertical - deflection 
arator, separates and amplifies the circuits. 

29-27 VERTICAL-AND HORIZONTAL-DEFLECTION CIRCUITS 
AND HIGH-VOLTAGE RECTIFIER 
For Black-and-White Television Receiver 

Circuit Description 
These circuits develop the ver- amplifier (separator) which include 

tical and horizontal scanning signals horizontal sync pulses, equalizing 
and the dc operating potentials for pulses, and vertical sync pulses, 
the picture tube (RCA Type 16BGP4) When the composite video signal is 
used in the black-and-white televi- generated at the television broadcast 
sion receiver and the boosted B-t station, the leading edge of each 
voltage (+250 volts) used in the au- horizontal sync pulse, of alternate 
dio detector-amplifier (part of cir- equalizing pulses, and of alternate 
cuit 29-26. The circuits operate from serrations of the vertical sync pulses 
a dc supply of 150 volts. With the are correctly timed to initiate the 
exception of the 1G3GT (or 1B3GT) horizontal-retrace period. It is neces- 
high-voltage rectifier tube, the heat- sary, therefore, to extract the lead- 
ers of the various tubes are con- ing-edge components from the com- 
nected in series with those of tubes bined sync waveform prior to appli- 
in other sections of the receiver and cation of the synchronizing input to 
are supplied by the input ac power the horizontal-deflection circuit. Sim- 
line Heater power for the 1G3GT ilarly, the vertical sync pulses must 
(or 1B3GT) is provided by a 1.25- be separated from the combined 
volt winding of the high-voltage waveform before they can be used to 
tarnsformer Ti. synchronize the vertical - deflection 

The vertical- and horizontal- circuit, 
deflection circuits are synchronized The combined sync waveform is 
by negative signals from the sync differentiated at the input to the 
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29-27 VERTICAL-AND HORIZONTAL-DEFLECTION CIRCUITS 
AND HIGH-VOLTAGE RECTIFIER (Cont'd) 

VERTICAL SYNC INPUT 

TO BRIGHTNESS CONTROL 

TO WIPER ARM OF BRIGHTNESS CONTROL 

 »S HEIGHT R7> CONT iVERT.OSC. 
' ^4 rI4 

62V l/z TYPE 8J5KY8A ^ -39V 

VERT. OUTPUT 
1  138V 
U]R20 s SKIa 

(00 NOT MEASURE) 

VERT.HOLOpr.VERTLIN. CONI_ _ll_^ONT. 

^ r^^WIDTH TYPE r8SC0NT.I 
GATING -VOLTAGE 

agJXmpl 

+BB(450V) 
(FULL BRIGHTNESS) I8KV w 

-TOINNERCOATING OF PICTURE TUBE 
—+250V 
(+B VOLTAGE TO I sL AUDIO 
AMPLIFIER) 

HORIZONTAL SYNC INPUT 
C.'6 R3I 

TYPE , e 8FQ7 ' - 5 
3.2V 2/J- -LA 

CI5 r30 

Notes: 1. Voltages shown are obtained with no signal input. 
2. For dc voltage and heater supply, see circuit 29-28, page 721. 
3. See additional notes on page 708. 
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VERTICAL- AND HORIZONTAL-DEFLECTION CIRCUITS 
AND HIGH-VOLTAGE RECTIFIER (Cont'd) 

Parts List 
Ci=0.0039 fiF, ceramic, 

500 V, N5600 
C2=0.01/iF, ceramic, 500 "V 
Ca, Co=0.047 /tF, paper, 

200 V 
Ci=0.033 fiF, paper, 200 V 
C6=0.027 /iF, paper, 600 V 
Co=0.015 fiF, tubular paper, 

200 V 
Ct=0.022 /iF, paper, 200 V 
C8=0.0022 hF, paper, 1000 V 
Cio=0.0012 /IF, ±5%, 

ceramic, 600 V, N3300 
Cnr=180 pF, ±5%, ceramic, 

5000 V, N2200 
Ci2=47 pF, ceramic, 2500 V, 

N1600 
Ci3=0.0033 jtiF, ceramic, 

600 V 
Ci4=68 pF, paper, 500 V, 

N1500 
Ci6=470 pF, ceramic, 500 V 
Cio=0.0039 /iF, mylar, 400 V 
017=0.001 ftF, ceramic, 

600 V 
Ci8=0.0033 fiF, ceramic, 

500 V . 
Cio=0.001 /iF, ceramic, 600 Y 
020=0.056 fiF, paper, 200 V 
C2i=150 pF, ceramic, 600 V 
022=390 pF, mica, 500 
023=68 pF, ceramic, 500 V, 

NPO Li=Oscillator coil, RCA 
Stock No. 114486 or equiv. 

La, L3=RF chokes (reactors), 
8.2 /iH, RCA Stock No. 
107385 or equiv. 

PCi=Printed circuit (in- 
cludes O.OOl-^iF and 
0.0024-/1F capacitors and 
68000-ohm resistor), RCA 

. Stock No. 114606 or equiv. 
Ri=0.1 megohm, 0.5 watt 
R2=47 ohms, 0.5 watt 
Ra, R4=0.82 megohm, 

0.5 watt 
R5=2.2 megohms, 0.5 watt 
Ro=47000 ohms, 0.5 watt 
R?—Height control, potenti- 

ometer, 0.75 megohm 
118=820 ohms, 1 watt 
Ro=3300 ohms, 0.5 watt 
R,io=Width control, potenti- 

ometer, 2000 ohms, 3 watts 
Rii.=0.68 megohm, 0.5 watt 
Ri2=47000 ohms, 0.5 watt 
Ri3=z22 megohms, 0.5 watt 
Ri4=22000 ohms, 0.5 watt Ri6=Vertical-hold control, 

potentiometer, 0.76 
megohm 

Rio=1.8 megohms, 0.5 watt Ri7=Vertical-linearity 

control, potentiometer, 
0.2 megohm 

Ri8=0.47 megohm, 0.5 watt 
R10, R25=27000 ohms, 0.5 watt 
R20, R2i=1000 ohms, 0.5 watt 
R22=68000 ohms, 0.6 watt 
R23=10000 ohms, 0.5 watt 
R24=0.18 megohm, 0.5 watt 
R2g=820 ohms, 0.5 watt 
R27=0.15 megohm, 0.5 watt 
R28=0.39 megohm, 0.5 watt 
R2o=12000 ohms, 0.6 watt 
R30=l megohm, 0.5 watt R3i=15000 ohms, 0.6 watt 
R32=68000 ohms, 0.5 watt 
R33=33000 ohms, 0.5 watt 
R3i=1500 ohms, ±5%, 

0.5 watt 
R35=4700 ohms, 0.5 watt 
R3o=47O00 ohms, 0.5 watt R37=Horizontal-hold control, 

potentiometer, 70000 ohms. 
SRi=Selenium rectifier, RCA 

Stock No. 109474 or equiv. 
Ti=High-voltage and hori- 

zontal-output transformer, 
RCA Stock No. 114498 or 
equiv. T2=Yertical-output trans- 
former, RCA Stock No. 
114502 or equiv. 

Circuit Description (Cont'd) 
horizontal-deflection circuit to obtain 
negative and positive voltage spikes 
which correspond to the leading and 
lagging edges, respectively, of the 
rectangular sync pulses. The ampli- 
tude of these voltage spikes is de- 
pendent upon only the peak value of 
the sync pulses and is not affected 
by the time durations of these pulses. 
The differentiating circuit, therefore, 
does not respond to the flat portions 
of the vertical sync pulses, a.nd, with 
the exceptions of the serrations, the 
vertical sync pulses do not affect the 
operation of the horizontal-deflec- 
tion circuits. The leading edge of al- 
ternate serrations, however, corre- 
sponds to the start of horizontal- 
retrace periods and thus may be con- 
sidered as merely another horizontal 
sync signal. 

The differentiated sync wave- 
form is applied to the junction of 
the twin silicon diodes SRi used in 
a phase-discriminator network. The 
positive portion of the differentiated 
waveform has no effect on the dis- 
criminator network. The negative 

portion is compared with a feedback 
signal from the horizontal oscillator 
to derive the synchronizing voltage. 
The frequency of the horizontal os- 
cillator and the repetition rate of 
the horizontal sync pulses should 
both be 15,750 Hz, the desired hori- 
zontal scanning rate for the picture 
tube. If the feedback signal from the 
oscillator does not occur coincident 
with the horizontal sync pulse, the 
phase discriminator develops a dc 
error voltage at the control grid of 
the input section of the 8PQ7 twin 
triode used in the oscillator stage. 
The resultant change in oscillator 
bias shifts the phase of the oscilla- 
tor signal until it is locked in phase 
with the horizontal sync pulse. 

The horizontal oscillator is bas- 
ically a cathode-coupled multivibra- 
tor that free-runs, in asymmetrical 
half cycles, at a frequency of 15,750 
Hz. A parallel LC circuit connected 
in series with the plate of the input 
section resonates at 15,750 Hz to pro- 
vide frequency stabilization for the 
horizontal oscillator. The HOLD con- 
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29-27 VERTICAL-AND HORIZONTAL-DEFLECTION CIRCUITS 
AND HIGH-VOLTAGE RECTIFIER (Cont'd) 

Circuit Description (Cont'd) 
trol adjusts the basic multivibrator corresponds to the horizontal-trace 
frequency to achieve an exact lock- period on the picture tube; the dis- 
in with the horizontal sync pulses. charge portion of the trapezoidal 
In a cathode-coupled multivibrator, wave corresponds to the retrace 
one amplifier section conducts at sat- period. The time-constant coupling 
uration and the other section is cut circuits between the input and out- 
off during one half-cycle of opera- put sections of the oscillator are 
tion, and these states are automat- designed so that the retrace period 
ically reversed for the next half cy- represents only about 5 to 10 per 
cle. Such circuits normally provide cent of the over-all oscillator cycle 
rectangular-wave outputs from each The trapezoidal voltage wave is 
plate section that are 180 degrees coupled to the control grid of the 
out of phase and that switch be- 22JU6 pentode horizontal - output 
tween the saturation plate voltage stage and causes a sawtooth current 
and B+ (i.e., the cutoff plate volt- to flow through the high-voltage 
a t (flyback) transformer Ti and through In the horizontal oscillator a the horizontal-deflection coils of the 
series EC network is connected in picture tube. The gradually rising 
parallel with the output tube section, portion of the sawtooth current 
Because of this network, the plate causes the horizontal scanning of 
voltage does not immediately rise the picture tube; the more rapid 
to the B+ value when the output negative-slope portion of the cur- 
tube section is cut off. Instead, there rent wave causes the retrace. During 
is a small immediate rise in plate the retrace period, the picture-tube 
voltage that results from the voltage screen is blanked by a negative pulse 
drop across the resistor Ess in the applied to the control grid of the 
output EC network produced by the picture tube from the vertical-deflec- 
mitial charging current to the ca- tion circuits. The WIDTH control E,„ 
pacitor Ca,. The plate voltage then in the screen grid of the horizontal- 
rises gradually at a rate determined output stage adjusts the gain of this 
by the long-time-constant circuit stage to control the width of hori- 
through which the capacitor is zontal scanning, 
charged. Before the capacitor can The vertical oscillator employs 
fully charge to the B+ voltage, the a 15KY8A triode-pentode in a basic 
combination of the horizontal sync plate-coupled multivibrator conflgu- 
input and the feedback signal from ration. This free-running 60-Hz mul- 
the plate of the output section of the tivibrator is synchronized by the ver- 
oscillator drives the grid of the in- tical sync pulses. The vertical pulses 
put section below cutoff. The instan- are separated from the combined 
taneous rise in the plate voltage of sync waveform by integration of the 
the input section is coupled to the combined waveform across the 0.022- 
grid of the output section and causes microfarad capacitor C? in the con- 
this section to conduct. The capaci- trol-grid circuit of the pentode output 
tor C21 in the output EC network section of the multivibrator. The in- 
is then quickly discharged through tegrating network has negligible 
the series resistor and the relatively response for the narrow horizontal 
low resistance of the output tube sync and equalizing pulses, but re- 
section. The output of the horizontal spends to the greater energy in- 
oscillator, therefore, is a trapezoidal eluded in the much wider vertical 
voltage wave. The rising-slope por- syne pulses to develop a triangular 
tions of this wave (obtained when voltage wave at the control grid of 
the ouput tube section is cut off) the pentode output section. The 
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29-27 VERTICAL- AND HORIZONTAL-DEFLECTION CIRCUITS 
AND HIGH-VOLTAGE RECTIFIER (Cont'd) 

Circuit Description (Cont'd) 
VERT LIN potentiometer R17 adjusts to be generated across the high- 
the charging period of the integrat- voltage transformer Ti. The recti- 
ing capacitor to control vertical fier converts this voltage pulse to a 
liearity. The VERT HOLD potentiom- dc output voltage of approximately 
eter Ris adjusts the frequency of the 18,000 volts, which is applied to the 
multivibrator to achieve an exact inner coating of the picture tube, 
lock-in with the vertical sync pulses. Removal of negative overshoots that 

The voltage waveform at the would be developed across the high- 
control grid of the pentode output voltage transformer because of a 
section results in a triangular wave flywheel effect is accomplished by 
of current through the vertical-out- connection of a 17BS3A rectifier 
put transformer T2 and through the (damper) tube across the horizontal- 
vertical-defleetion coils of the picture deflection coils which are in parallel 
tube. The rising portion of the tri- with the lower tapped section of the 
angular current wave produces the high-voltage transformer. The polar- 
vertical scanning, and the decreasing ity of the damper tube is such that 
portion of the wave provides the the positive pulse developed across 
retrace. Blanking pulses to cut off the high-voltage transformer causes 
the picture tube during vertical and no current flow through it. For nega- 
horizontal retrace periods are cou- tive pulses, however, the damper 
pled from the secondary of T2 and tube provides a low-impedance path 
from the VERT LIN potentiometer for the current, and energy _ stored 
(combined sync waveform before in- in the horizontal-deflection coils dur- 
tegration) to the control grid of the ing the preceding half-cycle is dis- 
picture tube. sipated as heat at the damper-tube 

The 1G3GT (or 1B3GT) half- plate to prevent oscillation in the 
wave rectifier circuit develops the coils. The current through the damp- 
dc operating voltages for the picture er tube develops a dc voltage of 450 
tube. The ac input power to the volts across the 0.027-microfarad ca- 
rectifier is supplied by the horizon- pacitor C3 in the cathode circuit. The 
tal-deflection circuits. The sudden 0.68-megohm dropping resistor Ru re- 
cutoff of plate current in the hori- duces this voltage to obtain the 
zontal-output stage at the beginning boosted B+ of 250 volts required for 
of the retrace period causes a very operation of the audio detector-am- 
large, positive-going voltage pulse plifier (part of circuit 29-25). 

29-28 LOW-VOLTAGE AND HEATER SUPPLY 
For Black-and-White TV Receiver 

Circuit Description 
This circuit includes the low- type which uses a 1N3194 silicon 

voltage ( + 150-volt) dc power sup- rectifier. The 117-volt ac input is 
ply and the series heater connec- connected to the power supply 
tions for circuits 29-24 through 29- through an interlock, S,, which may 
27. As mentioned previously, the be mounted on the back cover of 
power supply and these four cir- the receiver. AC input power is then 
cuits comprise a complete black-and- automatically disconnected from the 
white television receiver, with the receiver when the back cover is re- 
exception of the picture tube and moved. ON-OFF switch S2 controls 
the vertical- and horizontal-deflection the application of ac power to the 
y0keSi power-supply circuit and to the tube 

The power supply is a half-wave heaters. With S, and S2 both closed. 
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29-28 LOW-VOLTAGE AND HEATER SUPPLY (Cont'd) 

, LOW-VOLTAGE (COLD) RECTIFIER 
S N TYPE IN3I94 

B+(I50V) 
Lg * Rg 

+ T 140 V 07^. C8=L (B+ FOR 
- [ VHF 
JL- TUNER) 

. RESISTOR-FUSE fvHF TUNER 
TYPE TYPE 

1 3GK5 6KZ8 
JAL rA/V 

c6= - C9 

INTERLOCK 
o-«— 

S| 
117 VAC. " TYPE 

>I5KY8A4JD6 TYPE TYPE TYPE TYPE TYPE 4JC6A IILQ8 6GH8A 3H26 8FQ7 
5A4 5A4 3A4 5A* 

Parts List 
Ci=0.22 /iF, papei', 600 V Fi=Fuse, che: 
C2, 05=0.001, ceramic, 500 V, ampere, RC 

part of assembly with Li 114446 or e< 
C:.=680 pF, ceramic, 1000 V Li=RF choice 
C4=250 /iF, electrolytic, 200 V printed-circ 
Co, Co=680 pF, ceramic. Stock No. 1 

500 V alent (inclu 
07=400 /iF, electrolytic, 175 V O.OOI-/1F ca; 
C8=0.001 ^F, ceramic, 500 V Cs) 
C:lo=1000 pF, feedthrough, L2=Filter cho 

5000 Y RCA Stock 
Circuit Description (Cont'd) 
the 117-volt power from the ac pow- 
er line is applied to the series heater 
network and to the 1N3194 rectifier 
circuit. Two 0.001-microfarad (C2 and 
Cs) and two 680-picofarad (Co and 
Co) bypass capacitors and rf chokes 
Li and Ls are included in the heater 
circuit to filter out any stray high- 
frequency signals that may be cou- 
pled from the rf and if signal chan- 
nels. 

The 117-volt ac input is con- 
verted to pulsating dc by the 1N3194 
silicon rectifier. A capacitor-input, 
pi-type LC filter network filters the 

Fi=Fuse, chemical, 0.45 
ampere, RCA Stock No. 
114446 or equiv. 

Li=RF choke, part of heater 
printed-circuit board, RCA Stock No. 114499 or equiv- 
alent (includes the two 
O.OOI-/1F capacitors C2 and 
Cs) 

L2=Filter choke (reactor), 
RCA Stock No. 114501 or 

6.3 V TO 
PICT. TUBE 

HEATER 

equiv. 
L3=RF choke for VHF tuner 

filament circuit 
Ri=Resistor-fuse, 0.35 ohm, 

RCA Stock No. 114481 or 
equiv. 

R2=330 ohms, 1 watt 
THi=Surge protection re- 

sistor (thermistor), 16 
ohms (cold), RCA Stock 
No. 114480. 

rectifier output to obtain a smooth 
dc voltage that approaches the peak 
value of the input ac voltage. The 
680-picofarad capacitor Cs in parallel 
with the 1N3194 rectifier and the 
thermistor THi in series with it pro- 
vide surge-current protection for the 
rectifier. Initial surges of current that 
may result when power is .first ap- 
plied to the circuit (before a charge 
is developed across the input filter 
capacitor) are partially bypassed by 
the 680-picofarad capacitor and are 
limited in magnitude by the cold 
resistance of the thermistor. The 
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29-28 LOW-VOLTAGE AND HEATER SUPPLY (Cont'd) 

Circuit Description (Cont'd) 
thermistor has a negative tempera- the 1N3194 rectifier provides pro- 
ture coefficient of resistance, and by tection against any continuous cir- 
the time the charge of the input cuit overload. The +150-volt output 
capacitor C. builds up sufficiently to from the power-supply filter network 
limit the current through the recti- is used as the main B+ voltage for 
fier to a safe value, the resistance the television receiver. The 330-ohm, 
of the heated thermistor is small 1-watt dropping resistor R2 at the out- 
enough so that circuit power losses put of the filter network reduces this 
across this device are negligible. The voltage to the +140 volts required 
resistor-fuse element Ri in series with as the B+ voltage in the vhf tuner. 

COLOR TELEVISION RECEIVER 

Circuits 29-29 through 29-35 
comprise a complete portable color 
television receiver. The brief signal- 
tracing analyses of these circuits as- 
sume that the reader has a basic 
knowledge of the purpose and opera- 
tion of the various circuit sections of 
a color receiver. (The analyses can be 
more easily understood if the reader 
reviews the general discussions on 
television circuits given in the section 
on Electron Tube Applications start- 
ing on page 15). The receiver, which 
is essentially identical to the RCA 
Type CTC-22, features direct-line op- 

eration; the chassis of circuits 29-29 
through 29-35, therefore, are con- 
nected to one side of the ac line dur- 
ing operation. Servicing of these 
circuits should not be attempted by 
persons not familiar with the precau- 
tions necessary when working on this 
type of equipment. (See notes 1 and 
2 on page 708.) 
Note: Circuits 29-29 through 29-35 are in- 
cluded in this manual primarily to illustrate 
applications of RCA electron tubes. Because 
of the exceptionally high voltages (up to 
21,500 volts), high frequencies, and large 
bandwidths that are required and of the 
many special components that are ^ used, 
home construction of these circuits is not 
recommended. 

29-29 LOW-VOLTAGE POWER SUPPLY, DEGAUSSING COIL, 
AND HEATER CONNECTIONS 

For Color Television Receiver 

Circuit Description 
This circuit includes the low- capacitors and rf chokes are in- 

voltage (-|-280-volt) dc power supply, eluded in the series heater string 
degaussing circuitry, and heater con- to filter out any stray high-frequency 
nections for a color television re- signals that may be coupled from 
ceiver. The tube heaters, with the the rf and if signal channels of the 
exception of the color picture tube, receiver. 
are connected in series across the ac Two silicon rectifiers CR, and 
power line. Heater power for the CR2 are used in a voltage-doubler 
picture tube is supplied by trans- circuit to convert the 117-volt ac in- 
former Ti. With ON-OFF switch Si put power to the -1-280-volt B+ sup- 
closed, the 117-volt power from the ply voltage for the receiver. This 
ac power line is applied to the series doubler circuit also provides a 160- 
heater string and to the primary of volt output from the junction of re- 
transformer Ti. The 117-volt ac in- sistors Ri and Re, a -|-140-volt output 
put power is stepped down by trans- from the junction of resistor Ra and 
former Ti to 6.3 volts at 1.0 ampere capacitor Cl, and a 95-volt output 
and applied to the heater of the from the junction of resistor Re and 
15LP22 color picture tube. Bypass capacitor Cie. The dc voltage outputs 
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29-29 LOW-VOLTAGE POWER SUPPLY, DEGAUSSING COIL 
AND HEATER CONNECTIONS (Cont'd) 

NORMAL 
S2A 

CRzi 
RA ! ic6 

i-OOi 
L-K. 

PICTURE 
TUBE 

FILAMENTS THERMAL 
BREAKER ELEMENT 

NORMAL 
S2B TO CATH. HOR. 

OUTPUT TUBE 

TO CONTROL GRID 
2nd VIDEO 

TYPE 
5GH8A TYPE TYPE TYPE TYPE TYPE 

24JE6A I7KV6 5GH0A I0GF7A 5GH8A 

TYPE TYPE TYPE 5HZ6 3JC6A 5GH8A 

C7 Cg-^p ^ 9-p- 
X i-H  

M TYPE TYPE 1 
4KE8 2EG4 

4 (12 ]lO 

Parts List 
Ci=0.047 fiTP, paper, 600 V 
C2=250 fiF, electrolytic, 175 V 
03=50 ;U.F, electrolytic, 250 V 
04=100 fiF, electrolytic, 300 V 
05=150 tiF, electrolytic, 350 V 
Ce=100 /iF, electrolytic, 360 V 
C? through C:u=1000 pF, 

ceramic, 500 V 
Ci6=2 /iF, electrolytic, 175 V 
CBi=Circuit breaker (in- 

cludes Rz), RCA Stock No. 
120784 or equiv. 

CRi, CR2=Silicon rectifiers, 
RCA Stock No. 113998 or 

equiv. 
Fi=Fuse, 7-ampere, 250-volt 
Li, L2=Inductor, 60-Hz line 

filter 
Ij3, L4=Degaussing coils, 

RCA Stock No. 120793 or 
equiv. 

L5=Filter choke, RCA Stock 
No. 120792 or equiv. 

Le, 1/7, L8=RF choke 
Ri=2 ohms, wirewound, 

7 watts 
R2=1.3 ohms, part of CBi 
R3=3900 ohms, wirewound, 

10 watts 
R4=47000 ohms, 1 watt 
R5=10000 ohms, 7 watts 
Si=ON-OFF switch, single- 

pole, single-throw 
S2=Degaussing switch, RCA 

Stock No. 120829 or equiv. 
Ti=Fi]ament transformer; 

primary, 117-volt; sec- 
ondary, 6.3-volt, 1-ampere 

THi=Thermistor; cold re- 
sistance, 120 ohms 

See Note on page 722. 
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29-29 LOW-VOLTAGE POWER SUPPLY, DEGAUSSING COIL, 
AND HEATER CONNECTIONS (Cont'd) 

Circuit Description (Cont'd) 
are filtered by the pi-section filter voltage-doubler circuit. For this con- 
network formed by L5, Cs, and Co. dition, the parallel capacitors ( 

The ac line is protected against and Cs are charged to approximately 
any continuous circuit overload by a 142 volts and capacitor Ci is charged 
7-ampere fuse, Fi, connected in series to 140 volts to provide the -i-280-volt 
with one side of the line to ground. B+ voltage. When & is depressed to 
Surge protection is provided by a the DEGAUSS position, capacitor C2 
thermistor THi connected in series is disconnected from the circuit, and 
with the B+ rectifiers (CRi and degaussing coils Ls and Li are con- 
CRs). The B+ circuit is protected nected in series with the power- 
by a special thermal reset circuit supply rectifiers and capacitor C3. 
breaker CBj. The circuit breaker When the line voltage swings posi- 
opens the B+ line whenever the cur- tive, C3 is charged through Ch, de- 
rent demand on the low voltage gaussing coils Ln and Li, and CR2; 
power supply or the current through when the line voltage is negative, 
the horizontal output stage becomes C3 is charged through CRi and the 
excessive. degaussing coils. This alternate 

The circuit breaker has a resis- cycling results in a symmetrical 
tive winding (approximately 1.3 decaying wavetrain through the de- 
ohms) that completes the ground re- gaussing coils. The degaussing coils 
turn for the horizontal output tube. physically are looped about the re- 
If the cathode current of the output ceiver chassis in proximity to the 
tube becomes excessive, the resistive color picture tube. The alternating 
winding heats and causes the bi- magnetic fields developed by the de- 
metal strip in the circuit breaker to caying current wavetrain through 
expand unequally. The resultant these coils effectively demagnetizes 
flexing of the bi-metal strip discon- the picture tube and adjacent 
nects the breaker switch contacts chassis areas. The wavetrain de- 
and thereby opens the B-j- line. The creases to zero when Ca is charged 
same action occurs when the B-|- cur- to twice the peak value of the line 
rent demand becomes excessive. voltage (approximately 330 volts 

Degaussing of the color receiver dc). The degaussing action is corn- 
is initiated by depression of the pleted in less than 1 second. It is 
spring-loaded switch S2 to the DE- only necessary, therefore, to mo- 
GAUSS position. With S2 in the mentarily depress switch S2 to the 
NORMAL position, capacitors Cz and DEGAUSS position. When the switch 
C, are combined in parallel to pro- is released, it automatically returns 
vide the charging capacitance for the to the NORMAL position. 

29-30 VHP TUNER 
For Color Television Receiver 

Circuit Description 
This vhf tuner operates from a cillator and mixer stages. The 

dc voltage of +280 volts obtained heaters of these tubes are con- 
from the low-voltage power supply nected in series with those of other 
in the color television receiver. The tubes in the receiver; power for the 
tuner employs a 2EG4 nuvistor tri- series-heater string is obtained di- 
ode in the rf amplifier stage and uses rectly from the 117-volt ac power 
a 4KE8 triode-pentode for the os- line. This tuner is very similar to 
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29-30 VHF TUNER (Cont'd) 

JHI—1 _ f TEST POINT 
 -3 h— -ORFMC C|4 J2_IF OUTPUT 

spa 

mW 

m m m 

37 7] eps 
^^3 REAR 

s3 12 REAR o I lo 
= C|5 '2 l3o 

"•* /o 

43V /e, />> ^ (fy 
f<>V8 6' 7 

(Lg, THRU L62) 

1 S4 12 'o I REAR 

<J7 be L46|| 
 ' L47 

R3 rAA/ 
—hni Cq^ CIO 

1 T| ANTENNA MATCHING I TRANSFORMER 
TO soon I—VHF ANT 

Note: Switches Si through Ss are ganged together on the same shaft and are 
shown in channel 13 position. 
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VHr TUNER (Cont'd) 

Parts List 
01=0.033 /iF, paper, 200 V 
02, Cjm, 023, 024=1000 pF, feedthrough, 500 V 
03=47 pF ±5%, ceramic, 

500 V, N750 
04=2 pF, feedthrough, RCA 

Stock No. 119595 or equiv. 
C6=Trimmer, 2 to 10 pF, 

RCA Stock No. 112038 or 
equiv. 

Co=27 pF ±5%, ceramic, 
500 V, N750 

07=47 pF, feedthrough, 
500 V 

Ca, C», Cio, Cu=27 pF 
±5%, ceramic, 500 V, N470 

Ci2=2.7 pF, headed lead, 
500 V Ci3=33 pF, ceramic, 500 V, 
N750 

Ci4=39 pF, feedthrough, 
500 V , , , 

Ci6=4.7 pF ±6%, headed 
lead, 500 V 

Cie=680 pF, ceramic, 600 V 
Ci7=62 pF ±5%, ceramic, 

1000 V, N1500 
Ci8=27 pF, ceramic, 600 V 
Cie=2 pF, ceramic, 500 V, 

NPO 
021=5.6 pF ±5%, ceramic, 

500 V, N150 
022=27 pF, ceramic, 500 V, 

NPO 
026=0.047 /iF, ceramic, 500 V 
Li=RF amplifier grid coil, 

part of Ss assembly 
L2=UHF trap 
L3=RF amplifier grid-circuit 

coil, part of S6 assembly 
Li, Le, Lo=FiIter coils for high-pass filter network, 

part of Ti assembly 
Lt=RF amplifier plate coil. 

part of S3 assembly 
Ls through Li8=RF amplifier plate-circuit tuning coils, 

part of Sa assembly 
Li# through L28=Antenna tuning coils, part of Ss 

assembly 
L20, L3o=High-band coupling 

adjust coils L3i=Mixer grid coil, part of 
S2 assembly 

L32 through L42=Mixer 
tuning coils, part of S2 
assembly 

Lia, L44=Low-band coupling 
adjust 

L45=RF amplifier grid-circuit 
coil, part of Ss assembly 

L4o=IF input coil for signals 
from uhf tuner, RCA 
Stock No. 120782 or equiv. 

Li7=RF coil, part of input 
circuit for signals from 
uhf tuner 

L48=Mixer plate coil, RCA 
Stock No. 112909 or equiv. 

JL,io=RF filter coil 
I,50=Channel 13 range- 

centering coil 
Lbi through Lo2=Local- oscillator tuning coils, part 

of Si assembly 
Ji, j2=Single-contact female connector, RCA Stock No. 

104039 or equiv. 
Ri=47000 ohms, 0.6 watt 
R2=16000 ohms, 3 watts 
R3=4700 ohms, 1 watt 
R4=82000 ohms, 0.5 watt 
R5=1500 ohms, 0.5 watt 
Rfl=10000 ohms, 0.5 watt 
R7=2200 ohms, 0.5 watt Rs, Rio=10 ohms, 0.5 watt 
Rb, Ri3=1000 ohms, 0.5 watt 

Rii=27000 ohms, 0.5 watt 
Ri2=68000 ohms, 1 watt 
Ru=5600 ohms, 0.5 watt 
Ris=6800 ohms, 0.5 watt 
Rio=680 ohms, 1 watt Si=Local-oscillator section of 

channel-selector switch; 
stator assembly, RCA 
Stock No. 114837 or equiv., 
includes local-oscillator 
tuning coils Lsi through 
L02 , S2=Mixer section of channel- 
selector switch; stator 
assembly, RCA Stock No. 
120084 or equiv., includes 
mixer tuning coils Lsi 
through L42 

S3=RF amplifier section of channel-selector switch; 
stator assembly, RCA 
Stock No. 120086 or equiv., 
includes rf amplifier plate 
tuning coils Lr through Lis 

S4=tJHF function switch 
assembly; part of channel- 
selector switch; stator 
assembly, RCA Stock No. 
114807 or equiv. 

S5=Antenna section of 
channel-selector switch; 
stator assembly, RCA 
Stock No. 120087 or equiv., 
includes antenna tuning 
coils Li, Lib, and Lib 
through L28 

Ti=Antenna matching trans- 
former (includes coils Li, 
Ls, and Lo in high-pass 
filter network), RCA Stock 
No. 113968 

See Note on page 722. 

Circuit Description (Cont'd) 
the tuner for a black-and-white tele- 
vision receiver (shown in circuit 29- 
24), and it operates equally well for 
either color or black-and-white trans- 
missions. 

The antenna used with the tuner 
is a balanced 300-ohm dipole type 
which is matched to the unbalanced 
tuner input circuit by the antenna 
matching transformer Ti. The 
ganged 5-section, 13-position channel 
selector, Si through Ss, establishes 
the operating frequency of the tuner 
for each of the vhf channels 2 
through 13 or adapts the vhf tuner 
for operation with a uhf tuner. 
When used with a uhf tuner, the 
vhf tuner is operated as a two stage 
broadband rf amplifier and becomes 
essentially a pre-if amplifier for the 
color television receiver. 

With the channel selector set to 
any of the channel positions 2 
through 13, telecast signals, either 
color or black-and-white, from the 
selected channel are coupled from the 
antenna circuit through sections Si 
and Ss of the channel selector to the 
control grid of the 2EG4 rf amplifier. 
For channel positions 2 through 13, 
the input lead (IF INPUT) from the 
uhf tuner is not connected to the 
vhf tuner. 

The vhf input signals are ampli- 
fied by the rf amplifier. The Ss and 
Ss sections of the channel selector 
connect the appropriate combinations 
of inductors into the grid and plate 
circuits of the rf amplifier to tune 
this stage to the desired frequency 
channel. An age bias voltage, de- 
rived from the keyed age amplifier 
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29-30 VHF TUNER (Cont'd) 

Circuit Description (Cont'd) 
in another section of the color re- heterodyned with the local-oscillator 
ceiver (circuit 29-32), is applied to frequency to produce a color-sub- 
the control grid of the 2EG4 to con- carrier intermediate frequency of 
trol the gain of the rf amplifier 42.17 MHz. The picture, color-sub- 
automatically. carrier, and sound if signals are 

The output of the rf amplifier coupled from the plate of the mixer 
is coupled through sections So and through J2 to the if stages of the 
Sa of the channel selector to the con- receiver. 
trol grid of the 4KE8 pentode sec- When the multiple-section chan- 
tion used in the mixer stage. Section nel selector is rotated to the UHF 
Sa of the ganged channel selector position, Sb disconnects the vhf an- 
selects the proper combination of in- tenna circuit from the rf amplifier, 
ductors to tune the mixer input and section Si completes a connection 
circuit to the same operating fre- to the 280-volt B-f line through sev- 
quency as that of the rf amplifier. eral voltage-dropping resistors to 
A signal from the plate of the provide a dc voltage output of 18 
4KE8 triode section used in the local- volts for use as the B-f voltage for 
oscillator stage is also applied to a uhf tuner. The video, sound and 
the mixer. Section Si of the channel color-subcarrier if signals from a 
selector selects the required indue- uhf tuner can then be applied 
tance so that the oscillator operates through the IP INPUT jack Ji and 
at a frequency 45.7B MHz above the contacts of Si and Sb to the control 
video carrier frequency of the vhf grid of the 2EG4 rf amplifier, 
channel selected by the tuner. With the channel selector in the 

The signals from the rf ampli- UHP position, switch section Si 
fier and local oscillator are hetero- opens the B-f line to the local oscil- 
dyned in the mixer stage to produce lator to disable this stage. In addi- 
the 45.75-MHz amplitude-modulated tion, sections S2, S3, and Sb select the 
and 41.25-MHz frequency-modulated proper combination of components 
difference freqencies used as picture so that the rf amplifier and mixer 
and sound intermediate frequencies, stages operate as broadband 44-MHz 
respectively. The composite color amplifiers to provide two stages of 
signal received at the antenna also amplification of the picture and 
includes a 3.58-MHz color subcarrier sound if signals ahead of the receiver 
sideband. This subcarrier is also main if strip. 

29-31 VIDEO-AND SOUND-CHANNEL CIRCUITS 
For Color Television Receiver 

These circuits form the video consists of two high-gain stages that 
and sound channels for a color tele- use high-transconductance frame- 
vision receiver. The circuits operate grid tubes and double-tuned inter- 
from a dc supply voltage of 280 stage coupling transformers. The 
volts, obtained from the receiver composite if input from the vhf 
low-voltage power supply. The tube tuner which consists of amplitude- 
heaters are included in the series- modulated 45.75-MHz picture signals 
heater string for the over-all re- 42.17-MHz color-subcarrier compo- 
ceiver. Operating power for the nents, and frequency-modulated 
series-heater string is obtained di- 41.25-MHz sound signals, are coupled 
rectly from the 117-volt ac power by capacitor C21 and transformer To 
line. to the control grid of the 3KT6 

The picture if-amplifier circuit pentode used in the first picture if 
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29-31 VIDEO- AND SOUND-CHANNEL CIRCUITS (Cont'd) 

TYPE  p t, 3JC6A^ +95 V 1 
SOUND SWk TAKEOFF LylXN. „.„i TRANS. rf \°+95Vi 

rr~rn.HE££) l1- 

FROM B BOOST SUPPLY 
THROUGH 0.12—MEGOHM RESISTOR 490V R? 
 C|'(7 I I £80 V 

Ci lov r ^'LL+iAvf 

jC3 

CR| i 
SOUND C6 DET.l^ . i? 

41.25 MHz ' TRAP 
Rll ADJ. Cgl SND. 

TYPE rVWi R25 IN3I94 Rg? 
TO HtA I tn {PIN6) OF 2nd X. ZZ 

. VIDEO — 

" "I SOUND r~ —hDEM C|2: '■x. CI8X - T4 - 

iiov+^svf M 

r®®" 1^: VOLUME 

i a 

J-irow TYPE f|52 V ■ 3JC6A 

TYPE IIHM7  2nd 4160 V 
!~R3i i viD^fz:— rAA/Vji [—A 

ri* r 

R28 TD, BRIGHTNESS Yl3 

TYPE 5AQ5 " AUDIO OUTPUT 140V 

TO SYNC., AGC, AND CHROMA DRIVER 
TYPE 1/2 5GH6A  1st VIDEOfT 

R43> CONTRAST? < CONTROL < f 

HORIZ. BLANKING PULSE 
VERT. BLANKING PULSE 

Parts List 
Ci=5 pF, part of Ti 
C2=1000 pF ±5%, ceramic, 

500 V 
Cs, Cb, Cb, Cu=0.01 /iF, ceramic, 500 V 
C4=10 pF ±5%, ceramic, 

500 V, NPO 
06=1.5 pF, ceramic, 500 V, 

NPO 
07=6 pF, part of Ta 
08=47 pF, ceramic, 500 V, NTKO 

Cio=150 pF, part of Ta 
Cii=39 pF, ceramic, 500 V, 

N750 
Ci2=560 pF, ceramic, 500 V 
Ci3=10 pF, part of T* 
Ci5=4 pF, ceramic, 500 V 
Ci6=10 pF, ceramic, 500 V, 

NPO 
Gi7=6800 pF, ceramic, 600 V 
Ci8=47 pF, ceramic, 500 V, 

N750 
Cib=0.047 pF, ceramic, 600 V 

026=0.0033 /iF, paper, 1600 V 
C2i=Trimmer, 3 to 15 pF, 

RCA Stock No. 116502 or 
equiv. 

022=150 pF ±5%, mica, 
600 V 

C23, C20, Caa, 033=1000 pF, ceramic, 500 V 
021=330 pF, mica, 500 V 
025=24 pF, ceramic, 500 V, 

NPO 
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29-31 VIDEO- AND SOUND-CHANNEL CIRCUITS (Cont'd) 

Parts List (Cont'd) 
027=4700 pF, ceramic, 600 V 
C2o=430 pF ±5%, mica, 

600 V 
C3o=150 pF, mica, 600 V 
C3i=0.047 /iF, Mylar, 100 V 
032=0.047 /iF, ceramic, 100 V 
033=0.1 /iF, Mylar, 100 V 
031=660 pF, ceramic, 500 V 
030=680 pF, ceramic, 600 V 
037=220 pF, ceramic, 500 V 
038=50 /iF, electrolytic, 50 V 
CRi, CR2, CR3=1N60 diode 
CRi=Vertical-blanking diode, 

RCA Stock No. 115867 or 
equiv. 

DLi=Delay line, RCA Stock 
No. 120786 or equiv. 

Li=RF choke, 3.9 /iH, RCA 
Stock No. 116507 or equiv. 

L2, Lio=RF choke, 1.8 /iH, 
RCA Stock No. 109248 or 
equiv. 

L3=RF choke, 12 /iH, RCA 
Stock No. 120831 

L4=Inductor for 47.25-MHz 
trap, RCA Stock No. 
121447 or equiv. 

Ls=Video-detector filter coil, 
5.6 /iH, RCA Stock No. 
109171 or equiv. 

Lo, L8=Part of 4.5-MHz 
trap, RCA Stock No. 
121446 or equiv. 

L7=Video-detector filter coil, 
36 /iH, RCA Stock No. 
16056 or equiv. 

Lo=RF choke, 100 /iH, RCA 
Stock No. 117380 or equiv. 

Lii=Filter coil, 27 /iH, 
RCA Stock No. 116511 
or equiv. 

Li2=Filter network (in- 
cludes resistor R32) ; RCA 
Stock No. 116499 or equiv. 

Li3=Second-video plate coil, 

330 /iH, RCA Stock No. 
118710 or equiv. 

Lu=First-video plate coil, 
1.8 /iH, RCA Stock No. 
78466 or equiv. 

Ri, Re, R35, Ri3=270 ohms, 
0.5 watt 

R2, R2o=10000 ohms, 0.5 watt 
R3=8200 ohms, 0.5 watt 
R4=0.15 megohm, may be part 

of T2 
R5=3300 ohms, 0.5 watt 
R7=0.68 megohm, 0.5 watt 
R8=0.47 megohm, 0.5 watt 
Re=68000 ohms, may be part 

of Ti 
Rio=Potentiometer, volume 

control, 1 megohm, 
0.5 watt 

Rii=Potentiometer, sound- 
rejection adjustment, 
7500 ohms, 0.5 watt 

Ri2=0.33 megohm, 0.5 watt 
R13, R3o=0.1 megohm, 

0.5 watt 
Ru=3900 ohms, ±5%, 

0.5 watt 
Ri5=56 ohms, ±5%, 

0.5 watt 
Rio=1000 ohms, 0.5 watt 
Ri7=22000 ohms, 4 watts 
Ri8=6800 ohms, ±5%, 

0.6 watt 
Rjo=160 ohms, dz5%, 

0.5 watt 
R2o=470 ohms, 0.5 watt 
R2i=1200 ohms, 0.5 watt 
R22=4700 ohms, 0.5 watt 
R23=0.18 megohm, 0.5 watt 
R2i=5.6 megohms, 0.5 watt 
R2o=22 megohms, 0.5 watt 
R27=2.7 megohms, 0.5 watt 
R28=Potentiometer, bright- 

ness control, 0.25 megohm, 
RCA Stock No. 120775 

or equiv. 
R2t>=680 ohms ±6%, 

0.5 watt 
R3i=0.22 megohm, 0.5 watt 
R32=2200 ohms, part of 

assembly with L12 
R33 =0.39 megohm, 0.6 watt 
R3i=0.12 megohm, 0.5 watt 
R3o=100 ohms, 0.5 watt 
R37=6600 ohms, 0.5 watt 
R3fl=560 ohms, 0.5 watt 
R3o=22000 ohms, 3 watts 
Rio=6800 ohms, 4 watts 
Rii=10000 ohms, 3 watts 
R42=33000 ohms, 4 watts 
Ti=Sound-takeoff trans- 

former (includes Ci), RCA 
Stock No. 120824 or equiv. 

T2=4.6-MHz sound if trans- 
former (includes C7 and 
may include R4), RCA 
Stock No. 120828 or equiv. 

T3=Pix if output trans- 
former and 41.25-MHz 
trap, RCA Stock No. 
120827 or equiv, 

T4=Sound-demodulator 
quadrature network (in- 
cludes C13 and may include 
Re), RCA Stock No. 120825 
or equiv. 

T5=Audio output trans- 
former, matches 5000-ohm 
tube-plate impedance to 
3.2-ohm speaker voice coil, 
RCA Stock No. 120822 or 
equiv. 

To=IF input transformer 
and 41.25-MHz trap, 
RCA Stock No. 116560 
or equiv. 

T7=Pix if transformer, 
RCA Stock No. 120826 
or equiv. 

See Note on page 722. 

Circuit Description (Cont'd) 
amplifier. The 3KT6 tube has good sound PM signals, as well as the in- 
remote-cutoff characteristics, and termediate 42.17 color subcarrier. 
the automatic-gain-control (age) The sound detector (CRi and as- 
bias voltage from the receiver age sociated components) is essentially 
amplifier (shown in circuit 29-32) is a second mixer circuit. The 45.75- 
also applied to the control-grid cir- MHz picture if signal and the 41.25 
cuit of this tube. The output of the sound if signal are heterodyned to 
first picture if amplifier is coupled produce a second sound if carrier of 
by transformer T7 to the control grid 4.5 MHz. This 4.5-MHz sound if car- 
of the 3JC6A pentode used in the rier is still frequency-modulated by 
second picture if amplifier. Capacitor the audio components contained in 
Co couples the output of the second the original rf signal input at the 
picture if amplifier to the sound de- receiver antenna. The sound-takeoff 
tector, and transformer T3 couples transformer Ti forms a selective load 
the output to the video (pix) de- impedance for the 4.5-MHz if signal 
tector. Transformers To, T,, and To derived in the sound detector circuit, 
are stagger-tuned to obtain the wide The 4.5 MHz signal developed 
band pass required for the if ampli- across sound-takeoff transformer T, 
fiers to pass both the 45.75-MHz is applied to the control grid of the 
video AM signals and the 41.25-MHz 3JC6A sound if amplifier. The ampli- 
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29-31 VIDEO- AND SOUND-CHi 
Circuit Description (Cont'd) 
fled 4.5 MHz PM if signal from this 
stage is then coupled by the double- 
tuned transformer To to the control 
grid of the 5HZ6 sound demodulator. 
This stage demodulates the 4.5- 
MHz sound if signal and amplifies 
the resultant audio signal voltage. 
The +490 volts used as the plate 
supply for the 5HZ6 demodulator 
tube is derived from the 700-volt 
B Boost supply in the horizontal- 
output stage (shown in circuit 29- 
33) of the receiver. 

The tuned secondary circuit of 
transformer T3 selects the 46.75- 
MHz amplitude-modulated picture 
and 42.17-MHz color sideband signals 
from the composite if signal and 
applies this picture signal to the 
video detector (CRa and associated 
components). The detected video sig- 
nal developed across the detector- 
circuit filter network (Le, Lo, Lt, Ls, 
and Cao) is then coupled through C31 
and Raa to the control grid of the 
5GH8A triode section used in the 
first video amplifier (the pentode 
section of the 6GH8A tube is used 
in the sync-agc-and-chroma driver, 
shown in circuit 29-32). The first 
video amplifier supplies the input 
signals to the sync-agc-and-chroma 
driver and to the second video ampli- 
fier. 

The second video stage performs 
many functions. The input circuit of 
the 11HM7 pentode used in this 
stage is the insertion point for hori- 
zontal blanking pulses (for eventual 
application to the cathodes of the 
color picture tube). The horizontal 
blanking diode CRa is placed in the 
conducting mode by a small positive 
voltage applied to its anode through 
the dropping resistor R33 from the 
280-volt B+ source. During active 
video scanning time, diode CR3 is 
forward-biased (conducting), and 
the video signal is coupled by capaci- 
tor C33, to the control grid of the 
video amplifier. During horizontal 
blanking time, a negative pulse from 
the horizontal-output transformer 

«JNEL CIRCUITS (Cont'd) 

(Ti in circuit 29-33) is applied 
through Cat and Rat to the diode. 
This negative pulse is sufficient to 
cut off the diode during horizontal 
retrace time. The pulse is applied 
to the control grid of the second 
video amplifier and drives the grid 
more negative (than would the nor- 
mal horizontal sync pulse). The neg- 
ative signal at the grid is inverted 
at the plate; the added positive level 
coupled to the cathodes of the color 
picture tube is sufficient to provide 
blanking of horizontal retrace lines. 

The brightness control for the 
color receiver is also located in the 
control-grid circuit of the second 
video amplifier. Negative dc grid 
bias for the 11HM7 second video 
tube is derived from the ac voltage 
obtained from the heater, pin 6, of 
the second video tube. The 11HM7 
heater is in the approximate center 
of the series heater string (refer to 
circuit 29-29); at this point, approx- 
imately 60 volts of ac voltage is 
available. The negative dc voltage 
(about —75 volts) is developed across 

C33 by the IN3194 rectifier circuit. Ad- 
justment of the brightness control, 
Rjs alters the grid bias by "tapping" 
the positive voltage applied to the 
top of the control. This unique 
circuit arrangement provides auto- 
matic brightness compensation with 
changes in power-line voltage. If 
line voltage increases, the negative 
voltage across C32 increases; the in- 
creased bias that is then applied to 
the 11HM7 decreases the conduction 
of this tube. The opposite action oc- 
curs with a decrease in line volt- 
age. 

The cathode of the second video 
amplifier is returned to the contrast 
control Ru. Brightness stability is 
obtained by use of a fixed 150-ohm, 
5-per cent resistor, Ria, for dc cath- 
ode bias. Adjustment of the contrast 
control does not change the dc char- 
acteristics of the cathode; only the 
ac signal gain of the stage is altered 
when the control is adjusted. 
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29-31 VIDEO- AND SOUND-CHANNEL CIRCUITS (Cont'd) 

Circuit Description (Cont'd) 
Vertical-retrace blanking is ac- 

complished in the plate circuit of the 
second video amplifier. During ac- 
tive scan periods, the vertical-blank- 
ing diode CR, is forward-biased 
(conducts); during vertical retrace 
periods, however, a positive (blank- 
ing) pulse from the vertical-output 
transformer (Ta in circuit 29-33) is 
applied through Rob to the cathode 
of the diode. This 60-volt positive 

pulse is large enough to bias the 
diode into cutoff. During the blank- 
ing interval, the positive voltage 
pulse is added to the plate voltage 
of the 11HM7 second-video tube and 
applied to the cathode circuits of the 
color picture tube. As a result of the 
increased positive potential at the 
cathode, the picture tube is cut off 
during vertical retrace periods. 

29-32 SYNC, AGC, AND VERTICAL-DEFLECTION CIRCUITS 
For Color Television Receiver 

AGC J TO Isl FIX IF > TO T O PICT TUBE DRIVE CIRCUIT 
>R3 TYPE . f I/25GH0A • I AGC ;R|0 >rI3 ^3 
+1,3 V §J tr 

-136 v([^- 
i?, rii 
■T,t250V 

r ITisav 
r
7[ f8Rl2 

TO CONTROL i GRID OF Isl VIDEO 

, TYPE I I/2 5GH0A JRe SYNC AGC a > CHROMA DRIVER 
 6? I-HOOV ✓St- (50-I03V) r+zAa +90V 
^-"\T (90-I20V) L 

T04 "Its 
TO CATH. ~ OF Isl VIDEO 

+2eOV/A R37<VERT. HOLD _ 0 r*s CONTROL 

TYPE 1/2 10GF7A . VERT OSC. 

nTYPE I/ZIOGF7A  VERT. OUT. u I ' 1 +250V.. 

TO PICT. I TUBE DRIVE ^ A CIRCUIT 

Parts List 
Ci=0.18 ilF, Mylar, 200 V 
C2=24 pP, ceramic, 500 V, 

NPO 
Ca, Ci7=0.01 /fF, ceramic, 

500 V 
CizzlOOO pF, ceramic, 500 V 
C5=3300 pF, ceramic, 500 V 
Ce=470 pF, ceramic, 500 V 
C7=0.1 /iF, paper, 600 V 

C8=0.0056 ^F, Mylar, 
400 V 

C»=0.01 fiF, Mylar, 600 V 
Cio, Ci5=680 pF, ceramic, 

500 V 
Cii=0.047 /tF, Mylar, 100 V 
Cii.»=1600 pF, ceramic, 500 V 
Ci3=50 /tF, electrolytic, 

76 V 

TO GRID No.3 OF HORIZ. OUTPUT TUBE 

Cu=0.0082 /iF, paper, 
1000 V 

Cio=0.033 /iF, Mylar, 600 V 
Ci8=0.001 /iF, ceramic, 

3000 V 
Cio=25 /iF, electrolytic, 25 V 
Li=RF choke, 120 /iH, part 

of assembly with Re, RCA 
Stock No. 120795 or equiv. 
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SYNC, AGO, AND VERTICAL-DEFLECTION 
CIRCUITS (Cont'd) 

Parts List (Cont'd) 
Ri, Ri8=0.15 megohm, 

0.5 watt R2=PoteTitiometer, age 
adjustment, 50000 ohms, 
0.5 watt, RCA Stock No. 
120804 or equiv. 

R3=27000 ohms, 0.5 watt 
Ri=3800 ohms, 0.5 watt 
Rs, R17, R28=10000 ohms, 

0.5 watt Ro=6800 ohms, 0.5 watt 
R7=27000 ohms, 1 watt 
R8=1500 ohms, 0.5 watt 
Re=68000 ohms, 0.5 watt, 

part of assembly with Li 
Rio=0.56 ohms, 0.5 watt 
Rii=1800 ohms, 0.5 watt 
Ri2, R27, R31=0.12 megohm. 

0.5 watt 
Ri3=10 megohms, 0.5 watt 
Ri4=22000 ohms, 0.5 watt 
Ri5=10000 ohms, 3 watts 
Riq=22 megohms, 0.5 watt 
Rio=3.3 megohms, 0.5 watt 
R2o=1.6 megohms, 0.5 watt R2i=Potentiometer, vertical- 

linearity control, 3.4 meg- 
ohms, 0.5 watt, RCA 
Stock No. 120807 or equiv. 

R22=56000 ohms, 0.5 watt 
R23=47000 ohms, 0.5 watt 
R2i=4.7 megohms, 0.5 watt 
R25=1000 ohms, 0.5 watt 
R2o=1.5 megohms, 0.5 watt 
R2o=0.47 megohm, 0.5 watt 
R3o=33000 ohms ±5%, 

0.5 watt 
R32=0.22 megohm, 0.5 watt 
R33=3300 ohms, 1 watt 
R34=1500 ohms, wirewound, 

3 watts R35=Potentiometer, vertical- 
height control, 1 megohm, 
0.5 watt, RCA Stock No. 
120805 or equiv. 

R3o=0.1 megohm, 1 wattj R37=Potentiometer, vertical- 
hold control, 0.75 meg- 
ohm, 0.5 watt VDRi=Voltage-dependent 
resistor (varistor) ; 870 
volts at 1 mA; RCA 
Stock No. 112876 or equiv. 

See Note on page 722. 

Circuit Description 
This circuit shows the sync-agc- 

and-chroma driver, age amplifier, 
sync separator, and vertical deflec- 
tion circuit for a color television re- 
ceiver. The sync-agc-and-chroma 
driver, the sync separator, and the 
vertical output tube operate from 
a plate supply (B-f-) voltage of 280- 
volts obtained from the receiver low- 
voltage power supply. The plate 
supply voltage for the age amplifier 
is a positive keying pulse from the 
horizontal-output transformer, and 
the plate voltage for the vertical os- 
cillator is obtained from the 700- 
volt B Boost supply in the horizontal 
output circuit. The tube heaters are 
connected into the series-heater 
string for the over-all color receiver; 
operating power for the heater 
string is obtained directly from the 
ac power line. 

The drive signal for the sync 
and age circuits is obtained from the 
cathode of the first video amplifier 
(shown in circuit 29-31). This signal 
is coupled by capacitor C2 and the 
parallel LR network L2 and Ro to 
the control grid of the 5GH8A pen- 
tode section used in the sync-agc- 
and-chroma driver. (The triode sec- 
tion of the BGH8A tube is used in 
the first video amplifier). The screen- 
grid and control-grid bias voltages 
for the driver pentode are also ob- 
tained from the first video amplifier. 
The output of the driver stage is ap- 
plied to the control grids of the age 

amplifier and the sync separator and 
to the chroma circuits (shown in 
circuit 29-34). 

The age amplifier uses the pen- 
tode section of a 5GH8A triode- 
pentode; the triode section of this 
tube is used in the sync separator. 
The operation of the age amplifier 
is gated by a positive keying pulse 
from the horizontal-output trans- 
former (shown in circuit 29-33). This 
pulse, which is synchronized with 
the video signal, overcomes the bias 
provided by the 95 volts (obtained 
from the receiver low-voltage power 
supply, circuit 29-29) applied to 
the cathode circuit of the age ampli- 
fier. Portions of the video signal that 
occur coincident with the keying 
pulse (i.e. during the horizontal 
blanking interval) are amplified by 
the age stage. Resistor Rj and capac- 
itor Ci, together with other filtering 
elements in the control-grid circuit 
of the first picture if amplifier, filter 
out the pulsating components in the 
video signal to obtain a negative dc 
voltage proportional the video sig- 
nal and thus to the rf input at the 
receiver antenna. Similarly, an age 
bias voltage for the vhf tuner is de- 
veloped across the filter capacitor C,. 

Synchronizing pulses are in- 
cluded in the composite rf signals 
transmitted by a television broadcast 
station to provide timing informa- 
tion required for synchronization of 
the transmitter and receiver scan- 
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29-32 SYNC, AGC, AND VERTICAL-DEFLECTION 
CIRCUITS (Cont'd) 

Circuit Description (Cont'd) 
ning' systems. The syne separator separated from the composite sync- 
separates and amplifies the synchro- separator output prior to the appli- 
nizing pulses contained in the com- cation of the synchronizing input to 
posite video signal it receives from the vertical-deflection circuits. This 
the sync-agc-and-chroma driver, separation is accomplished by in- 
The BGH8A triode section used in tegration of the composite sync- 
this stage is operated basically as a separator output across capacitor 
class C limiter. When the video sig- C,=. The integrating network (R27 
nal is applied, the stage is biased and C12) has negligible response for 
beyond cutoff by the negative volt- the narrow horizontal-sync and 
age developed by the grid-leak bias equalizing pulses, but responds to 
network formed by Co and R.s. Only the greater energy contained in the 
the sync pulses in the composite much wider vertical-sync pulses to 
video signal have sufficient amplitude develop a triangular voltage wave- 
to drive the sync amplifier into con- form, coupled by Cu, Co, and R25 to 
duction. The resultant negative the control grid of the vertical-out- 
pulses developed in the plate circuit put triode section, that synchronizes 
of the 5GH8A triode section are ap- the operation of the multivibrator, 
plied as the synchronizing inputs to The combination of the triangular 
the vertical and horizontal deflection wave input to the grid of the output 
circuits. section and the square-wave multi- 

The vertical-deflection circuit vibrator signal results in a trape- 
employs one section of a 10GF7A zoidal voltage waveform at the plate 
dual triode in a vertical oscillator of the output section. This trape- 
stage and a vertical output stage. zoidal voltage wave produces a tri- 
These two stages form a basic plate- angular wave of current through the 
coupled 60-Hz free-running multi- vertical-output transformer (T2 in 
vibrator that is synchronized by circuit 29-33) and through the ver- 
negative vertical sync pulses from tical deflection coils of the picture 
the sync separator stage. The nega- tube (shown in circuit 29-35). The 
tive-pulse output from the zync sep- rising portion of the triangular cur- 
arator, however, includes horizontal rent waveform produces the vertical 
sync pulses and equalizing pulses in scanning, and the decreasing portion 
addition to the vertical sync pulses. of the waveform provides the re- 
The vertical sync pulses must be trace. 

29-33 HORIZONTAL-DEFLECTION CIRCUIT AND 
HIGH VOLTAGE POWER SUPPLY 

For Color Television Receiver 

Circuit Description 
These circuits develop the hori- over-all receiver; operating power 

zontal scanning signals and the dc for these heaters is obtained directly 
operating voltage (21,500 volts) for from the 117-volt ac power line, 
the color picture tube (RCA Type Heater power for the 3A3A high- 
15LP22) and the receiver B Boost voltage rectifier tube is obtained 
voltage (700 volts). The circuits op- from a 3-volt secondary winding on 
erate from the receiver low-voltage the high-voltage transformer. 
(280-volt) supply. The heaters of the A blocking oscillator in which 
5GH8A, 24JE6A, and 17KV6A tubes the transformer coil is located in the 
used in these circuits are included cathode circuit is used to obtain 
in the series-heater string for the a large-amplitude horizontal-drive 
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HIGH-VOLTAGE POWER SUPPLY (Cont'd) 

700V r (B BOOST) Tj I 
21500 V TO 2nd ANODE OF PICT. TUBE 

y TYPE 7 3A3A HI. VOLT RECT HRED TO 5 VERT. OUTPUT kirrOTUBE . 

TO CIRCUIT1— BREAKER IN L.V. RECT. 
TO CATH._ OF VERT. - -OUTPUT TUBE 

■ ^ TYPE C +t/ 24JE6A c iHORIZ.OUT 
TyPECR| I7KV6A A vPULSE REG. L- 
.RJ? +200V 

HORIZ. SYNC.r INPUT _l 
TYPE 1/2 5GH0A HORIZ.CONTROL 

- HIGH VOLTAGE ADJ. 

TYPE I/25GH8A HORIZ.OSC. H&y* VERT. SPm I BLANKING 1' I PULSE 
"TO H.V. RECT. 

—O+490V (8 BOOST) TO SOUND DEMOD. 

Ci=82 pF ±1 pF, ceramic, 
500 V, NPO 

C2=1200 pF, ceramic, 500 V 
03=0.0018 nF, paper, 

1000 V 
Ci=160 pF, ceramic, 500 V, 

NPO 
05=0.15 fiF, Mylar, 75 V 
C6=0.01 /iF, Mylar, 600 V 
C7=0.01 jiF, Mylar, 75 V 
Cs, Ci5=1200 pF, ceramic, 500 V 
Ce, Cio=0.1 /iF, Mylar, 

400 V 
Cio=15 pF, ceramic, 5000 V, 

N750 
On, Ci3=1000 pF, ceramic, 

500 V 
C12, Cu=0.01 /iF, Mylar, 

400 V 
Ci6=270 pF ±5%. mica, 

500 V 

Ci7=100 pF, ceramic, 5000 V, 
N1500 

Ci8=22 pF, ceramic, 1000 V, 
N750 

C2o=0.1, Mylar, 200 V C2i=0.033 fiF, Mylar, 600 V 
C22=0.01 /iF, Mylar, 600 V 
023=40 /iF, electrolytic, 

350 V 
024=0.047 /iF, Mylar, 

600 V 
025=150 pF, ceramic, 

2000 V, N1500 
026=270 pF, ceramic, 

2500 V, N1500 
027=150 pF, ceramic, 

2000 V, N1500 
CRi=AFC diodes, RCA 

Stock No. 109474 or equiv. CR2=Damper diode, RCA 
Stock No. 120818 or equiv. 

Ji=Octal socket, conver- 
erence-circuit input jack, 

RCA Stock No. 77645 or 
equiv. (mates with Pi on 
circuit 26-36) 

Jo^Octal socket, deflection- 
yoke input jack, RCA 
Stock No. 102787 or equiv. 
(mates with P2 on circuit 
26-36) 

Li, L2=Horizontal-oscillator dual-coil assembly, RCA 
Stock No. 109947 or equiv. 

La, L4=RF choke, 4.7 /iH, 
RCA Stock No. 120839 
or equiv. 

Lo=Variable inductor, hori- 
zontal efficiency adjust- 
ment, RCA Stock No. 
120794 or equiv. 

Ri, R22=0.22 megohm, 0.5 watt 
R2, R2o=0.39 megohm, 

0.5 watt 
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29-33 HORIZONTAL-DEFLECTION CIRCUIT AND 
HIGH-VOLTAGE POWER SUPPLY (Cont'd) 

Parts List (Cont'd) 
R3=0.27 megohm, 0.6 watt Iii5=100 ohms, 0.5 watt R:ii=Potentiometer, horizon- 
R4=100 ohms, 0.6 watt Rio=68000 ohms, 1 watt tal-hold control, 50000 
R5=15000 ohms, 0.5 watt Ri7=33000 ohms, 0.6 watt ohms, 0.5 watt 
Ro=1200 ohms, 0.6 watt Ri8=1000 ohms, 2 watts SGi=Spark-gap capacitor, 
R7=47 ohms, 0.5 watt Rio=10000 ohms, 0.5 watt 0.5 pF, 1000 V, RCA 
Rs, R2o=0.12 megohm, R2i=27000 ohms, 0.5 watt Stock No. 120819 or equiv. 

0.5 watt R23—10 megohms, 0.5 watt Ti=Horizontal-output (fly- 
R9=0.15 megohm, 0.5 watt R24=Potentiometer, high- back) transformer, RCA 
Rio=82000 ohms, 0.5 watt voltage adjustment, 0.5 Stock No. 120820 or equiv. 
Rii=8.2 megohms, 0.5 watt megohm, 0.5 watt T2=Vertical-output trans- 
Ri2=680 ohms, 2 watts R25=33000 ohms, 0.5 watt former, RCA Stock No. 
Ri3=82000 ohms ±2%, R27=:0.56 megohm, 0.5 watt 120821 or equiv. 

0.5 watt R28= 0.27 megohm, 1 watt 
Ri4=82000 ohms ±5%, R2o=120 ohms, 0.5 watt See Note on page 722. 

4 watts R3o=2.2 megohms, 0.5 watt 

Circuit Description (Cont'd) 
waveform. A control stage es- tions, the vertical sync pulses do not 
tablishes the bias for the oscillator affect the operation of the hori- 
and, in this way, controls the firing zontal-deflection circuits. The leading 
of the oscillator stage. The 5GH8A edge of alternate serrations, how- 
triode-pentode is used in these ever, correspond to the start of 
stages. The triode section is used as horizontal-retrace periods and thus 
the oscillator tube; the pentode sec- may be considered as merely another 
tion is used as a high-gain, low-drift horizontal sync signal, 
control tube. The differentiated sync wave- 

When the composite video signal form is applied to the junction of 
is generated at the television broad- the twin silicon diode CRi used in a 
cast station, the leading edge of each phase-discriminator type of afc net- 
horizontal sync pulse, of alternate work. The positive voltage spikes in 
equalizing pulses, and of alternate the differentiated waveform have no 
serrations of the vertical sync pulses effect on the discriminator network, 
are correctly timed to initiate the The negative-voltage spikes are corn- 
horizontal retrace period. These pared with pulses fedback from the 
leading-edge components are ex- horizontal oscillator to derive the 
tracted from the composite output synchronizing voltage. The frequency 
from the sync separator (shown in of the horizontal oscillator and the 
circuit 29-31) and are used to syn- repetition rate of the horizontal sync 
chronize the operation of the hori- pulses should both be 15,750 Hz, the 
zontal oscillator. desired horizontal scanning rate for 

The sync waveform is dif- the picture tube. If the pulses from 
ferentiated by the RC network (C, the oscillator are not coincident with 
and R2) at the input to the horizontal the horizontal sync pulses, the phase 
deflection circuit to obtain negative discriminator develops an error volt- 
and positive voltage spikes that cor- age at the control grid of the control 
respond to the leading and lagging tube. The control tube then varies 
edges, respectively, of the rec- the bias and, thus, the firing point of 
tangular sync pulses. The ampli- the oscillator until it is locked in 
tude of these voltage spikes is de- phase with the horizontal sync 
pendent upon only the peak value of pulses. 
the sync pulses and is not affected The parallel LC network (La 
by the time durations of these pulses. and C12) in the cathode circuit of the 
The differentiating circuit, therefore, oscillator resonates at 15,750 Hz to 
does not respond to the flat portions provide frequency stabilization for 
of the vertical sync pulses; as a re- the oscillator. The HOLD control 
suit, with the exception of the serra- R31 adusts the frequency of the oscil- 
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29-33 HORIZONTAL-DEFLECTION CIRCUIT AND 
HIGH-VOLTAGE POWER SUPPLY (Cont'd) 

Circuit Description (Cont'd) 

lator to achieve an exact lock-in with 
the horizontal sync pulses. The out- 
put of the blocking oscillator is 
coupled through Ch and Ri to the 
control grid of the 24JE6A power 
pentode used in the horizontal-out- 
put stage. This tube drives the high- 
voltage flyback transformer Ti that 
develops the scanning voltage for 
the horizontal deflection coils (shown 
in circuit 29-35. 

The sudden cutoff of plate cur- 
rent in the horizontal output stage 
at the end of the trace period causes 
a very large, positive-going voltage 
pulse to be generated across the 
high-voltage transformer Ti. The 
3A3A half-wave rectifier circuit con- 
verts this pulse to a positive dc of 
21,500 volts which is applied to the 
second anode of the color picture 
tube. 

Regulation of the high voltage 
is achieved by use of a 17KV6A 
pulse-regulator stage connected in 
shunt with a section of the primary 
of the high-voltage flyback trans- 
former. The regulator stage acts as 
a variable load on the flyback pulse 
source and, in this way, maintains 
an essentially constant pulse ampli- 
tude in the primary winding of 
the high-voltage transformer with 
changing loads on the high-voltage 
supply. This action assures that a 
constant-amplitude, stepped-up pulse 
is applied to the 3A3A rectifier. The 
rectifier output delivered to the pic- 
ture tube, therefore, is maintained 
at a constant value of 21,500 volts. 

Removal of negative overshoots 
that would be developed across the 
high-voltage transformer because of 
a flywheel effect is accomplished by 
the damper diode CR=. This diode is 
shaped like a fuse and snaps into 
clips that can be mounted on the 
same circuit board with the hori- 
zontal deflection circuits and is 
readily replaced during servicing. 

The polarity of the damper diode is 
such that the positive pulse de- 
veloped across the high-voltage 
transformer causes no current flow 
through it. For negative pulses, how- 
ever, the damper diode provides a 
low impedance path for the current, 
and energy stored in the horizontal 
output transformer (and the hori- 
zontal deflection coils) is dissipated 
in the damper circuit. The rectified 
current through the damper diode 
develops the boosted B-f- voltage of 
+700 volts across capacitor Cji in 
the damper anode circuit. 

The two auxiliary windings on 
the high-voltage transformer supply 
supplementary pulse voltages. The 
upper winding supplies gating pulses 
to the burst-gate and the color-killer 
amplifiers (shown in circuit 29-34). 
The convergence pulse is developed 
across the lower auxiliary winding. 
Keying pulses for the age amplifier 
and the horizontal blanking diode 
are derived from the capacitor net- 
work (junction of C+ and Ck) in the 
primary circuit of the high-voltage 
transformer. 

Transformer T. shown in the 
circuit diagram is the vertical output 
transformer. The drive signal from 
the vertical output stage (shown in 
circuit 29-32) is developed across the 
primary of this transformer and 
coupled by the secondary winding 
through jack J= to the vertical deflec- 
tion coils (shown in circuit 29-35). 
An auxiliary winding on transformer 
T2 develops the keying pulse for the 
vertical blanking diode. The hori- 
zontal scanning signal from the high- 
voltage (horizontal-output) trans- 
former are also coupled through 
jack Ji to the horizontal deflection 
coils. The horizontal and vertical 
signals to the convergence board are 
routed through jack J2. (Jacks Ji and 
J2 mate with plugs P2 and Pi, re- 
spectively, on circuit 29-35.) 
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+60V Cft 

I 

m 
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R'22 "X"DEMOD 

I 
1/2 5GH8A 37<f G-Y AMR 

i 

See Note on page 721 
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CHROMA CIRCUITS (Cont'd) 

Parts List 
r.,—27 dF ceramic, BOO V, chroma-takeoft coil, RCA 

NPO Stock No- 1.20797 or eclulv' -.GS pF, ceramic, 500 V, L2=:yariable inductor, os- •KXHKri cillator strength adjust- 
Cc, Cs, Co, Cs, Co, Coo, Coo, ment. RCA Stock No. 

Coo through Co.=0.01 pF, 120798 oreqmv rpvamie 500 V L3=Phase-shitt coil, 3.9 
C4=390 pF, ceramic, 500 V /M, part of quadrature r»__n 047 up Mylar. assembly (RCA Stock No. 

loo v ' 120830 or equiv.) with Has 
Cio Ci8=1000 pF, ceramic, Lt=RF coil, 3.9/iH, RCA Knov Stock No. 116510 or equiv. 
Cii=Trimmer, 2 to 10 pF, Ls, L(,=RF choke, 620 /iH, 

RCA Stock No. 116501 RCA Stock No. 109257 or pouiv or eQulv' 
Ci2=220 pF, ceramic, 500 V Ri=3.9 megohms, 0.5 watt 
ClN1500 PF' CeramiC' 600 V' R^OO^'ohmcT3 

Clheaded0leadl,500"y'°' R1i=82000 ohms, 0.5 watt 
Ci5=820 pF, ceramic, 500 V Ro, Rio—10 megohms, 
Ci7=390 pF ±5%, Mylar, 0.5 watt 5qq y Rs=Potentiometer, color- 
C19, C20, C27=33 pF, ceramic, killer adjustment, 1 meg- koo v >1150 ohm, 0.6 watt, koa 
C21=10 pF ±5%, ceramic. „ Stock No. 120805 or equiv. 

600 V NPO Ro—82 ohms, 0.5 watt 
C2(=0.027 pF, Mylar, 100 V Rii=2.7 megohms, 0.5 watt 
025=430 pF ±5%. mica, n'c ^ 

500 V Ria=3900 ohms, 0.5 watt 
Ci»b=150 pF, ceramic, 500 V Ru, Ri<j=390 ohms, 0.5 watt 
035=1.2 pF, ceramic, 500 V Ri5=82000 ohms, 0.5 watt 
CRi CRi, CRb, CRo=Silicon . Ri7=47000 ohms, 1 watt 

diode, RCA Stock No. Ri8=560 ohms, 0.5 watt 
119596 or equiv. Rio=1500 ohms, 0.5 watt 

CRnrrDiode, pulse clipper, R2o=Potentiometer, tint 
RCA Stock No. 113998 control, 10000 ohms, 

CRc=Diode, type 1N60 0.5 watt, RCA Stock No. 
Li=Variable inductor, 120774 or equiv. 

Circuit Description 
These circuits extract the color 

information from the 3.58-MHz 
chrominance sidebands included in 
the composite color video signal. The 
color information is included in the 
chrominance sidebands in the form 
of two difference-frequency com- 
ponents that have a phase difference 
of 90 degrees and that are derived 
in the color television transmitter by 
subtraction of the luminance (Y) 
signal from the red (R) and blue 
(B) color signals. [The green color- 
difference (G —Y) components are 
not transmitted, but instead, are de- 
rived in the color receiver by addi- 
tion of complements (negative 
values) of the R — Y and B Y 
signals.] To accomplish the demodu- 
lation function, the chroma circuits 
are required to develop two con- 
tinuous-wave 3.58-MHz signals that 
have a phase difference of 90 de- 
grees, each of which much be added 

Rai=6800 ohms, 1 watt 
Ri!2=120 ohms ±5%, 1 watt, 

part of quadrature assem- 
bly with La 

Rsa, R2o=470 ohms, 0.5 watt R2i=1500 ohms, 0.5 watt 
R25=Potentiometer, color 

control, 600 ohms, 0.5 
watt, RCA Stock No. 
120776 or equiv. 

Ra7=0.1 megohm, 0.5 watt 
Rss, R3o=6800 ohms ±5%, 

fixed film, 0.5 watt R20—4700 ohms ±5%, 
1 watt R:to=0.22 megohm, 0.5 watt 

Rni=8200 ohms, 0.5 watt 
Rn2=68000 ohms, 0.5 watt 
Rm=8200 ohms ±5%, fixed 

film, 0.5 watt 
Rai, Rao, R37=l megohm, 

0.5 watt 
Ras, R]o=0.18 megohm, 

0.5 watt 
Ras=0.33 megohm, 0.5 watt 
Ru, R«, R44=3 9 0 0 0 ohms 

±5%, 1 watt 
K4s=0.56 megohm, 0.5 watt 
Ris, Rio, R47=2.2 megohms, 0.5 watt R4s=0.39 megohm, 0.5 watt 
Rio, Rso, Rr,i=1000 ohms, 

0.5 watt 
Ti=Burst transformer, RCA 

Stock No. 120816 or equiv. 
Ti?=3.58-MHz oscillator transformer, RCA Stock 

No. 120815 or equiv. Yi=3.58-MHz oscillator 
crystal 

vectorially to the chrominance side- 
bands. In other words, the 3.58MHz 
color subcarrier suppressed during 
transmission must be reinserted by 
the chroma circuits before the R — Y 
and B—Y color-difference informa- 
tion contained in the chrominance 
sidebands can be detected. 

The chroma circuits operate 
from the color receiver low-voltage 
(280-volt) power supply. Five 
5GH8A triode-pentodes fulfill the 
electron-tube requirements for the 
ten chroma stages. The heaters of 
these tubes are connected in series 
with those of other tubes in the 
receiver; operating power for the 
series-heater string is obtained di- 
rectly from the 117-voTt ac power 
line. 

The input to the chroma circuits 
is the composite video signal after 
it has been amplified by the first 
video amplifier and the sync-agc- 
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CHROMA CIRCUITS (Cont'd) 

Circuit Description (Cont'd) 
and-chroma driver (shown on circuits 
29-32 and 29-33, respectively). In 
addition to the chrominance side- 
bands, this composite signal includes 
the luminance signal (equivalent to 
the monochrome picture signal in 
black-and-white transmissions), the 
conventional horizontal and vertical 
sync pulses, and the color burst syn- 
chronizing signal. The color "burst" 
is a 3.58 MHz reference signal of ap- 
proximately 8 cycles that occurs dur- 
ing the horizontal retrace blanking 
interval immediately following the 
horizontal sync pulse (refer to Pig. 
96, page 73). 

The chroma input is applied 
simultaneously to the chroma band- 
pass and burst amplifiers. When no 
burst signal is included in the chroma 
input (i.e., for black-and-white 
transmissions), the color-killer stage 
develops, by means of the current 
through diode CRi, a negative dc 
voltage across capacitor C, that 
biases the chroma bandpass amplifier 
beyond cutoff; as a result the chroma 
input is not applied to the color 
demodulators. 

The operation of the burst 
amplifier is controlled by a gating 
signal (burst-gate and killer pulse) 
from an auxiliary winding on the 
horizontal-output transformer (Ti in 
circuit 29-33). This gating pulse is 
generated at the same time and has 
the same time duration as the hori- 
zontal blanking pulse used to blank 
out the horizontal retrace on the 
color picture tube. This interval cor- 
responds to the period of the hori- 
zontal sync pulse and the 3.58MHz 
burst synchronizing signal that im- 
mediately follows the sync pulse. The 
burst amplifier, therefore, only 
amplifies this portion of the chroma 
input. The primary of transformer 
Ti in the plate circuit of the burst 
amplifier, however, is tuned to 3.58 
MHz so that only the 3.58-MHz burst 
signal is coupled from the plate of 
the burst amplifier. 

The separated burst is coupled 
by transformer T, to the control- 
grid circuit of a 3.58-MHz injection- 
locked oscillator circuit. The oscil- 
lator, therefore, is forced to operate 
in step (with respect to both fre- 
quency and phase) with the incom- 
ing burst signal. The 3.58-MHz 
crystal Yi is used to assure excellent 
frequency stability in the oscillator 
circuit. The oscillator develops the 
continuous-wave 3.58-MHz reference 
signal applied to the control grids 
of the Z and X demodulators. The 
quadrature network (La and Raa) 
causes a 90-degree phase shift in the 
3.58-MHz signal applied to the con- 
trol grid of the X demodulator. The 
3.58-MHz chrominance sidebands 
must also be applied to the X and Z 
demodulators before these stages 
can derive the color difference 
signals. These sideband signals are 
obtained from the chroma bandpass 
amplifier. 

The dc bias voltage developed in 
the grid circuit of the oscillator 
stage is used to control color-killer 
action and to derive an age voltage 
for the chroma bandpass amplifier. 
The cathode-to-grid section of the os- 
cillator triode, diode CR3, and as- 
sociated components from a two- 
diode voltage-doubler circuit. Any dc 
voltage developed in the oscillator 
grid circuit is approximately doubled 
at the voltage-doubler output (anode 
circuit of diode CR:,). When no color 
signal is received (i.e., no burst sig- 
nal applied to the oscillator), the dc 
voltage at the grid of the oscillator 
is approximately —5 volts. The —10 
volts developed across C,3 and R,., in 
the anode circuit of voltage-doubler 
diode CR.-i is reduced to approxi- 
mately —1.4 volts at the control 
grid of the color-killer stage. For 
this low level of bias, the color killer 
stage conducts and develops a cutoff 
bias for the chroma bandpass 
amplifier. 

When color signals are being 
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Circuit Description (Cont'd) 
received, the hurst signals applied to 
the oscillator causes the oscillator 
grid bias voltage to increase to ap- 
proximately —8 volts, depending on 
the amplitude of the burst signal. 
The dc voltage at the anode of the 
voltage-doubler diode then rises to 
approximately —16 volts, and the 
bias on the color-killer stage is in- 
creased to about —4 volts. For this 
bias level, no current flows through 
the color-killer stage, and the cut- 
off bias for the chroma bandpass 
amplifier provided b the color-killer 
stage is removed. The grid bias for 
the bandpass amplifier is then de- 
rived from the dc voltage at the grid 
of the 3.58-MHz oscillator. Because 
this voltage varies with the ampli- 
tude of the burst signal, it provides 
automatic-gain control for the band- 
pass amplifier. 

With the removal of the cutoff 
bias provided by the color killer, the 
bandpass amplifier is allowed to am- 
plify and and pass the 3.58-MHz 
chrominance sidebands contained in 
the chroma input (video signal). The 
single-tuned transformer T= in the 
plate circuit of the bandpass ampli- 
fier forms a selective load to the 
3.58-MHz chrominance sidebands. 
The output of the bandpass ampli- 
fier, therefore, is a 3.58-MHz signal 
that contains the R— Y and B — Y 
color-difference information. The in- 
stantaneous phase difference of the 
3.58-MHz color-difference compo- 
nents with respect to the burst 
synchronizing signal defines the 
color information being transmitted, 
as indicated by the chart on page 73 
in the section Electron Tube Appli- 
cations. 

The 3.58-MHz color-difference 
signals from the bandpass amplifier 
are coupled by transformer T2 to 
the screen grids of the X and Z 
color demodulators where they are 
mixed with the continuous-wave 3.58- 
MHz signal from the oscillator. The 
color demodulators are essentially 

synchronous detectors. These types 
of detectors are phase sensitive, and 
their output is determined not only 
by the amplitudes of the two input 
signals, but also by the phase re- 
lationship of these inputs. If the 
amplitudes of the chrominance and 
continuous wave inputs to the de- 
modulators are considered to be con- 
stant, the input of the demodulators 
is affected by the phase relationship 
of the two input signals as follows: 
When the chrominance and the con- 
tinuous signals are in phase, the 
output of the demodulators is maxi- 
mum in the negative direction. When 
the two signals are 180 degrees out 
of phase, the output is maximum in 
the positive direction. A phase differ- 
ence of 90 or 270 degrees results in 
a zero output from the demodulators. 

The X and Z color demodulators 
are biased so that the plate current 
of each demodulator tube is small 
during the zero-signal condition. The 
continuous-wave signal applied to 
the control grid gates the tube into 
conduction for the full positive half 
cycle. During most of the negative 
half cycle, the tube is cut off. With 
no chrominance signal applied to the 
screen grid, the plate current of the 
demodulator tube consists essentially 
of 3.58-MHz pulses. A low-pass filter 
in the plate circuit of the demodu- 
lator removes the 3.58-MHz compo- 
nent so that the dc plate voltage 
decreases below the level obtained 
when there is no input to either the 
control or screen grid. The dc level 
obtained when only the continuous- 
wave reference signal is applied rep- 
resents the zero output of the color 
demodulators; only changes in the 
average plate voltage above and be- 
low this level will be passed by the 
output coupling capacitor to the suc- 
ceeding stages. 

When the chrominance signal 
applied to the screen grid is in phase 
with the continuous-wave reference 
signal applied to the control grid, 
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Circuit Description (Cont'd) 
the demodulator tube conducts more signal amplifiers, respectively, 
heavily during the periods that the If strict consideration is given 
reference signal permits conduction. to signal phase relationships, the 
The plate voltage of the demodulator outputs of the X and Z demodulators 
then decreases below the zero level, are — (R — Y) and — (B — Y) 
and the output coupling capacitor signals. The positive versions of 
couples the negative change to the these color-diffrence signals results 
next stage. Conversely, if the two from the inversions provided by the 
signals are 180 degrees out of phase, R — Y and B — Y color-difference 
the average plate current decreases, amplifiers. The G — Y color-differ- 
The attendant rise in average plate ence signal is synthesized by addi- 
voltage causes a positive change to tion of portions of the R — Y and 
be coupled to the next stage. For B — Y signals from the plates of the 
90- or 270-degree phase differences, R — Y and B — Y difference ampli- 
the two signals tend to add together fiers in the resistor matrix network 
at certain times and to cancel each at the input to the G — Y color- 
other times so that the average plate difference amplifier. The vector sum 
current is essentially unchanged. of these quantities results in a 

In the development of the color- — (G — Y) signal. This signal is 
difference signals at the transmitter, amplified and inverted by the G — Y 
the phase of the R — Y signal is amplifier to obtain the G — Y 
shifted 90 degrees with respect to signal. 
the burst reference signal and the The color difference amplifiers 
B — Y signal is in phase with the all operate in the grounded-cathode 
reference signal. The B — Y compo- mode with the grid bias taken from 
nent of the chrominance sidebands, the blanker circuit, and only capaci- 
therefore, is in phase with the refer- tance coupling is used from the out- 
ence signal applied to the Z demod- puts of these amplifiers to the picture 
ulator, and the R — Y component is tube. The dc reference level for the 
in phase with the phase-shifted refer- three color grids of the picture tube 
ence signal applied to the X demod- are established by a clamp diode 
ulator. The output of the Z demod- circuit in the output of each diflfer- 
ulator then is the detected G — Y ence amplifier. The outputs of the 
signal, and the output of the X de- R — Y, G — Y, and B — Y color- 
modulator is the detected R — Y difference amplifier are coupled to 
signal. These signals are coupled to the red, green, and blue grids, re- 
the B — Y and R — Y difference- spectively, of the color picture tube. 

29-35 PICTURE TUBE AND ASSOCIATED CIRCUITS 
For Color Television Receiver 

Circuit Description 
These circuits include the picture the high-voltage (21,500-volt) recti- 

tube and associated input-coupling fier circuit. The 6.3 volt heater power 
and biasing networks, the converg- for the picture tube is obtained from 
ence board, and the horizontal and a transformer (Ti in circuit 29-29) 
vertical deflection coils for a color connected across the 117-volt ac 
television receiver. The dc operating power line. 
potentials for the picture tube are The 15LP22 color picture tube 
derived from the receiver low-volt- has a number of unique features, 
age (280-volt) power supply, the B The phosphor-dot screen uses a rare- 
Boost (700-volt) voltage developed earth, red-emitting phosphor and 
by the horizontal-output circuit, and improved blue and green phosphors. 
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29-35 PICTURE TUBE AND ASSOCIATED CIRCUITS (Cont'd) 

Parts List 
Ci=0.1 jtF, Mylar, 400 V 
02=47 pF, ceramic, 500 V, 

N750 
Ca, Ci, C5=1000 pF, 

ceramic, 500 V 
Co, C7=0.15 /lF, Mylar, 

75 V (part of convergence- 
board assembly) 

08=0.082 fiF, Mylar, 100 V 
(part of convergence- 
board assembly) 

C8=0.27 /tF, Mylar, 75 V 
(part of convergence- 
board assembly) 

Cio=180 pF, 250 V, part 
of deflection-yoke assembly 

Cii=3900 pF, part of de- 
flection-yoke assembly 

Ci2=82 pF, 3000 V, part of 
deflection-yoke assembly 

CRi, CRa, CRa, CR4=Se- 
lenium rectifier assembly, 
RCA Stock No. 120058 
or equiv. 

Convergence board=RCA 
Stock No. 120052 or equiv. 

Deflection yoke=RCA Stock 
No. 120890 or equiv. 

Li=820 /tH, part of net- 
work assembly (RCA 
Stock No. 120796 or equiv.) 
with Ri 

(La—Li, La—La) (Lr—Lo, 
Ls—Lio) (Lia—Lu, Lia— 
Lis) =Convergence-coil 
assembly, RCA Stock No. 
121343 or equiv., part of 
convergence-board assembly 

Lo=Variable inductor, right 
red-green vertical lines 
adjustment, RCA Stock 
No. 120059 or equiv., part 
of convergence-board 
assembly 

Lu=Variable inductor, right red/green vertical lines 
adjustment, RCA Stock 
No. 121443 or equiv., part 
of convergence-board 
assembly 

Lio=Variable inductor, right 
blue horizontal lines ad- 
justment, RCA Stock No. 
120060 or equiv., part of 
convergen ce-board 
assembly 

Li7=120 /iH, RCA Stock No. 
118245 or equiv., part of 
convergence-board 
assembly 

Lis, L20=Vertical-deflection 
coils, part of deflection- 
yoke assembly 

Lia, L2i=Horizontal-deflec- 
tion coils, part of deflec- 
tion-yoke assembly 

Pi=Connector for conver- 

gence board, 8-pin male 
type, RCA Stock No. 
112728 or equiv. (mates 
with Ji on circuit 26-34) 

P2=Connector for yoke as- 
sembly, 8-pin male type, 
RCA Stock No. 114767 
or equiv. (mates with Js 
on circuit 26-34) 

Ri=:4700 ohms, 0.5 watt, 
part of network assem- 
bly with Li 

R2=0.18 megohm, 0.5 watt 
R3=0.15 megohm, 0.6 watt 
Ri=Potentiometer, video peak adjustment, 0.1 meg- 

ohm, 0.6 watt, part of 
assembly with Rt and Rs 
(RCA Stock No. 120811 
or equiv.) 

Ro=66Q0 ohms, 0.5 watt 
Ro=12000 ohms, 0.5 watt 
R7=Potentiometer, red drive 

adjustment, 6000 ohms, 0.5 watt, part of assem- 
bly with Rs and Rs (RCA 
Stock No. 120811 or equiv.) 

R8=Potentiometer, green 
drive adjustment, 6000 
ohms, 0.5 watt, part of 
assembly with Rs and R? 
(RCA Stock No. 120811 
or equiv.) 

Rn=33000 ohms ±5%, 
0.5 watt 

Rio, Ru, Ri2=Three-seetion 
potentiometer; screen-grid 
adjustments for blue, 
green, and red electron 
guns, respectively; each 
section: 1.6 megohms, 
0.5 watt; RCA Stock No. 
120812 or equiv. 

Ria=47000 ohms, 0.5 watt 
Rn=1000 ohms, 0.5 watt 
Ria=Potentiometer, top 

red/green horizontal lines 
adjustment, 120 ohms, 
0.5 watt, RCA Stock No. 
106320 or equiv. (part of 
convergence-board assembly) 

Rin=Potentiometer, bottom 
red/green horizontal lines 
adjustment, 350 ohms, 0.5 watt, RCA Stock No. 
116635 or equiv. (part of 
convergence-board assembly) 

Ri7=Potentiometer, bottom 
red/green vertical lines 
adjustment, 60 ohms, 
0.5 watt, RCA Stock No. 
106059 or equiv. (part of 
convergence-board assembly) 

Ri8=Potentiometer, bottom 
blue horizontal lines ad- 

justment, 60 ohms, 0.5 watt, RCA Stock No. 
105059 or equiv. (part of 
convergence-board assembly) 

Rio, R22=100 ohms, 1 watt, 
part of convergence-board 
assembly 

R2o=Potentiometer, left 
red/green horizontal lines 
adjustment, 100 ohms, 0.5 watt, RCA Stock No. 
120949 or equiv. (part of 
convergence-board assembly 

R2i=Potentiometer, left red/green vertical lines 
adjustment, 100 ohms, 0.5 watt, RCA Stock No. 
120949 or equiv. (part of 
convergence-board assembly 

R23=270 ohms, 0.6 watt 
(part of convergence- 
board assembly) 

R2i=180 ohms, 1 watt (part 
of convergence-board 
assembly) 

R25=270 ohms, 1 watt (part 
of convergence-board 
assembly) 

R2o=Potentiometer, left blue 
adjustment, 60 ohms, 3 watts, RCA Stock No. 
114627 or equiv. (part of 
convergence-board assembly) 

R27=Potentiometer, top red/green vertical lines 
adjustment, 360 ohms, 0.5 watt, RCA Stock No. 
116635 or equiv. (part of 
convergence-board assembly) . 

R28=Potentiometer, top blue horizontal lines adjust- 
ment, 360 ohms, 0.5 watt, 
RCA Stock No. 116635 or 
equiv. (part of con- 
vergence-board assembly) R20=82 ohms, 0.5 watt 
(part of convergence- 
board assembly) 

R3o=4700 ohms, 2 watts 
(part of deflection-yoke 
assembly) 

Rai, R32=220 ohms, 0.5 watt 
S=Service switch, RCA 

Stock No. 120838 or equiv. 
SGi through SG7=Capacitorl spark-gap, 0.5 pF, 1000 

V, RCA Stock No. 120819 
or equiv. 

THi=Thermistor; cold re- 
sistance, 1.3 ohms ; RCA 
Stock No. 120891 

See Note on page 722. 

Circuit Description (Cont'd) 
The new phosphors are more efficient tube incorporates a screen with 
and are capable of producing 38 per nearly straight sides and sharply 
cent brighter highlights than pre- rounded corners. 
vious color picture tubes. The di- 
rectly viewed shadow-mask picture 

The 15LP22 is designed for op- 
eration with the blue gun down. The 
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29-35 PICTURE TUBE AND ASSOCIATED CIRCUITS (Cont'd) 

Circuit Description (Cont'd) 
anode bulb contact for high voltage 
connection is still located in the top 
section of the tube. Operation in the 
blue-down orientation, with respect 
to the viewing screen, provides op- 
timum compromise of pincushion dis- 
tortion at the top and bottom of the 
screen. The tube is equipped with an 
integral filter glass protective win- 
dow, sealed to the base plate of the 
tube with a clear resin. An external 
magnetic shield is not required on 
the 15LP22. Another main feature 
of the color picture tube is an 
einzel-lens focus system. This sys- 
tem is relatively insensitive to varia- 
tions of the high voltage so that the 
tube maintains good focus even with 
variations in picture brightness. 

The focus system for the color 
picture tube is very similar to that 
used in instruments equipped with 
a black-and-white picture tube. Nor- 
mally, the 15LP22 will have opti- 
mum focus when connected to 
ground potential. However, provi- 
sions to change the focus potential 
are facilitated by a pin connector 
from pin 9 of the picture tube. The 
focus selected jumper can be con- 
nected to 620 volts, 320 volts, or 
ground merely by relocating the 
slip-on connector to the proper stake 
extending from the circuit board. 

A three-position service switch 
Si is incorporated into the picture- 
tube circuitry to facilitate receiver 
setup and adjustment. The NORMAL 
position of the switch, of course, per- 
mits normal receiver operation. With 
the switch in the SETUP or RAS- 
TER position, the video input is 
disconnected from the picture tube, 
and the ground return for the age 
circuit is opened. Raster height and 
width and color and background 
levels can then be more easily ad- 
justed' 

The output of the color differ- 
ence amplifiers are applied to the re- 
spective grids of the tricolor picture 
tube. The luminance signal from the 

second video amplifier is applied to 
the three cathodes of the color pic- 
ture tube. These signals combine to 
intensity modulate the three electron 
beams to produce the color image on 
the picture-tube screen. 

The horizontal and vertical de- 
flection coils in a yoke on the neck 
of the picture tube deflect the elec- 
tron beams, in response to signals 
received from the horizontal and 
vertical output stages, to produce 
the horizontal and vertical scanning 
required to trace the image on the 
picture-tube screen. (These coils are 
connected in shunt with the respec- 
tive horizontal and vertical output 
transformer.) 

The horizontal output circuit 
provides a sawtooth current wave- 
form at a frequecy of 15,750 Hz to 
the horizontal-deflection coils, and 
the vertical output circuit provides a 
60-Hz sawtooth current wave to the 
vertical-deflection coils. The picture 
tube electron beams are simultane- 
ously deflected horizontally across 
the screen at a rate of 15,750 Hz and 
vertically at a rate of 60 Hz. 

At the completion of each hori- 
zontal trace (end of rising portion 
of sawtooth current wave), the beam 
is deflected back to the left side of 
the screen (retrace) to start another 
trace period. A positive blanking 
pulse (included in the video signal) 
applied to the cathodes of the pic- 
ture tubes cuts off the picture tube 
during this period so that the re- 
trace lines do not appear on the tube 
screen. The picture tube is similarly 
blanked at the end of each vertical- 
trace period. 

Correct color reproduction re- 
quires that the three beams of the 
color picture tubes meet, or con- 
verge, at the shadow mask and ex- 
cite color dots of the same trios. The 
three electron guns of the color pic- 
ture tube are mechanically tilted 
toward the center axis of the tube 
so that virtual convergence is ob- 
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Circuit Description (Cont'd) 
tained with no external converging circuit with the pulse obtained from 
force applied. Slight bending of one the high-voltage transformer. Po 
or more of the beams may be re- tentiometers R,=) RM, Rl8| R*,, and 
quired for exact convergence. The R^ adjust the amplitude of the sine- 
convergence circuit performs this wave convergence current, 
function. Vertical-frequency (60-Hz) saw- 

The components on the converg- tooth voltages obtained from sec- 
ence board shown in the circuit dia- ondary windings of the vertical- 
gram are mounted on a disk-shaped output transformer (T- in circuit 
circuit board with a center hole that 29-33), applied through pins 4 and 
permits it to be fitted directly on 5 and pins 6 and 7 of connector Pi, 
the neck of the color picture tube. are used to derive the vertical con- 
These components are interconnected vergence-current waveform. Because 
in a dynamic type Of convergence of the integrating action of the con- 
system. In this system, sine wave vergence coils, this sawtooth voltage 
currents are used to provide hori- results in a parabolic current wave 
zontal convergence, and parabolic through the convergence coils. Po- 
current waves are used to provide tentiometer Ra adjusts the amplitude 
vertical convergence. of the vertical voltage parabola ap- 

The sine waves of current used plied to the three sets of vertical 
to provide horizontal convergence convergence coils (L3 and L=, L, and 
are derived from a voltage pulse de- L,,, and Li2 and Lu). 
veloped across an auxiliary winding A vertical-frequency sawtooth 
of the high-voltage transformer voltage from a secondary winding 
(Ti in circuit 29-33) and applied of the vertical-output transformer, is 
through pin 8 of the convergence- applied across potentiometer Ri,. The 
board input connector Pi. The cur- sawtooth voltage is obtained from 
rent through each of the three sets center tapped transformers; the 
of horizontal convergence coils (L2 voltage at the center of potentiom- 

rvifc&s ^us"^ TmI t *"£**?.'• w"""' 
amplitude and phase. The phase of T f SP-eC* ^ circult Pound- 
the convergence current is adjusted Apustnient of this potentiometer 
b the Horizontal Shape control Lo, mixes either positive or negative 
which resonates with the two 0.15- sawtooth voltages with the para- 
microfarad capacitors Co and Cj at bolic convergence voltage and, in 
the line frequency (15,750 Hz). The this way, controls the shape of the 
sine-wave convergence current is convergence signal applied to the 
produced by ringing this resonant convergence coils. 
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INDEX 

Page 
Absolute Maximum System of Ratings .. 95 
AC/DC Superheterodyne Receiver   673 
Admittance, Input   27 
All-Purpose Power Supplies   707 
AM Detection   19 
AM/FM Receiver   674 
Amplification   24 
Amplification Factor (/i)     13 
Amplifier: 

audio-frequency   15, 25 
audio mixer, circuit   696 
cathode-drive  37 
cathode-follower   40 
Class A     25, 28 
class AB   25, 34 
class ABi   34 
class AB2   37 
class B   25, 37 
class C  25 
high-fidelity   49, 90 
intermediate-frequency, circuit   680 
limiter   50 
luminance    60 
parallel  28 
phase-inverter  51 
preamplifier circuits .. 698, 699, 700, 701 
push-pull   25, 28, 31 
radio-frequency   25, 52 
remote-cutoff   27, 56 
resistance-coupled   26 

television   56 
tone-control    45 
tone-control, circuit   702 
video   58, 60 
voltage  25 
volume-expander   50 

Amplifiers: 
if   52 
tuned   52 
wideband  58 

Amplitude Modulation (AM)   19 
Anode   5 
Application Guide for RCA 

Receiving Tubes   104 
Arc-Back Limit  97 
Audio Mixer   696 
Electronic Volt-Ohmeter   703 
Automatic Frequency Control (AFC) ... 76 
Automatic Gain Control (AGC)   46, 48 
Automatic Volume Control (AVC)   46 

Bass and Treble Tone-Control 
Amplifier Stage   702 

Beam Power Tubes   9 

battery    84 

cathode (self)   84 

diode   21 
grid-resistor    • • 22, 85 

Black-and-White Television Receiver ... 706 
Burst   60, 73 
Bypassing   84 

Calculation of: 
amplification factor   13 
cathode (self-bias) resistor   84 
cathode load resistor   42 
control-grid-plate transconductance . 14 
filament resistor power dissipation .. 82 
filament (or heater) resistor value ... 82 
gain-bandwidth product  57 
harmonic distortion   30, 32 
load resistance   31, 35 
noise figure  55 
operating conditions from 

conversion nomograph   32 
peak inverse plate voltage   97 
plate efficiency  14 
plate resistance   I4 

power output   29, 35 
power sensitivity   I4 

Q (selectivity)   52 
resonant frequency   52 
screen-grid voltage dropping resistor 99 
transconductance   14, 41 
voltage amplification (gain)   26, 40 

Capactive Division .    54 
Capacitor-Input Filter   89 
Cathode: 

bias   84 
bypassing   84 
connection 
current   
directly heated 
drive   
follower   38, 40 
indirectly heated   4 
ionic-heated   6 
resistor   84 
types   3 

Characteristics Curves, Interpretation of 98 
Characteristics: 

amplification factor   13 
control-grid-plate transconductance . 14 
conversion transconductance   14 
dynamic   13 
picture tube X-radiation   14 
plate resistance   14 
static   13 
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Charts and Tables: 
grid-No. 2 input rating chart   300 
outline drawings    632 
picture tube characteristics chart .. 662 
resistance-coupled amplifier   639 
types for replacement use  522 

Choke-Input Filter   89 
Chroma Circuits   737 
Chrominance Channel   61 
Circuit Diagram of: 

ac/dc superheterodyne radio receiver 673 
all-purpose power supplies      707 
AM/FM superheterodyne radio 

receiver   673 
bass and treble tone-control amplifier 702 
chroma circuits  /. 737 
code practice oscillator   686 
FM stereo multiplex adapter    682 
FM tuner   678 
high-fidelity, 15-w audio amplifier .. 688 
high-fidelity, 30-w audio amplifier .. 690 
high-fidelity, 50-w audio amplifier .. 692 
horizontal-deflection circuit and high- 

power supply (for color 
TV receiver)   731 

intercommunication set  687 
low-distortion preamplifier   701 
low-voltage and heater supply 

(for TV receiver)   720 
low-voltage power supply, degaussing 

circuit, and heater connections 
(for color TV receiver)   722 

microphone and phonograph 
amplifier   695 

phonograph amplifier    697 
picture tube and associated circuits 

(for color TV receiver)   741 
preamplifier for amateur receiver .. 690 
preamplifier for ceramic phonograph- 

Pickup     700 
preamplifier for magnetic 

phonograph-pickup   698 
preamplifier for tape-head pickup .. 699 
sync, age, and vertical-deflection 

circuits (for color TV receiver) .. 731 
three-stage if amplifier/limiter and 

ratio detector   680 
two-channel audio mixer   696 
two-channel, 1-w stereo amplifier .. 694 
vertical and horizontal deflection 

circuits and high-voltage rectifier . 716 
vhf. tuner   709 
video, age, and sync amplifiers   714 
video and sound-channel circuits 

(for color TV receiver)    727 
video if amplifiers and sound-channel 

circuits     712 
Circuits   670 
Code-Practice Oscillator   684 
Color Demodulation   72 
Color Picture Tubes   12 
Color Television     60 
Communications Transceiver   ]6 
Contact Potential   86 
Conversion Nomograph, Use of   33 
Conversion Transconductance   14 
Corrective Filter  43 
Cross-Modulation   27 

Current: 
cathode    83 
dc output   96 
grid    86 
peak plate  75 
plate   5 

Curves, Interpretation of Characteristic . 98 
Cutoff      27 

Dark Heater   4 
Deflection Circuits: 

horizontal    67 
vertical   68 

Degeneration (See Inverse Feedback) ... 38 
Delayed Automatic Volume Control 

(DAVC)   47 
Demodulation   19 72 
Design-Center System of Ratings   '95 
Design-Maximum System of Ratings ... 95 
Detection: 

AM   19 
diode   20 
discriminator   23 
FM   22 
grid bias   21 
grid resistor and capacitor  22 
ratio detector    24 
synchronous       72 

Diode: 
biasing   21 
considerations   5 
detection   20 

Discriminator     23 
Dress of Circuit Leads   88 
Dynamic Characteristics   13 

Electron: 
considerations     3 
secondary   g 9 

Electrons, Electrodes, and Electron Tubes ' 3 
Electron Tube Application    15 
Electron Tube Characteristics   13 
Electron Tube Installation ... 81 
Electron Tube Testing   100 
Electron-Ray Tubes  '.. 79 
Emission: 

current   5 
secondary   ' g 9 
'est  .7.7.7.'.'.7.7. xoi 

Feedback, Inverse   25 38 
Filament (also see Heater and Cathode): ' 

operation    3 gj 
resistor   '' ' gj 
series operation   81 
shunt resistor  !!!!!! 82 
supply voltage    ai 

Filler: 
capacitor-input   89 
choke-input   g9 
corrective   43 
radio-frequency   89 
smoothing   89 

FM Detection   22 
FM Stereo Multiplex Adapter   682 
FM Tuner   67g 
Formulas (see Calculation) 
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Page 
Frame Grid   7 
Frequency Conversion    77 
Frequency Modulation (FM)   22 
Full-Wave Rectifier   5, 17 

Page 
Low-Voltage Power Supply, Degaussing 

Circuit, and Heater Connections (for 
Color TV Receiver)   722 

Luminance Amplifier   60 

Gain (Voltage Amplification)  26 
General System Functions   15 
Generic Tube Types   4 
Grid: 

bias   85 
bias detection   21 
control   7 
current   86 
resistor   85 
resistor and capacitor detection ... 22 
suppressor   
voltage supply   

Grid-Plate Capacitance   
Grid-Plate Transconductance 

Kinescopes 

Maximum Ratings   
Mercury-Vapor Rectifier: 

considerations     
interference from   

Mho-micromho   
Microphone and Phonograph Amplifier 
Mixer: 

audio   
hexode   
pentagrid   
vhf tuner   

Modulated Wave   
Modulation    
Modulation-Distortion    
Multi-Electrode and Multi-Unit Tubes . 
Multiplex Adapter for FM Stereo   
Multivibrator   

Half-Wave Rectifier     5,17 
Harmonic Distortion  30, 49 
Heater: 

cathode   4 
cathode bias   83 
cathode connection   83 
resistor   82 
series operation   82 
supply voltage   81 
warm-up time   95 

High-Fidelity Amplifiers   49, 90 
High-Fidelity, 15-w Audio Amplifier ... 688 
High-Fidelity, 30-w Audio Amplifier ... 690 
High-Fidelity, 50-w Audio Amplifier ... 692 
High-Voltage Regulation   69 
High-Voltage Regulators: 

Shunt Regulator Circuit    69 
Pulse Regulator Circuit   70 

Horizontal Deflection   66 
Horizontal-Deflection Circuit and High- 

Voltage Power Supply   733 
Hum and Noise Characteristics   98 

IF Amplifier/Limiter and Ratio Detector 680 
Impedance, Input   27 
Injection Voltage   56 
Input Admittance   27 
Input Capacitance   98 
Instantaneous Peak Voltage   97 
Intercommunication Set   685 
Interelectrode Capacitances   7, 98 
Intermodulation Distortion   49 
Interpretation of Tube Data   95 
Inverse Feedback: 

constant-current type     40 
constant-voltage type    38 

Noise   
Noise Figure .. 
Noise Immunity 
Novar   
Nuvistor   

Operation, Typical Values 
Oscillator: 

considerations   
local   
multivibrator   
relaxation   
synchroguide   

Output Capacitance   
Output-Coupling Devices . 

Limiters    50 
Load resistance   31 
Local Oscillator   57 
Low-Distortion preamplifier   701 
Low-Voltage and Heater Supply (for 

Black-and-White TV receiver)   720 

Parallel Operation   
Peaking: 

series    
shunt   

Peak heater-cathode voltage   
Peak Inverse Plate Voltage   
Peak Plate Current    
Pentagrid Converter   
Pentagrid Mixer   
Pentode Considerations   
Phase Inverter   
Phonograph Amplifier    
Phonograph and Tape Preamplifiers 
Picture Tube: 

characteristics chart   
corona considerations   
cutaway view of color tube  
deflection   
dust considerations   
essential elements   
handling precautions   
high-voltage considerations   
humidity considerations   
safety considerations   

structure     
X-ray radiation precautions 
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Page Picture Tube and Associated Circuits 
(for Color TV Receiver)   741 

Plate: 
current   5 
dissipation   96 
etliciency   14 
load   22 
resistance   13 
voltage supply   83 

Plate-Cathode Capacitance     7, 98 
Power Output: 

calculations   29 
Power Sensitivity      14 
Power Supplies   707 
Preamplifier for Amateur Receiver   684 
Preamplifier for Ceramic Phonograph 

Pickup   700 
Preamplifier for Magnetic Phonograph 

Pickup   698 
Preamplifier for Tape-Head Pickup   699 
Preamplifiers, Phonograph and Tape ... 43 
Pulse Regulator Circuit   70 
Push-Pull Operation   28, 31 

Q (selectivity)   52 

Radio-Frequency: 
amplifier   25, 52 
filter   89 

Radio Receiver   15 
Ratings: 

absolute-maximum system   95 
design-center system   95 
design-maximum system   95 

Ratio Detector   24 
Rectification   17 
Rectifiers: 

full-wave   5, 17 
half-wave   5' 17 
ionic-heated cathode   ' 6 
parallel operation of   18 
plate-characteristics curves   98 
voltage doubler   18 

Relaxation Oscillator   75 
Remote-Cutoff Tubes   27 
Resistance-Coupled Amplifiers   26, 639 
Resistance Coupling   26 
Resistor: 

cathode (self-biasing)   84 
center tap   82 
filament   82 
plate load   31 
screen-grid   85, 99 

Resonant Circuits   52 

Safety Precautions: 
picture tubes   94 
receiving tubes   93 

Saturation Current   6 
Scanning Fundamentals   63 
Screen Grid (Grid No.2): 

considerations   7 
input   99 
input rating chart   300 
voltage supply   86 

Secondary Electrons   8 9 
Secondary Emission   8 
Selectivity (Q)    t' 52 
Self Bias (cathode bias)   84 

Page Shielding    87 
Shock-Hazard Warning: 

picture tubes   94 
receiving tubes   93 

Short-Circuit Test   100 
Shunt Regulator Circuit       69 
Signal Generator     730 
Signal-to-Noise Ratio   54 
Space Charge   6, 9 
Static Characteristics   *13 
Stereo Circuits     682, 694 
Superheterodyne Receiver (ac/dc)   671 
Suppressor Grid (Grid No.3)   8 
Sync   64 
Sync, AGC, and Vertical-Deflection 

Circuits   731 
Sync Circuits   64 
Sync Separator   63 
Synchroguide   75 
Synchronous Detection  '' 73 

Technical Data for Tube Types   Ill 
Television: 

color demodulation    72 
horizontal deflection   66 
if amplifiers   57 
picture tubes   10, 91, 94 
receiver   ' 16 
rf amplifiers  56 
scanning   33 
sync circuits   64 
vertical deflection   68 

Terminal Diagrams: 
For Picture Tubes   668 
For Replacement and Discontinued 

Types   612 
Testing Electron Tubes   100 
Tetrode Considerations   7 
Three-Stage IF Amplifier/Limiter 

and Ratio Detector   678 
Tone-Control Amplifier Stage   729 
Tone Control   45 
Transconductance: 

conversion   14 
grid-plate     14 
***••••. .'.WWW 101 Tnode Considerations   7 

Tube: 
outlines   634 
ratings, interpretation of  ' 95 
tester requirements   103 

Tube Types, Technical Data   112 
Tuned Amplifiers   52 
Tuner, FM                        678 
Tuners, Television   56 
Tuning Indicators  ' 79 
TV Scanning, Sync, and Deflection '! 61 
Twin diode—tnode  20 
Two-Channel Audio Mixer    696 
Two-Channel Stereophonic Amplifier 694 
Typical Operation Values, 

Interpretation of   98 

Vertical and Horizontal Deflection 
Circuits and High Voltage Rectifier 716 

Vertical Deflection    aq 
VHF Tuner  '.'.'.'.'.'.'.'."736 751 
Video, AGC, and Sync Amplifier   714 
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by screen-grid-voltage variation 
delayed automatic (DAVC) . 

Voltage Doubler   
Volume Compressor and Expander 

Video Amplifiers   58, 60 
Video IF Amplifiers and Sound-Channel 

Circuits   727 
Voltage: 

amplification, class A    15 
doubler rectifier   18 
peak heater-cathode   96 
peak inverse plate   97 
supply    83 

Volume Control: 
automatic (AVC)   46 
by grid-voltage variation   85 

Wideband (Video) 
Amplifiers 

X-Ray Radiation Considerations 
picture tubes   
receiving tubes   



751 

RCA TECHNICAL PUBLICATIONS 

■WMWillW 
?nilt'T^erViCC Gui^®s ,or RCfl Color-TV Receivers—ERT-200, ERT-201 ERT-202 and ERT 
CTC 39X CTrlsnEU. <,"ve,1' c^tssis CTC-2-CTC-20, CTC-20-CTC-35, CTC-22-CTC-40 "d" 

mmmemmm 

faTarn"' ^ M^a.^l^p^re^d"^' 
top chass'is &c^one^c^p^en^indfx^ a^ttpli^^ruj 

and AFpC.'Optonal Price 2.00« 

wte »•'••.- SBfsJMt 

;n;4r,,Ka« 
£ SSln1'8' lnt®Bra

i
t.ed and light and heat detectors. Circuit operation is descrfbed 

and foil f1"3,.1 "u'10" 'ay0"*8- Photographs, schematic diagrams, and parts lists are given- 
piii, "iss,,?:!•" l"*'■'l", •"""" '"■•»«*" 

conductor diodes Technical data is presented for over 100 solid-state devices Included is" 
s,:,,::::;;" "* ":l"' "Bt3 8nd or '<">">»»■< --d -d.nai.n 

spectra, noise, and RCA photomultipliers are included Wefl iMustSuied »nd li sou.1:c,es' 
for easy reading, this manual is valuable to bothsfudent^^iSeroltiona^ PwL w'm" 

Rigs1 contaln^ng^fu?, m* mail,; 
associated components, both commercial and developmental as weR as ne^"Aooiu! r 
Notes. Product lines not included in the original RCA Electron Tnhp Tl,, n,tl, ^ l 011 

Lasers, are included in this new data service User oritntcd th^ d.if b°0k'J
SUch as 

require special binders or filing instructions. You can use any standard 3 rlne^hind6? ""a 
file in any fashion that meets your needs. Product lines covered include " cfme™ T„Scsd 

Display Tubes, Lasers, Picture Tubes. Receiving Tnbpq Tmno-o ^-'amela Lubes, 
Photodetectors, and Power Tubes. Optional Price $8,500 (USA) $lo!oO° "Fm^TIn) eV1CeS' 
0 Prices are net and are subject to change without notice at our discretion. 



OTHER ELECTRONIC COMPONENTS' PRODUCTS 
replacement.semiconductor DEV,^ 

include transistors rectifleis "ectmer thyristor, or integrated circuit 
fan T^nttallfd w^tholt'Tha^ges in mechanical mounting arrangements, circuit w.r.ng, 
0r Th^^-SrefSacement program is 
standard eTa types toigi Yyp'cs- 'ami types identified only by device-manufcaturers or equipment-manufacturers' parts numbers. Selies Top-of-the-Line Replacement Guide, placement information is given in the bK bei es lop or c ^ SK.Sel.;eg 

SPG-202. It contains over 51,000 semicon^SPG.202 may be obtained from your RCA dis- 
placement semmonductors Copies of t . Engineering, Harrison, New Jersey 07029. 
tributor or by writing to RCACornmei ';,»'^n^'ne- t ^ al.e also available through your 
RCAErSutr Th^ Ssd ar^^^cidbed in the Experimenter's Kits brochure 1H1350B. 
BATTERIES—Some battery systems are b^r t

ai
n

t"c^ fofspfcHU 
has three primary battery systems each w p , characteristics you desire. That 

vx ss .".,1.™.. ..i 
■£ xajrirrs s-'ss 

different electro-chemical mixes are s|vvice life, and higher current capability Alkaline-Primary—Modeiate initial cost, longe ^ well suited for longer uninterrupted 
than comparable carbon-zinc cells1 h as tape recorders, cameras, and toys. 
SlTne'VS cold weather than standard carbon- zinc batteries. epwice life of the primary systems in low current Mercury—Providing the longest seivice me . . Jnifial cost They are especially 
useful constant3 output voltage and protection from electrolyte leak- 
age is important. ,•« tho "RCA Battery Manual BDG-lllB. It s 
availatde^through youi^RCA dis^rtoutor or by writing to Commercial Engineering, Harrison. 
New Jersey 07029. 
MAGNETIC TAPE—Red Seal Cassettes, ^b,

R
a^ ia

u
Sa|otteRecordifngkTlpese'brochuSTmlslB 

. ^ilabTe«hdymnaRCr^tHbutor o^by writing to Commercial Engineering. Harrison. 
New Jersey 07029. 
INDUSTRIAL TUBES-Display Tubes (DWWMjnd OET 1 
lMt^E»^^radD^) J^^es (Regular and Large)! Camera 
Tubes; and Image Tubes. «•»».. 
ELECTRONIC INSTRUMENTS-For service industry, ^aborator^ V-- ^ 
Generators •^^olo^Bar^eneratoi^f Transistor, Picture-Tube Testers, Isolation Transformer! 
PowS. ®"P^mnlete. free catalog, write RCA Electronic Instruments, Harrison, New Jersey 
07029. if" 11 '' n 

Dual-Mode 
Oscilloscope ; Dynamic 

Transistor/FET Tester 

(tj) * • * ^ Picoammeter 

CR III Picture Tube i 
Tester ' 
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