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THIS MANUAL like its preceding editions has been prepared
to assist those who work or experiment with electron tubes and cir-
cuits. It will be found valuable by engineers, service technicians,
experimenters, students, radio amateurs, and all others technically
interested in electron tubes.

The material in this edition has been augmented and revised to
keep abreast of the technological advances in electronie fields. Many
tube types widely used in the design of new electronic equipment
prior to 1950 are now chiefly of renewal interest; in their place,
new advanced types are being used. Consequently, in the Tube
Types Section, the presentation on the older types has been limited
to essential basic data while detailed information has been given on
the newer more important types.

In addition to the tube types for home-entertainment use cov-
ered in this Manual, the TUBE D1vISION of RAb10 CORPORATION OF
AMERICA offers other small receiving-type tubes for industrial and
specialized applications, such as the “Special Red” tubes, premium
tubes, computer tubes, voltage regulators, acorn tubes, and pencil
tubes. Other lines of RCA electron tubes include:

POWER TUBES
Transmitting and
Industrial Types

CATHODE-RAY TUBES
Special-Purpose
Kinescopes and

TELEVISION CAMERA TUBES Oscillograph Types

Iconoscopes, Vidicons,
and I'mage Orthicons THYRATRONS & IGNITRONS
SPECIAL TYPES

PHOTOTUBES Vacuum-Gauge Tubes,

Single-Unit, Twin-Unait,
and Multiplier Types Magnetrons and Klystrons

For Sales Information For Technical Information
on RCA Tubes, write to on RCA Tubes, write to
Sales Commercial Engineering

TUBE DIVISION
RADIO CORPORATION OF AMERICA
Harrison, N. J.

Copyright, 1954, by Radio Corporation of America



CAGE PARTS

1. Getter and Support 5. Grid No. 3 8.Cathode
(Suppressor} 9 Heater

6. Grid No. 2 (Screen)

7. Grid No. 1
4. Plate (Control Grid)

2.Top Spacer Shield

3.Insulating Spacer 10.Insulating Spacer

11, Bottom Spacer Shield

The Parts of a Miniature Pentode




RCA Receiving Tube
MANUAL

Electrons, Electrodes, and Electron Tubes

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

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

ELECTRONS

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

Electron movement may be accelerated by the addition of energy. Heat is one
form of energy which can be conveniently used to speed up the electron. For exam-
ple, if the temperature of a metal is gradually raised, the electrons in the metal
gain velocity. When the metal becomes hot enough, some electrons may acquire
sufficient speed to break away from the surface of the metal. This action, which is
accelerated when the metal is heated in a vacuum, is utilized in most 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 electrons, mounted in
an evacuated envelope. The envelope may be a glass bulb or a metal shell.

CATHODES

A cathode is an essential part of an electron tube because it supplies the
electrons necessary for tube operation. When energy in some form is applied to the
cathode, electrons are released. Heat is the form of energy generally used. The
method of heating the cathode may be used to distinguish between the different
forms of cathodes. For example, a directly heated cathode, or filament-cathode, is
a wire heated by the passage of an electric current. An indirectly heated cathode,
or heater-cathode, consists of a filament, or heater, enclosed in a metal sleeve. The
sleeve carries the electron-emitting material on its outside surface and is heated by
radiation and conduction from the heater.
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A filament, or directly heated cathode, may be further classified by identifying
the filament or electron-emitting material. The materials in regular use are tung-
sten, thoriated tungsten, and metals which have been coated with alkaline-earth
oxides, Tungsten filaments are made from the pure metal. 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 fila-
ments are made from tungsten impregnated with thorium oxide. Due to the pres-
ence of thorium, these filaments liberate electrons at a more moderate temperature
of about 1700°C (a bright yellow) and are, therefore, much more economical of fila-
ment power than are pure tungsten filaments. Alkaline earths are usually applied
as a coating on a nickel-alloy wire or ribbon. This coating, which is dried in a
relatively thick layer on the filament, requires only a relatively low temperature of
about 700-750°C (a dull red) to produce a copious supply of electrons. Coated fila-
ments operate very efficiently and require relatively little filament power. However,

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

Directly heated filament-cathodes require comparatively
LA little heating power. They are used in almost all of the tube types
designed for battery operation because it is, of course, desirable
to impose as small a drain as possible on the batteries. Examples
of battery-operated filament types are the 1A7-GT, 1R5, 1U4, and
3V4. AC-operated types having directly heated ﬁlament—cath—
Fig. 1 odes include the 2A3 and 5Y3-GT.

An indirectly heated cathode, or heater.cathode, consists of
a thin metal sleeve coated with electron-emitting material such as
alkaline-earth oxides. Within the sleeve is a heater which is in- "5 57782
sulated from the sleeve, The heater is made of tungsten or tung-
sten-alloy wire and is used only for the purpose of heating the
cathode sleeve and sleeve coating to an electron-emitting temper-

ature. Useful emission does not take place from the heater wire. Fig. 2

The heater-cathode construction is well adapted for use in electron tubes in-
tended for operation from ac power lines and from storage batteries. The use of
separate parts for emitter and heater functions, the electrical insulation of the
heater from the emitter, and the 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 connection 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 cathode and plate, and of an amplifier tube having close
spacing between its cathode and grid. In a close-spaced rectifier tube, the voltage
drop in the tube is low, and, therefore, the regulation is improved. In an amplifier
tube, the close spacing increases the gain obtainable from the tube. Because of
the advantages of the heater-cathode construction, almost all present-day receiving
tubes designed for ac operation have heater-cathodes.

‘CATHODE

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 electrons as well as
those required to produce them. These parts consist of a cathode and one or more
supplementary electrodes. The electrodes are enclosed 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 prevent
injury to the emitting surface of the cathode.When the cathode is heated, electrons
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leave the cathode surface and form an invisible cloud in the space around it. Any
positive electric potential within the evacuated envelope offers a strong attraction
te 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 calied a diode, the family name for a two-electrode

tube, In a diode, the positive potential is sup- ELECTRON

plied by a suitable electrical source connected = )

between the plate terminal and 2 cathode , ;.. pUATE
CURRENT

terminal. Under the influence of the positive
plate potential, electrons flow from the cathode CAtH- §OUTPUT
to the plate and return through the external O0E.
plate-battery circuit to the cathode, thus com- A 8
pleting the ecircuit. This flow of electrons is oo 1A to]1]o]
known as the place 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 current will flow. Thus, electrons can flow from the
cathode to the plate but not from the plate to the
cathode. If an alternating voltage is applied to
the plate, the plate is alternately made positive and
negative. Because plate current flows only during
the time when the plate is positive, current 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 voltage.
Diode rectifiers are used in ac receivers to convert
the ac supply voltage to de voltage for the elee-
trodes of the other tubes in the receiver. Rectifier
tubes having only one plate and one cathode, such
>; ALTERNATING as the 35W4, are called half-wave rectifiers, be-
| VOLTAGE INPUT cause current can flow only during one-half of the
. alternating-current cycle. When two plates and one
Fig.4 or more cathodes are used in the same tube, cur-
rent may be obtained on both halves of the ac cycle. The 6X4, 5Y3-GT, and 5U4-G
are examples of this type and are called full-wave rectifiers.

Not all of the electrons emitted by the cathode reach the plate. Some return
to the cathode while others remain in the space between the cathode and plate for
a brief period to produce an effect known as space-charge. This charge has a
repelling action on other electrons which leave the cathode surface and impedes
their passage to the plate. The extent of this action and the amount of space-
charge depend on the cathode temperature and the plate potential. The higher the
plate potential, the less is the tendency for electrons to remain in the space-charge
region and repel other electrons. This effect may be noted by applying increasingly
higher plate voltages to a tube operating at a fixed heater or filament voltage. Under
these conditions, the maximum number of available electrons is fixed, but increas-
ingly higher plate voltages will succeed in attracting a greater proportion of the
free electrons.

Beyond a certain plate voltage, however, additional plate voltage has little
effect in increasing the plate current 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 num-
ber of electrons emitted, it is also known as emission current or simply emission.

5
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Although tubes are sometimes tested by measure-
ment 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’s characteristics or even to damage
the tube. Consequently, while the test value of emis-
sion 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 indicate whether the cathode can supply a
sufficient number of electrons for satisfactory opera- Fig. 5
tion of the tube.

If space charge were not present to repel electrons coming from the cathode,
the same plate current could be produced at a lower plate voltage. One way to
make the effect of space charge small is to make the distance between plate and
cathode small. This method is used in rectifier types having heater-cathodes, such
as the 5V4-G and the 25Z6. In these types the radial distance 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, such as the 83. Such
tubes contain a small amount of mercury, which is partially vaporized when the
tube is operated, 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’’; that is, it has lost one or more
electrons and, therefore, has a positive charge. In mercury-vapor rectifier tubes,
ionization is evidenced by a bluish-green glow between the cathode and plate.
When ionization due to bombardment of mercury atoms by electrons leaving the
cathode occurs, the space-charge is neutralized by the positive mercury ions so that
increased numbers of electrons are made available. A mercury-vapor rectifier hasa
small voltage drop between cathode and plate (about 15 volts). This drop is prae-
tically independent of current requirements up to the limit of emission of electrons
from the cathode, but is dependent to some degree on bulb temperature.

Saturation Point

%

/

//
/

/
7

PLATE VOLTAGE —>

NUMBER OF ELECTRONS
REACHING PLATE ——

(@]

Ionic-heated-cathode rectifier tubes, such as the 0Z4 and 0Z4-G, also depend
on gas ionization for their operation. These tubes are of the full-wave design
and contain two anodes and a coated cathode sealed in a bulb containing a reduced
pressure of inert gas. The cathode in each of these types becomes hot during tube
operation, but the heating effect is caused by bombardment of the cathode by ions
within the tube rather than by heater or filament current from an external source.
The internal structure of the tube is designed so that when sufficient voltage is
applied to the tube, ionization of the gas occurs between the anode which is in-
stantaneously positive and the cathode. Under normal operating voltages, ioniza-
tion does not take place between the anode that is negative and the cathode so
that the requirements for rectification are satisfied. The initial small flow of current
through the tube is sufficient to raise the cathode temperature quickly to incan-
descence whereupon the cathodé emits electrons. The voltage drop in such tubes is
slightly higher than that of the usual hot-cathode gas rectifiers because energy is
taken from the ionization discharge to keep the cathode at operating temperature.
Proper operation of these rectifiers requires a minimum flow of load current at all
times in order to maintain the cathode at the temperature required to supply
sufficient emission.

TRIODES

When a third electrode, called the grid, is placed between the cathode and
plate, the tube is known as a triode, the family name for a three-electrode tube.
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The grid usually consists of relatively fine wire wound on two support rods and
extending the length of the cathode. The spaces between turns are comparatively
large so that the passage of electrons from cathode to plate is practically unob-
structed by the grid wires. The purpose of the grid is to control the flow of plate
current. When a tube is used as an amplifier, a negative de voltage is usually applied
to the grid. Under this condition the grid does not draw appreciable current.

The number of electrons attracted to

the plate depends on the combined effect oW

of the grid and plate polarities. When the @

plate is positive, as is normal, and the PLATE  CURRENT

dec grid voltage is made more and more

negative, the plate is less able to attract CATHODE OUTPUT
electrons to it and plate current decreases.

When the grid is made less and less nega-

tive (more and more positive), the plate X 8

more readily attracts electrons to it and ' md 0o

plate current increases. Hence, when the Fig. 6

voltage on the grid is varied in accordance
with a signal, the plate current varies with the signal. Because a small voltage
applied to the grid can control a comparatively large amount of plate current, the
signal is amplified by the tube. Typical three-electrode tube types are the 6C4,
6J5, and 2A3.

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

TETRODES

The capacitance between grid and plate can be made small by mounting an
additional electrode, called the screen (grid No. 2), in the tube. With the addition
of the grid No.2, the tube has four elec-
trodes and is, accordingly, called a tet-

rode. The screen or grid No.2 is mounted ELESSWON
between the grid No.1 (control grid) and )
the plate, and acts as an electrostatic P"‘:CEREEN FLATE

shield between them, thus reducing the GRID
grid-to-plate capacitance. The effective-
ness of this shielding action is increased
by connecting a bypass capacitor between
screen and cathode. By means of the
sereen and this bypass capacitor, the _|'|'|+
grid-plate capacitance of a tetrode is Fig. 7

made very small. In practice, the grid- ’

plate capacitance is reduced from several

micromicrofarads (uuf) for a triode to 0.01 uuf or less for a screen-grid tube.

The screen has another desirable effect in that it makes plate current practically
independent of plate voltage over a certain range. The screen is operated at a
positive voltage and, therefore, attracts electrons from the cathode. However, be-
cause of the comparatively large space between wires of the screen, most of the elec-
trons drawn to the screen pass through it to the plate. Hence the sereen supplies an
electrostatic force pulling electrons from the cathode to the plate. At the same

7
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time the screen shields the electrons between cathode and screen from the plate so
that the plate exerts very little electrostatic force on electrons near the cathode.
So long as the plate voltage is higher than the screen voltage, plate current in a
screen-grid tube depends to a great degree on the screen voltage and very little
on the plate voltage. The fact that plate current in a screen-grid tube is largely
independent of plate voltage makes it possible to obtain much higher amplification
with a tetrode than with a triode. The low grid-plate capacitance makes it possible
to obtain this high amplification without plate-to-grid feedback and resultant
instability. A representative tetrode is the 24-A.

PENTODES

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

The effects of secondary emission are minimized when a fifth electrode is

placed within the tube between the sereen and plate. This fifth electrode is known
as the suppressor (grid No.3) and is usually connected to the cathode. Because of

ELECTRON
FLOW
{A)
PLATE Ph{s
SUPPRESSOCR SCREEN CURRENT
N

GRID
ouUTPUT
HEATER

mpur§
c k )

ol oy

° |
jl'l'l'l+

Fig. 8

its negative potential with respect to the plate, the suppressor retards the flight of
secondary electrons and diverts them back to the plate. The family name for a five-
electrode tube is “pentode”. In power-output pentodes, the suppressor makes pos-
sible higher power output with lower grid-driving voltage; in radio-frequency am-
plifier pentodes the suppressor makes possible high voltage amplification at mod-
erate values of plate voltage. These desirable features result from the fact that the
plate-voltage swing can be made very large. In fact, the plate voltage may be as
low as, or lower than, the screen voltage without serious loss in signal-gain capa-
bility. Representative pentodes used for power amplification are the 3V4 and
6K6-GT; representative pentodes used for voltage amplification are the 1U4,
6SJ7, 12SK7, and 6BAS.

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 No.2), a plate,

8
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and, optionally, a suppressor (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 and
plate. The space charge is produced by the slowing up of electrons traveling from a
high~potential screen to a lower-potential plate. In this low-velocity region, the
space charge produced is sufficient to repel secondary electrons emitted from the
plate and to cause them to return to the plate. Beam power tubes of this design
employ beam-confining electrodes at cathode potential to assist in producing the
desired beam effects and to prevent stray electrons from the plate from returning to
the screen outside of the beam. A feature of a beam power tube is its low screen
current. The screen and the grid are spiral wires wound so that each turn of the
screen is shaded from the cathode by a grid turn. This alignment of the screen and
grid causes the electrons to travel in sheets between the turns of the screen so that
very few of them strike the screen. Because of the effective suppressor action pro-
vided by space charge and because of the low current drawn by the screen, the beam
power tube has the advantages of high power output, high power sensitivity, and
high efficiency.

BEAM-CONFINING

ELECTRODE
CATHODE INTERNAL
GRID STRUCTURE

OF
SCREEN TYPE 6L6
BEAM POWER
TUBE

D T At .
N Fig.9

hatr

Fig. 9 shows the structure of a beam power tube employing space-charge sup-
pression and illustrates how the electrons are confined to beams. The beam condi-
tion illustrated is that for a plate potential less than the screen potential. The
high-density space-charge region is indicated by the heavily dashed lines in the
beam. Note that the edges of the beam-confining electrodes coincide with the
dashed portion of the beam. In this way the space-charge potential region is
extended beyond the beam boundaries and stray secondary electrons are prevented
from returning to the screen outside of the beam. The space-charge effect may also
be obtained by use of an actual suppressor grid. Examples of beam power tubes are
6L6, 6V6-GT, and 50C5.

MULTI-ELECTRODE and MULTI-UNIT TUBES

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

9



RCA Receiving Tube Manual

Later and present trends of tube design are the development of “specialty”
types. These types are intended either to give optimum performancein a particular
application or to combine in one bulb functions which formerly required two or
more tubes. The first class of tubes includes such examples of specialty types as
the 6F6, 12SK7, 6L7, and 6K8. Types of this class generally require more than
three electrodes to obtain the desired special characteristics and may be broadly
classed as multi-electrode types. The 6L7 is an especially interesting type in this
class. 'This tube has an unusually large number of electrodes, namely seven,
exclusive of the heater. Plate current in the tube is varied at two different frequen-
cies at the same time. The tube is designed primarily for use as a mixer in super-
heterodyne receivers. In tnis use, the tube mixes the signal frequency with the
oscillator frequency to give an intermediate-frequency output.

Tubes of the multi-electrode class often present interesting possibilities of
application besides the one for which they are primarily designed. The 6L7, for
instance, can also be used as a variable-gain audio amplifier in volume-expander
and compressor application. The 6F'6, besides its use as a power-output pentode,
can also be connected as a triode and used as a driver for a pair of 61.6’s.

The second class includes multi-unit tubes such as the twin-diode triodes
6BF6 and 6SQ7, as well as the twin-diode pentode 12C8 and the twin class A and
class B types 12AUT and 6N7, respectively. In this class also is included the multi-
unit type 117L7/M7-GT. This tube combines in one bulb a diode for use as a power
rectifier and a power-output pentode. Related to multi-unit tubes are the electron-
ray types 6AB5/6N5 and 6AL7-GT. These combine a triode amplifier with a
fluorescent target. Full-wave rectifiers are also multi-unit types.

A third class of tubes combines features of each of the other two classes.
Typieal of this third class are the pentagrid-converter types 1R5, 6BE6, and 6SA7.
These tubes are similar to the multi-electrode types in that they have seven elec-
trodes, all of which affect the electron stream; and they are similar to the multi-
unit tubes in that they perform simultaneously the double function of oscillator
and mixer in superheterodyne receivers.

KINESCOPES

The kinescope is a multi-electrode tube used principally in television receivers
for picture display. It consists essentially of an electron gun, a glass or metal-and-
glass envelope and face-plate combination, and a fluorescent screen,
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The electron gun includes a cathode for the production of free electrons, an
electron “lens” system for accelerating the electrons and forming or focusing
them into a very narrow beam, and, optionally, a device for “trapping’’ unwanted
ions out of the electron beam.

Deflection of the beam is accomplished either electrostatically by means of
deflecting electrodes within the envelope of the tube, or electromagneticaily by
means of a deflecting yoke placed on the neck of the tube. Figs. 10 and 11 show the
structure of the gun section of a kinescope and illustrate how the electron beam is
formed, how the ions are separated from the electron beam by means of the tilted-
gun and ion-trap-magnet arrangement, and how the beam is deflected by means
of an electromagnetic deflecting yoke,

Focusing of the beam is accomplished either electromagnetically by means of
a focusing coil placed on the neck of the tube, as shown in Fig. 10, or electro-
statically by means of focusing electrodes within the envelope of the tube. In the
tube shown in Fig. 11, the focusing electrodes are grids No.4 and No.5.

The screen is a white-fluorescing phosphor P4 of either the silicate or the
sulfide type. The spectral distribution of the energy emitted by each type of phos-
phor is shown by the curves on page 249. The persistence of the phosphorescence
exhibited by either type of the phosphor P4 is such that its brightness does not
exceed 7 per cent of the peak value in 33 milliseconds after excitation is removed.

The tricolor kinescope 15GP22 consists of three electron guns and a plane,
tricolor, Filterglass phosphor-dot (screen) plate located between a shadow mask
and a clear-glass faceplate. It utilizes electrostatic convergence, electrostatic focus,
and magnetic deflection. The spectral distribution of the energy emitted by the
group phosphor P22 used in this type is shown by the curve on page 249. The
persistence of the group phosphorescence is such that its brightness does not ex-
ceed 7 per cent of the peak value in 33 milliseconds after excitation is removed.
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Electron Tube Characteristics

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

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

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

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

The amplification factor, or g, is the ratio of the change in plate voltage to a
change in control-electrode voltage in the opposite direction, under the condition
that the plate current remains unchanged and that all other electrode voltages
are maintained constant. For example, if, when the plate voltage is made 1 volt
more positive, the control-electrode (grid-No.1) voltage must be made 0.1 volt
more negative to hold plate current unchanged, the amplification factor is 1 divided
by 0.1, or 10. In other words, a small voltage variation in the grid circuit of a tube
has the same effect on the plate current as a large plate-voltage change—the latter
equal to the product of the grid-voltage change and amplification factor. The p of
a tube is often useful for calculating stage gain. This use is discussed in the ELEC-
TRON TUBE APPLICATIONS SECTION.

Plate resistance (rp) of an electron tube is the resistance of the path between
cathode and plate to the flow of alternating current. It is the quotient of a small
change in plate voltage divided by the corresponding change in plate current and is

12
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expressed in ohms, the unit of resistance. Thus, if a change of 0.1 milliampere
(0.0001 ampere) is produced by a plate voltage variation of 1 volt, the plate
resistance is 1 divided by 0.0001, or 10000 ohms.

Control-grid—plate transconductance, or simply transconductance (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 conductance. Transconductance may be more strictly defined as the quo-
tient of a small change in plate current (amperes) divided by the small change in the
control-grid voltage producing it, under the condition that all other voltages remain
unchanged. Thus, if a grid-voltage change of 0.5 volt causes a plate-current change
of 1 milliampere (0.001 ampere), with all other voltages constant, the transcon-
ductance 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 (umho), is used to express transconductance. Thus, in the
example, 0.002 mho is 2000 micromhos.

Conversion transconductance (g¢) 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 divided by
the applied radio-frequency (rf) voltage producing it; or more precisely, 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 transconduct-
ance is used in the same way as control-grid—plate transconductance is used in
single-frequency amplifier computations.

The plate efficiency of a power amplifier tube is the ratio of the ac power
output to the product of the average dc plate voltage and de¢ plate current at
full signal, or

power output watts
average dc plate volts X average de plate amperes

Plate efficiency (%) = X 100

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

power output watts
(input signal volts, rms)2

Power sensitivity (mhos) =
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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 eight headings. These are: Amplification,
Rectification, Detection, Automatic Volume Control, Tuning Indication with
Electron-Ray Tubes, Oscillation, Frequency Conversion, and Automatic Fre-
quency Control. Although these operations may take place at either radio or
audio frequencies and may involve the use of different circuits and different sup-
plemental parts, the general considerations of each kind of operation are basic.

AMPLIFICATION

The amplifying action of an electron 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 amplifier service recognized by engineers
are covered by definitions standardized by the Institute of Radio Engineers, This’
classification depends primarily on the fraction of input cycle during which plate
current is expected to flow under rated full-load conditions. The classes are class A,
class AB, class B, and class C. The term “cutoff bias’ used in these definitions is
the value of grid bias at which plate current is some very small value.

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

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

Class B Amplifier. A class B amplifier is an amplifier in which the grid bias
is approximately equal to the cutoff value, so that the plate current is approxi-
mately zero when no exciting grid voltage is applied, and so that plate current in a
specific tube flows for approximately one-half of each cycle when an alternating
grid voltage is applied.

Class C Amplifier. A class C amplifier is an amplifier in which the grid bias
is appreciably greater than the 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 alternating
grid voltage is applied.

NOTE:—To denote that grid current does not flow during any part of the input cycle, the suffix

1 may be added to the letter or letters of the class identification. The suffix 2 may be used to denote
that grid current flows during some part of the cycle.

For radio-frequency amplifiers which operate into a selective tuned circuit, as
in radio transmitter applications, or under requirements where distortion is not an
important factor, any of the above classes of amplifiers may be used, either with a
single tube or a push-pull stage. For audio-frequency amplifiers in which distortion
is an important factor, only class A amplifiers permit single-tube operation. In this
case, operating conditions are usually chosen so that distortion is kept below the
conventional 5 per cent for triodes and the conventional 7 to 10 per cent for tet-
rodes or pentodes. Distortion can be reduced below these figures by means of special
circuit arrangements such as that discussed under inverse feedback. With class A
amplifiers, reduced distortion with improved power performance can be obtained
by using a push-pull stage for audio service. With class AB and class B amplifiers,
a balanced amplifier stage using two tubes is required for audio service.

As a class A voltage amplifier, an electron tube is used to reproduce grid volt-
age variations across an impedance or a resistance in the plate circuit. These varia-
tions are essentially of the same form as the input signal voltage impressed on the
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grid, but their amplitude is increased. This increase is accomplished by operating
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. 14 gives a graphical illustra-
tion of this method of amplification and shows, by means of the grid-voltage vs.
plate-current characteristics curve, the effect of an input signal (S) applied to the
grid of a tube. O is the resulting amplified plate-current variation.

The plate current flowing through the load resistance (R) of Fig. 15 causes a
voltage drop which varies directly with the plate current. The ratio of this voltage
variation produced in the load resistance to the input signal voltage is the voltage
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amplification, or gain, provided by the tube. The voltage amplification due to the
tube is expressed by the following convenient formulas:

amplification factor X load resistance
load resistance - plate resistance

Voltage amplification =

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

From the first formula, it can be seen that the gain actually obtainable from
the tube is less than the tube’s amplification factor but that the gain approaches the
amplification factor when the load resistance is large compared to the tube’s plate
resistance. Fig. 16 shows graphically how the gain approaches 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.
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In a resistance-coupled amplifier, the load resistance of the tube is approxi-
mately 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 neces-
sary 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
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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
because 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 positive 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 results in a runaway condi-
tion which can destroy the tube. A higher value of grid resistance is permissible
when cathode bias is used than when fixed bias is used. When cathode bias is used,
a loss in bias due to gas or grid-emission effects is almost completely offset by an
increase in bias due to the voltage drop across the cathode resistor. Typical values
of plate resistor and grid resistor for tube types used in resistance-coupled circuits,
and the values of gain obtainable, are shown in the RESISTANCE-COUPLED
AMPLIFIER SECTION.

The input impedance of an electron tube (that is, the impedance between 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. Components (2) and (3) are dependent on the frequency of the incoming
gignal. The input impedance is very high at audio frequencies when a tube is
operated with its grid biased negative. In a class A, or class AB, transformer-
coupled audio amplifier, therefore, the loading imposed by the grid on the input
transformer is negligible. As a result, the secondary impedance of a class A, or class
AB, input transformer can be made very high because the choice is not limited by
the input impedance of the tube; however, transformer design considerations may
limit the choice. At the higher radio frequencies, the input impedance may become
very low even when the grid is negative, due to the finite time of passage of elec-
trons between cathode and grid and to the appreciablelead reactance. Thisimpedance
drops very rapidly as the frequency is raised, and increases input-circuit loading. In
fact, the input impedance may become low enough at very high radio frequencies
to affect appreciably the gain and selectivity of a preceding stage. Tubes such as
the ‘“acorn’’ types and the high-frequency miniatures have been developed to have
low input capacitances, low electron-transit time, and low lead inductance so that
their input impedance is high even at the ultra-high radio frequencies. Input
admittance is the reciprocal of input impedance.

A remote-cutoff amplifier tube is 2 modified construction of a pentode or 2
tetrode type designed to reduce modulation-distortion and cross-modulation in
radio-frequency stages. Cross-modulation is the effect produced in a radio receiver
by an interfering station “riding through’ on the carrier of the station to which
the receiver is tuned. Modulation-distortion is a distortion of the modulated
carrier and appears as audio-frequency distortion in the output. This effect is
produced by a radio-frequency amplifier stage operating on an excessively curved
characteristic when the grid bias has been increased to reduce volume. The offend-
ing stage for cross-modulation is usually the first radio-frequency amplifier, while
for modulation-distortion the cause is usually the last intermediate-frequency stage.
The characteristics 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. 17 illustrates the construction of the grid No.1 (control grid) in a remote-
cutoff tube. The remote-cutoff action is due to the structure of the grid which pro-
vides a variation in amplification 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
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weak signals and low grid bias are applied to the tube, the effect of the non-uniform
turn spacing of the grid on cathode emission and tube characteristics is essentially
the same as for uniform spacing. As the grid bias is made more negative to handle
larger input signals, the electron flow from the sections of the cathode enclosed by
the ends of the grid is cut off. The plate current and other tube characteristics
are then dependent on the electron flow through the open section of the grid. This
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action changes the gain of the tube so that large signals may be handled with mini-
mum distortion due to cross-modulation and modulation-distortion. Fig, 18 shows
a typical plate-current vs. grid-voltage curve for a remote-cutoff type compared
with the curve for a type having a uniformly spaced grid. It will be noted that while
the curves are similar at small grid-bias voltages, the plate current of the remote-
cutoff tube drops quite slowly with large values of bias voltage. This slow change
makes it possible for the tube to handle large signals satisfactorily. Because remote-
cutoff types can accommodate large and small signals, they are particularly suit-
able for use in sets having automatic volume control. Remote-cutoff tubes also are
known as variable-mu types. The 6SK7 is a representative remote-cutoff type.

As a class A power amplifier, an electron tube is used in the output stage of a
radio receiver tosupply a relatively large amount of power to the loudspeaker, For
this application, large power output is of more importance than high voltage ampli-
fication; therefore, gain possibilities are sacrificed in the design of power tubes to
obtain power-handling capability. Triodes, pentodes, and beam power tubes de-
signed for power amplifier service have certain inherent features for each structure.
Power tubes of the triode type for class A service are characterized by low power
sensitivity, low plate-power efficiency, and low distortion. Power tubes of the pen-
tode type are characterized by high power sensitivity, high plate-power efficiency
and, usually, somewhat higher distortion than class A triodes. Beam power tubes
such as the 6L6 have higher power sensitivity and efficiency than triode or con-
ventional pentode types.

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

Power tubes connected in either parallel or push-pull may be employed as
class A amplifiers to obtain increased output. The parallel connection (Fig. 19)
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 resistance and the load resistance required are halved as com-
pared with single-tube values. The push-pull connection (Fig. 20), 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 elimi-
nated or decidedly reduced through cancellation. Because distortion for push-pull
operation is less than for single-tube operation, appreciably more than twice single-
tube output can be obtained with triodes by decreasing the load resistance for the
stage to a value approaching the load resistance for a single tube. For either parallel
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or push-pull class A operation of two tubes, all electrode currents are doubled while
all de electrode voltages remain the same as for single-tube operation. If a cathode
resistor is used, its value should be about one-half that for a single tube. If oscilla-
tions occur with either type of connection, they can often be eliminated by con-
necting a non-inductive resistor of approximately 100 ohms in series with each
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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.

Calculation of the power output of a triode used as a class A amplifier with
either an output transformer or a choke having low de resistance can be made
without serious error from the plate family of curves by assuming a resistance 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. 21 for given conditions. The procedure is as follows: (1)
Locate the zero-signal bias point P by determining the zero-signal bias Ec, from

the formula:
Zero-signal bias (Eeo) = —(0.68 X Eb)/u

where Ej, is the chosen value in volts of dc plate voltage at which the tube is to be
operated, and p is the amplification factor of the tube. This quantity is shown as
negative to indicate that a negative bias is used. (2) Locate on the plate family the
value of zero-signal plate current, I,, corresponding to point P. (3) Locate 21,
which is twice the value of I, and corresponds to the value of the maximum-signal
plate current Imaz. (4) Locate the point X on the de bias curve at zero volts,
E. = 0, corresponding to the value of Inax. (b) Draw a straight line XY through
X and P.
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Line XY is known as the load resistance line. Its slope corresponds to the value
of the load resistance. The load resistance in ohms is equal to (Emax — Emir) divided
by (Imax — Imin), where K is in volts and I is in amperes.
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It should be noted that in the case of filament types of tubes, the calculations
are given on the basis of a dc-operated filament. When the filament is ac-operated,
the calculated value of de bias should be increased by approximately one-half the
filament voltage rating of the tube.

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

For power output calculations, it is assumed that the peak alternating grid
voltage is sufficient (1) to swing the grid from the zero-signal bias value Ec, to zero
bias (E; = 0) on the positive swing and (2) to swing the grid to a value twice the
zero-signal bias value on the negative swing. During the negative swing, the plate
voltage and plate current reach values of Emgx and Imin; during the positive swing,
they reach values of Emin and Imax. Because power is the product of voltage and
current, the power output as shown by a wattmeter is given by

(Imax — Imin}) (Emax — Emin)
8

Power output =

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

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

ula:
form Imax+ Imin _ Io

2
max — Imin

o7, 2nd-harmonic distortion = i X 100

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

Example: Determine the load resistance, power output, and distortion of a triode
having an amplification factor of 4.2, a plate-dissipation rating of 15 watts, and
plate characteristics curves as shown in Fig. 21. The tube is to be operated at 250
volts on the plate.

Procedure: For a first approximation, determine the operating point P from the
zero-signal bias formula, Ec, = —(0.68 X 250) /4.2 = -40.5 volts. From the curve
for this voltage, it is found that the zero-signal plate current I, at a plate voltage
of 250 volts 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 now seen to be -43.5-
volts. Note that the curve was taken with a de 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 now be determined. Point X is at the intersection of the de bias
curve at zero volts with Imax, where Imax = 2I, = 2 X 0.06 = 0.12 ampere. Line
XY is drawn through points P and X. Emax, Emin, and Imin are then found from the
curves. Substituting these values in the power output formula, we obtain

(0.12 — 0,012) (365 — 105)
8

19

= 3.52 watts

Power output =
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The resistance represented by load line XY is
(365 — 105)

{0.12 —0.017) — 2410 ohms
When the values from the curves are substituted in the distortion formula,
we obtain
12 +2 QU2 _ .06

% 2nd-harmonic distortion = 0.12 — 0.012 X 100 = 6.59,

It is customary to select the load resistance so that the distortion does not
exceed five per cent. When the method shown is used to determine the slope of the
load resistance line, the second-harmonic distortion generally does not exceed 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 of 2500 chms
will give a distortion of about 4.9 per cent. The power output is reduced only
slightly to 3.5 watts.

Operating conditions for triodes in push-pull depend on the type of operation
desired. Under class A conditions, distortion, power output, and efficiency are all
relatively low. The operating bias can be anywhere between that specified for
single-tube operation and that equal to one-half the grid-bias voltage required to
produce plate-current cutoff at a plate voltage of 1.4E, where E, is the operating
plate voltage. Higher bias than this value requires higher grid-signal voltage and
results in class AB, operation which is discussed later.
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The method for calculating maximum power output for triodes in push-pull
class A operation is as follows: Erect a vertical line at 0.6E, (see Fig. 22), inter-
secting the E;=0 curve at the point Imsx. Then, Ims is determined from the

curve for use in the formula
Power output = (Imax X Eo)/5

If Imax is expressed in amperes and E, in volts, power output is in watts.

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

Plate-to-plate load (Rpp) = 4 x (Eo ~ 0.6Ep) /Imax
where F, is expressed in volts, Imax in amperes, and Rpp in ohms.

Example: Assume that the plate voltage (E;) 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
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voltage of 1.4 X 800 = 420 volts. (Since cutoff bias is approximately —115 volts at a
plate voltage of 420 volts, one-half of this value is —57.5 volts bias.) At this bias,
the plate current is found from the plate family to be 0.054 ampere and, therefore,
the plate dissipation is 0.054 X 300 or 16.2 watts. Since —57.5 volts is the limit of
bias for class A operation of these tubes at a plate voltage of 800 volts, the dissipa-
tion cannot be reduced by increasing the bias and it, therefore, becomes necessary
to reduce the plate voltage.

If the plate voltage is reduced to 250 volts, the bias will be found to be -43.5
volts, For this value, the plate current is 0.06 ampere, and the plate dissipation is
15 watts. Then, following the method for calculating power output, erect a vertical
line at 0.6E, = 150 volts. The intersection of the line with the curve B, = 0 is Imax
or 0.2 ampere. When this value is substituted in the power formula, the power
output is (0.2 X 250)/5 = 10 watts. The load resistance is determined from the
load formula: Plate-to-plate load (Rpp) = 4(250 — 150)/0.2 = 2000 ohms.

Power output for a pentode or a beam power tube as a class A amplifier
can be calculated in much the same way as for triodes. The calculations can be
made graphically from a special plate family of curves, as illustrated in Fig. 23.
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From a point A at or just below the knee of the zero-bias curve, draw arbitrar-
ily selected load lines to intersect 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, E,, and one-half the maximum-signal plate current. Along
any load line, say AA,, measure the distance AQ,. On the same line, lay off an
equal distance 0,A;. For optimum operation, the change in bias from A to O,
should be nearly equal to the change in bias from O; to A,. 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 selected, its resistance may be
determined by the following formula:

Emax — Emin

Load resistance (Rp) = Tmax — Imin

The value of Ry, may then be substituted in the following formula for calcu-
lating power output.

- — 2
Power Output=[Imax Imin+ 1.41 (Ix - Iy))2Rp

32

In both of these formulas, I is in amperes, E is in volts, R, is in ohms, and
power output is in watts. Ix and ¥y are the current values on the load line at bias
voltages of E¢,=V -0.707V=0.293V and Ec¢;=V + 0.707V=1.707V, respectively.
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Calculations for distortion may be made by means of the following formulas.
The terms used have already been defined.

Imax + Imin - 2 Io
Imax — Imin 4 1.41 (Ix — Iy)

%% 2nd-harmonic distortion = X 100

Imax — Imin — 1.41 (Ix — Iy)
Imax — Imin + 1.41 (Ix — Iy)

% 3rd-harmonie distortion = X 160

% total (2nd and 3rd) harmonic distortion = /(%2nd)2 + (9,3rd)?

The conversion curves given in Fig. 24 apply to electron tubes in general
but are particularly useful for power tubes. These curves can be used for
calculating approximate operating conditions for a plate voltage which is
not included in the published data on oper- 04 _o0s 08 b0 15 20 23
ating conditions. For instance, suppose it is
desired to operate two 6L6’s in class A, push- 7
pull, fixed bias, with a plate voltage of 200 /
volts. The nearest published operating condi-
tions for this class of service are for a plate /
voltage of 250 volts. The operating conditions a
for the new plate voltage can be determined / /
as follows: First compute the ratio of the new 2 y
plate voltage to the plate voltage of the pub-
lished data. In the example, this ratio is
200/250 = 0.8, This figure is the Voltage Con-
version Factor, F.. Multiply by this factor
the published values for 250-volt operation in
order to obtain the new values of grid bias
and screen voltage. This gives a grid bias of
-16 X 0.8 = -12.8 volts, and a sereen voltage of
250 X 0.8 = 200 volts for the new conditions.

To obtain the rest of the new conditions,
multiply the published values by factors shown
on the chart as corresponding to the voltage
conversion factor of 0.8. In this chart,
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Fi applies to plate current and to screen
current,

F, applies to power output

F; applies to load resistance and plate
resistance,

Fem applies to transconductance.

0.2

0.1
0.4 0.6 o8 1O 1.5 2.0 25

Thus, to find the power output for the new VOLTAGE CONVERSION FACTOR (Fe)
conditions, determine the value of F, for a Fig. 24

voltage conversion factor of 0.8. The chart shows that this value of Fp is 0.6.
Multiplying the published value of power output by 0.6, the power output for the
new conditions is 14.5 X 0.6 = 8.7 watts.

A class AB power amplifier employs two tubes connected in push-pull with a
higher negative grid bias than is used in a class A stage. With this higher negative
bias, the plate and screen voltages can usually be made higher than for class A
amplifiers because the increased negative bias holds plate current within the limit
of the tube’s plate-dissipation rating. As a result of these higher voltages, more
power output can be obtained from class AB operation.
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Class AB amplifiers are subdivided into class AB, and class AB,. In class AB;
there is no flow of grid current. That is, the peak signal voltage applied to each grid
is not greater than the negative grid-bias voltage. The grids therefore are not
driven to a positive potential and do not draw current. In class AB,, the peak
signal voltage is greater than the bias so that the grids are driven positive and
draw current.

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

Because of the large fluctuations of plate current in a class AB, stage, it is
important that the plate power supply should have good regulation. Otherwise the
fluctuations in plate current cause fluctuations in the voltage output of the power
supply, with the resuit that power output is decreased and distortion is increased.
To obtain satisfactory regulation it is usually advisable to use a low-drop rectifier,
such as the 5V4-G, with a choke-input filter. In all cases, the resistance of the filter
choke and power transformers should be as low as possible.

In class AB, push.pull amplifier service using triodes, the operating con-
ditions may be determined graphically by means of the plate family if E,, the de-
sired 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. 25. Its position is not affected by the operating grid
bias provided the plate-to-plate load resistance remains constant. Under these
conditions, grid bias has no appreciable effect on the power output. Grid bias can-
not be neglected, however, since it is used to find the zero-signal plate eurrent and,
from it, the zero-signal plate dissipation. Because the grid bias is higher in class
AB; than in class A service for the same plate voltage, a higher signal voltage may
be used without grid current being drawn and, therefore, higher power output
is obtained than in class A service.

In general, for any load line through point D, Fig. 25, the plate-to-plate load
resistance in ohms of a push-pull amplifier is Rpp = 4E,/I’, where I’ is the plate
current value in amperes at which the load line as projected intersects the plate
current axis, and E, is in volts. This formula is another form of the one given under
push-pull clags A amplifiers, Rpp = 4(Es ~0.6E,) /Imax, but is more general. Power
output = (Imax/+/2 )2 X Rpp/4, where Imqax is the peak plate current at zero grid
volts for the load chosen. This formula simplified is (Imax)?2 X Rpp/8. The maximum-
signal average plate current is 2Imax /7 or 0.636 Imax; the maximum-signal average
power input is 0.636 Imax Eo.

It is desirable to simplify these formulas for a first approximation. This simpli-
fication can be made if it is assumed that the peak plate current, Imax, occurs at the
point of the zero-bias curve corresponding approximately to 0.6E,, the condition
for maximum power output. The simplified formulas are:

Power output (for two tubes} = (Imax X Eo}/5
Plate-to-plate load resistance (Rpp) = 1.6Eo/Imax

where E, is in volts, Iax is in amperes, Ry, is in ohms, and power output is in watts.

It may be found during subsequent calculations that the distortion or the plate
dissipation is excessive for this approximation; in that case, a different load resist-
ance must be selected using the first approximation as a guide and the process re-
peated to obtain satisfactory operating conditions.
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Example: Fig. 25 illustrates the application of this method to a pair of 2A3’s oper-
ated at E,=3800 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
E: = 0 curve at the point Iz = 0.26 ampere. Using the simplified formulas, we
obtain

Plate-to-plate load resistance (Rpp) = (1.6 X 300)/0.26 = 1845 ohms
Power output = (0.26 X 300)/5 = 15.6 watta

\ RCA-2A3
\ Eg¢=2.5 VOLTS DC

PLATE AMPERES

‘Ec.

~.80 -60 -40 -20 0
PLATE VOLTS GRID VOLTS
Fig. 25 Fig. 26

At this point, it is well to determine the plate dissipation and to compare it
with the maximum rated value. From the average plate current formula (0.636 Imax)
mentioned previously, the maximum-signal average plate current is 0.166 ampere.
The product of this current and the operating plate voltage is 49.8 watts, the aver-
age input to the two tubes. From this value, subtract the power output of 15.6
watts to obtain the total dissipation for both tubes which is 34.2 watts. Half of this
value, 17 watts, is in excess of the 15-watt rating of the tube and it is necessary,
therefore, to assume another and higher load resistance so that the plate-dissipation
rating will not be exceeded. '

It will be found that at an operating plate voltage of 300 volts the 2A3’s
require a2 plate-to-plate load resistance of 3000 ohms. From the formula for Ry,
the value of I’ 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 I’ = 0.4 ampere on
the plate-current ordinate to the point E, = 300 volts on the plate-voltage abscissa.
At the intersection of the load line with the zero-bias curve, the peak plate current,
Imax, can be read at 0.2 ampere. Then

Power output = (Imax/+/2 ) Rpp/4 = (0.2/1.41) 3000/4 = 15 watts

Proceeding as in the first approximation, we find that the maximum-signal average
plate current, 0.6361n.x, 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 is the dissipation for two tubes; the value per tube is 11,6 watts, a value well
within the rating of this tube type.

The operating bias and the zero-signal plate current may now be found by use
of a curve which is derived from the plate family and the load line. Fig. 26 is a
curve of instantaneous values of plate current and dc grid-bias voltages taken from
Fig. 25. Values of grid bias are read from each of the grid-bias curves of Fig. 25
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along the load line and are transferred to Fig. 26 to produce the curved line from
A to C. A tangent to this curve, starting at A, is drawn to intersect the grid-voltage
abscissa. The point of intersection, B, is the operating grid bias for fixed-bias
operation. In the example, the bias is —60 volts., Refer back to the plate family at
the operating conditions of plate volts = 300 and grid bias = -60 volts; the zero-
signal plate current per tube is seen to be (.04 ampere. This procedure locates the
operating 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 condi-
tions, the signal voltage swings from zero-signal bias voltage to zero bias for each
tube on alternate half cycles. Hence, in the example, the peak af signal 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 distor-
tion in a class AB; amplifier using triodes is very small and is largely cancelled by
virtue of the push-pull connection. Third-harmoniec distortion, however, which may
be larger than permissible, can be found by means of composite characteristic
curves. A complete family of curves ean 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-
strueted with only two points (see Fig. 25). These two points are obtained from
deviations above and below the operating grid and plate voltages. In order to find
the curve for a bias of —-30 volts, we have assumed a deviation of 30 volts from the
operating grid voltage of —60 volts. 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 current at this
intersection, which is 0.167 ampere; likewise, at the intersection of a vertical line
at 300 4+ 40 = 340 volts and the (-60) + (-30) = -90-volt bias curve, read the
plate current. In this example, the plate current is estimated to be 0.002 ampere.
The difference of 0.165 ampere between these two currents determines the point
E on the 300 - 40 = 260-volt vertical. Similarly, another point F on the same com-
posite curve is found by assuming the same grid-bias deviation but a larger plate-
voltage deviation, say, 100 volts. We now have points at 260 volts and 0.165
ampere (E), and at 200 volts and 0.045 ampere (F). A straight line through these
points is the composite curve for a bias of —30 volts, shown as a long-short dash
line in Fig. 25, At the intersection of the composite curve and the load line, G, the
instantaneous composite plate current at the point of one-half the peak signal
swing is determined. This current value, designated I,.; and the peak plate cur-
rent, Imax, are used in the following formula to find peak value of the third-har-
monic component of the plate current.

Ih: = (2Io.5 ~ Imax)/38

In the example, where I;.; is 0.097 ampere and Ingx is 0.2 ampere, Ins = (2 X 0.097 -
0.2)/8 = (0.194-0.2)/3 = —0.006/3 = -0.002 ampere. (The fact that Iy, is negative
indicates that the phase relation of the fundamental (first-harmonic) and third-
harmonic components of the plate current is such as to result in a slightly peaked
wave form. Ip; 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:
Ih; = 2/3 (Imax + Io.s)
In the example, In; = 2/8 (0.2 + 0.097) = 0.198 ampere. Thus, the percentage of
third-harmonie distortion is (Ins/In) 100 = (0.002/0.198)100 = 1%, approx.

A class AB; amplifier employs two tubes connected in push-pull as in the case
of class AB, amplifiers. It differs in that it is biased so that plate current flows for
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somewhat more than half the electrical eycle but less than the full eycle, the peak
signal voltage is greater than the dc bias voltage, grid current is drawn, and con-
sequently, power is consumed in the grid circuit. These conditions permit high
power output to be obtained without excessive plate dissipation.

The sum of the power used in the grid circuit and the losses in the input trans-
former is the total driving power required by the grid circuit. The driver stage should
be capable of a power output considerably larger than this required power in order
that 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 AB;. These quantities are interdependent with
peak grid-voltage swing and driving power; a satisfactory set of operating condi-
tions involves a series of approximations. The load resistance and signal swing are
limited by the permissible grid current and power, and the distortion. If the load
resistance is too high or the signal swing is excessive, the plate-dissipation rating
will be exceeded, distortion will be high, and the driving power will be unneces-
sarily high.

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 ad-
vantage as class AB,, i.e., large power output can be obtained without excessive
plate dissipation. Class B operation differs from class AB, 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 AB; operation.

Because tubes designed for use as class B amplifiers usually operate at zero or
low bias, each grid is at a positive potential during all or most of the positive half-
cycle of its signal swing and consequently draws considerable grid current. There is,
therefore, a loss of power in the grid circuit. This condition imposes the same
requirement in the driver stage as in a class AB, stage, that is, the driver should be
capable of delivering considerably more power output than the power required for
the class B grid circuit in order that distortion be low. Likewise, the interstage
transformer between the driver and class B stage usually has a step-down turns ratio.

Determination of load resistance, plate dissipation, power output, and distor-
tion is similar to that for a class AB, 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 amplifieation factor. With a high amplification factor, plate current
is small even when the grid bias is zero. These tubes, therefore, can be operated
in class B service at a bias of zero volts so that no bias supply is required. A number
of class B amplifier tubes consist of two triode units mounted in one tube. The two
units ean be connected in push-pull so that only one tube is required for a class B
stage. Examples of twin triodes used in class B service are the 6N7 and 1G6-GT.

The preceding text has discussed the use of tubes in the conventional grid-
drive type of amplifier—that is, where the cathode is common to both the input
and output circuits. Tubes may also be employed as amplifiers in circuit arrange-
ments 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 cathode-follower cireuit, which will be discussed later in connection
with inverse feedback.
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A typical eathode drive circuit is shown in Fig. 27. The load is placed in 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 particularly useful for vhi and uhf applications, in which it is neces-
sary to obtain the low-noise performance usually associated with a triode, but
where a conventional grid-drive circuit would be unstable because of feedback
through the grid-to-plate capacitance of the tube. In the cathode-drive circuit, the
grounded grid serves as a capacitive shield between plate and cathode and permits
stable operation at frequencies higher than those in which conventional circuits
can be used. The input impedance of a cathode-drive circuit is approximately equal
to1/gm when the load resistance is small compared to the rp of the tube. A certain
amount of power is required, therefore, to drive such a circuit. However, in the
type of service in which cathode-drive circuits are normally used, the advantages
of the grounded-grid connection usually outweigh this disadvantage.

e

B+

Fig. 27

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

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

The application of the constant-
INPUT §”
SIGNAL

voltage type of inverse feedback to a
power output stage using a single
beam power tube is illustrated by
Fig. 28. In this circuit, R,, R,, and C
are connected across the output of
the 6L6 as a voltage divider. The
secondary of the grid-input trans-
former is returned to a point on this
voltage divider. Capacitor C blocks
the dc plate voltage from the grid.
However, a portion of the tube’s af
output voltage, approximately equal

27

Fig. 28



RCA Receiving Tube Manual

to the output voltage multiplied by the fraction Re/(R; + Rs), is applied to the
grid. This voltage lowers the source impedance of the circuit and a decrease in
distortion results which is explained in the curves of Fig. 29.

€s Ly =M

Fig. 29

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’y has an irreg-
ularity in its positive half-cycle. This irregularity represents a departure from the
waveform of the input signal and is, therefore, distortion. For this plate-current
waveform, the af plate voltage has a waveform shown by e’;,. The plate-voltage
waveform is inverted compared to the plate-current waveform because a plate-
current increase produces an increase in the drop across the plate load. The voltage
at the plate is the difference between the drop across the load and the supply volt-
age; thus, when plate current goes up, plate voltage goes down; when plate current
goes down, plate voltage goes up.

Now suppose that inverse feedback is applied to the amplifier. The voltage
fed back to the grid has the same waveform and phase as the plate voltage, but is
smaller in magnitude. Hence, with a plate voltage of waveform shown by e, the
feedback voltage appearing on the grid is as shown by e’gr. This voltage applied
to the grid produces a component of plate current i’;,1. It is evident that the irregu-
larity in the waveform of this component of plate current would act to cancel the
original irregularity and thus reduce distortion.

After inverse feedback has been applied, the relations are as shown in the curve
for ip. The dotted curve shown by i’y is the component of plate current due to the
feedback voltage on the grid. The dotted curve shown by i’, is the component of
plate current due to the signal voltage on the grid. The algebraic sum of these two
components gives the resultant plate current shown by the solid curve of i,. Since
i’p is the plate current that would flow without inverse feedback, it can be seen
that the application 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
distortion.

From the curve for iy, it can be seen that, besides reducing distortion, inverse
feedback also reduces the amplitude of the output current. Consequently, when
inverse feedback is applied to an amplifier there is a decrease 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 applied to resistance-coupled stages as shewn
in Fig. 80. The circuit is conventional except that a feedback resistor, R,, is con-
nected between the plates of tubes T; and T.. The output signal voltage of T,
and a portion of the output signal voltage of T, appears across R,. Because the
distortion generated in the plate circuit of T, is applied to its grid out of phase
with the input signal, the distortion in the output of T; is comparatively low.
With sufficient inverse feedback of the constant-voltage type in a power-output
stage, it is not necessary to employ a network of resistance and capacitance such
as that described on page 32 in the output circuit to reduce response at high audio
frequencies. Inverse-feedback circuits can also be applied to push-pull class A and
class AB; amplifiers.

Constant-current inverse feedback is AAAAA 1
usually obtained by omitting the bypass Ti R3 T2
capacitor across a cathode resistor. This % %
method decreases the gain and the dis- A A
tortion but increases the source imped- R; SRp
ance of the circuit. Consequently, the
output voltage rises at the resonant fre- [ : l

quency of the loudspeaker and accentu-
ates hangover effects.

C=- B5C+ B+

Fig. 80

Inverse feedback is not generally ap-

plied to a triode power amplifier, such as the 2A3, because the variation in speaker
impedance with frequency does not produce much distortion in a triode stage
_ having low plate resistance. It is sometimes applied in a pentode stage but is not
always convenient. As has been shown, when inverse feedback is used in an ampli-
fier, the driving voltage must be increased in order to give full power output.
When inverse feedback is used with a pentode, the total driving voltage required
for full power output may be inconveniently large, although still less than that
required for a triode. Because a beam power tube gives full power output on a
comparatively small driving voltage, inverse feedback is especially applicable te
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.

INPUT
SIGNAL e ©)
LOAD OUTPUT
L RESISTANCE| VOLTAGE
il = T
C = 8 =
Fig, 31

Another important application of inverse feedback is in the cathode-follower
circuit, an example of which is given in Fig. 381. 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 is taken off between
the cathode and ground. The voltage amplification of this circuit is always less than
unity and may be expressed by the following convenient formulas.
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For a triode:

Voltage amplification = amplification factor X load resistance

plate resistance + load resistance X (amplification factor 4- 1)

For a pentode:

Voltage amplification = transconductance X load resistance

1 4 (transconductance X load resistance)

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

The use of the cathode follower permits the design of circuits which have high
input resistance and high output voltage. The output impedance is quite low and
very low distortion may be obtained. Cathode-follower circuits may be used for
power amplifiers or as impedance transformers designed either to match a trans-
mission line or to produce a relatively high output voltage at a low impedance
level. In a power amplifier which is transformer coupled to the load, the same
output power can be obtained from the tube as would be obtained in a conventional
grid-drive type of amplifier. The output impedance is very low and provides excellent
damping to the load, with the result that very low distortion can be obtained. The
peak-to-peak signal voltage, however, approaches 114 times the plate supply
voltage if maximum power output is required from the tube. Some problems may
be encountered, 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 lower
the output 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 ex-
tremely high input resistance and low input capacitance as might be required in
the probe of an osciiloscope or vacuum-tube voltmeter. Such circuits ecan be de-
signed to provide effective impedance transformation with no significant loss of
voitage.

Selection of a suitable tube and its operating conditions for use in a cathode-
follower circuit having a specified output impedance can be made, in most practical
cases, by the use of the following formula to determine the required tube trans-
conductance.

Required transconductance (micromhos) = 1,000,000

output impedance (ohmas)

Once the required transconductance is obtained, a suitable tube and its oper-
ating conditions may be determined from the TECHNICAL DATA SECTION.
The conversion curves given in Fig. 24 may be used for calculating operating
conditions for values of transconductance not included in the tabulated data. After
the operating conditions have been determined, the value of the required cathode
load resistance may be calculated from the following formula.

For triode:
. — output impedance X plate resistance
Cathode load resistance plate resistanee — output impedance (1 4+ amplification factor)
For pentod--

output impedance
(transconductance X output impedance)

Cathode load resistance =1

Resistance and impedance values are in ohms; transconductance values are in
mhos.
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If the value of the cathode load resistance calculated to give the required output
impedance does not give the required operating bias, the basic cathode-follower
circuit can be modified in a number of ways. Two of the more common modifica-
tions are given in Figs. 32 and 33. In Fig. 32 the bias is increased by adding a
bypassed resistance between the cathode and the unbypassed load resistance and
returning the grid to the low end of the load resistance. In Fig. 33 the bias is re-
duced by adding a bypassed resistance between the cathode and the unbypassed
load resistance but, in this case, the grid is returned to the junction of the two
cathode resistors so that the bias voltage is only the de voltage drop across the
added resistance. The size of the bypass capacitor should be large enough so that

f— ‘E ? B+
INPUT =
SIGNAL
O

Po—

O
OUTPUT OUTPUT
LOAD
(I geaschs VOLTAGE %RES!STANCE VOLTAGE
1 9
- I
Fig. 32 Flg. a3

it presents 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. Example: Select a suitable tube and determine the operating conditions
and circuit components for a cathode-follower circuit having an output impedance
that will match a 500-ohm transmission line. Procedure: First, determine the
approximate transconductance required.

Required transeonductance =L(%’—’(?—OQ= 2000 micromhos

A survey of the tubes that have a transconductance in this order of magnitude
shows that type 12AX7 is among the tubes to be considered. Referring to the
characteristics given in the technical data section for one triode unit of high-mu
twin triode 12AX7, we find that for a plate voltage of 250 volts and a bias of -2
volts, the transconductance is 1600 micromhos, the plate resistance is 62500 ohms,
the amplification factor is 100, and the plate current is 0.0012 ampere. When these
values are used in the expression for determining the cathode load resistance, we

obtain

500 X 62500
Cathode load resistance =gsrss——F00 a0+ 10 - 2600 ochms

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. 31 is employed. The bias is furnished by a
resistance that will have a voltage drop of 2 volts when it carries a current of 0.0012
ampere. The required bias resistance, therefore, is 2/0.0012 = 1670 ohms. If 60
cycles per second 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 4+ 5 = 255 volts.

Since 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 resistance which will also provide the required bias.
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If the triode section of twin diode—high-mu triode 6AT6 is operated under the
conditions given in the technical 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,

. 500 ¥ 54000 _
Cathode load resistance = L0060 — 500 (70 T 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
additional bias resistance will be required and the grid may be returned 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 for the cathode-follower
circuit utilizing the triode section of type 6AT6 is

S 70 X 1460 _
Voltage amplification = grpae——aes eSSV 0.65

For applications in which the cathode follower is used to isolate two circuits—
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 and not impedance
matching is the primary consideration. In such applications 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. 33 should be used. With a high value of cathode resistance, the voltage
amplification will approximate unity.

A corrective filter can be used to improve the frequency characteristic of an
output stage using a beam power tube or a pentode when inverse feedback is not
applicable. The filter consists of a resistor and a ecapacitor connected in series
across the primary of the output transformer. Connected in this way, the filter is
in paralle] with the plate load impedance reflected from the voice-coil by the out-
put transformer. The magnitude of this reflected impedance increases with increas-
ing frequency in the middle and upper audio range. The impedance of the filter,
however, decreases with increasing frequency. It follows that by use of the proper
values for the resistance and the capacitance in the filter, the effective load imped-
ance on the output tubes can be made practically constant for all frequencies in the
middle and upper audio range. The result is an improvement in the frequency
characteristic of the output stage.

The resistance to be used in the filter for a push-pull stage is 1.3 times the
recommended plate-to-plate load resistance; or, for a single-tube stage, is 1.3 times
the recommended plate load resistance. The capacitance in the filter should have
a value such that the voltage gain of the output stage at a frequency of 1000 eyeles
or higher is equal to the voltage gain at 400 cycles. A method of determining the
proper value of capacitance for the filter is to make two measurements of the
output voltage across the primary of the output transformer: first, when a 400~
cycle signal is applied to the input, and second, when a 1000-cycle signal of the same
voltage as the 400-cycle signal is applied to the input. The correct value of capaci-
tance is the one which gives equal output voltages for the two signal inputs. In
practice, this value is usually found to be in the order of 0.05 microfarad.

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

range of the original.

AF QUTPUT Ci, Cs, Cs = 0.1 uf
Ca, Ci, Ce = 0.5 uf

Ri1 = 1-Megohm Potentiometer
(Volume Control)

Rz = 1 Megohm
Ri, Res = 100,000 ohms, 1 watt

Ry = 1-Megohm Potentiometer
(Expansion Control)

10,000 ohms, 0.1 watt

100,000 ohms, 0.1 watt
250,000 ohms, 0.1 watt
500,000 ohms, 0.1 watt

TYPE 6HO

Rg

- L -3 &
I

weT

(LY DU 1,1, RV APR——. V.-
=

6
T PVDELAY VOLTAGE |
Fig. 34

A volume expander circuit is shown in Fig. 34. In this circuit, the gain of the
6L7 as an audio amplifier can be varied by changing the bias on grid No. 3. When
the bias on grid No. 3 is made less negative, the gain of the 6L7 increases. The
signal to be amplified is applied to grid No. 1 of the 6.7 and is amplified by the
6L7. The signal is also applied to the grid of the 6J5, is amplified by the 6J5, and
is rectified by the 6H6. The rectified voltage developed across Rs, the load resistor
of the 6H6, is applied as a positive bias voltage to grid No. 3 of the 6L7. Then,
when the amplitude of the signal input increases, the voltage across R; increases,
and the bias on grid No. 3 of the 6L.7 is made less negative. Because this reduction
in bias increases the gain of the 6L.7, the gain of the amplifier increases with increase
in signal amplitude and thus produces volume expansion of the signal. The voltage
gain of the expander varies from 5 to 20.

Grid No. 1 of the 6L7 is a variable-mu grid and, therefore, will produce dis-
tortion if the input signal voltage is too large. For that reason, the signal input to the
617 should not exceed a peak value of 1 volt. The no-signal bias voltage on grid
No. 3 is controlled by adjustment of contact P. This contact should be adjusted
initially to give a no-signal plate current of 0.15 milliampere in the 6L7. No
further adjustment of contact P is required if the same 6L7 is always used. If it
is desired to delay volume expansion until the signal input reaches a certain am-
plitude, the delay voltage can be inserted as a negative bias on the 6H6 plates at
the point marked X in the diagram. All terminal points on the power-supply volt-
age divider should be adequately bypassed.

A phase inverter is a circuit used to provide resistance coupling between the
output of a single-tube stage and the input of a push-pull stage. The necessity
for a phase inverter arises because the signal-voltage inputs to the grids of a push-
pull stage must be 180 degrees out of phase and approximately equal in amplitude
with respect to each other. Thus, when the signal voltage input to a push-pull
stage swings the grid of one tube in a positive direction, it should swing the grid
of the other tube in a negative direction by a similar amount. With transformer
coupling between stages, the out-of-phase input voltage to the push-pull stage is
supplied by means of the center-tapped secondary. With resistance coupling, the
out-of-phase input voltage is obtained by means of the inverter action of a tube.
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Fig.35showsapush-pull power amplifier, resistance-coupled by means of a phase-
inverter circuit toasingle-stage triode T,. Phaseinversion in this circuit is provided by
triode T,. The output voltage of T, is applied to the grid of triode T;. A portion of
the output voltage of T; is also applied through the resistors R; and R; to the
grid of T.. The output voltage of T, is applied to the grid of triode T,. When the
output voltage of T, swings in the
positive direction, the plate current
of T, increases. This action in-
creases the voltage drop across the
plate resistor R, and swings the v
plate of T;in the negative direction. VOLTAGE
Thus, when the output voltage of T,
swings positive, the output voltage
of T'; swings negative and is, there-
fore, 180° out of phase with the out-
put voltage of T,. In order to ob-
tain equal voltages at E, and Ep,
(Rs+ Rs)/ Rsshould equal the volt-
age gain of T.. Under the conditions
where a twin-type tube or two
tubes having the same characteristics are used at T; and T:, R, should be equal to
the sum of R; and R.. The ratio of Rs+R; to Rsshould be the same as the voltage gain
ratio of T in order to apply the correct value of signal voltage to T;. The value of
R; is, therefore, equal to R4 divided by the voltage gain of T»; R; is equal to R,
minus R;. Values of R;, R,, R; plus R;, and R, may be taken from the chart in the
RESISTANCE-COUPLED AMPLIFIER SECTION. In the practical application
of this circuit, it is convenient to use a twin-triode tube combining T, and T..

Fig. 35

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 limiter in FM
receivers has the function of eliminating amplitude variations from the input to the
detector. Because in an FM system amplitude variations are primarily the result
of noise disturbances, the use of a limiter prevents such disturbances from being
reproduced in the audio output. The limiter usually follows the last if stage so that
it can minimize the effects of disturbances coming in on the rf carrier and those
produced locally.

The limiter is essentially an if voltage amplifier designed for saturated opera-
tion. Saturated operation means that an increase in signal voltage above a certain
value produces very little increase 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 Iimiter output. The limiting action, of course, does not interfere with the
reproduction of frequency variations. Plate-current saturation of the limiter may
be obtained by the use of grid-No.l-resistor-and-capacitor bias with plate and
grid-No.2 voltages which are low compared with customary if-amplifier 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
variations. The output of the limiter is frequency-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 without serious distortion requires that the re-
sponse of the receiver be such that satisfactory amplification of the signal is pro-
vided over the entire range of frequency deviation from the mean frequency. Since
the frequency at any instant depends on the modulation at that instant, it follows
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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 kilocycles,
a band 150 kilocycles wide. Suitable tubes for this purpose are the 6BA6 and 6BJ6.

RECTIFICATION

The rectifying action of a diode finds an important application in supplying a
receiver with dc power from an ac line. A typical arrangement for this applica-
tion includes a rectifier tube, a filter, and a voltage divider. The rectifying action
of the tube is explained briefly under Diodes, in the ELECTRONS, ELEC-
TRODES, AND ELECTRON TUBE SECTION. The function of a filter is to
smooth out the ripple of the tube output, as indicated in Fig. 36, and to increase
rectifier efficiency. The action of the filter is explained in 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 elee-
trodes of the tubes in the receiver,

A half-wave rectifier and a full-wave reectifier circuit are shown in Fig. 37. In
the half-wave circuit, current flows through the rectifier tube to the filter on every
+ other half-cycle of the ac input voltage when the

/\ /\ weansroever — plate is positive with respect to the cathode. In the

0 SECONDARY . .
\/ \/ \/ vt full-wave circuit, ecurrent flows to the filter on every
half-cycle, through plate No. 1 on one half-cycle
*’V\ /‘\ /‘\ mceeovae when plate No. 1 is positive with respect to the
cathode, and through plate No. 2 on the next half-
\/ \/ \Acmﬁ?:ﬁ"a“‘ cycle when plate No. 2 is positive with respect to the
cathode. Because the current flow to the filter is

+ COMBINED . . . . .
N VVV VY %% more uniform in the full-wave circuit than in the
0 PLATES NFI& 2 ; : . .

half-wave circuit, the output of the full-wave circuit

Wﬁg{ﬁgﬁ-" requires less filtering. Rectifier operating informa-
o o tion and circuits are given under each rectifier tube
oc vorace bype and in the CIRCUIT SECTION, respectively.

RaD RECENER Parallel operation of rectifier tubes furnishes

FULL-WAVE RECTIFICATION  an output current greater than that obtainable
Fig. 36 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 allowable voltage and load conditions per tube are the same as for
full-wave service but the total load-handling capability of the complete rectifier

HALF-WAVE RECTIFIER FULL- WAVE RECTIFIER
; 1 l
TP“; OUTPm INPUT ouTeuT
o F"‘TER voLTs 1: F:Igzn
&J Fig. 37 1

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. The value of the resistor to be used will depend on the amount of plate current
that passes through the rectifier. Low plate current requires a high value; high plate
current, a low value. When the plates of mercury-vapor rectifier tubes are connected
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in parallel, the corresponding filament leads should be similarly connected. Other-
wise, the tube drops will be considerably unbalanced and larger stabilizing resistors
will be required. Two or more vacuum rectifier tubes can also be connected in
parallel to give correspondingly higher output current and, as a result of paralleling
their internal resistances, give somewhat 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. 88. The circuit derives
its name from the fact that its de voltage output can be as high as twice the peak
value of ac input. Basically, a voltage doubler
is a rectifier circuit arranged so that the output
voltages of two half-wave rectifiers are in series.

—— T,

AC “ ‘€ The action of a voltage doubler is briefly as
"‘g_ul T oc follows. On the positive half-cycle of the ac
L oUTuT input, that is, when the upper side of the ac

| T 9 input line is positive with respect to the lower
side, the upper diode passes current and feeds

T),T2 = SEPARATE FILAMENT a positive charge into the upper capacitor. As
TRANSFORMER WINDINGS positive charge accumulates on the upper plate
Fig. 38 of the capacitor, a positive voltage builds up

across the capacitor. On the next half-cycle of
the ac input, when the upper side of the line is negative with respect to the lower
side, the lower diode passes current so that a negative voltage builds up across the
lower capacitor. So long as no current is drawn at the output terminals from the
capacitor, each capacitor can charge up to a voltage of magnitude E, the peak value
of the ac input. It can be seen from the diagram that with a voltage of +E on one
capacitor and —E on the other, the total voltage across the capacitors is 2E. Thus
the voltage doubler supplies a no-load dc output voltage twice as large as the
peak ac input voltage. When current is drawn at the output terminals by the load,
the output voltage drops below 2E by an amount that depends on the magnitude of
the load current and the capacitance of the capacitors. The arrangement shown
in Fig. 36 is called a full-wave voltage doubler because each rectifier passes current
to the load on each half of the ac input cyecle.

Two rectifier types especially designed for use as voltage doublers are the
25Z6 and 117Z6-GT. These tubes combine two separate diodes in one tube.
As voltage doublers, the tubes are used in ‘‘transformerless’’ receivers. In these
receivers, the heaters of all tubes in the set are connected in series with a voltage-
dropping resistor across the line. The connections for the heater supply and the
voltage-doubling circuit are shown in Figs. 39 and 40,

VOLTAGE-DOUBLER CIRCUIT VOLTAGE -DOUBLER CIRCWT
FULL-WAVE HALF - WAVE
(L - l' "7 v h l"
Hnrw -C d
RMS RMS R
oo INPUT = oc

INPUT

QUTPUT < ouTPuT

- T T-a.w M T+

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

Fig. 39 'Fig. 40

With the full-wave voltage-doubler circuit in Fig. 39, it will be noted that the
de load circuit can not be connected to ground or to one side of the ac supply line.
This circuit presents certain disadvantages when the heaters of all the tubes in the
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set are connected in series with a resistance across the ac line. Such a circuit arrange-
ment may cause hum because of the high ac potential between the heaters and
cathodes of the tubes. The circuit in Fig. 40 overcomes this difficulty by making
one side of the ac line common 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 cycie, discharges in series with the line voltage through the other half of the
tube. This circuit is called a half-wave voltage doubler because rectified current
flows to the load only on alternate halves of the ac input cycle. The voltage regu-
lation of this arrangement is somewhat poorer than that of the full-wave voltage
doubler.

DETECTION

When speech or music is transmitted from a radio station, the station radiates
a radio-frequency (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 modu-
lated when its amplitude remains essentially constant but its frequency is varied.
In either case, the varying component is modulated in accordance with the audio
frequencies (af) of the speech or music being transmitted.

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

VAR W m

N\ iy
UNMODULATED AF MODULATING
RF CARRIER WAVE AMPLITUDE ~-MODULATED
RF WAVE
Fig. 41

The effect of amplitude modulation on the waveform of the rf wave is shown
in Fig. 41. There are three different basic circuits used for the detection of ampli-
tude-modulated waves: the diode 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 re-
moved, the audio variations of the other half-cycles ecan be amplified to drive
headphones or a loudspeaker.

A diode-detector circuit is shown in Fig. 42. The action of this circuit when a
modulated rf wave is applied is Hlustrated by Fig. 43. The rf voltage applied to

NN,

be

Fig. 42 Fig. 43

iF
INPUT

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 tf voltage, capacitor C charges up to the peak value of the rf voltage.
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Then as the applied rf voitage falls away from its peak value, the capacitor holds
the cathode at a potential more positive than the voltage applied to the anode.
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 registor R. When the rf voltage on the anode rises high enough to exceed
the potential at which the capacitor holds the cathode, current flows again and
the capacitor 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 modulation. The curve for voltage across the
capacitor, as drawn in Fig. 43, is sorhewhat 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 originating at the trans-
mitting station.

Another way to deseribe the action of a diode detector is to consider the
circuit as a half-wave rectifier. When the rf signal on the plate swings positive,
the tube conducts and the rectified current flows through the load resistance R.
Because the dc output voltage of a rectifier depends on the voltage of the ac input,
the de voltage across C varies in aceordance 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 give
full-wave detection. However, in practice, the advantages of this connection
generally do not justify the extra circuit complication.

The diode method of detection produces less distortion than other methods
because the dynamie charaecteristics 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
seleetivity of the input circuit. However, because the diode method of detection
produces less distortion and because it permits the use of simple ave circuits with-
out the necessity for an additional voltage supply, the diode method of detection
is most widely used in broadeast receivers.

. | )
| TO GRID
OF NEXT
AUDIO
STAGE

+B =

Fig. 44 Fig. 45

A typical diode-detector circuit using a twin-diode triode tube is shown in
Fig. 44. Both diodes are connected together. R, is the diode load resistor. A por-
tion of the af voltage developed across this resistor is applied to the triode grid
through the volume control R;. In a typical circuit, resistor R, may be tapped so
that five-sixths of the total af voltage across R, is applied to the volume control.
This tapped connection reduces the af voltage output of the detector circuit
slightly but it reduces audio distortion and improves the rf filtering. DC bias
for the triode section is provided by the cathode-bias resistor R, and the audio
bypass capacitor C;. The function of capacitor C; is to block the de bias of the
cathode from the grid. The function of capacitor C, is to bypass any rf voltage
on the grid to cathode. A twin-diode pentode may also be used in this circuit.
With a pentode, the af output should be resistance-coupled rather than trans-
former-coupled.
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Another diode-detector circuit, called a diode-biased circuit, is shown in
Fig. 45. In this circuit, the triode grid is connected directly to a tap on the diode
load resistor. When an rf signal voltage is applied to the diode, the de voltage
at the tap supplies bias to the triode grid. When the rf signal is modulated, the
af voltage at the tap is applied to the grid and is amplified by the triode. The
advantage of this circuit over the self-biased arrangement shown in Fig. 44 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. Because
the bias voltage on the triode depends on the average amplitude of the rf voltage
applied to the diode, the average amplitude of the voltage applied to the diode
should be constant for all values of signal strength at the antenna. Otherwise
there will be different values of bias on the triode grid for different signal strengths
and the triode will produce distortion. Because there is no bias applied to the diode-
biased triode when no rf voltage is applied to the diode, sufficient resistance should
be included in the plate circuit of the triode to limit its zero-bias plate current to a
safe value. These restrictions mean, in practice, that the receiver should have a
separate-channel ave system. With such an ave 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 hias 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
6ST7 having a medium-mu triode. Tube types having a high-mu triode or a
pentode should not be used in a diode-biased circuit.
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A grid-bias detector circuit is shown in Fig. 46. 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 ri signal are amplified by the tube. The signal is, therefore,
detected in the plate circuit. The advantages of this method of detection are that
it amplifies the signal, besides detecting it, and that it does not draw current from
the input circuit and therefore does not lower the selectivity of the input circuit.

The grid-resistor-and-capacitor method, illustrated by Fig. 47, is somewhat
more sensitive than the grid-bias method and gives its best results on weak signals.
In this circuit, there is no negative de bias voltage applied to the grid. Hence, on
the positive half-cycles of the rf signal, current flows from grid to cathode. The
grid and cathode thus act as a diode detector, with the grid resistor as the
diode load resistor and the grid capacitor as the rf bypass capacitor. The voltage
across the capacitor then reproduces the af modulation in the same manner as
has been explained for the diode detector. This voltage appears between the grid
and cathode and is therefore amplified in the plate ecircuit. The output voltage
thus reproduces the original af signal.
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In this detector circuit, the use of a high-resistance grid resistor increases
selectivity and sensitivity. However,improved af response and stability are obtained
with lower values of grid-eircuit resistance. This detector circuit amplifies the
signal, but draws current from the input circuit and therefore lowers the selectivity
of the input circuit.

The effect of frequency modulation on the waveform of the rf wave is shown
in Fig. 48. In this type of transmission, the frequency of the rf wave deviates from
a mean value, at an af rate depending on the
modulation, by an amount that is determined in
the transmitter and is proportional to the am-
plitude of the af modulation signal. For this
type of modulation, a detector is required to
discriminate between deviations above and be-
UNMODULATED RF CARRIER low the mean frequency and to translate those

deviations into a voltage whose amplitude va-

ries at audio frequencies. Since the deviations
/\ /\ occur at an audio frequency, the process is one
\/ \/ of demodulation, and the degree of frequency
deviation determines the amplitude of the de-

AF MODULATING WavE modulated (af) voltage.

A simple circuit for converting frequency
variations to amplitude variations is a ecircuit
V\ which is tuned so that the mean radio fre-

quency is on one slope of its resonance charac-

teristic, as at A of Fig. 49. With modulation,

the frequency swings between B and C, and

Fig. a8 the voltage developed across the circuit varies

at the modulating rate. In order that no dis-

tortion 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 developed is low. Because of these limitations, this circuit is not
commonly used but it serves to illustrate the principle.

FREQUENCY~MODULATED RF WAVE.

VOLTAGE

FREQUENCY
Fig. 49

The faults of the simple circuit are overcome in a push-pull arrangement,
sometimes called a discriminator circuit, such as that shown in Fig. 50. Because
of the phase relationships between the primary and each half of the secondary of
the input transformer (each half of the secondary is connected in series with the
primary through capacitor C.), the rf voltages applied to the diodes become unequal
as the rf signal swings from the resonant frequency in each direction. Since the
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swing occurs at audio frequencies (determined by the af modulation), the voltage
developed across the diode load resistors, R, and R. connected in series, varies at

Fig. 50

audio frequencies. The output voltage depends on the difference in amplitude of the
voltages developed across R, and R.. These voltages are equal and of opposite
sign when the rf carrier is not modulated and the output is, therefore, zero. When
modulation is applied, the output voltage varies as indicated in Fig. 51.
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Because this type of FM detector is sensitive to amplitude variations in the
rf carrier, a limiter stage is frequently used to remove most of the amplitude modu-
lation from the carrier. (See Limiters under Amplification.)

Another form of detector for frequency-modulated waves is called a ratio
detector. This FM detector, unlike the previous one which responds to a difference
in voltage, responds only to changes in the ratio of the voltage across the two
diodes (Fig. 52) and is, therefore, insensitive to changes in the differences in the
voltages due to amplitude modulation of the rf carrier.

The basic ratio detector is given in Fig. 52. The plate load for the final inter-
mediate-frequency-amplifier stage is the parallel resonant circuit consisting of C,
and the primary transformer T. The tuning and coupling of the transformer is
practically the same as in the previous circuit and, therefore, the rf voltages applied
to the diodes depend upon how much the rf signal swings from the resonant fre-
quency in each direction. At this point the similarity ends.
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Diode 1, R,, and diode 2 complete a series circuit fed by the secondary of the
transformer T. The two diodes are connected in series so that they conduct on the
same rf half-cycle. The rectified current through R. causes a negative voltage to
appear at the plate of diode 1. Because C; is large, this negative voltage at the plate
of diode 1 remains constant even at the lowest audio frequencies to be reproduced.
The rectified voltage across C; is proportional to the voltage across diode 1, and the
rectified voltage across C, is proportional to the voltage across diode 2. Since the
voltages across the two diodes differ according to the instantaneous frequency of
the carrier, the voltages across C; and C, differ proportionately, the voltage across
C; being the larger of the two voltages at carrier frequencies below the intermediate
frequency and the smaller at frequencies above the intermediate frequency. These
voltages across C; and C, are additive and their sum is fixed by the constant voltage
across Cs. Therefore, while the ratio of these voltages varies at an audio rate, their
sum is always constant. The voltage across C, varies at an audio rate when a fre-
quency-modulated rf carrier is applied to the ratio detector; this audio voltage is
extracted and fed to the audio amplifier. For a complete circuit utilizing this type
of detector, refer to the CIRCUIT SECTION.

AUTOMATIC VOLUME CONTROL

The chief purposes of automatic volume control in a receiver are to prevent
fluetuations in loudspeaker volume when the signal at the antenna is fading in and
out, and to prevent an unpleasant blast of loud volume when the set is tuned from
a weak signal, for which the volume control has
Ave been turned up high, to a strong signal. To accom-

plish these purposes, an automatic volume control

circuit regulates the receiver’s rf and if gain so

that this gain is less for a strong signal than for a

= weak signal. In this way, when the signal strength

c © AL at the antenna changes, the ave circuit reduces the

L <2 = resultant change in the voltage output of the last

if stage and consequently reduces the change in
the speaker’s output volume.

OUTPUT
OF LAST
IF STAGE

AvC
BIAS
VOLTAGE

The ave circuit reduces the rf and if gain for a strong signal usually by in-
creasing the negative bias of the rf, if, and frequency-mixer stages when the signal
increases. A simple ave circuit is shown in Fig. 53. On each positive half-cycle of
the signal voltage, when the diode plate is positive with respect to the cathode, the
diode passes current. Because of the flow of diode current through R,, there is a
voltage drop across R, which makes the left end of R, negative with respect to
ground. This voltage drop across R, is applied, through the filter R, and , as
negative bias on the grids of the preceding stages. Then, when the signal strength
at the antenna increases, the signal applied to the ave diode increases, the voltage
drop across R, 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 increase 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 ave. When the signal strength at
the antenna decreases from a previous steady value, the ave cireuit acts, of course,
in the reverse direction, applying less negative bias, permitting the rf and if gain to
increase, and thus reducing the decrease in the signal output of the last if stage. In
this way, when the signal strength at the antenna changes, the ave eircuit 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 R;, prevents the ave voltage from varying at audio frequency.
The filter is necessary because the voltage drop across R: varies with the modulation
of the carrier being received. If ave voltage were taken directly from R; without
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filtering, the audio variations in ave voltage would vary the receiver’s gain so as to
smooth out the modulation of the carrier. To avoid this effect, the ave voltage is
taken from the capacitor C. Because of the resistance R, in series with C, the ca-
pacitor C can charge and discharge at only a comparatively slow rate. The ave
voltage therefore cannot vary at frequencies as high as the audio range but can
vary at frequencies high enough to compensate for most fading. Thus the filter
permits the ave circuit to smooth out variations in signal due to fading, but pre-
vents the circuit from smoothing out audio modulation.,

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

In the circuit shown in Fig. 53, a certain amount of ave negative bias is applied
to the preceding stages on a weak signal. Since it may be desirable to maintain
the receiver’s rf and if gain at the maximum possible value for a weak signal, ave
circuits are designed in some cases to apply no avce bias until the signal strength
exceeds a certain value. These ave circuits are known as delayed ave or dave
circuits. A dave circuit is shown in Fig. 54. In this circuit, the diode section Dy
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of the 6H6 acts as detector and ave diode. R, is the diode load resistor and R,
and C, are the ave filter. Because the cathode of diode D: is returned through a
fixed supply of -3 volts to the cathode of D,, a de¢ current flows through R; and
R: in series with D.. The voltage drop caused by this current places the ave lead
at approximately —3 volts (less the negligible drop through D;). When the average
amplitude of the rectified signal developed across R, does not exceed 3 volts, the
ave lead remains at —3 volts. Hence, for signals not strong enough to develop
3 volts across R,, the bias applied to the controlled tubes stays constant at a value
giving high sensitivity. However, when the average amplitude of rectified signal
voltage across R; exceeds 3 volts, the plate of diode D, becomes more negative
than the cathode of D, and current flow in diode D: ceases. The potential of the
ave lead is then controlled by the voltage developed across R;. Therefore, with
further increase in signal strength, the ave circuit applies an increasing avce bias
voltage to the controlled stages. In this way, the circuit regulates the receijver’s
gain for strong signals, but permits the gain to stay constant at a maximum value
for weak signals.

It can be seen in Fig. 54 that a portion of the —3 volts delay voltage is applied
to the plate of the detector diode D,, this portion being approximately equal to
R,/(R; + R,) times -3 volts. Hence, with the circuit constants as shown, the
detector plate is made negative with respect to its cathode by approximately one-
half volt. However, this voltage does not interfere with detection because it is not
large enough to prevent current flow in the tube.
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TUNING INDICATION WITH ELECTRON-RAY TUBES

Electron-ray tubes are designed to indicate visually by means of a fluorescent
target the effects of a changein controlling voltage. One application of them is as
tuning indicators in radio receivers. Types such as the 6U5, 6E5, and the 6AB5/6Nb

contain two main parts: (1) a triode
AlenT= _HUGRESCENT  which operates as a dc amplifier and

SHIELD RAY-CONTROL (2) an electron-ray indicator which is
5P | —— ELECTRODE located in the bulb as shown in Fig. 55.

W The target is operated at a positive
PR ,.-Lﬁ',?TDE voltage and, therefore, attracts elec-
trons from the cathode, When the elec-
trons strike the target they produce a
~ —CATHODE glow on the fluorescent coating of the
target. Under these conditions, the

target appears as a ring of light.

TARGET— "

=
TRIODE __ — T4
GRID

A ray-control electrode is mount-
ed between the cathode and target. When the potential of this electrode is less
positive than the target, electrons flowing to the target are repelled by the electro-
static 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 shadow on the glowing target. The extent of this shadow
varies from approximately 100° of the target when the control electrode is much
more negative than the target to 0° when the control electrode is at approximately
the same potential as the target.

In the application of the electron-ray tube, the potential of the control elec-
trode is determined by the voltage on the grid of the triode section, as can be seen in
Fig. 56. The flow of the triode plate current through resistor R produces a voltage
drop which determines the potential of the control electrode. When the voltage of
the triode grid changes in the positive direction, plate current increases, the poten-
tial of the control electrode goes down because of the increased drop across R, and
the shadow angle widens. When the potential of the triode grid changes in the nega-
tive direction, the shadow angle narrows.

"TYPE B6K7 BAFE-G
. TRIODE v AAANN
| 1 CONNECTED R
ELECTRON-
RAY TUSE
AVC a (-
VOLTAGE
f
L B+
TO CONTROLLING N
* VOLTAGE -3 RITYRICAL VALUE 15 0.5 MEGOHM
Fig. 56 Fig. 57

Another type of indicator tube is the 6AF6-G. This tube contains only an
indicator unit but employs two ray-control electrodes mounted on opposite sides
of the cathode and connected to individual base pins. It employs an external de
amplifier. (See Fig. 57.) Thus, two symmetrically opposite shadow angles may be
obtained by connecting the two ray-control electrodes together; or, two unlike
patterns may be obtained by individual connection of each ray-control electrode
to its respective amplifier.

In radio receivers, ave voltage is applied to the grid of the de amplifier. Because
ave 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.
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The choice between electron-ray tubes depends on the ave characteristic of the
receiver. The 6E§ contains a sharp-cutoff triode which closes the shadow angle on
a comparatively low value of ave voltage. The 6AB5/6Nb6 and 6U5 each have a
remote-cutoff triode which closes the shadow on a larger value of ave voltage than
the 6E5. The 6AF6-G may be used in conjunction with de amplifier tubes having
either remote- or sharp-cutoff characteristics.

OSCILLATION

As an oscillator, an electron tube can be employed to generate a continuously
alternating voltage. In present-day radio broadcast receivers, this application is
limited practically to superheterodyne receivers for supplying the heterodyning
frequency. Several circuits (represented in Figs. 58 and 59) may be utilized, but
they all depend on feeding more energy from the plate circuit to the grid circuit
than is required to equal the power loss in the grid circuit. Feedback may be

- -
% ?.‘
(l 3 (E
B= A—-B# B- HEATER 8+
At TRANSFORMER
Fig. 58 Fig. 59

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. The action consists of regular surges of
power between the plate and the grid circuit at a frequency dependent on the
circuit constants of inductance and capacitance. By proper choice of these values,
the frequency may be adjusted over a very wide range.

The relaxation oscillator is an oscillator with a non-sinusoidal output. It
differs from the preceding type in that the oscillations are obtained by abruptly
releasing energy previously stored in the electric field of a capacitor. A multi-
vibrator is a special type of relaxation oscillator used in television receivers and
other electronic applications. A multivibrator may be considered as a two-stage
resistance-coupled amplifier in which the output of each tube is coupled into the
input of the other tube in order to sustain oscillations.

t'ig. 60

Fig. 60 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 starts with one tube usually at zero bias and the other at cutoff
or beyond. Each tube introduces a 180° phase shift so that the energy fed back has
the phase relation necessary to sustain oscillation. The frequency of oscillation is
determined primarily by the constants of the resistance-capacitance coupling circuits.
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FREQUENCY CONVERSION

Frequency conversion is used in superheterodyne receivers to change the
frequency of the rf signal to an intermediate frequency. To perform this change in
frequency, a frequency-converting device consisting of an oscillator and a frequency
mixer is employed. In such a device,
shown diagrammatically in Fig. 61,

RADIO
FRE::;’S:CY FREQUENGY | EREQUENCY - two voltages of different frequency, the
MIXER ouTPUT rf signal voltage and the voltage gen-
[ erated by the oscillator, are applied to
OSCILLATOR the input of the frequency mixer.

These voltages beat, or heterodyne,

within the mixer tube to produce a

Fig. 61 plate current having, in addition to

the frequencies of the input voltages,

numerous sum and difference frequencies. The output circuit of the mixer stage is

provided with a tuned circuit which is adjusted to select only one beat frequency,

i.e., the frequency equal to the difference betweeen the signal frequency and the

oscillator frequency. The selected output frequency is known as the intermediate

frequency, or if. The output frequency of the mixer tube is kept constant for all
values of signal 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, overall gain for the receiver.

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

A method widely used before the availability of tubes especially designed for
frequency-conversion service and currently used in many FM, television, and
standard broadcast receivers, employs as mixer tube either a triode, a tetrode, or
a pentode, in which oscillator voltage and signal voltage are applied to the same
grid. In this method, coupling between the oscillator and mixer circuits is obtained
by means of induetance 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. One
arrangement of the electrodes for this type is shown in Fig. 62. 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. These and the cathode
can be considered as a composite cathode which
supplies to the rest of the tube an electron
stream that varies at the oscillator frequency.
This varying electron stream is further con-
trolled by the rf signal voltage on grid No. 4.
Thus, the variations in plate current are due
to the combination of the oscillator and the sig-
nal frequencies. The purpose of grids No. 8 and
No. 5, which are connected together within the
tube, is to accelerate the electron stream and to
shield grid No. 4 electrostatically from the
other electrodes. The 6A8 is an example of a
pentagrid-converter type.

FREQUENCY CONVERTER
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Pentagrid-converter tubes of this design are good frequency-converting devices -
at medium frequencies. However, their performance is better at the lower frequencies
because the output of the oscillator drops off as the frequency is raised and because
certain undesirable effects produced by interaction between oscillator and signal
sections of the tube increase with frequency. To minimize these effects, several
of the pentagrid-converter tubes are designed so that no electrode functions alone
as the oscillator anode. In these tubes, grid No. 1 functions as the oscillator grid,

- TYPE 6BE6
RF
QUTPUT

PLATE

GRID N2 5

GRID N2 3
(SUPPRESSCR)

{RF SIGNAL)

GRIDS N2 244
{SCREEN)

OSCILLATOR
CIRCUIT Y

Fig. 62

and grid No. 2 is connected within the tube to the screen (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 suppressor. Con-
verter tubes of this type are designed so that the space charge around the cathode
is unaffected by electrons from the signal grid. Furthermore, the electrostatic field
of the signal grid also has little effect on the space charge. The result is that rf
voltage on the signal grid produces little effect on the cathode current. There is,
therefore, little detuning of the oscillator by avc bias because changes in avce bias
produce little change in oscillator transconductance or in the input capacitance of
grid No. 1. Examples of the pentagrid converters discussed in this paragraph are
the single-ended types 1R5 and 6BE6. A schematic diagram illustrating the use of
the 6BE6 with self-excitation is given in Fig. 63; the 6BE6 may also be used with
separate excitation. A complete circuit is shown in the CIRCUIT SECTION.

Another method of frequency conversion utilizes a separate oscillator having
its grid connected to the No. 1 grid of a mixer hexode. A tube utilizing this con-
struction is the 6K8; a top view of its electrode arrangement is shown in Fig. 64.
The cathode, triode grid No. 1, and triode plate form the oscillator unit of the tube.
The cathode, hexode mixer grid
(gl‘ld No. 1), hexode double- HEXODE (MIXER } PLATE
screen (grids Nos. 2 and 4), HEXODE (SIGNAL)
hexode mixer grid (grid No. 3), CRID Ne3
and hexode plate constitute the
mixer unit. The internal shields  nevooe crip N2z
are connected to the shell of the M!XER SCREEN sECTioN)
tube and act as a suppressor for HEXODE (MIXER) CATHODE
the hexode unit. The action oRib Mt .
of the 6K 8 in converting a radio- Fig. 64
frequency signal to an intermediate frequency depends on (1) the generation of a
local frequency by the triode unit, (2) the transferring of this frequency to the hex-
ode grid No. 1, and (8) the mixing in the hexode unit of this frequency with that of
the rf signal applied to the hexode grid No. 8. The 6K8 is not critical to changes in
oscillator-plate voltage or signal-grid bias and, therefore, finds important use in
all-wave receivers to minimize frequency-shift effects at the higher frequencies.
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A further method of frequency conversion employs a tube called a pentagrid
mixer. This type has two independent control grids and is used with a separate
oscillator tube. RF signal voltage is ap-
piied to one of the control grids and os- TYPE 6L7
cillator voltage is applied to the other. OSCILL ATOR GRID N25

It follows, therefore, that the variations SEING e (suPPRESSOR) [ TF

3 . OUTPUT
in plate current are due to the combina- TUBE | CIRCUIT
tion of the oscillator and signal frequencies. (OSCILLATOR) CRIDS Ne2 8
The arrangement of electrodes in a penta- (SCREEN)
grid-mixer tube is shown in Fig. 65. The NPT HEATER

tube contains a heater cathode, five grids, cireuir [ A1 caThooe

and a plate. Grids Nos. 1 and 3 are RF

control grids, The rf signal voltage is ap- SIGNAL)

plied to grid No. 1. This grid has a remote-
cutoff characteristic and is suited for con-
trol by ave bias voltage. The oscillator voltage is applied to grid No. 3. This grid
has a sharp-cutoff characteristic and produces a comparatively large effect on plate
current for a small amount of oscillator voltage. Grids Nos. 2 and 4 are connecfed
together within the tube. They accelerate the electron stream and shield grid No. 3
electrostatically from the other electrodes. Grid No. 5, connected within the tube
to the cathode, functions similarly to the suppressor in a pentode. The 6L7 is a
pentagrid-mixer tube.

Fig. 65

AUTOMATIC FREQUENCY CONTROL

An automatic frequency control (afe) circuit provides a means of correcting
automatically the intermediate frequency of a superheterodyne receiver if, for any
reason, it drifts from the frequency to which the if stages are tuned. This correction
is made by adjusting the frequency of the oscillator. Such a circuit will automati-
cally compensate for slight changes in rf carrier or oscillator frequency as well as
for inaccurate manual or push-button tuning.

An afc system requires two sections: a frequency detector and a variable
reactance. ,The detector section may be essentially the same as the FM detector
illustrated in Fig. 50 and discussed under Delection. In the afe system, however,
the output is a de control voltage, the magnitude of which is proportional to the
amount of frequency shift. This de control voltage is used to control the grid bias
of an electron tube which comprises the variable reactance section (Fig. 66), The
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Fig. 66

plate current of the reactance fube is shunted across the oscillator tank circuit.
Because the plate current and plate voltage of the reactance tube are almost 90°
out of phase, the control tube affects the tank circuit in the same manner as a re-
actance. The grid bias of the tube determines the magnitude of the effective re-
. actance and, consequently, a control of this grid bias can be used to control the oscil-
lator frequency.
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Electron Tube Installation

The installation of electron tubes requires care if high-quality performance is
to be obtained from the associated cireuits. Installation suggestions and precautions
which are generally common to all types of tubes are covered in this section.
Careful observance of these suggestions will do much to help the experimenter
and electronic technician obtain the full performance capabilities of radio tubes
and circuits. Additional pertinent information is given under each tube type and
in the CIRCUIT SECTION.

FILAMENT AND HEATER POWER SUPPLY

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

The filament or heater voltage supply may be a direct-current source (a battery
or a de power line) or an alternating-current power line, depending on the type
of service and type of tube. Frequently, a resistor (either variable or fixed) is used
with a de supply to permit compensation for battery voltage variations or to adjust
the tube voltage at the socket terminals to the correct value. Ordinarily, a step-
down transformer is used with an ae supply to provide the proper filament or
heater voltage. Receivers intended for operation on both de and ac power lines
have the heaters connected in series with a suitable resistor and supplied directly
from the power line.

DC filament or heater operation should be considered on the basis of the
source of power. In the case of the battery supply for the 1.4-volt filament tubes,
it is unnecessary to use a voltage-dropping resistor in series with the filament
and a single dry-cell; the filaments of these tubes are designed to operate satis-
factorily over the range of voltage variations that normally occur during the life
of a dry-cell. Likewise, no series resistor is required when the 1.25-volt filament
subminiatures are operated from a single 1.5-volt flashlight-type dry-cell, when the
2-volt filament type tubes are operated from a single storage cell, or when the 6.3-
volt series are operated from a 6-volt storage battery. In the case of dry-battery
supply for 2-volt filament tubes, a variable resistor in series with the filament and
the battery is required to compensate for battery variations. Turning the set on
and off by means of the rheostat is advised to prevent over-voltage conditions
after an off-period because the voltage of dry-cells rises during off-periods. In the
case of storage-battery supply, air-cell-battery supply, or de power supply, a non-
adjustable resistor of suitable value may be used. It is well to check initial operating
conditions, and thus the resistor value, by means of a voltmeter or ammeter,

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

supply volis — rated volts of tube type
total rated filament current (amperes)

Required resistance (ohmas) =
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Thus, if a receiver using three 82’s, two 30°’s, and two 31’s is to be operated from
dry batteries, the series resistor is equal to 3 volts (the voltage from two dry-cells
in series) minus 2 volts (voltage rating for these tubes) divided by 0.56 ampere
(the sum of 5 X 0.060 ampere + 2 X 0.130 ampere), i.e., approximately 1.8 ohms,
Since this resistor should be variable to allow adjustment for battery depreciation,
it is advisable to obtain the next larger commerecial size, although any value between
2 and 3 ohms will be quite satisfactory. Where much power is dissipated in the
resistor, the wattage rating should be sufficiently large to prevent overheating.
The power dissipation in watts is equal to the voltage drop in the resistor multiplied
by the total filament current in amperes. Thus, for the example above 1 X 0.56 =
0.56 watt. In this case, the value is so small that any commercial rheostat with
suitable resistance will be adequate.

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

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

Required resistance (ohms) =

Thus, if a receiver having one 6SA7, one 6SK7, one 6SF7, one 25L6-GT, and one
25Z6-GT is to be operated from a 117-volt power line, the series resistor is equal to
117 volts (the supply voltage) minus 68.9 volts (the sum of 3 X 6.3 volts + 2 X 25
volts) divided by 0.3 ampere (current rating of these tubes), i.e., approximately
160 ohms. The wattage dissipation in the resistor will be 117 volts minus 68.9 volts
times 0.3 ampere, or approximately 14.4 watts. A resistor having a wattage rating
in excess of this value should be chosen.

When the series-heater connection is used in ac/de receivers, it is usually
advisable to arrange the heaters in the circuit so that the tubes most sensitive to
hum disturbances are at or near the ground potential of the circuit. This arrange-
ment reduces the amount of ac voltage between the heaters and cathodes of these
tubes and minimizes the hum output of the receiver. The order of heater connec-
tion, by tube function, from chassis to the rectifier-cathode side of the ac line is
shown in Fig. 67.

FIRST RF VOLTAGE
AUDIO CON- POWER RECTI-
— AF — — AND IF — — DROPPING
DETECTOR || svpLiFLER VERTER STAGES AMPLIFIER FIER RESISTOR
-l?— (', nrwv, J)
- AC OR DC
Fig. 67

AC filament or heater operation should be considered on the basis of either a
parallel or a series arrangement of filaments and/or heaters. In the case of the
parallel arrangement, a step-down transformer is employed. Precautions should
be taken to see that the line voltage is the same as that for which the primary of
the transformer is designed. The line voltage may be determined by measurement
with an ac voltmeter (0-150 volts).

If the line voltage measures in excess of that for which the transformer is
designed, a resistor should be placed in series with the primary to reduce the line
voltage to the rated value of the transformer primary. Unless this is done, the
excess input voltage will cause proportionally excessive voltage to be applied to
the tubes. Any electron tube may be damaged or made inoperative by excessive
operating voltages.
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If the line voltage is consistently below that for which the primary of the trans-
former is designed, it may be necessary to install a booster transformer between
the ac outlet and the transformer primary. Before such a transformer is installed,
the ac line fluctuations should be very carefully noted. Some radio sets are equipped
with a line-voltage switech which permits adjustment of the power transformer
primary to the line voltage. When this switch is properly adjusted, the series-
resistor or booster-transformer method of controlling line voltage is seldom required.

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

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

HEATER-TO-CATHODE CONNECTION

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

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

If a large resistor is used between heater and cathode, it should be bypassed
by a suitable capacitor or objectionable hum may develop. The hum is due to
the fact that even a minute pulsating leakage current flowing between the heater
and cathode will develop a small voltage across any resistance in the circuit. This
hum voltage is amplified by succeeding stages.

PLATE YOLTAGE 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 corre-
sponding 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
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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 “cathode bias” or ‘“‘self
bias’; the third is called ‘“‘grid-resistor bias’ and is sometimes incorrectly referred
to in receiving-tube practice as ‘‘zero-bias operation.” In any case, the object
is to make the grid negative with respect to the cathode by the specified voltage.
When a C-battery is used, the negative terminal 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 fila-
ment is supplied with alternating current, this connection is usually made to the
center-tap of a low resistance (20-50 ohms) shunted across the filament terminals.
This method reduces hum disturbances caused by the ac supply. If bias voltages
are obtained from the voltage divider of a high-voltage de supply, the grid return
is connected to a more negative tap than the cathode.

The eathode-biasing method utilizes the voltage drop produced by the
cathode current flowing through a resistor connected between the cathode and the
negative terminal of the B-supply. (See Fig. 68.) The cathode current is, of course,
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Fig. 68

equal to the plate current in the case of a triode, or to the sum of the plate and
grid-No.2 currents in the case of a tetrode, pentode, or beam power tube. Because
the voltage drop along the resistance is increasingly negative with respect to the
cathode, the required negative grid-bias voltage can be obtained by connecting
the grid return to the negative end of the resistance.

The value of the resistance for cathode-biasing a single tube can be determined
from the following formula:

desired grid-bias volt-age x 1000
rated cathede current in milliamperes

Resistance (6hms) =

Thus, the resistance required to produce 9 volts bias for a triode which operates
at 8 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 resistor depends on circuit-design requirements.
In rf circuits the cathode resistor usually is bypassed. In af circuits the use of an
unbypassed resistor will reduce distortion by introducing degeneration into the
circuit. However, the use of an unbypassed resistor decreases gain and power sensi-
tivity. When bypassing is used, it is important that the bypass capacitor be suffi-
ciently large to have negligible reactance at the lowest frequency to be amplified.
In the case of power-output tubes having high transconductance such as the beam
power tubes, it may be necessary to shunt the bias resistor with a small mica
capacitor (approximately 0.001.f) 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 transconduectance, such as the 6BAS,
6CB6, and 6ACT, input capacitance and input conductance change appreciably
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with plate current. When such a tube having a separate suppressor connection is
used as an rf amplifier, these changes may be minimized by leaving a certain por-
tion 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 appreciable 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 between the materials comprising the grid and
cathode and (2) grid rectification when the grid is driven positive. A large value
of resistance is required in order to limit this current to a very small value and
to avoid undesirable loading effects on the preceding stage. Examples of this
method of bias are given in circuits 17-1 and 17-4 in the CIRCUIT SECTION.
In both of these circuits, the audio amplifier type 1U5 or 12AV6 has a 10-megohm
resistor between the grid and the negative filament or cathode to furnish the
required bias which is usually less than 1 volt. This method of biasing is used
principally in the early voltage amplifier stages (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 required
bias. In these circuits, the grid voltage is relatively constant and its magnitude is
usually in the order of 5 volts or more. Consequently, the bias voltage is obtained
only through grid rectification. A relatively low value of resistor, 0.1 megohm or
less, is used. Oscillator circuits employing this method of bias are given in circuits
17-1 and 17-4 in the CIRCUIT SECTION.

Grid-bias variation for the rf and if amplifier stages is a econvenient 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. 69 and 70; (2) from a bleeder circuit by means of a potentiometer as shown
in Fig.71;or (3) from a bleeder circuit in which the bleeder current is varied by a
tube used for automatic volume control. The latter circuit is shown in Fig. 53.
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In all eases it is important that the control be arranged so that at no time will the
bias be less than the recommended minimum grid-bias voltage 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 connecting
a fixed cathode resistance in series with the variable resistance used for regulation.
Where receiver gain is controlled by grid-bias variation, it is advisable to have the
control voltages extend over a wide range in order to minimize cross-modulation
and modulation-distortion. A remote-cutoff type of tube should, therefore, be
used in the controlled stages.
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In most tubes employing a unipotential 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. 72. The value of grid voltage at which positive grid
current starts to flow is generally referred to as contact potential. Contact potential

/

;’Q

GRID VOLTS +

T~CONTACT POTENTIAL
POINT

%
) N CURRENT +

Fig. 72

is caused by the initial velocity of emission of electrons from the cathode and an
electrothermal effect due to the differences in temperature and in material compo-
sition of the grid and the cathode. The value of this voltage may be as high as 114
volts. If the operating bias of the tube is less than the contact potential, it is found
that two effects are present. Direct current flows in the grid circuit, and the dy-
namic input resistance of the tube may be relatively low. It is generally desirable
to supply the tube with a value of bias sufficiently high so that the tube is not
operating within the contact-potential region. When a tube must be operated
within this region, care should be taken to avoid undesirable effects in the grid
circuit due to grid current or low input resistance.

SCREEN VOLTAGE SUPPLY

The positive voltage for the screen (grid No. 2) of screen-grid tubes may be
obtained from a tap on a voltage divider, from a potentiometer, or from a series
resistor connected to a high-voltage source, depending on the particular tube
type and its application. The screen 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 characteristic screen-current varia-
tions of tetrodes. Fig. 73 shows a tetrode with its screen voltage obtained from
a potentiometer. When pentodes or beam power tubes are operated under condi-
tions where a large shift of plate and screen currents does not take place with the
application of the signal, the screen voltage may be obtained through a series

Av  A- B- B+
Fig. 713

resistor from a high-voltage source. This method of supply is possible because of
the high uniformity of the screen-current characteristic in pentodes and beam
power tubes. Because the screen voltage rises with increase in bias and resulting
decrease in screen current, the cutoff characteristic of a pentode is extended by this
method of supply. The method is sometimes used to increase the range of signals

54




RCA Receiving Tube Manunal

which can be handled by a pentode. When used in resistance-coupled amplifier
circuits employing pentodes in combination with the cathode-biasing method, it
minimizes the need for circuit adjustments. Fig. 74 shows a pentode with its screen
voltage supplied through a series resistor.

When power pentodes and beam power tubes are operated under conditions
such that there is a large change in plate and screen currents with the application
of signal, the series-resistor method of obtaining screen voltage should not be used.
A change in screen current appears as a change in the voltage drop across the series
resistor in the screen circuit; the result is a change in the power output and an
increase in distortion. The screen voltage should be obtained from a point in the
plate-voltage-supply filter system having the correct voltage, or from a separate
source.

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

Screen-voltage variation for the rf amplifier stages has sometimes been used
for volume control in older-type receivers. Reduced screen voltage lowers the
transconductance of the tube and results in reduced gain per stage. The voltage
variation is obtained by means of a potentiometer shunted across the screen voltage
supply. (See Fig. 73.) When the screen 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-frequency stage
also must be shielded from the other high-frequency stages. Unless shielding is
employed, undesired feedback may occur and may produce many harmful effects
on receiver performance. To prevent this feedback, it is a desirable practice to
shield separately each unit of the high-frequeney stages. For instance, in a super-
heterodyne receiver, 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 sections. The oscillator coil may be especially well
shielded by being mounted under the chassis. The shielding precautions required
in a receiver depend on the design of the receiver and the layout of the parts. In all
receivers having high-gain high-frequency stages, it is necessary to shield sepa-
rately 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 grounding pin at the socket ter-
minal. The grounding connection should be short and sturdy. Many modern tubes
of glass construction have internal shields, usually connected to the cathode; where
present, these shields are indicated in the socket diagram.

DRESS OF CIRCUIT LEADS

At high frequencies such as are encountered in FM and television receivers,
lead dress, that is, the location and arrangement of the leads used for connections
in the receiver, is very important. Because even a short lead provides a large im-
pedance at high frequencies, it is necessary to keep all high-frequency leads as
short as possible. This precaution is especially important for ground connections
and for all connections to bypass capacitors and hf filter capacitors. The ground
connections of plate and screen 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 hf stages .so that the possibility of stray coupling is minimized. Un-
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shielded leads connected to shielded components should be dressed close to the
chassis. As the frequency increases, the need for paying careful attention to lead
dress becomes increasingly important.

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

Feedback effects also are caused in radio receivers by coupling between stages
through common voltage-supply circuits. Filters find an important use in minimiz-
ing such effects. They should be placed in voltage-supply leads to each tube in
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order to return the signal current through a low-impedance path direct to the tube
cathode rather than by way of the voltage-supply circuit. Fig. 75 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 permissible
dc voltage drop through the filter. In circuits where the current is small (a few
milliamperes), resistors are practical; where the current is large or regulation im-
portant, chokes are more suitable.

The minimum practical size of the capacitors may be estimated in most cases
by the following rule: The impedance of the capacitor at the lowest frequency
amplified should not be more than one-fifth of the impedance of the filter choke or
resistor at that frequency. Better results will be obtained in special cases if the
ratio is not more than one-tenth, Radio-frequency circuits, particularly at high
frequencies, require high-quality capacitors. Mica or ceramic capacitors are prefer-
able. Where stage shields are employed, filters should be placed within the shield.
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Another important application of filters is to smooth the output of a rectifier
tube. See Rectification. A smoothing filter usually consists of capacitors and iron-
core chokes. In any filter-design problem, the load impedance must be considered
as an integral part of the filter because the load is an important factor in filter
performance. Smoothing effect is obtained from the chokes because they are in
series with the load and offer a high impedance to the ripple voltage. 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 constant. Smoothing
filters are classified as choke-input or eapacitor-input according to whether a choke
or capacitor is placed next to the rectifier tube. See Fig. 76.
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The CIRCUIT SECTION gives a number of examples of rectifier circuits with
recommended filter constants.

If an input capacitor is used, consideration must be given to the instantaneous
peak value of the ac input voltage. 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 breakdown is to be avoided. When the input-choke method is used,
the available de 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 rectifier tubes occasionally produce a form of
focal interference in radio receivers through direct radiation or through the power
line. This interference is generally identified in the receiver as a broadly tunable
120-cycle buzz (100 cycles for 50-cycle supply line, etc.). It is usually caused by
the formation of a steep wave front when plate current within the tube begins to
flow on the positive half of each cycle of the ac supply voltage. There are several
ways of eliminating this type of interference. One is to shield the tube. Another
is to insert an rf choke having an inductance of one millihenry or more between
each plate and transformer winding and to connect high-voltage, rf bypass capaci-
tors between the outside ends of the transformer winding and the center tap.
(See Fig. 77.) The rf chokes should 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 approximately 1.4 times the
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rms value. Transformers having electrostatic shielding between primary and
secondary are not likely to transmit rf disturbances to the line. Often the inter-
ference may be eliminated simply by making the plate leads of the rectifier ex-
tremely short. In general, the particular method of interference elimination must
be selected by experiment for each installation.

OUTPUT-COUPLING DEVICES

An output-coupling device is used in the plate circuit of a power output tube
to keep the comparatively high dc plate current from the winding of an electro-
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Fig. 78

magnetic speaker and, also, to transfer power efficiently from the output stage.to a
loudspeaker of either the electromagnetic or dynamic type.
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Output-coupling devices are of two types, (1) choke-capacitor and (2) transformer.
The choke-capacitor type includes 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 de plate current component of the signal voltage
but opposes the flow of the fluctuating component. 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 eore. 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. 78. Examples of transformers for push-
pull stages are shown in several of the circuits given in the CIRCUIT SECTION.

HIGH-VOLTAGE CONSIDERATIONS FOR KINESCOPES

Like other high-voltage devices, kinescopes require that certain precautions
be observed to minimize 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 ultor cavity
cap of all-glass kinescopes or on the glass part of the cone of metal kinescopes.
This film may permit sparking to take place over the glass surface to the external
conductive coating or to the metal cone. 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 cone of metal kinescopes should be kept clean and dry.

Dust Considerations. The accumulation of dust on the uncoated area of the
bulb around the ultor cap of all-glass kinescopes or on the glass part of the cone
or insulating supports for metal kinescopes will decrease the insulating qualities
of these parts. The dust usually consists of fibrous materials and may contain
soluble salts. The fibers absorb and retain moisture; the soluble salts provide
electrical leakage paths that 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 butb surface of all-glass kinescopes
and the coated glass surface and insulating supports for metal kinescopes be kept
clean and free from dust or other contamination such as finger-prints. The coated
glass surface of the metal kinescopes may be cleaned with a soapless detergent,
such as Dreft, then rinsed with clean water, and immediately dried.

Corona Considerations. A high-voltage system may be subject to corona,
especially when the humidity is high, unless suitable precautions are taken. Corona,
which is an electrical discharge appearing on the surface of a conductor when the
voltage gradient exceeds the breakdown value of air, causes deterioration of organic
insulating materials through formation of ozone, and induces arc-over at points
and sharp edges. Sharp points or other irregularities on any part of the high-voltage
system may increase the possibility of corona and should be avoided. In the metal-
cone kinescopes, 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 cone 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 cone. As a further precaution to prevent
corona, the deflecting-yoke surface on the end adjacent to the cone should present
a smooth electrical surface with respect to the small end of the metal cone or the
ultor terminal of all-glass tubes.
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KINESCOPE SAFETY CONSIDERATIONS

Tube Handling. Breakage of kinescopes, which contain a high vacuum, may
result in injury from flying glass. Do not strike or seratch the tube or subject it
to more than moderate pressure when installing it in or removing it from electronic
equipment.

High-Voltage Precautions. In the use of kinescopes, it should always be re-
membered that high voltages may appear at normally low-potential points in the
circuit because of capacitor breakdown or incorrect circuit connections. There-
fore, before any part of the circuit is touched the power-supply switch should be
turned off, the power plug disconnected, and both terminals of any capacitors
grounded.

X-Ray Radiation Precautions. All types of picture tubes may be operated at
voltages (if ratings permit) up to 16 ‘kilovolts without producing harmful x-ray

radiation and without danger of personal injury on prolonged exposure at close
range. Above 16 kilovolts, special x-ray shielding precautions may be necessary.
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Interpretation of Tube Data

The tube data given in the following TUBE TYPES SECTION include
ratings, typical operation values, characteristics, and characteristic curves.

The values for grid-bias voltages, electrode voltages, and electrode supply
voltages are given with reference to a specified datum point as follows: For types
having filaments heated with de, 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-trans-
former secondary, or the mid-peint 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. ’

Electrode voltage and current ratings are in general self-explanatory, but a
brief explanation of other ratings will aid in the understanding and interpretation

 of tube data.

Plate dissipation is the power dissipated in the form of heat by the plate as
aresult 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.

Grid-No. 2 (Screen) 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 pentodes, the power dissipated
in the screen circuit is added to the power in the plate circuit to obtain the total

B-supply input power.

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

Maximum peak inverse plate voltage is the highest instantaneous plate vol-
tage which the tube can withstand recurrently in the direction opposite to that in
which it is designed to pass current. For mercury-vapor tubes and gas-filled tubes,
it is the safe top value to prevent arc-back in the tube operating within the speci-
fied temperature range. Referring to Fig. 79, 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
c L (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 volt-
0 age is limited by the resistance and nature of the
path between plate B and filament. The maxi-
mum value of this voltage at which there 1s no
danger of breakdown of the tube is known as
maximum peak inverse voltage. The relations be-
tween 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 voltage for the rectifier tube. A calibrated cathode-ray
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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 in-
put and with no capacitor across the output, the peak inverse voltage on a rectifier
tube is approximately 1.4 times the rms value of the plate voltage applied to the
tube. In single-phase, half-wave circuits with sine-wave input and with capacitor
input to the filter, the peak inverse voltage may be as high as 2.8 times the rms
value of the applied plate voltage. In polyphase circuits, mathematical determina-
tion of peak inverse voltage requires the use of vectors.

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 operating conditions
involving a rapidly repeating duty cycle (steady load), the average plate current
may be measured with a dc¢ meter. Curves of average plate characteristics for
several half-wave vacuum rectifiers are given in Figs. 80 and 81. These curves are
shown solid up to the maximum average or dc plate-current rating of each type.
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Maximum peak plate current is the highest instantaneous plate current that
a tube can safely carry recurrently in the direction of normal current flow. The safe
value of this peak current in hot-cathode types of rectifier tubes is a function of the
electron emission available 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 at 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, meas-
ure it with a peak-indicating meter or use an oscillograph.

Typical Operation Values. Values for typical operation are given for many
types in the TUBE TYPES SECTION. These typical operating values are given
to show concisely some guiding 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 maximum ratings, according to the application.

The power output value for any operating condition is an approximate tube
output—that is, plate input minus plate loss. Circuit losses must be subtracted
from tube output in order to determine the useful output.

Characteristics are covered in the ELECTRON TUBE CHARACTERIS-
TICS SECTION and such data should be interpreted in accordance with the
definitions given in that section. Characteristic curves represent the character-
istics of an average tube. Individual tubes, like any manufactured product, may
have characteristics that range above or below the values given in the character-
istic 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 direct capacitances measured between specified
eldments or groups of elements in electron tubes. Unless otherwise indicated 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, except
the output electrode, connected together is commonly known as the input capaci-
tance. The eapacitance between the output electrode and all other electrodes,
except the input electrode, connected together is known as the output capacitance.

Ratings for receiving-type tubes are given according to the “design-center”
system, which was adopted by the industry in 1939, and should be interpreted
as follows:

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

A. 1.4-Volt Battery Tube Types— The filament power supply may be obtained
from dry-cell batteries, from storage batteries, or from a power line. With dry-cell
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battery supply, the filament may be connected either directly across a battery
rated at a terminal potential of 1.5 volts, or in series with the filaments of similar
tubes across a power supply consisting of dry cells in series. In either case, the
voltage across each 1.4-volt section of fillament should not exceed 1.6 volts. With
power-line or storage-battery supply, the filament may be operated in series with
the filaments of similar tubes. For such operation, design adjustments should be
made so that, with tubes of rated characteristics, operating with all electrode volt-
ages applied and on a normal line voltage of 117 volts or on a normal storage-
battery voltage of 2.0 volts per cell (without a charger) or 2.2 volts per cell (with a
charger), the voltage drop across each 1.4-volt section of filament will be main-
tained within a range of 1.25 to 1.4 volts with a nominal center of 1.3 volts. In
order to meet the recommended conditions for operating filaments in series from
dry-battery, storage-battery, or power-line sources it may be necessary to use
shunting resistors across the individual 1.4-volt sections of filament.

B. 2.0-Volt Battery Tube Types —The 2.0-volt line of tubes is designed to be
operated with 2.0 volts across the filament. In all cases the operating voltage range
should be maintained within the limits of 1.8 volts to 2.2 volts.

2. POSITIVE POTENTIAL ELECTRODES—The power sources for the
operation of radio equipment are subject to variations in their terminal potential.
Consequently, the maximum ratings shown on the tube-type data sheets have
been established for certain Design Center Voltages which experience has shown
to be representative. The Design Center Voltages to be used for the various power
supplies together with other rating considerations are as given below:

A. AC or DC Power Line Service in U.S.A, The design center voltage for this
type of power supply is 117 volts. The maximum ratings of plate voltages, screen-
supply voltages, dissipations, and rectifier output currents are design maximums
and should not be exceeded in equipment operated at a line voltage of 117 volts.

B. Storage-Battery Service—When storage-battery equipment is operated
without a charger, it should be designed so that the published maximum values of
plate voltages, screen-supply voltages, dissipations, and rectifier output currents
are never exceeded for a terminal potential at the battery source of 20 volts per
cell. When storage-battery equipment is operated with a charger, it should be de-
signed so that 909, of the same maximum values is never exceeded for a terminal
potential at the battery source of 2.2 volts.

C. “B”.Battery Service—The design center voltage for ‘‘B’’ batteries is the
normal voltage rating of the battery block, such as 45 volts, 90 volts, ete. Equip-
ment should be designed so that under no condition of battery voltage will the plate
voltages, the screen-supply voltages, or dissipations ever exceed the recommended
respective maximum values shown in the data for each tube type bymore than 10%.

D. Other Considerations —

a. Class A1 Amplifiers— The maximum plate dissipation occurs at the ‘‘Zero-
Signal’’ condition. The maximum screen dissipation usually occurs at the condition
where the peak-input signal voltage is equal to the bias voltage.

b. Class B Amplifiers—The maximum plate dissipation theoretically occurs
at approximately 639 of the ‘* Maximum-Signal’’ condition, but practically may
occur at any signal voltage value.

c. Converters—The maximum plate dissipation occurs at the ‘‘Zero-Signal’’
condition and the frequency at which the oscillator-developed bias is 2 minimum.
The screen dissipation for any reasonable variation in signal voltage must never
exceed the rated value by more than 109. :

d. Screen Ratings— When the screen voltage is supplied through a series
voltage-dropping resistor, the maximum screen voltage rating may be exceeded,
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provided the maximum screen dissipation rating is not exceeded at any signal con-
dition, and the maximum secreen voltage rating is not exceeded at the maximum-
signal condition. Provided these conditions are fulfilled, the screen-supply voltage
may be as high as, but not above, the maximum plate voltage rating.

For certain voltage amplifier types, as listed in the data section, the maximum
permissible screen (grid-No.2) input varies with the screen voltage, as shown in
Fig. 82. Full rated screen input is permissible at screen voltages up to 50 per cent
of the maximum rated screen supply voltage. As the voltage is increased from 50
per cent to 100 per cent of the maximum rated supply voltage, the decrease in
permissible screen input follows a curve of the parabolic form. This rating chart
is useful for applications utilizing either a fixed screen voltage or a series screen
dropping resistor. When a fixed voltage is used, it is necessary only to determine
that the screen input is within the boundary of the chart at the screen voltage to
be used. When a dropping resistor is used, the value of the resistor must be large
enough to maintain the screen input within the boundary of the chart. The mini-
mum value of the series screen-voltage dropping resistor is given by the factor
Eeces’ /4 Pgs,where Eg.; is the selected screen supply voltage and Pg: is the maximum
screen input rating for the type.

GRID-N22 INPUT RATING CURVE
nl T T 1 | i I
THIS CURVE ALSO APPLIES TO TYPES
IN WHICH GRIDS N2 2 8 N2 4 ARE
- CONNECTED TOGETHER WITHIN THE TUBE

{¢l0]

N
N

rd

/

£
o
e

- \
\
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GRID-N2 2 INPUT EXPRESSED AS PER CENT OF MAX,
GRID-N2 2 INPUT RATING
I~

20 40 60 80 100
GRID-N2 2 VOLTAGE EXPRESSED AS PER CENT OF MAX,
GRID-N2 2 SUPPLY VOLTAGE RATING
92CM~-T7586T .

Fig. 82
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Tube-Part Materials
in Typical RCA Electron Tube

}. ENVELOPE—Lime glass

2. SPACER—Mica sprayed with mag-
nesium oxide

3. PLATE—Carbonized nickel or nickel-
plated steel

4, GRID WIRES—Manganese-nickel or
molybdenum

5. GRID SIDE-RODS—Chrome copper,
nickel, or nickel-plated iron

6. CATHODE—Nicke! coated with bar-
ium-calcium-strontium carbonates

7. HEATER—Tungsten or tungsten-mo-
lybdenum alloy with insulating coat-
ing of alundum
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8. CATHODE TAB—Nickel

9. MOUNT SUPPORT—Nickel or nick-
el-plated iron

10. GETTER SUPPORT AND LOOP—
Nicke! or nickel-plated iron

11. GETTER—Barium-magnesium alloys

12. HEATER CONNECTOR—Nickel
nickel-plated iron

13. STEM LEAD-IN WIRES—Nickel,
dumet, copper

14. PRESSED STEM—Lead glass
15. BASE—Bakelite
16. BASE PINS—Nickel-plated brass

or



RCA Receiving Tube Classification Chart

RCA receiving tubes are classified in the following chart according to fune-
tion and filament or heater voltage. Types having similar electrical characteristics
are grouped in brackets. For more complete data on these types, refer to the TUBE
TYPES SECTION. When choosing a tube type, refer to information on Preferred
Types and the listing of Types Not Recommended for New Equipment Design on the
inside back cover. For information on kinescopes, refer to the RCA KINESCOPE
CHARACTERISTICS CHART on pages 246 and 247.

Filament or Heater Veoits 1.95—1.4 2.0-—-5.0 6.3—117.0
Sob. Minia- "
nin?ufun m:: Other Octol Other | Mintatore Ocfal Other
RECTIFIERS (For rectifiers with amplifiar units, sse POWER AMPLIFIERS).
' 1 Peakl 6AX4.GT 6W4.CT oy
Hell eql n':em 5W4 |%AX'I-GT ISWAGT, *
ol | vacoum | Below 1500 1723 SIAGT B5GT) | 35v4 3573
' V2 -
Above 1500 IXZ.A) IBAGT 3A3 | 3A2 SAULCT
IX2B - ‘
5Y3.G, 524 | 5AZ 6X4 [6X5, 6X5-GT)
Peck '{“’e"’ YLGT,5Y4.G |80 §zx4 m;]c'r Y4
olts: 724
vacwom | Below 1300 BvaG, sWAGT] B 847624
folh. Abara 1500 5T, A 62
" 'Wave
mercurys
yapor Above 1500 83
Cold-Cathode
gas Below 1500 Types
024, 0Z4.G
Peak lnvere mvm(sz' BLGT | 2525)
Doubler vacuum olts: fSOY? CT 50X6
] Below 1500 11726GF
" DIODE DETECTORS (For dicde detectors with amplifier units, sse YOLTAGE AMPLIFIERS ond also POWER AMPLIFIERS).
One Dioda 1A3 ]
. . 6ALS 6H6, 6H6-GT,
 Two Diodes [7ALS ( r2H6 ) A5
Three Diodes 6BC?
POWER AMPLIFIERS with and without Rectifiers, Diode Detectors, and Voltage Amplifien.
] low-mu single unit ‘5 71,“: 6B4-G
T
dodes high-mu single unit 6BC4 6ACS.GT
twin unit SAQT.GT.{EN7, 6NT-GT)
6AUS.GT 6BC6-G a_e]
6ASS A5
6BO6GT 6CDEG
5. SFS Kve 6veGT) SAVSG 7G5 1403
single unit ( QS —C.'.I!" L abs . [1veCT  sYeG 25L6) 3545
Beam e (3585, 35C3) [12ECEC, SWELT WLECT) ) s
Tobes (3085, 30C5) [ 6GT  ~ 35L8.GT
[nm/m.cr)
with rectifier 1PZ.GT
F0L7.GT (7N7.CT
[154] TAS.GT 6CL6| 6AGT 785 TAD?
singlo wnit 3549 | 1CS.CT (6AK6| 6C6C) (676, 6F6.G, 6F6GT |43
ngle uni I1ACS l;egl 1LB4 4 6ARS (ex(a.c.'r 4)
Pentodes 3v4 2546 43)
with medium-my tiode 6ADIG
with dicde and triode 1D&GT
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Filament or Heater Volts 1.95~1.4 2.0-5.0 6.3—117.0
Sub- | Minia.
miniotere | ture | Other Other Miniatere Octal Orher
COMVERTERS & MIXERS (For other types vsad o5 Mixers, sse YOLTAGE AMPLIFIERS).
P ———
(68!:'.6 65A7 GAS, 6A8.C
SSAT.CT, GARGT [6A7
iLs | IAZ.GT : 1488
pantagrid IE8 IR5 [ ILA6 [unr.a T) 14Q7
ILCH
458\ 19X Ea
Convertent | piode-pentode [ous &
triode-hexode 6K8, 12K8
triode-heptode 6JaG 7
octode 7A8
Mixen pentagiid o7
ELECTRON-RAY TUBES
e
Singl with remote-cutoff tiode 6AB5/6N5 6US
with sharp-cutoff iriade 6E3
Twin withou? triode 6AF6C
Triple withoot triode GAL7.CT
VOLTAGE AMPLIFIERS with and without Dicde Detectors;
TRIODE, TETRQDE, AND PENTODE DETECTORS; OSCILLATORS. .
6AF4 {6C5. 6C5.GT)
single unit ILE3 7 6C4 654 @js GJS-G'I) lzjs.c.'r
with f
pentode F7
with power
pentode 6ADI-G
medivm-my | with :
pentode 1D8.GT
and diode
with two g 6RT
. 6BF6 | 6SR7 6ST7
diodes 12BF5 [25R7
Triodes |FeBK7-AY €36 12AU7* |GFB.G, 6SNIGT. ssm.cr%) TAFT 14AF7
twin unit 6BQ7.A | 1926 12AVI+ 6CAG  12AHIG 1458
$BZ7 12BH7* | 6BLZ.GT 125N7-CT
(g.rs 6F5.CT)
single unit 6AB4 5. 6SF5.GT) 784
with diode '?&ﬁT
; . 12AT6 {6AT6 7 1207.GT 1486
high-me with two 6406 wrcﬁg 6827] f%o: [
todes 12AV6 (6AV6 {6307, 65Q7.GT) stqr.c.'r] 7X7
with three
s 6T8 1978 6SB.GT
. 12AT7+ 65C7, 125C7 14F7
twin uhit 12AX7% 6SL7.CT 125L7GT
Tekrodes sharp-cutol 4-A '

- 6BJ6 (6BD6 | 65K7, 65K7-GT) [6K7, 6K7-C a] TAT AT
ingle wnif (1zBD6 IZSI( 125K7-G 6K7.CT 6D6
single vni iT4 LGS 6BAG | 65C. 6AB7  12K7GT 14H7

12BA6 n.scr] 6557 657 7AH7 787
temote-culol with tricde 6F7
with diode 6SF7 125F7
wilh_ wo 12C8 E7 p
Pentodes : diodes B8 14R7
ter::'zloie— single unit 6DC6
6AGS 6AKS [6517 128]7 6ACT 76?7
e | s aacss»c cmso 6SJ7.GT, 12J7.6T 14C7
Hngle ot HADS o u‘vlir-gr Ve ‘ﬁm 65H7) 6J7, 6]7.GT "
12AW6 {6AUS A
sharp-cutoff 13BY?7= (12806 | 135H7) ( EWIG J ™7
with niode 6ANS
with diode IT6 {185 1U5| ILDS 6AS8
GATED AMPLIFIERS
Pantogrid Amplifier l | | [ I $BY6
SHUNT VOLTAGE REGULATORS
Beam Triode 6BD4-A

* Filament arranged for either 1.4 or 2.8-volt operation. 4 Heater wrranged for either 6.3 or 12.6-volt operation.
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1 —Glass Envelope
2_Internal Shield

3—Plate

4 __Grid No. 3 (Suppressor)
5—Grid No. 2 {Screen)
6—Grid No. 1 (Control Grid)

7 —Cathode
8 —~Heater
9 —Exhaust Tip

10—~ Getter

11 —Spacer Shield Header
12 —Insulating Spacer
13—Spacer Shield

14 —Inter-Pin Shield

15— Glass Button-Stem Seal

16—Lead Wire

17 —Base Pin

18 —Glass-to-Metal Seal

3% times actval size

Structure of a Miniature Tube
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RCA Tube Types

This section contains technical descriptions of RCA tubes used in standard
broadcast, FM, and television receivers. It includes data on current types, as
well as 1nf0rmat10n on those RCA discontinued types in which there may stlll be
some interest as to characteristics.

In choosing tube types for the design of new electronic equipment, the designer
is referred to the inside back cover for information regarding the availability of the
latest RCA Preferred Types List and for a listing of RCA Tube Types Not Rec-
ommended for New Equipment Design.

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

DETECTOR AMPLIFIER TRIODE

Storage-battery triode used as defector or

P (3) amplifier. Outline 38, OUTLINES SECTION.

Operating conditions as grid-resistor detector

are: plate volts, 45 mazx; grid resistor, 2 to 8 meg-

ohms; grid capacitor, 250 upf; grid return to
(+) filament. As biased detector, type 01-A has 0] "A

* plate volts of 185 max; bias of approximately

o o -13.5 voits. As amplifier, it has plate volts of

F F 135 maz; bias of -9 volts. Filament volts, 5;

amperes, 0.25. This is 2 DISCONTINUED

type listed for reference only,

[»]

Y HALF-WAVE GAS RECTIFIER

Metal type used primarily in vibrator-type
B-gupply units of automobile receivers. Utilizes
a starter electrode and an ionically heated cath-
ode. Starter anode permits operation of OY4 di- 0Y4
rectly from 117-volt ac line. Qutline 8, OUT-
LINES SECTION. Tube requires octal socket.
o Pins 7 and 8 must be tied together at socket.
s K RF filter circuits placed close to socket terminals
are required to reduce reectifier noige. Ratings as
half-wave rectifier with capacitor-input filter: peak inverse anode volts, 360 maz; peak anode ma., 500
maz; de cutput ma,, 76 max, 40 min; series anode resistance (117-volt line operation), 50 min ohms;
tube voltage drop (approx.), 12 volts; minimum ac starting voltage when starter anode is connected to
anode through a 10-megohm resistor bypassed with a 0.002-uf capacitor, 100 volts rms, Thig is a
DISCONTINUED type listed for reference only.

STARTER

FULL-WAVE GAS RECTIFIER

Metal type OZ4 and glass octal type 0Z4-G
are used in vibrator-type B-supply units. Both
have ionically heated cathodes, require octal
sockets, and may be mounted in any position. OZ 4
0Z4 Outline 2, OUTLINES SECTION. 0Z4-G
dimensions: maximum overall length, 2-5/8
inches; maximum diameter, 1-1/16 inches; T-7
buib; dwarf-shell oetal 5-pin base. Base of OZ4-G
0Z4-G has no pin No. 2. Shell of 0Z4 and ex-
ternal shield of OZ4-G should be grounded.
Filters may be necessary to eliminate objection-
able noise.

69



Maximum Rofings:

RCA Receiving Tube Manual

FULL-WAVE RECTIFIER

PEAK STARTING SUPPLY VOLTAGE PER PLATE. .. ....covivivnn. vecseas 300 min  volts
PEAK PLATE-TO-PLATE VOLTAGE. . .. ... it tnnrarteerenranennns ve 1000 mazr volts
PEAK PLATE CURRENT PER PLATE. . . . ... .t rrennrnrnrroenas reee 200 max ma

75 mazx ma
DC OUTPUT ClURRENT. ... .t ieiiiireivnsenssnossssnsnssassnns RN 30 min ma
DC OUTPUT VOLTAGE. .. .. iv v v vennennntonanneans 300 maz volts
AVERAGE DyYyNaMIC TuBE VOLTAGE DROP. . ......cc... vesrsssenan ssen 24 voits

1A3

Maximum Ratings:

HF DIODE

Miniature type used as detector tube in
portable FM receivers and in portable high-
frequency measuring equipment. Outline 13,
OUTLINES SECTION. Tube requires minia-
ture seven-contact socket. Heater volts {ac/dc},
1.4; amperes, 0.15.

HALF-WAVE RECTIFIER

PEAK INVERSE PLATE VOLTAGE. .« .. vovintiuiernancnsnannons hesannes 330 max volts
PEAK PLATE CURRENT . . .o\ iieinritnetsocannccennssasseans Ceeenns b max ma
DC OutpuT CURRENT....... i easeaaraaseirecaisaaseeracnanes ‘e 0.5 max ma
PEAK HEATER-CATHODE VOLTAGE. . .. .uvveverrrrenncesnannans cessae 140 max  volts
Typical Operation (With Capacitor-Input Filter):

AC Plate-Supply Voltage (rms) ........................ cereaan ceens 117 volts
Filter-Input Capacitor. .. ... ..., ..t risinrrersessracannnn . 2 ef
Minimum Total Effective Plate-Supply Impedance. .. .......... cesnas 0 ohms

REMOTE-CUTOFF PENTODE P ° Gz
Glass type used in battery-operated re. (& (3)

1A4-P

1A5-GT

1A6

ceivers aa rf or if amplifier. For ratings and op~
erating data, refer to type 1D5-GP. Qutline 36,
OUTLINES SECTION. Tube requires four-

contactsocket. Filament volts (de), 2.0; amperes, b,
0.06. This is a DISCONTINUED type listed o 63
for reference only. A F-

POWER PENTODE

Glass octal type used in output stage of bat-
tery-operated receivers. Outline 23, OUTLINES
SECTION, This type may be supplied with pin 2
No.1 omitted. Tube requires octal socket and °
may be mounted in any position. For filament P /o
considerations, refer to 1U4. Filament volts
(de), 1.4; amperes, 0.05. Typical operation aa
class A, amplifier: plate and grid-No.2 volts, 90
(110 maz); grid-No.1 volts, 4.5; peak af grid- "+~ VST~
No.l volts, 4.5; plate ma., 4.0; grid-No.2 ma., o o
1.1; plate resistance (approx.), 0.8 megohm; NG NG
transconductance, 850 umhos; load resistance,

25000 ohms; power output, 115 milliwatts, This
type is used principally for renewal purposes.

PENTAGRID CONVERTER

Glass type used in battery-operated re-
ceivers. Type 1A6 is identical electrically with
type 1D7-G, except for interelectrode capaci-
tances. Outline 36, OUTLINES SECTION.
Tube requires six-contact socket. Filament volts
(de), 2.0; amperes, 0.06. This is a DISCON-
TINUED type listed {or reference only.

70




BC NC

RCA Receiving Tube Manual

PENTAGRID CONVERTER

(Glass octal type used in superhet-
erodyne circuits having battery power
supplies. Outline 24, QUTLINES SEC-
TION. Tube requires octal socket and
may be mounted in any position. For
filament considerations, refer to 1U4.

FILAMENT VOLTAGE (DC) v ot cieiieennerscnusnssnnnsecanssasnsananns

FILAMENT CURRENT .

Maximum Ratings:

PLATE VOLTAGE. ....

....... R R R T N T N T RO AP O R ST

CONVERTER SERVICE

GRIDS-N0.3-AND-N0.5 (SCREEN) VOLTAGE. . v v v .vvetenserrocnnonsonane
GRIDS-N0.3-AND-N 0.5 SUPPLY VOLTAGE. .........c... Gesissacirsaase
GRID-NO.2 (ANODE-GRID) VOLTAGE. . . .. .vvrcensncrrsacssansnsssanes
ToTaL ZERO-SIGNAL CATHODE CURRENT. ...... erenee B

Typical Operation:

Plate Voltage. . . ......... .. innrvnn etasesas trer i
Grids-No.3-and-No.b Voltage* ., .............. heerersarrrassresanens
Grid-No.2 Voltage .......... ..ttt iiinrensnscrnsensrsnsnnss veas
Grid-No.4 {(Control-Grid) Voltage**. . . .. ........ ... .. S hreneernan
Grid-No.1 (Oscillator-Grid) Resistor. . . ....0 v ittt tninenversnasens
Plate ReBIBtance. . .. i it it iin et tinsirraseasrenrrasasnsesnnnnns

Conversion Transconductance with grid-No.4 bias of =3 volts (Approx.).
Plate CUrrent. .. .. ... ... ittt iinttnarearrnoaranrantsncnseasnans

Grids-No.3-and-No.s Current . .. ... .ot iirvirenennrrenes teerenens .
Grid-No.Z2 Current. . . .t ir ittt tintttonaetonasssasanss N
Grid-No. 1 Current. . . ... 0ttt it a i e enrcresnareensnns
Total Cathode Current. .. ..o ottt ittt iatsenatereesenanaeens

*(Obtained preferably by using a bypassed 45000- to 75000-chm voltage-dropping resistor in series with

the 90-volt supply.

¥ A resistance of at least 1.0 megohm should be in the grid return to negative filament pin.

POWER PENTODE

Subminiature type used in output
stage of small, compact, battery-oper-
ated receivers for the standard AM
broadcast band. Itis capable of moderate
power output with a very small input

1ACS5

voltage. The 1AC5 and the other RCA subminiature types 1AD5, 1E8, and 1T6
comprise a complete tube complement for lightweight portable radio receivers
having extremely low battery drain.

FILAMENT VOLTAGE (DC)

FiL.AMENT CURRENT

Maximum Ratings:

PLATE VOLTAGE. ....
GRID-N0.2 (SCREEN) VOLTAGE
ToraL CATHODE CURRENT

Typical Operation:

-------------------------------------------------

------------------------------------------------

Plate Voltage. . . .....ci i iiiineinnrenenens . 30 45
Grid-No.2 Voltage.............. etacanns veee 30 45
Grid-No.1 (Control-Grid) Voltage............. -2 -3
Peak AF Grid-No.1 Voltage. .........cvvn . 2 3
Zero-Signal Plate Current. . .........c.c... e 0.5 1.0
Zero-Signal Grid-No.2 Current................ 0.1 0.2
Plate Resistance. .. .....cvvvvverenrancncenss 0.2 0.17
Transconductance. ..........co0enenn eeiees 450 600
Load Resistance........... PO 511 (1111 40000
Total Harmonic Distortion. . .. ......cevnvenes 10 10
Maximum-Signal Power Qutput. ............. . b 16

.............................................

........................................

...........................................

volts
ampere

volts
volts
ma

volts
volts
volts
volts

ma
megohm
pgmhos
ohms
per cent
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INSTALLATION AND APPLICATION
Type 1ACS5 requires a subminiature eight~contact socket and may be mounted
in any position. Do not attempt to solder the base pins to any circuit element be-
cause the heat of the soldering operation may crack the glass seal. Although the
base pins are sturdy, they can be bent. It is essential, therefore, that the pins be
straight before they are inserted into the socket. Insertion will be facilitated if pins
1 and 8 are first aligned with their respective socket holes and the tube then gently
pressed into the socket. Outline 8, OUTLINES SECTION.

The filament of the 1AC5 may be connected directly across a dry-cell battery
rated at a terminal potential of 1.5 volts. In no case should the voltage across the
filament ever exceed 1.6 .volts. For additional filament considerations, refer to
ELECTRON TUBE INSTALLATION SECTION.

SHARP-CUTOFF PENTODE

Subminiature type used as rf or if

'I AD 5 amplifier in stages not controlled by

avcinsmall, compact,battery-operated

receivers for the standard AM broad-

cast band. Because of internal shield-

ing feature, an external bulb shield is not needed, but socket shielding is essential

if minimum grid-No.1-to-plate capacitance is to be obtained. The 1AD5 and the

other RCA subminiature types 1AC5, 1E8, and 1T6 comprise a complete tube

complement for lightweight portable radio receivers having extremely low battery

drain. Qutline 8, OUTLINES SECTION. Tube requires subminiature eight-con-

tact socket and may be mounted in any position. For installation and application
considerations, refer to type 1ACS5.

FILAMENT VOLTAGE (DC) . - 1 vt ittt it e cvniantnncsnsonnannseororeneons 1.25 volts
FILAMENT CURRENT. & o vt ittt iten e i st iatsontetansoressssnsssnas 0.04 ampere
DIRECT INTERELECTRODE CAPACITANCES:

Grid No.Lto Plate. . .. ... ...itiiri ittt iireieeanarsnninennnsnns 0.010 max uuf

Grid No.1 to Filament, Grid No.2, Grid No.3, and Internal Shield...... 1.8 frm

Plate to Filament, Grid No.2, Grid No.3, and Internal Shield.......... 2.8 upt
Maximum Ratings: CLASS A, AMPLIFIER
PLATE VOLTAGE. ... ... ittt rreranrnreviorasmerrasansnsssnnsananns 67.5 max volts
GRID-NO.2 (SCREEN) VOLTAGE. . . ..ttt tentnrnnnsnanseiosrosnasraasnenn 67.6 max volts
TOTAL CATHODE CURRENT. . . .ot vt vanerreneanensnnsnsaessenseanssansnse 4.0 max ma
Typical Operation:
Plate Voltage. .. ............c0uun feeraeanan 30 45 67.6 volts
Grid-No.2 Voltage. .. ......coviiiiirrancanns 30 4b 67.5 volts
Grid-No.1 (Control-Grid) Voltage. ............ 0 0 0 volts
Plate Resistance (Approx.).............cocv.. 0.7 0.7 0.7 megohm
Transconductance. .. .............c.cvuiuenen 430 580 746 umhos
Grid-No.1 Bias (Approx.) for plate current of 10 ua -3 -4 -6 volts
Plate Current. . ... ...cvivi i iinetnnnenennns 0.45 0.9 1.85 ma
Grid-No.2 Current, « oo veseeennarenernnnnnens 0.16 0.36 0.75 ma

HALF-WAVE VACUUM p IC
RECTIFIER G T

Glassoctaltypeused in high-voltage,
- low-current applications such as the
]Bs GT rectifier in a high-voltage, rf-operated 9* rs
power supply or as a rectifier of high- ORIO
voltage pulses produced in television I ic
scanning systems. When used as an rf rectifier, one 1B3-GT in a half-wave circuit
is capable of delivering a maximum de output voltage of about 15000 volts. In a
voltage-doubler circuit, two tubes will give about 30000 volts; and in a voltage-
tripler circuit, three 1B3-GT’s will deliver 45000 volts approximately. For curve
of average plate characteristics, see page 61.
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FILAMENT VOLTAGE (AC) . .. e iivvevrrnernnannnctacanoas 1.26 volts
FILAMENT CURRENT . . .. ...t irriurruitonnninsossnsssssasssassssasanssns 0.2 ampere
DIRECT INTERELECTRODE (CAPACITANCE:

Plate to Filament (Approx.)..... reresaeaen e reenae 1.5 puf

Maximum Ratings: HALF-WAVE RECTIFIER

PEAK INVERSE PLATE VOLTAGE. ...... Ceeteseaaanans T, . 30000 mazx volts
PEAK PLATE CURRENT. .. ..0uvtvieeentonarscracnossonssoorssennoea R, 17 mazx ma
AVERAGE PLATE CURRENT.......covnrrrennnsnnas f i reseetennnes eesanaes 2 max ma
FREQUENCY OF SUPPLY VOLTAGE. ....... G rreretarrrana e s trererenana . 300 mazx Ke

INSTALLATION AND APPLICATION

Type 1B3-GT requires an octal socket and may be mounted in any position.
Plate connection is cap at top of bulb. Internal connections are made to pins 1, 8, 5,
and 8. These pins may be connected to pin 7; otherwise they should not be used.

Thistypemay besupplied with pin No.1 omitted. Outline30, OUTLINESSECTION.
- The high voltages at which the 1B3-GT is operated are very dangerous. Great
care should be taken to prevent coming in contact with these high voltages. In
those circuits where the filament circuit is not grounded, the filament circuit oper-
ates at dc potentials which can cause fatal shock. Extreme precautions must be
taken when the filament voltage is measured. These precautions must include safe-
guards which definitely eliminate all hazards to personnel. The filament transformer,
whether it is of the iron-core or the air-core type, must be sufficiently insulated.

When used in television receivers and other equipment operating at 16000
volts or above, the 1B3-GT will produce X-rays which can constitute a health
hazard unless the tube is adequately shielded.

G SHARP-CUTOFF PENTODE

G
p ll (3) Glass type used as rf amplifier or detector
in battery-operated receivers. Qutline 36, OUT-
LINES SECTION. Tube requires four-contact
socket., For typical operating conditions and IB4_P
maximum ratings as a class A; amplifier, refer
o*o to type 1E5-GP. Filament volis (dc), 2.0; am-
1 f_':_‘ peres, 0.06. Type 1B4-P is a DISCONTINUED
type listed for reference only.

TWIN DIODE —MEDIUM-MU TRIODE

Glass type used as combined detector, am-
(3) o plifier, and avc tube in battery-operated re-
’ ‘ ceivers. Outline 31 or 34, OUTLINES SEC-
TION. Tube requires six-contact socket. Fila-

(591 ment volts (dc), 2.0; amperes, 0.06. Typical ]BSI 25S
operation as class A: amplifier: plate volts, 135
‘ mazx; grid volts, —3; plate ma., 0.8; plate resist-
o ance, 35000 ohms; amplification factor, 20;
K- transconductance, 575 ymhos. This is a DIS-

CONTINUED type listed for reference only.

PENTAGRID CONVERTER

Glass octal type used in superheterodyne
cireuits having battery power supply. Outline
24, OUTLINESSECTION. Filament volts (dc), 'I B7_G"'
1.4; amperes, 0.1, This is a DISCONTINUED
type listed for reference only. The IB7-GT may
be replaced by the 1AT-GT if eireuit adjust-
ment is made for lower filament current of
type 1A7-GT.

73



1C5-GT

RCA Receiving Tube Manunal

POWER PENTODE

Glass octal type used in output stage of
battery-operated receivers. Outline 23, OUT-
LINES SECTION. This type may be supplied
with pin No.l omitted. Tube requires octal
socket and may be mounted in any position.
For filament considerations, refer to 1U4. Fila-
ment volts (de), 1.4; amperes, 0.1, Typical oper-
ation as class Ai amplifier: plate and grid-No.2
volts, 90 (110 max}; grid-No.1 volts, —-7.5; peak

o‘

r+(2) (De-

NC

af grid-No.1 volts, 7.5; plate ma., 7.8; grid-No.2 ma., 3.5; plate resistance (approx.), 115000 ohms;
transconductance, 1550 umhos; load resistance, 8000 ohms; power output, 240 milliwatts. Type 1C5-GT
i8 used principally for renewal purposes.

1C6

1C7-G

PENTAGRID CONVERTER

Glass type used in battery-operated re-
ceivers. Similar electrically to type 1CT7-G ex-
cept for interelectrode capacitances. Outline 36,
OUTLINES SECTION. Tube requires six-con-
tact socket. Filament volts (de), 2.0; amperes,
0.12. For general discussion of pentagrid types,
refer to Frequency Conversion in ELECTRON
TUBE APPLICATIONS SECTION. This is a
DISCONTINUED type listed for reference
only.

PENTAGRID CONVERTER

Glass octal type used in battery-operated
receivers. Outline 85, OUTLINES SECTION.
Tube requires octal socket. Filament volts (de),
2.0; amperes, (.12, Typical operation as conver-
ter: plate volts, 180 maz; grids-No.3-and-No.5
(screen) wvolts, 67.5 max; grid-No.2 (anode
grid} supply volts, 180 (applied through 20000-
ohm dropping resistor bypassed by 0.01-uf
capacitor); grid-No.4 (econtrol-grid) volts, -3;

NC NC

grid-No.1 (oscillator-grid) resistor, 50000 ohms; plate ma., 1.5; grids-No.3-and-No.5 ma., 2; grid-Ne,2
ma., 4; grid-No.1 ma., 0.2, This is a DISCONTINUED type listed for reference only.

1D5-GP

1D5-GT

1D7-G

REMOTE-CUTOFF PENTODE

Glass octal type used in battery-operated
receivers as rf or if amplifier. Outline 35, OUT-
LINES SECTION. Tube requires octal socket.
Filament volts (de), 2.0; amperes, 0.06, Typical
operation as class A; amplifier: plate volts, 180
max; grid-No.2 (screen) volts, 67.5 max; grid-
No.1l volts, -3 min; plate ma., 2.3; grid-No.2
ma., (.8; plate resistance (approx.), 1.0 megohm;
transconductance, 750 yumhos; transconductance
at bias of 15 volts, 15 ymhos. This is a DIS-
CONTINUED type listed for reference only.

REMOTE-CUTOFF TETRODE

Glass octal type used in battery-operated
receivers as rf or if amplifier. Outline 385, OUT-
LINES SECTION. Filament volts (de), 2.0;
amperes, 0.06, This isa DISCONTINUED type
listed for reference only. It can be replaced by
type 1D5-GP,

PENTAGRID CONVERTER

Glass octal type used in battery-operated
receivers. Qutline 35, OUTLINES SECTION.
Tube requires octal socket. Filament volts (de),
2.0; amperes, 0.06. Typical operation as conver-
ter: plate volts, grids-No.3-and-No.5 volts, grid-
No.2 supply volts, grid-No.4 volts, and grid-No.1
resistor are same as for type 1C7-G; plate ma.,
1.3; grids-No.3-and-No.b ma., 2.4; grid-No.2
ma., 2.3; grid-No.1 ma., 0.2, This is a DISCON-
TINUED type listed for reference only.
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DIODE—TRIODE—POWER PENTODE

Glass octal type used in compact battery-
operated receivers. Diode unit is used as detector
or ave tube, triode as first audio amplifier, and
pentode as power output tube. Qutline 21, OUT-
LINES SECTION. Tube requires octal socket.
Filament volts (dc), 1.4; amperes, 0.1. Maxi-
mum plate volts of triode as well as maximum
plate and grid-No.2 volts of pentode, 110. This
type is used principally for renewal purposes.

CLASS A, AMPLIFIER

Plate Voltage. . ... e vvurirsrennrrnscnnnrsncssanan 45 67.5
Grid-No.2 (Screen) Voltage. .............. eeseasana 46 67.5
Grid-No.1 (Control-Grid) Voltage. .. ................ -4.6 -6
Plate Current. ... ....cvevnescsssscnsnsssssnnensenns 1.6 3.8
Grid-No.2 Current........ resesarecaanssae eeesees 0.3 0.8
TransconducCtBnCe. . ... corisesnsancasrsanassssssae 6560 876
Load Resistance.............. cen R, . 20000 16000
Total Harmonic Distortion........ Ceertas careraees 10 10
Power Qutput.......... treerestseretaaarnas ereas 35 100
Typical Operation (Triode Unit):

Plate Voltage. . ... .c.vverrnressirassnssnrssearsass . 45 67.6
Grid Voltage.. .........cc0veeven resresasena eenana 0 0
Amplification Factor. .......... e s esatesresenarens 25 25
Plate Resistance (APProX.). . e veeeertrencctnasscans 77000 b6500
Transconductance. . ....... W rereesesiaeneaaaaanees 326 450
Plate Current . .........cv0s ereeerraera e 0.3 0.6

2 NC SHARP-CUTOFF PENTODE

F+F-
. G3

Glass octal type used as rf amplifier or de-
tector in battery-operated receivers. Outline 35,
OUTLINES SECTION. Tube requires octal
socket. Filament volts (dc}, 2.0; amperes, 0.06.
Typical operation as class A amplifier: plate
volts, 180 max; grid-No.2 (screen) volts, 67.5
mazx; grid-No.l volts, —3; plate ma., 1.7; grid-
No.2 ma., 0.6; plate resistance, 1.6 megohms;
transconductance, 650 pmhos; grid wvolts for

1D8-GT

90 volts
90 volts
-9 volts
b ma
1.0 ma
925 pmhos
12000 ohms
10 percent
200 mw
90 volta
0 volts

25
43500 ohms
575 pmhos
1.1 ma

1E5-GP

plate-current cutoff (approx.), —8. Thisis a DISCONTINUED type listed for reference only.

Cule

GiPI

TWIN POWER PENTODE

Glass octal {:ype used in push-pull output
stage of battery-operated receivers. Outline 23,
OUTLINES SECTION. Tube requires octal

. socket. Filament volts (dc), 2.0; amperes, 0.24.

Typical operation as push-pull class A; ampli-
fier: plate and grid-No.2 volts, 135 maz; grid-
No.1 volts, —7.5; plate ma., 10.5; grid-No.2 ma.,
3.5; output watts, 0.575. The two units are used
in the same manner as two separate tubes in

1E7-GT

conventional push-pull audio-frequency amplifier circuits. This is a DISCONTINUED type listed

for reference only.

PENTAGRID CONVERTER

Subminiature type used in small,
compact, battery-operated receivers
for the standard AM broadcast band.
The 1E8 and the other RCA submini-
ature types 1AC5, 1ADS5, and 1T6

1E8

comprise a complete tube complement for lightweight portable radio receivers
having extremely low battery drain. Outline 8, OUTLINES SECTION. Tube
requires subminiature eight-contact socket and may be mounted in any position.
For general discussion of pentagrid types, see Frequency Conversion in ELEC-
TRON TUBE APPLICATIONS SECTION. For installation and application con-
siderations, refer to type 1AC5.
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FILAMENT VOLTAGE (DC)....... o ae e eettae ety ereieeanas . 1.25
FILAMENT CURRENT . o ¢ o vrrarnvenenannens bt taeesaa it teseraes 0.04
DIRECT INTERELECTRODE CAPACITANCES:
Grid No.3 to All Other Electrodes (RF Input). .......... Neerrans feen
Plate to All Other Electrodes (Mixer Qutput)........................

6

5
Grid Neo.1 to All Other Electrodes (Oscillator Input)................ .e 2.
Grid No.3 to Plate. . 0
0

Grid No.8 0 Grid NOL- . e v envrrvnreessnseeensnnnns,

Maximum Ratings:

PLATE VOLTAGE. ..... et r e s et aa ettt sttty 67.5 mazx
GRIDS-N0.2 AND No.4 (SCREEN) VOLTAGE«:.eervv.o..n ieraraiaen e eaen 45 max
GRIDS-N0.2 AND No0.4 SUuPPLY VOLTAGE. .... et thcaes it ann 67.5 max
TOTAL CATHODE CURRENT. .+ . ¢ e vt cavrecnaranne et ieietaenarerraas 4.0 mazx
Characteristics (Separate Excitation): #
Plate Voltage..... eeesane Cesttnonetosssannos 30 45 67.5
Grids-No.2 and No.4 Supply Voltage.......... 30 45 67.5
Grids-No.2 and No.4 Resgistor. ......c.veeunt. . 10000 15000 20000
Grid-No.3 (Control-Grid) Voltage...... N ¢ 0 0
Grid-No.1 (Oscillator-Grid) Resistor........... 0.1 0.1 0.1
Plate Resistance (ApPIOX.) .. ... cvvrrernranann 0.3 0.4 0.4
Conversion Transconductance. . .......cvouren 115 140 150
Grid-No.3 Voltage for Conversion Transconduct-

ance of 6 umhos (Approx.).......... e R -7 -8 -9
Plate Current, . ..o vveiiiriiersnasninncacnnn 0.3 0.6 1.6
Grids-No.2 and No.4 Current. . .......... . . 0.8 1.1 1.5
Grid-No.l Current, ... Cr i ireieer ey 30 50 70
Total Cathode Current., ............. eheee . 1.1 1.7 2.5

CONVERTER SERVICE

volts

ampere

pul
puf
puf
puf
puf

volts
volts
volts

volts
volts
ohms
volts

megohm
megohm

umhos

volts
ma
ma
“a
ma

NOTE: The transconductance between grid No.1 and grids No.2 and No.4 connected to plate (not
escillating) is approximately 730 umhos under the following conditions: signal applied to grid Ne.l at
zero bias; grids No.2 and No.4 and plate at 30 voits; and grid-No.3 grounded. Under the same condi-
tions, the total cathode current is 3 milliamperes and the amplification factor is 3.9.
#The characteristics shown under separate excitation approximate those obtained in a self-excited
oscillator operating with zero biaa.

1F4

1F5-G

1F6

POWER PENTODE

Glassa type used in output stage of battery-
operated receivers. Outline 38, OUTLINES
SECTION. Tube requires five-contact socket.
Filament volts (dc), 2.0; amperes, 0.12. Type
1F4 is similar electrically to type 1F5-G. Type
1F4 is a DISCONTINUED type listed for ref-
erence only.

POWER PENTODE

Glass octal type used in output stage of
battery-operated receivers, Outline 87, QUT- P
LINES SECTION. Tube requires octal socket. o
Filament volts (dc), 2.0; amperes, 0.12. Typi-
cal operation as clags Ai amplifier: plate and
grid-No.2 (screen) volts, 135 (180 max); grid- ,-.,.
No.1 volts, —4.5; plate ma., B; grid-No.2 ma.,

2.4; cathode resistor, 432 ohms; output watts,

0.31. This is a DISCONTINUED type listed NC

for reference only.

TWIN DIODE—
SHARP-CUTOFF PENTODE

(Glass type used as combined detector, am-
plifier, and avc tube in battery-operated re-
ceivers. Qutline 35, OUTLINES SECTION.
Tube requires six-contact socket. Filament volts
(dc), 2.0; amperes, 0.068. Typical operation of
pentode unit as class A; amplifier: plate volts,
180 mazx; grid-No.2 (screen) volts, 67.5 max;
grid-No.1 voits, —1.6; plate ma,, 2.2; grid-No.2
ma., 0.7. This is a DISCONTINUED type
listed for reference only,
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TWIN DIODE—
SHARP-CUTOFF PENTODE

Glass octal type used as combined detector,
amplifier, and ave tube in battery-operated re-
ceivers. Outline 35, OUTLINES SECTION.
Tube requires octal socket. Filament volts (dc),
2.0; amperes, 0.06. Similar electrically to type
1F6 except for interelectrode capacitances. Type
1F7-G is a DISCONTINUED type listed for
reference only. '

MEDIUM-MU TRIODE

Glass octal type used in battery-operated
receivers as detector or voltage amplifier. Qut
line 23, OUTLINES SECTION. This type may
be supplied with pin No.1 omitted. Tube requires
octal socket. Filament volts {dc), 1.4; amperes,
0.05. Typical operation and characteristics as
class A; amplifier: plate volts, 90 (110 max);
grid volts, —6; plate ma., 2.3; plate resistance,
10700 ohms; amplification factor, 8.8; trans-

1F7-G

1G4-GT

conductance, 825 pmhos. This type has been used as a driver for type 1G6-GT. Type 1G4-GT is a DIS-
CONTIUED type listed for reference only.

Go G
(4) ()
P 3 ‘
UV
3
NC c.
T <1y
(2)
/4 WOl

per unit, 6; output watts

(®
OX

-

"

A~
(™)

NG NC

POWER PENTODE

Glass octal type used in output stage of
battery-operated receivers. Qutline 37, OUT-
LINES SECTION. Tube requires octal gocket.
Filament volts (dc), 2.0; amperes, 0.12. T'ypical
operation as class A1 amplifier: plate and grid-
No.2 (screen) volts, 135 mazx; grid-No.1 volts,
—-13.5; plate ma., 9.7; output watts, 0.55. Thia is
a DISCONTINUED type listed for reference
only.

" HIGH-MU TWIN POWER TRIODE

Glass octal type used in output stage of
battery-operated receivers. Qutline 23, OQUT-
LINES SECTION. Tube requires octal socket.
Filament volts (de), 1.4; amperes, 0.1, Typical
operation as class B amplifier: plate volts, 90
(110 max); de grid volts, 0; peak af grid-to-grid
volts, 48; effective grid-circuit impedance per
unit, 25630 ohms; plate ma. (zero signal), 2;
plate ma. (maximum signal}, 11; peak grid ma

1G5-G

1G6-GT

(approx.), 0.86. This type is used principally for renewal purposes,

MEDIUM-MU TRIODE

Glass octal type used as detector or voltage
amplifier in battery-operated receivers. Qutline
33, OUTLINES SECTION. This type may be
supplied with pin No.l1 omitted. Tube requires
octal socket. Filament volts (de), 2.0; amperes,
0.06. Typical operation as class A, amplifier:
plate volts, 180 maz; grid volts, —13.5; amplifi-
cation factor, 9.3; plate resistance, 10300 ohms;
transconductance, 900 umhos; plate ma., 3.1.

1H4-G

For grid-bias detection, plate volts up to 180 max may be used and grid bias adjusted so that zero-signal
plate ma. is about 0.2. This is s DISCONTINUED type listed for reference only.

NC Pp

DIODE—HIGH-MU TRIODE

Glass octal type used as combined detector
and amplifier in battery-operated receivers, Qut-
line 24, OUTLINES SECTION. Tube requires
octal socket. Filament volts (dc), 1.4; amperes,
0.05. Characteristics of triode unit as class A;
amplifier: plate volts, 90 (110 max); grid volts, 0;
plate ma., 0.16; plate resistance, 240000 ohms;
amplification factor, 65; tranaconductance, 275
pmhos. Diode ia located at negative end of fila-
ment.

7
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Ppo Poy

TWIN DIODE—MEDIUM-MU TRIODE (4)
G
Glass octal type used as combined detector, PT A .o T
amplifier, and ave tube in battery-operated re-
-IH 6 G ceivers. Qutline 33, OUTLINES SECTION. e o
- Tube requires octal socket. Filament volts (de), ¢ Fe

2.0; amperes, 0.06. Type 1H6-G is similar elec- M w
trically to type 1B5/25S. Type LH6-G is a (" (e)
DISCONTINUED type listed for reference only. NC NC

POWER PENTODE

Glass octal type used in output stage of o
battery-operated receivers. Qutline 37, OUT-
LINES SECTION. Tube requires octal socket. P
Filament volts (d¢), 2.0; amperes, 0.12. Typical
'I J 5_G operation as eclass A; amplifier: plate and grid-
No.2 (screen) volts, 135 max; grid-No.1 volts, e
—16.5; plate ma., 7.0; grid-No.2 ma., 2.0; plate Fr

registance, 105000 ohms; load resistance, 13500 o o
chms; output watts, 0.45. This is 2 DISCON- NC NC
TINUED type listed for reference only.
HIGH-MU TWIN POWER TRIODE GT il
Glass octal types used in output stage of Pr
battery-operated receivers, Type 1J6-G, Out- PTp o / N 6) !
1J6-G line 33; type 1J6-GT, Outline 27, OUTLINES
SECTION. Tubes require octal socket. Fila-
lJb_GT ment volts (de), 2.0; amperes, 0.24. Typical e*o
operation as class B power amplifier: plate volts,
135 max; peak plate ma. per plate, 50 max; o o
grid volts, 0; zero-signal plate ma. per plate, NC NC

5; effective plate-to-plate load resistance, 10000
ohmsg; average input watts, 0.17; output watts, 2.1. These are DISCONTINUED types liated for
reference only. NC, -

SHARP-CUTOFF PENTODE

G G|
Miniature typeused as rf or if am- i
] I.4 plifierin portable, battery-operated re-
ceivers, particularly those not util- P £+
izingave.Outline 13,0UTLINES SEC-
TION.Tube requires miniature seven- 1S

contact socket and may be mounted in any position. Internal shield eliminates
need for external bulb shield, but shielding the socket is essential if minimum grid-
No.1-to-plate capacitance is required. For typical operation as a resistance-cou-
pled amplifier, refer to Chart 1, RESISTANCE-COUPLED AMPLIFIER SEC-
TION. For filament considerations, refer to type 1U4.

FILAMENT VOLTAGE (DC) .. 0iivinree e tnreneiseansassnssnsansronsssssnen 1.4 volts
FILAMENT CURRENT . . . v vttt svrnerrrrrrernatsencocsscannoeoaearsronasaens 0.06 ampere
DIRECT INTERELECTRODE CAPACITANCES:
Grid No.L to Plate. . . ... . ittt ittt iee ettt teaecerananearrassanens 0.01 max upf
Grid No.! to Filament, Grid No.2, Grid No.3, and Internal Shield........ 3.6 upf
Plate to Filament, Grid No.2, Grid No.3, and Internal Shield............ 7.5 upf
Maximum Ratings: CLASS A, AMPLIFIER
PLATE VOLTAGE. . . oottt ettt e e e sttt asessananssrnsasnnnnns . 110 mazx volts
GRID-NO.2 (SCREEN) VOLTAGE. . - ..\ ceuenraneranneancesssansssn 90 mazx volts
GRID-NO.2 SUPPLY VOLTAGE. ... ittt ittt rnnnrerssnansas . 110 max volts
GRID-N0.1 (CONTROL-GRID) VOLTAGE, Positive Bias Value.......... 0 max volts
TOTAL CATHODE CURRENT. . .ottt ittt titaeetirerennioesennanes ‘e 6.5 max ma

Typical Operation:

Plate Volbage. . .. .ttt i iir e e inensoesanossassasananen 90 90 volts
Grid-No.2 Voltage. ... ........c... et esrereneteeaananevanns ... ©67.5 90 volts
Grid-No.l Voltage. . ................ e et eeien e taae e aaas 0 0 volts
Plate Resigtance. .. ... ... .ottt tirtiasaetnsrsnnrnnssanaas 0.6 0.26 megohm
TranscondUctance. . .. .. et e e it carnnraasrtenrarsarsaaisas 925 10256 pmhos
Grid-No.1 Biasforplatecurrent of 10 p8......cccviiienererrrancnn -6 ~10 volts
Plate Current. ............. e s mmecasesaraanarartate et 2.9 4.5 ma
Grid-No. 2 Current. . ... vvvvusrnsvansnsnsrsoscsasasossasnaacans 1.2 2.0 ma
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AVERAGE PLATE CHARACTERISTICS
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PENTAGRID CONVERTER

Miniature type used in low-drain
battery-operated receivers. Qutline 13, 'I L 6
OUTLINES SECTION.Tuberequires
miniature seven-contact socket and
may be mounted in any position. For
general discussion of pentagrid types, see Frequency Conversion in ELECTRON
TUBE APPLICATIONS SECTION.

FILAMENT VOLTAGE (DC) . o v v itnn it tsntssstsssesrtsssssneasassannreas 1.4 volts
FILAMENT CURRENT. « o v e cvnvreesnusnatinastanssanennserasesseassnsnn 0.06 ampere
Maximum Ratings: CONVERTER SERVICE

PLATE VOLTAGE . . ..ttt it tinastaatorattoetstassatsstsssnsorsanaeens 110 mazx volts
GRIDS-N0.3-AND-NO.5 (SCREEN) VOLTAGE. . . . ...ttt rnsrnasonsassnonns 65 mazx volts
GRIDS-N0.3-AND-N0.5 SUPPLY VOLTAGE. .. .. ....vtitrnnnsnttnrensnnnn. 110 maxr volts
GRID-N0.2 (OSCILLATOR-PLATE) VOLTAGE. ...... covuucriorsnesnnsonions 110 mox volts
TOTAL CATHODE CURRENT . . . vt v et i e iesne stntsnssnsssrssssssrsnssnnns 4.0 mazx ma
Characteristics (Separate Excitation):

Plate Voltafe. . o oo v ittt it it ie i tetatastsssnsanrncasrascnanns 90 volts
Grids-No.3-and-No.5 (Screen) Voltage. . . .. ... . ittt 45 volts
Grid-No.2 (Oscillator-Plate) Voltage. . ... civiii vt iiiiinnannans 90 volts
Grid-No.4 (Mixer-Grid) Voltage. . . . ... ... it iiiiiiararacanas 0 volts
Grid-No.1 (Oscillator-Grid) Resistor. . ........... .. oo, 0.2 megohm
Plate Resistance (APProX.) . . ..ot rernerretreitsatssrarsaasnanenans 0.65 megohm
Plate Current. . ... v i et i ittt re et ctettetaasceasasssosssesnnennnns 0.5 ma
Grids-No.3-and-No.5B Current. . . ... vvcvieircnrtntanssanserasarianens 0.6 ma
Grid-INo.2 CUurrent. .« v v vttt ii it sttt et tattrssrissnerssnsrarsarnnens 1.2 ma
Grid-No.l Current. . ... oo v ir it ittt itassassassnnssnsnaanansnannn 0.035 ma
Total Cathode CUITent. . ... . vttt rt i cr e s rensieatarsansanrnns 2.35 ma
Conversion Transconductance. ... ... ...t e v iiistrianirrarrnarersen 300 pmhos
Grid-No.4 Voltage for Conversion Transconductance of 10 umhos. . ... .... -3.5 volts
Grid-No.4 Voltage for Conversion Transconductance of 100 pmhos......... -1.3 volts

NOTE: The transconductance between grid No.1 and grid No.2 connected to plate (not oscillating) is
approximately 550 umhos under the following conditions: signal applied to grid No.1 at zero bias; grid
No.2 and plate at 90 volts; grids No.8 and No.5 at 45 volts; grid No.4 grounded. Under the same con-
ditions, the plate current is 5 milliamperes, and the amplification factor is 40.

Maximum Circuit Yolue (For maximum rated conditions):
Grid-No.4 Circuit Resistance. .. .. ..cvciciocsasotnssencaasss iesereneas 1.0 maxz megohm

POWER PENTODE

Glass lock-in type used in output stage of
battery-operated receivers. Outline 15, OUT-
LINES SECTION. Tube requireslock-in socket. T1LA4
Filament volts (de), 1.4; amperes, 0.05. For
electrical characteristics and typical operation,
refer to glass-octal type 1A5-GT. Type1LAdisa
DISCONTINUED type listed for reference only.
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PENTAGRID CONVERTER

Glass lock-in type used in battery-operated
receivers, Outline 15, OUTLINES SECTION.
Tube requires lock-in socket. Filament volts
(de), 1.4; amperes, 0.05, Typical operation as
converter is the same as for type 1A7-GT ex-
cept that the maximum grid-No.2 volts is 65,
the maximum total cathode ma. is 4.0, the plate
resistance is 0.75 megohm, and the conversion
transconductance for a grid-No.4 (control-grid)
bias of —3 volts is 10 ymhos.

POWER PENTODE

Glass lock-in type used in output stage of
battery-operated receivers. Outline 15, OUT-
LINESSECTION. Tuberequireslock-in socket.
Filament volts (de), 1.4; amperes, 0.05. For elec-
trical characteristics, refer to pentode unit of
glass-oetal type 1D8-GT.

SHARP-CUTOFF PENTODE

Glass lock-in type used as rf or if amplifier
in battery-operated receivers. Outline 15, OUT-
LINESSECTION. Tuberequires lock-in socket.
Filament volta (dc), 1.4; amperes, 0.05, Typical
operation as class A1 amplifier: plate volis, 50
(110 max); grid-No.2 (screen) volts, 46 max;
grid-No.1 volts, 0; plate resistance (approx.),
greater than 1 megohm; transconductance, 775
pmhos; plate ma., 1.15; grid-No.2 ma., 0.3.

PENYAGRID CONVERTER

Glass lock-in type used in battery-operated
receivers, Outline 15, OUTLINES SECTION.
Tube requires lock-in socket. Filament volts
(de), 1.4, amperes, 0.05. Typical operation as
converter: plate volts, 90 (110 mazx); grids-No.3-
and-No.5 volts, 35 (45 max) ; grid-No.2 volts, 45;
grid-No.1 volts, 0; plate registance, 0.65 meg-
ohm; plate ma., 0.75; grids-No.3-and-No.b ma.,
0.70; grid-No.2 ma., 1.4; total cathode ma.,
2.9; conversion transconductance (zero bias),
275 ymhos.

DIODE—-SHARP-CUTOFF PENTODE

Glass lock-in type used as combined detee-
tor and af voltage amplifier in battery-operated
receivers. Outline 15, OUTLINES SECTION.
Tube requires lock-in socket. Filament volts
(de), 1.4; amperes, 0.05. Characteristics of pen-
tode unit: plate volts, 90 (110 mazx); grid-No.2
volts, 45; grid-No.l volts, 0; plate ma., 0.6;
grid-No.2 ma., 0.1; plate resistance, 0.76 meg-
ohm; transconductance, 575 umhos.

MEDIUM-MU TRIODE

Glass lock-in type used as detector or volt-
age amplifier in battery-operated receivers. Out-
line 15, QUTLINES SECTION. Tube requires
lock-in socket. Filament volts (dc), 1.4; amperes,
0,05, Typical operation as class A: amplifier:
plate volts, 90 (110 max): grid volts, -3; plate
ma., 1.4; plate resistance, 19000 ohma; trans-
conductance, 760 ymhos; amplification factor,
14.5.
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REMOTE-CUTOFF PENTODE

Lock-in type used as rf or if amplifier in
battery-operated receivers. Outline 15, OUT-
LINESSECTION. Tuberequireslock-in socket.
Filament volta (de), 1.4; amperes, 0.05. Typical
operation and maximum ratings as class A, ILG 5
amplifier: plate volts, 90 (110 maz); grid-No.2
volts, 45 (110 maz); grid-No.1 volts, 0; plate
resistance (approx.), greater than 1 megohm;
transconductance, 800 xmhos; plate ms., 1.7;
grid-No.2 ma., 0.4; grid-No.1 voltage for trans.
conductance of 10 umhos, —10 volts,

DIODE—HIGH-MU TRIODE

Glass lock-in type used as combined detec-
tor and amplifier 111 battery-operated receivers. H
Qutline 15, OUTLINES SECTION. Tube re- ll. 4
quires lock-in socket. Filament volts (de), 1.4;
amperes, 0.05. For electrical characteristics, re-
fer to glass-octal type 1H5-GT.

SHARP-CUTOFF PENTODE

Glass lock-in type used as rf or if amplifier
in battery-operated receivers. Outline 15, OUT-
LINESSECTION. Tuberequires lock-in socket.
Filament volts (dc), 1.4; amperes, 0.05. Typical l L N 5
operation as class Ay amplifier: plate and grid-
No.2 (screen) volts, 90 (110 max); grid-No.1
volts, 0; plate ma., 1.6; grid-No.2 ma., 0.35;
plate resistance (approx.), 1.1 megohms; trans-
conductance, 800 umhos.

SHARP-CUTOFF PENTODE

Glass octal type used asrf orif am-
plifierin battery-operated receivers. ] N S—GT
Outline 24, OUTLINES SECTION.
Tube requires octal socket and may be
mounted in any position. When used
in ave circuits, the IN5-GT should be only partially controlled to avoid exces-
sive reduction in receiver sensitivity with large signal input.

FILAMENT VOLTAGE (DC) . .. ittt it esnseecereneneneneannennns e 1.4 volts
FILAMENT CURRENT. . . ...\ttt it et nnnassnsacens heaianans 0.06 ampere
DIRECT INTERELECTRODE CAPACITANCES:*
Grid No. L to Plate. ... ... ittt ittt ettt teetterannennnane 0.007 max uuf
Grid No.l1 to Filament, Grid No.2, and Grid No.3.............. 2.8 puf
Plate to Filament, Grid No.2,and Grid No.8.................. 9.0 apf

* With external shield connected to negative filament terminal,

Typical Operation: CLASS A, AMPLIFIER

Plate Voltage (110 volts max) . ... . ..cv ittt i i ieinrrenns cee 90 volts
Grid-No.2 (Screen) Voltage (110 volts maT) ... .o ot ot it i irrrnnnnnns 90 volts
Grid-No.l Voltage. .. ... iit it ittt sttt eareeeaneneennns 0 volts
Plate Resistance (ADPDroX.) . .. vvirirrinin e inrinnereanseannnns 1.5 megohms
TransconductBNCe. . . ... .ottt i i e e e a e 750 pmhos
Grid-No.l Bias (Approx.) for transconductance of 5 umhos......... -4 volts
Plate Current. .. ... i it ettt a et 1.2 ma
Grid-NO.2 CUITENE. . .1ttt etrr e raransnesonterereisnsenennns 0.3 ma



IN6-G

1P5-GT

volts on grid-No.1, 10 umhos; plate ma., 2.3; grid-No.2 ma., 0.7. This is

listed for reference only.

1Q5-GT

1IR5
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DIODE—POWER PENTODE

Glass octal type used as combined detec-
tor and power output tube in battery-operated
receivers. Filament volts (de), 1.4; amperes,
0.05. Typical operation of pentode unit as class
A, amplifier: plate and grid-No.2 (sereen) volts,
90 (110 max); grid-No.1 volts, —4.5; plate ma.,
8.1; grid-No.2 ma. (zero-signal), 0.6; plate re-
sistance (approx.), 0.3 megohm; transconduct-
ance, 800 umhos; load resistance, 25000 ohms;
output watts, 0.1. This is a DISCONTINUED
type listed for reference only.

REMOTE-CUTOFF PENTODE

Glass oetal type used as rf or if amplifier in
battery-operated receivers. Outline 24, OUT-
LINES SECTION. Tube requires octal socket.
Filament volts (d¢), 1.4; amperes, 0.05. Typical
operation asg class A, amplifier: plate volts, 90
(110 max); grid-No.2 (screen) wvolts, 90 (110
mazx); grid-No.1 volts, 0; plate resistance
(approx.), 0.8 megohm; transconductance, 750
pmhos; transconductance (approx.} with —-12

BEAM POWER TUBE

Glass octal type used in the output stage
of battery-operated receivers. Outline 23, OUT-
LINES SECTION. This type may be supplied
with pin No.1 omitted. Tube requires oectal
gsocket. Filament volts (dc¢), 1.4; amperes, 0.1.
For electrical characteristics and ratings, refer
to type 3Q5-GT with parallel filament arrange-
ment. Type 1Q5-GT is used principally for re-
newal purposes.

PENTAGRID CONVERTER

Miniature type used in lightweight,
portable, compact, battery-operated re-
ceivers. Outline 13, OUTLINES SEC-
TION. Tube requires miniature seven-
contact socket and may be mounted in

G2 Gy
e‘ PD
R ATAD g2

OLIO

NC NC

Gz NC
oNOoN
o‘ Q
PRI E
OMIO
Bc NC

any position. For general discussion of pentagrid types, see Frequency Conversion
in ELECTRON TUBE APPLICATIONS SECTION. For filament considerations,

refer to type 1U4.

FILAMENT VOLTAGE (DC)
FILAMENT CURRENT, . ...

------------------------------------- ..

.................................... .

DIRECT INTERELECTRODE CAPACITANCES:
Grid No.3 to All Other Electrodes (RF Input). . ...............
Plate to All Other Electrodes (Mixer Qutput). .................
Grid No.l1 to All Other Electrodes (Ose. Input). . ............ .

Grid No.3 to Plate. . .

......................................

Grid NoB3te Grid No.d. . .. ... it it et e eaaarnaasan

Grid No.l to Plate. . .

Maximum Ratings:

......................................

PLATE VOLTAGE. . . ..t itiiateitassnanearanarensnanss
GRIDS-N0.2-AND-N0.4 (SCREEN) VOLTAGE . . ...........
GRIDS-N0.2-AND-No0.4 SUPPLY VOLTAGE...............
GRID-N 0.3 {(CONTROL: GRID) VOLTAGE, Positive Bias Value
TorAL ZERO-SIGNAL CATHODE CURRENT.,.............

Typical Operation:

...........

..........

...........

Plate Voltage. . . ... ..ot inieiisnrsnnernanans 45 67.b 90
Grids-No.2-and-No.4 Voltage . .. .........cu.t. 45 67.6 45
Grid-No.3 Voltage., .. ............-. e 0 0 0
Grid-No.1 Resistor. ..... e reaaanen erreanes 0.1 0.1 0.1

1.4 volts
0.05 ampere
7.0 pul
7.5 i
3.8 pul
0.4 max ouf
0.2 max puf
0.1 max uuf
90 max volts
67.5 max volts
90 maz volts

0 mazx volts
5.5 max ma
90 volts
67.5 volta
0 volts
0.1 megohm
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Plate Resistance (Approx.}. ... ...ocvievennannn 0.6 0.5 0.8 0.6 megohm
Conversion Transconductance. .. .............. 235 280 260 300 umhos
Grid-No.3 Bias for conversion trans-

conductance of approx. b ymhos, . .......... -9 -14 -9 ~14 volis
PlateCurrent. .. ... ... ... .. ...cviueenrurnnnnn 0.7 1.4 0.8 1.6 ma
Grids-No.2-and-No.4 Current.. . ............... 1.9 3.2 1.9 3.2 ma
Grid-No.1 Current........... ... iennns 0.15 0.256 0.156 0.26 ma
Total Cathode Current. ...................... 2.75 5 2.75 5 ma

NOTE: The transconductance between grid No.1 and grids No.2 and No.4 tied to plate (not oscillating)
is approximately 1400 umhos under the following conditiona: grids No.1 and No.3 at 0 volts; grids No.2
and No.4 and plate at 67.5 volts.

OPERATION CHARACTERISTICS

1 ] ¥
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POWER PENTODE

Miniature type used in output stage of
lightweight, compact, portable, battery-oper-
ated equipment. Types 154 and 384 are identi-
cal except for filament arrangement. Outline 13, .I S4
OUTLINES SECTION. Type 184 requires
miniature seven-contact socket and may be
mounted in any position. For ratings, typical
operation, and curves, refer to type 354 with
parallel filament arrangement. For filament con-
giderations, refer to type 104 and ELECTRON TUBE INSTALLATION SECTION. Filament volts
(de), 1.4; amperes, 0.1, This type is used principally for renewal purposes.

2 & DIODE—
Po3) oM SHARP-CUTOFF PENTODE

\ 0 . Miniature type used in light- 155
EONN Y/\—/r+  weight, compact, portable, battery-op-

F-(U

erated receivers as combined detector
Gap and af voltage amplifier. Qutline 13,
OUTLINES SECTION. Filament volts (dc), 1.4; amperes, 0.05. Tube requires
miniature seven-contact socket and may be mounted in any position. For elec-
trical characteristics, curves, and application, refer to type 1US5.

REMOTE-CUTOFF PENTODE

Miniature type used in light-
weight, compact, portable, battery-op- 'I T 4
erated receivers as rf or if amplifier.
Because of internal shielding feature,
an external bulb shield is not needed,
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but socket shielding is essential if minimum grid-No.1-to-plate capacitance is to be
obtained. Qutline 13, OUTLINES SECTION. Tube requires miniature seven-con-
tact socket and may be mounted in any position. For filament considerations, refer

to type 1U4.

FILAMENT VOLTAGE (DC) . . . it vutvriaiinneaiaruoenneneeancnans .. 1.4 volts
FILAMENT CURRENT . .. oiin vt inteiitne i ennneeraensnasanenons 0.05 ampere
DIRECT INTERELECTRODE CAPACITANCES:*
Grid No.ltoPlate. .. .... .. ... .. iiiiiiiiiiiiienn.ns 0,01 max apd
Grid No.l1 to Filament, Grid No.2, Grid No.3, and Internal Shield 3.6 upf
Plate to Filament, Grid No.2, Grid No.3, and Internal Shield. ... 7.5 g
* With close-fitting shield connected to negative filament terminal.
Maximum Ratings: CLASS A, AMPLIFIER _
PLATE VOLTAGE., .ottt ti s st r sttt ir et i e ne e nenaanea 90 maz volts
GRID-NO.Z (SCREEN) VOLTAGE. . ... .ut vttt iennernnnnsennanes 67.5 maz volts
GRID-NO.2 SUPPLY VOLTAGE. ... vviiittites ettt et einresnennans 90 max volts
GRID-NO.1 (CONTROL-GRID) VOLTAGE, Positive Bias Value.......... 0 mazx volts
TOTAL CATHODE CURRENT. . o .ottt ittt it teetse e ennaensnsnnenes 5.6 max ma
Typical Operation:
Plate Voltage. . .......cociiiiitirnnnnnnenc.n 45 67.6 90 90 volts
Grid-No.2 Voltage. .. ....... .o iiincvnan. 45 67.5 45 67.5 volts
Grid-No.l Voltage. ............cinrinninnnnn ¢ ) 0 0 volts
Plate Resistance (Approx.). ........cveevnns, 0.35 0.26 0.8 0.5 megohm
Transconductance. . ...........coioviueno.... 700 875 760 900 umhos
Grid-No.1 Bias for transconductance of 10 umhoa. -10 -16 -10 -16 volts
Plate Current, . .. ....... ... irinenannn. 1.7 3.4 1.8 3.6 ma
Grid-No.2 Current......covviieiiriieinenennn 0.7 1.6 0.65 1.4 ma
AVERAGE PLATE CHARACTERISTICS
4 T T T
] TvPE IT4
20 Eg=1,4 VOLTS D C
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BEAM POWER TUBE G G

Glass octal type used in output stage of
battery-operated receivers. Outline 23, OUT-
LINES SECTION. This type may be supplied

socket. Filament voits (de¢), 1.4; amperes, 0.05.

ITS_GT with pin No.1l omitted. Tube requires octal

For filament considerations, refer to type 1U4.
Typical operation as class A, smplifier with
fixed bias: plate and grid-No.2 (screen) volts, 90
(110 maz); grid-No.1 volts, -6; peak af grid-
No.1 volts, 6; plate ma. (maximum or zero-gignal), 6.5; grid-No.2 ma. (zero-signal), 0.8; grid-No.2 ma.
{maximum signal), 1.5; plate resistance, 0.25 megohm; transconductance, 1150 umhos; load resistance,
14000 ohms; total harmonic distortion, 7.6 per cent; output watts, 0.17. This is a DISCONTINUED

type listed for reference only.
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DIODE—SHARP-CUTOFF
PENTODE

Subminiature type used as coms-
bined detector and audio amplifier in ]T6
small, compact, battery-operated re-

ceivers for the standard AM broad-

cast band. The 1T6 and the other RCA

subminiature types 1AC5, 1ADS5, and 1E8 comprise a complete tube complement
for lightweight portable radio receivers having extremely low battery drain. Qut-
line 8, OUTLINES SECTION. Tube requires subminiature eight-contact socket
and may be mounted in any position. For installation and application considera-
tions, refer to type 1ACS5.

FILAMENT VOLTAGE (DC) . . v oo o v nn . et e, e dteseneeena .. 1.25 volts
FILAMENT CURRENT . . .\ vttt iarinesnraorarnnsconnannsnne beresasearriaans 0.04 ampere

Maximum Ratings:

PLATE VOLTAGE . . . ... .ttt rerssinsessasasaesoesssesnenanses 67.5 mazx volts
GRID-NO.2 (S8CREEN) VOLTAGE, . v v vitivarveninstonesnosanssnancinss vien. 67.5 max volts
TOTAL CATHODE CURRENT. . ..t v evunrnnsnnnss bt ererer e eteranee 2.0 max ma

Typical Operation:

Plate Voltage. . . ... ... ... irrriinrareninens ieeseas 30 45 67.5 volts
Grid-No.2 (Screen) Voltage. ............vvu. Velstesevane 30 45 67.5 volts
Grid-No.1 (Control-Grid) Voltage. . . ........ccvuivvnne . 0 0 0 volts
Plate Resistance (ApDProx.) . . ..o iirreiieinnnnneerrass 0.5 0.5 0.4 megohm
Transconductance, ., .............., .. Ve st eharaa e . 330 475 600 pumhos
Plate Current. ... ... ... ittt iiernnsnns et 0.33 0.75 1.6 ma
Grid-No.2 Current...... e reeeeaearaaaa Crerieeaa, 0.10 0.21 0.4 ma
DIODE UNIT

Maximum Rating:

PLATE CURRENT. . . ittt ttettrasneteesnannensinnenennarnerssessnnsrnnns 0.25 max ma
Diode unit is located at negative end of filament and is independent of the pentode unit except for the

common filament.

SHARP-CUTOFF PENTODE

Miniature type used as rf or if
amplifier in stages not controlled by lU4

ave in lightweight, compact, portable,

battery-operated equipment. Because

the screen can be operated at the same

voltage as the plate, a voltage-dropping resistor is not needed. For typical operation
as a resistance-coupled amplifier, refer to Chart 3, RESISTANCE-COUPLED
AMPLIFIER SECTION.

FILAMENT VOLTAGE (DC). . .. ......0.0. hrsssasssnteareesareertannans 1.4 volts
FILAMENT CURRENT. .. ........covvvuna-n “resestescancnnn eressassrensress 0,06 ampere
DIRECT INTERELECTRODE CAPACITANCES:?*
Grid No.Lto Plate. ... u . oin it ittt iniitetanreresisnnnneeas vese 0,01 max puf
Grid No.l1 to Fllament Gnd No.2, Grid No.8, and Internal Sh.leid citemes 3.6 unf
Plate to Filament, Grid No.2, Grld No.3, and Internal Shield............ 7.6 upf

* External shield connected to negative filament terminal.

Maximum Ratings: CLASS A, AMPLIFIER
PLATE VOLTAGE. ............ reerteaiaean B veresssrensaa 110 max volts
GRID—NO.Z(BCBEEN)VOLTAGE cestiersenras e 110 mazx volta
GRID-No0.1 (CONTROL-GRID) VOLTAGE:
Negative bias value ....... e E e e e NS IR e e s s e e carnys 80 max volta
Positive bias value . ... ......cc0ovivnvnrernrennanes 0 max volta
TorAL CATHODE CURRENT......... 6 max ma

8b
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Typical Operation:

Plate Voltage. . . ...civinisrrerecirrnsssetaerssrsassarsrorrarsescstocene 90 volts
Grid-No.2 Voltage., . ... .. iiiivniinnetnotstssssanraseassesiosvssnsnene 90 volts
Grid-No.l Voltage. .. ... ...ttt iirrissetsoncassssesossonensansans 0 volts
Plate Resistance (APDIOX.) . . v v v erteraneconuscersrssssssassssssnssesnsanss 1.0 megohm
P raANECONAUCEAIICE . . . . ...t o et iareneaensnneereosnnsansesersansnanreaenns - 900 smhos
Grid-No.1 Bias for transconductance of 10 pgmhos............ccceivi., —4 volts
Plate Current. . .. ...ttt i it it ittt e r s bt ettt 1.6 ma
Grid-INo.2 CUrrent. . ... ittt it ittt s enasonananaosorensnsnesnsns 0.6 ma

INSTALLATION AND APPLICATION

Type 1U4 requires a miniature seven-contact socket and may be mounted in
any position. Qutline 13, OUTLINES SECTION.

The filament power supply may be obtained from dry-cell batteries, from
storage batteries, or from a power line. With dry-cell battery supply, the filament
may be connected either directly across a battery rated at a terminal potential of
1.5 volts, or in series with the filaments of similar fubes across a power supply con-
sisting of dry cells in series In either case, the voltage across the filament should
not exceed 1.6 volts.

With power-line or storage-battery supply, the filament may be operated in
series with the filaments of other tubes of the same filament-current rating. For such
operation, design adjustments should be made so that, with tubes of rated charac-
teristics operating with all electrode voltages applied and on a normal line voltage
of 117 volts or on a normal storage-battery voltage of 2.0 volts per cell (without a
charger) or 2.2 volts per cell (with a charger), the voltage drop across the filament
will be maintained within a range of 1.25 to 1.4 volts with a center of 1.3 volts.

In order to meet the recommended conditions for operating filaments in series
from dry-battery, storage-battery, or power-line sources, it may be necessary to use
shunting resistors across the individual 1.4-volt sections of filament. Refer to
ELECTRON TUBE INSTALLATION SECTION for additional filament con-

siderations.

AVERAGE PLATE CHARACTERISTICS
PENTODE CONNECTION

1 1 1
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22CM-5669T

DIODE—SHARP-CUTOFF
PENTODE

-IU 5 Miniature type used in light-
weight, compact, portable, battery-op-

erated receivers as combined detector

and af voltage amplifier. The 1U5 is

similar to the 185 but utilizes an im-
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proved structure which greatly reduces any tendency toward microphonic effects.
In addition, the diode unit is effectively shielded from the pentode unit to prevent
‘“play-through.” Outline 13, OUTLINES SECTION. Tube requires miniature
seven-contact socket and may be mounted in any position. For typical operation
as a resistance-coupled amplifier, refer to Chart 2, RESISTANCE-COUPLED
AMPLIFIER SECTION. For filament considerations, refer to type 1U4.

FILAMENT VOLTAGE (DC) . . v vttt vvntnerasasronssusossssnrersnnns 1.4 volts
FILAMENT CURRENT. . . .. vuttertneenesoncrnoncorannaescasennnsans 0.0% ampere
Maximum Ratings: PENTODE UNIT AS CLASS A, AMPLIFIER
PLATE VOLTAGE . .. ... ittt ittt tatiarsassnasstsanssannnns 90 max volts
GRID-NO.2 (BCREEN) VOLTAGE. . . . .. iitivrrrennsrrnnsonnones e 90 mazx volta
GRID-N 0.1 (CONTROL-GRID) VOLTAGE:
Negativebias value .. ... . .. iiiniititnnecnnnness ernne 50 max volts
Positive bias value . ..., ittt iiriienresererssnrasnnnancs 0 max volts
TOTAL CATHODE CURRENT. . ... i ovuneriurerrocncsocanaans Cernens 3 max ma
Characteristics:
Plate Voltage. ... ... .i it i iiieenarenrcnanoerananoans .. 67.5 volts
Grid-No.2 Voltage. . . ......ii ittt ittt et esiosnnnens .o 67.5 volta
Grid-No.1 Voltage 0 volts
Plate Resistance. ... ... ..... .t itriiirirarancnsarivasaassaansas 0.6 megohm
Transconductance. . ... ..ot it it ierirnornnsnsonsenanons venes 625 pmhos
Grid-No.1 Bias for platecurrent of 10 ga. .. ... . vt iiiiinninnoas -5 volts
Plate Current. .. ... .. it iti ittt atanatteennnnnnanans 1.6 ma
Grid-No.Z CUrTent. ... ..o it instneennereossancososessnssees 0.4 ma
Maximum Rating: DIODE UNIT
PLATE CURRENT. .« vt v vt trvaetansensionasoasoannossnansnnnnens 0.25 max msa

Diode unit is located at negative end of filament and is independent of the perntode except for the
common filament.

AVERAGE PLATE CHARACTERISTICS
PENTODE UNIT

2.5 — T

TYPE 1U5

|__E4=1.4 vOLTS DC
GRID-N22 VOLTS =67.5
2.0
W ey voLTs Eci®0
u GRID=N
Wl ‘_,_._-—'"'—
W
2 ~-0.%
o«
3 r/ =
3 / // -1.0
w L0 7 —
F // 15
Y
/ -2.0
0.5 p/ Eci=-2.5
@ ol -3.0
i ——————
IE""' -alo
- ]
0 20 a0 €0 ) 100 120 140
PLATE VOLTS P2CM=-6I58TI
HALF-WAVE VACUUM RECTIFIER

P K

(2) (3) Glass type used in ae/dc or automobile
receivers. Outline 81 or 84, OUTLINES SEC-
TION. Tube requires four-contact socket. For
heater considerations, refer to type 6ATS. 'I
Heater volts (ac/dc), 6.3; amperes, 0.3. Maxi- "'V
o*o mum ratings as half-wave rectifier: peak inverse
H H plate volts, 1000; peak plate ma., 270; peak
heater-cathode volts, 500; dc¢ output ma., 45.
This type is used principally for renewal pur-
poses.
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HALF-WAVE VACUUM RECTIFIER

Miniature type used in high-volt-

‘vz age, low-current applications such as

the rectifier in high-voltage, pulse-op-

erated voltage-doubling power supplies

for kinescopes. The very low power

required by the filament permits the use of a rectifier transformer having small
size and light weight. For curve of average plate characteristics, see page 61.

FILAMENT VOLTAGE (AC) . . ..t it iiitia et tanetsrnnansasananssonrennnsees 0.625 volt
FILAMENT CURRENT. . . ... ...ioiiiiiiarnnanss e aaa e 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCE:

Plate to Filament (ApPProX.) . .. ... iiintiirienrerroroncaroparsnsseenn 0.8 nuf

PULSED-RECTIFIER SERVICE

. . For operation in a 525-line, $0-frame system
Maximum Ratings

PEAK INVERSE PLATE VOLTAGE. . .ot ittt it rseassoenassrsssosnsssns 7500 max volts
PEAK PLATE CURRENT. . . .. 0utteranerassrssrransssnsinoecaassonsassoanes 10 max ma
AVERAGE PLATE CURRBENT . & o v et v vvsesenansasssnsnsnnonsosentinsansonsas 0.5 max ma

INSTALLATION AND APPLICATION

Type 1V2 requires a noval nine-contact socket and may be mounted in any
position. The socket should be made of material having low leakage and should
have adequate insulation between its filament and plate terminals to withstand
the maximum peak inverse plate voltage. To provide the required insulation in
noval nine-contact sockets designed with a cylindrical eenter shield, it is necessary
to remove the center shield. In addition, it is recommended that the socket cljps
for pins 1, 6, and 7 be removed to reduce the possibility of are-over and minimize
leakage. Outline 14, OUTLINES SECTION.

The filament is of the coated type and is designed for operation at 0.625 volt.
The filament windings on the pulse transformer should be adjusted to provide the
rated voltage under average line-voltage conditions. When the filament voltage is
measured, it is recommended that an rms voltmeter of the thermal type be used.
The meter and its leads must be insulated to withstand 15000 volts and the stray
capacitances to ground should be minimized.

The high voltages at which the 1V2 is operated are very dangerous. Great care
should be taken to prevent coming in contact with these high voltages. Particular
care against fatal shock should be taken in measuring the filament voltage in those
circuits where the filament is not grounded. Precautions must include safeguards
which definitely eliminate all hazards to personnel.

HALF-WAVE VACUUM RECTIFIER

l X2"A - Miniature types used in high-volt-
'l x2 B age, low-current applications such as
- the rectifier in a high-voltage, rf-op-

erated powersupply,oras therectifier of

high-voltage pulses produced in tel-
evision scanning systems. Outline 19, OUTLINES SECTION. Tubes require noval
nine-contact socket and may be mounted in any position, Plate connection is cap
at top of bulb. Pins 3 and 7 may be used as tie points for filament dropping resis-
tor and high-voltage filter resistor, or may be connected to the filament. These pins
should not be connected to low-potential circuits., For other filament and high-
voltage considerations, refer to type 1B3-GT. For curve of average plate character-
istics, see page 61.
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FILAMENT VOLTAGE (AC) .« v vittvrernanoeriaoerneasnsanansnss reneraees 1.25 volts

FILAMENT CURRENT. . ..t vueirntnesusnssnsnnssanann Crratarttereanesran . 0.2 ampere
DIRECT INTERELECTRODE CAPACITANCE:
Plate to Filament (Approx.)........... et e st ananes Ceevesesne 1.0 upd

PULSED-RECTIFIER SERVICE
For operation in a 525-line, 80-frame system

Maximum Ratings: 1X2-A 1X2-B

PEAK INVERSE PLATE VOLTAGE (Absolute Mazimum)®........ 18000 max 22000m max volts
PEAK PLATE CURRENT. .. ..., 0rivriennrinnnnnnnnns Ceeees 10 max 45 mazx ma
AVERAGE PLATE CURRENT........ Vrreenanen 1 max 0.5 mazx ma

Typical Operation:
Peak Plate Supply Voltage:

Positive Pulse Value. . ..............c.ccvvurnns Ceeeaeas 14000 18000 volts
Negative Pulse Value, ...... e et e i ese et 3500 2000 volts
DC Output Voltage (APProx.). .. .....ccvrirrrnrncnrnsnna, 14000 18000 volts
DC Output Current (APProK.). .. ... iiiirinererenenrenns 175 100 #a

°The de component must not exceed 18000 volts.
sUnder ne circumstances should this absolute value be exceeded,

f) 5° POWER TRIODE

Glass type used in output stage of ra-
dio receivers and amplifiers. As a class 2A3
A, power amplifier, the 2A3 is usable
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; » eit