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FOREWORD

The CunNingaaM Rapio Tuse ManuaL has been
prepared especially to supply technical information re-
garding the characteristics and operation of Cunning-
ham tubes to those who work or experiment with radio
tubes and circuits.

Careful consideration has been given to the selection
of material which presents general and specific tube
information in the most useful and helpful form.

Tube types have been arranged in numerical sequence
on the basis of the last two digits of model number
designations. This is in accordance with our program
of generally utilizing a two digit system for identifying
tubes as evidenced by the new type numbers, i.e.,
46, 56, 57, 58, and 82. Eventually, the two digit
system will be extended to practically all of the older
models by dropping the first digit of the present three
digit designations.

This Manual will be found valuable by radio service
men, radio technicians, experimenters, radio amateurs,
and those who have an interest in the technical aspects
of radio tubes.

Commercial Engineering Section
E. T. CUNNINGHAM, Inc.

Harrison, New Jersey
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Electrons and Electrodes

The radio tube is a marvelous device. Although it appears to be a fragile affair
constructed of metal and glass, in reality it is 2 rugged instrument that makes pos-
sible the performing of operations, amazing in conception, with a precision and
a certainty that is astounding. It is an exceedingly sensitive and accurate instru-
ment—the product of coordinated efforts of engineers and craftsmen. Its con-
struction requires materials from every corner of the earth. Its use is world-wide.
Its future possibilities, even in the light of present day accomplishments, are but
dimly foreseen, for each development opens new fields of design and application.

A radio tube consists of a cathode and one or more additional electrodes—
all enclosed in an evacuated glass bulb—with their electrical connections brought
to exterior terminals. The cathode supplies electrons while the other electrodes
control and collect them.

The importance of the radio tube lies in its ability to control almost instantly
the flight of the millions of electrons supplied by the cathode. It accomplishes
this with 2 minimum of control energy. Because it is almost instantanecus in its
action, the radio tube can operate efficiently and accurately at electrical frequencies
much higher than possible with rotating machines,

All matter exists in the solid, liquid, or gaseous state. These three forms of
matter consist entirely of minute divisions known as molecules. Molecules are
assumed to be composed of atoms. According to a present accepted theory, atoms
have a nucleus which is a positive charge of electricity. Around this nucleus
revolve tiny charges of negative electricity known as “‘electrons.” Scientists have
estimated that these invisible bits of electricity weigh only 1/46 billion, billion,
billion, billionths of an ounce since 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
example, if the temperature of a metal is gradually raised, the electrons gain vel-
ocity. When the metal becomes hot enough to glow, some electrons may acquire
sufficient speed to break away from their nuclei. This action is utilized in the
radio tube to produce the necessary electron supply.

CATHODES

A cathode is an essential part of a radio tube since it supplies the electrons
necessary for tube operation. In general, heat is the form of energy applied to
the cathode to release the electrons. The method of heating the active material
of 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
active material on its outside surface and is heated by radiation and conduction
from the heater.

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 pure metal. Since they must operate
at high temperatures (a dazzling white) to emit sufficient electrons, a relatively
large amount of filament power is required. Thoriated-tungsten filaments are
drawn from tungsten slugs which have been impregnated with thoria. Due to
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the thorium, these filaments liberate electrons at a more moderate temperature (a
bright yellow) and are, therefore, much more economical of filament power than
are pure tungsten filaments. Alkaline earths are usually applied by coating a
nickel alloy wire or ribbon with a mixture containing the materials. This coating,
which is dried into a substantial layer on the filament, requires only a very low
temperature (a dull red) to produce a copious supply of electrons. Coated fila-
ments operate very efficiently and require relatively little filament power. How-
ever, each of these cathode materials has special advantages which determine the
choice for a particular application. In general, tubes made with filament-cathodes
or heater-cathodes and designed for use in radio receivers, utilize the coated
construction.

CATHODE

INSULATED
HEATER

L SUPPORT CATHODE

WIRE INSULATED
HEATER

S

DIRECTLY HEATED CATHODES INDIRECTLY HEATED CATHODES
(FILAMENT TYPE) (HEATER TYPE)

Filament-cathode types of tubes are particularly well suited for operation from
a steady source of filament supply voltage such as a battery. Tubes for this ser-
vice can be designed with cathodes which give economical production of electrons
and, consequently, economical set operation. Tubes constructed primarily for
economical battery operation are not very satisfactory for use with alternating
current filament supply, due to the variation in electron emission and potential
in the space charge region which occurs with each alternation of the current. This
variation is amplified by the tube and produces hum in the loudspeaker. When
filament-cathode types of tubes are to be used on a-c filament supply, special pre-
cautions are taken in the design to reduce hum disturbances to a point where the
hum will not be troublesome. These precautions include such features as the
utilization of massive filaments which minimize temperature fluctuations, the use
of filaments which have sufficient excess electron emission so that a very large
temperature change is required to reduce the emission below the value needed for
normal tube operation, and the proportioning of tube parts to minimize the elec-
trostatic and magnetic effects produced by a.c. on the filament. The 26 is an
example of a filament-cathode type of tube particularly useful for operation on a.c.

Heater-, or indirectly-heated cathodes, comprise an assembly of a thin metal
sleeve coated with active material and a heater contained within and separated
from the sleeve. The heater is made of tungsten wire and is used only for the
purpose of heating the sleeve and its coating to an electron-emitting temperature,
The tungsten wire is operated at a moderate temperature and supplies the energy
for heating the sleeve.

The heater-cathode construction is well adapted for use in radio tubes intended
for operation from a-c power lines. 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 pre-
vent the a-c heater supply from causing hum. Representative types are the "24-A,
27, and ’35. From the viewpoint of circuit design, the heater-cathode construction
offers advantages in connection flexibility due to the electrical separation of the
heater from the sleeve and active cathode surface. This feature, in conjunction
with the freedom from electrical disturbances which might be introduced through
the filament supply lines, has led also to the use of this construction in a series
of tubes ('36-°39) designed particularly for automobile or d-c line radio sets.

—
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DIODES

Electrons are of no value in a radio tube unless they can be
put to work. A radio tube is designed with the necessary parts
to utilize the electron flow. These parts consist of a cathode
and one or more supplementary electrodes. The simplest form
of radio tube contains two electrodes, a ““cathode™ and a “plate”
and is often called 2 “'diode,” the family name for two-electrode
tubes.

The electrodes are enclosed in a bulb with the necessary connections brought
out through air-tight seals. The air is removed from the bulb to allow free move-
ment for the electrons and to prevent injury to the emitting surfaces. When the
cathode is heated, electrons leave the cathode surface and form an invisible cloud
in the space around it. Any positive electric potential within the evacuated bulb
will offer a strong attraction to the electrons (unlike electric charges attract; like
charges repel). In a diode, the positive potential is applied to the second elec
trode, known as the anode. The potential is supplied by a suitable electrical
source connected between the plate terminal and a cathode terminal. Under the
influence of the positive plate potential, electrons flow from the cathode to the
plate and return through the external plate battery circuit to the cathode, thus
completing the circuit. This flow of electrons is known as the plate current and
may be measured by a sensitive current meter,

If a negative potential is supplied to the plate, the free electrons in the space
surrounding the cathode will be forced back to the cathode, and no plate current
will flow. Thus, the tube permits electrons to
flow from the cathode to the plate but not from
the plate to the cathode. If an alternating
voltage is applied to the plate, the plate is _]

alternatingly made positive and negative. Plate
N_N_N

FILAMENT PLATE

RECTFED VOLTAGE

current flows only during the time when the WED voLT

plate is positive. This phenomenon makes the

tube useful as a rectifier of alternating current,
that is, to provide a current flow always in the
same direction. Rectifying action is utilized in

0
[ V \/ \ﬁcnrlsowmct
- PLATE N8 2.

+ COMBINED
. . RECTIFIED
a-c receivers to convert a.c. to d.c. for supplying ow s
“B,” “C” and screen voltages to the other tubes
+i’\wsmon{o voLT-
AGE AFTER
FIRST SECTION
0 OF FILTER.

in the receiver circuit. Rectifier tubes may have
one plate and one cathode. The 81 is of this
form and is called a half-wave rectifier, since H-
current can flow only during one-half of the
alternating-current cycle. When two plates and
one or more cathodes are used in the same

tube, current may be obtained on both halves of the a-c cycle.
example of this type and is called a full-wave rectifier.

Not all of the electrons emitted by the cathode reach the plate. Some return
to the cathode while others remain in the space between the cathode and plate for
a brief period to form an effect known as space-charge. This charge has a repell-
ing 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
is greatly dependent upon the cathode temperature and the plate potential. The
higher the plate potential, the less is the tendency for the space electrons remain-
ing to repel others. This effect may be noted by applying increasingly higher
plate voltages to a tube operating at a fixed cathode voltage. Under these con-
ditions, the maximum number of available electrons is fixed, but increasingly
higher plate voltages will succeed in attracting a greater proportion of the free
electrons.

Beyond a certain plate voltage, however, additional plate voltage has little effect
in increasing the plate current because all of the electrons emitted by the cathode
are being drawn to the plate. This maximum current is called saturation current,

D-C VOLTAGE
| AVAILABLE FOR
0 RADIO RECEIVER

FULL-WAVE RECTIFICATION

The 80 is an
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and because it is an indication of the total number of electrons emitted, it is also
known as the emission current, or, simply, emission. In

z HEEn most types of tubes, it is impossible to obtain this value by
»"—‘1 atranen Portiy ' he current flow is sufficiently large to
5! ; it measurement, since t Te y

25 7 1 change the emitting conditions, or, to damage the tube.
52 7 As a result, emission yalues in practice are deterrru_ned at
g2 -y some lower voltage which will not harm the tube, Different
=3 Al results will be obtained if a different cathode voltage or
ze| ] temperature is chosen, since the cathode temperature de-

PLATE VOLTAGE—> termines the number of available electrons.

If space-charge effects were not present, it follows that the same electron flow
could be produced at a lower plate voltage. One method of reducing the space-
charge effect is utilized in several types of rectifier tubes, represented by the mer-
cury-vapor rectifier 82. This tube contains a small amount of mercury which is
partially vaporized when the tube is operated. The mercury vapor consists of
tiny mercury atoms permeating the space inside the bulb. These atoms are bom-
barded by the electrons on their way to the plate. If the electrons are moving at
a sufficiently high speed, the collisions will tear off electrons from the mercury
atoms. When this happens, the mercury atom is said to be “ionized,” that is,
it has lost one or more electrons and, therefore, is charged positive. When ioniz-
ation due to bombardment of mercury atoms by electrons leaving the filament
occurs, the space-charge is neutralized by the positive mercury ions so that in-
creased numbers of electrons are made available. A mercury-vapor rectifier has a
small voltage drop between cathode and plate (about 13 volts). This drop is
practically independent of current requirements up to the limit of emission of
electrons from the filament but is dependent to some degree on bulb temperature.

TRIODES

When a third electrode, called the grid, is placed next to the cathode, the tube
is known as a “triode.” This is the family name for three-electrode types. The
grid usually consists of a wire mesh or grating, the appearance of which suggests
its name. Its construction allows practically unobstructed flight of the electrons
from the cathode to the plate.

When the grid of a tube is made positive or negative

_
= with respect to the cathode, the plate current correspond-
= ingly increases or decreases. The grid is located much
= nearer the cathode than the plate so that a small voltage
T change on the grid will have the same effect on the plate
current as a larger voltage change on the plate. A grid
FILAMENT GRID PLATE

requires very little power, serving merely as a valve to
contrel the plate current.

A negatively charged grid tends to force the space electrons back toward the
filament. This action decreases the plate current. Plate current, in fact, may
be reduced to zero (cut-off) by making the negative grid charge sufficiently large.
On the other hand, when a positive charge is applied to the grid, the electrons
are accelerated and increased plate current results.

It should be noted that this control action of the grid permits the use of the
tube as an amplifier. A small grid voltage change produces a much larger plate
current than would the same change in plate voltage. Typical three-electrode
tubes are the '20, '27, 36, and '45.

The control grid circuit (input circuit) includes any device or devices connected
between the control grid and cathode of a tube for the purpose of impressing an
input or signal voltage on the control grid. It may consist of an antenna coupling
coil, a transformer secondary, or any unit having one or all the factors of induc-
tance, resistance and capacity. Since it is usually desirable to maintain the grid
at some negative voltage (called grid bias) with respect to the cathode, the grid
circuit will, in such cases, also include a source of voltage supply for that purpose.
The grid bias supply (C-supply) may be a battery or other source of d-c voltage.

— 4
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The output circuit is considered to include the parts of the circuit connected be-
tween the plate and cathode.

 The electrodes of a radio tube form an electrostatic system, each electrode act-
ing as one plate of a small condenser. For a three-electrode tube the capacitances
are_known as interelectrode capacitances and are those existing between the grid
and plate, the plate and cathode, and the grid and cathode. Of these, the capacity
between the grid and plate is generally of most importance. In high-gain radio-
frequency amplifier circuits, this capacity may act to produce undesired coupling
between the input and output circuits and, thereby, cause uncontrolled regeneration.

TETRODES

The effect of grid-plate capacitance in causing excess regeneration may be mini-
mized or eliminated in a number of ways. One scheme requires the use of com-
plicated circuit arrangements which set up counteracting effects to counterbalance
the action of the grid-plate coupling. The second and preferable method is to
eliminate as much as possible the grid-to-plate capacitance in the tube itself. This
is accomplished by employing a fourth electrode in the tube which is known as
the screen. The screen is placed between the plate and the grid and thus makes

l GRID  —TT
——

==
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FILAMENT SCREEN PLATE

a four-electrode tube, or “‘tetrode.” With this type of tube intricate circuits and
balancing difficulties may be eliminated. Since the screen voltage largely deter-
mines the electron flow, small changes of plate voltage have little effect on plate
current, This is desirable from the viewpoint of stability, The screen is con-
structed so that the flow of electrons is not materially obstructed, yet it serves to
establish an electrostatic shield between the plate and grid. The screen is operated
at some positive voltage lower than that of the plate and is by-passed to the
cathode through a condenser. This by-pass condenser effectively grounds the
screen for high-frequency currents and assists in reducing grid-plate capacitance to
a minimum value. In general practice the grid-plate capacitance is reduced from
an average of 8.0 micromicrofarads (upf.) for a triode to 0.01 upf. or less for a
screen grid tube. The reduction permits the attainment of stable amplification
from screen grid tubes many times as high as that possible from three electrode
tubes. Tubes of this type are represented by the '24-A, 32 and '35.

PENTODES

In all radio tubes, electrons striking the plate may, if moving at sufficient speed,
dislodge other electrons. In two and three electrode types, these vagrant elec-
trons usually cause no trouble because no positive electrode other than the plate
itself is present to attract them so that they are eventually drawn back to the plate.
Emission from the plate caused by bombardment of the plate by electrons from
the cathode is called secondary emission, because the effect is secondary to the
original cathode electrons. In the case of screen grid tubes, the proximity of the
postive 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 tﬁe plate current and limits the permissible plate swing for tetrodes.

The plate current limitation is removed when a fifth electrode, known as the
suppressor, is placed in the tube between the screen and plate. The family name
for five-electrode types is “pentode.” The suppressor is usually connected to the

— 5
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cathode. Because of its negative potential with respect to the plate, it retards
the flight of secondary electrons and diverts them back to the plate, where they can
cause no trouble.

-
= s
== = ——
— o P
== = e
== = -
— ——
T — "
:]f e

_\\

FlLAw v MT  GRID SCALEN SUPPRESSOR PLATE

The suppressor is utilized at the present time in pentodes designed for two
different functions. In power output pentodes, the suppressor makes possible a
large power output with high gain, due to the fact that the plate swing can be
made very large. Tubes of this type are represented by the ’33, *38 and '47.
In radio-frequency amplifier pentodes, the suppressor permits of obtaining a high
voltage amplification at moderate values of plate voltage. In fact, the plate voltage
may be as low as or lower than the screen voltage without serious loss in the gain
capabilities of this type. Representative of this type are the '34 and '39. Further
advantages in adaptability of tube design and application may be obtained by pro-
viding the suppressor with its own base terminal. With this arrangement, it is
possible to obtain special control features by variation of the voltage applied to
the suppressor. Typical tubes of this type are the 57 and 58.

Parts Assembly of the '24-A



Manutacture of Cunningham Tubes

Control Grid _
Connectron

Interior View of '24-A

The age in which we live is vitally influenced by
the thermionic vacuum tube. Without this device,
the rapid strides which have been made in radio
development would not have been possible. In a
few short years, the radio tube has entered into our
homes, offices, factories, and laboratories as an in-
tegral and essential part of modern living.

To meet the demands and exacting needs of this
vast field, unceasing development of tubes and con-
tinuous improvement of tube manufacturing equip-
ment has been required. Automatic tube making
machinery has been developed to the stage where
it now enters into practically every phase of our
manufacturing activities. Such equipment is par-
ticularly well adapted for producing large quan-
tities of tubes uniform in characteristics.

In attaining this uniformity, each component

part of the tube structure must be precise in dimensions and free from impurities.
Many of the parts are gauged to thousandths of an

inch. Some parts require very much greater accuracy.
The constituent materials of these parts are used only
after they have passed exacting chemical tests. The
need for this care may be appreciated when it is
known that the active coating on some filaments
weighs as little as 21 ten-millionths of a pound.

The same care which is used in the selection of
individual parts is representative of the general manu-
facturing procedure for each of our types. Of these
types, the "24-A is an excellent example for explain-
ing the details of tube manufacture.

The initial step in the process consists in the
making of the flare. The flare is the interior glass
section through which passes the connecting wires
from the bulb interior to the base pins of the com-
pleted radio tube. Standard lengths of glass tubing
are fed into a machine which grips each one and
moves it through a series of gas flames of increasing
intensity. When the lower end assumes a bright yel-
low color (at this temperature the glass is about as

Gauging Plates

Sealing the Stem

soft as warm wax) a whirling cone rises to gently
shape the molten edge of the tubing into a flange
or flare. After the operation has been completed,
the machine transports the flanged tubing through
additional gas flames which play upon it at a point
to give the correct length for the finished flare. A
rotating glass cutter swings down into place under
the tubing, then rises within it to cut off the sec-
tion at the heated portion.

After inspection, the flare is sent to the stem
machine. The flare is placed in the stem machine
where the wire supports and connections are in-
serted. Correct spacing between wires is insured
by a metal form which holds them in the proper
position to be sealed into the glass.* FEach wire

*It is interesting to know that before any metal enters into
the construction of a tube, it must be thoroughly cleaned.
This is accomplished by heating the metal at a high tem-
perature in an atmosphere of hydrogen. The process cleans
the most tarnished metal,

—_T—
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consists of three sections welded together
into a unit. The sections consist of nickel
and copper with a small length of special
metal called dumet fused between them at
a point where the molten glass is pressed
about the wire. When the wires have
been inserted within the flare, a length of
glass exhaust tubing is automatically low-
ered into the center of this assembly. The
flare arrangement is then carried pro-
gressively through flames which play upon
it and melt it at a point where the glass
is to be pressed together. Metal jaws
firmly squeeze the molten glass around
‘ the wires, thus fusing the parts together
in an air-tight seal, or press. The assembly then moves into position under an
air jet which supplies compressed air to the exhaust tubing in order to blow a hole
through the hot soft glass below the pinch. It is through this opening that the bulb
is evacuated in a later operation, The entire part, known as the stem, is removed
from the machine and annealed to prevent glass strains. After inspection, the
annealed stem is sent to the stem-
forming machine, where the wires
are bent to the proper shape to take
the parts to be mounted thereon.

After a careful inspection has
been made, the stem is ready for
the fitting of the additional parts,
such as the plate, cathode, grid
and screen. These parts are formed
with accuracy by automatic ma-
chinery which operates more rapidly
than the eye can follow. As these
parts are mounted, they are elec
trically welded to insure permanent
construction.  First, the plate is
mounted and welded to its respec-
tive supports. The grid and screen
are next fastened in their positions. Bulb Sealing and Exhausting

The outer section of the screen con- ) . _ '
sists of a nickel mesh cylinder, while the inner section 1s a helical coil of fine wire.

The sections are connected and held together at the top by a metal disc. The cathode
is then inserted and welded to the proper terminals. The cathode consists of a heater
wire enclosed in a metal sleeve from which it is electrically insulated. Great care is
exerted in applying the active material to main-
tain exactness of coated area and thickness,
After the sleeves have been sprayed, they are
baked and carefully inspected.

Following the grid-assembly operation, the
connecting wire which later is passed through
the top of the glass bulb to the familiar metal
cap, is welded to the control grid support.
The “‘getter” cup, which contains pellets of
magnesium, is then fastened to the grid support.

The unit, composed of a stem and attached
parts, is known as the mount. It is inspected,
tested for short circuits and transferred to the
sealing-in and exhaust machine. Here it is
placed on a rotating support, known as the
sealing head, and a glass bulb is lowered over

Welding Mount Assembly

Electrical Inspection Tests

— 8§
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it. Heat is applied both to the
junction of the flare and bulb.
The sealing head, constantly ro-
tating, moves the tube into in-
creasingly hotter zones where the
glass is softened by the fires.
The glass around the control
grid lead is sealed immediately
after the flare and bulb junc-
tion is made. The entire glass
bulb is annealed in the process,
after which the tube is trans-
ferred to the exhaust section
of the machine where it is con-
nected to the exhaust pumps. Proving Life and Quality

The atmosphere is drawn from

the bulb in successive operations. To insure a more complete exhaust, the prin-
cipal metal parts of the tube are heated by powerful high-frequency currents
induced by an external coil that automatically drops around the bulb. The intense
heat, created in the metal by induction, frees the glass and metallic tube parts of
occluded gases which are immediately removed from the bulb by the exhaust
pumps. The getter is flashed or vaporized after the exhaust is nearly completed.
The flashing is accomplished by means of induction from a movable high-fre-
quency coil which is dropped down around the outside of the glass bulb. The
current induced in the getter cup is great enough to provide the necessary heat to
vaporize the getter. The vapor absorbs residual detrimental gases to make a
better exhaust, and condenses in a silvery film on the inside of the glass bulb.
This condensation acts as a vacuum keeper during the useful life of the tube.
When the exhaust process has been completed, the tube is automatically sealed off,
disconnected from the vacuum pump and transferred by belt to the basing machine.

Here the connection wires of the tube are properly threaded into the five pins
of the base. The tube and base are passed through an oven, which hardens the
cement on the inside edge of the base, thus fastening the bulb firmly to the base.
Following the basing operation, projecting ends of the wires are cut off flush with
the ends of the pins and soldered. A small metal cap is secured to the top of the
bulb by means of cement and soldered to the grid lead.

The tube is once more examined for short and open circuits and then placed on
a “seasoning rack™ where voltages are applied to the electrodes. The tube is
allowed to “season” for a length of time sufficient for its characteristics to become
stabilized.

After the tube is seasoned, it is again tested for short and open circuits as well
as for plate current, cathode activity (emission), a-c output, gas and leakage.
On some types of tubes additional tests are made. Extremely accurate instruments
are used for these tests. The completed and inspected product is finally wrapped
in a corrugated holder and packed in its distinctive carton, ready for delivery to the
purchaser.

From beginning to end, this brief story of one type of tube is indicative of the
manufacturing skill, pains-taking care and precision processes employed in making
each different tube described in this MANUAL.




Radio Tube Characteristics

The term ‘“CHARACTERISTICS is used to identify the distinguishing electrical
features and values of a radio tube. These values may be shown in curve form
or they may be tabulated. When given in curve form, they are called characteristic
curves and may be used for the determination of tube performance and the cal-
culation of additional tube factors.

Tube characteristics are obtained from electrical measurements of a tube n
various circuits under certain definite conditions of voltages. Characteristics may
be further described by denoting the conditions of measurements. For example,
Static Characteristics are the values obtained with different d-c potentials applied to
the tube electrodes, while Dynamic Characteristics are the values obtained with an
a-c voltage applied to the control grid under various conditions of d-¢ potentials
on the electrodes. The dynamic characteristics, therefore, are indicative of the
performance capabilities of a tube unaer actual working conditions.

Plate characteristic curves and mutual characteristic curves both give informa-
tion on static characteristics. These curves present the same information, but in
two different forms to increase its usefulness. The plate characteristic curve is
obtained by varying plate voltage and measuring plate current for different control
grid bias voltages, while the mutual characteristic curve is obtained by varying
control grid bias voltage and measuring plate current for different plate voltages.
A plate characteristic family of curves is illustrated by Fig. 2. Fig. 1 gives the
mutual characteristic family of curves for the same tube.
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Dynamic characteristics include amplification factor, plate resistance, and mutual
conductance, and may be shown in curve form for variations in tube operating
conditions.

The amplification factor, or p, is the ratio between a small plate voltage change
and the grid voltage change which produces an equal plate current variation.
In other words, a voltage variation in the grid circuit has the same effect on plate
current change as a plate voltage change equal to the grid voltage times the
amplification factor. For example, if the grid voltage change is 5 volts for a change
in plate current of one milliampere, and if a plate voltage change of 30 volts is also
required to produce a change in plate current of one milliampere, the amplification

factor is 30 divided by 3, i.e., 6.
The amplification factor (n), is useful for calculating stage gain, as illustrated

on page 12.

The plate resistance of a radio tube is the resistance of the path between cathode
and plate to the flow of alternating current. It is the ratio of a small change in
plate voltage to the corresponding change in plate current and is expressed in
ohms, the unit of resistance. Thus, if a change of 0.001 ampere is produced by a
plate voltage variation of 20 volts, the plate resistance (rp) is 20 divided by 0.001,

i.e.,, 20000 ohms.
—_10 —
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The mutual conductance, or grid-plate transconductance, is a factor which com-
bines in one term the amplification factor and the plate resistance, and is the ratio
of the first to the second. Thus, if the amplification factor is 10 and the plate
resistance is 10000 ohms, the mutual conductance (gm) is 10 divided by 10000
equals 0.001 mho. A mho is the unit of conductance, the reciprocal of resistance,
and was named by spelling ohm backwards. For convenience, a millionth of 2 mho,
or a micromho, is used to express mutual conductance. So, in the example, 0.001
mho times a million, equals 1000 micromhos.

Mutual conductance (gm) is strictly defined as the quotient of a small change
in plate current caused by a small change in grid voltage. This term is a very
useful one for comparing tube performance capabilities, especially when tubes of
similar characteristics are compared, but it has limited application for the com-
parison of tubes intended for different functions. For example, the 112-A has a
mutual conductance of 1700 micromhos at 180 volts on the plate and —~13.5 volts
on the grid, while the *71-A has a mutual conductance of 1620 micromhos at 180
volts on the plate and ~40.5 volts on the grid. As a power amplifier, however,
the "71-A is capable of furnishing three times as much undistorted power to a loud-
speaker as the 112-A. On the other hand, the 112-A is an excellent detector and
voltage amplifier, services for which the '71-A is unsuitable.
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C2= BLOCKING CONDENSER (0.005pp. TO 0.05uf) SPEAKER
R = COUPUING RESISTOR (100000 OHMS) Ry
Rj= GRID LEAK RESISTOR (0.5 MEGOHM) INPUT
Rp= FILTER RESISTOR (50000 OHMS) RFC. Ra
[ ( f
[ il
DET. SCREEN A+ A-B+ C- AMP.
c- B+ 8- B+

C+

—11 —



Radio Tube Applications

The applications of a radio tube are numerous, but they can be grouped broadly
into three classes, according to operation. These are: Amplification; detection, which
is a special form of rectification; and oscillation. Although these operations may
take place at radio- or audio-frequencies and may involve the use of different cir-
cuits and different supplemental parts, the general considerations of these applica-
tions are basic and hold for all conditions.

AMPLIFICATION

As a voltage amplifier, a radio tube is used to reproduce voltage variations in
the plate circuit. These variations are essentially of the same form as the input
signal voltage impressed on the grid, but of increased amplitude. This is ac
complished 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.
The use of tubes in this manner is broadly identified as Class A service. Since
the power controlled in the plate circuit is much larger than that required to swing
the grid potential, amplification of the signal is obtained. Fig. 3 gives a
graphical illustration of this method of amplification and shows, by means of the
grid voltage vs. plate current characteristic, the effect of an input signal (S) ap-
plied to the grid of a tube. (O) is the resulting amplified plate current variation.
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INPUT SIGNAL | w - + - +
(3) -~ 1Ng; - i)}
; E [y c B
Fig. 3 Fig. 4

The plate current flowing through the plate load resistor (R) of Fig. 4
causes a voltage drop which varies directly with the plate current. The ratio of
this voltage variation produced in the load resistor to the grid input voltage is a
measure of the voltage amplification, or gain, of the tube stage. This ratio is not
the same as the amplification factor of the tube, but is determined by the combined
effects of plate resistance, load resistance or impedance, and the amplification
factor. The voltage amplification per stage due to the tube is expressed by the
following convenient formulae:

(Amplification factor) X (Plate load resistance)
Voltage Amplification == =
(Plate load resistance) -+ (Plate resistance)

{Mutual conductance 1n micromhos) X (Plate resistance) X (Plate load resistance)
1000000 X (Plate resistance -+ Plate load)

Load resistance and plate resistance values should be expressed in the same units,
either ochms or megohms.

These formulae apply equally well to all types of amplifier tubes. If the load
resistance is made increasingly large, the voltage amplification per stage approaches
the amplification factor of the tube as a limiting value. Fig. 5 shows that gain
increases with larger loads. Since the load resistor lowers the available plate
voltage due to plate current flowing through it, the plate voltage swing obtainable
is likewise reduced. This drop may be avoided by replacing the resistor with an

—_—12 —
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inductance. An inductance can be designed to have a high impedance to the
signal and also to have a low resistance to direct current. The inductance, depend-
ing upon circuit requirements, may be an air-core coil, an iron-core choke, or a
transformer primary.
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Fig. &

The method of applying the input signal to the grid is important. It is possible
to use an input circuit of high impedance, since the grid input impedance of radio
tubes is very high as long as the grid bias is negative. If an input transformer is
used the secondary impedance is made as high as other design conditions permit.
In resistance-coupled circuits, the grid resistors usually range in value from 1/ to 2
megohms, depending upon the type of tube and the circuit. Too high a resistance
may result in instability, while too low a value of grid resistance may result in low
gain. The most suitable value will usually be determined by experiment.

As a power amplifier, a radio tube is used in the output stage of radio receivers
to supply relatively large amounts of power to the loud speaker. For this applica-
tion, large power output is of much greater importance than high voltage amplifica-
tion, so that gain possibilities are sacrificed in the design of power tubes to obtain
power handling capability. Power tubes of the triode type are characterized by
comparatively high plate current, large grid bias, and low plate resistance. Power
tubes of the pentode type give large power output with good sensitivity.

Either push-pull or parallel operation of power tubes may be employed to obtain
increased output. The parallel connection (see Fig. 6) provides twice the
output of a single tube without an increase in grid signal voltage; while the
push-pull connection (see Fig. 7) will give twice the output at the same
grid bias, but requires twice the input signal. Output slightly greater than twice
the single tube value can be obtained from the push-pull connection by increasing
the bias. This is permissible since the push-pull connection balances out 2nd
harmonic distortion,—the usual limiting factor. In the latter case, the output
is limited almost entirely by 3rd harmonic distortion.

% TO
INPUT INPUT LOUDSPEAKER
To
> LOUDSPEAKER o—ﬂ‘
A b
] 9 D L
B+ B~ A-C FILAMENT SUPPLY B+ B A-C FILAMENT SUPPLY

Tig. 6 Fig. 7
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The operation of power tubes so that the grids run positive is inadvisable except
under conditions, such as are discussed later in this section for Class B amplifiers.

Power amplifier output for triodes can be calculated without serious error from
the plate family of curves by assuming a pure resistance load. The proper plate
current, grid bias, and optimum load resistance, as well as the per cent 2nd har-
monic distortion, can also be determined. The calculations are made graphically
and are illustrated by Fig. 8 for given conditions. The procedure is as fol-
lows: A straight line XY is drawn on the plate family of curves intersecting the
plate voltage at a trial value of plate current at a point (P) and having a slope
corresponding to the load resistance chosen. The slope of XY is determined by
adjusting the line so that the plate voltage intersection at zero plate current
divided by the plate current intersection at zero plate voltage is equal to the trial
load resistance value; or, as is sometimes more convenient, by drawing line XY
through point (P) parallel to some other line AB which has the proper slope.

In calculating power output, it is assumed that the peak alternating grid voltage
is just sufficient to swing the grid from the operating bias value to zero bias on
the positive swing and to a value twice the fixed bias on the negative swing.
Identifying the maximum and minimum values of plate voltage and plate current
for the grid voltage swing as E max., B min., I max., I min., the power output is
given by the formula:

(I max. - I min,}) X (E max. -~ E min.)

8
If E is in volts and 1 in milliamperes, power output is in milliwatts.

Power QOutput =

Per cent second harmonic distortion is given by the following formula in which
Io = the trial value of d-c plate current.

I max. 4+ I min.

2
Per cent 2nd Harmonic Distortion = X 100
I max. - I min.

- Io

Example: Determine the undistorted
power output of a 3-electrode tube at
a plate wveltage of 250 volts, a plate
current of 34 milliamperes, a negative
grid voltage of 50 volts and a plate
load of 3900 ohms; given the plate
characteristic curves as shown.

Procedure: Draw through point (P)
which represents proposed operating
conditions, line XY with slope cor-
responding to 3900 ohm load. This
may be done by drawing XY parallel
to line AB. The line AB is drawn
between point (M) at 250 wvolts and
zero current, and point (Q) at zeto
volts and current equal to 250 volts
divided by plate load of 3900 ohms,
i.e., 250+ 3900 == 0,064 ampere or
380 64 milliamperes.

PLATE MILLIAMPERES

250
PLATE VOLTS

Fig. 8

Substituting values from curves in above power formula:

(66-7) X (360-130)
Powcer Output = =1700 milliwatts
8

Substituting valucs from curves in above distortion formula:
0.066 4+ 0.007

2

2nd Harmonmic Distortion — X 100 = 4.2
0.066 — 0 007

-0.034
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It is customary to make the final selection of load resistance such that the
distortion as calculated above does not exceed 5 per cent, a value which cxperience
has shown to be permissible. Several approximations of load resistance may be
necessary to obtain the optimum value for the trial value of plate current. Ordi-
narily, the plate load resistance for optimum conditions is approximately equal to
twice the plate resistance.

To check the trial plate current, calculations should be made for d-c plate cur
rents above and below the trial value. The most suitable value with its correspond-
ing grid bias can then be selected, unless the value is higher than that recommended
for the tube. In this event the maximum permissible value is chosen.

A super-control amplifier tube is a modificd construction of the screen grid type
and is designed to reduce cross-talk and cross-modulation in radie-frequency stages.
Cross-talk and cross-modulation are the effects produced in a radio receiver by an
interfering station “riding through™ on the carrier of the station to which the
receiver is tuned. This effect is caused by the radio-frequency amplificrs acting
partially as detectors where very powerful signals are received or where the grid

bias has been increased to reducc volume.

Grid Cathode The offending tube is usually the first radio-
frequency amplifier, although other stages
may contribute to the trouble, particularly if
the set selectivity is poor. The character-
istics of super-control types are such as to
enable the tube to handle both large and
small input signals with minimum distortion
over a wide range. This feature is obtained
by a special tube structure which makes pos-
sible variation in amplification factor with a
change in grid bias. A cross-section of the

nner structure of a typical super-control tube is
Screen shown in Fig. 9. This type differs from the
Fig. 9 usual screen grid tube chiefly in the construc-

tion of the control grid which is wound with
course spacing at the middle and close spacing at the ends. When weak signals
and low grid bias are applied to the tube, the effect of the non-uniform turn spacing
of the grid on cathode emission and tube characteristics
is essentially the same as for a uniform spacing. As the
grid bias is made more negative to handle larger input
signals, the electron flow from the sections of the cathode
enclosed by the ends of the grid is cut off. The plate
current and other tube characteristics are then dependent
on the electron flow through the coarse section of the
grid. This action changes the tube characteristics so
that large signals may be handled with minimum distor-
tion due to cross-modulation and modulation effects. Fig.
10 shows typical grid voltage vs. plate current curves for
a screen-grid and a super-control tube, respectively. It
will be noted that while the curves are aliké at small grid =~ NEGATIVE GRID vOLTS
hias voltages, the plate current of the super-contro! tube Fig. 10
drops quite slowly with large values of bias voltage. This '
slow change makes it possible for the tube to handle large signals satisfactorily.
Since super-control types can handle a large signal range, they are particularly suit-
able for use in sets having automatic volume control.

Class B power amplifiers for audio applications are a new development of much
interest where large power output is required. In Class B service the tube is oper-
ated so that the plate current is practically zero with no grid excitation. When a
signal of sufficient magnitude is applied to the grid, there will be no plate current
flow over a substantial part of the negative hall-cycle. In other words, plate current
flows only during the least negative excursions of the signal voltage. A considerable
amount of second and higher even-ordered harmonic distortion is thus introduced

PLATE MILLIAMPERES
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into the power output of a single tube. However, with two tubes in a balanced
push-pull circuit, the even harmonics are eliminated from the power output. In
such a circuit, therefore, two tubes may be employed as Class B amplifiers to supply
virtually undistorted output.

In Class B service, it is possible to drive the grids of the two amplifier tubes posi-
tive by a certain amount and still obtain reasonably undistorted output, provided
that sufficient input power is available to supply the grid current required by the
positively charged grids. This power 1s conveniently supplied by the usual power
amplifier feeding the grids of the output tubes through a push-pull transformer hav.
ing the proper characteristics. Usually this transformer has a step-down ratio.

By designing Class B amplifier tubes with a sufficiently high amplification factor,
it is possible to operate them with zero grid bias, and so dispense with biasing
resistors whose effect would be to produce considerable loss in sensitivity because
of degeneration. Since provision for grid bias is unnecessary with such tubes,
the entire voltage of the rectifier is available for plate supply.

Distinguishing features of this class of service are that very high output of good
quality may be obtained with fairly small tubes operating at relatively low plate
voltage; and that unusual overall economy of power consumption is possible because
the plate current is very low when no signal is applied to the grid. To give these
advantages, the Class B amplifier circuit requires the use of two tubes in a balanced
output stage preceded by a driver stage capable of delivering considerable un-
distorted power; and the use of a power supply capable of maintaining good
voltage regulation regardless of the variation of average plate current with signal
intensity. It should be noted that the distortion present in the power output of
Class B amplifiers is usually negligible but is always somewhat higher for the or-
dinary range of signals than that obtained with usual methods of audio amplification
employing much larger tubes capable of the same maximum power output.

Class B amplifiers, however, have the distinct advantage of providing, with rela-
tively small tubes, a reserve of power-delivering ability to meet requirements for an
extended volume range.

DETECTION

Detection is the separation of speech or music from the incoming radio wave.
This wave consists of a radio-frequency carrier which has been modulated at the
transmitter by sounds (audio frequencies). The effect of modulation is to vary the
amplitude of the carrier wave in proportion to the audio input variations. Since
the carrier wave is alternating, it may be considered to consist of two halves, each
of which is affected equally by the audio modulation. The audio component in
one-half of the carrier wave is continuously offset by the audio component in the
other half of the wave at a rate equal to the carrier frequency, a frequency much
too high to affect any audio system. If, how-
ever, one-half of the carrier wave can be elim-
inated, the audio variations in the other half of
the carrier may be utilized to operate a pair of
headphones or a loudspeaker (Fig. 11).

The elimination of the neutralizing effect of
one-half of the carrier wave is the function of
the detector. It rectifies the carrier and extracts
from the rectified output, the audio component {NEGATIVE GRYD VOLTS
or signal. The high-frequency radio component
is usually by-passed from the plate circuit of the
detector tube by means of a small condenser,
while the audio component is fed to the audio
amplifier stage.

Two different methods of detection with radio

tubes are commonly employed. These are known as the grid bias method and the
grid leak and condenser method.

QUTPUT SIGNAL

PLATE| MILLIAMPERES

“TR-F inPUT

Fig. 11
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The grid bias method makes use of a tube which is operated with a grid bias such
that the plate current with no signal is practically zero. When a signal is applied
to the grid, rectification of the carrier occurs, since only the positive half is ampli-
hed. Fig. 12 illustrates this circuit.

The grid leak and condenser method is somewhat more sensitive than the grid
bias method and gives its best results on small signals, This method uses a grid
leak and condenser in the grid circuit (as shown in Fig. 13). The grid leak estab-
lishes the grid bias to obtain rectification while the condenser offers 2 low resistance
path to the grid for the radio-frequency input. In this circuit a high value of grid
resistor gives greatest sensitivity, but improved tone and stability are obtained with
lower values.

R-F GRID LEAK
CHOKE

R-F CHOKE

CATHODE GRID
BIAS CONDENSER
RESISTCOR = TO
BY-PASS AMPLI- - &
INPUT \ CONDENSER FIER R-F BY- |
INPUT PASS CON-| ouTPUT

DENSER

5 |

BY PASS —E
CONDENSER

FILAMENT -
TRANSFORMER Q- At B+
Fig. 12 Fig. 13

Automatic volume control of receiver volume is obtained by utilizing the detect-
ing or rectifying action of a tube to supply control voltage for the radio-frequency
amplifier stages. Thus, an increase in radio signal produces an increased rectified
current, which is utilized to decrease the amplification of the radio-frequency
tubes so that the volume is reduced to normal. This function may be combined
with audio detection 1n one combination of tube elements, although greater
flexibility in circuit design can bec obtained by using two or more sets of tube
clements, each operating under the optimum circuit conditions for its purpose.

OSCILLATION

As an oscillator, a radio tube can be employed to generate a continuously alter-
nating voltage. In present-day radio broadcast receivers, this application is limited
practically to its use in superheterodyne receivers for supplying the heterodyning
frequency. Several circuits (represented in Fig, 14) may be utilized, but they all

[
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€ [ig. 14 —3p %ﬁ

i Ny

B- A- B+ B— HEATER B+
A+ TRANSFORMER

TR0

depend on feeding more energy from the plate or output circuit to the grid or
input circuit than is required to equal the power loss in the tube. Feed-back may
be produced by electrostatic or electromagnetic coupling between the input and
output circuits. When sufficient feed-back occurs to more than equal the tube
losses, the tube will oscillate. The action consists of regular surges of power
between the plate and the grid circuit at a frequency dependent on the circuit
constants of inductance and capacity. By properly choosing these values, the fre-
quency may be adjusted over very wide limits.
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Installation

The installation of radio tubes requires care if high quality performance is to
be obtained from the associated radio circuits. Installation suggestions and pre-
cautions which are generally common to all types of tubes are covered in this
section. Careful observance of these suggestions will do much in helping the
experimenter and radio technician to obtain the full performance capabilities of
radio tubes and circuits. Additional and pertinent information is given under
each tube type on pages 22 to 83.

FILAMENT AND HEATER POWER SUPPLY

The voltage supply for the filament or heater of radio tubes may be a battery
(or other direct current source), or the alternating current power line, depending
on the type of tube. Frequently, a regulating resistor is used with the d-c supply
to adjust the tube voltage at the filament terminals of the socket to the correct
value and to compensate for battery voltage variations. Ordinarily, a step-down
transformer is used with a-c supply to provide the proper voltage at the filament
terminals, The primary of this transformer may be tapped to permit of adjust-
ment for line voltage variation.

The design of radio tubes allows for a small variation in voltage supplied to the
filament or heater, but most satisfactory results are obtained from operation at the
rated value. When the voltage is low, the temperature of the cathode is below
normal, with the result that electron emission is limited. This may cause reduced
life and unsatisfactory operation. On the other hand, high filament voltage causes
evaporation of cathode material and shortened tube life. The filament voltage
should be checked at the socket terminals by means of an accurate voltmeter while
the tube is in operation.

For voltage adjustment with d-c supply, a variable or a fixed resistor is used in
series with the filament (or heater) and the power source. In the case of dry
battery supply, it is also recommended that an accurate voltmeter or milliameter
be permanently installed in the receiver to insure operation of the tubes at their
rated filament voltage. Turning the set on and off by means of the rheostat is
advised to prevent over-voltage conditions after an off-period. The voltage of
dry-cells recuperates during off periods. In the case of storage battery supply,
air-cell battery supply, or d-c power supply, a fixed resistor is permissible. If an
adjustable resistor is used, no further adjustment is necessary after the initial
setting by meter test.

The size of the resistance required for any particular condition can be determined
easily by a simple formula (Ohm’s law).

Supply volts — Rated volts of tube type

Required Resistance (ohms) =
Total rated filament current of tubes

Thus, if it is required to operate from dry batteries a receiver using three ’32’s,
two '30's, and two '31's, 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., approxi-
mately 1.8 ohms. Since this resistor should be variable to allow adjustment for
battery depreciation, it is advisable to obtain the next larger commercial size, al-
though 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 watts. In this case, the value is so small that
any commercial rheostat having suitable resistance will be adequate.

Series operation of the heaters of the '36, '37, '38 and 39 is permissible for
receivers which operate on direct current power lines. Under these conditions, the
resistor required in series with the tube heaters is equal to the line voltage minus
the sum of the tube voltages divided by the heater current (in amperes) of a single
tube. Other types of tubes may be operated with filaments or heaters in series,
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but it is important that the filament or heater current for tubes so connected
be of the same rating.

Acc filament supply is ordinarily obtained from a step-down transformer. Pre-
cautions should be taken to see that the line voltage is the same as that for which
the primary of the transformer is designed. The line voltage may be determined
by measurement with an a-c voltmeter (0-150 volts) of good quality.

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
excees input voltage will cause proportionally excessive voltage to be applied to the
tul{nes. Any radio tube may be damaged or made inoperative by excessive operating
voltages.

If the line voltage is consistently below that for which the primary of the
transformer is designed, it may be necessary to install a booster transformer between
the a-c outlet and the transformer primary. Before such a transformer is installed,
the a-c line fluctuations should be very carefully noted. Many radio sets are
equipped with a line voltage switch which permits adjustment of the power trans-
former primary to the line voltage. When this switch is properly adjusted, the
series'rﬁsistor or booster-transformer method of controlling line voltage is seldom
required.

PLATE VOLTAGE SUPPLY

The plate voltage for radio tubes ordinarily 1s obtained from batteries or from
a rectified a-c supply. The maximum plate voltage value for any tube type should
not be exceeded if most satisfactory performance is to be obtained. Plate voltage
should not be applied to a tube unless the corresponding recommended grid voltage
is also supplied to the grid.

GRID VOLTAGE SUPPLY

The recommended grid voltages for different operating conditions have been
carefully determined to give the most satisfactory performance. Grid voltage may
be obtained from a separate C-battery, a tap on the voltage divider of the high
voltage d-c supply, or from the voltage drop across a resistor in the cathode cir-
cuit. This last is called the ‘*self-bias™ method, since the cathode current of each
tube is utilized to produce the bias voltage. In any case, the object of the con-
nection is to make the grid negative with respect to the cathode by the specified
voltage. With C-battery supply, the negative battery terminal is connected to the
grid return. The positive terminal is connected to the negative filament socket
terminal, or to the cathode terminal if the tube is of the heater-cathode type. If
the filament is supplied with alternating current, this connection is usually made
to the centertap of a low resistance (20-50 ohms) shunted across the filament
terminals, This method reduces hum disturbances caused by the a-c supply. If
bias voltages are obtained from the voltage divider of a high voltage d-c supply,
the grid return is tied into a more negative tap than the cathode.
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The self-biasing method is accomplished by utilizing the voltage drop produced
by the cathode current flowing through a resistor (Fig. 15) connected between
the cathode and the negative terminal of the B-supply. The cathode current is,
of course, equal to the plate current for a triode or to the sum of the plate and
screen current for a tetrode and a pentode. Since the voltage drop along the
resistance is increasingly negative with respect to the cathode, the required negative
grid bias voltage can be obtained by connecting the grid return to the negative
end of the resistance.

The size of the resistance for self-biasing a single tube can be determined from
the following formula:
Desired grid bias voltage X 1000

Resistance {(ohms) ==
Rated plate current in milliamperes

Thus, the size of resistance required to produce 9 volts bias for a tube which
operates at 3 milliamperes plate current is 9 X 1000/3 = 3000 ohms. If the
cathode current of more than one tube passes through the resistor, the size of the
resistor will be determined by the total current. As indicated above for screen
grid tubes or pentodes, the cathode current is the sum of the screen and the plate
current.

Grid voltage variation for the r-f amplifier stages is a convenient and frequently
used method for controlling receiver volume. The variable voltage supplied to the
grid is obtained either from a bleeder circuit by means of a potentiometer, or by
the self-bias method using a variable resistor. In either case, it is important that
the control be arranged so that less than the minimum recommended grid bias
voltage cannot be applied to the grid. This requirement may be met by a stop
on the potentiometer or by a fixed resistance in series with the variable section.

See Fig. 16.
@

P
B- A~ At B+ B- B+ A+ A- B- > B+

VARIABLE

w
|
m
<
[ 4
g

VARIABLE

VARIABLE

@
Ar A= B- B+

Fig, 17 Fig,18

SCREEN VOLTAGE SUPPLY

The positive voltage for the screen connection of a radio tube is usually ob-
tained from a tap on the B-supply. The screen voltage of screen grid types of the
four-electrode (or tetrode) construction, should be obtained by connecting the
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screen either direct to the proper voltage tap or through a potentiometer connected
across the B-supply, but never through a series resistance to a high voltage supply.
This latter arrangement will not usually be satisfactory because of screen current
variations. Tubes of the pentode construction, however, may utilize the series
resistor arrangement, since this construction makes possible greater uniformity
of the screen current characteristic. See Fig. 17.

Screen voltage variation for the r.f amplifier stages is sometimes used for volume
control of the receiver. Reduced screen voltage lowers the mutual conductance
of the tube and results in decreased gain per stage. The voltage variation is ob-
tainel(:i by means of a potentiometer shunted across the screen grid voltage supply.
See Fig. 18.

SHIELDING

Circuits employing tubes having high gain capabilities, particularly screen grid
types, require shielding by metal enclosures if stable operation and high gain per
stage is to be obtained. In multi-tube r-f amplifier circuits, it is necessary to shield
completely and effectively each stage and to include within the stage shield the
coupling device. Unless the coils and condensers of the various stages are shielded
from each other, the amplification possibilities of the tubes and their circuits cannot
be realized.

Since coupling between stages can occur not only from interaction of stage
coupling devices, but also from a common voltage supply circuit, it is advisable
to employ filters in all voltage supply leads entering the stage shields. A filter, in
order to be effective, should have a high impedance to the frequencies handled by
the stage. Radio-frequency filters require the use of high-grade by-pass condensers
for most satisfactory results. See Fig. 19 for various filter arrangements.

OUTPUT COUPLING DEVICES

An output coupling device is used in the plate circuit of a power output tube
to keep its comparatively high d-c plate current from the winding of an electro-
magnetic speaker driving unit, and to transfer power efficiently from the output

stage to a loudspeaker.
RESISTOR RESISTOR PLATE
— NN +—ANAANN— TO
l INPUT LOUDSPEAKER
B+
¢

| ¢ I < OUTPUT TRANSFORMER

2-64f, BY - PASS
| CONDENSER
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R-F CHOKE R-F CHOKE PLATE
I ¢ 8+ CHOKE | GupsPEAKER

T _l_ > ® +—]
ik

INPUT 1!0-30H.
C=BY-PASS CONDENSER CHOKE COIL METHOD

.||||.._n“_

oo

Fig. 19 Fig. 20

Output coupling devices are of two types, (1) choke condenser and (2) trans-
former. The choke-condenser type consists of an iron-core choke coil with an
inductance of not less than 12 henrys which is placed in series with the plate and
B-supply. The choke offers a very low resistance to the d-c plate current but
opposes the flow of the fluctuating signal voltage. A by-pass condenser of 2 to 4
uf. supplies a path to the speaker winding for the signal voltage. The transformer
type is constructed with two separate windings, a primary and a secondary wound
on an iron core. This construction permits of designing each winding to meet
the requirements of its position in the circuit. Typical arrangements of each type
of coupling device are shown in Fig. 20.
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RADIO /TUBES
CX-301-A
DETECTOR, AMPLIFIER

The '01-A is a three-electrode storage battery tube for
use as a detecter and as an amplifier.

F o CHARACTERISTICS
FILAMENT VOLTAGE (D. C.) .. ovvv it 5.0 Volts
FILAMENT CURRENT ...cctrrerorennncasannsnnns 0.25 Ampere
PLATE VOLTAGE ....ovuvvenneonn- 90 135 max.  Volts
GRID VOLTAGE . vevicvassannnenns —4.5 -9 Volts
PLATE CURRENT ....covvrennrnnns 2.5 3.0 Milliamperes
PLATE RESISTANCE ...ovvrivercenan 11000 10000 Ohms
AMPLIFICATION PACTOR ............ 8 8
MUTUAL CONDUCTANCE ..e.vnsen.- 725 800 Micromhos
GRID-PLATE CAPACITANCE ......... 8.1 upf.
GRID-FILAMENT CAPACITANCE ...... 3.1 unf.
PLATE-FILAMENT CAPACITANCE ..... 2.2 U
MaxiMUM OVERALL LENGTH .......-i viiiiriinananns 41L44"
MAXIMUM DIAMETER &1 vvvvencnrnsarnnmsatansassnanans 1134¢"
BuLe (See page 42, Fig. 8) .........coooviiiiiiiinn 5-14
BASE ot vvrveensseaaar e aet e Medium 4-Pin

INSTALLATION

The base pins of the '01-A fit the standard four-contact socket. The socket
should be installed so that the tube will operate in a vertical position. Cushioning
of the socket in the detector stage may be desirable if microphonic disturbances
are encountered. For socket connections, see page 39, Fig. 1.

The filament in the '01-A is intended for operation from a 6-volt storage battery.
A fixed or variable resistor of suitable value is required to reduce the battery
voltage to 5.0 volts across the filament terminals at the socket. At this voltage, the
most satisfactory operating performance will be obtained.

APPLICATION

As a detector, the '01-A may be operated either with grid leak and condenser
or with grid bias. The recommended plate voltage for the former method is
45 volts. A grid leak of from 1 to 5 megohms used with a grid condenser of
0.00025 pf. is suitable. The grid circuit return should be connected to the positive
filament terminal. For grid bias detection, plate voltages up to the maximum value
of 135 volts may be used with the corresponding negative grid bias voltage (13.5
volts approximately).

As an amplifier, the "01-A is applicable to the audio- or the radio-frequency
stages of a receiver. Plate voltages and the corresponding grid voltages for audio
amplifier service should be determined from the tabulated characteristics and the
curves in order to obtain optimum performance and freedom from distortion. The
higher plate voltages will be found advantageous under conditions where the
impressed signal is large or where maximum voltage output is desired.

When the '01-A is used as a radio-frequency amplifier, little is gained from the
use of plate voltages exceeding 90 volts. The "01-A is well adapted for use as an
interstage audio-frequency amplifier but a power output tube is recommended for
the final audio stage.

Volume control of the receiver may be accomplished by variation of either the
grid bias or the plate voltage applied to the radio-frequency stages.
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AVERAGE PLATE CHARACTERISTICS

|
| e TN, . s 1y f 1y 4 o ply A 4 U
il S V95999379 9
g7V 1%
: SN L)L
- o
é NALSN TS
A Q‘?[ 7 / / / / A
& // / // / / [/
-
" ////////// ///
/i/ // /{/ // ////
/ e ///// //////
[+ 40 8o 120 160 200 RAD
PLATE VOLTS
AVERAGE CHARACTERISTICS AVERAGE CHARACTERISTICS
E l=5rgz%al';o.c. Er -S0NSLTE oc. —]&5 ég\
o Uy -
5 of n“”’} ’ 7.5‘;&
ANIEIB <
a 3 (400
%.e “;/ /5-’: $2400 o] £
> g NN R N oory
E’A // / / Il 1.3!6000 \ / gg
LUV T A : ( 55
o g 800 3 Q
/ / / / ‘%eooc ,/ — §(§'
(AN, : = ;
/ //// E 200’:;
~J
05— Tt vt O B © paTe® MiLLIAMPERES :
AVERAGE PLATE CHARACTERISTICS
T
50 ;r\/? 7,/ /’ ' E f:’]‘.l: V%LITC.:) DC.
Vi 5
0 IA7ANAE
AWV AVNIAE A
53 / Q_\. S 5 / / I€/ L
5 AN.RVASS 1y
RV SVAD AV AV 8"
RINAW SV AV AW SYI Ar/E)
| YAV AV 7AW VAT
/ 4 g / /
4 / 7 // // cp/l
/// /_// ] 4/ 2
o 200 40 800

— 23—

0 600
PLATE VOLTS



RADIO /TUBES
CX-310

POWER AMPLIFIER, OSCILLATOR

The type 10 is a three-electrode high-vacuum tube
suitable for power amplifier use. As an audio-frequency
amplifier, it is capable of delivering large undistorted out-
put to the loudspeaker.

CHARACTERISTICS
FiILAMENT VOLTAGE (A. C.or D. C)............. 7.5 Volts
FILAMENT CURRENT + v vivenrrenennrvnnnnnanansns 1.25 Amperes
PLATE VOLTAGE ... .o iiiiiienann 250 350 425 max. Volts
GRID VOLTAGE* . .......cccvuun. e =22 -31 -39 Volts
PLATE CURRENT ..vuivvrneerrnnnns 10 i6 18 Milliamperes
PLATE RESISTANCE . +vvvvvvnvnnnnns 6000 5150 5000 Ohms
AMPLIFICATION FacTtorR ........... 8 8 8
MuTuAL CONDUCTANCE «vvevvr.n.. 1330 1550 1600 Micromhos
LoAD RESISTANCE . oo vvevvieenenn. 13000 11000 10200 Ohms
UNDISTORTED Power OuTPUT ...... 400 900 1600 Milliwatts
GRID-PLATE CAPACITANCE ......... 8 npf.
GRID-FILAMENT CAPACITANCE ...... 5 upf.
PLATE-FILAMENT CAPACITANCE ..... 4 upf.
MAXIMUM OVERALL LENGTH ...t iiievemaeeananrnnnes 554"
MAXIMUM DIAMETER + v v vvnssrnnnnsnasssosssecrnnessns 2344"
BuLp (See page 42, Fig. 10)...... feeerte e, S-17
BASE it e i e eeesng et taec s Medium 4-Pin Bayonet

* Grid voltages are given with respect to the mid-point of filament operated on a.c. If d.c. ia
used, cach stated value of grid voltage should be decreased by 3.75 volts and should be referred to the
negative end of the filament.

INSTALLATION

The base pins of the *10 fit the standard four-contact socket. The socket should
be installed so that the tube will operate in a vertical position with the base down.
For socket connections, see page 39, Fig. 1.

The filament of the type ’10 is usually operated from the a-c line through a
step-down transformer. Most satisfactory operating performance of the tube will
be obtained at the rated filament voltage.

With an a-c filament supply, the grid and the plate return should be brought
either to a mid-tapped resistor of 20 to 40 ohms across the filament winding, or
to a mid-tap on the filament winding itself. With a d-c filament supply, the grid
and the plate return should be made to the negative filament terminal,

Grid bias for the type "10 may be obtained from a C-supply or by means of the
voltage drop in a resistor connected in the negative plate return lead. The latter
method is known as the self-biasing method, since the plate current determines the
drop. It is not, however, generally applicable to battery-operated receivers.

APPLICATION

As an audio power amplifier this tube should be operatcd under canditions as
given under CHARACTERISTICS. To prevent overloading and distortion, the recom-
mended grid bias should always be used. Average plate characteristics (curves) are
given on the preceding page.
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RADIO /TUBES
CX-112-A

DETECTOR, AMPLIFIER

The 112-A is an improved storage battery tube. It is
sensitive as a detector and excellent as a three-electrode
radio-frequency and audio-frequency amplifier.

CHARACTERISTICS
FILAMENT VOLTAGE (D. C.). ... .. 5.0 Volts
FILAMENT CURRENT .....viiiinnriniinnnnnnnns 0.25 Ampere
PLATE VOLTAGE .....vvvinennnnn. 90 135 180 max.  Volts
GRID VOLTAGE v\t evveeeennnn, —4.5 -9 -13.5 Volts
PLATE CURRENT ................. 5.2 6.2 7.6 Milliamperes
PLATE RESISTANCE ............... 5600 5300 5000 Ohms
AMPLIFICATION FACTOR ............ 8.5 8.5 8.5
MuTuaL CONDUCTANCE .......... 1500 1600 1700 Micromhos
LoaD RESISTANCE ...ovvvvennnnn., 5600 8700 10800 Ohms
UnpistorTED Power OutpuT ..... 30 115 260 Milliwatts
Grip-PLATE CAPACITANCE ......... 8.1 puf.
GRID-FILAMENT CAPACITANCE ...... 4.2 puf.
PLATE-FILAMENT CAPACITANCE ..... 2.1 upf.
MAXIMUM OVERALL LENGTH +vuvvvrvrrnrenoereneneanns 41145”
MAXIMUM DIAMETER vt vveiee st eeeseeeemamans 11344"
BuLp (See page 42, Fig. 8) ....... ... .. . it S-14
BASE ot Medium 4-Pin

INSTALLATION

The base pins of the 112-A fit the standard four-contact socket. The socket
should be installed so that the tube will operate in a vertical position. Cushioning
of the socket in the detector stage may be desirable if microphonic disturbances
are encountered. For socket connections, see page 39, Fig, 1.

The coated filament employed in the 112-A may be aperated conveniently from
a 6-volt storage battery. A fixed or variable resistor ot suitable value is required
to reduce the battery voltage to 5.0 volts across the filament terminals at the socket.
At this voltage, the most satisfactory operating performarce will be obtained.

APPLICATION

As a detector, the 112-A may be operated either with grid leak and condenser or
with grid bias. The recommended plate voltage for the former method is 45 volts,
A grid leak of from 0.25 to 5 megohms used with a grid condenser of 0.00025
uf. is suitable. The grid circuit return should be connected to the positive filament
terminal.

For grid bias detection, plate voltages up to the maximum value of 180 volts
may be used. The corresponding grid bias should be adjusted so that the plate
current, when no signal is being received, is about 0.2 milliampere. Usually, a
plate voltage of 135 volts with a grid bias of approximately —15 volts will be
satisfactory.

As an amplifier, the 112-A is applicable to the audio- or the radio-frequency
stages of a receiver. Plate voltages and the corresponding grid voltages for audio
amplifier service should be determined from the tabulated characteristics and the
curves in order to obtain optimum performance and freedom from distortion. The

— 25—



Tue CuNNINGHAM Rapi0o TUBE MANUAL

higher plate voltages will be found advantageous under conditions where the
impressed grid signal is large or where maximum power output is desired.

When the 112-A is used as a radio-frequency amplifier, little is gained from
plate voltages exceeding 90 volts, If the 112-A is substituted for the '01-A in
radio-frequency circuits, it may be necessary to readjust the neutralizing condensers
or to increase the value of the grid suppressor resistors to prevent oscillation.

Volume Control of the receiver may be accomplished by variation either of the
grid bias or the plate voltage applied to the radio-frequency stages.

AVERAGE PLATE CHARACTERISTICS
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RADIO /TUBES
CX-220

POWER AMPLIFIER

The 20 is a three-electrode, high-vacuum, power ampli-
fier tube designed for operation from dry-cells. It is
intended for use in the last audio stage of dry-battery-
operated receivers using the 99 and/or "22.

CHARACTERISTICS
PiLaMeNT VoLTace (D. C).............. 3.0-3.3 Volts
FILAMENT CURRENT ..vvvvivnnrnnnnnnnns 0.125-0.132 Ampere
PLATE VOLTAGE ................. 90 135 max. Volts
GRID VOLTAGE .........0ovvvunn.. —-16.5 -22.5 Volts
Prate CURRENT ............u.... 3.0 6.5 Milliamperes
PLATE RESISTANCE ............... 8000 6300 Ohms
AMPLIFICATION FACTOR ............ 3.3 3.3
MuTtuaL CONDUCTANCE .......... 415 525 Micromhos
LoaDp RESISTANCE ..ovvvvnvrnennn. 9600 6500 Ohms
UNDISTORTED Power OuTtPUT ..... 45 110 Milliwatts
GRID-PLATE CAPACITANCE ......... 4.1 upf.
GRID-FILAMENT CAPACITANCE ...... 2.0 ppf.
PLATE-FILAMENT CAPACITANCE ..... 2.3 puuf,
MAXIMUM OVERALL LENGTH +vvvvrun e eneenennnnss 414"
MAXIMUM DIAMETER vcveernennnnenneeneronennsanens 136"
BuLB (See page 42, Fig. 1) ... .0 i ininninn. T-8
BASE ..o, ettt Small 4-Pin

INSTALLATION

The base pins of the '20 fit the standard four-contact socket. The socket should
be installed to operate the tube in a vertical position. For socket connections, see
page 39, Fig. 1.

The filament in this tube is designed for operation with three No. 6 dry-cells
connected in series. In multitube receivers the use of six or nine No. 6 dry-cells
connected in series-parallel to give 4.5 volts will decrease the current drain per
cell and give a more stable source of filament power. If storage battery operation
is preferred, a four-volt storage battery may be used. In any case, a filament
rheostat should be provided to maintain the voltage applied to the filament within
the stated range.

APPLICATION

For power amplifier service, the '20 will give greatest power output whi n oper-
ated at a plate voltage of 135 volts and the corresponding grid bias of —22.5 volts.
At 90 volts on the plate and with a corresponding grid bias of —16.5 volts, good
quality of reproduction may be obtained at a lower level of power output.

In receivers employing tubes of the 3.3 volt filament type, the use of the '20
in the output stage will be found desirable.
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RADIO /TUBES
CX-322

SCREEN GRID RADIO-FREQUENCY
AMPLIFIER

The *22 is a screen grid tube designed particularly for
radio-frequency amplification in dry-battery-operated re-
ceivers employing 3.3 volt filament tubes.

CHARACTERISTICS
FiLAMENT VoLTAGE (D. C}...ovvvnvtnt 3. Volts
FILAMENT CURRENT ..vveverenoosnnrnonns 0.132 Ampere
PLATE VOLTAGE .....iciiieancen. 135 135 max.  Volts
GRID VOLTAGE .+ .o veiieeinnannnn -1.5 -1.5 Volts
SCREEN VOLTAGE ... cvivenverene- 45% 67.5%* Volts
PLATE CURRENT .. ....c.cciiieunnn 1.5 3.3 Milliamperes
SCREEN CURRENT +tv vt inrnnuarnnrvrnns Not over !4 of plate current
PLATE RESISTANCE ............un. 50000 600000 Ohms
AMPLIFICATION FACTOR ...... .00t 300 290
MuTtuaL CONDUCTANCE ..vvvvann . 350 480 Micromhos
ErreCTIVE GRID-PLATE CAPACITANGE. 0.025 maximum uuf.
INPUT CAPACITANCE +vvvvevnvennns 3.2 et
QuTpPUT CAPACITANCE .....c.c.0vnn 12 pt.
OVERALL LENGTH vvverervrvessonnninnnenananaranes 42545" to 5Va2”
MAXIMUM DIAMETER t v v vnevvnrnseeeannnnenasneescesas 11344"
BuLp (See page 42, Fig. 11) ... .oviuinia s S-14
O 2 R Small Metal
BASE vttt e e e e Medium 4-Pin

* Maximum value of grid resistor is 5.0 megohms.
** Maximum value of grid resistor is 1.0 megohm.

INSTALLATION

The base pins of the '22 fit the standard four-contact socket. The socket should
be installed to hold the tube in a vertical position. Cushioning of the socket may
be desirable to avoid microphonic disturbances. For socket connections, see page
39, Figure 4.

For filament operation, refer to INSTALLATION for type "20.

APPLICATION

As a radio-frequency amplifier in multi-stage circuits, it is necessary to shield
carefully each stage and to include within the stage shield all of the component
parts of that stage. Unless this is done, the amplification possibilities of the 22
cannot be realized.

As an audio-frequency amplifier, this tube may be operated with either the screen-
grid or space-charge-grid connection. In either case, the value of plate coupling
resistor should be of from 100000 to 250000 ohms. With the screen-grid ar-
rangement, a plate supply voltage of 135 to 180 volts applied through the coupling
resistor is recommended. Under these conditions, a screen voltage of 22.5 volts
and a negative grid voltage of 0.75 to 1.5 volts are suitable. For the space-charge-
grid connection, the inner grid is operated at 22.5 volts, while the outer grid be-
comes the control grid and is biased negatively by from 0 to 1.5 volts, depending
upon conditions of operation.
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SCREEN GRID RADIO-FREQUENCY
AMPLIFIER

The 24-A is a screen grid amplifier tube containing
a 2.5 volt uni-potential heater-cathode which permits
operation from alternating current. This tube is recom-
mended for use primarily as a radio-frequency amplifier in carefully shielded
circuits especially designed for it. The "24-A may also be used as a screen
grid detector or audio amplifier.

CHARACTERISTICS
HEeaTER VOLTAGE (A.C.or D.C) ... ... ...... ... 2.5 Volts
HEATER CURRENT ....... 'iieiin i iiinnnnenn. 1.75 Amperes
PLATE VOLTAGE* .............. .. 180 250 Volts
GRID VOLTAGE +vvvev s, -3 -3 Volts
SCREEN VOLTAGE ............0o... 90 90 max. Volts
PLATE CURRENT ........vivuvuvnnn 4 4 Milliamperes
SCREEN CURRENT .. .vveervnrnane. . vnn Not over 14 of plate current
PLATE RESISTANCE .....vnvvruven. 400000 600000 Ohms
AMPLIFICATION FACTOR ............ 400 615
MutuaL CONDUCTANCE .......... 1000 1025 Micromhos
ErFFeCTIVE GRID-PLATE CAPACITANCE. 0.01 maximum puf.
InpUT CAPACITANCE .............. 5.0 puf.
Outpur CAPACITANCE ............ 10.0 uuf.
OVERALL LENGTH .vttvriitiinantinerenrenseenennnas 42545" to 514"
MaxiMUM DIAMETER ...ovvvvvnenn. .. e ear e 11344
BuLB (See page 42, Pig. 11) ... iiviiviininnnn. 5-14
CAP .. ivviiiinnnes ceeaaan e aee e e Small Metal
BASE o i i i i e etteas et e Medium 5-Pin

* Maximum plate voltage = 275 volts.

INSTALLATION

The base pins of the "24-A fit the standard five-contact socket. The socket may
be installed to operate the tube in any position. For socket connections, see page
39, Fig. 9.

The heater of the 24-A is intended for operation from a 2.5 volt winding of the
power transformer. The voltage applied to the heater terminals should be the
rated value of 2.5 volts under conditions of operating load and average line
voltage.

The cathode connection to the heater should be made (1) to the movable arm
of a potentiometer connected across the heater winding of the power transformer,
or (2) to a mid-tapped resistor across the heater winding, or {3) to the mid-point
of the heater winding itself. Recommended practice is to have no voltage dif-
ference between heater and cathode. If this practice is not followed, the heater
may be made negative by not more than 43 volts.

The positive screen voltage for the '24-A may be obtained {rom a fixed or variable
tap on a voltage divider across the high voltage supply, or across a portion of the
supply.

Complete shielding in all stages of the circuit is necessary if maximum gain per
stage is to be obtained.
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APPLICATION

As a radio-frequency amplifier, the '24-A should be operated at the voltages
given under CHARACTERISTICS. Plate voltage and screen voltage are not critical.
In general, properly designed radio-frequency transformers are preferable to inter-
stage coupling impedances, especially 1n cases where a high impedance B-supply
may cause oscillation below radio frequencies.

As a detector, the '24-A may be operated either with grid leak and condenser
or with grid bias (see page 16). For grid bias detection suitable operating con-
ditions are: plate supply voltage of 275 volts applied through a plate coupling
resistor of 250000 ohms, a positive screen voltage of 20 to 45 volts, and a negative
grid bias (approximately 5 volts) so adjusted that a plate current of 0.1 milliam-
pere is obtained with no input signal. For grid leak and condenser detection,
suitable operating conditions are: plate supply voltage 275 volts applied through
a plate coupling resistor of 250000 ohms, a positive screen voltage of 20 to 45
volts, a grid leak of 2 to 5 megohms, and a grid condenser of 0.00025 nf,

As a screen grid audio-frequency amplifier in resistance coupled circuits, the
'24-A may be operated under the following conditions: plate supply voltage 250,
grid bias —1 volt, screen voltage 25 volts, plate current 0.5 milliampere (approxi-
mate), plate load resistor 0.1 to 0.25 megohm, and a grid resistor of 0.25 to 2.0
megohms,

AVERAGE PLATE CHARACTERISTICS
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RADIO /TUBES
CX-326

AMPLIFIER

The 26 is an amplifier tube containing a filament de-
signed for operation on alternating current. It is useful
as a radio-frequency amplifier and as a transformer-
coupled audio-frequency amplifier. The 26 is not ordi-
narily suitable for use as a detector or power output tube.

CHARACTERISTICS
FiLAMENT VOLTAGE (A. C. or D.C)............. 1.5 Volts
FILAMENT CURRENT «.viuvvnnrnonanceroanansnns 1.05 Amperes
PLATE VOLTAGE ...vccrveeennnnan 90 135 180 max. Volts
GRID VOLTAGE®* . ... v inennnnn. -7 -10 -14.5 Voits
PLATE CURRENT ....cvvenennennnn 2.9 5.5 6.2 Milliamperes
PLATE RESISTANCE ......ovvenenn. 8900 7600 7300 Ohms
AMPLIFICATION FACTOR ............ 8.3 8.3 8.3
MutuaL CONDUCTANGCE .......... 935 1100 1150 Micromhos
GRID-PLATE CAPACITANCE ......... 8.1 nf.
GRID-FILAMENT CAPACITANCE ...... 3.5 nuf.
PLATE-FILAMENT CAPACITANGCE ,.... 2.2 upf.
MAXIMUM OVERALL LENGTH «.vvvenceenccrnnanrrnnne.s 41146"
MAXIMUM DIAMETER +vvivnnrronnrinonnceneessnenann 11344”
BuLB (See page 42, Fig. 8) ... ..o it S-14
BASE v tevnvneeesonnsannsnesosasoneenetsnsananonesenn Medium 4-Pin

* Grid voltage measured from mid-point of a-c operated filament.

INSTALLATION

The base pins of the *26 fit the standard four-contact socket. The socket should
be installed so that the tube will operate in a vertical position. For socket connec-
tions, see page 39, Fig. 1.

The coated filament of the '26 should be operated at the rated voltage of 1.5
volts from the a-c line through a step-down transformer. For certain applications,
it may be operated with a d-c filament power source.

When the filament is a-c operated, the plate and grid return lead should be
brought (1) to the movable arm of a 20 to 40 ohm potentiometer across the fila-
ment winding, or (2) to the mid-tap of the filament winding itself. When d.c.
is used to operate the filament, the grid and plate returns should be connected to
the negative filament terminal,

APPLICATION

As an audio-frequency amplifier, the '26 should be used with transformer coupling
in order to secure the greatest amplification per stage.

As a radio-frequency amplifier, the '26 may be operated at plate voltages as low
as 90 volts with good results,
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AVERAGE PLATE CHARACTERISTICS
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RADIO /TUBES
C-327

DETECTOR, AMPLIFIER

The 27 is a three-electrode general purpose tube con-
taining a 2.5 volt heater-cathode of the equi-potential
type which permits operation from alternating current.

CHARACTERISTICS
HEATER VoLTAGE (A.C.orD.C) ............... 2.3 Volts
HEATER CURRENT ..ooiiviiinneieneieeeennnnn. 1.75 Amperes
PLATE VoLTaGe* .......... 90 135 180 250 Volts
GRID VOLTAGE ............ —6 -9 -135 ~21 Volts
PLaTE CURRENT ........... 2.7 4.5 5.0 5.2 Milliamperes
PLATE RESISTANCE ........ 11000 9000 9000 9250 Ohms
AMPLIFICATION PACTOR ..... 9 9 9 9
MuTtuaL CONDUCTANCE . ... 820 1000 1000 975 Micromhos
GRID-PLATE CAPACITANCE ......... 3.3 nuf.
Grip-CATHODE CAPACITANCE ...... 3.5 nuf.
PLaTe-CATHODE CAPACITANCE ..... 3.0 upf.
MAXIMUM OVERALL LENGTH .vvvevvoner e, 4114 5"
MAXIMUM DIAMETER o\ tiitiieine ettt seeeenennnns 1134¢”
BuLs (See page 42, Fig. 8) .......coviiiiiiia .. S-14
BASE i e Medium 5-Pin

* Maximum plate voltage = 275 volts.

INSTALLATION

The base pins of the "27 fit the standard five-contact socket. The socket may be
mounted to hold the tube in any position. For socket connections, see page 39,
Fig. 8.

The heater of the "27 is intended for operation from a 2.5 volt winding of the
power transformer. The voltage applied to the heater terminals should be the rated
value of 2.5 volts under conditions of operation and average line voltage.

The cathode connection to the heater should be made (1) to the movable arm
of a potentiometer connected across the heater winding of the power transformer,
or (2) to a mid-tapped resistor across the heater winding, or (3) to the mid-point
of the heater winding itself, Recommended practice is to have no potential dif-
ference between heater and cathode. If this practice is not followed, the heater
may be biased preferably negative, but allowably positive, with respect to the
cathode by not more than 45 volts.

APPLICATION

As an amplifier, the "27 is applicable to the audio- or the radio-frequency stages
of a receiver. Recommended plate and grid voltages are shown under
CHARACTERISTICS.

As a detector, the "27 may be operated either with grid leak and condenser or
with grid bias. The recommended plate voltage for grid leak and condenser detec-
tions is 45 volts (see page 16). A grid leak of from 1 to 5 megohms used with
a grid condenser of 0.00025pf. is suitable. For grid bias detection, a plate voltage
of 250 volts or less may be used. The corresponding grid bias should be adjusted
so that the plate current when no signal is being received is approximately 0.2
milliampere. For the conditions of 250 volts on plate and transformer coupling,
the grid bias will be approximately —30 wvolts.
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As an oscillator, the *27 may be operated with a plate voltage of approximately

90 volts and zcro grid bias.

able in some applications.

A lower value of plate voltage may be found desir-
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RADIO /TUBES
CX-330
DETECTOR, AMPLIFIER

The 30 is a detector and amplifier tube of the three-electrode
type. It has a coated filament which takes as little power as pos-
sible consistent with satisfactory operating performance. This fea-
ture makes the '30 particularly suitable in battery-operated radio
receivers employing the '32, '34, *31, and/or '33 where economy of
filament current drain is important.

CHARACTERISTICS
FiLAMENT Vortace (D. C) ... .. 2.0 Volts
FILAMENT CURRENT ......oivueunnnsinnnnnnnnn. 0.060 Ampere
PLATE VOLTAGE .........coo.u... 90 135 180 max.  Volts
GRID VOLTAGE . ... ovrr i, —4.5 -9 -135 Volts
PLATE CURRENT ............0.0.... 2.5 3.0 3.1 Milliamperes
PLATE RESISTANCE ............... 11000 10300 10300 Ohms
AMPLIFICATION FACTOR ............ 9.3 9.3 9.3
MutuaL CONDUCTANCE ........... 850 900 900 Micromhos
GRID-PLATE CAPACITANCE ......... 6.0 rpf.
GRID-FILAMENT CAPACITANCE ...... 3.7 puf.
PLATE-FILAMENT CAPACITANCE ..... 2.1 puf.
MAXIMUM OVERALL LENGTH ..vov'vrvernirnennennannnn, 414"
MAXIMUM DIAMETER vt vvineneessnoseneneesnenneann. 196"
BULB (See page 42, Fig. 6) «.ouvvviirvereiiiiinnnnnnn. S-12
BASE L e e Small 4-Pin

INSTALLATION

The base pins of the '30 fit the standard four-contact socket. The socket should
be installed so that the tube will operate in a vertical position. Cushioning of the
socket in the detector stage may be desirable if microphonic disturbances are
encountered. For socket connections, see page 39, Fig. 1.

The coated filament of the '30 may be operated conveniently from dry-cells, from
a single lead storage-cell, or from an air-cell battery. For dry-cell operation, a fila-
ment rheostat may be used together with a permanently installed voltmeter to insure
the proper filament voltage. For operation from a 2-volt lead storage-cell, the '30
requires no filament resistor. Operation with an air-cell battery requires a fixed
resistor in the filament circuit. This resistor should have a value such that with a
new air-cell battery, the voltage applied across the filament terminals will not
initially exceed 2.15 volts. Series operation of the filaments of these tubes is not
recommended.

APPLICATION

As a detector, the 30 may be operated either with grid leak and condenser or
with grid bias. The plate voltage for the former method should preferably not be
more than 45 volts. A grid leak of from 1 to 5 megohms used with a grid con-
denser of 0.00025 pf. is satisfactory. The grid return should be connected to the
positive filament socket terminal. For grid bias detection, plate voltages up to the
maximum value of 180 volts may be used. The corresponding grid bias should be
adjusted so that the plate current is about 0.2 milliampere when no signal is being
received,

As an amplifier, the 30 is applicable to the audio- and the radio-frequency stages
of a receiver. Plate voltages and the corresponding grid voltages should be deter-
mined from the CHARACTERISTICS and the curves in order to obtain optimum per-
formance and freedom from distortion.

As an oscillator, this tube may be used at plate voltages not exceeding 45 volts.
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AVERAGE PLATE CHARACTERISTICS
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RADIO /TUBES
CX-331

POWER AMPLIFIER

The "31 is a power amplifier tube of the three-electrode
type. It has a coated filament which takes as little power as
possible consistent with satisfactory operating performance.
This feature makes the '31 particularly suitable in battery-
operated radio receivers employing the '30, *32, and/or 34
where economy of filament current drain is important.

CHARACTERISTICS
FrLaAMENT Vortace (D. C) .................. .. 2.0 Volts
FILAMENT CURRENT ...........co0ooonnni oo, 0.130 Ampere
PLATE VOLTAGE .................. 135 180 max.  Volts
GRID VOLTAGE . ......ccvuuunnn. .. -22.5 -30 Volts
PLATE CURRENT ........ovvunun... 8.0 12.3 Milliamperes
PLATE RESISTANCE ............... 4100 3600 Ohms
AMPLIFICATION FacTOR ............ 3.8 3.8
MutuaL CONDUCTANCE ........... 925 1050 Micromhos
Loap RESISTANCE ................ 7000 5700 Ohms
UNDISTORTED Power QuUTPUT ..... 185 375 Milliwatts
GRID-PLATE CAPACITANCE ......... 5.7 upf.
GRID-FILAMENT CAPACITANCE ...... 3.7 uud.
PLATE-FiILAMENT CAPACITANCE ..... 2.2 upf,
MAXIMUM OVERALL LENGTH .t ovv it tneteeneaannnns 414"
MAXIMUM DIAMETER .. .iivitii i iiiieieaninennn, 194"
BULB (See page 42, Fig. 6) . .vvvvirivinreeniinannnnn,, S-12
BASE Lo e e e e Small 4-Pin

INSTALLATION

The base pins of the 31 fit the standard four-contact socket. The socket should
be installed so that the tube will operate in a vertical position. Although the *31 is
very free from microphonic disturbances, cushioning of its socket may be desirable.
For socket connections, see page 39, Fig. 1.

The coated filament of the '31 may be operated conveniently from dry-cells, from
a single lead storage-cell, or from an air-cell battery. For dry-cell operation, a fila-
ment rheostat may be used together with a permanently installed voltmeter to insure
the proper filament voltage. For operation from a 2-volt lead storage-cell, the 31
requires no filament resistor. Operation with an air-cell battery requires a fixed
resistor in the filament circuit. This resistor should have a value such that with a
new air-cell battery, the voltage applied across the filament terminals will not
initially exceed 2.15 volts. Series operation of the filaments of these tubes is not
recommended.

APPLICATION

As a power amplifier, the '31 should be operated as shown under CHARAC-
TERISTICS.

Grid voltage for the 31 may be obtained from a C-battery, or by use of the
voltage drop in a resistor connected in the negative plate return lead. The latter
method is known as the self-biasing method and is required where a grid resistor
(maximum value 1 megohm) is used.

If more output is desired than can be obtained from a single '31, two *31's may
be operated either in parallel or push-pull connection. Average plate characteristics
(curves) are given on the preceding page.
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RADIO /Z TUBES

CX-332

RADIO-FREQUENCY AMPLIFIER

The 32 is a screen grid tube recommended primarily for
use as a radio-frequency amplifier. It contains a coated fla-
ment which takes as little power as possible consistent with
satisfactory operating performance. This feature makes the
'32 particularly suitable in battery-operated radio receivers employing the
'34, 31, and/or '33 where economy of filament current drain is important.

CHARACTERISTICS
FiLamMENT VoLTace (D. C.) ...t 2.0 Volts
FILAMENT CURRENT tiiviinounconeennensennnes 0.060 Ampere
PLATE VOLTAGE .................. 135 180 max.  Volts
SCREEN VOLTAGE . ....vvveeeennn. 67.5 67.5 max.  Volts
GRID VOLTAGE ... vvveinnvnoncans -3 -3 Volts
PLATE CURRENT .....evvvrvnennn-. 1.7 1.7 Milliamperes
Screen CuURRENT (Maximum) ..... 0.4 0.4 Milliampere
PLATE RESISTANCE ............... 950000 1200000 Ohms
AMPLIFICATION FACTOR ............ 610 780
MUTUAL CONDUCTANCE ... huuon., 640 650 Micromhos
ErrFecTIVE GRID-PLATE CAPACITANCE. 0.015 maximum uuf.
INPUT CAPACITANCE .............. 6.0 puf.
OuTtpUT CAPACITANCE ............ 11.7 nuf.
OVERALL LENGTH ottt oottt ettt e et et i e et 42849” to 5l40”
MAXIMUM DIAMETER ... .ttt e i iiee e eaas 113¢”
BuLb (See page 42, Fig. 11) .. viuiiiiiniiininnnnienns 5-14
0 Small Metal
BASE © vttt e e e e e e Medium 4-Pin

INSTALLATION

The base pins of the '32 fit the standard four-contact socket. The socket should
be installed so that the tube will operate in a vertical position. Although the ’32
is very free from microphonic disturbances, cushioning of its socket may be found
desirable. For socket connections, see page 39, Fig. 4.

The coated filament of the '32 may be operated conveniently from dry-cells,
from a single lead storage-cell, or from an air-cell battery. For dry-cell operation,
a filament rheostat should be used together with a permanently installed voltmeter
to insure the proper filament voltage. For operation from a 2-volt lead storage-cell,
the *32 requires no filament resistor. Operation with an air-cell battery requires a
fixed resistor in the filament circuit. This resistor should have a value such that
with a new air-cell battery, the voltage applied across the filament terminals will
not initially exceed 2.15 volts. Series operation of the fillaments of these tubes is
not recommended.

The positive screen voltage may be obtained from a tap on the plate battery or a
bleeder circuit across the supply battery in part or in full. Never attempt to
obtain the screen voltage for the '32 by connecting the screen through a series
resistor to a high voltage source. The results will not be satisfactory because of
voltage drop variation produced by the different screen currents of individual tubes.

Volume control may be very satisfactorily accomplished by variation of the screen
voltage between 0 and 67.5 volts. The variation must, however, be accomplished

(Continued on Page 43)
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Socket Connections for Cunningham Tubes

These socket connection diagrams are to be used in conjunction with either the
text, or the consolidated CHARACTERISTICS CHART. The correct socket connection
for each tube is identified by a figure number which is given under INSTALLATION

of each tube description and under Socket Connections of the CHARACTERISTICS
CHART.
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Maximum QOverall Dimensions of Cunningham Tubes

This chart of overall tube dimensions is to be used in conjunction with the text.
The correct bulb reference number for each tube is given under its CHARACTERISTICS.
The prefix letters of the bulb designation indicate the bulb shape; as S for ‘‘straight side,”” T

for *“tubular,” and ST for a combination of tubular and straight side or ‘‘dome type."

The

sufiix numbers of the bulb designations indicate the nominal maximum diameter of the bulb in

eighths of inches, i.e., the diameter of the $-12 is 12

eighths, or 114",
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THE CuNNINGHAM Rapio TUuBE MANUAL

( Continued from Page 38)

by a potentiometer shunted across the screen voltage supply and not by a high-
resistance rheostat.

Complete shielding of all stages is recommended if maximum gain per stage is to
be obtained.

APPLICATION

As a radio-frequency amplifier, the '32 is operated as shown under CHARACTER-
1sTics. Neither the plate voltage nor the screen voltage is critical. In general,
properly designed radio-frequency transformers are preferable to interstage coupling
impedances, especially in cases where a high impedance B-supply may cause oscil-
lation below radio frequencies.

As a detector, the *32 may be operated either with grid leak and condenser or
with grid bias. For grid bias detection, suitable operating conditions are: Plate
supply voltage, 135 volts applied through a plate coupling resistance of 100000
ohms or an equivalent impedance; positive screen voltage, 67.5 volts; and a nega-
tive grid bias (approximately 6 volts) so adjusted that a plate current of 0.2 milli-
ampere is obtained with no a-c input signal. For grid leak and condenser detec-
tion, suitable operating conditions are: Plate supply voltage, 135 volts applied
through a plate coupling resistor of 250000 ohms; a positive screen voltage up to
45 volts; a grid condenser of 0.00025 uf.; and a grid leak of 1 to 5 megohms.

In designing circuits to use the '32 as a detector, it is desirable to work from
the detector stage directly into the power output stage.

As an audio-frequency amplifier in resistance coupled circuits, the 32 may be
operated under the following conditions: Plate supply voltage, 180 volts applied
through a plate coupling resistor of 100000 to 250000 ohms (or a 500 henry
choke shunted by a 0.25 megohm resistor); plate current, 0.25 milliampere (ap-
proximate); grid voltage, —1 volt; and a grid resistor, 0.25 to 2.0 megohms.

AVERAGE PLATE CHARACTERISTICS

TYPE ' 32
Ef‘ =2.0VOLTS D.C.
SCREEN VOL.TS=675
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RADIO #TUBES
C-333

POWER AMPLIFIER PENTODE

of battery consumption is important.

The "33 is a power amplifier pentode for use in the output stage
of battery-operated receivers. The low filament current required
by the '33 makes this tube particularly applicable for use in com-
bination with the *30, *32, and/or "34 in radio sets where economy

2 The "33 is capable of producing greater power output than three-
electrode power amplifiers of the same plate current drain, Furthermore, this tube
has the design feature of greater amplification than is possible in a three-electrode

amplifier without serious sacrifice in power output.

The power-handling ability of the 33 is made possible by the addition of both a
suppressor and a screen between the grid and plate. The suppressor is placed

next to the plate and is connected inside the tube to the filament,

This design

ractically eliminates the secondary emission effects which limit the power output

rom four-electrode screen grid tubes. See page 5.

CHARACTERISTICS
FiLaMenT Vortace (D. C) ... ... 2.0
FILAMENT CURRENT .. otvterenennnnnn . 0.260
PLATE VOLTAGE ..ot 135 max.
SCREEN VOLTAGE ..., 135 max
GRID VOLTAGE .+ vt i it ee e ine e e e e -13.5
PLATE CURRENT ..... .00, 14.5
SCREEN CURRENT.......o'veerinnnnnnn 3
PLATE RESISTANCE .. ....... ... 50000
AMPLIFICATION Factor ... ... e 70
MUTUAL CONDUCTANCE .. ..o v oisinnnnnns 1450
LoAD RESISTANCE .. ..vvvoi e 7000
POWER OUTPUT ottty e i ee 700
ErrecTivE GRID-PLATE CAPACITANCE 0.9
INPUT CAPACITANCE .............. 8.9
OuTpPUT CAPACITANCE ... oo vun.n. .. 11.1
MAXIMUM OVERALL LENGTH .. ovvoern e
MAXIMUM DIAMETER .t vvtintoeeeeas e oo e
BULB (See page 42, Fig. 8) ...,
BASE e e
INSTALLATION

The base pins of the '33 fit the standard five-contact socket.
be installed so that the tube will operate in a vertical position.

Voits
Ampere
Volts

Volts

Volts
Milliamperes
Milliamperes
Ohms

Micromhos
Ohms
Milliwatts

The socket should
In some cases,

cushioning of the socket may be found desirable. For socket connections, see

page 39, Fig. 6.
For filament operation, refer to INSTALLATION for type '32.

APPLICATION

For the power amplifier stage of radio receivers, the '33 is recommended either
singly or in push-pull combination. More than one audio stage preceding the '33
is undesirable because of the possibility of microphonic disturbances resulting from

the high level of amplification.
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THE CUNNINGHAM Rapio TUBE MANUAL

If a single "33 is operated self-biased, the self-biasing resistor should be approxi-
mately 770 ohms. This resistor should be shunted by a condenser of 4 to 20 pf.
to avoid degeneration effects at low audio frequencies. The use of two '33's in
push-pull eliminates the necessity of by-passing the resistor. The self-biasing
resistor required for the push-pull stage is approximately 385 ohms.

Any conventional type of input coupling may be used, provided that the resis-
tance added to the circuit by this device is not too high. Transformer or impe-
dance coupling devices are preferable. When the input circuit of the 33 is
resistance-coupled to the preceding stage, self-bias should be employed. The grid
resistor should not exceed a value of more than 1.0 megohm under self-bias condi-
tions; without self-bias, maximum wvalue is 0.5 megohm.

An output transformer should be used to couple this tube to the winding of the
reproducing unit. The optimum load resistance for the output device is 7000
ohms. For best results, the impedance in the plate circuit of the "33 should be as
uniform as possible over the entire audio-frequency range.

AVERAGE PLATE CHARACTERISTICS

40,
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RADIO /TUBES
CX-234

SUPER-CONTROL R-F AMPLIFIER PENTODE

The '34 is a super-control pentode recommended for use pri-
marily as a radio-frequency amplifier and intermediate-frequency
amplifier in battery-operated receivers employing the 30, '31, '32,
and/or '33 where economy of filament current drain is important.

The °34 is very effective in reducing cross-modulation and modu-

lation-distortion over the usual range of signal voltages without the
use of antenna potentiometers or auxiliary volume control switches. (See Super-
Control amplifier page 15.) This super-control characteristic makes the tube
um’quelly adaptable to the r-f and if stages of receivers employing automatic volume
control.

The use of a suppressor is an important feature of the '34. In comparison with
the usual type of screen grid tube operated under similar conditions, the 34 has a
much higher plate resistance and a considerably increased range of voltage swing.
Furthermore, a high value of mutual conductance is maintained.

The suppressor is connected inside the tube to the filament. During operation
of the tube, the suppressor eliminates the secondary emission effects which limit
the voltage swing permissible in the usual screen grid tube at low plate voltage,
that is, at a plate voltage approximately equal to the screen voltage. The sup-
pressor in the 34, therefore, makes possible efficient operation of this tube at a
relatively low plate voltage. This may be greater than, equal to, or slightly less
than the recommended screen voltage.

CHARACTERISTICS
FiLaMENT Vortace (D. C.) ...... e, 2.0 Volts
FILAMENT CURRENT ..vvvnionnnnnnnnnnnn ] 0.060 Ampere
PLATE VOLTAGE ...... Ceeeaaea. ees  G67.5%F 135 180 max. Volts
SCREEN VOLTAGE (Max.*) ........ 67.5 675 61.5 Volts
Grip VoLTAGE, Variable (Minimum) -3 -3 -3 Volts
PLATE CURRENT ..vvvveveennnnnn.. 2.7 2.8 2.8 Milliamperes
SCREEN CURRENT ................. 1.1 1.0 1.0 Milliamperes
PLATE RESISTANCE ............... 400000 600000 1000000 Ohms
AMPLIFICATION FACTOR ............ 224 360 620
MurtuaL CONDUCTANCE .......... . 560 600 620 Micromhos
MuTtuaL CONDUCTANCE, at —22.5 volts bias 15 15 15 Micromhos
EFFeECTIVE GRID-PLATE CAPACITANCE 0.020 maximum pupf.
INPUT CAPACITANCE ....ooovnnnn.. 6.4 puf,
OuTPUT CAPACITANCE ............. 12.8 f
OVERALL LENGTH i et e eeen e e 42565 to 5l4o”
MAXIMUM DIAMETER ... .ivttee et e e 6
BuLB (See page 42, Fig. 11) ..ovvunrniinnennnnnnnns S-14
AP i Small Metal
BASE Medium 4-Pin

* Under conditions of maximum plate current.
** Recommended values for use in portable receivers.
INSTALLATION

The base pins of the '34 fit the standard four-contact socket. Although this tube
is quite free from microphonic disturbances, cushioning of its socket may sometimes
be desirable. For socket connections, see page 39, Fig. 4.

For filament operation, refer to INsTaLLATION for type ’32.
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THE CUNNINGHAM Rapio TuBe MANUAL

The screen voltage may be obtained from a tap on the B-supply battery or from
a bleeder circuit across the battery, as a whole or in part. Due to the screen current
characteristics of the '34, a resistor in series with the B-supply may be employed,
if desired, for obtaining the screen voltage, providing the maximum voltage between
screen and filament does not exceed 100 volts under conditions of reduced plate
current.

Stage shielding enclosing all the components of each stage is, in general, neces-
sary for multi-stage amplifier circuits.

APPLICATION

As an r-f or i-f amplifier, the '34 is applicable in receivers designed for it. Plate,
screen, and minimum grid voltages are given under CHARACTERISTICS for a num-
ber of operating conditions.

Volume control of the receiver is accomplished effectively by variation of the
negative voltage applied to the grid. In order to obtain adequate volume control,
an available grid bias voltage of approximately —22.5 volts will be required. The
exact value will depend upon the circuit design and operating conditions. This
voltage may be obtained from a potentiometer, a bleeder circuit, or a separate
source, depending on receiver requirements.

Owing to the fact that the super-control feature of the '34 requires a compara-
tively large grid bias change, the screen and plate voltage may vary considerably
for various volume settings depending on receiver design. It is recommended
therefore, that design features be incorporated in the receiver so that the screen
voltage will not exceed 67.5 volts under conditions of minimum grid bias and
maximum plate current. With a design arrangement of this kind, the screen
voltage at decreased values of plate current may reach a value higher than 67.5
volts but should not exceed 100 volts., It should be recognized that under the
condition of screen voltage above 67.3 volts at low plate current, an increase in
the grid bias voltage supply must be provided for adequate volume control.

As the first detector in superheterodyne circuits, the "34 may be utilized to ad-
vantage. In such service, the grid bias may or may not be made variable. With
variable bias in the first detector, the peak oscillator voltage should be preferably
about one volt less than the lowest operating grid bias. This practice will eliminate the
possibility of cross-modulation caused by the first detector drawing grid current.
Without variable bias on the first detector, the oscillator peak voltage should be
considerably less than the grid bias to prevent grid current on very strong signal
swings. It should be noted that by varying the grid bias on the first detector in
conjunction with that on the radio-frequency and/or the intermediate-frequency
stages, additional control of volume may be accomplished.

AVERAGE PLATE CHARACTERISTICS

T TYPE ‘34
Ep=2.0 VOLTS D.C.
SCREEN VOLTS =87.5
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RADIO /TUBES
C-335

SUPER-CONTROL RADIO-FREQUENCY
AMPLIFIER

The 35 is a super-control screen grid amplifier tube containing
a 2.5 volt heater-cathode of the equi-potential type. It is recom-
mended as a radio-frequency amplifier and an intermediate-fre-
quency amplifier in a-c receivers. The '35 is very effective in
reducing cross-modulation and modulation-distortion over the entire
range of received signals. Its design is such as to permit easy control of a large
range of signal voltages without the use of local-distance switches or antenna poten-
tiometers. This super-control feature makes the tube adaptable to circuits incorpo-
rating automatic volume control. See page 15 for Super-Control feature.

CHARACTERISTICS

HEATER VoLTAGE (A. C.or D. C)uvvvvnnn. .. 2.5 Volts
HEATER CURRENT .............ooooivnn 1.75 Amperes
PLaTeE VorTace* ................ 180 250 Volts
SCREEN VOLTAGE ................ 75 90 max. Volts
GRID VOLTAGE, Variable (Minimum) . ~1.5 -3 Volts
PLATE CURRENT .. ovoeevnnnnn ... 5.8 6.5 Milliamperes
SCREEN CURRENT (Maximum) .... 2.5 2.5 Milliamperes
PLATE RESISTANCE ............... 350000 350000 Ohms
AMPLIFICATION FACTOR ............ 385 370
MuTtuaL CONDUCTANCE ........... 1100 105(5) 1\I\filicromgos

At —40 volts bias 5 1 icromhos
MutuaL Conpuctance {At —50 volts bias — 1 min, Micromho
EFFECTIVE GRID-PLATE CAPACITANGE 0.010 maximum ppf.
INPUT CAPACITANCE .............. 5 TETR
OutpPuT CAPACITANCE .. .......... 10 ppf.
OVERALL LENGTH .vvuuveeenn 12%49" to 514"
MAXIMUM DIAMETER .. vuuoeoenn oo 11346”
BuLs (See page 42, Fig. 11) ........................ .. 5-14
CAP Small Metal
BASE Medium 5-Pin

* Maximum plate voltage = 275 volts.

INSTALLATION

The base pins of the '35 fit the standard five-contact socket. The socket may be

mounted to hold the tube in any position. For socket connections, see page 39,
Fig. 9.

The heater of the 35 is intended for operation from a 2.5 volt winding of the
power transformer. The voltage applied to the heater terminals should be the
rated value of 2.5 volts under operating conditions and with average line voltage.

The cathode connection to the heater should be made (1) to the movable arm
of a potentiometer connected across the heater winding of the power transformer,
or (2) to a mid-tapped resistor across the heater winding, or (3) to the mid-point
of the heater winding itself.

The positive screen voltage for the '35 may be obtained from a fixed or variable
tap on a voltage divider across the supply voltage or a portion of the supply.

Complete shielding for all stages of the circuit is necessary if maximum gain and
the volume-control range capabilities of this tube are to be realized.

— 48 .



THE CuUNNINGHAM RaDI0O TUBE MANUAL

APPLICATION

As a radio-frequency and intermediate-frequency amplifier, the '35 should be
operated as shown under CHARACTERISTICS, In general, properly designed radio-
frequency transformers are preferable to interstage coupling impedances, especially
in cases where a high impedance B-supply may cause oscillation below radio fre-
quencies.

Volume control of receivers designed for the '35 may be accomplished by vari-
ation of the negative grid bias of this tube. In order to utilize the full volume-
control range of the '35, an available grid bias voltage of approximately 50 volts
will be required, depending upon the circuit design and operating conditions. This
voltage should preferably be obtained from a potentiometer or bleeder circuit
If, however, the receiver is designed so that the required volume control can be
obtained without exceeding 45 volts, the cathode-resistor method of obtaining the
grid-bias control is permissible.

As a detector working directly into an audio-frequency amplifier, the '35 is not
ordinarily suited. However, this tube does have a very useful application as a first
detector in superheterodyne circuits, Suitable operating voltages for such service
are: Plate voltage, 250 volts; screen voltage, 90 volts; and grid bias, =7 volts with
a 6-volt peak swing from the oscillator, By varying the grid bias on the first de-
tector in conjunction with that on the radio-frequency and/or the intermediate-
frequency stages, additional control of volume may be accomplished.

As an audio-frequency amplifier, the *35 may be used in a single stage, resistance-
coupled circuit when it is followed by not more than one amplifier stage. Addi-
tional stages of amplification are not recommended because of the possibility of
noise and microphonic disturbances resulting from the high level of amplification.
Suitable operating voltages for such service are: Plate supply voltage, 180 to 250
volts, applied through a load resistor of 100000 to 200000 ohms; screen veltage
25 volts; grid bias, ~1 volt. In general, the higher value of load resistor will per-
mit increased amplification but will give poorer fidelity. The higher plate supply
voltages allow increased signal swing without distortion but are not required where
only small signals are to be amplified. In resistance-coupled circuits employing
the '35, the grid resistor should have a value not exceeding 1.0 megohm.

AVERAGE PLATE CHARACTERISTICS
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Optional power amplifier using '45's shown on page 61.
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RADIO-FREQUENCY AMPLIFIER

The '36 is a screen grid radio-frequency amplifier and detector
for use in automobile receivers or sets operated from d-c power
lines. It contains a heater-cathode which is designed for d-c opera-
tion. Its design permits uniform tube operation over a compara-
tively wide range of heater voltages without appreciably affecting

’ either the performance or serviceability of the tube. This feature,
together with that of general freedom from microphonic and battery circuit dis-
turbances, makes the *36 well suited to mobile service and other applications where
complete d-c operation is desirable.

CHARACTERISTICS
HeaTer Vortage (D.C) .....ooviiiiiii. 6.3 Volts
HEATER CURRENT . tvvviiinneitrnnnsnneesnssans 0.3 Ampere
PLATE VOLTAGE v vt vvvvnnerrencnns 90* 135 180 max. Volts
SCREEN VOLTAGE .. .vvveeivneonna 55 67.5 90 max. Volts
GRID VOLTAGE +vvvvneneneennnsens -1.5 -1.5 -3 Volts
PLATE CURRENT .+ .0 v vvevnrensoonns 1.8 3 3.1 Milliamperes
SCREEN CURRENT ................ Not over 14 of plate current
PLATE RESISTANCE .'viverrnnnens .250000 300000 350000 Ohms
AMPLIFICATION FACTOR ............ 215 315 370
MUTUAL CONDUCTANCE .o vecennn 850 1050 1050 Micromhos
ErrecTIVE GRID-PLATE CAPACITANCE 0.01 maximum  ppf.
INPUT CAPACITANCE «ovvevvnnnnenn 3.7 puf.
OUTPUT CAPACITANCE .« vvvuun.... 9.2 nuf.
OVERALL LENGTH vvvtvtvneeeneeenseseeeaneennanneens 4%." to 41742"
MAXIMUM DIAMETER + v vestintrernssnseneanesaennses 1%¢”
BuLe (See page 42, Fig. 9) .. .. ie i 3-12
7 - Small Metal
BASE ¢ ittt it it et et ae e Small 5-Pin

* Particularly applicable to receivers designed for operation from 110-volt d.c. power line.

INSTALLATION

The base pins of the '36 fit the standard five-contact socket which may be
mounted to hold the tubes in any position. For socket connections, see page 39,
Fig. 9.

The heater of the *36 is designed to operate satisfactorily from a 6-volt autome-
bile storage battery without a rheostat or fixed resistor, despite the voltage fluctua-
tions during the charge and discharge periods. These variations in the applied
heater voltage do not seriously affect the performance or serviceability of this tube.
The heater may be operated in series with the heaters of the *37, *38 or "39. This
feature is especially desirable in receivers designed to operate from d-c house mains.
Regardless of the number of heaters connected in series, the current in the heater
circuit should be adjusted to 0.3 ampere for the normal supply voltage.

The cathode circuit in most d-c receivers is usually tied in either directly or
through biasing resistors to the negative side of the heater circuit. The voltage
difference thus introduced between heater and cathode should be kept as much as
possible below the recommended maximum of 45 wvolts,

The positive screen voltage for the "36 may be obtained from a section of the
B-battery, or from a fixed or variable tap on a voltage divider connected across the
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supply voltage, or a portion of the supply. The impedance between the screen and
cathode should be kept as low as possible by means of suitable by-pass condensers.

Complete shielding of all stages of the circuit is necessary if maximum gain per
stage is to be obtained.

APPLICATION

As a radio-frequency amplifier, the *36 should be operated as shown under CHAR
ACTERISTICS, Neither the plate nor the screen voltage is critical. In general,
properly designed radio-frequency transformers are preferable to interstage coupling
impedances, especially in cases where a high impedance B-supply may cause oscilla-
tion below radio frequencies.

As a detector, the 36 may be operated ecither with grid leak and condenser or
with grid bias. For grid bias detection, suitable operating conditions are: Plate
supply voltage, 135 volts applied through a plate coupling resistor of 250000
ohms; positive screen voltage, 67.5 volts; and negative grid bias, 6 volts (approx.).
so adjusted that a plate current of 0.1 milliampere is obtained with no a-c input
signal. When grid leak and condenser detection is employed, a plate voltage of 45
volts applied through a plate coupling resistor of 250000 ohms togcther with a
positive screen voltage up to 45 volts will be satisfactory. A grid leak of 2 to 5
megohms and a grid condenser of 0.00025 uf. will be suitable.

AVERAGE PLATE CHARACTERISTICS
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DETECTOR, AMPLIFIER

The '37 is a three-electrode general purpose tube for use in
automobile receivers and in sets operated from d-c power lines. It
contains a heater-cathode which is designed for d-c operation. This
feature together with that of general freedom from microphonic
and battery circuit disturbances makes the *37 well suited to mobile
service and other applications where complete d-c operation is

desirable.
CHARACTERISTICS
HeATER VOLTAGE (D. C) ... ... 6.3 Volts
HEATER CURRENT .+ttt eveeeese e meen e emeannens 0.3 Ampere
PLATE VOLTAGE ...... et 90 135 180 max. Volts
GRID VOLTAGE +ovviveenernnnnn. . -6 -9 -13.5 Volts
PLATE CURRENT ......... ceeseeene 2.5 4.1 43 Milliamperes
PLATE RESISTANCE .......... vee.. 11500 10000 1000 Ohms
AMPLIFICATION FACTOR ............ 9.2 9.2 9
MuTtuaL CONDUCGTANCE .+...vvuu... 800 925 900 Micromhos
GRrip-PLATE CAPACITANCE ......... 2.0 paef.
GRID-CATHODE CAPACITANCE ....... 3.5 ppf.
PrLaTe-CATHODE CAPACITANCE ..... 2.2 puf.
MaxiMUM OVERALL LENGTH ... .. viiiiiireeieecnennn. 414"
MAXIMUM DIAMETER v vveenrueenroronnosaesasnsasaeens 15%52"
BuLB (See page 42, Pig. 6) «vvoive v, -1
Bass ..o T 6 e Small 5-Pin
INSTALLATION

The base pins of the *37 fit the standard five-contact socket. The socket may be
mounted to hold the tube in any position. For socket connections, see page 39,
Fig. 8.

The heater of the *37 is designed to operate satisfactorily from a 6-volt automo-
bile storage battery without a rheostat or fixed resistor despite the voltage fluctua-
tions during the charge and discharge periods. These variations in the applied
heater voltage do not seriously affect the performance or serviceability of this tube.
The heater may be operated in series with the heaters of the *36, 38 or "39. This
feature is especially desirable in receivers designed to operate from d-c house mains.
Regardless of the number of heaters connected in series, the current in the heater
circuit should be adjusted to 0.3 ampere for the normal supply voltage.

The cathode circuit in most d-c receivers is usually tied in either directly or
through biasing resistors to the negative side of the heater circuit. The voltage
difference thus introduced between heater and cathode should be kept as much as
possible below the recommended maximum of 45 volts.

APPLICATION

As a detector, the '37 may be operated with either grid leak and condenser or
with grid bias. The recommended plate voltage for the grid leak and condenser
method is 45 volts. A grid leak of from 1.0 to 5.0 megohms used with a grid con-
denser of 0.00025 uf. is suitable.

For grid bias detection a plate voltage of 135 volts together with a negative grid
bias of approximately 15.5 volts may be used. The plate current should be ad-
justed to 0.2 milliampere with no a-c input signal. The grid bias voltage may con-
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veniently be obtained from the voltage drop in a resistor between the cathode and
ground. The value of this self-biasing resistance is not critical, 75000 to 100000
ohms being suitable, The higher value will allow the use of a larger input signal.

As an amplifier, the '37 is applicable to the audio- or the radio'frequency stages
of a receiver. Plate voltages and the corresponding grid voltages for amplifier ser-
vice should be determined from CHARACTERISTICS and curves to obtain optimum
performance and freedom from distortion.

As an oscillator, the recommended conditions are: Plate voltage, 45 volts, (af'
proximately); and grid bias, zero volts. It may be found desirable to use slightly
lower values of plate voltage, depending upon the circuit design.

AVERAGE PLATE CHARACTERISTICS
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C-338

POWER AMPLIFIER PENTODE

The *38 is a power amplifier pentode for use in the output stage
of automobile receivers and in sets operated from d-¢ power lines.
It is capable of giving a large power output for a relatively small
input signal voltage. The '38 contains a heater-cathode which is
designed for d-c operation. Its design permits uniform tube opera-
tion over a comparatively wide range of heater voltages without
appreciably affecting either performance or serviceability of the tube. This fea-
ture, together with that of the general freedom from microphonic and battery cir-
cuit disturbances makes the *38 well suited to mobile service and other applications
where complete d-c operation is desirable.

CHARACTERISTICS
HeaTer VoLTAGE (D. C)) .. ... ..o, 6.3 Volts
HEATER CURRENT .\t vvvtrvresnveaeronaecennnns 0.3 Ampere
PLATE VOLTAGE .. ......coiununn.. 100 135 max. Volts
SCREEN VOLTAGE . .evvvrieneeveas 100 135 max.  Volts
GRID VOLTAGE* .. ....vvveeinennnn -9 -13.5 Volts
PLATE CURRENT ...vvivvnnnnnnnn. 7 9 Milliamperes
SCREEN CURRENT +ivvvvirnrevnnns 2 2.5 Milliamperes
PLaTE RESISFANCE (Approx.) ..... 84000 102000 Ohms
AMPLIFICATION Factor (Approx.).. 80 100
MuTUAL CONDUCTANCE ....nvvn... 950 975 Micromhos
LOAD RESISTANCE ...vviivvnnnnnns 8500 13500 Ohms
PowER OQUTPUT ....cvvvierrnnenes 200 525 Milliwatts
ErrerCcTIVE GRID-PLATE CAPACITANCE. 0.3 unf.
INPUT CAPACITANCE .....'vvvnenns 4.1 unf,
OuTtpuT CAPACITANCE ............ 8.5 upf.
OVERALL LENGTH .t tiiit i i e e et e e e 495" to 417"
MAXIMUM DIAMETER © v ivi vttt ettt iiieeeinnreenan 1%¢”
BuLB (See page 42, Fig. 9) ..ot S-12
L7 Small Metal
B ASE i e e e e e e Small 5-Pin

* If the "38 is seli-biased, the biasing resistor should be by-passed by a large condenser. With
self-bias, the resistance of the grid circuit coupling should not exceed 1.0 megohm; without self-bias,
the grid resistance should not exceed 0.5 megohm.

INSTALLATION

~ The base pins of the "38 fit the standard five-contact socket. The socket may be
installed to hold the tube in any position. For socket connections, see page 39,
Fig. 9.

For heater operation, refer to INSTALLATION for type "37.

The cathode circuit in most d-c receivers is usually tied in either directly or
through biasing resistors to the negative side of the heater circuit. The potential
difference thus introduced between heater and cathode should be kept as much as
possible below the recommended maximum of 43 volts.

APPLICATION

For the power amplifier stage of radio receivers, the *38 is recommended either
singly or in push-pull combination. More than one audio stage preceding the 38
is undesirable because of the possibility of microphonic disturbances resulting from
the high level of amplification.
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If a single '38 is operated self-biased, the self-biasing resistor for 135 volts on the
plate should be approximately 1200 ohms. This resistor should be shunted by a
condenser of 4 to 20 uf. to avoid degeneration effects at low audio frequencies. The
use of two '38's in push-pull eliminates the necessity of by-passing the resistor.
The self-biasing resistor required for the push-pull stage is approximately 600 ohms.

Any conventional type of input coupling may be used provided that the resis-
tance added to the grid circuit by this device is not too high. Transformer or
impedance coupling devices are preferable where the *38 follows a "37 detector.
If a screen grid detector is used, however, resistance coupling or a combination of
impedance-resistance coupling to the *38 will be better. A coupling condenser of
0.005 pf. will be suitable in such circuits.

An output transformer should be used to supply power to the winding of the
reproducing unit. The optimum value of load resistance for the output device is
13500 ohms for a plate voltage of 135 volts and 8500 ohms for a plate voltage of
100 volts. For best results, the impedance in the plate circuit of the "38 over the
entire audio-frequency range should be as uniform as possible.

AVERAGE PLATE CHARACTERISTICS
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C-239

SUPER-CONTROL R-F AMPLIFIER PENTODE

The '39 is a super-control pentode recommended for use pri-
marily as a radio-frequency amplifier, intermediate-frequency ampli-
fier and superheterodyne first detector in automobile receivers and
in sets operated from d-c power lines, It has a heater-cathode
which is designed for d-c operation. This feature together with
that of general freedom from microphonic and battery circuit dis-
turbances makes the "39 well suited to mobile service and other applications where
complete d-c operation is desirable. The '39 is very effective in reducing cross-
modulation and modulation-distortion over the usual range of signal voltages without
the use of antenna potentiometers or auxiliary volume control switches. (See
Super-Control feature, page 15). This super-control characteristic makes the tube
uniquely adaptable to r-f and i-f stages of receivers employing automatic volume
control.

The use of a suppressor is an important feature of the '39 because it permits
variation in tube structure so as to obtain a high plate resistance without impairing
other desired characteristics. In comparison with the usual type of screen grid
tube operated under similar conditions, the '39 has a much higher plate resistance
and a considerably increased range of voltage swing. Furthermore, a high value
of mutual conductance is maintained.

The suppressor is connected inside the tube to the cathode. During operation
of the tube, the suppressor eliminates the secondary emission effects which limit the
voltage swing permissible in the usual screen grid tube at low plate voltage, that is,
at a plate voltage approximately equal to the screen voltage. The suppressor in the
*39, therefore, makes possible the efficient operation of this tube at a relatively low
plate voltage. This may be greater than, equal to, or slightly less than the recom-
mended screen voltage.

CHARACTERISTICS

HeaTeR VOLTAGE (D. C.) ... it innens 6.3 Volts
HEATER CURRENT +..ovvivnvsnranss Cereer e 0.3 Ampere
PLATE VOLTAGE ....vveeecnnnnns 90* 135 180 max. Volts
ScREEN VOLTAGE (Maximum) ..... 90 90 90 Volts
Grip Vortace (Minimum) ........ -3 -3 -3 Volts
PLATE CURRENT .....0cevevvannnn 4.4 4.4 4.5 Milliamperes
SCREEN CURRENT ......evvvuuns . 1.3 1.2 1.2 Milliamperes
PLATE RESISTANCE +.vvveneceenss .375000 540000 750000 Ohms
AMPLIFICATION FACTOR ............ 360 530 750
MutuaL CONDUCTANCE ....... P 960 980 1000 Micromhos

at —30 volts bias 10 10 10 Micromhos
MutuAL CONDUCTANCE § ¢ _40 volts bias Very small but not zero
ErreCTIVE GRID-PLATE CAPACITANCE 0.007 maximum puf.
INPUT CAPACITANCE ...vvovivnennn. 4.0 pf.
OUuTPUT CAPACITANGCE .vvvveurnnnn 10.0 VAR
OVERALL LENGTH t.viviiitrtnnrnnesnernenatisisisannns 495" to 41740"
MAXIMUM DIAMETER v vvvivrnnrrnecenancnuoanssneessns 194¢”
BULB (See page 42, Fig. 9) .ivviiiiniiiiiiinneennncnen, 5-12
07 < e Small Metal
BASE ..o .. e et asaese e e Small 5-Pin

* Recommended values for use in receivers designed for 110 volt d-c line operation.
INSTALLATION
The base pins of the 39 fit the standard five-contact socket. The socket may be
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%nstalled to hold the tube in any position. For socket connections, see page 39,
ig. 9.

The heater of the '39 is designed to operate satisfactorily from a 6-volt automo-
bile storage battery without a rheostat or a fixed resistor, despite the voltage fluctua-
tions during the charge and discharge periods. These variations in heater voltage
do not seriously affect the performance or serviceability of this tube. The heater
may be operated in series with the heaters of the 36, *37, or *38. This feature is
especially desirable in receivers designed to operate from d-c house mains. Regard-
less of the number of heaters connected in series, the current in the heater circuit
should be adjusted to 0.3 ampere for the normal supply voltage.

The cathode circuit in most d-c receivers is usually tied in either directly or
through biasing resistors to the negative side of the heater circuit. The voltage
difference thus introduced between heater and cathode should be kept as much as
possible below the recommended maximum of 45 volts.

The positive screen voltage for the *39 may be obtained from a section of the
B-battery, from a fixed or variable tap on a voltage divider across the supply volt-
age, or from a portion of the supply. Care should be taken to keep the impedance
between the screen and cathode as low as possible,

When the '39 is self-biased, a resistor in series with the high voltage supply may
be used for obtaining the screen voltage. This is possible because of the stable
screen current characteristic of the '39 pentode. The resistor method of securing
the screen voltage is limited to circuits where the screen voltage supply does not
exceed 180 volts as a maximum. The value of this resistance should be such that
under the conditions of minimum grid bias and maximum plate current the screen
voltagle will not exceed. 90 volts. A resistance of approximately 80000 ohms will be
suitable.

Complete shielding of all stages is necessary if maximum gain per stage is to be
obtained.

AVERAGE PLATE CHARACTERISTICS
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APPLICATION

As a radio-frequency and intermediate-frequency amplifier, the ‘39 should be
operated as shown under CHARACTERISTICS. In general, properly designed radio-
frequency transformers are preferable to interstage coupling impedances, espe-
cially in cases where a high impedance B-supply may cause oscillation below radio
frequencies.

Volume control of receivers designed for the '39 may be accomplished by varia-
tion of the negative grid bias of this tube. In order to obtain adequate volume
control, an available grid bias voltage of approximately 45 volts will be required.
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The exact value will depend upon the circuit design and operating conditions. This
voltage may be obtained from a potentiometer, a bleeder circuit, a variable resistor
in the cathode circuit, or from a separate source. In any event, the heater to
cathode bias for the 39 should not exceed 45 volts.

As a detector working directly into an audio-frequency amplifier, the '39 is not
ordinarily suited. However, it does have a very useful application as the first
detector in superheterodyne circuits and may be utilized to advantage in that posi-
tion. Suitable operating voltages for such service are: Plate voltage, 90 to 180
volts; screen voltage, 90 volts; grid voltage, =7 volts (approx.). With variable bias
on the first detector, the peak oscillator voltage should be preferably about one volt
less than the minimum grid bias (approximately 7 volts). This practice will elimi-
nate the possibility of cross-modulation caused by the first detector drawing grid
current. Without variable bias on the first detector, the oscillator peak voltage
should be considerably less than the grid bias to prevent grid current on very
strong signal voltage swings.

AVERAGE CHARACTERISTICS AVERAGE CHARACTERISTICS
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C =ANTENNA COUPLING CONDENSER (APPROX.30 AM) R| = COMPENSATING RESISTOR(0.25 MEGOHM)

+67'%v. ©+135V.

?‘“@ R T8

€ =R-F BY-PASS CUNDENSER(0.0Ip{Jﬁ TO Q.1 JMf) Rp= GRID COUPLING RESISTOR (I MEG. MAX.}
Cz=GRID CONDENSER (0.00025 )Jg.lf_ R3=SCREEN DECOUPLING RESISTOR (30000 OHMS)
C3=R-F BY-PASS CONDENSER(I. pg.xf,) Rq=MINIMUM BIAS RESISTOR (275 OHMS)

C4=R-F BY-PASS CONDENSER(0.00025 uf) Rs= REGENERATION CONTROL (50000 OHMS)
Cg=COUPLING CONDENSER (005 U f. TO 0.1 Uf) Rg= SELF -BIASING RESISTOR(2000 OHMS APPROX)
Cg=A-F BY-PASS connznsen(z#m TO 4)if) R7=BLEEDER RESISTOR (50000 OMMS.2 WATT)

L =R-F CHOKE(i0 TO 50 MILLIHENRIES) Ra= VOLUME CONTROL{20000 OHM TAPER RESISTOR)
A =GRID LEAK RESISTOR (2 TO 5 MEGOHMS) X =PLATE CHOKE (300H.OR MORE)

NOTE: TYPES 56, 57 AND 58 MAY BE USED IN TH1S CIRCUIT IN PLACE OF THE 37.36 AND 39 RESPECTIVELY. PROVIDED TRAT THEY ARE
OPERATED AT THEIR RECOMMENDED HEATER, SCREEN.PLATE AND GRID BIAS VOLTAGES. THE SUPPRESSCOR GRID OF THE 57 AND
58 SHOULD BE TIED TO THE CATHODE AT THE SOCKET.
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RADIO /TUBES
CX-345

POWER AMPLIFIER

The '45 is a power amplifier tube for supplying large undis-
torted output to a loudspeaker. It is for use as an audio-
frequency output tube in a-c receivers using 2.5-volt heater
and filament type tubes.

CHARACTERISTICS
FILAMENT VoLTAGE (A. C.or D. C). . ...... ... .. 2.5 Volts
FILAMENT CURRENT ...........00viuiunnnnnn.. 1.5 Amperes
PLATE VOLTAGE ................. 180 250 275 max. Volts
GRID VOLTAGE* .. ................ -34.5 -50 -56 Volts
PLaTE CURRENT ................. 27 34 36 Milliamperes
PLATE RESISTANCE .......cov..... 1900 1750 1670 Ohms
AMPLIFICATION FACTOR ............ 3.5 3.5 3.5
MutuaL CONDUCTANCE ........... 1850 2000 2100 Micromhes
LoaD RESISTANCE ........ovvu.... 3500 3900 4600 Ohms
UnpIsTORTED PowerR QUTPUT ...... 780 1600 2000 Milliwatts
GRID-PLATE CAPACITANCE ......... 8 puf.
GRID-FILAMENT CAPACITANCE ...... 5 uuf.
PLATE-FILAMENT CAPAGITANCE 3 upf.
MAXIMUM OVERALL LENGTH ..ov'ottmmaneenannennnn.. 334"
MAXIMUM DIAMETER . vvvessrise e iiaatnaeaneenn. 236"
BuLe (See page 42, Fig. 10) ......cvvivurinnnnnnnnn. .. 5-17
BASE ....vviiiiinnn.. e e Medium 4-Pin

* Referred to mid-point of a-c operated filament. Self-bias is advisable in all cases and is required
if a grid resistor (max. value of 1.0 megohm) is used.

INSTALLATION

The base pins of the '45 fit the standard four-contact socket which should be
mounted preferably to hold the tube in a vertical position. If it is necessary to
place the tube in a horizontal position, the socket should be mounted with the fila-
ment pin holes vertically one above the other. This precaution locates the filament
plane vertical for most satisfactory performance. For socket connections, see
page 39, Fig. 1. Provision should be made for free circulation of air around the
tube since the bulb becomes quite hot during operation.

The coated filament of the '45 is designed to operate from the a-c line through a
step-down transformer although it may be operated from a d-c source, In either
case, the voltage applied to the filament terminals should be the rated value of 2.5
volts under conditions of load and normal line voltage.

APPLICATION

As a power amplifter, the '45 should be operated as indicated under CHARAC-
TERISTICS. When a.c. is used on the filament, the plate and grid returns should be
brought to (1) a mid-tapped resistor of from 20 to 40 ohms across the filament
winding, or (2) to the mid-tap of the filament winding itself.

Grid bias for the '45 should be obtained by use of the voltage drop in a resistor
connected in the negative plate-return lead. This scheme is known as the self-
biasing method. The proper value of the resistor for a single '45 is 1550 ohms
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for a plate voltage of 275 volts; 1475 ohms for a plate voltage of 250 volts; and
1275 ohms for a plate voltage of 180 wvolts.

If more output is desired than can be obtained from a single '45, two '45’s may
be operated either in parallel or push-pull connection. See page 13. When two
"45's are operated together in the same amplifier stage, the values of the_self-
biasing resistors will be approximately one-half the values given above for a single
tube.

An output device should be used to transfer power to the winding of the repro-
ducing unit.

AVERAGE PLATE CHARACTERISTICS
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RADIO J/TUBES
C-46

DUAL-GRID POWER AMPLIFIER

The 46 is a double-grid power amplifier tube recommended
especially for service in Class B amplifier circuits of suitable design.
In such circuits an output stage is preceded by a power amplifier
stage designated as the “driver.” A pair of '46% in a Class B
output stage is capable of supplying an exceptionally large amount
of virtually undistorted power; while 2 single '46, operated in the
driver stage as a Class A amplifier, can deliver sufficient power to drive the pair of
'46's in the output stage.

The dual application of the '46 to Class B and to Class A amplifier service is
made possible by different connections of the two grids incorporated in the tube's
structure. Each grid terminates in its respective base pin. For Class B operation,
the two grids must be tied together. This connection causes the tube to have an
amplification factor so high that negative grid bias is not required for its operation
as a Class B amplifier. For Class A operation, the grid adjacent to the plate is tied
to the plate in order that the tube will have a low amplification factor. In the
latter case, negative grid bias is required for proper operation of the tube. See
page 13 for discussion of Class B operation.

CHARACTERISTICS
FILAMENT VoLTaGE (A. C.or D. C).vvvvennnn... 2.5 Volts
FiILAMENT CURRENT ........... et 1.75 Amperes
MAXIMUM OVERALL LENGTH .©vvviveeeneennnnnnn. 554"
MAXIMUM DIAMETER .. uivivittinneineeeeanennnnnns 234¢”
BuLB (See page 42, Fig. 10) ....vvuernrnrvnnnnnnnn.. S-17
Base ................. e C e st et e, Medium 5-Pin
As Class B Amplifier
PLATE VOLTAGE ................c.cu.... . 300 400 max. Volts
GRID VOLTAGE (Both grids tied together) .. 0 0 Volts
PrLaTe CURRENT (Per tube) .............. 4 6 Milliamperes
PeAx PrLaTe CURReNT (Per tube) ........ 150 200 Milliamperes
Max. PLATE DissIPATION (Avg. per tube) .. 10 10 Watts
Loap RESISTANCE (Per tube) ............ 1300 1450 Ohms
Max. SiIGNAL VoLTaGe (RMS per tube) .... 40 41 Volts
Max. ConTiNUOUs PowER OUTPUT (Two tubes)* 16 20 Watts
As Class A Amplifier
PLATE VOLTAGE ... ... .. iiiiiiiiiirnnnnnn, 250 max.  Volts
GRriID VoLTAGE (Grid adjacent to plate tied to plate) —~33 Volts
PLATE CURRENT ...ttt iieienanenns 22 Milliamperes
PLATE RESISTANCE ...vvvvninniniinnnnnnnn.. 2380 Ohms
AMPLIFICATION FACTOR ........................ 5.6
MUTUAL CONDUCTANCE ........oovernunnnnnnns 2350 Micromhos
Loap ResisSTANCE (For max. undistorted power)**.. 6400 Ohms
Max. UNDISTORTED PowerR OUTPUT .............. 1.25 Watts

* Power measured across indicated value of resistor in plate citcuit of each tube, with indicated
signal applied through 250 ohm resistance in the grid circuit.
** Approximately twice this value is recommended for load of driver for Class B stage.

INSTALLATION

The base of the '46 is of the medium five-pin type. Its pins fit the standard five-
contact socket which may be installed to operate the tube either in a vertical or in
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a horizontal position. For horizontal operation, the socket should be positioned
with the filament pin openings one vertically above the other. For socket connec-
tions, see page 39, Fig. 7.

The bulb of this tube may become very hot under certain conditions of opera-
tion. Sufficient ventilation, therefore, should be provided around the tube to pre-
vent overheating.

The filament is designed to operate at 2.5 volts. The transformer winding that
supplies the filament circuit should operate the filament at this recommended value
(as measured at the filament terminals) when rated voltage is applied to the pri-
mary of the power transformer operating under average load. The filament wiring
should, insofar as possible, be isolated from the input circuit of the driver stage
in order to avoid the possibility of hum caused by electrostatic induction from this
wiring.

The grid and plate return for the driver stage should be made to a variable center-
tapped resistor across the filament (or heater) supply for minimum hum adjustment
The use of a push-pull driver stage with either equi-potential or filament type
tubes will reduce hum resulting from the filament supply, but is required only in
special applications.

APPLICATION

For Class B audio power amplifier service, the '46 is particularly recommended
because of its design. In this type of service, the two grids in the tube are con-
nected together and, thus, the signal voltage is applied to both simultaneously. No
grid bias voltage is necessary with this connection as the steady plate current at zero
bias is only a few milliamperes. The design of the '46 permitting its operation as
a Class B amplifier with zero bias is particularly important because it prevents
variation of bias with applied signal which would otherwise exist if any self-bias
arrangement were employed.

The direct-current requirements of Class B circuits are subject to fluctuation under
operating conditions. The power supply, therefore, should have as good regulation
as possible to maintain proper operating voltages regardless of the current drain.
The use of a mercury-vapor rectifier in the power supply is recommended because
it has a low and practically constant space-charge voltage drop within its operating
range. As a further means of obtaining good regulation, the filter chokes and
transformer windings of the power supply should have as low resistance as pos-
sible. In designing the power supply for a Class B amplifier, it should be remem-
bered that such an amplifier may frequently demand peak cutrents of 200 milli-
amperes Or more.

The grid of the '46 is operated sufficiently positive to cause grid current to flow
in its input circuit. This feature imﬁposes a further
requirement on the preceding amplifier stage which °ovNamic TRANSFER CHARACTERISTICS

must supply not only the necessary input voltage to €2 S e n ¢
the output stage, but it must be capable of doing so 7525 7
under conditions where appreciable power is taken by o /o
the grid of the Class B amplifier tube. Since the j
power necessary to swing the grid positive is partially ot 2 _/rua >~
dependent on the plate load o% the Class B tube, and PEA TUBE N
since the efficiency of power transfer from the preced- % |liagg e [
ing stage is dependent on transformer design, it is 5 1358 "
apparent that the design of a Class B audio power +40_+40 420 et +¥5
amplifier requires that more than ordinary attention AT | IRATIO REFERRED |
be given to the effects produced by the component < #/ | PRMARY
parts of the circuit. For this reason, the design of e T o
a Class B audio amplifier with its driver stage is / z
somewhat more involved than for a Class A . &
system. 2 3

In the design of Class B amplifiers, the interstage 9 2 ‘:'Jé
transformer is the link interconnecting the driver and a3

the Class B stage. It is usually of the step-down type,  INSTANTANEOUS GRID VOLTS(ec,)
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that is, the primary input voltage is higher than the secondary voltage supplied to
the grids of the power output tubes. Depending upon conditions, the ratio of the
primary of the interstage transformer to one-half of its secondary may range between
1.5 to 1 and 5.5 to 1. The transformer step-down ratio is dependent on the
following factors: (1) Type of driver tube, (2) Type of power tube, (3) Load on
power) tube, (4) Permissible distortion, and (5) Transformer efficiency (peak
power).

The primary impedance of the interstage transformer is essentially the same as if
the transformer were to be operated with no load, that is, into an open grid.
Since power is transferred, the transformer should have reasonable power efficiency.
It should be noted that the power output and distortion are often critically de-
pendent upon the circuit constants which should therefore be made as near inde-
pendent of frequency as possible. This applies particularly to the interstage coup-
ling transformer and to the loudspeaker.

The driver tube should be capable of delivering sufficient power to operate the
Class B amplifier stage. If low distortion is desired, it is most important that the
driver tube be worked substantially below its Class A undistorted output rating,
since distortion produced by the driver stage and the power stage will be present

in the output.
AVERAGE PLATE CHARACTERISTICS
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For Class A operation of the 46, the grid adjacent to the plate is connected to
the plate. The grid next to the filament serves as the control grid. Operation of
the tube is then similar to any Class A power amplifier triode. The operation of
this tube connected as a Class A amplifier is not indicative of its performance in
Class B circuits and should not be confused with the latter.

The intended application of the 46 as a Class A amplifier is for driving two
'46’s in a Class B amplifier circuit. The tube has been constructed for this dual
service in order to reduce the number of tube types necessary in a receiver. The
tabulated values for Class A operation of this type as given under CHARACTERISTICS
are for its operation as a power output tube.

AVERAGE PLATE CHARACTERISTICS
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RADIO / TUBES
C-347

POWER AMPLIFIER PENTODE

The 47 is a power amplifier pentode for use in the audio output
stage of a-c receivers. It is capable of giving large power output
with a relatively small input signal voltage. In comparison with
three-electrode power amplifiers of the same plate dissipation, the
*47 is capable of greater power output with the additional feature

? of higher amplification. This power-handling ability of the '47 ix
made possible by the addition of both a suppressor and a screen between the grid
and plate. (See page 5 for further information on pentodes.)

CHARACTERISTICS
FILAMENT VoLTAGE (A. C.or D. C).ovviiiiit 2.5 Volts
FILAMENT CURRENT +1ivvvvvarnmvnrmnnnensoensos 1.75 Amperes
PLATE VOLTAGE v vt ot e i iivannanannnaeenens 250 max. Volts
SCREEN VOLTAGE v vt oot vt vnemnneasssnnnnnsenens 250 max. Volts
GRID VOLTAGE® vt it it i iii it eteaaieaanes -16.5 Volts
PLATE CURRENT + vt vevevriniinanoneocnnnnnens 31 Milliamperes
SCREEN CURRENT .uuutitvvrenneanennreeeneeson 6.0 Milliamperes
PLATE RESISTANCE ot vvvveeeeonnssseenennannns 60000 Ohms
AMPLIFICATION FACTOR ....... .. iieiiiieerinn 150
MUTUAL CONDUCTANCE v e v iicee ot nananncsseen 2500 Micromhos
LOAD RESISTANCE .+ vv et iniimnne e ananannn 7000 Ohms
POWER QUTPUT vt v e v iveenenananoannnarseen s 2500 Milliwatts
ErFECTIVE GRID-PLATE (CAPACITANCE 1.25 puf.
INPUT CAPACITANCE ...cvvvven.nn- 8.7 nif.
QuTPUT CAPACITANCE ......000004 13.2 ppf,
MAXIMUM OVERALL LENGTH ....v.ivriinnrnencnnennns 554"
MAXIMUM DIAMETER it vnerevernatovnnonoeenssnasons 2346"
BuLe (See page 42, Fig. 10) ....... . oo iiaiinnnnn S-17
BASE v vt vt s ee s s ettt Medium 5-Pin

* If filament is operated on d.c., grid bias should be -15.3 volts.

INSTALLATION

The base pins of the "47 fit the standard five-contact socket which should be
mounted preferably to hold the tube in a vertical position. For socket connections,
see page 39, Fig. 6. If it is necessary to place the tube in a horizontal position,
the socket should be mounted with its filament pin openings one vertically above the
other. Provision should be made for free circulation of air around the tube since
the bulb becomes quite hot during operation.

The coated filament of the *47 is intended for operation from a 2.5-volt winding
of the power transformer. The voltage applied to the filament terminals should be
the rated value of 2.5 volts under operating conditions and average line voltage.

APPLICATION

For the power amplifier stage of radio receivers, the '47 is recommended either
singly or in push-pull combination. More than one audio stage preceding the '47
is undesirable because of the possibility of microphonic disturbances resuiting from
the high level of amplification.

If a single *47 is operated self-biased, the self-biasing resistor should be approxi-
mately 450 ohms. This resistor should be shunted by a condenser of 4 to 20 uf.
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to avoid degeneration effects at low audio frequencies. The use of two '47's in
push-pull eliminates the necessity of by-passing the resistor and is, in addition, effec-
tive in reducing hum from filter circuits. The self-biasing resistor required for the
push-pull stage is approximately 225 ohms.

Any conventional type of input coupling may be used, provided that the resistance
added to the grid circuit by this device is not too high, Transformer or impedance
coupling devices are preferable. If input-resistance coupling is used, a grid resis-
tance not to exceed 0.5 megohm may be employed under self-bias conditions.
Without self-bias, the grid leak resistance should not exceed 50000 ohms.

An output transformer should be used in order to supply power to the winding
of the reproducing unit. The optimum value of load resistance for the output
device is 7000 ohms. For best results, the impedance in the plate circuit of the '47
over the entire audio-frequency range should be as uniform as possible.

The blue glow which frequently appears on the inner surface of the 47 bulb is
due to fluorescence caused by stray electrons from the filament which strike the
interior of the getter-coated bulb. This fluorescence is a natural effect and is in no
manner an indication of the performance of the tube.

AVERAGE PLATE CHARACTERISTICS
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RADIO / TUBES
CX-350

POWER AMPLIFIER

The 50 is a power amplifier tube designed for use pri-
marily in the output stage of an audio-frequency amplifier
employing transformer coupling. It is capable of delivering
unusually large amounts of undistorted power.

CHARACTERISTICS
FILAMENT VoLTAGE (A. C.or D.C).ovvvnivnnnt. 7.5 Volts
FILAMENT CURRENT ...vesnsenveostnsrssssnasans 1.25 Amperes
PLATE VOLTAGE ..vivurevrnonnnns 350 400 450 max.  Volts
GRID VOLTAGE® . ... eiiviriinnnnns —63 =70 -84 Volts
PLATE CURRENT ...veivneeranvnan 45 55 55 Milliamperes
PLATE RESISTANCE +.cvcevieronnns 1900 1800 1800 Ohms
AMPLIFICATION FacTOR ........... 3.8 3.8 3.8
MuTUAL CONDUCTANCE .........s . 2000 2100 2100 Micromhos
LoAD RESISTANCE ...cevivucnvnnne 4100 3670 4350 Ohms
UnNDISTORTED Power OUTPUT ..... 2400 3400 4600 Milliwatts
GRID-PLATE CAPACITANCE ......... 9 upf,
GRID-FILAMENT CAPACITANCE ...... 5 uuf.
PLATE-FILAMENT CAPACITANCE ..... 3 puf.
MAXIMUM OVERALL LENGTH . .iivivnnienrnnrrnonnnnnns 614"
MAXIMUM DIAMETER vt vvtturrnnnnonnonssnccissnnanss 21146"
BuLB (See page 42, Fig. 13) ... .. coviiiiiiiiiiinnns, S5-21
BASE .ttt ii it a e Medium 4-Pin Bayonet

* Measured from mid-point of a-c operated filament.

INSTALLATION

The base pins of the '50 fit the standard four-contact socket which should be
mounted to hold the tube in a vertical position. For socket connections, see page 39,
Fig. 1. Provision should be made for free circulation of air around the tube, since
the bulb becomes quite hot during operation.

The coated filament is designed to operate from a 7.5 volt winding of the power
transformer. However, if desirable, it may be operated equally as well from a d-c
source. In either case the voltage applied to the filament terminals should be the
rated value of 7.5 volts.

APPLICATION

As a power amplifier, the '50 should be operated as shown under CHARAC-
TERISTICS. Grid bias voltage may be conveniently obtained by means of the
voltage drop through a resistor in the plate return lead. The proper value of this
resistor is 1400 ohms for a plate voltage of 350 volts; 1275 ohms for a plate poten-
tial of 400 volts; and 1530 ohms for a plate potential of 450 volts. The *50 is not
recommended for use in resistance-coupled circuits having a grid resistor.

If more output is desired than can be obtained from a single '50, two '50’s may
be operated either in parallel or push-pull connection. See page 13. When two
'50's are operated together in the same amplifier stage, the values of the self-
biasing resistors will be approximately one-half those shown above for a single tube.
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C-56

SUPER-TRIODE AMPLIFIER

The 56 is a three-electrode tube of the uni-potential heater-
cathode type recommended for use as detector, amplifier, or oscil-
lator in a-c receivers designed for it. This tube is characterized by
its small overall size, its relatively low heater power consumption,
its high mutual conductance, anJ its comparatively high amplifica-
tion factor, The 56 is especially useful in resistance-coupled audio-
frequency amplifiers.

CHARACTERISTICS
HEeaTer Vortace (A. C.or D.C).ouuunnnnn. ... 2.5 Volts
HEATER CURRENT ....iiivuinnnen e 1.0 Ampere
PLATE VOLTAGE .. ..o, 250 max.  Volts
GRID VOLTAGE® ... iiie i, —13.5 Volts
PLATE CURRENT ..\ vtiiti i iiiiinnnernnnn. 5 Milliamperes
PLATE RESISTANCE . uvitinnrmen e, 9500 Ohms
AMPLIFICATION FACTOR ..o 13.8
MuTuAL CONDUCTANCE ... cvvveemeeeeean e, 1450 Micromhos
GRID-PLATE CAPACITANCE ......... 3.2 puf.
GRID-CATHODE CAPAGITANCE ....... 3.2 ppf.
PraTe-CaTHODE CAPACITANCE ...... 2.2 K,
MAXIMUM OVERALL LENGTH ... vvvriieneenreennnsnnnn. 414"
MAXIMUM DIAMETER .ottt it inneernensennsnencnsns 1%6”
BuLs (See page 42, Fig. 6) ........ccvvvun.... e S-12
BASE Lt e e e e e Small 5-Pin

* If a grid coupling resistor is used, its maximum value should not exceed 1.0 megohm.

INSTALLATION

The base of the 56 is of the small five-pin type. Its pins fit the standard five-
contact socket which may be installed to operate the tube either in a vertical or in a
horizontal position. For horizontal operation, the socket should be positioned with
its heater pin openings one vertically above the other. For socket connections,
see page 39, Fig, 8,

The heater is designed to operate at 2.5 volts. The transformer winding supply-
ing the heater circuit should be designed to operate the heater at this recommended
value (as measured at the heater terminals) when rated voltage is applied to the
primary of the power transformer operating under average load.

The cathode should be connected either to the mid-tap on the heater supply
winding or to the mid-tap of a 50 ohm (approximate) resistor shunted across the
winding. If this practice is not followed, the heater may be biased negative with
respect to the cathode by not more than 45 volts. When the cathode is not con-
nected directly to the heater in a-c receivers, attention should be given to keeping
the impedance of the circuit between heater and cathode as low as possible. Unless
this is done, hum may arise because of heater to cathode leakage.

APPLICATION

As an amplifier, the 56 is applicable either to radio-frequency or audio-frequency
circuits. Recommended operating conditions for service using transformer coupling
are given under CHARACTERISTICS. For circuits utilizing resistance coupling, typical
operating conditions are as follows: Plate supply voltage, 250 volts; grid bias voltage,
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-9 volts (approximate); plate load resistor, 50000 to 100000 ohms; and plate cur-
rent, 1 to 2 milliamperes.

As a detector, the 56 may be of the grid leak and condenser or grid bias type.
The plate voltage for the grid leak and condenser method should be about 45
volts. A grid leak of from 1 to 5 megohms with a grid condenser of 0.00025 pf.
is satisfactory. For the grid bias method of detection, the maximum plate supply
voltage of 250 volts may be used together with a negative grid bias voltage of
approximately 20 volts. The plate current should be adjusted to 0.2 milliampere
with no a-c input signal voltage. The grid bias voltage may be supplied from the
voltage drop in a resistor between cathode and ground. The value of this self-
biasing resistor is not critical, 100000 to 150000 ohms being suitable. The higher
value will permit the application of a larger input signal

The 56 may be employed as a two-electrode detector preferably by connecting
the plate to the cathode for the one electrode and using the grid for the other.
With this arrangement, a-c input voltages as high as 40 volts RMS may be applied
between grid and cathode.

As an oscillator, the 56 may be operated with a plate voltage of approximately
90 volts and zero grid bias. A lower value of plate voltage may be found desirable
in some applications.

AVERAGE PLATE CHARACTERISTICS
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RADIO /TUBES
C-57

TRIPLE-GRID AMPLIFIER

The 57 is a triple-grid tube recommended especially for service
as a biased detector in a-c receivers designed for its characteristics.
In such service, this tube is capable of delivering a large audio-
frequency output voltage with relatively small input voltage. Other
applications of the 57 include its use as a low signal-input, screen
grid amplifier tube and as an automatic volume control tube. The
57 is characterized by the small overall size, the dome-top bulb, the internal shield
in the dome, the rigidity of electrode assembly, and the fifth electrode or suppressor
with its own base pin terminal. Equally significant among its electrical features
are its relatively low heater power consumption, its sharp plate current “cut-off”
with respect to grid voltage, and its adaptability of electrode combinations to un-
usual circuit applications.

The internal shield is a distinctive feature in the design of this tube. It is placed
in the bulb dome above the electrode assembly and is connected within the tube
directly to the cathode. The dome-top bulb makes possible close proximity of the
external and internal shields and, therefore, a low effective grid-plate capacitance.
The form of the external shield-can may be somewhat modified depending upon
the receiver design requirements for minimum grid-plate and output capacitance.

CHARACTERISTICS
HEATER VOLTAGE (A, C.or D. C)...ivvevinnnnnn 2.5 Volts
HEATER CURRENT . viiviniiiirineiinnanenennn. 1.0 Ampere
PLATE VOLTAGE .....civiviivnvinnnnns e cee 250 max. Volts
SCREEN VOLTAGE ........... et 100 max.  Volts
GRID VOLTAGE 4 vvitit ittt itienaneenncanaenees -3 Volts
PLATE CURRENT ..t vivrininneinnneessnnnsnanss 2.0 Milliamperes
SCREEN CURRENT v 1ot venenirnnennanssnanss 1.0 Milliampere
PLATE RESISTANCE .........0..... Greater than 1.5 Megohms
AMPLIFICATION FACTOR .......vvvu. Greater than 1500
MUTUAL CONDUGTANCE .« ivrenvrreenennnnannns 1225 Micromhos
EFFECTIVE GRID-PLATE CAPACITANCE (with shield can) 0.010 maximum puf.
INPUT CAPACITANCE ...vvvvvvnnn.. 5.2 ppf.
OuTPUT CAPACITANCE .o ovvvnvnn.. 6.8 e,
OVEBRALL LENGTH vttt it e ettt 419607 to 42749"
MAXIMUM DIAMETER vt ivistitiiieentnaeanscnnonnennens 1%s"
BuULB (See page 42, Fig. 7) . ooviinineniiiiiii i ST-12
107 P Small Metal
BASE Lttt e e Small 6-Pin

INSTALLATION

For base and socket information, refer to base for type 58.
For heater operation and cathode connection, refer to INSTALLATION for type 56.

The screen voltage may be obtained from a potentiometer or bleeder circuit
across the B-supply source. Due to the screen current characteristics of the 57, the
use of a resistor in series with the high voltage supply may be employed for obtain-
ing the screen voltage provided the cathode-resistor method of bias control is
used. This method, however, is not recommended if the high voltage B-supply
exceeds 250 volts.
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Complete shielding of detector circuits employing the 57 is generally necessary,
since considerable voltage at carrier frequency is usually present in the plate circuit
even though the latter is by-passed with a low impedance capacitor. Tworsection
filters in the plate circuit are frequently necessary to prevent radio-frequency feed-
back to the input of the detector.

In receivers employing a built-in loudspeaker, acoustic shielding may be neces-
sary to prevent microphonic feed-back when a strong radio-frequency carrier voltage
1s present on the tube elements, It should be noted also that condenser plates may
cause an audio howl due to mechanical feed-back from the speaker.

APPLICATION

As a biased detector, the 57 is particularly recommended because of its ability
to deliver a large audio-frequency output voltage of good quality with a fairly
small radio-frequency signal input. Recommended conditions for the 57 as a biased
detector are as follows: Plate voltage, 250 volts; screen voltage, 100 volts; grid bias
voltage, —6 volts (approx.); plate load, 250000 ohm resistor, or a 500 henry choke
shunted by a 0.25 megohm resistor. For resistance load, the plate voltage will be
the supply voltage minus the voltage drop in load caused by specified plate current
(adjusted to 0.1 milliampere with no a-c input signal).

Detector bias may be obtained from a bleeder circuit, from a resistor in the
cathode circuit, or from a partial self-biasing circuit. The cathode-resistor method
permits of higher output at low percentage modulation since the input signal may
be increased almost in inverse proportion to the modulation without resulting in
objectionable distortion.

As a radio-frequency amplifier, the 57 may be used particularly in applications
where the r-f signal applied to the grid is relatively low, that is, of the order of a
few volts. In such cases either screen or control grid voltage (or both) may be
varied to control the receiver volume. When larger signals are involved, a super-
control amplifier tube should be employed to prevent the occurrence of excessive
cross-modulation and modulation distortion. Recommended operating conditions
for amplifier service are given under CHARACTERISTICS.

As an audio-frequency amplifier in resistance-coupled circuits, the 57 may be
operated under the following conditions: Plate supply voltage, 250 volts, applied
through a plate coupling resistor of 250000 chms: screen voltage, 100 volts; plate
current, 0.75 ma., approx.: grid voltage, —4.5 volts. The grid resistor should have
a value not exceeding 1.0 megohm.

AVERAGE PLATE CHARACTERISTICS
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RADIO /TUBES
C-58

TRIPLE-GRID SUPER-CONTROL AMPLIFIER

The 58 is a triple-grid super-control amplifier tube recommended
especially for service in the radio-frequency and intermediate-fre-
quency stages of a-c receivers designed for its characteristics,. The
58 is characterized by the small overall size, the dome-top bulb,
and the fifth electrode or suppressor with its own base pin terminal.
~ Equally significant among its electrical features are the relatively
low heater power consumption, the extended mutual conductance operating range,
and the adaptability of electrode combinations to various circuit applications. The
ability of this tube to handle usual signal voltages without cross-modulation and
modulation-distortion makes it uniquely adaptable to the r-f and i-f stages of
receivers employing automatic volume control. Shield construction and bulb shape
are discussed under Type 57, which is similar in structural appearance.

When the suppressor is not connected directly to the cathode, its utility may be
extended. The suppressor, in suitable circuits, provides a means for obtaining the
desirable conditions of reduced selectivity for local reception. This operational

characteristic makes possible improved loudspeaker response when the receiver is
tuned to powerful nearby stations.

CHARACTERISTICS

HeaTerR VoLTace (A. C.or D.C)............... 2.5 Volts
HEATER CURRENT .\ vveervreoeeeee e 1.0 Ampere
PLATE VOLTAGE v ivvt ittt oo eme e 250 max. Volts
SCREEN VOLTAGE +. vttt eee e iee e e 100 max.  Volts
GRID VOLTAGE ..ottt -3 min. Volts
PLATE CURRENT ............. f e 8.2 Milliamperes
SCREEN CURRENT . tititvreremres oo 3.0 max. Milliamperes
PLATE RESISTANCE ...o'ivie i e, 800000 Ohms
AMPLIFICATION FAGTOR v oot vveee e e, 1280
MUTUAL CONDUCTANCE . ..0uvineenanniunninnn.. 1608 1\I\;Ih:cromgos

At —40 volts bias........ 1 icromhos
MutuaL ConpucTaNcE {At —50 volts bias........ 2 Micromhos
EFFECTIVE GRID-PLATE CAPACITANGE (with shield-can) 0.010 maximum puf.
INPUT CAPACITANCE .......o..0'... 5.2 upf.
OuTtPuTr CAPACITANCE ............ 6.8 upf. "
OVERALL LENGTH ... ittt i tee s ieeeeeenaneaannnns 4194, to ”427/32
MAXIMUM DIAMETER + v ivi vttt neerseeeieeenananinnns Sl’?fml ;

L € a 42) Fl . 7 ............................ i
gHPB. fse P ge ...... g .. ) ............................. Small Metal
BASE i e e e e e e Small 6-Pin
INSTALLATION

The base pins of the 58 fit the standard six-contact socket \Y}}ich may be iqstalled
to hold the tube either in a vertical or in a horizontal position. For horizontal
operation, the socket should be positioned with its heater pin openings one verti-
cally above the other. For socket connections, see page 39, Fig. 11. o

The heater is designed to operate at 2.5 volts. The transformer winding sup-
plying the heater circuit should be designed to operate the heater at this recom-
mended value for full load operating conditions under average line voltage.

For cathode connection, refer to cathode, type 56.

Control grid bias variation will be found effective in changing the volume of the
receiver. In order to obtain adequate volume control, an available grid bias voltage
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of approximately 50 volts will be required. The exact value will depend upon the
circuit design and operating conditions. This voltage may be obtained, depending
on receiver requirements, from a potentiometer across a fixed supply voltage or by
the use of a variable self-bias resistor in the cathode circuit.

The screen voltage may be obtained from a potentiometer or bleeder circuit
across the B-supply source. Due to the screen current characteristics of the 58, a
resistor in series with the high-voltage supply may be employed for obtaining the
screen voltage provided the cathode-resistor method of bias control is used. This
method, however, is not recommended if the high voltage B-supply exceeds 250
volts. Furthermore, it should be noted that the use of a resistor in the screen
circuit will have an effect on the change in plate resistance with variation in sup-
pressor voltage in case the suppressor is utilized for control purposes.

The suppressor may be connected directly to the cathode or it may be made nega-
tive with respect to the cathode. For the latter condition, the suppressor voltage
may be obtained from a potentiometer or bleeder circuit for manual volume and
selectivity control, or from the drop in a resistor in the plate circuit of the auto-
matic volume control tube.

Shielding requirements are similar to those for type 57.

APPLICATION

As a radio-frequency amplifier, the 58 is especially applicable to radio receiver
design because of its ability to reduce cross-modulation effects, its remote “cut-off”
feature, and its flexible adaptability to circuit combinations and to receiver design.
Recommended conditions for the 58 as an amplifier are given under CHARAC-
TERISTICS.

To realize the maximum benefit of the long “‘cut-off”” feature of this tube, it is
necessary to apply a variable grid bias and to maintain the screen at a constant
potential with respect to the cathode. However, good results may be obtained by
using a variable cathode resistance which, of course, reduces the screen potential
with respect to the cathode by the same amount that the bias is increased, thus
hastening the “cut-off”” and reducing the ability of the tube to handle large signals.
This undesirable effect may be nullified by means of a series resistor in the screen
circuit.

The use of series resistors for obtaining satisfactory control of screen voltage in
the case of four-electrode tubes is usually impossible because of secondary emission
phenomena. In the 58, however, the suppressor practically removes these effects
and it is therefore possible to obtain satisfactorily the screen voltage from the plate
supply or from some high intermediate voltage providing these sources do not
exceed 250 volts. With this method, the screen to cathode voltage will fall off
very little from minimum to maximum value of cathode-control resistor. In some
cases, it may actually rise. This rise of screen to cathode voltage above the normal
maximum value is allowable because the screen and the plate cutrent are reduced
simultaneously by a sufficient amount to prevent damage to the tube. It should be
recognized in general that the series resistor method of obtaining screen voltage
from a higher voltage supply necessitates the use of the variable cathode-resistor
method of controlling volume. When screen and control grid voltages are obtained
in this manner, the remote “cut-off” advantage of the 58 may be fully realized.

As a frequency converter or a superheterodyne first detector, the 38 may be
used to advantage. It is capable of producing under the proper conditions of grid
and local oscillator voltage, a gain in the first detector stage of about one-third
that which can be obtained in an intermediate-frequency amplifier stage. In addi-
tion, this gain can be contralled as in the case of the radio-frequency amplifier by
varying the grid bias either from a separate supply or from a variable resistor in the
cathode circuit. This is a particularly desirable feature in receivers employing
automatic volume control, because it enables a much lower threshold input to be
received without loss of amplification and permits the reception of high input volt-
ages without loss of control. Recommended conditions for the 58 as a superhetero-
dyne first detector follow: Plate voltage, 250 volts; screen voltage, 100 volts; and
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grid bias voltage, —10 volts minimum (with 9-volt oscillator peak swing). With an
oscillator peak swing of 1 volt less than the grid bias, these values are not critical

and may be chosen to meet circuit design requirements.

As a grid bias detector, the 58 is not recommended. This is because the inten-

tional elimination of a definite ‘‘cut-off”’ makes the 58 rather insensitive and ren-

ders any approach to linear detection impracticable.

PLATE MILLIAMPERES
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AVERAGE CHARACTERISTICS
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RADIO /TUBES
CX-371-A

POWER AMPLIFIER

The "71-A is a power amplifier tube of low output
impedance for use in the output stage of audio-frequency

amplifiers.

£ CHARACTERISTICS
FrLaMeNT VorTace (D.C). ..o .. 5.0 Volts
FILAMENT CURRENT .. ... iiirrnnnnnnrnnennn. 0.25 Ampere
PLATE VOLTAGE ................. 90 135 180 max.  Volts
GRID VOLTAGE* .................. ~16.5 =27 -40.5 Volts
PLATE CURRENT ................. 12 17.5 20 Milliamperes
PLATE RESISTANCE ............... 2250 1960 1850 Ohms
AMPLIFICATION FACTOR ............ 3 3 3
MutuaL CONDUCTANCE .......... 1330 1520 1620 Micromhos
LoaDp RESISTANCE ................ 3200 3500 5350 Ohms
UnpisTorRTED Power OuTPUT .. ... 125 370 700 Milliwatts
GRID-PLATE CAPACITANCE ......... 7.4 upf.
GRID-FILAMENT CAPACITANCE ...... 3.7 upf,
PLATE-FILAMENT CAPACITANCE ..... 2.1 .
MaxiIMUM OVERALL LENGTH . ... ... innanannn, 41146"
MAXIMUM DIAMETER .ttt tieineeieeeeeaaneneeannns 1134¢"
BuLB (See page 42, Fig. 8) ... .. i, S-14
BASE ...t i et Medium 4-Pin

* For operation on a-c filament supply, increase grid bias voltage 2.5 volts.

INSTALLATION

The base pins of this tube fit the standard four-contact socket. The socket should
be installed so that the tube will operate in a vertical position. For socket connec-
tions, see page 39, Fig. 1.

The coated filament of the 71-A may be operated from a storage battery or from
the a-c line through a step-down transformer. For operation of this tube from a
storage battery, a fixed or variable resistor of suitable value is required to reduce
the battery voltage to 5.0 volts across the filament terminals at the socket. Most
satisfactory operating performance of the tube will be obtained at the rated
filament voltage.

APPLICATION

Operating conditions are given under CHARACTERISTICS for the use of this tube
in the power output stage. With a d-c filament supply, the grid and the plate
return should be made to the negative filament terminal.

For a-c filament supply, the plate and the grid return should be brought either
to a mid-tapped resistor of 20 to 40 ohms across the filament winding, or to a
mid-tap of the filament winding. To prevent overloading and distortion, the
recommended negative grid bias should always be used.

Grid bias for the "71-A may be obtained from a C-battery or by means of the
voltage drop in a resistor connected in the negative plate return lead. This second
method is known as the self-biasing method, since the plate current determines the
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drop. It is not, however, generally applicable to battery operated receivers. The
proper value of this resistor for a plate voltage of 180 volts is 2150 ohms; for a
plate voltage of 135 volts, 1700 ohms; and for 90 volts, 1600 ohms.

If more output is desired than can be obtained from a single '71, two "71's may
be operated either in parallel or push-pull connection. See page 13. When two
"71's are operated together in the same amplifier stage, the values of the self-
biasing resistors will be approximately one-half the values given above for a single
tube.

An output device should be used to transfer power to the winding of the
reproducing unit.

AVERAGE PLATE CHARACTERISTICS
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RADIO /TUBES
CX-380

FULL-WAVE RECTIFIER

The '80 is a full-wave rectifying tube intended for use in
d-c power supply devices which operate from the a-c supply

line.

CHARACTERISTICS
FILAMENT VOLTAGE (A. C.) ..viiianierenennans 5.0 Volts
FiLamMENT CURRENT ...... et eeaaaeee b 2.0 Amperes
t A-C VOLTAGE PER PraTte (RMS)............ 350 Volts
D-C OuTPUT CURRENT .. c.vvvrmnnuinnnonns 125 max. Milliamperes
2 A-C VoLTAGE PER PLaTE (RMS)............ 400 max.  Volts
D.C OUTPUT CURRENT «vuvevrrnarurnneness 110 max.  Milliamperes
3* { A-C VorLTAGE PER PLATE (RMS)............ 550 max.  Volts
D-C OUTPUT CURRENT -+t vvvvvnennennnnnns 135 max.  Milliamperes
MAXIMUM OVERALL LENGTH .vvvvrraanenarnnnerens 554"
MAXIMUM DIAMETER .. itiiineeineiecn it innanennnes 236"
BuLs (See page 42, Fig. 10} ..... ... i, 5-17
BASE ittt et s Medium 4-Pin
* This rating is permissible only with filter circuits having an input choke of at least 20 henries.
INSTALLATION

The base pins of the '80 fit the standard four-contact socket which should be
mounted preferably to hold the tube in a vertical position. If it is necessary to
place the tube in a horizontal position, the socket should be mounted with both of
the filament pin openings, either at the top or at the bottom. This precaution
locates the filament plane vertical for most satisfactory performance. For socket
connections, see page 39, Fig. 2. Provision should be made for free circulation of
air around the bulb since it becomes quite hot during operation.

The coated filament of the '80 is designed to operate from the a-c line through a
step-down transformer. The voltage applied to the filament terminals should be
the rated value of 5.0 volts under operating conditions and average line voltage.

The approximate d-c output voltage of the 80 for various values of a-c input
voltages may be obtained from the curves. For the d-¢ voltage available at the
radio set, it is necessary to subtract the voltage drop across the filter from the value
read from the curves.

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

APPLICATION

As a full-wave rectifier, the 80 may be operated with condenser-input or choke-
input filter under conditions not to exceed the ratings given under CHARACTERISTICS.

As a half-wave rectifier, two '80’s may be operated in a full-wave circuit with
reasonable serviceability to deliver more d-c output current than can be obtained
from one tube. For this use, the plates of each '80 are tied together at the socket.
The allowable voltage and load conditions per tube are the same as for full-wave
service.
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RADIO /TUBES
CX-381

HALF-WAVE RECTIFIER

The "81 is a half-wave rectifier tube for use in d-c socket-
power devices operating from the alternating current supply
line.  Full-wave rectification may be accomplished by
two '81’s.

CHARACTERISTICS
FILAMENT VOLTAGE (A. C) ... v, 7.5 Volts
FILAMENT CURRENT . ..viiuiennnin creenenennn. 1.25 Amperes
A-C PLaTte VoLTAaGE (RMS) ... ...t 700 max.  Volts
D-C OUTPUT CURRENT . .vvveceeinieioiennennnn 85 max.  Milliamperes
MaxIMUM OVERALL LENGTH .. ..vvvvve vunneenenneennn. 614"
MAXIMUM DIAMETER .. vvvvivrnnnnne it ciiiieiinnains 276"
BuLB (See page 42, Fig. 12) .......ovih e, 5-19
BASE ... itiiiiiiriiiiianann e e e Medium 4-Pin

INSTALLATION

The base pins of the '81 fit the standard four-contact socket which should be
mounted to hold the tube in a vertical position. Por socket connections, see
page 39, Fig. 3. Provision should be made for free circulation of air around the
bulb since it becomes quite hot during operation.

The coated filament of the '81 is designed to operate from the a-c line through a
step-down transformer. The voltage applied to the filament terminals should be
the rated value of 7.5 volts under operating conditions and average line voltage.

The approximate d-c output voltage of the '81 in half-wave and full-wave con-
nection for various values of a-c input voltages may be obtained from the curves.
For the d-c voltage available at the radio set, it is necessary to subtract the voltage
drop across the filter from the value read from the curves on preceding page.

The filter may be of either the condenser-input or choke-input type. If an input
condenser is used, consideration must be given to the instantaneous peak value of
the a-c input voltage. The peak value is about 1.4 times the RMS value as
measured by most a-c voltmeters. For this reason, filter condensers, especially the
input condenser, should have a rating high enough to withstand the instantaneous
peak value, if breakdown is to be avoided. When the input-choke method is used,
the available d-c output voltage will be somewhat lower than with the input-con-
denser method for a given a-c plate voltage. However, improved regulation,
together with lower peak current, will be obtained.

APPLICATION

As a half-wave rectifier, the 81 may be operated under conditions not to exceed
those given under CHARACTERISTICS.

In full-wave circuits, two '81's are required to rectify each half of the a-c voltage.
Operating voltages per tube are the same as for the half-wave circuit, but twice
the d-c output current may be obtained.

For special applications, it is possible to obtain a d-c output voltage approximately
double that to be expected from conventional rectifier circuits, without exceeding
the recommended maximum a-c input voltage per tube. This is accomplished by
means of a voltage doubling system designed for each particular application.
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RADIO / TUBE:!
CX-82

FULL-WAVE MERCURY-VAPOR
RECTIFIER

The 82 is a full-wave mercury-vapor rectifier tubc of the hot-
cathode type for use in suitable rectifying devices designed to
supply d-c power of uniform voltage to receivers in which the
direct current requirements are subject to considerable variation.
4y The excellent voltage regulation characteristic of the 82 is due
to its low and practically constant voltage drop (only about 15 volts) for any
current drain up to the full emission of the filament (see page 4). The 82 is not

interchangeable with any other rectifier type.

CHARACTERISTICS

FILAMENT VOLTAGE (A. C) «..ooviii oo 2.5 Volts
FILAMENT CURRENT +ovvvinenvunaassoronsnnaais 3.0 Amperes
MaxiMmuM A-C VoLTace PErR Prate (RMS) ....... 500 Volts
MAxIMUM PEAK INVERSE VOLTAGE. ..¢.vvcenveen 1400 Volts
Maxmmum D-C Qutputr CurrenT, Continuous.. .. 125 Milliamperes
MaxiMuM Peak Prate CURRENT ............... 400 Milliamperes
Tuse VoLTAGE DROP, Approximate..............- 15 Volts
MAXIMUM OVERALL LENGTH ... iveiecunnianaroninnns 4114 4"
MAXIMUM DIAMETER ...ttt iiiiiaitsrnsnanentoannsas 11344”

BuLs (See page 42, Fig. 8) ... .ioivinnii it 5-14

BASE 4t v eeettat ettt Medium 4-Pin

MERCURY-VAPOR RECTIFIER CONSIDERATIONS

The 82 has very low internal resistance, so that the current it delivers depends on
the resistance of the load and the regulation of the power transformer. Suflicient
protective resistance or reactance must always be used with this tube to limit its
current to the recommended maximum value. If this value is exceeded, the tube
voltage drop will increase rapidly and may permanently damage the filaments.

It is characteristic of mercury-vapor rectifiers that no appreciable plate current
will flow until the plate voltage reaches a certain critical positive value. At this
point the plate current rises steeply to a high value in a small fraction of a second.
This surge of current re-occurring each time either plate becomes positive may
excite circuits in the vicinity of the tube to damped oscillation and thus cause noisy
radio receiver operation, It is usually necessary, therefore, to provide small
radio-frequency chokes in series with each plate lead so that the slope of the cur-
rent wave front to the filter is reduced sufficiently to eliminate impact excitation.

INSTALLATION

The base of the 82 is of the medium 4-pin type. Its pins fit the standard four-
contact socket which should be installed to operate the tube in a vertical position
with the base down. Only a socket making very good filament contact and capable
of carrying 3 amperes continuously should be used. Poor contact at the filament
pins will cause overheating at the pins and socket, lowered filament voltage, and
also high internal tube drop with consequent injury to the tube. For socket connec-
tions, see page 39, Fig. 2.
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The bulb becomes hot during continuous operation. Provision should be made,
especially if shielding is employed, for adequate natural ventilation to prevent
overheating.

The filament is of the coated type and is intended for a-c operation from one
of the secondary windings of a power transformer. This winding, provided with
a center-tap or center-tap-resistor, should supply at the filament terminals the rated
operating voltage of 2.5 volts when average rated voltage is applied to the primary.
The high current taken by the filament and the possibility of damage caused by
applying plate voltage to the tube with its filament insufhiciently heated make it
imperative that all connections in the filament circuit be of low resistance and of
adequate current-carrying capacity.

The plate supply is obtained from a center-tapped high voltage winding designed
>0 that the maximum a-c input voltage per plate will not exceed 500 volts RMS
under varying conditions of supply line voltage. The resistance of the transformer
windings should, of course, be low if full advantage of the excellent regulation
capabilities of this mercury-vapor rectifier is to be obtained. Since the drop
through the tube is practically constant, any reduction in rectified voltage when
the load is increased is due to the drop in the transformer and/or the filter wind-
ings. The return lead from the plates, i.e., the positive bus of the filter and load
circuit, should be connected to the center-tap of the filament winding.

Shielding of this tube, particularly in sensitive receivers, may be necessary to
chiminate objectionable noise. Radio-frequency choke coils, connected in series
with each plate lead and placed within the shielding if used, are usually necessary
in receivers having high sensitivity. The inductance of the chokes should be one
millihenry or more.

A fuse having a rating approximately 50% in excess of normal load requirements
should be inserted in the primary of the power transformer to prevent damage
in case of excessive current which may flow under abnormal conditions.

It is recommended that the entire equipment be disconnected from the a-c power
supply whenever the 82 is removed from or installed in its socket.

APPLICATION

The 82 is recommended for supplying d-c power to receivers, particularly those
employing Class B audio amplification (see page 15). The direct current re-
quirements of such receivers cause considerable variation in the load impressed
on the rectifier tube. The 82 is especially suited to take care of this load demand
with excellent regulation.

Filter circuits of either the condenser-input or the choke-input type may be
employed provided that the maximum voltages and currents tabulated under
CHARACTERISTICS are not exceeded, If the condenser-input type of filter is used,
consideration must be given to the instantaneous peak value of the a-c input
voltage which is about 1.4 times the RMS value measured from plate to filament
with an a-c voltmeter. It is important, therefore, that the filter condensers (espe-
cially the input one) have a sufficiently high break-down rating to withstand this
instantaneous peak value. It should be noted that with condenser input to the
filter, the peak plate current of the tube is considerably higher than the load cur-
rent, With a large condenser in the filter circuit next to the rectifier tube, the
peak current is often as much as four times the load current. When, however,
choke input to the filter is used, the peak plate current is considerably reduced.
This type of circuit, therefore, is to be preferred from the standpoint of obtaining
the maximum continuous d-c output current from the 82 under the most favorable
conditions.

Under operating conditions, the 82 has a bluish-white glow filling the space
within the plates and extending to some degree into the surrounding space outside
the plates. This glow, caused by the mercury vapor, is an inherent operating
characteristic of the 82,
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RADIO /TUBES
C-299 anp CX-299

DETECTORS, AMPLIFIERS

The '99 types are threc-electrode, general purpose
tubes designed for dry-cell operation. The low power
consumption of these tubes makes them applicable to
portable receivers and services where power economy
is important. The two types have different bases.

CHARACTERISTICS

FiLamMeNnT Vortace (D. C).......... ... 3.0-3.3 Volts
FILAMENT CURRENT . .vviiirvnaancnnnns 0.060-0.06% Ampere
PLATE VOLTAGE .\t vtvne virnannnnnnnanesen 90 max Volts
GRID VOLTAGE .t ittt iteanameneeineanan —4.5 Vc_)]t_s
PLATE CURRENT vt vvenrvmmeeuasnosnmnneannns 2.5 Milliamperes
PLATE RESISTANGE o' iivtvinsvnvnnsnooeennnnns 15500 Ohms
AMPLIFICATION FACTOR . ..., 6.6
MUTUAL CONDUCTANCE  + v vvrevemmantannennnn 423 Micromhos
GriD-PLATE CAPAGITANCE ......... 3.3 uief.
GRrRID-FILAMENT CAPACITANCE ...... 2.5 mif.
PLATE-FILAMENT CAPACITANCE ..... 2.5 pf.

Type '99 X-Type '99
Maxivum OveEralL LENGTH ...... 35" 415"
MaxiMUM DIAMETER ............. 144" 136"
Bure (See Figs. on page 42) ...... T-8 (Fig. 3) T-8 (Fig. 1)
BASE .. Small 4-Nub Small 4-Pin

INSTALLATION

The base pins of the X-Type 99 fit the standard four-contact socket while the
'99 fits only the small shell socket with bayonet slot. The socket should be installed
so that the tubes will operate in a vertical position. Cushioning of the socket in
the detector stage may be desirable if microphonic disturbances are encountered.
For socket connections of X-Type 99 and of '99, see page 39, Fig. 1 and Fig. 10,
respectively.

The filaments in these tubes are designed for operation with three No. 6 dry-
cells connected in series. In multi-tube receivers the use of six or nine No, 6
dry-cells connected in series-parallel to give 4.5 volts will decrease the current drain
per cell and give a more stable source of filament power. If storage-battery opera-
tion is preferred, a four-volt storage battery may be used. In any case, a filament
rheostat should be provided so that the filament voltage can be adjusted to the
recommended operating value.

APPLICATION

As detectors, '99’s may be operated either with grid leak and condenser or with
grid bias. The recommended plate voltage for the former method is 45 volts. A
grid leak of from 1 to 5 megohms used with a grid condenser of 0.00025 uf. is
satisfactory. The grid circuit return should be connected to the positive filament
terminal. For grid bias detection the maximum plate voltage of 90 volts may be
used with the corresponding negative grid bias of 10.5 volts. The grid bias should
be adjusted so that the plate current is 0.2 milliampere with no a-c input signal.

As amplifiers, '99’s are applicable to the audio- or the radio-frequency stages
of a receiver. Recommended plate and grid voltages are shown under
(CHARACTERISTICS.
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CUNNINGHAM RADIO TUBES
For
AMATEUR AND EXPERIMENTAL RADIO USES

Cunningham CX-841 is a 3-electrode high mu, voltage
amplifier tube, designed primarily for use in resistance-coupled cir-
cuits. It is also useful in amateur transmitters as a crystal-controlled
oscillator, and as a radio-frequency doubler and amplifier. Filament
volts 7.5. Power output (Class C) 10 wahs,

Cunningham CX-852 is a 3-electrode 100 watt transmit-
ting tube designed for use as an oscillator and r-f power amplifier,
particularly at frequencies above 3000 kec. Filament volts 10. Nor-
mal plate volts 2000.

Cunningham CX-864 is a 3-electrode tube of the general
purpose receiving type especially desirable in services where free-
dom from microphonic disturbance is required. Filament volis 1.1
D.C. Maximum plate volts 135,

Cunningham CX-865 isa 12.5 watt screen-grid, low-power
transmitting tube for use as a radio-frequency amplifier espocially
for frequencies above 3000 kc. Filament volts 7.5. Maximum plate
volts 500.

Cunningham CX-36b6 is a high-voltage half-wave rectifier
tube of the hot-cathode mercury-vapor type. Its large d-c current
capacity and its low tube voltage drop make it ideal as a rectifier
for the medium-power amateur transmitter. Filament wvolts 2.5.
Maximum peak inverse volts 7500. Maximum peak plate current
600 ma.

Cunningham CX-868 is a sensitive phototube of the
gaseous type. It is particularly well adapted for use with sound
moving pictures in the home and for experiments with light because
of its excellent response to incandescent lamp sources of light.

Cunningham CX-310 is well adapted to transmitting cir-
cuits as an oscillator, a-f power amplifier and as a r-f amplifier and
frequency doubler. Filament volts 7.5. Power output (Class C)
10 waths.

Cunningham CX-350 is recommended for use as a modu-
lator and amplifier in low power radio telephone transmitters. Fila-
ment volts 7.5. Maximum plate volts 450.

For additional information on theie types, writs to the Commarcial Enginesring
Lection, E T. Cunningkam, Inc.. Harrisan, N. J.
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