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Preface
THE vacuum tube is unquestionably the most im-

portant single device used in radio, and is becom-
ing increasingly important in many other phases of
the electrical art. Its fundamental theory should be
thoroughly understood by every radio Service Man,
experimenter and constructor; the man who is ignor-
ant of this theory works eternally in the dark.

The operation of vacuum tubes is not particularly
simple, since it involves such intangible things as
electrons, but this little book will help clarify it in
the minds of willing students. The use of mathe-
matics has been avoided, and explanations are given
instead in more easily understood physical terms. A
knowledge of ordinary electricity on the part of the
reader is presumed, so the text is devoted entirely to
tube phenomena. All types of present day tubes from
diodes to pentodes are described and their character-
istics given in detail. The various charts and curves
will be found particularly valuable for reference
purposes.

The reader is cautioned not to try to read and
absorb all the information in this book at one sitting.
He should study chapter by chapter, reading each
one two or three times, until all the facts become
fixed in his mind. Hasty reading is worse than none
at all, as a thin skin of unrelated data makes for
confusion rather than clarity.

-The Author.

Revised by J. T. Bernsley



CHAPTER 1

The Edison Effect and the Electron Theory

Edison Effect:

DURING the course of his develop-
ment work on the electric light.

Thomas A. Edison performed thousands
of experiments with different conduct-
ing materials sealed inside evacuated
glass vessels. In 1884 he constructed a
peculiar bulb having an ordinary car-
bon filament and also a small metal
plate completely insulated from the fila-
ment. When this lamp was connected
in the simple circuit shown in Fig. 1,
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FILAMENT
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BATTERY BATTERY
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This simple circuit Illustrates the Edison
Effect. When the filament is lightedand the plate made positive, the gal-
vanonwtor will indicate a flow of current
In the series eirenit.

and the filament was lighted to incan-
descence, the sensitive galvanometer
showed a reading. This indicated that
a current of electricity was flowing
through the circuit in spite of the fact
that the filament and the plate of the
tube were separated by a vacuum,
which was known to be nonconductive.
The galvanometer needle showed a de-
flection only when the positive pole of
the "B" battery was connected to the
plate. If the polarity was reversed no
current flowed. The current flow could
also be stopped by turning off the fila-
ment.

To Edison, who was seeking a per-
fect filament for his electric light, this
effect was interesting but without par-
ticular significance. He recorded his
observations and proceeded with other
experiments. Later, the action became
known as the "Edison Effect" and was
further investigated by other scientists.

Out of it grew the modern vacuum tube,
which is the very heart of present day
radio.

Electron Theory:

How did the current get through the
apparently impassable barrier inside
the tube? In 1884 Edison himself could
not answer this question, but to -day
we can explain the phenomenon quite
satisfactorily with the aid of the elec-
tron theory. According to this theory,
which is generally accepted, all sub-
stances consist of myriads of atoms,
each atom being made up of a central
nucleus surrounded by a number of
"electrons". The nucleus is conceived
as having a positive charge of elec-
tricity, and the electrons as having neg-
ative charges. Under normal condi-
tions the positive charge is equal in
strength to all the negative charges of
the electrons put together. so the
charges balance each other perfectly
and there is no outward electrical
effect. However, inside the atom itself
one or more electrons is free to move
around. In poor conductors of elec-
tricity the electrons are pretty well im-
prisoned. In good conductors a lot of
them are likely to be running loose.
Inert, "dead" materials like wood, ce-
ment, rubber and cotton are poor con-
ductors, so poor, in fact, that they are
known as "insulators"; electronically
speaking, as they are very inactive. All
metals, to a varying degree, are good
conductors, because the electrons of
their atoms are lively and active.

Now at ordinary temperatures the
electrons do not have sufficient velocity
to break through the surface of even
the most conductive metals. However,
when a metal is heated, the atomic
agitation increases rapidly and finally
a point is reached where some of the
electrons are forcibly flung away from
the surface of the material and form a

4



MODERN VACUUM TUBES 5

cloud over or around it. The metal ac-
tually evaporates, just as water does.
This action is known as "electronic
emission," and can be defined as the
setting free of electrons.

As the electrons have a negative
charge, their departure from the nuc-
leus disturbs the previous state of bal-
ance, and the positive charge of the
nucleus more than equals the negative
charges of the remaining electrons. The
nucleus thus tends to attract or pull
back the free electrons and does not let
them go very far.

For the actual emission of electrons
the metal must be heated to incandes-
cence in a vacuum, as otherwise it com-
bines with the oxygen of the air and
simply burns up. The most convenient
way to obtain emission of this kind is
to heat a filament or wire inside an
evacuated glass bulb by a current of
electricity. Some substances throw off
electrons more freely than others, and
at lower temperatures.

The Edison Effect now almost ex-

plains itself. The filament of Edison's
lamp, burning at red heat, emitted
electrons. The metal plate, being
charged positively, attracted some of
these electrons and caused them to
break away from the cloud surround-
ing the .filament. As free electrons in
motion constitute an electric current,
the galvanometer indicated a current
flow. (The direction of the current
flow is conventionally considered as op-
posite to that of the electron stream.)
The current registered by the meter is
known as the "plate current."

Secondary Emission:

The plate or second element in the
lamp must be relatively cold. If it
warms up appreciably, because of ra-
diation from the filament or because of
the bombardment of the electrons strik-
ing it, it will emit electrons of its own
and these of course will repel the fila-
ment electrons, thus neutralizing the
effect of the positive plate potential.
This effect is known as "secondary emis-
sion" (as distinguished from the prim-
ary emission of the filament) and should
be remembered because it plays an im-
portant part in the operation of am-
plifier tubes.

Factors Determining Plate Current:

In a two -element tube of given con-
struction, the actual amount of plate
current depends on two factors: the fila-
ment temperature and the plate volt-
age. If the filament is maintained at
a certain heat, it will emit a certain
quantity of electrons per second. The
proportion of these reaching the plate
is determined by the plate voltage. As
this voltage is gradually raised from
zero, more and more electrons will reach
the plate and the plate current will rise
accordingly, until a point is reached
where all of the available electrons are
attracted to the plate. Raising the volt-
age beyond this point does not increase
the maximum plate current, which is
then known as the saturation current
for the particular filament temperature
or plate voltage. A further increase
in plate current can be obtained only if
the filament is made hotter, and then
another saturation point will be reached.
This effect is illustrated in Fig. 2.

2
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This curve illustrates the increase In
plate current obtained by raising the
temperature of the filament. Saturation
is reached at the point where the curve
flattens out at the top. The values
Indicated are purely relative and do not
apply to any particular tube.

Space Charge:

If the plate potential is kept at a
fixed value, and the filament tempera-
ture raised gradually from a cold start,
a similar limiting action takes place,
but through a different cause, known as
the "space charge" effect.

The space between the hot filament
and the cold plate contains the elec-
trons emitted by the filament. They are
absorbed by the plate as long as the
plate's rate of attraction is greater than
the filament's rate of emission, and the
plate current climbs accordingly. If
the filament temperature is raised high
enough, the electrons will become so
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dense that their overall negative charge,
culled the "space charge," is equal to
the positive charge of the plate, and the
plate current will not increase with fur-
ther increase of filament heat. In other
words, saturation has been reached for
that particular plate voltage. Compare
this effect with the one described in the
preceding paragraph. When the fila-
ment temperature is raised beyond this
saturation point, the space charge over-
comes the plate charge, and any addi-
tional electrons from the filament are
thrown back, in accordance with the
fundamental law of electricity that like
charges repel each other. In order to
overcome the space charge and to ob-
tain greater plate current, the plate
voltage must be increased. See Fig. 3.
Of course, both filament temperature
and plate voltage cannot be increased
indefinitely. The filament will burn out
eventually, or the glass insulation of
the bulb will break down under the
strain of the high voltage.
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The plate current stops increasing with
increasing filatnent current nt a point
determined by the spnee-charge effect.The latter can be overcome only by rais-
ing the plate voltage. In this curve a ISO
the flat upper section represents the
condition of saturation.

Fleming Valve:

The first practical use of the two -
element tube or diode was made in 1890
by Dr. J. A. Fleming, a famous Eng-
lish scientist. The Edison lamp as he
employed it for radio work is still
known as the Fleming valve.

Since current will flow through the
diode only when the plate is positive.
the tube is a simple and perfect recti-
fier of alternating current, and found
employment as a detector in the early
days of wireless. Rectification is sim-
ply the changing of alternating current
into direct current. When connected in
an elementary receiving circuit such as
shown in Fig. 4, the diode rectified

radio frequency damped wave or
"spark" signals, leaving an audio fre-
quency component to which the ear -

LOOSE TUNING RHEOSTAT
COUPLER CONDENSER

DIODE

PHONES

FIG. 4 "A- BATTERY

The Iwo -element tube. when used in the
circuit above, makes an effective detector
or teetitler of radio-frequeiwy currents.
'Phis elementary circuit was used at one
time for I he reception "spark- sig-
nals from old-fashioned transmitters.

phones would respond. No plate or "B"
battery is needed, as the incoming sig-
nal provides the plate energizing po-
tential. During that part of the cycle
when the plate is positive in relation
to the filament, electrons are attracted
to the plate and a pulse of current flows
through the earphones; when the cur-
rent reverses and the plate becomes
negative in regard to the filament, the
electrons are repulsed and that half of
the cycle is eliminated. The net re-
sult is a series of audible current pul-
ses, all flowing in one direction through
the phones.

The diode detector was not particular-
ly sensitive, and soon gave way to the
three -element tube, or triode, developed
by Dr. Lee de Forest in 1907. This is
described in chapter 3.

Diode Rectifier:
The diode as a rectifier of alternating

current has survived as an exceedingly
meritl and valuable device. The 281
and 280 rectifier tubes now in common
use are ordinary two -element bulbs.
differing very little in construction from
Edison's original experimental lamp of
1884. The 281 is a true diode, contain-
ing a single filament and a single plate,
and is used for "half -wave" rectifica-
tien. The 280 is really two diodes in
one glass envelope, having two filaments
and two plates, and is used for "full -
wave" rectification. Two 281's may be
used for full -wave rectification just as
easily as a single 280.

Because of the widespread misunder-
standing of rectifier systems, an ex-



MODERN VACUUM TUBES 7

planation of the half -wave and full -
wave methods is in order. A simple
half -wave circuit is shown in Fig. 5.
The primary of the power transformer
is energized by the usual 110 volt, 60
cycle line. One end of the secondary
u hiding is connected to the plate of the
281 rectifier tube, and the other end
forms the negative side of the output,
running to the load resistance. The
ether secondary winding merely lights
the filament of the tube.

POWER 281
TRANSFORMER RECTIFIER

I
PRIMARY FILAMENT WINDING

FIG. SA

FIG.5

Illustrating the circuit and action of a
half -wave redifier of alternating current.
Note from I ic. ni; that the output
current i. 11..1 continuous, hut has ;zaps
in it.

The alternating current as it enters
and leaves the transformer has the us-
ual sine wave form shown in Fig. 5A.
On the first half of the cycle, when the
upper end of the secondary is positive
and the lower end negative, the plate of
the tube is charged positively, electrons
are attracted and the current passes
through unchanged in form, as indicated
by the first pulse of current in Fig. 5B.
When the current changes in direction,
the upper end of the secondary becomes
negative, the electrons are repelled, and
no current flows. The entire circuit is
thus really open for the length of time
represented by the first shaded area of
Fig. 5A. When the next cycle begins
and the upper end of the secondary once
more becomes positive, current again
flows, as represented by the second
pulse of current in Fig. 5B. This opera-
tion keeps repeating itself, so the output
of the system is a series of direct cur-
rent pulses, the time interval between
them being equal to their own duration.
This pulsating direct current, for re-

et:lying purposes, must be smoothed out
by large filter systems.

It is obvious that the half -wave rec-
tifier is only 50% effective, since only
half of the alternating current wave is
used. In the full -wave system, as
shown in Fig. 6, both halves of the
wave are utilized, and the current out-
put is twice as steady. Here the power
transformer secondary is tapped in the
center. During one-half of the a.c. cycle,
the top of the secondary is positive
iii relation to the center, and the bottom

In the full -wave rectifier, loath halves of
the alternatinv: current wave are used,
pml the eat eat current. ns shown
eranhically in 1.1g. OK is much smoother
than the output of a half -wave rectifier.

is negative. This means that the top
plate of the 280 rectifier is positive, and
the bottom plate is negative, and there-
fore all the electrons are attracted to
the top plate and current flows through
the circuit. When the a.c. reverses its
direction, the top plate becomes nega-
tive and the bottom positive, and then
current flows again. Note that in either
ease, the current flows from one plate,
through the filament, out through the
load resistance, and back through the
center tap connection. Both halves of
the a.c. wave flow in the same direction
in the output circuit, as shown in Fig.
6B.

Two 281's are usually used in a full -
wave circuit to obtain direct current at
high voltage for the operation of power
amplifiers and transmitters. Two sep-
arate tubes withstand the voltage strain
better than a double tube like the 280,
which is satisfactory for lighter duty
in receiving sets. Both tubes develop
considerable heat during normal opera-
tion.



CHAPTER 2

Electron Emitters and the Ionization Effect

Since the life as well as the funda-
mental action of a vacuum tube depends
on the filament, this element is a very
important one and has received the
benefit of considerable research.

Tungsten Filaments:

Early radio tubes used pure tungsten
wire for their filaments. This was
burned at a bright white heat to give
adequate electron emission, and was
not altogether satisfactory because it
was erratic in behavior and short in
life. Later, engineers found that a
small amount of the metal thorium,
added to the tungsten in the process of
manufacture, acted as a coating for the
latter and vaporized from the surface in
the form of a strong electron flow. In
fact, for the same normal filament tem-
perature a thoriated tungsten filament
gives twenty times the electron emis-
sion of a pure tungsten filament. Prac-
tically all of the millions of battery type
tubes of the 201A variety used thoriated
tungsten filaments, which operate at a
temperature of 1800 degrees.

A. C. Tubes:

So far we have assumed that the fila-
ment is being heated by batteries,
which give smooth direct current. As
the demand grew for "electric" radio
receivers that would operate off the a.c.
line, tube designers found it necessary
to seek new filament constructions, as
thoriated tungsten is not suitable for
a.c. use. The thin wire, carrying only
a fraction of an ampere, responds read-
ily to the 120 current pulses that take
place every second in a.c. circuits, and
the electron stream fluctuates at the
same rate. This fluctuation makes it-
self heard in the loud speaker as a dis-
agreeable hum. The first a.c. tubes, of
the well known 226 type, used heavy
oxide coated filaments operating at a
comparatively low temperature with

stepped down raw a.c. at a little more
than an ampere of heating current. The
heavy wire and the low temperature
give the wire considerable thermal in-
ertia, so it does not respond readily to
the quick variations of the alternating
current.

The coating on the filament is an ox-
ide of either barium or strontium, and
the filament itself is platinum, nickel
cr a special alloy. The electrons are
emitted by this coating, and not by the
filament itself, which serves only as a

titer. Although the oxide coated fila-
e I lit burns normally at only 1300 de-
g as compared to 1800 degrees for
ti ,,tinted tungsten, it gives six times
thi electron emission. Practically all
present-day tubes taking raw a.c. on
their filaments are of the oxide -coated
type.

Ile:fled Cathodes:

THIMBLE
COATED

WITH
ELECTRON
EMITTING

MATERIAL

This exaggerated view shows the con-
strue' ion of the heated cathode used in
the nudority of present-day A.C. tubes.
The filament in this case is merely a
heater.

Although the oxide -coated filament
reduced hum a great deal, it was still
too noisy for satisfactory use in detec-
tor tubes. To overcome this shortcom-
fig, engineers developed the cathode or
indirect heater type of tube. Here the
electron emitter is a tiny, hollow thim-
ble of insulating material, coated on the
outside with one of the efficient elec-
tron -emitting oxides. See Fig. 7. A

8
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wire, energized by raw a.c., runs
through the center of this thimble, and
heats the element sufficiently to cause
it to emit electrons. A separate con-
nection is made for the thimble, which
is called the cathode. The filament in
this type of tube is merely an accessory,
and has no connection with the receiver
circuit proper.

Cathode heater tubes are not limited
to use on alternating current only.
They can be heated just as well by bat-
tery current. In fact, the "automobile"
series of battery tubes uses the cathode
heater construction because it is rugged
mechanically and flexible electrically.
The fact that the electron emitting ele-
ment requires only one connection, in-
stead of two as in the case of regular
filament types, makes the tube very
convenient for many special purposes.
Heated cathodes are now quite univer-
sally used, even in some diode rectifiers.

At the present time there is no sim-
ple and practical means of obtaining
electronic emission for radio purposes
without the use of heat. However, a
number of experimenters are working
on a "cold" tube, and developments
along this line appear to be promising.

Ionization:

In the foregoing discussion of tube
theory it has been assumed that the
glass bulb containing the filament and
plate electrodes is perfectly evacuated.
If it is, the electron effect takes place
precisely as described. However, if
there is even a slight trace of air or
other gas left in the tube, the action is
complicated by a phenomenon known as
"ionization." This is simply the process
of losing electrons from an atom, and

the part left behind after the electrons
depart is called an "ion".

The atoms of any gas are normally
in an agitated state, and can readily be
broken up. This is just what happens
to the gas atoms left in a vacuum tube,
particularly when the plate voltage is
high. The electrons emitted by the
regular filament or cathode assume a
rather high velocity under the urging
et the positively charged plate, and in
their hurry to get to the plate they col-
lide with the gas atoms and knock
some of their electrons loose. These
electrons, being negative charges, are
also attracted by the plate and serve to
increase the plate current. This effect
is known as "ionization by collision."

While it may appear to be helpful be-
cause it increases the plate current, it
Is undesirable because it makes the op-
eration of the tube erratic. If the glass
bulb is poorly evacuated the electron
flow may be so heavy as to be uncon-
trollable. Also, it appreciably shortens
the life of the tube, because the ions,
being left charged positively by the es-
cape of the negative electrons, are at-
tracted violently to the highly negative
filament and actually tear away its sur-
face because of their great mass. Ion-
ization in a tube is invariably accom-
panied by a characteristic bluish glow,
although in some tubes a glow may be
due to other causes which are not harm-
ful.

Highly evacuated tubes are said to be
"hard". Gassy ones are called "soft".
With the perfection of pumping equip-
ment, practically all modern vacuum
tubes are of the "hard" type. When a
tube absorbs gas through microscopic
cracks or other causes it is said to have
become "soft" or "gassy", and is usually
discarded as undependable.



CHAPTER 3

The Three -Electrode Tube

"C;rid" Electrode:

In 1907 Dr. Lee de Forest added a
third element, called the "grid", to the
two -element tube, and produced one of
the most useful and versatile devices
known to modern science. This grid is
merely a helix of fine wire placed be-
tween the filament and the plate and
completely insulated from both. A sin-
gle connection wire runs from one end
out through the glass. See Fig. 8.

The three -element tube or "triode" has
a grid encircling the filament. This ele-
ment thus can control the electron stream
from the filament to the plate.

Since the grid is open in construction,
it does not appreciably obstruct the
normal electron flow from filament to
plate. However, if it is given an elec-
trical charge it will naturally have some
effect on the sensitive electrons. If it
is made positive in relation to the fila-
ment, it helps to break up the space
charge, accelerates the electron stream,
and produces an increase in plate cur-
rtnt. It also acts as a plate and ab-
sorbs a few electrons itself, but since
the surface of the thin wire is small,
most of the electrons rush right through
to the plate, and the grid current (from
grid to filament) is infinitesimal com-
pared with the plate current. If the
grid is made negative it strengthens
the space charge and repels the emitted
electrons, causing a decrease in plate
current.

Amplification Factor:

The important feature of this three -
electrode arrangement is that the grid,

being much closer to the filament than
the plate, can control the electron
stream (and hence the plate current),
much more effectively than the plate it-
self can. A voltage applied to the grid
will produce a much greater change in
plate current than exactly the same
voltage applied to the plate. For in-
stance, let us take a theoretical tube
and put two volts on the grid. The
plate current increases say four mil-
liamperes over its previous value, with
a certain value of plate voltage. To
obtain an equal increase in plate cur-
rent by means of the plate alone, the
plate potential must be raised consider-
ably more than two volts. If the tube
were a 201A, the increase would have
to amount to 16 volts. The ratio of the
change in plate potential required to
vary the plate current a given amount,
ti, the change in grid voltage to pro -

same variation, is called the
"voltage amplification factor" of the
tube. It is usually represented by the
Greek letter "mu." In the case just
&scribed the ratio is 16 to 2, or 8 to 1,
and the mu of the tube is then said to
be 8.

Characteristic Curves:

The properties of the three -element
tube can best be understood from a
study of a set of typical characteristic
curves, as shown in Fig. 9. These are

90V. PLATE

45 V PLATE

22V. PLATE

10 8 6 4 2 0 2 4 6- GRID VOLTAGE. +
8 10

24
22
208 t '
1 it ;f),
16 cc

14 cc w
12 ?,
10 -
8 W4
6 et j
4 -
a cl

I z

FIG. 9

These typical curves show how the plate
current of a three -element tube varies
with different grid and plate voltages.
Notice how sharply the plate current
rises when the grid is made positive.

10
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The curves of Fig. 9 may be obtained
quite easily with this circuit. Only
three small meters are required, in ad-
dition to the usual filament, grid and
piste butteries.

easily obtained by connecting the tube
in a circuit such as shown in Fig. 10,
and simply noting the meter readings
as the various voltages are varied.
Three curves are shown, for three val-
ues of plate voltage, 22, 45 and 90 volts.
With the voltages fixed at these values,
the grid bias is changed over different
positive and negative values, and the
curves then indicate the corresponding
plate current variations. Notice that
when the grid is positive the plate cur-
rent rises sharply; when it is negative
it drops off. There are two distinct
bends or "knees" in each curve, one at
the top and the other at the bottom.
The curves flatten out at the top after
a certain positive grid potential or bias
is reached, and no further increase of
plate current results from further in-
crease of the bias. This condition mere-
ly represents saturation. Increasing
the bias negatively enough eventually
shuts off all the plate current.

Now in radio reception we are inter-
ested in doing two things: amplifying
the weak signal impulses picked up by
the antenna and then detecting them so
that they can be heard through ear-
phones or a loud speaker. The three -
element tube lends itself admirably to
both purposes.

Action as Amplifier:

For use as an amplifier, the tube is
simply operated along the straight sec-
tion of the grid voltage -plate current
curve. The action is made plain in
Fig. 11. The value X represents the
ideal grid bias, as this point on the

curve is the center of the straight sec-
tion. If we now impress the weak sig-
nal current having the amplitude a -a on
the grid of the tube, the grid bias will
be swung back and forth according to
the fluctuations of the current. The
plate current will fluctuate in exactly
the same fashion, as the grid modulates
the electron stream perfectly. How-
ever, the amplitude of the plate current
variations, b -b, will be much greater
than the original signal amplitude.

It can be seen that the grid has a
"trigger" action, and allows small
voltages to control the comparatively
large power in the plate circuit.

It is quite possible to connect a whole
series of amplifier tubes in a suitable
circuit so that the plate current varia-
tions of the first one operates the grid
circuit of the second, and so on down
the line. In this way even a very weak
signal can be brought up in strength
by the overall repetition effect. Am-
plifiers are sometimes called "repeaters"
because of this successive action. As
many as fourteen "stages" of amplifi-
cation have been used successfully to
amplify extremely weak radio -frequency
signals.

The frequency of the current fed to
the grid of a three -element tube does
not affect the amplifying action in the
slightest, as the electron stream has no
appreciable inertia and responds in-
stantly to both the lowest and the high-
est frequencies encountered in radio and
general communication work. The only
limitation in this respect is imposed by

If a three -element tube is operated on
the straight section of its characteristic
tine, it will faithfully reproduce any

alternating current impressed on its grid.
The amplitude of the plate current
variations represents amplification of the
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the incidental capacity effect of the
tube elements themselves. This will be
discussed in the section on screen -grid
tubes.

Action as Detector:

After a radio signal has been ampli-
fied, it must be "detected" or lowered
in frequency so that it will be audible
to the human ear through earphones
or a loud speaker. Bear in mind that
radio waves as they are transmitted
are at very high frequencies, much be-
yond the limit of audibility, which is
only about 20 kilocycles. The three -
element tube makes an excellent de-
tector if it is operated in either of two
connections.

Grid Bias Detection:

The first method is the grid bias
method, and is also known as the
"power detection" or "plate rectifica-
tion" system. It depends on the lower
bend found in the characteristic curves
of all three -element tubes. Refer to
Fig. 12, which illustrates the action
graphically.

if a three -element tube is operated on
the bend or "knee" of its curve, it will
tend to amplify one half of the signal
wave more than the other. Notice the
difference in height between "b" and "c."

If the point X is selected on the
curve, and the grid bias adjusted to
this point, the plate current will not
faithfully reflect the grid voltage var-
iations, but instead will tend to distort
them. Suppose we take a modulated
signal and impress it on the grid. It
has the amplitude a -a, and, of course,
like all good alternating currents, the

respective alternations on both sides of
the zero line are of equal height. Now
follow the wave form as it hits the

A "-V
a

SIGNAL POTENTIAL AND GRID POTENTIAL

PLATE CURRENT VARIATIONS

EFFECTIVE CURRENT THROUGH
FIG.13 PHONES

These three curves illustrate the detect-
ing action of a three -element tube oper-
ated in the manner shown in Fig. 12.Tlie little bumps below the time axis are
praci teeny eliminated.

curve, and you will observe that the
alternations in one direction are ampli-
fied considerably in the plate circuit
(b), while the other alternations pro-
duce only little bumps The effect
of every complete cycle of current is
then a large increase and a small de-
crease of plate current. The decreases
of current are so small, compared to
the increases, that the alternating cur-
rent is practically rectified, and the
current in the plate circuit of the de-
tector tube is then virtually a series
of unidirectional pulses. They are still
taking place at high frequency, but
because of the inertia of the dia-
phragms of earphones and loud speak-

TUNING
iCIRCUIT

'C
T BATTERY

(FOR GRID BIAS)

"A" BATTERY.
FIG. 14

GRID PLATE PHONES

?FILAMENT

BATTERY

A typical grid -bias or power deociioncircuit. In slightly modified form. this
is 115,4 1 In the majority of modern broad -'as' receivers. In A.C. sets the "C"battery Is usually replaced by a biasing
resistor connecbs1 in the plate returnlead.
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ers, only the peaks of the impulses
register. Since these peaks represent
the original audio frequency modulation
of the high frequency carrier wave, the
diaphragm reproduces the sound of the
transmitted voice or music. Fig. 13
gives an idea of the current transfor-
mation, while Fig. 14 shows an ele-
mentary grid bias detection circuit.

Grid Condenser Detection:

The second method of detection is
known as the grid condenser method,

lu the familiar giid-condenser system
of detection, a small fixed condenser is
connected in the grid lend of the tube,
with a resistance of high value added in
either of the two positions shown.

and operates in an entirely different
manner. In this system a small fixed
condenser is connected directly in the
grid lead, and the return side of the
tutting circuit is brought to the positive
side of the "A" battery. A fixed re-
sistance of high value is connected
either across the grid condenser or be-
tween the grid and the filament of the
tube, as shown in Fig. 15. This gives
the grid a slight positive bias, and, if
the correct value of plate potential is
chosen, the tube then operates along
the straight section of its characteris-
tic curve.

With no signals being received, the
plate current assumes a fixed value,
depending, of course, on the filament
temperature and the plate voltage.

When actual radio signals from a
broadcasting station are tuned in by
the tuning circuit, an alternating volt-
age corresponding to these signals is
generated across the tuning condenser
C, and naturally flows into the grid
circuit of the tube. During a half cycle
when the grid is positive it acts like
a little plate and attracts some elec-

trons to it. When the current changes
its direction and the grid goes nega-
tive, the electrons gathered by the grid
just an instant before find themselves
trapped in the insulated circuit consist-
ing of the grid of the tube and the
grid side of the grid condenser. On
the next half cycle, when the grid goes
positive again, it attracts another little
bunch of electrons, and piles them
up on the grid condenser along with
the previous batch. As the current
continues to flow, the grid condenser
accumulates more and more electrons,
and these tend to make the grid more
and more negative in respect to the
filament. If they are left piling up
like this, they will eventually make the
grid so negative that it will cut off
all the plate current, and the tube then
becomes "choked" and inoperative.

Purpose of the Grid Leak:

The grid "leak" serves the purpose of
preventing this undesired accumulation,
by giving the entrapped electrons a
conducting path to the positive fila-
ment. Its value must be such that the
electrons have a chance to gather dur-
ing a single wave train and then dis-
charge in a group, so that the circuit
is normal again when the next wave
train comes along. If its resistance is
too low, the electrons will leak back to
filament as quickly as the positive grid
attracts them; if it is too high, they

SIGNAL
POTENTIAL

VARIATIONS
°FORM

POTENTIAL -

CORRES-
PCNOING

VARIATIONS
OF PLATE
CURRENT

FINAL
MOVEMENT

OF
REPRODUCER

DIAPHRAGM

IWAVEJ
TRAIN -1

MODULATED R.F. CURRENT

TIME DURING WHICH GRID CHARGE
LEAKS OFF

NORMAL VALUE OF PLATE CURRENT

FIG. 16

These curves show how the grid -conden-
ser detector changes modulated radio-
( r-quency signals Into audio currents
that are capable of operating earphones
or other reproducers.
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will not leak back quickly enough, and
the aforementioned blocking action oc-
curs.

The manner in which this periodic
accumulation and discharge of grid
electrons effects a detecting action is
illustrated graphically in Fig. 16. Here
A represents the appearance of a car-
rier wave modulated by an audio fre-
quency current such as produced by
voice or music. B shows how the grid
bias is depressed negatively from its
normal slightly positive bias by the
trapping of the electrons, as described.
C shows the corresponding reductions
in plate current, with the value return-
ing to normal at the end of each wave
train, when the accumulation of elec-
trons is dissipated through the grid
leak. As in the grid bias method of de-
tection, the reproducer diaphragm does
not respond to the individual little
bumps of current, because they are tak-
ing place at the high carrier frequency.
Instead, each wave train produces
a single overall movement, and the net
effect of a continuous series of such
trains is a reproduction of the original
program.

The wave patterns of actual speech
or music are very much more compli-
cated than the wave forms shown, but
these serve to illustrate the general
phenomenon.

Sometimes it is not necessary to pro-
vide a grid leak in grid -condenser de-
tectors. If the insulation between the
grid and the filament is slightly imper-
fect, or if there is a tiny trace of gas

left in the tube, the grid charges will
leak off automatically. However, in
most modern tubes both the insulation
and the vacuum are so good that grid
leaks are usually quite essential to the
successful operation of the circuit.

Comparison of Two Methods:

The grid -condenser method is more
sensitive than the grid -bias method,
because the accumulative effect of the
wave train impulses produces a stronger
change in plate current, and also be-
cause the tube operates on the straight
section of its curve and therefore am-
plifies considerably as well as detects.
However, the grid bias method, while
not quite as sensitive, has the marked
advantage of superior power handling
capacity. It will comfortably detect,
without distortion, loud signals that
would absolutely choke a grid con-
denser detector. This is why practically
all present-day broadcast receivers,
which are built for high volume levels,
employ grid bias detection in one form
or another. In receivers that do not
have preliminary radio -frequency
amplification, the grid -condenser de-
tector contributes an appreciable
amount of sensitivity.

Audio Frequency Amplification:

If, after detection, the signals are
not loud enough, they can readily be
amplified further, this time at audio
frequency, since all detectors produce
only the audio component of the sig-
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This typical tuned radio -frequency re-
ceiver shows the uses of three -element
tubes as radio -frequency amplifiers. de-
tector, and audio frequency amplifiers.
The various "B" posts are intended for
connection to a "B" power pack. Fila-

ment leads "X" and "Y" run to a fila-
ment light transformer. (Note: thiscircuit is shown only for purposes of
illustration; we do not have construc-
tional data on ft.)
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nal. One, two or three stages of audio
amplification may follow the detector,
the circuit being much like the radio
frequency amplifier except that differ-
ent coupling transformers are used.

A complete radio receiver of typical
construction is shown diagrammatically
in Fig. 17. This comprises two stages
of tuned radio -frequency amplification,
(tubes V1 and V2 and tuning trans-
formers and condensers L and C), a
grid condenser detector (V3) and two
stages of transformer coupled audio -
frequency amplification (tubes V4 and
V5 and transformers Tl, T2, and T3)
Tubes V1, V2 and V4 may be the 227
type, which have heated cathodes as
the electron emitters. The filaments,
marked X, are all connected in parallel
to a 21/2 -volt winding on a power trans-
former. Tube V5 may be a 171A, which
uses raw a.c. on its filament. The leads
Y run to a 5 -volt winding.

Obtaining Grid Bias:

Suitable grid bias for V1, V2 and V4
is supplied by the voltage drop across
the fixed resistances R1, connected be-
tween cathode and ground. The plate
current of each tube runs through its
respective resistor, so if the grid re-
turn lead of each r.f. or a.f. transformer
is brought to the bottom end of each
resistor, each grid will assume a nega-
tive bias in relation to the cathode
equal to the voltage drop across the
resistor. Since a 227 as an amplifier
requires six volts grid bias with 90 volts
on the plate, and since the approximate
plate current at this voltage is 3 mil-
liamperes (.003 amperes), a simple cal-
culation involving Ohm's Law will show
that R1 should be about 2000 ohms.
The 171A tube, requiring 401/a volts

In the Triple -Twin tube, the cathode
of the first section is connected intern-
ally to the grid of the second section.

grid bias at 180 volts plate, uses a sim-
ilar biasing resistor R3, of about 2025
ohms. Resistance R4 is simply a cen-
ter -tapped resistance that provides a
zero reference point for the grid re-
turn to the filament.

The Triple -Twin tube resembles an over-
grown '45 -type. Notice how the two sec-
tions are mounted on a common stem.

The various fixed condensers Cb are
by-pass condensers to provide low im-
pedance paths around the biasing re-
sistors for the r.f. and a.f. currents
present in the circuit.

Three -element tubes are made in
many different models for different ap-
plications. The chart on page 30 lists
the types in present day use.

"Triple -Twin" Tube:

A novel tube consisting really of two
complete triode assemblies in one glass
envelope was brought out a year ago.
(Since then additional duo -triodes in a
single glass envelope have been de-
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veloped and are available, such as types
53 and 79.) However, this tube is very
interesting and worth mentioning.

The tube looks like an overgrown
224, as it has a cap electrode at the
top. Inside, mounted on a single glass
stem, are the approximate elements of
a 227 general purpose tube and a 245
power output tube, with the cathode of
the former connected directly to the
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How the Triple -Twin is used as a com-
plete audio amplifier In itself. The cir-
cuit is rather unusual and requires
careful study and consideration.

grid of the latter, as shown in Fig.
17A. There is no external connection
for this grid.

Known as the "Triple -Twin" tube this
unit is virtually a complete direct cou-
pled audio amplifier by itself, or a com-
bination detector and amplifier. The

input tube operates in the usual man-
ner as a detector or amplifier, but the
output tube utilizes the positive region
of the grid voltage -plate current curve.
The manufacturers claim this method
produces a relatively high undistorted
power output independent of arid cur-
rent flow.

An amplifier circuit employing the
Triple -Twin tube is shown in Fig. 17B.
The input section is normal except that
the cathode is above ground potential,
and this means that the applied signal
voltage is likewise above ground poten-
tial. The signal reaches the cathode
through condenser Cl, of low imped-
ance. The grid of the input tube is
properly biased negatively by resistor
R2, the d.c. return path to the arid be-
ing through resistance Rg. The in-
ductance 1.1 allows a low resistance d.c.
path for the grid and plate returns.
Resistance R1 establishes the grid of
the output section a few volts negative
and is only necessary in a.c. operation
to suppress hum. Notice that the grid
of the output section receives its bias,
and also its energizing signal, from the
cathode of the first section.

The action of the circuit combination
is rather complicated and a full explana-
tion of it is beyond the scope of an
elementary manual. The output tube
acts as a regular triode, but it is built
in a special manner to provide self -com-
pensation for the flow of grid current
when the signal swings the grid posi-
tive.



CHAPTER 4
Vacuum Tube Characteristics

The study of vacuum tube character.
istics is usually so confused by com-
plicated mathematics that the average
student is likely to become discouraged
when he attempts to learn something
about the subject. While a knowledge
of advanced mathematics is exceeding-
ly useful here, as it is in all phases of
electricity, a practical understanding of
tube operation can be achieved without
recourse to trigonometry.

Amplification Factor:

The amplification factor of a tube
has already been defined as the ratio
of change in plate voltage required to
change the plate current a certain
amount to the change in grid voltage
that produces the same variation.

The amplification factor of a tube
depends to a large extent on its mechan-
ical construction. It increases as the
grid wires are brought closer together,
thus increasing its effective area and
giving this electrode greater controlling
power over the electrons passing
through it. It also increases as the
ratio between the plate -filament and the
grid -filament distances increases, as the
closer the grid to the filament (in com-
parison to the plate), the more effec-
tively will a small voltage on it retard
or aid the electron bombardment of the
plate.

The amplification factor of ordinary
three -element tubes does not exceed 10,
although mu's of two or three hundred
have been obtained in special experi-
mental tubes having the grid very close
to the filament. Changing the mechan-
ical inter -relation of the three elements
changes other characteristics besides
the amplification factor, and this must
always be taken into consideration.

Close spacing of elements makes the
assembly operations very difficult, and
usually results in lack of uniformity
in quantity production. Close spacing
also makes a tube very sensitive to
mechanical vibration, which manifests

itself as a "microphonic" howling or
ringing sound. In some sets the tubes
are fitted with heavy metal or rubber
caps to weight them down and prevent
them from vibrating in sympathy with
a nearby loud speaker.

The amplification factor of a tube is
not a definitely fixed value, but varies
slightly with the applied grid and plate
voltages.

Plate Impedance:

Plate impedance is the second im-
portant characteristic of a tube. This
may be understood from the funda-
mental action of three -electrode tubes,
as already explained. When the plate
is made positive in relation to the fila-
ment, a current of electricity flows
through the battery circuit and also
through the space between the plate and
the filament inside the bulb. The actual
amount of current for a given filament
temperature depends on the grid bias
or potential, as well as on the plate
potential. The tube can thus be con-
sidered as a variable resistance. The
lower the grid bias, the higher the plate
circuit resistance; and the higher the
bias (in a positive sense) the lower the
plate resistance and therefore the
greater the plate current. This resist-
ance is known as the "internal resist-
ance" of the tube.

The combination of the straight in-
ternal resistance of a tube and the
reactance offered by the small con-
denser formed by the plate and the
grid is the impedance of that tube. In
most tubes this capacity effect of the
electrodes is very slight and is notice-
able only at very high frequencies.
Therefore, for all practical purposes the
internal resistance of the tube in ohms
is taken as the plate impedance. More
accurately, plate impedance may be de-
fined as the change in plate potential
in volts divided by the change in plate
current in amperes that it produces. Of
course the value will be different for

17
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different grid and plate voltages, but
it is usually measured at the normal
voltages used for radio set operation.

Mutual Conductance:

The third important tube constant to
be considered is mutual conductance, or
"transconductance," as it is now known
in engineering circles. The primary
purpose of an amplifier tube is to pro-
duce a large undistorted change in plate
current for a small change in grid volt-
age. As this action depends on the
ratio of the change in grid voltage to
the corresponding change in plate cur-
rent, by comparing these values we ar-
rive at a value which is then known as
the "mutual conductance." This is a
mathematical ratio which takes into ac-
count both the amplification factor and
the plate impedance, and is therefore
a measure of the operating efficiency of
the tube. It is equal to the amplifica-
tion constant divided by the plate im-
pedance, the resulting quantity being
expressed in "mhos." The unit "mho"
is the "ohm" spelled backwards, the
"conductance" of a material being the
reciprocal of its "resistance."

As a general rule, a tube with a high
mutual conductance is the best one for
amplifying purposes, but of course other
considerations such as current consump-
tion, inter -electrode capacity, etc., may
also influence the selection of tubes for
certain applications.

The relation between amplification
factor and mutual conductance is bound
to be confusing at first, but becomes
clearer after the student has studied
the factors carefully and is able to see
the difference between the voltage and
current variations and their connected
effects.

Power Tubes:

The amplification factor indicates only
a tube's voltage amplifying characteris-
tic, and tells nothing about its power
handling capacity. A tube that is used
in the last audio amplifier stage of a
receiver must deliver actual power to

a loud speaker, so that the diaphragm
of that instrument may vibrate, set air
into motion and reproduce sound. Such
a tube should have a low plate imped-
ance, so that the power supplied to the
plate circuit will not be wasted in
merely overcoming the plate resistance.
Most power tubes have this desirable
low impedance, but they also have low
amplification factors. They must be
preceded by one or two amplifier stages
using higher mu tubes in order that
their full output may be realized.

Mechanically, output tubes differ
from general purpose tithes like the 227
in that their filaments, grids and plates
are larger and heavier. Since they are
used only for audio amplification, the
grid -to -plate capacity is of little im-
portance. The plates are usually black-
ened to aid heat dissipation and reduce
secondary emission, and the insulation
between the elements is made extra
Leavy to avoid breakdown under the
high voltages used. Power tubes get
very hot in normal operation because
of the terrific electron bombardment of
the plate, and cannot be touched with
the fingers after they have been work-
ing for more than ten minutes or so.
In some of the larger power tubes used
for transmitting work it is not uncom-
mon for the plates to glow at a dull
red or even a white heat. Such tubes
require considerable ventilation. Tubes
designed to handle powers of five kilo-
watts or more are provided with cool-
ing jackets through which cold water
must be kept flowing constantly to pre-
vent the elements from melting.

In the "power" class are such tubes
as the 112A, 171A, 245, 210, 250, and
231. Power pentodes are described in
the next chapter. Among the transmit-
ting tubes of the three -electrode type
are the following: the 203A, rated at
75 watts output with 1000 volts on the
plate; the 211, with a similar rating;
the 852, 75 watts with 2000 volts on the
plate; the 204A, 250 watts output with
2000 volts plate; and the 849, 350 watts
with 200 volts plate. These are rarely
encountered by the average radio man,
being used only at amateur and com-
mercial transmitting stations.



CHAPTER 5

Four- and Five -Element Tubes

Space Charge Effects:

The major limiting factor in the am-
plifying action of three -element tubes
is the space charge. This has two un-
desirable effects: (1) it constantly op-
poses the attractive effect of the posi-
tively charged plate on the electrons;
(2) it lowers the amplification factor,
since the grid does not have complete
control of the electrons flowing through
it.

The space charge can be overcome
or reduced considerably by the intro-
duction of a positive charge in the tube
near the region where it accumulates
by simply adding a fourth electrode to
the tube which is given a positive
charge just like the plate. This new
electrode may be placed between the
filament and the grid, or between the
grid and the plate, and of course must
be of open construction, like the grid,
so as to let the electrons fly through it.

"Space Charge" Tube:

If the second grid is placed between
the filament and the present control
grid, the new tube thus formed is call-
ed a "space charge" grid tube, and has
a greatly increased amplificationfac-
tor, slightly increased plate impedance
and about the same grid -to -plate capac-
ity as before. See Fig. 18.

"Screen Grid" Tube:

If the second grid is placed between
the grid and the plate, the tube is called

In the space -charge tetrode, the second
grid is located between the filament and
the regular control grid.

a "screen -grid" tube. See Fig. 19.
n this position also it helps to break

up the space charge, increases the effec-
tiveness of the grid control, and there.
fore raises the amplification constant.
It also has another very important ef-
fect, and that is a marked reduction
in the capacity between the present con-
trol grid and the plate. The screen
acts as the common plate of Iwo small
fixed condensers in series, the grid and
the plate acting as the other plates. The
two condensers being in series, the re-
sultant capacity between the control
grid and the plate is smaller than the
capacity of either of the two condensers
alone. In an ordinary 201A three -ele-
ment tube the grid -to -plate capacity is
something like 10 micromicrofarads; in
the 222 screen -grid tube it is only
about .025 micromicrofarad. That's
quite a difference.

Importance of the Low Tube Capacity:

The great significance of this reduc-
tion of grid -to -plate capacity can be un-
dcrstood from a brief consideration of
radio -frequency amplifier design. In
Fig. 20 we have a typical tuned radio -
frequency amplifier using three -element
tubes. The capacity effect between the
grid and plate elements is represented
by the small fixed condensers C. Weak
radio signals picked up by the antenna
and tuned in by the tuning circuit LC1
have a choice of two paths: (1) the
grid -filament circuit, in which they op-
erate the grid properly and cause them -

In the screen -grid tetrode, the second
grid is situated between the control grid
and the plate.

19
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selves to be amplified by the tube; (2)
the condenser C. Naturally any current
that goes through C is not amplified by
the tube, which loses just that much
effectiveness.

The axed condensers C represent the
grid -to -plate capacity of ordinary three -
element tubes. this capacity effect be-
CMIlles very serious as the frequency of
the radio signals goes up (as the wave-
length goes down).

The extent of the by-passing of C
df pends on its own capacity in relation
to the wavelength or frequency of the
signal current. Since the reactance of
a condenser varies inversely with the
frequency of the current applied to it,
the reactance of C will become lower
and more current will pass through it
as the signal frequency goes up (wave-
length goes down).

The capacity C also provides a me-
dium for the feed -back of energy from
the plate circuit to the grid circuit,
resulting in uncontrollable oscillation,
heterodyne whistling, distortion and
further loss of amplification. In early
tuned r.f. amplifiers it was necessary to
overcome these bad effects by "neutral-
izing" the tube capacity by various
complicated methods, which at best al-
lowed the circuits to realize only a
traction of the full amplification of
which the tubes were capable.

This capacity effect, by the way, ex-
plains why some radio receivers seem
to work just as well with the r.f. tubes
turned off. The capacity exists all the
time by virtue of the mere mechanical
juxtaposition of the grid and the plate.
Whether the filament is lighted or not
makes no difference.

Since the grid -to -plate capacity of
the screen -grid tube is comparatively
small, no neutralizing of any kind is
needed even on a wavelength as low as
5 meters, whereas with three -electrode
tubes such neutralization is necessary
even on 400 meters. The screen -grid
tube has found widespread use as a
radio -frequency amplifier for this rea-

son. It is also an excellent detector,
operating on the grid condenser meth-
ods.

Comparatively little use is made of
the space -charge tube, except as an
audio amplifier in some special circuits.
The main advantage of the second grid
is in making the tube a better radio -
frequency amplifier. Incidentally, any
screen -grid tube can be used as a space-
cuarge tube if the present control grid
is given a positive charge and the screen
grid then operated with a negative bias
as the control grid.

In its commercial form the screen -
grid tube uses either a filament, for
battery operation, or a heated cathode,
fcr a.c. operation, and the second grid
or screen takes the shape of a double
element completely surrounding the
plate. See Fig. 21. The connection for
control grid is brought out to a cap on
the top of the glass bulb, so as to mini-
mize the capacity effect between it and
the connections of the other elements.

The usual grid pin in the base is the
screen -grid terminal.

The voltage applied to the screen is
usually a fraction of that applied to the
plate. Since the screen acts like a plate
and attracts electrons, there is a screen
current, but this is very small because
the screen is of open construction and
presents only a limited surface. Be-
sides, the electrons broken out of the
space charge by the screen are attract-
ed through the screen by the much
higher positive charge on the plate.

Among the tubes in the screen -grid

Relative location of the elements in an
actual commercial screen -grid tube. The
screen element completely surrounds the
plate. thus shielding it thoroughly from
the control grid.

class are the following: the 222, which
was the first four -electrode tube on the
American market, and is now more or
less obsolete; the 224, of the heated
cathode type, for use on a.c.; the 232,
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a two -volt battery tube with a regular
filament; and the 23t, a battery type
tube using a heated cathode instead of a
filament. The 224A has recently re-
placed the 224, from which it differs
only in that its cathode heats to oper-
ating temperature more quickly.

Variable -Mu Tube:

One of the disadvantages of the 224
screen grid tube is its inability to han-
dle strong signals. Its characteristic
grid voltage -plate current curve is very
steep, and if the signal is very strong
it is likely to swing the plate current
dev. n to the bend of the "knee," result.
ing in grid -bias detection, and subse-
quent distortion on one half of the cur-
rent cycle. Interference from neighbor-
ing stations sometimes also causes
"cross -talk" on a desired station be-
cause of this same effect.

The trouble has been largely over-
come by the introduction of a new type
of screen -grid tube known as the "var-
iable mu," in which either the control
grid or the screen -grid is of somewhat
uneven construction and gives the tube
a varying amplification constant or mu
as incoming signals necessitate making
the control grid more and more nega-
tive. With weak or medium signals the
tube has the same mu as a regular 224,
but with stronger signals that would
overload a 224 the amplification factor
drops automatically and the tube re-
mains operating on a straight section
of its grid voltage -plate current curve.
As long as the operating point is on a
straight section no detecting action can
take place and the signal is amplified
just as it should be.

Two types of variable mu tubes have
been introduced, the 551 and the 235.

'These curves rhoµ the difference In
characteristics between the regular '3-1
screen -grid tube and the special ':t5 va-
riable -tau type. Note t he gradual slope
and wider grid voltage range of latter.

The 551 is much like the 224 and can
INo substituted for it with only a slight
change in the grid bias; its range of
control grid bias is more than twice
that of the 224. The 235 has more than
double the plate current of the 224 and
only about half the plate resistance,
which makes greater amplification per
stage practical. It is not interchange-
able with the 224, but in new sets it is
replacing it almost entirely for ampli-
fication purposes. The "tailing" of the
characteristic curve of the 235 and 551
wakes these tubes poor grid bias de-
tectors, the 224, with its more abrupt
bend, being much better. An idea of
the comparative curvatures of the 224
and 235 characteristics may be obtained
from Fig. 22.

Power Pentode:

The power output of the four -element
tube or tetrode is limited by a factor
known as secondary emission, which
was mentioned in Chapter 1. With the
electron stream to the plate strengthen-
ed and accelerated by the breaking up
of the space charge by the screen grid
electrode, the bombardment becomes so
heavy that the surface of the plate it-
stlf begins shooting off electrons. If
the plate voltage is low the plate does
not have sufficient attraction to pull
them back, and they fly instead to the
positively charged screen -grid, at the
stme time repelling other electrons
away from the plate and causing a drop
in plate current. This dip is illustrated
by curve 1 of Fig. 22A, which shows
the relation of plate voltage to plate
current in a typical four -electrode tube.

To prevent the secondary electrons

61 /lode, two electrodes: triode. three elec-
trodes : t ru0e, four electrodes; pentode,
live cI, 11,sles.

The dip in the plate -voltage, plate cur-
rent curve of screen -grid tubes Is due
10 the secondary emission effect of the
plate. This dip is eliminated in the
-pentode" by the third grid element.



22 MODERN VACUUM TUBES

from aiding the space charge, a fifth
element in the form of a third grid is
added to the tube, between the pre-
sent screen grid and the plate. This
is connected back to the center of the
filament, which, being at ground poten-
tial, prevents the loose electrons from
passing further. The connection is
made inside the tube, as shown in Fig.
V. The third or "suppressor" grid re-
moves the plate current dip, as shown
in curve 2 of Fig. 22A.

rra tigenien Of the elect roles in the
pentode. The third grid, known as the
"suppressor grid." is connected intern-
ally to the center of the filament, and
has no external terminal.

This five -element tube, or "pentode",
is a very
fication. In comparison with a triode
of the same plate dissipation or power,
it is capable of producing greater power
output with less signal input. It has
both high amplification factor and
power capacity, which neither the triode
nor the tetrode has by itself. A power
pentode may be connected directly after
a detector tube without the usual first
stage of amplification, and will furnish
plenty of volume for loud speaker oper-
ation. It is most valuable in receivers
in which space is limited, since it elim-
inates one tube and its associated equip-
ment.

Pentodes are now available for 2 -volt
and 6 -volt battery service and for alter-
nating current. The 233, the 2 -volt
tube, and the 247, the a.c. tube, use
filaments as the electron emitters; the
238, one of the so-called "automobile"
tubes, uses a heated cathode.

R.F. Pentode:

A suppressor grid may be added to a
regular screen -grid amplifier tube to
produce advantages similar to those

obtained in the audio power tubes. This
has been done in the new 239 tube,
which belongs in the 6.3 volt "auto"
family and has been designed especially
for operation on low plate voltages. It
combines the variable mu and the pen-
tode features, and has particularly high
mutual conductance. As in the 235
tube, the variable mu action is obtained
by a control grid having uneven pitch
or spacing between turns.

The advantages of the 239 over the
236, which it is intended to replace, are
greater output for the same input, bet-
ter control of volume on strong signals.
and elimination of cross talk interfer-
ence. As this tube is extensively used
in power AF stages of battery and auto
radio receivers, characteristic data is
herewith given; more complete data will
be found in the charts beginning on
page 30.

Type 239

Variable -Mu R.F. Pentode

Purpose: radio -frequency amplifier
Base: UY
Dimensions: 41-4" long, 11V in diameter
Cathode Type: Heater
Cathode Rating: 6.3 volts, 0.3 ampere,

D.C.

Plate Voltage: 90 to 135 (180 maximum)
Screen Voltage: 90
Control Grid Bias: 3 volts
Plate Current: 4.5 milliamperes
Screen Current: 1.7 milliamperes
Plate Impedance: 300,000 to 680,000

ohms
Amplification Factor: 285 to 700
Mutual Conductance: 950 to 1050 mi-

cromhos
Mutual Conductance at 40 volts control

grid bias: 1 micromho.

Screen Grid Transmitting Tubes:

There are three screen -tubes in the
transmitting class, finding use mostly
in short-wave stations because of their
low inter -electrode capacity. These are
the 865, having an output of 71/2 watts;
the 860, rated at 75 watts; and the 861,
rated at 500 watts.



CHAPTER 6

Light -Sensitive Cells and Other Special Tubes

Photoelectric Cell:

For many duties in industry the hu-
man eye is being replaced by an inde-
fatiguable electric eye-the photoelec-
tric cell. Wide application has been
made of this remarkable device, par-
ticularly in television and talking mo-
tion pictures, for counting objects pass-
ing a fixed point, detecting smoke, con-
trolling illumination, and countless
other purposes.

Light-sensitive cells have been known
for a long time, but only recently have
they achieved any widespread commer-
cial use. Their application was form-
erly limited by their fragility and gen-
eral unreliability, but they have been
so greatly improved during the last
three or four years that they are now
eAtirely reliable. Because they are in-
variably used in conjunction with ordi-
nary vacuum tube, and properly belong
in the vacuum tube family, their theory
and operation should be understood by
every radio man.

A photoelectric cell is a light-sensi-
tive device which, when connected to a
circuit of proper voltage, permits a
current to flow only when the cell is
illuminated by a suitable source. The
typical photoelectric cell, as shown in
Fig. 24, is quite simple in construction,
consisting merely of an anode and a
cathode sealed in an evacuated bulb,

The photo -electric cell is a very simple
device, consisting merely of a cathode
coated with a light-sensitive material,
and an anode to attract the liberated
electrons. In some types, the cathode is
a metallic deposit on the inside of the
glass bulb.

or in one filled with gas at a low pres-
sure. The cathode is a metal plate
coated with a material that has the
property of emitting electrons when
light falls on it, while the anode is a
bare conducting wire. An alkali metal
like sodium, potassium, rubidium or
caesium is used to form the sensitive
cathode surface. In some cells the
light sensitive coating is deposited on
the inside of the glass containing bulb.

hi, circuit of the photo -electric cell Is
very similar to that of the two -element
rectifier. The anode is made positive to
accelerate and attract the electrons from
the ea t bode.

Caesium is commonly used at present
because it is more sensitive to the red
end of the color spectrum than the
other alkalis.

The operation of the cell may easily
be understood from Fig. 25, which
shows a simple photoelectric cell cir-
cuit. When light falls on the cell, the
cathode liberates some electrons, just
as the filament of an ordinary radio
tube does. Since the plate is charged
positively by a battery, it will acceler-
ate and attract the electrons, and the
meter will indicate a current flow, cor-
responding to the plate current of a
radio tube. The stronger the light the
greater the electron emission and the
higher the current flow.

There are two general types of photo-
electric cells: vacuum and gas filled.
In the vacuum type, the glass bulb is
evacuated as thoroughly as possible, and
the current flow between cathode and
anode is due purely to the electrons
freed from the cathode surface. In the
second type, the tube is filled with a
gas at a low pressure. The maximum

23
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current which can flow is much greater
than that represented by the electron
emission alone, for ionization by col-
lision takes place (See Chapter 2). The
presence of the gas increases the cur-
rent flow as much as ten times.

There are many variables in photo-
electric cell structure which affect the
characteristics. Briefly, they are: (1)
the kind of light sensitive material:
(2) the process of manufacture; and
(3) the kind of gas and its pressure.
The final characteristics of a cell d
pend on the combination of these fac-
tors as arranged by the designer. Cells
can be made sensitive only to certain
sections of the light spectrum, for spe-
cial purposes. Some cells respond only
to ultra violet or infra -red. The major-
ity of cells are designed to respond to
light in the visible region of the spec-
trum and hence are the most suitable
for most applications.

The response of a photoelectric cell
to variations of light falling on it is
instantaneous, the electron stream be-
ing without appreciable inertia.

Even in the most sensitive photo-
electric cells the current flow is
ingly small, possibly only a few micro-
amperes. To make the current varia-
tions useful, they must be amplified
considerably. Ordinarily multi - stage
audio -frequency amplifiers are employ-
ed for this purpose when all the fine
graduations of light must be translated
into electrical energy, as in television
systems. For many industrial purposes
a special type of amplifier known as
the "grid glow" tube is used. This
differs from standard amplifiers in that
it operates only when the illumination
on the photoelectric cell, and hence the
controlling current, reaches or drops
below a certain point. Such a tube is
virtually an electronic relay and is used
to control power circuits and the like.
An example of the application of a
photoelectric cell and grid -glow tube
combination is a factory or street light-
ing control system, wherein overhead
lights are turned on as the natural
lights grow dim, or are turned off as
the daylight becomes brighter.

New applications for the photoelec-
tric cell spring up daily. The follow-
ing are only a few: sorting of cigars,
beans, eggs, and various other kinds
of foodstuffs according to color; count-

ing of automobiles or pedestrians past
a fixed point; recording of smoke den-
sity; control of baking or roasting pro-
cesses; recording the thickness of
various materials such as paper, wire,
etc.

Other Light -Sensitive Cells:

There are other light-sensitive de-
vices, such as the selenium tube and
the electrolytic cell, but these are not
as flexible as photoelectric cells and are
rarely used except for laboratory exper-
iments. Selenium is a material that
changes in resistance when a light falls
on it, just as a telephone transmitter
changes in resistance when sound waves
impinge on it. It is sluggish in action
and not at all as dependable as vacuum
tubes. The electrolytic cell, employ-
ing a light-sensitive liquid solution,
has obvious mechanical disadvantages.

Neon Tube:

For the reproduction of television
images, a device known as the neon
glow tube is used. This consists of two
flat metal plates mounted parallel to
each other and about inch apart,
inside a glass bulb filled with neon gas.
See Fig. 26. When connected in a di -

The noon tube used for television recep-
tion consists !merely of two flat metalplates, separatist a short distance in a
bulb filled with neon gas.

rect current circuit a reddish pink glow,
characteristic of the gas neon, covers
the entire surface of one of the plates.
The usual neon tubes employed in tele-
vsion receivers glow properly at about
135 volts, passing about 15 milliam-
peres. Their plates are about M."
square.

The neon tube is connected in the
plate circuit of the last audio tube of
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the television receiver, just like a loud
speaker. See Fig. 27. It is kept il-
luminated by the direct plate current,
but flickers in accordance with the var-
iations of the television signals. The
scanning disc, rotating in front of the
bulb (in a plane parallel to the plates),
reconstructs the transmitted image. It
should be clearly understood that while
the flickering takes place over the en-
tire surface of the plates, only a tiny
section at a time is exposed to view
by the holes in the scanning disc.

The 111.4111 tube is conneeied in the plate
circuit of the last amplifier tube just
like a loud speaker. It is illuminated
by the normal plate current of the tube,
to whbli II must be matched carefully
for proper operation.

Neon tubes are used for television
work because, like other radio tubes,
they have no appreciable time lag and
respond instantly to any changes of
current through them. Ordinary elec-
tric lights have a much greater bril-
liancy, but there is no simple means of
modulating them at audio frequencies.
Considerable research work is being
done on television glow lamps, as none
of the available types are entirely sat-
isfactory.

Other Special Tubes:

The "phanotron" is a gas vapor con-
tent vacuum tube. The name applies
to gas or vapor tubes regardless of the
number of electrodes or their nature.
In practice it most often indicates a
two -element rectifier. The "thyratron,"
which has recently been put to consider-
able industrial use, is a phanotron
with three electrodes, a filament or
other electron emitter. a grid and a
'date. The word "thyratron" is derived
from the Greek term meaning "door,"
and this tube is essentially a grid con-
trolled arc rectifier.

A phanotron rectifier consists of two
electrodes, an anode (or plate) and a
cathode, mounted in an exhausted con-

tainer in which there is a partial at-
mosphere of inert gas or vapor. The
partial atmosphere is usually the vapor
pressure of a quantity of mercury, al-
though it is sometimes a gas like ar-
gon, neon or helium.

As explained in Chapters 1 and 2,
iu a high vacuum tube the current is
limited by the supply of electrons emit-
ted by the cathode, and by the electron
space charge around the cathode. In
the phanotron the cathode supplies the
electron flow, but the space charge is
neutralized by the ionization of the
vapor or gas. (The ionization by col-
lision effect, once more.) This results
in a low voltage drop across the tube
-only about 15 volts for mercury va
por-which is practically independent
of current. Therefore a phanotron can
rectify and carry much heavier currents
than a high vacuum tube of correspond-
ing dimensions.

An experimental type of mercury
vapor rectifier intended to replace the
standard high vacuum 280 has been
released by at least one tube manufac-
turer. When substituted for a 280 in
an existing power pack the output volt-
ages are higher and the current carry -
in capacity considerably greater.

The Thyratron:
The thyratron is a phanotron with a

grid control. This apparently makes
the tube a regular triode, but the ac-
tion of the thyratron grid is quite dif-
ferent from that of the triode grid.
The grid controls only the starting of
the internal discharge. After starting,
it cannot modulate, limit or extinguish
it, as can the grid of an ordinary tri-
ode. The ionization of the gas vapor
not only overcomes the space charge,
but also tends to neutralize the con-
trolling charge on the grid. To allow
the grid to regain control after the
plate current has started to flow, a pro-
hibitive grid charge is required. The
plate voltage must be reduced to prac-
tically zero or made negative enough
for the gas or vapor to become deion-
ized. Once this deionization takes place
the grid resumes control.

It alternating current is applied to
the plate, the grid has an opportunity
to regain control once during each
cycle, and can delay the starting of the
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arc for as long a period during the
subsequent positive half cycle as the
grid voltage is sufficiently negative.
This means that the grid can control
the average current flowing through
the tube and that this averaging can
be made as "fine grained" as desired
by increasing the frequency of inter-
ruption.

If the grid as well as the plate Is
supplied with alternating current, the
phase relation between the grid and the
plate naturally determines the amount
of average current flowing through the
tube.

The voltage conditions for starting
the current depend largely on the struc-
tural design of the tube. A tube may
be designed so that within the normal
plate voltage limits the current always
starts at a negative grid voltage, or
always at a positive grid voltage, or at
a negative voltage for high plate volt-
ages and a positive voltage for low
plate voltages. The ability of the tube
to directly control large amounts of cur-
rent without intermediate mechanical
devices makes it extremely valuable for
a variety of purposes.

Thyratron Inverter:

One of the most interesting uses of
the thyratron is for the conversion of
direct current into alternating current
-just the reverse of its normal func-
tion. Direct current is applied to the
plates and the grids are supplied with
the desired frequency, either by an ex-
ternal exciter or by means of coupling
to the output circuit. In this respect
the thyratron inverter may be consider-
ed as an amplifier or an oscillator, re-
spectively. The function of the tubes
is to commutate, or perform a switch-
ing operation. In all inverters some
form of power storage is necessary in
order to supply power during the com-
mutation period. This may be in the

form of static condensers, a power sys-
tem or in rotating apparatus.

The fundamental action of thyratron
inverters may be illustrated by the sim-
ple single phase arrangement of Fig.
28. The plates of both tubes are posi-
tive. Assume that the grid of the up-
per tube is positive. Current will flow
from the positive d.c. source through
the transformer to the negative d.c.
line by way of this tube. The grid of
the lower tube is negative and allows
no current to pass. The condenser is
charged with the potential drop across
the output transformer due to the cur -

This odd circuit shows how thyratran
iinics are used to convert direct current
int., alternating current.

rent flow in the upper half of the wind-
ing, the upper terminal becoming neg-
ative and the lower positive. Toward
the end of the cycle the grids exchange
polarity. This has no direct effect on
the current flow through the first tube,
but allows current to flow through the
second, which in effect connects the
lower side of the condenser to the nega-
tive lead. This places a negative volt-
age of short duration on the upper
plate, allowing the upper grid to regain
control.

A number of types of thyratron tubes
have been developed. They range in
current capacity from 1 to 75 amperes
and in voltage from 1000 to 20,000.
A special tube capable of passing sev-
eral hundred amperes has been made.
This stands almost three feet high!
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Special Overhead
Overhead Heater Tube:

In all standard American receiving
tubes the filament or heater connections
are made through two of the pins in
the base. Several years ago, however,
an a.c. tube having the heater connec-
tions to a separate cap on the top of
the glass achieved considerable popu-
larity, and is still being used in many
broadcast receivers. The appearance of
this "overhead heater" tube is shown
in the accompanying illustration. A

special double -contact cap snaps over
the top of the tube, the various caps in
a set being joined by a flexible cable.

As the overhead heater tubes have
characteristics different from those of
standard tubes, the following charts
should be consulted if the reader en-
counters the tubes in service work.

Service Men who encounter receiver,
using these tubes should take particu-
lar note of their filament voltage, which
is three volts. Do not attempt to re-
place them by tubes of the 227 type
unless you reduce the filament voltage
wills series resistors.

Average Characteristics Type 401
General Purpose Defector, Radio and Audio

amplifier Tube
m.o., voltage -3.0 volts. Heater current -1.0 amp.

Heater Tubes

-1-1(ELL0GO

TYPE 403
A -C TUBE

Average Characteristics Type 403
Power Amplifier for Last Audio Stage

Maw voltage -3.0 volts. Heater current -1.5 amiss.

27

Plate voltage 151 90 111 180

Negative grid bias 0 4.5 6.0 7.5 9 0 10 6 12 0 Plate voltage 135 180
l'Iate current

(milliamperes)
/Mato impedance

(olints1

3.8

9060

3.7

10750

2 5

13300

5.3

9520

3 9

11700

7.2

0330

5 8 Negative grid bias
10100 Plate current (milliamperes)

Plate impedance (ohms)

27
15

2500

50
20

2500
Amplification factor 10 0 10.0 10.0 10.0 10 0 10.0 10 0 Amplification factor 3.0 3 0
Mutual ,- luctance

(Micromboar 1100 930 710 1050 850 1070 932 Mutual conductance (micromlios) 1200 1200
Power output} Power output' (milliwat1.) 360 (,60

(milliwalfia 20 26 67 73 137 166

°For use as detector
detection.

}Tim value, given for rut Itatt represent tentlistorterl output nr
Output of negligible distortion. Tliese values arm far optitnutto
load regialance or a load restiotarice of approximately twice the
tube idIpPgilallee.

.112 using grid leak and condenser
The values given for output represent undistorted output nr

outpot of negligible distortion. The.se values urn far optimum
load resistance or a lad resistance el approximately twice the
tube impedance.

Filament Resistor Values for Two -Volt Tubes
Fiord R imam Valuer for Two Volt Filament Tutus

Number Tom Dm Cell. (1.0V.) Two Edison Cell. (RSV.)
of CX.I30s
or lac -flex. 1

CX-511
2

CX-1114
1

'a-3ft
2

CX4331%

1 4.2 ohm 21 ohou 5.2 ohm. 1.11olum
2 5.2 2.1 2.4 " 14
1 2.6 1.1 1.9 ° 1.4

4 2.2 " 1.6 " 1.6 " 1.2

5 1.9 " U 14 ° LI
6. 1.6 " 1.1 " 1.0

7 1.5 0 1.2 " 1.o 09 '

Nun 546 $$$ i $$ ance are needed gybe. taw ng  elr-616 cal seamy hmory

Mammas Velem for Toe Volt Filament Tuber-(Mioismn)

Number
of CX.SION
ft C3C.332'.

Toe Dry Cello (1.09.) Two Edimm Cello (UN.)

I
CX-111

2
CC -l11'

I
CZ -111

2
cx-iir.

6 ohm. Soh= 5 ohms 1 ohms

) " 1 4 15
4 " "3 1 . 2

5 " 2 2.1 " 1.1

1 2 2 " 1.1

2.5 2 1.1 13
2 13 " 1.1 15
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"Exploded" Views of 2- and 3 -Element Tubes
GLASS ENVELOPE

FILAMENT SHEET
METAL

OR
MESH
PLATE

FILAMENT
SUPPORT

PLATE
SUPPORT

BASE

PINS
F

GLASS
STEM

CONNECTION
WIRES

TO PINS

" DIODE"
TWO

ELEMENT
TUBE

commonest form of the diode or
two -element tube is the 281 half -wave
rectifier. tither diodes, built on a smaller
scale, are used for detecting purposes.

GLASS ENVELOPE

FILAMENT
SUPPORT

GRID

PLATE

FILAMENT

PLATE
SUPPORT

CONNECTION
WIRES
TO PINS

BASE

TRIODE"
FILAMENT

TYPE
PINS

F

The triode or three -element tube is
radio's "Jack of all trades"; amplifier,
detector and oscillator. In this class are
the 1121. 120, 1711, 2011, 226, 230,
245, etc.

FILAMENT

PLATE

GLASS.
SEEM -

BASE

PINS

GLASS ENVELOPE

F

FILAMENT
SUPPORT

FILAMENT

PLATE

CONN ECTION
WIRES

TO PINS

DOUBLE
DIODE -

(REcriFIER.
FULL -WAVE )

The double diode consists simply of two
sets of diode elements. The 2M) is the
most familiar lithe of this type. Similar
tubes are used for detection in some spe-
cial super -heterodynes.

GLASS ENVELOPE

GRID

Fl LAMENT
HEATER

GLASS
STEM

BASE

PINS

PLATE

CATHODE.

CONNECTION
WIRES

TO PINS

TRIODE"
(HEATER)

TYPE /

The triode with a heated cathode is the
well-known 227. For purposes of heat
radiation the plate in some makes is
close mesh instead of sheet metal. Notice
the filament inside the cathode.
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"Exploded" Views of 3- ands- Element Tubes

GLASS ENVELOPE

FILAMENT
(INSIDE CONTROL

GRID)

GLASS
STEM

BASE

PINS

F

CONTROL -GRID
CAP

CONTROL
GRID

SCREEN GRID

PLATE

CONNECTION
WIRES TO

PINS

TETRODE"
(FILAMENT

TYPE)

The tetrode or four -element (screen -grid
tube has two grids in addition to the
filatnent nod plate. Note that the screen -
grid completely encircles the plate. The
222 and 232 are in this class.

CONTROL
GRID

CATHODE
GRID

GLASS
STEM

BASE

PINS

GLASS ENVELOPE

6

SCREEN
GRID

FILAMENT

CONNECTION
WIRES TO

PINS

PENTODE"
(A.F.TYPE WITH

FILAMENT.)

The pentode or five -element tube has
three grids. The cathode or suppressor
grid, located between the screen grid and
the plate, is connected internally to the
center of the filament.

29

GLASS ENVELOPE

FILAMENT

PLATE

CATHODE

GLASS
STEM

BASE

PINS

_5-- CONTROL -GRID

CAP

P

SPECIAL GRID
IN VARIABLE -

MU TYPE

SCREEN GRID

CONNECTION
WIRES TO

PINS

"TETRODE"
( HEATER

TYPE'

The tetrode with a heated cathode is
the popular 224 screen -grid tube. An
identical construction is used in the 236.
In the 235 variable -mu type the control
grid has uneven pitch, as shown.

The neon tube used for television re-
ception has two identical plates mounted
parallel to each other and separated
about 1/16 inch. The tube is filled
with neon gas.
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AVERAGE CHARACTER -

DETECTORS, AMPLIFIERS
6.3 Volt Group for

These Tubes Arc Employed Chiefly in AC - DC or

Type Use Base

Bulb
(See

illustra-
tion)

12 :TING

Plate
Volts

Cathode
Type Fila-

:tient
Amps.

Plate
(Max.)
Volts

Screen
(Max.)
Volts

6A4/LA Power Amp. 5-3 ST -14 Filament 0.30 1S0 1S0 135
165
180

6A7 Det. One. 7-2 ST -12C Heater 0.30 loo 250
6B7 RF or IF 7-3 ST -12C Heater 0.30 275 125 100

Amp. 180
250

6B7 AF -Amp. 7-3 ST -12C Heater 0.30 275 125 250::6C6 RF 6-1 ST -12C Heater 0.30 275 100 250
6C6 Det. 6-1 ST -12C Heater 0.30 275 100 250*
6C6 AF 6-1 ST -12C Heater 0.30 275 90 250*
6D6 RF 6-1 ST -12C Heater 0.30 275 100 250
6D6 AF 6-1 ST -12C Heater 0.30 275 90 250*

36 RF 5-2 ST -12C Heatcr 0.30 275 90 90
135
180
250

36 Det. 5-2 ST -12C Heater 0.30 275 90 250
37 Det. Amp. 5-1 ST -12 Heater 0.30 180 ... 90

135
180,

38 Power Amp. 5-2 ST -12C Heater 0.30 ISO 180 135
39 RF 5-2 ST -12C Heater 0.30 275 90 90

135
ISO
250

39 AF 5-2 ST -12C Heater 0.30 275 90 250*

41 Power Amp. 6-3 ST -12 Heater 0.40 200 20(1 125
167.5
180'42 Power Amp. 6-3 ST -14 Heater 0.65 275 275 250

44 RF 5-2 ST -12C Heater 0.30 275  90 90
180
250

44 AF 5-2 ST -12C Heater 0.30 275 90 250*
75 Det. 6-4 ST -12C Heater 0.30 275 250
77 RF 6-1 ST -12C Heater 0.30 275 104 250
77 Det. 6-1 ST -12C Ileater 0.30 275 100 250*
78 RF 6-1 ST -12C Heater 0.30 275 125 1K0

250
25))

79 Power Amp. 6-5 ST -12C Heater 0 60 180
180S0

85
89

Det.
Power Amp.

6-4
6-1

ST -12C
ST -12C

Heater
Heater

0.30
0.4))

275
1S0 IM)

250
190
163
I,o)
po)

Applied through :!:-.0.0ou ohms. "Triode connection. :Pentode connection. 1Plate to plate..Apidied ohms. }For two tubes with 40 volts RMS notated to each crld.
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ISTICS OF RADIO TUBES
AND RECTIFIERS
AC or DC Operation

DC Receivers, Auto Sets, Amplifiers, or in Special Model Receivers

Negative
Grid
Volts

Screen
Volta

Plate
Current

ma.

Plate
Resistance

Ohms

Mutual
Con-

ductance
Micromhos

Ampli-
Station
Factor

Ohms
for

Stated
Power
Output

Undis-torted
power
Output
milli_
watts

9.0 135 14.0 52,600 1,900 100 9,500 700
11.0 165 20.0 48,000 2,100 100 8,000 1,200
12.0 180 22.0 45,000 2,200 100 8,000 1,400
3.0
3.0

100
100

4.0
5.8

300,000
300,000 947595A 285

.

: : : : : : :3.0 75 3.4 1 Meg. 840 840 .... .. .

3.0 100 6.0 800,000 1,000 800 .... ....
4.5 50 0.65 .... .... .. .

3.0 10i) 2.0 1,500,000+ 1,225 1,500+ ... ....
6.0 100 Plate curre nt to be adj usted to 0. 1 ma. wi th no Inp ut Signal
1.0 50 0.5, 3 Meg. 600 1,800 .... ....
3.0 100 8.2 800,000 1,600 1,280 .... ....
3.0 75 0.5 1,500,000 600 900 .... ....
1.5 55 1.8 250,000 850 215 .... ....
1.5 67.5 3.0 300,000 1,050 315 .... ....
3.0 90 3.1 350.000 1,050 370 .... ...
3.0 90 3.4 400,000 1,100 440 . .... ....
6,0 20 to 45 Plate curre nt to be adj usted to 0. 1 ma. wi th no Inp ut Signal
6.0 .... 2.5 11,500 800 9.2 17,500 30
9.0 .... 4.1 10,000 925 9.2 14,000 80

13.5 .... 4.3 10,000 900 9.2 20,000 175
13.5 135 9.0 102,000 975 100 13,500 525
3.0 90 5.6 375,000 960 360 ....
3.0 90 5.6 540,000 980 530 . ..
3.0 90 5.8 750,000 1,000 750
3.0 90 5.8 1,000,000 1,050 1,050 .

1.0 67.5 0.5 2 Meg. .... .... ....
10.0 125 11.0 100,000 1,525 150 11,000 650
12.5 167.5 17.0 85,000 1,800 150 9,500 1,250
13.5 180 18.5 81,000 1,850 150 9,000 1,500
16.5 250 34.0 100,000 2,200 220 7,000 3,000.
3.0 90 5.6 375,000 960 360 .... ....
3.0 90 5.8 750,000 1,000 750 .... ....
3.0 90 5.8 1 Meg. 1,050 1,050 .... ....
1.0 67.5 0.5 2 Meg.
2.0 , ... 0.8 91,000 1,100 100 .... ....
3.0 100 2.3 1,500,000+ 1,250 1,500 .... ....
7.0 100 Plate Curre nt to be adj usted to 0. 1 ma. wi th no Imp ut Signal
3.0 75 4.0 1,000,000 1,110 1,100 .... ....
3.0 100 7.0 800,000 1,450 1,160 .... ....
3.0 125 10.5 600,000 1,650 990 .... ....
0.0 .... 7.5 No Sign al Applie d
0.0 .... 44.0t Class B Operation .... 7,0001 5,500

20.0 8.0 7,500 1,100 8.3 20,000 350
20.0 160 17.0 3,000 1,570 4.7 7,000 300
17.0 163t 17.0 79,000 1,575 125 9,000 1,250
18.0 180: 20.0 82,500 1;635 135 8,000 1,500
0 .... 3.0 Class B Operation .... 9,40011 3,500tt

f50 volts RMS applied to two grids.
peonverslon Conductance. (i'ourtexy. Ifyyrade Sylvania Corp.)
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2.5 VOLT GROUP FOR
In this group are listed tubes that are

more commonly used. They will be
found in most of the up-to-date a.c. re-
ceivers, with a few possible exceptions
where the tube is designed for such
special work, that it may be only em-
ployed iu such equipment or apparatus.

The 59 or 2A3, are examples that may

be placed in this category; although the
latter type is employed in some very
large and expensive receivers to deliver
large power outputs to obtain tremen-
dous volume levels. The 59, however,
is almost always used exclusively in
audio amplifiers for power amplification
purposes, and either as a single class A

Type Uso Base

Bulb
(See

illustra-
tion)

Cathode
Type

RATING

Plate
Volts

Fill"-
ment
Amps.

Plate
(Max.)
Volts

Screen
(Max.)
Volts

2A3 Power Amp. 4-1 ST -16 Filament 2.5 275 ... 250
3002A5 Power Amp. 6-3 ST -14 Heater 1.75 275 275 2502A6 Det. 6-4 ST -12C Heater 0.80 250 2502A7 Det. Ose. 7-2 ST -12C Heater 0.8 275 jot') 2502B7 RF or IF 7-3 ST -12C Heater 0.8 275 125 100Amp. 180
250

2B7 AF -Amp. 7-3 ST -12C Heater 0.8 275 125 250tt24-A RF 5-2 ST -14C Heater 1.75 275 90 180
25024-A Dot. 5-2 ST -14C Heater 1.75 275 90 250*24-A AF 5-2 ST -14C Heater 1.75 275 90 250*

27 Amp. 5-1 ST -12 Heater 1.75 275 ... 90
135
180

27 Det. 5-1 ST -12 Heater 1.75 275
.

i55235 RF 5-2 S -14C Heater 1.75 275 90 180
25035 AF 5-2 S -14C Heater 1.75 275 90 250*45 Power Amp. 4-1 ST -14 Filament 1.50 275 ... 180
250
27546 Power Amp. 5-4 S-17 Filament 1.75 400 250 250
300
400

47 Power Amp. 5-4 S-17 Filament 1.75 275 275 25051 Amplifier 5-2 S -14C Heater 1.75 275 90 180
250

55 Det. 6-4 ST -12C Heater 1.00 275 .. 250
56 Amp. 5-1 ST -12 Heater- 1.00 275

..
...- 25056 Det. 5-1 ST -12 Heater 1.00 275 250

57 RF 6-1 ST -12C Heater 1.00 275 100 250

57 Det. 6-1 ST -12C Heater 1.00 275 100 250*
57 AF 6-1 ST -12C Heater 1.00 275 90 250*
58 RF 6-1 ST -12C Heater 1.00 275 100 250
58 AF 6-1 ST -12C Heater 1.00 275 90 250*
59 Power Amp. 7-1 ST -16 Heater 2.00 275 275 250

250
400

*Applied through 250,000 ohms. **Triode connection. t Pentode
ttApplied through 200,000 ohms. ftFor two tubes with 40
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AC OR DC OPERATION
tube to drive two 59's in push -push or
class B operation, or in either of the above
as a final stage for large power outputs.

The 2B6 Tube
This tube is not described in the list-

ing below. It is a duplex triode that has
numerous features that enables it to be
employed as a class B amplifier tube

with the advantages of the high quality
found in class A systems.

Full data pertaining to this tube will
be found in the September, 1933 issue
of Radio Craft magazine. Pertinent
data regarding circuit applications, com-
plete characteristic curves, resistor
values to employ, etc., are all included.

Neeative
Grid
Volts

Screen
Volts

Plate
Current

ma.

Plate
Resistance

Ohms

Mutual
Con-

ductanoe
Micromhos

Ampli-
fication
Factor

Ohms
for

Stated
Power
Output

Undis-
torted
Power
Output
milli_
watt,

45.0 60.0 765 5,500 4.2 2,500 3,500
62 40 per tub e Push Pull 3,00011 15,000
16.5 250 34.0 100,000 2,200 it'..1 7,000 3,000
2.0 0.8 91,000 1,100 100 .... ....
3.0 100 4.0 300,000 475A
3.0
3.0

100
75 38 .8. 4 8831)Meg.

950
840

285.
840

3.0 100 6.0 800,000 1,000 800 .

4.5 50 0.65
3.0 90 4.0 400,000 1,000 400 .... ....
3.0 90 4.0 600,000 1,050 630
5.0 20 to 45 Plate curre nt to be ad justed to 0. 1 ma. wit h no Inp ut Signal
1.0 25 0.5 2,000,000 500 1,000
6.0 2.7 11,000 820 9.0 14,000 30
9.0 4 . 5 9,000 1,000 9.0 13,000 80

13.5 5.0 9,000 1,000 9.0 18,700 165
21.0 5.2 9,250 975 9.0 34,000 300
30.0 Plate Curre nt to be ad justed to 0. 2 ma. wi th no Inp ut Signal
3.0 90 6.3 300,000 1,020 305 .... ....
3.0 90 6.5 400,000 1,050 420 .... ....
1.0 45.0 to 67.5 0.5 2 Meg.

-3:531.5 31.0 1,650 2,125 2,700 825
50.0 34.0 1,610 2,175 3.5 3,900 1,600
56.0 36.0 1,700 2,050 3.5 4,600 2,000
33.0 250 22.0 2,380 2,350 5.6 6,400 1,250
0.0 0 4.0 Class B Operation .... 5,200 16,000tt
0.0 0 6.0 Class B Operation 5,800 20,000

16.5 250 31.0 60,000 2,500 150 7,000 2,700
3.0 90 4.5 300,000 1,020 305 .... ....
3.0 90 6.3 400,000 1,050 420 .... ....

20.0 8.0 7,500 1,100 8.3 20,000 350
13.5 5.0 9,500 1,450 13.8 . . ....
20.0 Plate curre nt to be ad justed to 0. 2 ma. wi th no ut Signal
3.0 100 2.0 1,500,000+ 1,225 1,500+ .... ....
6.0 100 Plate curre at to be ad justed to 0. 1 ma. wi th no Inp ut Signal
1.0
3.0

50
100

0.5
8.2

3 Meg.
800,000

600
1,600

1,800
1,280

........ ........
3.0 75 0.5 1,500,000+ 600 900

28.0 250** 26.0 2,400 2,600 6.0 5,000 1.250
18.0 2501 35.0 4,000 2,500 100 6,000 3,000
0.0 13.0 Class B Operation .... 6,000' 20,00011'

connection. 11Plate to plate.
volts RMS applied to each grid.

t50 volts RMS applied to two grids.
AConversion Conductance.
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Some of the tubes listed here are em-
ployed in the older models of battery or
d.c. receivers only. These include the
following types that are listed, the 01A,
12A, 22, X99, V99, and the 00A. The
type 26 tube is a heavy -filament tube
whose construction made it adaptable for
a.c. operation in sets that were manu-
factured several years ago. Many of
these early a.c. receivers performed ex-

SPECIAL
ccllently and are still in use, although
this tube has been replaced by the 27 and
screen -grid types that are much more
efficient. The 485, 182B, and 183 are
special tubes designed for replacement
in Sparton receivers. Complete data on
all of the tubes that are employed in
Sparton receivers is given in a chart
on pages 38-39.

Type Use Base Bulb
Cathode

Type

FILAMENT RATING

Plate
VoltsVolts Amps. Supply

00-A Det. 4-1 S-14 Filament 5.0 0.25 DC 45

01-A Dot. Amp. 4-1 S-14 Filament 5.0 0.25 DC 90
135

10 Amp. 4-1 S-17 Filament 7.5 1.25 AC or DC 250
350
425

12-A Dot. Amp. 4-1 S-14 Filament 5.0 0.25 DC 90
135
180

18 Power Amp. 6-3 ST -14 Heater 14.0 0.30 AC or DC 250
20 Power Amp. 4-1 T-8 Filament 3.3 0.132 DC 90

135
22 RF 4-2 S-14 Filament 3.3 0.132 DC , 13,5

135
26 Amp. 4-1 ST -14 Filament 1.5 1.05 AC or DC 90

135
180

40 Amp. 4-1 S-14 Filament 5.0 0.25 DC 135
180

43 Power Amp. 6-3 ST -14 Heater 25.0 0.30 AC or DC 95
135

48 Power Amp. 6-3 ST -14 Heater 30.0 0.40 AC or DC 95
125

50 Power Amp. 4-1 S-21 Filament 7.5 1.25 AC or DC 300
350
400
450

71-A Power Amp. 4-1 ST -14 Filament 5.0 0.25 AC or DC 90
135
180

X-99 Det. Amp. 4-1 T-8 Filament 3.3 0.063 DC 90
V-99 Det. 4-4 T-8 Filament 3.3 0.063 DC 90

485 Det. Amp. 5-1 S-14 Heater 3.0 1.25 AC 90
120

182-B Power Amp. 4-1 S-17 Filament 5.0 1.25 AC 250
183 Power Amp. 4-1 S-17 Filament 5.0 1.25 AC 250

250
864 Det. Amp. 4-1 T-9 Filament 1.1 0.25 DC 90

135
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TUBES
Power Tubes

The 210, and 250, are tubes that are
employed essentially for power amplifi-
cation purposes, although the former is
also used extensively as an oscillator or
generator of high frequency currents
(transmitters), where small power out-
put is required.

The 43 is a power tube that is em-
ployed extensively in midget receivers.
The data given for this tube will show

numerous interesting features that make
it particularly useful for adaptation in
receivers of the a.c.-d.c. type.

Special Purpose Tube
The 864, because of its small glass en-

velope and other proportionately low
dimensions, is generally employed as a
pre -amplifier (AF) in "head" amplifiers
where compactness is essential. It may
be, and is, used as an RF amplifier, or
for detection.

Nesative
Grid
Volts

Screen
Volts

Plate
Current

ma.

Plate
Resistance

Ohms

Mutual
Con-

duetance
Micromhos

Ampli-
fication
Factor

Ohms
for

Stated
Power

Output

Undis-
totted
Powerr,vUtD1.1.,
mini_
watts

Grid Re- .... 1.5 30,000 666 20.0
turn Fil.

4.5 .... 2.5 11,000 725 8.0 11,000 15
9.0 .... 3.0 10,000 800 8.0 20,000 55

22.0 .... 10.0 6,000 1,330 8.0 13,000 400
31.0 .... 16.0 5,150 1,550 8.0 11,000 900
39.0 .... 18.0 5,000 1,600 8.0 10,200 1,600
4.5 .... 5.0 5,400 1,575 8.5 5,000 30
9.0 .... 6.2 5,100 1,650 8.5 9,000 115

13.5 .... 7.7 4,700 1,800 8.5 10,650 260

16.5 250 34.0 100,000 2,200 220 7,000 3,000
16.5 .... 3.0 8,000 415 3.3 9,600 45
22.5 ... 6.5 6,300 525 3.3 6,500 110

1.5 45.0 1.7 725,000 375 270 .... ....
1.5 67.5 3.7 325,000 500 160 .... ....
7.0 .... 2.9 8,900 935 8.3 ....

10.0 .... 5.5 7,600 1,100 8.3 ....
14.5 .... 6.2 7,300 1,150 ....
1.5 .... 0.2 150,000 200 30 .... ....
3.0 .... 0.2 150,000 200 30 .... ....

15.0 95 20.0 45,000 2,000 90.0 4,500 900
20.0 135 34.0 35,000 2,300 80.0 4,000 2,000
20.0 95 47.0 10,000 2,800 28.0 2,000 1,600
22.5 100 50.0 10,000 2,800 28.0 2,000 2,500
54.0 .... 35.0 2,000 1,900 3.8 4,600 1,600
63.0 .... 45.0 1,900 2,000 3.8 4,100 2,400
70.0 .... 55.0 1,800 2,100 3.8 3,670 3,400
84.0 .... 55.0 1,800 2,100 3.8 4,350 4,600
16.5 .... 10.0 2,170 1,400 3.0 3,000 125
27.0 .... 17.3 1,820 1,650 3.0 3,000 400
40.5 .... 20.0 1,750 1,700 3.0 4,800 790
4.5 .... 2.5 15,500 425 6.8 15,500 7
4.5 .... 2.5 15,500 425 6.6 15,500 7
3.0 .... 5.0 10,800 1,150 12.5 .... ....
4.0 .... 6.0 9,300 1,350 12.5 .... ....

35.0 .... 18.0 3,330 1,500 5.0 4,500 1,750
58.0 .... 20.0 2,000 2,000 3.0 4,500 2,000
85.0 .... 26.0 1,500 2,000 ....
4.5 .... 2.9 13,500 8108.2
9.0 .... 3.5 12,700 645 8.2
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Interchangeable Tube Chart
The purpose of this Chart le to furnish Information se to which typ.a of SYLVANIA SET TESTED V. RES will satisfactorily

replace tube t. pr. of other manufmturers hewing eirnllar. or different, type dmignatiom.
As a rule. the lest two digit of a type number are the designeting numerate. In inteechangIng tubes, this rule may be followed

except on special typrs and on tubes recently announced. bearing the new RNA eystets of type numbers. Except on Special Typo.
ell Sylvania tubes heretofore designated by  emnbol and three numerals have been changed to conform to later dm lane clone. For
example. SA -NIA is now 411, Sli.227 le now 37, et cetera. Many ol the Sylvania tubes recently introduced beer tsp. numbers
...linedunder the new RNA system. or bkh I. cis Mod by  letter appearing between two digits azample: 5E31. The drat
digit Ind if tlng the filament voltage clam. the letter being "signed arbitrarily. and the second &sit Indicating the number of useful
element. in the tube.

Type No. Description Replace with
Sylvania Type '

Type No. Description Replace 'vitt,
Sylvania Type

'110-111A Special Detector 1141A 8051 Full -wave Rectifier 83
111-MIA-MIAA. Detector -Amplifier 01A '8I -MM Half -wave Rectifier 81
I-KR1 Mercury Rectifier 1-V 82 Full -wave Rectifier 82
2 Ballast MV Full -wave Rectifier 83 or 513
G-2' Special Detector 83 Full -ware Rectifier 83
3 Ballast 84 Full -wave Rectifier 84
4 Ballast G84 Half -wave Rectifier
(2.4 Special Detector 85 Detector-AVC 85
5 Ballast.. 88 Full -wave Rectifier 831
KM-- ..... Power Amplifier . - 4A4 VI . Power.Amplifier 89
6 Ballast N Special Detector
7 Ballast 91 Ill Volt Converter
s Ballast 92 Special Detector
9 Ballast 95.. Power Amplifier 2A5
'II Power Amplifier 10 96 Half -wave Rectifier
WD -11 Detector -Amplifier 98 Full -wave Rectifier 84
'12-'12A
M D-12

Power Amplifier
Detector -Amplifier

11% 1199 Detector -Amplifier - g:'V99 Detector -Amplifier.
'13 Full -ware Rectifier N 1A4 Detector Oscillator 1A6
14 Detector -Amplifier 2A3 Power Amplifier 2A3
15 Detector -Oscillator IS 2A3I1 Power Amplifier.... 2A3
'16-'1611 half -wave Rectifier III 2A5 Power Amplifier 2A5
17 Detector -Amplifier 2A4 Detector -AI(: 2A6
18 Power Amplifier Is 2A7 Detector -Oscillator 2A7
19 Class Ii Amplifier 19 2116 Power Amplifier
'N.. Power Amplifier 20 2B7 Detector -Amplifier 2117
KRA Special Detector 523 Full -wave Rectifier 573
'22 Amplifier 22 6A4 Power Amplifier 4A4
K R21 Special Detector 6A7 Detector -Oscillator 6A7
'24-'24A Detector -Amplifier 24A 687 Detector -Amplifier 687
KR25 Power Amplifier 2A5 6C6 Detector -Amplifier 6C4
255 Detector-AVC 4C7 Detector
'26 Amplifier 36 6D6 Amplifier 4D6

Detector -Amplifier 27 6127 RE Amplifier
'271151 High Mu Amplifier 54 6E7 RE Pentode.
28 General Purpose 61'7 Detector -Oscillator 4F7
29 Special Detector 29 6Y5 Full -wave Rectifier
'30 Detector -Amplifier 30 67.3 Ilaff-wave Rectifier 1-V
'31 Power Amplifier 31 414 Full -worse Rectifier 14
''32 Amplifier 32 67.5 Full -wave Rectifier
'33 Power Amplifier 33 12A5 Power Amplifier I2A5
'34 Amplifier 34 12.17..... Rectifier-Amplifier.
'35 Amplifier 35 or Si 11Z3 ilalf-w ave Rectifier 1273
'36-'36A Detector -Amplifier 34 1423 Half -wave Rectifier 1223
'37-'37A Detector-AmplIfier 37 257.3 lialf-wave Rectifier
'38-'38A. Power Amplifier 38 2525 9 oltage Doubler 257.5
'39-'39A Amplifier 39 oe 44 1828 Power Amplifier (Sparton)... 1828
'40 Voltage Amplifier 41 183 Power Amplifier (Sparton)... 183
41 Power Amplifier 41 211 Power Amplifier 211
42 Power Amplifier 42 257 Amplifier
43 Power Amplifier 4.1 291 Triple Twin Tube
44 Detector -Amplifier 44 or 39 293 Triple Twin Tube
'45 Power Amplifier 45 295 Triple Twin Tube
46 Power Amplifier 46 411 Amplifier ,Sparton)
'47 Power Amplifier 47 402 Amplifier tSparton)
48 Power Amplifier 48 482A Power Amplifier (Spartan)... 7IA
49 Power Amplifier 49 4$1213 Power Amplifier (Sparton)... 15211
'SO ..... Power Amplifier ye 483 Power Amplifier (Sparton)... 183
'SI Amplifier SI or 35 4114 Detector -Amplifier (Sparton). 485
52 Class B Amplifier 483 Detector -Amplifier (Sparton) 485
53 Class B Amplifier 53 406 Detector -Amplifier (Spartan). 
55 Detector-AVC 55 MO Power Amplifier tSparton)... 50
56 Detector -Amplifier 56 586 Power Amplifier (Sparton)... 50
57 Detector -Amplifier 57 P -86I Full -wave Rectifier 84
57A -S Detector -Amplifier 6C6 864 Detector -Amplifier 2640T 864
58 Amplifier 58 866 half -ware Rectifier 866
58A -S Amplifier 61)6 874 Voltage Regulator
59 Power Amplifier 59 876 Ballast Tube
59B Power Amplifier 886 Ballast Tube
64-64A Detector -Amplifier 36: 985 Auto Rectifier
65-65A Amplifier Mt 986 Full -wave Rectifier 831
67-67A Detector -Amplifier 37: AD Half -ware Rectifier 1-V
6848A Power Amplifier 38: AF Full -wave Rectifier 82
69 Special Detector 69 AG Full -wave Rectifier 83
70 Detector-AVC BA Special Rectifier
'71-'71A-'7111 . Power Amplifier 71A Bil Special Rectifier
75 Detector-AVC 75 BR Special Rectifier
76.... Detector-Ampllfier 76 GA Power Amplifier
77 Detector -Amplifier 77 LA Power Amplifier eA4
78 Amplifier 78 P7 Power Amplifier 47
79 Class B Amplifier 79 PZH Power Amplifier 2A5
'80 Full -wave Rectifier 00 Wunderlich . Special Detector

unai.oes new mt downy ionowteosson w, ttottd Tub *
IOW* *ben tn... Mom Itartater et At. N11.49111Pal AAA,. my.. *Mew.,

N4.11 -.ht. won. tt.44.44...4.4tAie.,-hold tai..- tA  twt.l.t. 14 of.c.F 1.44 tA
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SPARTON TUBE
These data are supplied with the in-

tention of supplying a dearth of char-
acteristics or specifications of tubes that
are employed in Sparton receivers. It
is conceded by Service Men that replace-
ment tubes for these sets are generally
difficult to obtain; or else, because of
the special nature of these tubes, they

are priced considerably higher than
standard types. A careful study of those
tubes will show that the differences are
slight, and that with a few minor
changes in the receiver's circuit -stand-
ard type tubes that are readily available
-can be readily adapted. Not all of
the tubes listed are different from stand -

miassises
GENERAL DETIICTION

Hue

Side Pin. 4 -Prong

Use Heater
Filament

S.PPI7

4144°444.°`4.44Dimosions Fdansent
Terminal
Voltage

Films. ,
Current
Amperes

Detector
Piste

Voltage

Grid
Return
Lead to

Detectorput. ca
gg,g, ma
Amis.,.Height Diens

141 Poster Amplifier A.C. or D.C. 614. Ifs' 1.1 1.55 . ....... _ . ... ... _...

401 Side Pia. RProeS Detector Of Amplifier A.C. of D.C. I' 11/4 8.11 1.511 45 cafit. 5

Li461.A Standard.RProns mass, or Amodier D.C. 411' 1 6 II .1111 N +1

410 Stsodotd.4-Prons Power Amplifier A.C. or D.C. 641i' 56. ?A

1.4- -
..........

IA

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

--- .11--

1.6

1111A Itandard.4.Prong Detector 0, ergpagr D.C. 411, 151" LI .54 RI +I
41RA Standsrd.4-Pron8 Power Amplifier A.C. or D.C. Sir 111' 5.4 J6 --....-

4" livinclard.414..6 R.F. Amp. or DOW.. A.C. or D.C. 134' 111' All 1.75 IS -IN Cstli.

644 Ihendecd.11-Prong Audio !req. Amplifier A.C. or D.C. Of' lir ii
44 Iltesdard.4Prong Amplifier A.C. or D.C. 411' 151" i.e

417 Scathed. &Prong Detector or Amplifier A.C. or D.C. CV 111' SA 1.711 1141 fali.

4511 Standsr4.4Pros5 Detester or Amplifier D.C. 454' 1A' if AI 45 +1
431 Standard.4Pross Poem Amplifier D.C. 4511. ' 111. SA .11

Ma &endive.41,40Ni Regis Ism. Amplifier D.C. ISS 111' All

4" Stssder4.4-0rsitS Remade Power Amplifier D.C. 411' 111' g.. si  - .... ..... ...

441 Standard. 5Prosl Detector Amplifier A.C. or D.C. dfli. 111' LI 1.14. PI Calk. 1.0_,.,

6.6 5tendard.11.Prong Dam Frog. Amplifier D.C. 611' 1A'6.111 --. --........

411f stadard31-Prong Detector or Amplifier D.C. 1154. IA' CS CI Cads .11-10

W Stailderd.11ProsS Pentode Power Amplifier D.C. 1111. IA' AR _____ -.... .....

-.........4411 Stendard.43ree5 Power Amplifier A.C. or D.C. 616. SA' CI 1.6 .....-----
HT Stadard,11-00,04 Pentode Power Amplifier A.C. or D.C. $34' flh AS 1.1

4" tuueara.-Proes Power Amplifier A.C. or D.C. 0511 1111 7.6 1.38  ...... - . .... .._...

444 1tsaderd.40Pron6 Pall Wm Rgatigs. A.C. OS" eh' 4.11 LI

661 Itandard.40rosii Da we,. p.a.. A.C. 1134" IA' 7.4 LIS

41141 Standstd.RProng p.a. Amass., D.C. 6)4' 514' 1.1 AI -. .... .. ..... -
YRS Standard.14Prool Rower Amplifier A.C. or D.C. M. 5l4 ISO 1.N

444 Sunidard.414.4.6 Power Amplifier A.C. or D.C. 134' 11/4" SA 1.11

464A Standord.4Pcong mtge., or Argplifis, D.C. 411' Ill' 14 1.4 114 Catb. 6.5

4115 gitendortt3141446 rOOKtOf or Amplifier A.C. or D.C. 411' 111 SA 1.1 134 Cad.. 11.111

400 illelidael.Riliuns Radio Pros. Amplifier D C. 411' 111. 4.0

Ikeemass Ord .st.e. I o use in Aucemoblie Receivers
TRessasessidod value fm us* In Receivers designed for 110 woks D.C. operodse.
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CHARACTERISTICS
ard types, although the first or prefix
number for the entire listing begins with
the figure "4," whereas standard makes
of tubes employ no such prefix number-
ing system. Where both the types are
identical in specifications and require-
ments, it may be generally recognized
by the similarity in the assigned type

ii.imbers designating the respective
tubes.

Sparton tubes that are immediately
replaceable, without any circuit changes
necessary, with those of other manu-
facturer's are listed separately in a
special chart that precedes this, and
which data was compiled by the Hy -
grade Sylvania Tube Corp.

Amplifier
Plate

Voltage

Bias
Voltage -

IN

D. Fri
O.

A.C.
O. Fd.

60.0

S.
101 11.6

Is 1.5
1110 1111

UI
NO
400

115
07.0
810

N
185

to
O .0

166
167.6
160

0.0 11.11
ILO
16.0

IM
1.6
L S

LS
6.11

101

15.0
IN

1.0

Li
0.0

1.11.5

1.0

5.5

ISA

le
N

5.5
16.5

N to
IN

8.0

156

505 LIO Al

136
US.

Lit
1.50
Li

155 It

151

III

18.6

60.0

15.5

tN 41.0
8411 SOS
105 NS
III 84.0

46.0
411.0
70.0
NS

AMPLIFICATION

And fier
Plate Screen

Current Grid
7olte

Amperes

Screen Current Plate
Milliamperto

tn.,..d.m.
Oknis

0,050 I

0.000
7.000

15
8.0

11.000
10.000

10 0.000
1111

IS
6,154
6.000

0.0 6.000
5.000

5.5 5.000
51
7.0

4.700
5.550

4.11 75 Not Over One -Third d 400.005
CID Plate Curran 40.000

0.6 MORN

LS
4.8

L
RON

ON

. 7.4 7.111

0.07

ISSN
LIN

LI ELM

11.0 4.140

1.5 47.5 Ilea Over One-Tbird of 101100
Plate Ceded

14.0 IN 411.1140

7.0 N 5.6 100.111
Man mina

1.5 667 Not Over OutsT1drd of 200.000
11.4
5.5

47.6*
71

Plata Coder MOOS
SMARM

2.7 11.600
Ci 10.000

105 L5 110.000

1.000
1.754

264 0.5 NAN
AIN
LON

lime

M'"4 Voltage 1 lot
Conduct. sa.pid. Maximum

nce Cu,. p.,,,,s, Undidorted
Mit rondos

; Ontsom

Usiiitotud
0411141

111101,4616

1060 I 8.0

1000 LO
1100 4.7

711 4.0
500 0.0

11.601
NAN

ION LO
1660 10
1610 ILO

IS.N111
11.160
10.111116

1040 16
1100 16

LON
LIMO

N
110

INS 6.5
1710 ILI
IMO

11.101
.

108711. Ufa

10011 404
1000 4011

NS IMO

1/211
INN

4.0
11711 LS

N

O N
1L15.511

7N
174 0.0

11110 404

TANI

IAN Commed

11110 171
1060 ON
1140 Rd

754 LS
844 0.8

14SO
WIN 70

050 160

1514/ 15
SON Li
SUM IN

16.0 Ws

LON TN
1111

7006

ION
NOS

1.005 0100
1.600 NN

LS 1000 100
Li CLOS 14/411

4.1
LS =

Midianite A.C. Voltage Per Plate IN Vold 11..M.L
Maximum Rectified Current 126 M.A.

Maximus A.C. Voltage Per Plato 760 Vold RMS.
Maximum Rectified Current MI Y.A.

NO

854

Is
IN

46

I 11.6 ss IS

46.6
016

U.S
66.5

N
N

MI MI

LON INS

....__

0.0

ION ILO

LOIN ION $.0
IAN SON LS

10.110 1I60 1LS
*US ISM ILI

15.586 11115 10.0
g.df ISM ILI

4000

41411

1400

8111105 466 11.4

rourtorP, (parka Withington Co.



WESTERN ELECTRIC

Type Purpose

RATING
ScreenVoltsBase FILAMENT Ott HEATER Plate

VoltsVolts Amps. Supply

101-D Detector or Amplifier 4 prong 4.5 1.0 D. C. 190 -
101-F Detector or Amplifier 4 prong 4.1 .5 D. C. 190 -
205-I) R. F., A. F., Det. or Use 4 prong 4.5 1.6 D. C. 370 to 400 -
215-A R. F., A. F., Amplifier 4 prong

(peanut tube)
1. .25 I). C. 100 -

231-D A. F., Amplifier 4 prong 2.9 to 3.4 .06 I). C. 135 -
242-A Use., R. F. or A. F. Amp 4 prong 10. 3.25 A. C.

D. C.
1250 -

244-A A. F. Amplifier 5 prong

5 prong

2.

9...

1.6 A. C.
D.

180 -
247-A A F. Amplifier 1.6 A. C.

1). C.
180 -

249-A Half -Wave Rectifier 4 prong 2.5 7. A. C. 6500 A. C. -
252-A Osc. or A. F. Amplifier 4 prong 5. 2. A. C.

D. C.

A. ( '.
D. C.

450 -
254-A R. F. Amplifier or ()sc 4 prong 7.5 3.25 750 175

254-B R. F. Amplifier or ()sc . 4 prong 7.5 3.25 A. C.
1). ('.

750 150

256-A Special 5 prong 2.3 1.7 A. C. Special Rectifie

259-A R. F. or A. F. Amplifier 5 prong 2. 1.6 A. C.
1). C.

180 90

262-A A. F. Amplifier 4 prong 10. .32 A. ('.
1). C.

I). C.

180

100

-
-264-A A. F. Amplifier 4 prong 1.5 .3

271 A A. F. Amplifier 5 prong 5. 2.0 A. C.
D. C.

400 -
272-A A. F. Amplifier 5 prong 10. .32 A. C.

D.
180 -

274-A Full -Wave Rectifier 4 prong 5. 2.0 A. C. Approx.
525 RMS

-
275-A A. F. Amplifier 4 prong 5. 1.2 A. C.

I). C.
250 -

276-A R. F. -A. F. Amplifier, Ose. 4 prong 10. 3. A. C. 1250 -
277-A Special 4 prong 5. 9. A. C. - Relay

280-A Half -Wave Rectifier 4 prong 2.5 3. A. C. 3500 -
282-A R. F. Amplifier, Osc 4 prong 10. 3. A. C.

1). C.
1000 250

284-A Amplifier, Ose., Mod. 4 prong 1 10. 3.25 A. C. 1250 -
40



TUBES

Plate
Current
M. A.

Ampli-
Factor

fier

Plate
Resist.

Load
Resit

IN'I 1 It -ELECTRODE CAPACITIES
IN rrliour SOCKET, in mmf. Power

OutputOutput
Grid

Voltage
(Class A)

Power
(e)litimil

Push -PullP. to C P. to F. C. to F.

8.35 5.95 5,600 11,200 5. 2. 3.7 230 -18 -
7.5 6.5 5,400 11,200 5.9 3.7 5.2 240 -16 -

21. 7.3 4,450 8,900 4.8 3.3 5.2 1,200 -30 12 watts

1.9 5.6 14,800 - 2.6 1.2 1.6 - -10 -
2 . 5 7 . 8 14,600 29,200 3.2 2.5 2.4 - -7.5 -

85.0 12.5 3,500 7,000 13. 4. 6.5 10,000 -50 125 watts

6.0 9 . 7 - - 3.3 3.7 3.8 - -10 -
3 . 8 14.6 16,000 - 3.2 2.7 3.4 - -7 -

1100. - - - - - - - - -
43. 5.0 1,700 - - - - - -65 -
60. 80. 80,000 - .1 9.4 4.6 - - -
75. 100. 75,000 - . 085 5.4 11.2 - - -

of Low In ternal I mpedanc e for Rel ay or Trig ger Action Circuits

7 . 5 480. - - .004 5.8 14.0 - -1.5 -
2.8 14.9 17,500 - 1.9 4.0 1.8 - -7.5 -
2.6 7. 11,800 - 5.3 2.2 3.5 - -7. -

39.0 8 . 5 2,850 - 5.3 3.8 6.5 - -30 -
5 . 9 5 . 5 7,200 - 2.8 2.6 3.4 - -21 -

Approx.
125.

- - - - - - - - -
52. 2.85 1,000 - 12. 3.2_ 6.8 - -60 -

850. 12. 3,500 7,000 9. 4. 6. 10,000 -50 -
Tube - - - - - - - - -
500. - - - - - - - -
100. 100. 70,000 - .2 6.8 12.2 - - -
100. 4 . 7 1,600 3,200 8.2 7.8 7.0 16,600 -106 -

41
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BASES AND BULBS

6-4

BOTTOM VIEW OF BASES

6-5

5-I 5-2

G2 63

0 0
6-6 6-7

SYMBOLS
F-Filament; H- Heater; P-Plate;
K-Cathode; G-Grid; GI-Inner Grid;
G2-Screen Grid; G3-Suppressor Grid;
Go-Anode Grid; Dl D2-Diode Plate;
NC-No Connection 1-Adjoining Elements

062

0 0r. f-63

5-3

42 GI

PO 06

7-3



MODERN 7TBE.N. 43

TUBE SYMBOLS
Whereas it was simple for the early reader of radio periodicals to locate the

various tube connections of the early three -element tubes, and to understand schem-
atic diagrams indicating tubes of this type, the problem is not so simple with existing
tubes that incorporate 6, 7, or more elements. To facilitate matters for the Service
Man, who must trace wiring diagrams, and others who may desire to know elements
employed, representative symbol, and the position of its respective base pin to which
it is connected, this chart will prove most helpful.

4A 4B 4C 4D 4E 4F 4G 4H
P P

Sc0
PC

F F

P P

P P

F6 6F

P P P P

4-
AIR-

II,
St

9,
F+ . - 411 -

F F

 F
F

NC
P

F
 

F

- .

AD+

K

H H

filk
3A 58 3C 5D SE 5F 7A 7B

P P P p P

Ala

 GO  KP  SH, 
F F

H W H

 K
H

P  KP 
H F1

K
H

 ;G  KP 
H H

K
H ,X H

 (G)KP 
H H

K

Gs Gi
K  K 

H H

8A 6B 6C 6D 6E 6F 6G 7C
P P

'.. G

P

Si
P P P

K

P P

G2

D

H

 c. 4, 
Fl

Sr
Sc

R

G

F eh6 *ILI,,,ll H

H

SY 
Pl G;  K

H

K

G *G
 K 
HH

411&

Sce *G 414Fahb0
D

K
H

Di .o 
H

G

G a
7

G

% P

F
 F

G

G

P G re P
HO-HO

 
 P 

BOTTOM VIEWS OF BASES AND SCHEMATICS OF TUBES
S1111101A- P- Filament. II- Heater. P Plate. IC C.atbode. Grid. G Ismer Grid. G2.Serioad Grid. GS Third GM. j A.110.9

G4 -Fourth Grid. SC -Saes GM. Dl D2 Diode Plate. NC No Connecta= SP Siiippromor Grid. 1 '"

nor a RRANGEMENTS BY MI5 TYPICS
?jilt lInae :1'2.. R....np_. Bane 1;_m. BrMft Baas
00.4 4.4 1a IC 30 SC 69 68 1128 4.4
01.A

2
4.5
IC

19
20

65
4A

41
42

OC
11C

7141
75

4.4
ID

DM
465

4A
liA

3
4

1177

IC
24
26

SII
44

43
44

6C
SC

77
78

SA
1IA

446
2A3

IF
4A

5
6

IC
IC

27
30

11A
4.4

45
48

4A
5?

79
80

IF
4D

2A5
2A7

60
78

7
8

IC
40

II
32

4A
4B

47
48

5117
6C

81
82

45
4D

387
51.3

70
4D

9
10

40
4A

88
84

5D
411

SO
55

4.8
IlD

83
84

4D
55

11A7
687

78
7C

ISA
14

AA
58

34
36

AB
55

56
57

5A
6A

85
89

6D
11)1

1121
26E6

MR
SO

11
1/

511
6/1

27 541
40

58
99

GA
IA

298
VIM

4A
40

TUBE TYTIS BY BATE ARRANGEMENTS
BasaIA TSP. Baas Sipa Ram Type Baas TIP

00-A. ID 80, 83, SD 23. 47 7A 50
01-A. 92.

52.8 1?
.84
46

711 2A7.
6A7

121.0110,
911.110,

45
47

81*
MD

4A 17, IS.
77.76.

7C 187.
4117

31. 43..
50. 7IA,

40
4111

TOO
15E2 68

89
IS

X411tali, .58. 17.17.
37. 54,

GC 16.41.
It 48.

182.
2A3, SS

684.
II. II. 111D

46 III
Si. 7S,

40
4C

32. 94.
8. 3. 4.

U. SA
24 4Z

II
19

4. 6 7.
A b.

IC 6944 7 8?
so

74
15E4

Courtesy Phileo Radio & Tekv. Corp.



44 .1101)1:1:N VACUUM 'IT I:I

TUBE APPLICATIONS AND CIRCUITS

Various circuits are shown here to illustrate the applications of tubes,
(courtesy RCA-Radiotron, Inc.) particularly those that are latest
and which may be employed for a multiple number of functions.

A TUNED RADIO -FREQUENCY RECEIVER CIRCUIT
WITH DELAYED A.V.C. AND 1NTERCHANNEL NOISE SUPPRESSION

DIODE -DETECTOR A -F K..PLIFIERR-4- AMPLIFIER P -F AMPLIFIER R -F AMPLIFIER ca DAM. C. AND NSC. TYPE 57TYPE 58 y, TYPE 58 T TYPE 58 TYPE 55 R4

T

15 V.
K.C,

(CAMP I

FUSE

12:= 250000 OHMS
R2.= 300 OHMS
R3= 20000 OHMS
R4= LO MEGOHM
Rs= 300000 OHMS(VOL. CONTROL)
R8.= 500000 OHMS
R7= 50000 OHMS
R8= 410 OHMS (2o0WATT)
118= 10000 -20 OHMS
L = R -F CHOKE ,60 MILLIHENRIES
L 1 = HIGH-OUALIT Y R -F CHOKE ,85 MILLIHENRIES
L2= FILTER CHOKE1400 001-1615,30 HENRIES AT 00 MA,
L3= SPEAKER FIELD. 1250 OHMS

432

lF-

L, _I, L340 V. i25v.
I=100 MA. APPRO.(

C =GANGED TUNING CONDENSERS
C1=03 gr.
C2=0.00005 µf.
c3=0.0091pr,
C4= 8-16).4f tLOW VOLTAGE)
C5= 003µf.
Cs= BO gf: (500 VOLT ELECTROLYTIC)
C7 0.05pE
C8- 001 }1f.
C3= 0.5 pf.
T = POWER TRANSFORMER
TI AND T2 -SEE NOTE
T3= OUTPUT TRANSFORMER,PRIMARY IMPEDANCE 7000014.6

NOTE : THE CONSTANTS OF THE R -r TRANSFORMERS T1 AND T2 WILL DEPE,0 UPON
THE FRCOuENCy RANGE AND GENERAL LAYOUT

OF THE SET. THE BLEEDER RED STANCE VALUES WLL VARY WIDELY N INDIVIDUAL
SETS:THEY SHOULD BE CHOSEN TO GwETHE VOLTAGES INDICATED ACROSS EACH SECTION.

sPra
TYPE

Vs PVER

O"."FCR

SPEAKER

TYPICAL PENTAGRID CONVERTER CIRCUIT
R -F 1-r

INPUT TYPE 2A7 OR 6A7 OUT PUT

SIGNAL GRID BIAS PLATE
SUPPLY

C Alf
Cci4GANGED VARIABLE CONDENSERS2-
C3= PADDING CONDENSER
C.4=GRiD CONDENSER OF 200µ}1f.
LI = 05CiLLATOR GRID INDUCTANCE.COUPLED
L2=OSCILLA1OR PLATE INDUCTANCE
M s MUTUAL INDUCTANCE OF LI & L2
R:=OSCILLAIOR GRID LEAK
q2.SELF BIASING RESISTOR
R3 s vOL TAGE REDUCING RESISTOR OF 20.000 OHMS

(USED ONLY WHEN PLATE VOLTAGE
IS OVER 200 VOLTS)

TYPICAL PENTAGRID CONVERTER CIRCUIT
R-1 INPUT TYPE I.A6

C4

c C3 R1

1---
XIBEL2

C1 i-F
TOuTPur

1C2 1
I`

7 - 0+  7: 7"
SIGNAL ANODE -GRID r IL SCREEN PLATE
GRID BIAS SUPPLY SUPPLY SUPPLY SUPPLY

c = p f.
CI \7/GANGED VARIABLE CONDENSERS
C3= PADDING CONDENSER
C4= GRID CONDENSER OF 200 pur

i = OSCILLATORR
PGL ATRID E IN

INDUDUCTANDCECTANCE},COLPLEDL2= OSCILLATO
= MUTUAL INDUCTANCE OF Li AND L2

Ri= OSCILLATOR GRID LEAK
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DUPLEX -DIODE PENTODE CIRCUITS
Using Types 2B7 or 6B7 Tubes

HALF -WAVE DETECTOR,SEPARATE
A.V.C.FIXED-BIAS AMPLIFIER AF

HALF -WAVE DETECTOR
DIODE BIASED D -C AMPLIFIER

APPROXIMATE VALUES
150 wolf. for 500-1500 Ice.

(71= (450 mmf. for 175 kc.
C.2=0. mf.
C5=0.1 mf.
C4=0.5 mf. or larger
4',.=0.001 tut or smaller.

HALF -WAVE DE TECTOR,AND
A.V.C,FIXED-BIAS AMPLIFIER

HALF -WAVE DETECTOR, SEPARATE
A.V.C., FIXED BIAS AMPLIFIER

C6=0.01-0.1 mf.
4'7=0.0005-0.001 mf.
C5=0.1 mf. or larger
Iti=0.5-1.0 megohm
It..=1.0-1.5 megobnis
113=0.1-0.2 megohm
1:4=0.5-1.0 megohm
ns=to megohm
N=30,000-100,000 ohms.
lt7=0.1-0.2 megobms
E,,=voltage for sensitivity control

Note: Suppressor connected to cathode
within bulb.

45
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APPLICATIONS OF DUPLEX
DIODE TRIODE TUBES, SUCH

AS THE 55, 75, 85 AND
2A6 TYPES

pb

HALF -WAVE DETECTOR
FIXED -BIAS AMPLIFIER AF

ll-
C6

R C5

C1
R4

ww=41114- _411111171:-

C4

C4
4.-i F-4

FULL -WAVE DETECTOR
FIXED -BIAS AMPLIFIER

HALF -WAVE DETECTOR
FIXED -BIAS H -F AMPLIFIER APPROXIMATE VALUES

15o mini for:.00-t7,ou L..
C1= 145o mmf. for 175 kr.
Ct=0.1 mf.
Ca=0.1 mf.
C4=0.5 mf. or larger
C6=0.5 mf. or larger
C.=0.01-0.1 mf.
e,=0.0005-0.001 mf.
C6=0.1 mf. or larger
1%.=0.0001 mf. or smaller

megohm
lt2=1.0-1.5 megohms
11:,=0.1 megohm
It4=0.5-1.0 megohm
it.=1.0 megohm
itb=25000-75000 ohms
Eb=voltage for sensitivity control.
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P

y PENTAGRID CONVERTER,, TYPE 647

11B

X

f 111 = 50000 OHMS
(VOLUME CONTROL)

)15v. Cg R2= 150 OHMS
!LC C6 R3= 10000 OHMS
OR - ."I R4= 430 OHMSO.C.L 1

in 11.1e Os', R6 = 500000 OHMS
=A.. Rg Rs= 17500 OHMS

FUSE C 7- R7= 250000 OHMS
R8= 62501445(2 wATT)

1....y 25Z5 43 78 R9 = 20000 OHMS(BLEEDER)
R18= ISO OHMS (25 WATT)
Ti = 456 PC. I -F TRANSFORMER
T2 = OUTPUT TRANSFORmER;PRMARY

LOAD IMPEDANCE 4500 OHMS
NOTE: THE MECHANICAL LAYOUT OF THE SET WILL DETERMINE TO A LARGE E

NECESSARY TO KEEP HUM AT A SATISFACTORY LEVEL

FIVE-TUBE SUPERHETERODYNE RECEIVER CIRCUIT
FOR A -C AND D -C OPERATION

I -F AMPLIFIER DETECTOR
TYPE 78 TYPE 77

 .

R CTIFIER
TYPE 25Z5

X

Y RIO 77 6A7

SERIES -HEATER CIRCUIT

POWER AMPLIFIER
TYPE 43

C = GANGED TUNING CONDENSERS
C1 = 0.002 }If,
C2 = 0,1mE
C3 = OD004 (.1E
C4= 10.0 gE (ELECTROLYTIC)

S- 0.0002S Lit
C6= 001
C7 = 6A }AC (ELECTROLYTIC)
Ca = 2.0 MC
L = R -F CHOKE, 60 MILLIHENRIES
Li = 100 VOLT D -C SPEAKER FIELD, 2000 CHAS
L2 = FILTER 010KE,MAX.REStSTANCE 200 OHAS;

INDUCTANCE AS LARGE AS PRACTICAL

%TENT THE MINIMUM 5121 OF FILTER CHOKE

Illustrating the application of the 6.3 -volt type tubes, in a typical midget receiver

of the a.c.-d.c. variety. The 43 and 25Z5 are 25 -volt tubes whose filament con-
sumption is the same as that of the 6.3 volt types.

TWO STAGE A -F AMPLIFIER CIRCUIT
OUTPUT TUBE

TYPE 53

B- =
PLATE SUPPLY :-.2S0 VOLTS
GRID BIAS. -3 VOLTS
PLATE CURRENT(PER UNIT)5MILLJAMPERES(APPROx)
VOLTAGE AMPUFICATION .28.8 PER UNIT
OVERALL VOLTAGE AMPLIFICATION =720
MAXIMUM A -F INPUT .0.013 VOLTS(RMS)
MAXIMUM A -F OUTPUT -57.5 VOLTS(RMS)
DISTORTION -NEGLIGIBLE

Application of the 53 tube as a class A
driver. It may be also employed as a
class B power stage. See chart for
specifications.

VOLTAGE -DOUBLER CIRCUIT

110K
RMS

INPUT

TYPE
2525 ic

D-C
OUTPUT

Tc 1
R = HEATER VOLTAGE REDUCING RESISTOR
C= FILTER CONDENSER

The 25Z5 may be used as a half -wave
rectifier, a full -wave rectifier, or to
double the output voltage when a.c. is
employed.
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2.0 AMP.
FUSE

115V.
60 CYCLE

TYPICAL CLASS B AUDIO-FREQUENCY AMPLIFIER
OUTPUT 20 WATTS

TYPE 56

F,

TYPE 59 TYPE 59

TO 163 MA.

C, 0.1 m f.
C2 0.25 )Jf.
C3= 1.0 f.
C4: 6.0 pi . (LOW VOLTAGE)
C5= 0.06,}11.
C9= 1631f. (ELECTROLYTIC)
C7= 151.14 . (ELECTROLYTIC)
141 = 250000 OHMS (VOL. CONTROL)
R2 = 7000 OHMS
R3: 100000 OHMS
R.: 25000 OHMS
R5= 250000 OHMS
R6=1100 OHMS

SPEAKER
N21

SPEAKER
N22

(726 TO .0e MA

+265 V

II

R1=25000 OHMS
R6= 3500 OHMS
R9=3200 OHMS (10 WATT)
T, : INPUT TRANSFORKTER,PRimARY 101/2 SECONDARY=3:1

PRIMARY INDUCTANCE:12H. AT 26MA.
12:OUTPUT TRANSFORMER, 6000 ()HAAS PLATE -TO -PLATE
73: POWER TRANSFORMER; SHOULD HAVE GOOD

VOLTAGE REGULATION CHARACTERISTICS
L1 :15 HENRIES AT 100 MA ;150 OHMS 0-C

RESISTANCE. OR LESS
L2=1500 OHM SPEAKER FIELD. 115 VOLTS
L3=2500 OHM SPEAKER FIELD. 125 VOLTS

NO1C 'SPEAKERS C,Ff C.AL DESIGNED FOR NIGH POWER ARE RECOMMENDED. CIRCUIT CONSTANTS SHOULD CLOSELYAPPROX MATT 1,40SE C.,.. EN ABOVE FOR SATISFACTORY RESULTS.

Illustrating the application of the 59 tube in a class A driver stage, and a class B

power stage. A 56 tube feeds the 59 (in class A) whose output in turn drives the
two 59's in class B. To obtain the specified output from a class B stage, it is

essential that the grids of these tubes in this arrangement. ho properly excited.

Push -push a.f. coupling must be used if quality amplification is desired: since the

harmonic distortion that exists in the output of a class B stage is considerable.

and this method of coupling balances out. a great percentage of this type of
distortion.
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APPLICATION NOTE

ON

THE 37, 56, 57, AND 77 TUBES AS

RESISTANCE -COUPLED
HIGH -VOLTAGE AMPLIFIERS

The 37, 56, 57, and 77 type tubes may
be operated as resistance -coupled ampli-
fiers with high plate -supply voltages, of
the order of 500 volts, to provide high
audio input voltage for the operation
of large power output tubes.

In the design of power amplifiers, the
tubes, the coupling devices, and the
operating voltages to obtain the highest
output levels with the least amount of
distortion must be carefully selected.

For representative tubes operated with
a plate supply of 500 volts, a plate load
of 250,000 ohms, and a grid leak of
500,000 ohms for the following tube, the
voltages developed across the a.c. load
of 167,000 ohms are:

TABLE I

Tube
Type

Grid -Bias
Volts

Screen
Volts

Peak -
Output
Volts

Distortion
Per Cent

37 --22.5 172 3.5
56 -16.0 180 5.9
57 - 3.5 92 180 5.0
57 - 3.5 90 200 7.0
77 - 4.5 100 200 9.5

From the standpoint of distortion, the
37 is the most satisfactory. The 37,
however, requires 6.5 times as great an
input voltage as the 57 to yield the
same output. From the standpoint of
gain, therefore, the 57 is to be preferred
to the 37.

An excellent output tube for provid-
ing very large audio output of high
quality is the 845. This tube operated
as a self -biased audio amplifier with a
peak -input voltage of 150 volts is cap-
able of an a.f. output of 21 watts. Any
of the tubes shown in the table (the 37,
66, 57, and 77) can be used to provide
the necessary grid excitation for the 845.

From the plate characteristics of the
57 and 77, one might expect that low

distortion at high output voltages would
be obtained from these tubes when the
plate supply is 500 volts, plate load is
250,000 ohms, and grid resistor is 600,-
000 ohms for following tube. However,
distortion increases rapidly with output
at high plate -supply voltages and, al-
though large outputs can be obtained,
they may not be sufficiently free from
distortion. This relationship is indi-
cated in Table I. Distortion, incident-
ally, is somewhat critically dependent
upon screen voltage.

Operation of any of these tubes in
push-pull will provide greater output
at lower percentages of distortion. The
accompanying tabulation shows self -
biased push-pull operation for pairs of
the same tubes as in Table I with the
same conditions, i.e., plate supply voltage
of 500 volts with plate and a.c. loads of
260,000 and 167,000 ohms respectively
per tube. Screen voltage is given for
minimum distortion.

TABLE II

Tube Grid -Bias
Type Volts

Peak -
Screen Output Distortion
Volts Volts? Per Cent

- -22.5 275 0.7
56 -16.5 255 1.1
57 - 3.5 75 300 1.0
57 - 3.5 75 350 2.5
77 - 3.5 70 293 1.5

$The peak -output voltage Is that measnr..d
between plates.

For the 350 -volt output condition in the
above table, the Input to the 57 tubes is
sufficient to cause some grid current.

Considering both output voltage and
distortion, the 57 provides the most
satisfactory performance.

In cases where the grid leak of the
power tube is limited to 100,000 ohms,
the maximum output of two 57's in push-
pull with plate load of 250,000 ohms is
315 volts peak with distortion of 1.8%.
Screen voltage of 75 volts is used. The
input signal is that which will Just start
grid current.

Thus, if it is desired to operate two
845's in push-pull with a plate voltage
of 1000 volts and grid voltage of 166
volts to provide approximately 46 watts
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of power, very satisfactory results would
be obtained by using a pre -amplifier
stage of two 57's in push-pull with a
plate -supply voltage of 600 volts and a
control -grid voltage of 3.5 volts.

Where an amplifier is to be used in
conjunction with low voltage inputs,
the high gain of the 57 is a distinct
advantage.
(Courtesy RCA-Rudiotron, Inc.)
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New 2.5 Volt Tubes

2A3-A power output triode designed for
use in Class A service either in single

cr push-pull use where a large output
is desired. The mutual conductance is
particularly high, being 5500 microm-
hos. With a plate voltage of 250 volts
and a negative grid bias of 45 volts, 3.5
watts output is obtainable from a single
tube. A pair of these tubes operating
it Class A push-pull with 300 volts on
the plates and with a negative grid bias
of 62 volts is capable of delivering un-
distorted output of 15 watts.

2A5-This tube is a 2.5 volt heater type
output pentode with the same electri-

cal characteristics as Type 42 of the 6.3
volt group. When operating the 2A5
with 250 volts on the plate, 16.5 volts
negative grid bias and supplied with a
peak signal equal to the grid bias, 3
watts may be obtained.

2A7-The electron -coupled pentagrid
converter is a five grid electron -

coupled detector -modulator tube with a
high conversion gain intended for
service in super -heterodyne circuits.
Type 2A7 performs the functions of an
oscillator -modulator, and at the same
time is a satisfactory volume control
tube, thus eliminating the necessity of
having separate tubes perform the same
functions. This is accomplished by
having a sharp cut-off grid and a re-
mote cut-off grid, respectively, perform
the duties of an oscillator grid and a
signal grid.

297-A double diode -pentode intended
for service in circuits as a combined

detector, RF, IF, or AF amplifier and
AVC tube. This tube is somewhat simi-
lar to Type 55 but differs in that it
contains a pentode section instead of
a triode section, thus making possible
additional circuits applications. This
tube employs the new small seven -pin
base providing separate connections for
each of the two diode plates, making
possible several circuit combinations.

55-A double diode -triode permitting
diode detection followed by a stage of

triode audio amplification to be ob-

tained from a single tube. Various
circuit combinations are possible with
this tube, due to the fact that a separate
connection is provided for each of the
two diode plates. This facilitates the
use of the tube in many special circuits
of AVC, delayed AVC and QAVC types.

59_A three grid power output tube in-
corporating a seven -pin base which

provides external connections for each
grid. By using the flexible wiring pos-
sibilities of the socket the set manufac-
turer can provide suitable operating
conditions so that the tube may be used
for three purposes. As a Class A triode
it will deliver 1.25 watts, as a Class A
pentode 3 watts, and it may also be
used as a Class B output tube. In the
latter service a single 59 is used as a
driver followed by a pair of these tubes,
the combination being capable of sup-
plying up to 20 watts.

NEW 2 -VOLT SERIES FOR BATTERY

OPERATION

IS-The only cathode type R. F. pentode
available for battery operation espe-

cially designed for use as detector -oscil-
lator. Heater current is .220 ampere
at 2 volts.

19-A complete Class B tube containing
two triode elements. Filament rating

is .26 ampere at 2 volts. Power output
up to 2.1 watts may be obtained with a
plate voltage of 135 volts. Designed for
a small grid bias to accommodate a
range of plate voltages and to secure
maximum efficiency by reduction of in-
put grid power. Suitable for use with
Type 30 as a driver.

49-A double grid amplifier tube which
may be used as a triode, for Class A

service as a driver, or Class B service
as an output tube, depending upon the
circuit connections. A typical Class B
output stage utilizes three of these
tubes, or a single 49 as a driver may be
used to supply the input power required
by a Type 19 tube.
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New 6.3 Volt Tubes
6M-The electron -coupled pentagrid con-

verter is a five grid electron -coupled detec-
tor -modulator tube with a high conversion
gain intended for service in super -heterodyne
circuits. Type 6A7 performs the functions
of an oscillator -modulator, and at the same
time is a satisfactory volume control tube,
thus eliminating the necessity of having sep-
arate tubes perform the same functions.
This is accomplished by having a sharp cut-
off grid and a remote cut-off grid, respec-
tively, perform the duties of an oscillator
gild and a signal grid.

6132_A double diode -pentode, intended for
service in circuits as a combined detector.

RP, IF or AF amplifier, and AVC tube. This
tube is somewhat similar to Type 75 and
85 but differs in that it contains a pentode
section instead of a triode section, thus
making possible additional circuit applica-
tions. This tube employs the new small
seven -pin base providing separate connec-
tions for each of the two diode plates, mak-
ing possible several circuit combinations.

6C6-kn efficient It. F. pentode of the sharp
cut-off type. Recommended for use as de-

tector, or detector -oscillator in superhetero-
dyne receivers, as control tube and as audio
amplifier with resistance coupling. Short-
wave operation has been considered in the
design of the tube, and inter -electrode ca-
pacities kept low for this service. The 6C6
is identical in characteristics with Type 57
except for heater rating which is 6.3 volts
at 0.3 ampere.

6D6 --A remote cut-off tube otherwise similar
to the 6C6 described above. It is designed

for It. F. and I. F. amplification, or for use
as a tirst detector in a super. In this latter
service translation gain is lower than that
obtained from Type 006, but AVC voltage
may be applied to this grid to secure increas-
ed range of control. Mutual conductance,
high plate resistance, and low output capacity
are features of the design of this tube. Ex-
cept for heater rating this tube is identical
with Type 58 of the 2.5 volt group.

4I -1n improved cathode type power pen.
lode designed especially for automobile

service. Useful in any installation where
maximum power output is desired with plate
voltages not exceeding 200 volts. The tube
is very compact, using the ST -12 bulb and a
six -prong base, no top cap being required.
The tube will deliver 1500 milliwatts with
180 volts applied to plate and screen, and
with 14.0 volts negative bias on the control
grid.

42-k beater type output pentode of larger
size than Type 41, and designed for oper-

ation on voltages up to 250. Compared with
Type 247, the tube has the advantage of
higher power output, separate cathode termi-
nal and hum -free performance. The separate
cathode is particularly advantageous in mak-
ing complete self -bias operation possible and
eliminating the need for a center tap on the

heater winding. Rugged in mechanical con-
sttuction and uniform in characteristics.

755-Is a double diode -high mu triode suit-
able for use as a diode detector and a

triode audio amplifier. In addition, auto-
matic volume control can be obtained from
the diode. The triode unit has an amplifi-
cation factor of 100. Type 75 is provided
with a 6.3 volt .3 ampere heater, and like
Types 36, 37 and 38, is manufactured with
triple folded filament giving exceptionally
fast heating time.

77_A triple grid amplifier and detector es-
pecially designed to operate satisfactorily

in AC or DC use. Complete internal shield-
ing is provided by use of the conventional
outer cage, rigidly supported in the dome top
of the ST -12 bulb. Type 77 is recommended
for biased or grid leak detector service and
a low signal input R. F. or A. F. amplifier.

72-A triple grid super control amplifier with
re -mote cut-off similar in structural appear-

ance to Type 77. This tube is particularly
adaptable to radio frequency and intermedi-
ate frequency stages of receivers employing
automatic volume controlling because of its
ability to handle very high signal voltages
without cross modulation or modulation dis-
tortion.

79__A complete Class B tube with two sets
of triode elements designed for Class B out-

put service. This tube delivers a power out-
put far in excess of that obtainable from any
previous tube camp:treble with it in size
(ST bulb with top cap and six -prong base.)
The heater rating is only .6 ampere at 6.3
volts. Power output up to 5.5 watts may
he obtained when the plate voltage available
is 180 volts. Moderate increases in plate
voltage result in rapid increase in power
output. Each triode element is of double
grid construction, the two grids being con-
nected permanently together. No grid bias
is required and distortion is extremely low
due to careful design.

54_is a heater -cathode rectifier tube which
can be ii it either in half -wave or full -

wave operation. Because of its compact size
and efficient operation it is especially adapt-
able to automobile B -supply devices. Type
84 heater rating is 0.5 ampere at 6.3 volts,
and has a maximum load current drain of
50 ma.

ge;e_A three grid power output tube incor-
porating a six -pin base and a top cap

which provides external connections for each
grid. By using the flexible wiring possibili-
ties of the socket the set manufacturer can
provide suitable operating conditions so that
the tube may he used for three purposes. As
a Class A triode it will deliver 300 milli -
watts, as a Class A pentode- 1500 milliwatts.
and it may also be used as a Class B output
tube. In the latter service a pair of these
tubes is capable of supplying up to 3500
milliwatts.
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Special Tubes
I-V-A high vacuum half -wave rectifier

of the heater cathode type, with a
heater rating of 0.3 ampere at 6.3 volts.
This tube is unique in that the voltage
drop is very low, being approximately
15 volts. Type 1-V is interchangeable
with the mercury vapor tube, Type 1,
and has all the proven advantages of
the high vacuum rectifier.

5Z3-A 5 -volt coated filament full -wave
vacuum rectifier intended for heavy

duty service. The tube is capable of
supplying approximately twice the cur-
rent available from a Type 80 with im-
provements in regulation. It should not
be used in place of Type 80 in equip-
ment designed for the latter tube.

12Z3-This tube is a half -wave high vac-
uum rectifier of the heater -cathode

type, for use in DC power supplying
devices where there is a load current
not greater than 60 ma. The heater
rating is 0.3 ampere at 12.6 volts, mak-
ing it adaptable for series operation
with 0.3 ampere tubes.

18-A cathode type power amplifier pen-
tode with a heater rating of 0.3 am-

pere at 14 volts. The electrical charac-
teristics are the same as Type 42 of the
6.3 volt group. Type 18 is ideal for 0.3
ampere series circuits and is especially
recommended for transformerless re-
ceivers employing the 25Z5 voltage
doubler rectifier tube.

25Z5-A high vacuum rectifier with a 25 -
volt 0.3 ampere heater. This tube is

designed to supply DC power either in
half -wave or voltage doubling circuits
with a maximum load current of 100
ma. It is especially recommended for
universal service and can be used in
series operation.

43-This tube is a 25 -volt heater type
power pentode designed for use as a
power tube for DC line operated receiv-
ers, supplying 900 milliwatts with 95
volts applied to the plate. Greater out-
put may be obtained by operating at re-
duced grid bias of 10 volts and over-
driving by applying signals up to 14
volts. Under these conditions an out-
put as high as 1.6 watts is obtainable.
Latest construction tubes made in dome
shaped bulbs have been especially de-
signed for resistance coupled input. In
such installations the grid bias must be
kept at normal value as over -driving is
possible only with transformer coupled
circuits and with suitable transformer
design. The heater current is .3 ampere,
a suitable value for use in series opera-
tion with 6.3 -volt tubes.

48-Is a 30 -volt 0.4 ampere heater type
power pentode recommended for DC

line operated receivers. The maximum
plate operating voltage is 125 volts.
The proper grid voltage is 22.5 with a
plate current drain of 50 milliamperes.
Under these operating conditions 2.5
watts power output is obtainable.

82-A mercury vapor full -wave rectifier
with 2.5 volts, 3 -ampere filament. The

drop in the tube is constant over a wide
nge of load currents, a characteristic

desirable when supplying receivers
which include Class B output tubes.
Voltage regulation depends only upon
resistance of other circuit elements.
83-An improved heavy duty full -wave

mercury vapor rectifier with a 5 -volt,
3 -ampere filament. This tube is capable
of supplying heavy load currents up to
250 ma. and is rugged enough to stand
all normal over -loads. Especially rec-
ommended for receivers employing Class
B amplifiers.

Ar,
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Additional Tube Types
(Courtesy RCA-Radiotron Co., Inc.)

The '00-A is a three -electrode detector
tube of the gas -filled type for use in
storage -battery -operated receivers. As a
grid -leak detector, this tube is especially
effective on weak signals. See RADIO
TUBE CHART for operating conditions.

The RCA Radiotron types WD -I1 and
WX-12 and the Cunningham types C-11
and CX-12, are detector -amplifier tubes
of the three -electrode construction for
use in older types of dry -cell -operated
receivers. Their electrical character-
istics are identical. The 11, however,
fits only the WD socket, while the 12
fits the standard four -contact socket.

The '40 is a storage -battery tube of
the three -electrode high -mu type de-
signed for use in resistance- or imped-
ance -coupled amplifier or detector cir-
cuits.

The RCA Radiotron UX-874, or the
Cunningham CX-374, is a voltage -regu-
lator tube designed to maintain constant
d -c load current. In such devices, the
874, or 374, maintains an approximately
constant d -c voltage of 90 volts across
its terminals for any current from 10
to 50 milliamperes. This tube consists
of two electrodes (a cathode and an
anode) in a gas -filled bulb. It requires
125 volts for starting and shows a pro-
nounced glow in operation. This type
has an S-17 bulb and a medium 4 -pin
base.

The RCA Radiotron UV -876, or the
Cunningham C-376, is a current regu-
lator designed for use in series with
the primary of a power transformer to
absorb the voltage variations normal to
a -c power lines. The operating current
of this tube is 1-7 amperes for a voltage
range of 40 to 60 volts drop in the tube.

The RCA Radiotron UV -886, or the
Cunningham C-386, is similar to the
UV -876 and C-376. The operating cur-
rent of this tube is 2.05 amperes for a
voltage range of 40-60 volts drop in the
tube.

The RCA -868 is a sensitive phototube
of the gaseous type. It is particularly
well adapted for use with sound -moving

pictures and for experiments with light
because of its excellent response to in-
candescent lamp sources of light.

The New Tube.Numbering System

Type numbers for new tubes are now
being assigned in accordance with the
new system adopted in the early part
of 1933 by the Radio Manufacturers As-
sociation. A new system was required
because practically all of the available
two and three digit numbers has been
utilized.

The new system, which provides for
future expansion of tube types, ordin-
arily requires only three symbols to
identify a tube. These symbols are
arranged with a numeral first, then a
letter, and finally, a numeral. An ex-
ample of the new type designation is
the 2A5.

New type numbers are formed accord-
ing to the following simple rules. The
first numeral indicates the filament volt-
age in steps of one volt. For instance,
1 is used for voltages below 2.1; 2 is
used for voltages between 2.1 and 2.9
inclusive; 3 for voltages between 3.0
and 3.9, inclusive; et cetera. The digit
1, rather than the digit 2, is used for
the 2.0 -volt types in order to separate
the 2.0- and 2.5 -volt tubes. Thus, the
2.0 volt 1A6, and the 2.5 -volt 2A5.

The letter is used to distinguish the
tube type and is assigned, starting with
A, in alphabetical sequence. In the case
of rectifiers, however, the assignment is
made, starting with Z, in reverse se-
quence.

The final numeral indicates the num-
ber of useful elements brought out to
terminals. Thus, the 2A5 has five such
elements; a heater, a cathode, two grids,
and a plate.

While these rules assist to some extent
in classifying tubes by filament voltage
and function, the significance of the
individual symbols will in most cases
be inadequate to identify features of a
tube.
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Recent Advances in Tube Design
(Courtesy RCA-Radiotron Co., Inc.)

Improvements in radio tube design
and construction are not necessarily
'united to the forward steps represented
by the introduction of new tube types.
Existing tube types can be made better
by careful study of their inherent weak-
nesses and the adoption of new manu-
facturing technique designed to over-
come these faults.

The RCA Radiotron Company and
E. T. Cunningham, Inc., are constantly
experimenting to determine how the
quality and uniformity of their product
can be improved. The past year has
marked the introduction of many im-
provements in the design and construc-
tion of Cunningham Radio Tubes and
RCA Radiotrons. Some of these im-
provements are readily apparent, while
others of equal importance are not so
obvious.

Dome Bulb Construction

The introduction of the dome -bulb
type of construction has made possible
the greater uniformity of RCA Radio-
trons and Cunningham Radio Tubes.
This dome -bulb construction has been
incorporated in most of the newer
types. Older types are being adapted
to this form of construction as rapidly
as development and manufacturing ac-
tivities permit.

A mica support at the top of the elec-
trode assemble fits into the dome of the
bulb, bracing the tube's structure
against mechanical displacement. Fur-
thermore, the greater strength of the
electrode assembly secured by the dome
support has made it possible to simplify
the construction of the tube, thus elim-
inating many welds and parts, and re-
ducing the chances of error during
assembly.

The resulting increase in uniformity
of tube characteristics is a decided
benefit to the set engineer, since it per-
mits him to design receivers with closer
tolerances and consequently better per-

formance. The greater strength and
rigidity of the dome bulb, preventing
mechanical injury to the electrodes dur-
ing shipment, is assurance that the
tubes used by the consumer will meet
the exacting requirements of the set
engineer.

Reduced Size of Bulbs

Many new RCA Radiotrons and Cun-
ningham Radio Tubes are considerably
smaller than preceding types. In some
cases this reduction in size has been
made possible by the use of better glass
and by structural improvements in the
tubes themselves. Since more efficient
dissipation of heat reduces the limiting
effects of grid emission and stem elec-
trolysis, higher outputs are obtainable
with these small sized tubes.

The smaller size bulbs permit a sav-
ing in chassis space, a reduction in
shipping weight, and the use of less
packing materials.

Improved Cathode and Heater Designs

New types of cathodes (such as the
multifilamentary cathode employed in
the 2A3) have opened new possibilities
in tube design. Because of the large
surface area of these cathodes, improve-
ments in mutual conductance, lower
plate resistance, and greater power are
possible. Consequently, improved re-
ceiver performance is possible while the
cost of circuit apparatus is lower.

Developments in new and small -sized
cathodes have been incorporated in
heater type tubes introduced during
the past year. The better emission char-
acteristics of the new cathodes have
permitted the design of more powerful
output tubes, since more plate current
is made available for a given size of
cathode. Because of a decrease in the
amount of heat required to produce a
given amount of emission, the new
cathodes are economical of heater -power
consumption.
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Smaller size cathodes are desirable
because they allow the size of the whole
electrode structure of the tube to be re-
duced. Economies in heater power
ccnsumption permit savings in circuit
wiring and power transformer costs.

A careful study of heater -cathode -de-
sign problems has produced a new form
of heater which has helped to decrease
hum levels. Employing a reversed
helical winding which is baked in a ce-
ramic, the new heaters greatly reduce
the electro-magnetic field responsible
for a large part of the hum in heater -
cathode tubes. A reduction in heater
(cathode) hunt means that the overall
hunt may be sufficiently reduced so that
less plate supply filtering will prove
satisfactory.

Reduced Grid Emission

Grid emission, which is always a
troublesome problem in radio tube de-
sign and manufacture, has been greatly
reduced by the application of new
manufacturing methods.

The use of copper side rods, heat
radiators, new grid materials, and grid
wire which has been carbonized has
aided in the control of grid emission.
Certain older types of tubes, such as
tile 24A, have been redesigned to use
copper side rods for the grid. Copper
is a better conductor of heat than ma-
terials formerly used for side rods. The
superior conduction characteristic of
copper enables it to carry off and dissi-
pate more heat, resulting in a cooler
grid.

Newer types of tubes, such as the 43,
48, 2A5 and 42, which employ cathodes
requiring a large amount of heat, are
subject to grid -emission troubles due to
the proximity of the control grid to the
cathode. To overcome this difficulty,
heat radiators are mounted on the top
of the grid side rods to help dissipate
the heat which causes grid emission.

In addition, the use of new materials
for the grid wires themselves has pro-
duced a cooler grid. As one example,
the 59 employs wire, which has been
carbonized, for the grids adjacent to the
cathode. The carbonized metal reduces
secondary emission and radiates heat
so as to maintain the grid at a temper-

ature low enough to prevent excessive
primary emission.

The practical effect of reduced grid
emission is that the tube dissipation
can be increased. Higher internal dis-
sipation means higher output from the
tube and better performance from the
radio set.

Another practical benefit to the set
engineer resulting from a reduction in
grid emission is the feasibility of oper-
ating tubes such as the 2A5 with resist-
ance coupling, since the use of moder-
ate values of resistance in the grid cir-
cuit of these tubes will not cause a loss
of bias due to grid emission. Unless
grid emission in certain output tubes is
held to a low value, their use is limited
to transformer -coupled circuits.

Rigorous Tests for Every Tube

A more stringent and exacting se-
ries of tests has been initiated for each
tube type. Every tube leaving the fac-
tory is subjected to these tests. Each
tube must conform to the standards of
quality and uniformity established for
that type.

Noisy tubes are frequently the source
of trouble in receivers after they have
been put in use by the customer. While
this trouble has often been blamed upon
man-made static, in many cases the
tubes themselves were the cause. To
guard against noisy operation in pre-
liminary amplifier and detector applica-
tions, every Radiotron and Cunningham
tube of the types so employed receives a
noise test in high -sensitivity receiving
circuits in addition to numerous other
electrical tests. In this way, those
tubes which might cause trouble are
eliminated.

Representative quantities of tubes,
selected at random from production, are
life tested. Characteristic checks made
frequently during the life test reveal
how well the tubes are standing up
under actual operating conditions. In
this way it is possible to determine the
serviceability of each type. By con-
trolling manufacturing processes in ac-
cordance with the results of these tests,
each tube leaving the factory is particu-
larly fitted for operation under the con-
d!tions for which it was designed.
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The improvements in tube design
and construction which have been made
in the past enable the radio set engineer
to achieve better set performance. The
improvements which will be made in
the future will make possible even great-
er advances in receiver design. Con-

sequently, it is helpful to the radio set
engineer to be conversant with the
latest design features of all radio tube
types, since these features provide bet-
ter performance capabilities which can
br, readily capitalized by the set engi-
neer.
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Join the ORSMA
Ever since the appearance of the com-

mercial radio broadcast receiver as a
household necessity, the Radio Service
Man has been an essential factor in the
radio trade; and, as the complexity of
electrical and mechanical design in re-
ceivers increases, an ever -higher stand-
ard of qualifications in the Service Man
becomes necessary.

The necessity, also, of a strong asso-
ciation of the technically -qualified radio
Service Men of the country is forcing
itself upon all who are familiar with
radio trade problems; and their re-
peated urging that such an association
must be formed has led us to under-
take the work of its organization.

This is the fundamental purpose of
the OFFICIAL RADIO SERVICE
MEN'S ASSOCIATION, which is not a
money -making institution, or organized
for private profit; to unite, as a group

with strong common interests, all well
qualified Radio Service Men; to make
it readily possible for them to keep up
with the demands of their profession;
and, above all, to give them a recog-
nized standing in that profession, and
acknowledged as such by radio manu-
facturers, distributors and dealers.

To give Service Men such a standing,
it is obviously necessary that they must
prove themselves entitled to it; any
Service Man who can pass the examin-
ation necessary to demonstrate his
qualifications will be elected as a mem-
ber and a card will be issued to him
under the seal of this Association, which
will attest his ability and prove his
identity.

The terms of the examination have
been drawn up in co-operation with a
group of the best-known radio manu-
facturers, as well as the foremost radio
educational institutions.

The following firms are co-operating with us
in formulating the examination papers.
THE CROSLEY RADIO CORPORATION, CIN-

CINNATI, OHIO.
Mr. D. J. Butler, Service Mgr.

ORIGSBY-GRUNOW COMPANY (Majestic), CHI-
CAGO, ILLINOIS.
Mr. L. G. Wilkinson, Service Mgr.

STROMBERG-CARLSON TELEPHONE MFG. CO.,
ROCHESTER, N. Y.
Mr. E. S. Browning, Service Mgr.

COLIN B. KENNEDY CORP., SOUTH BEND,
IND.
Mr. II. F. McNamee, Prod. Mgr.

RCA -VICTOR COMPANY, INC., CAMDEN, N. J.
STEWART-WARNER CORPORATION, CHICAGO,

ILLINOIS.
Mr. T. N. Golten, Service Mgr.

The schools who have consented to net as an
examination board are:
International Correspondence Schools, Scranton,

Penna.
Mr. D. E. Carpenter, Dean.

RCA Institutes, Inc., New York, N. Y.
Mr. 0. D. Whelan, Director.

Radio Training Association of America, Chicago,
III.

Mr. A. 0. Mohuapt, President.
Selesd of Engineering of Milwaukee,

Milwaukee, Wis.
Mr. W. Werwath, President.

Radio Division, Coyne Electrical School,
Chicago, Ill.
Mr. H. C. Lewis, President.

For the convenience of Service Men
who do not have time to answer the
questionnaire, an Associate Member-
ship has been formed. Service Men
may become Associate Members by
simply filling in a form telling their
experience and qualifications. Identifi-
cation cards are furnished to Full and
Associate members.

If the candidate does not pass this
examination the first time, he may ap-
ply for another examination three or
six months later.

There is absolutely no cost attached
to any service rendered by the Asso-
ciation to its members, no dues, no con-
tributions.

If you wish to be-
come a member just
write your name and
address on a post
card and mail it to
us. Specify if you
wish to become
an Associate or a
Member.

OFFICIAL RADIO SERVICE MEN'S ASSOCIATION, Inc.
98VT Park Place New York, N. Y.
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WHAT ARE YOU DOING

ABOUT YOUR FUTURE

IN RADIO?
...prepare now for
these adventurous
exciting branches

Aircraft Radio . . . Broadcast

Station or Studio ... Talking
Pictures . . . Direction Finder
or Radio Compass ... Disc and
Film Recording . Servicing

of Home Entertainment Equip-
ment .. . Television.

RADIO offers 7 interesting branches for
you to choose from, each filled with

possibilities of adventure, advancement,
excitement!

It is easy to learn these thrilling breaches
of radio at the RCA Institutes, through ad-
vanced methods, and association with the
largest, most complete research laboratory
in the radio industry. No rubber stamp
courses at RCA Institutes-the man who
already has a radio background can enter
a course fitted to his particular needs. The
four resident schools -at New York,
Philadelphia, Boston and Chicago - offer
elementary and advanced courses in practi-
cal radio. Courses constantly revised to
include latest developments.

Control room inside a great broadcast studio

Look! Short scare operation
. . . from ground to airplane!

Win Radio Scholarship
If you cannot attend the resident schools,
RCA Institutes Extension Courses enable
you to study at home. Special laboratory
equipment furnished. Outstanding gradu-
ates of extension courses become eligible
for free scholarship at nearest resident
school. All tuition costs moderate. So
write today for catalog, full details. The
coupon makes it ea.y.

RCA INSTITUTES, Inc.
r

RCA Institutes. Inc.. Dept. RSA 31.
75 Varick St., New York. N. Y.
Gentlemen: Please send me your General
Catalog. I am checking below the phase of
radio in which I am particularly interested.
 Aircraft Radio
 Broadcast Station or

Studio
 Talking Pictures
 Direction Finder and

Radio Compass

 Disc and Film
Recording

 Servicing Home
Entertainment
Equipment

 Television

Name

Address

Occupation Age



AFTER a
thorough sur-

vey of all radio
tube s tles and all
analysis of the reason
for senior calls, we has:
found I lilt 1111)111 I ev"r
before t the sm., iceman be-
ing (tilled utom for tube
replacement and lulu. oh....
We are tamoughly confident teat
there ire !Nal...Is of intellrgent
.Trarettom. in all Parts of the world
who understand the tiesitabiliiy of
knotting just what the tithe char-
acteri are when the lute is
put in tour socket. Therefore.
we are selecting and appointing
CERTIFIED TRIAD SE1LV:CE-
MEN Ir every corner of the globe.
to ensue you to get the 11,1'a-m-
ance you pay fur. And we has('
decided to sell these special tulles
through these rep bible men, ex-
clusively.

SERVICEMEN-WRITE
FOR OUR SALES

PROPOSITION
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A APTUBES
The LONG LIFE TUBE
of Universal Satisfaction

TYPE 1 -244 -AC
T -224 -AP is an A. C.
four element. 91,,
grid tube. for rad,
frequency stages in
vial rinadts. Ittepa,
heater type anti otter:*
directly on A C.
Heater Fil. Volts.
Heater Fil. Amps. I

Plate Veils Mar 1 I-
5 prong Y type base

TYPE T-227
T-227 .8. C. deter:
or amplifier, sepal:
quick heater type.
limiter Fit. Volts.. -Deafer

Ell. Amps.
Detector Plate Volt- ;

Used as amplifier
Plate Volts...911 I.

5 prongYPE'V I1
-245

s pe base
T

T-2IS is a louver am-
plifier for use in the
output of receivers as-
signed especially for its
use. (Not Interchange-
able with T-171 or

Fit Volt, 2 5
Fit Mops ..1.5
Plate Volts ....1x11-2511
Negathe (Dial

Dias 83-50
TYPE 1-280

1-2011 is a heavy duty
full wate rectifier tube
for use In A. C, re -
:elvers or A. It, and
I' eliminators.
I -it. Vohs 5.0
Ell. .Mops 2 0
A C. Volts Tun
Il tl A 125

TYPE 1.171 AND
T17IA

'I'-171 T-17IA pow-
er amplifiers for use In
last audio sieges only
Will handle great y:
time without distorts
Ell. Volts
T -7I Fil. Aunts
T71.8 Fit Amps

V P . 9

TRIAD

TYPE T -I I2A
T -112A output amplifier
t uttes are designed fur
use In the last audio
stages of battery oper-
ated and A. C sets.
Fit Volts 5 0
T-12 F17. Amps.....  5
T-12.8 FII. Amps. .15
Plate Volts 90.180

TYPE T-551
T-551 Is a at-reen grid
variable mu tube de-
signed to eliminate
ntss talk and distortion

and reduce static to a

minimum. interchange-
able with T-224 in most
circuits.
If eater Vols 2.5
Heater Current  .1.75
Plate Volts 27.0
Screen Volts llu
Grid Illas Volts... --3
Plate Current (ma.) 0.5
TYPE 1-247 PENTODE
T-247 is a New Super
Power Audio Amplifier
with extremely high
amplification factor and
power output.
Fil. Volts 2 5
Fit. Current 1 5
Screen Volts 250
Plate Volts 250
Grid Bias Volts 16.5
Plate Current

Dna.) 32.5
Power Output

Walls 2 5

TYPE T-235
T-255 Is a Variable Mu
Semen Grld Tube simi-
lar to the type T-551.
Type T-235 is especial -
Is adaptable to sets
with automatic volume
control.
Heater Volts 2.5
lieat er Current ....1.75
Plate Volts 250
s/reen Volts 90
()rid hies Volts... -3
Plate Current

(ma.)

TYPE T -201A
T-2iilA is a standard
battery operated tube
fur use as detector and
amplifier in any circuit.
loll. Volts 511
Fit. Amps 25
Plate Volt...45 & 155

TYPE 1-226
T-226 A. P. Amplifier
for radio frequency and
audio stages. Raw A.
C. 61 used on the file-
tnent.
Fil. Volts 1 5
Fit. Amps 105
Plate Volts 90-135

TYPE 1-222 DC
T-2221/17 is a D. C.
four element screen grid
tube, for use In radio
frequency stages of
special circuits.
Fil. Volts 3 3
Ell. Amps 132
Plate Volts 135
Control Odd

Illas I to 1.5
14.0,n fIrid
CELL AND BATTERY

TUBES FOR DRY
OPERATION
TYPE 1-230

A general purpose de-
tector and amplifier
tube for dry cells and
battery operation.
Fit. Vols 2

Fit. Current .0(1
Plate Volts 941

Grid Volts -4.5
Plate Current (ma.) 1.8

TYPE T-231
A power amplifier de-
signed for dry cell and
battery operation.
Fit. Volts 2
Ell. Current.. .13 amp.
Plate Volts 135
Grid Volts
Plate current Dow) 0.8
Undistorted POW.

Output (al% I 150

Manufacturing Company
Television Mfg. Co.

This t partial list of tub:, manufactured by TRIAD
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Radio's Greatest Servicing Book
The Most Complete Directory

of Radio Circuit Diagrams
in One VOLUME

of over 2300 Pages
with Extra Heavy Cover

- Loose Leaf Bound

Buy This Big Volume on our New

DEFERRED PAYMENT PLAN
Here are two of the most surprising announcements
that .e have ever made to the radio trade end we
know Sisal it is such good news that every radio man
will be greatly enthused.
FIRST-that the three editions of the OFFICIAL

RADIO SERVICE MANUALS have nose been com-
bined into one big volume of over 2.3u0 pages.

SECOND-that this new single volume of consolidated
radio circuit diagrams and complete radio servicing
course can be hands on a deferred' PaMod Plan-
and at a big saving for you.

It is needless to say how valuable the OFFICIAL
ItADIO SERVICE MANUALS have been to members
in every branch of the Radio Industry, and how many
thousands of each edition have been sold to menu-
racturers, jobbers. dealers. Service Men and experi-
menters. But we mut emphasize this one fact: Ser-
vice Men now realize that. they are tremendously handi-
capped without the full set of Gernsback Manuals. So
much so. that those who have purchased only one or
two volumes. are NOV ORDERING THE MISSLNG
BOOKS.
The complete hook glees you a volume of over 2.300
pages with over 5,500 diagrams, chart: and photos.
There are absolutely no pages or illustrations or dia-
grams duplicated. There is no radio book published
today which Is so modern. up -to the minute. and which
contains --ty much useful information as Is to be found
In this single voltam.. It Is a book that will outlast
any other radio book in print. The book measures
9" wide, 12" long. 4,42" thick.

Included In this volume is a complete radio ser-
vicing course. This roar, covers every step needed to
learn the servicing business ... from starting in busi-
ness ... materials needed . . and how to go about
servicing receivers and repairing other radio equipment.
This course In Itself. is actually worth the price of
the entire hook.

Mail Coupon Today!
fERNSBACK PUBLICATIONS. Ins..
96-98 Park Place. New York, N. Y.
Gentlemen:

In accordance with your Special Offer. 1 enclose
herewith 0:L on a: first payment toward the One -
Volume Radio Manual. Please forward It to me
promptly. Upon receipt of the hook, I 'hall pay
rames, romnany $:". 00, Thirty slays later I shall
send you 0:1 Isis. and sixty slay: after ruse list of
hooks. 1 shall send you my last payment of 93.00.

If you want to take advantage of the Special Dis-
I

of 10;i,. remit only $12.60 with this coupon.

Name

Address

City State
A I '

ii l

Our new plan now enables ever, radio man to gel
this single volume-a Complete Directory of Il Cir-
cuit Diagrams. of over 2.300 pages. on deferred pay-
ments. You can order this book immediately-get It
In a few days, and use it while you are doing nor-
rlr log work. You can make the first few calls pay
for the entire cost of the book.
For you to get this book Is quite simple and it la
sent to yOU as soon as your order Is received. You Pa/
for it In small monthly amounts which can be taken
from your earnings. If you were to buy the three
volumes separately, the total cost would be $17.00. in-
cluding the supplements.
Now you can get the

ism OFFICIAL RADIO SERVICE MANUAL. with
Supplement-,

1932 OFFICIAL RADIO SERVICE MANUAL, with
Supplements.

and the 1933 OFFICIAL RADIO SERVICE MANUAL
Complete

at a big saving.
THE SPECIAL NEW PRICE FOR ALL THREE

MANUALS. WITH SUPPLEMENTS. IN ONE
VOLUME. WITH HEAVY BINDER

IS ONLY

$14.00
You buy this book this way-
Send $3.00 with order-
Pay $5.00 to Express Company upon receipt of book.
Send $3.00 thirty days alter receipt of book.
Send $3.00 sixty days after receipt of book.
Total $14.00.
IF THE ENTIRE AMOUNT IS SENT WITH YOUR
ORDER WE WILL ALLOW YOU A 10% DISCOUNT.

THIS CAN BE DEDUCTED FROM YOUR
REMITTANCE.

IMMEDIATE SHIPMENT

Over 2,300 Pages

Over 5,500 Illustrations

THIS IS THE GREATEST
SINGLE VOLUME RADIO
BOOK IN PRINT TODAY

GERNSBACK PUBLICATIONS, Inc.
96-98 Park Place, New York, N. Y.

k111444144441144144144414414444444441111441441
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Here you will find other titles
which are included in the Series
of the book you are now reading

Presented on this page are the new books of the RADIO -CRAFT LIBRARY-the most com-plete and authentic set of volumes treating individually, important divisions of radio. Each bookhas been designed to give radio men the opportunity to specialize in one or more of the popularbranches of the industry. The material contained in these books will increase your knowledge:you will find them a real help in your work and they will contribute to your money earningcapacity. Read these books during your spare time at home.

The authors of these books are well-known to everybody. Each one is an expert radio man:
an authority on the subject-each is thoroughly familiar with the field which he represents.
This is perhaps the first real opportunity that you have ever had to build a radio library ofbook. that ate authentic, right -up-to-the-minute and written so that they are easily digested.

Book No. I

RADIO SET ANALYZERS
And How To Use Them

With Full Instructions and De-
scriptions of Set Analyzers, Tube

Checkers. Oscillators. Etc.
By L. VAN DER MEL

Book No. 2

MODERN VACUUM TUBES
And How They Work

With Complete Technical Data on
All Standard and Many Special

Tubes
By ROBERT HERTZBERG

Book No. 3

THE SUPERHETERODYNE BOOK
All About Superheterodynes

How They Work. How to Build and
How to Service Them

By CLYDE FITCH

Book No. 4

MODERN RADIO HOOK-UPS
The Best Radio Circuits

A Complete Compendium of the
Most Important Experimental and

Custom-built Receivers
By R. D. WASHBURNE

Book No. 5

HOW TO BECOME A RADIO
SERVICE MAN

How To Get Started and How To
Make Money in Radio Servicing

By LOUIS MARTIN

Book No. 6

BRINGING ELECTRIC SETS
UP TO DATE

With Pentodes. Multi -Plus. Dy-
namic Speakers-Complete Inform-

ation How to Modernize A.C.,
D.C. and Battery Operated

Receivers
By CLIFFORD E. DENTON

Book No. 7

RADIO KINKS AND WRINKLES
For Service Men and

Experimenters
A Complete Compendium on the

Latest Radio Short -Cuts and
Money -Savers

By C. W. PALMER
Book No. 8

RADIO QUESTIONS AND
ANSWERS

A Selection of the Most Important
of 5.000 Questions Submitted by

Radio Men During the Course
of One Year

By R. D. WASHBURNE

Book No. 9

AUTOMOBILE RADIO AND
SERVICING

A Complete Treatise on the Subject
Covering All Phases from Installing

to Servicing and Maintenance

By LOUIS MARTIN

Book No. 10

HOME RECORDING AND ALL
ABOUT IT

A Complete Treatise on Instan-
taneous Recordings. Microphones.
Recorders. Amplifiers. Commercial

Machines, Servicing. etc.
By GEORGE J. SALIBA

Book No. II
POINT-TOPOINT RESISTANCE

MEASUREMENTS
The Modern Method of Servicing

Radio Receivers
By CLIFFORD DENTON

Book No. 12

PUBLIC ADDRESS INSTALLA
TION AND SERVICE

Modern Methods of Servicing and
Installing Public Address Equipment

By J. T. BERNSLEY

ALL BOOKS UNIFORM
The books In the new RADIO -CRAFT LIBRARY are all scruffy up-to-date and written by men who know theirPubiect,. The volumes are all uniform Sill', I; s 9 Inches, and contain on an average from 50 to 120 illustrations.Each book is printed on fine book paper

Big Discount Offered
In order to make it possible for every -one to buy these books, the fifty (50) cents price hasbeen made uniform for all volumes. You can buy these books separately, but you should takeadvantage of our special offer:

WHEN FIVE (5) BOOKS OR MORE ARE ORDERED DEDUCT 20%
FROM YOUR REMITTANCE

Simply fill in the coupon below. and mail it to us together with your remittance. Checks, stampsor money orders accepted.

Clip Coupon and Mail TODAY

GERNSBACK PUBLICATIONS, INC.96-955T Park Place, New York, N. Y.
I have circled below the numbers of books in the RADIO -CRAFT LIBRARY, which youare to send me, and have deducted 20% for ordering five (5) hooks or more. I haveincluded my remittance in full, at the price of 50c each, when less than five books areordered.

The amount of my remittance is________(Stamps, checks or money orders accepted.)
Circle numbers wanted: 1 2 3 4 5 6 7 8 9 10 11 12

Name Add -t-,
City State AR
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413169PAYRadiojob
J. IC. Smith, President. Nes
!lona! Had, Institute. the men
who has directed the Home
Etude lrainimt of noire men
for the Radio induntry than
any other man In America.

Free Book
Tells Mow

Mall Coupon!

Get my big FREE book on the opportunities in
Radio. Read how quickly you can learn at home
in your spare time to be a Radio Expert-what
good jobs my graduates have been getting-real
jobs with real futures.

Many Radio Experts Make $50 to $110 a Week
Over 800,000 jobs have been created by Radio's
growth, and thousands more will be created by its
continued development. Many men and young men
with the right training-the kind of training I
give you in the N. R. I. course-have stepped into
Radio at two and three times their former salaries.

Many N.R.I. MIDIS Rave made 8200 to Stese
In spare time while learning

The day you enroll with me I send you material which
you should master Quickly for doing 28 Jobs, common
In most every neighborhood, for sparettme money. I give
you the plans and Ideas that have made 8200 to $1,000
for N. It. I. students In their spare time while study-
ing. My course Is famous as the course that pays
for Itself. I have doubled

Aircraft Radio Included and tripled theTalking Movies, Television,

Special training in Talking Movies Television Find oesut aboutTelevision
anti home Television experiments, Radio's use

Salaries of
in Aviation, Servicing and Merchandising Sets,
Broadcasting, Commercial and Ship Stations are this tested way
included. I am so sure that N. It. 1. can train
you satisfactorily that I will agree in writilts
to refund every penny of your tuition if you

t,
are not satisfied with my Lessons and Instrtie-
ti 11 Sir, 0, uiom t

64.page Book of InformationFRI'
Get your copy today. It tells you where
Radio's good jobs are, what they pay,
tells you about my course, what others
who have taken it are doing and making.
Find out what Radio offers you without
the slightest obligation. ACT NOWI

NEW Radio Equipment
for Broad Practical Experience
Given Without Extra Charge
vv,th this equipment yell mirk out many of the
things ton read in textb4niks. From it pin get
the experience that tells an expert from a be-
ginner. In a short time you hare learned what
Would take years to learn in the field. You
make experiments illustrating the important
principles lu the 2$ beat known receiving sets.

J. E. SMITH. President
National Radio Institute, Dept. 2ED7
Washington, D. C.

Dear Mr. Smith: Send me your free
book. I understand this request does not
obligate me and that nu salesman will call.

NAME

ADDRESS

CITY STATE
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The Radio Serviceman's Supply House

WHERE

QUALITY SERVICE
Lowest Wholesale Prices

Are Combined
Complete Lines of Finest Quality, New Merchandise
Carefully Selected for You from the Offerings of

the Most Reliable, Standard Manufacturers

Test Equipment, Tubes, Batteries, Repair Ports, Accessories of all Kinds.
Public Address, Lighting Fixtures, Electrical Supplies, and many other
items to make money for you,are carried in stock-always ready for you.

Fastest, Most Reliable Service
Practically every mail order shipped same day

VERY PROMPT, COURTEOUS, HELPFUL COUNTER SERVICE

Men from Chicago and vicinity will find us conveniently located
with plenty of parking space all times of every day.

Get Your Copy of Our New 1932 Serviceman's Price Guide.
Send for It NOW'

Radolek Co. 4)41'444,
502 Canal Station,Chicago-

Please send me without °blip°. CoUpON
tion your Serviceman's Supply Book.
Name
Address
Coy State
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A GOLDEN OPPORTUNITY
FOR ALERT RADIO MEN IN

THE NEXT GREAT INDUSTRY

SERVICE MANUAL

Official Air

1
352 Pages

Over 600

Illustrations

9x12 Inches

Flexible, Looseleaf

Leatherette Cover

$5.00 List
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"I advice wiling and progressive men to go

Into the airconditioning business during the
next few years; because, th,. without a doubt.
Is the coming industry in this country. Thous-
ands of small firms will spring up. undertaking
to air-condition private halms. small Inc., ne,
offices. factories. etc. We are not going to

tear down every building in the United States

immediately. It will be a gradual gr,cath het

small installation firms will trcond ,n small
houses. and evrn single offs; in small bodd-
legs."

This Is only partial proof or the certain surcess of
this nets Held. Further assurance is that engineering
schools have already added many Important courses on
air rontlitioninat to their regular curriculum. Arehltects
and building Contractors are giving conblerable thought
to installation of this equipment in structures which
are now being planned and built. The beginning of
this business will probably be similar to the auto
and radio industries. but in a has short Years it will
surpass these two great fields.

Conditioning Service Manual
The OFFICIAL AIR CONDITIONING SERVICE 'MANUAL la being edited by

L. K. Wright. who is an expert and a leading authority on air conditioning and
refrigeration. He is a member of the American Society of Refrigerating En-
gineers. American Society of Mechanical Engineers. National Association of
Practical Refrigerating Engineers: also author of the OFFICIAL REFRIGERATION
SERVICE MANUAL and other volumes.

In thin Air Conditioning Service Manual nearly every page is illustrated;
every modern installation and Individual part carefully explained; diagram, fur-
nished of all known equipment; arterial rare given to the servicing and installation
end. The mob neeced are Illustrated and explained; there are plenty of
chart§ and page after page of service data.

Remember there is a big opportunity in this new field and plenty of money
to be made in the servicing end. There are thousands of firms selling Installations
and parts day ar.d this equipment must be cared for frequently. Eventually
air conditioning systems will be as common as raillri: and refrigerators in homes,
Mitres and Industrial plants. Why not tart now-inereasa your earnings with a
full- or spare -time service business.

Here are some of the chapter heads of the OFFICIAL AIR CONDITIONING
SERVICE MANUAL:

CONTENTS IN BRIEF
History of Air C !r! ir !!!!.... : I n:' !.,..,t1..:i Lras; Methods of Refrigeration:

Elector System of It, Iris, r r .. i'rt,i,ro-.,1; Sila-rn of Refrigeration; Refrig-
erants; Lubricating Oil,: Liquid Throttle Deck,: ; Servicing Expan- ion and Float
Valves; Servicing Refrigerating Sy,tems ; Control Devices; Thermodynamics of Air
Conditioning: Weather in the United States; The Field of Air Conditioning:
Insulating Materials; deal TransmIs.don Through Walls; Complete Air Condition-
ing Systems; It:stir.? rag Requirements for the Home, Small Store. Restaurant;
Layout of Duct St .tuns:Ill.,: S!.rrilr, Up Se -rem; Orivr..lini, and livrvIrIng Air
Condit 1, ,t, it, t. Si , t,,,, :.Air I' i' r.,' ',,,. Ver:a l. i , r, a .and N. !.. 1!! irtlirlir irti.; lirsirrs;
Portal.',. F'. . tri. ll, 1.! !CI. .. .nr ! It !:, a' I. ..: \u a, ,, i. !loc.. lit !r- : .sir
Conde, -min:;I 'rrit her lia.:1.1! r- S'..rr int .1.4: W.,rn, A , t-ta -.arams. l'irr r.il Con-
ditioning I 'nit etc

Send remittance of $5.00 in form of check or money order
for your rosy of the OFFICIAL AIR CONDITIONING SER-
VICE MANUAL. Register letter if It contains cash or
currenry, THE MANUAL IS SENT TO YOU POSTAGE
PREPAID.

GERNSBACK PUBLICATIONS, Inc. 96-98 VT PARK PLACE
NEW YORK, N. Y.



$350

There's plenty of Servicing 'Material

in the NEW 1934 Manual
iiF.RNSBAC,K :Tanuals in Contents of the 1934 Manual
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