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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 



4 RCA Receiving Tube Manual 

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. 



Electron Tube Applications 29 

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 

0,097H-5 ■/— 

%0o%h==/=/y 
180 200 260 300 PLATE VOLTS 

-80 -60 -40 -20 
GRID VOLTS 

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, 
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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 
STAGE 

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 

ULMimiU" 
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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- 



Electron Tube Applications 67 

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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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 
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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- 



94 RCA Receiving Tube Manual 

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 
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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. 



Technical Data 

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. 



Technical Data 123 

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. 
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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 
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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) 



Technical Data 153 

* 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 


