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SUCCESS AND HAPPINESS

I hope you have been reading and thinking about the
short personal messages that appear on the inside of the
front cover of the various lesson texts.

I would like to have you feel, as you read them before
tackling a new lesson, that you are in my office with
me, listening to a word of advice or cheer, prompted by
my desire to be of real help to you. As I see it, my
responsibility to you goes farther than to give you the
very best Radio training I can—I want to help you get
the most out of life—to attain a real happiness.

I hope you will realize that my many years of contact
with thousands of ambitious men in all parts of the
world, have taught me how to be a helpful friend to you.
And in these “minute talks” I give you the benefit of
what I have learned during my years of contact with
N. R. L. men,

You, in common with all other N. R. 1. men, desire
Success. But behind your desire for Success is the desire
for Happiness. You think that Success will bring Hap- -
piness. But such is not necessarily the case. I believe
that you must train yourself for Happiness just as you
must train yourself for Success.

Many a successful man today is not happy—just be-
cause he did not realize this important truth.

The first thing we must understand about Happiness
is that it comes from within! External things—money,
success, friends, do not make us happy or even satisfied
with our lot. Happiness is a state of mind and unless we
learn how to be happy within ourselves, we might have
money, success, friends, everything we want, and still
be unhappy.

So in some of these minute talks of mine, I am going
to try to help you learn how to get the most happiness
out of the Success there is in store for you.

J. E. SMITH
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Revised 1982, 1933, 1934,
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Radio Condensers — Their Function
and Operation

Capacity

The meaning of the word “capacity” as it is commonly
used, is familiar to all of us. We talk about the capacity of a
tank, the capacity of a freight car. In Radio we talk about the
capacity of a condenser—that is, how much electricity or elec-

trons a condenser can hold.
In Radio circuits, condensers play as important a part as

the inductance coils, in fact, the two are nearly always used
together. Condensers are of two main types—fized and vari-
able. Fixed condensers, used for by-passing Radio frequency
currents, for blocking direct currents, as grid condensers, as
coupling condensers, etc., have a constant capacity. The variable
condensers used for tuning, balancing, controlling regeneration,
etc., are arranged so that their capacity may be varied.
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Flg. -—Constructional Detalls of a Simple Condenser.

The constructional details of a simple fixed condenser are
shown in Fig. 1. It consists essentially of two metallic parallel
plates, generally made of tinfoil, copper or aluminum sheets
separated by an insulating medium known as the dielectric of
the condenser, which may be glass, mica, celluloid, oil, waxed
paper or even air. Various types of commercial fixed condensers ’
are shown in Fig. 2.

A typical variable condenser is shown in Fig. 8. This type '
of condenser consists of two sets of plates, one stationary (called
the “stator”) and the other rotating (called the “rotor”). The
rotor plates interleaf between the fixed plates without touchmg
them.

The capacity is varied by moving the rotor plates in and
out of the stator plates:

1




When the rotor plates are completely out of mesh with the
stator plates, the capacity of the condenser is least because the
smallest areas of the plates are exposed to each other. It is great-
est when the two sets of plates are completely intermeshed.
For any positions between these, various intermediate capacities
exist. o

Condensers are by no means strange devices to most of us,
and Figs. 1, 2, and 8 recall them to us. Condensers as capacities,
“storerooms” for electricity is a new idea. What do we mean
by storing electricity? We can store sugar in a barrel and
gagoline in a tank. We realize these facts easily because we can
actually see sugar, water and gasoline. In the same way we can
store (charge) a condenser with electrons, actual little particles
of electricity. Try to form a mental picture of these electrons,
that really exist.

Fig. 2—Various Types of Fixed Condensers.

In any conductor millions of electrons are roaming around
freely, held in the conductor by positive charges which prevent
them, so to speak, from spilling out. Yet they can be withdrawn.

Figure 4 shows a water tank filled with water. Water is
prevented from flowing out by a stop cock V. Should we open
the valve V, the water will flow out. Place the palm of your
hand under the valve and open it—a large force will push down
on your hand. There is a force, a pressure, pushing the water
out. 2




Take a large metallic ball; set it on an insulated stick and
connect it to the ground through a wire W in which there is
an electrie valve S (a switch). (See Fig. 5.) In this case we
open the switch S and electrons are stored in the ball. (How
this is done will be explained shortly.) How can we prove that
electricity is stored in it? Place little pieces of tissue paper on
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Fig. 3—Variable Condenser.

it and they will be shot off. Has it a pressure? Yes. Place a
voltmeter across the open switech and a voltage (electrical pres-

sure) will be indicated. Close the switch and the electrons will
leak off to the ground.

In both cases, however, the stored material has been scat-
tered so that it cannot be put to any good use.

N

Free electrons
orn surface
of ball
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Fig. 4

Figure 6 (a) shows two water tanks connected together, the
left-hand tank A is filled with water which is prevented from
flowing into B by the valve V. Open the valve and a current of

water will flow in the pipe and B will fill up until there is an
equal amount of water in each tank.
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Compare this with 6(b), two metal plates, close together,
but insulated from each other by the open switch S. Note that
plate A is charged, it has twice as many negative electrons as
positive charges, while plate B has been robbed of half its
electrons. Close the switch and the extra negative electrons will
divide themselves equally between the two plates. In this rear-
rangement electrons flow through the conductor C from plate A
to plate B. Don’t forget that we said before that when electrons
flow through a wire, we have a flow of current. The final con-
ditions are shown in 6(c) and 6(d).
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Fig. 6

ACTION OF A CONDENSER

Figure 7 will help us get an idea of how a condenser is
charged with direct current. The upper electric circuit to the
right of the diagram shows a battery connected to a condenser,
but the circuit is incomplete because the switch is open. To the
left is a tank connected to a rotary water pump and the tank is
divided in the middle by a water-tight rubber diaphragm
stretched across it. Obviously this divides the tank into two
portions and as the pump is rotated in the counter clockwise
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direction, water is withdrawn from compartment “A” and forced
into compartment “B.” This is clearly brought out in the
sketch below which redlly indicates that the diaphragm has been
stretched, a force has been exerted on it. In a sense we can say
that the tank has been charged, because if no more mechanical
energy was applied to the pump, the diaphragm would force the
water back through the pump causing it to rotate in the opposite
direction, therefore, delivering power and leveling the water in
compartment “A.”

RUBBER SHEET
STRETCHED ACROSS
7 TANK

-
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Fig. 7—Hydraulic Analogy Showing How a Condenser Is Charged With
Direct Current

Let us see how close this is to the electrical condition in
which we are vitally interested. But first let us review a few
of the fundamental electrical concepts. We understand that a
condenser consists of metal plates separated by insulating ma-
terial, and both plates ordinarily have an equal amount of positive
and negative charges and the positive, we must understand, can-
not be separated from the metal plates. Then let us get a clear
picture of what we mean by a battery and particularly, what we
mean by saying that it develops an em.f. A source of e.m.f.
is really nothing more than an electrical pump which has a
positive and negative terminal. The positive terminal has the
electrical property of drawing electrons to it. The negative side
has the property of delivering electroms to a circuit. Therefore, in
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Fig. 7 we have a battery with a positive terminal ready to draw
electrons out of the lower plate of the condenser and a negative
terminal from which electrons are forced-into the upper plate.
The lower right diagram of Fig. 7 shows this clearly. The lower
plate of the condenser is robbed of electrons and these are re-
turned through the wire to the upper plate. (This explains how
the metal ball was charged in the previous discussion; an e.m.f.
was connected between the ball and the switch, and the latter
closed for a moment until the ball was charged to the limit of
its capacity.)
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’ ALTERNATING  CONDENSER
CURRENT
GENERATOR

Fig. 8—Hydraullc Analogy Illustrating the Flow of Alternating Current
Through a Condenser.

When the e.m.f. or battery is removed the electrical power
stored in the condenser can be used, just as the charge in the
water tank in Fig. 7 was used to turn the pump backwards.

If we increase the diameter and length of the tank, we can
increase the amount of water it can store. This naturally in-
creases the surface area of the tank. If a large amount of water
is to be stored, we use a tank with a large surface area. Now
the chief purpose of a condenser is to store electrical energy;
therefore, we can see that the greater the surface area of the
plates, the more electrical energy can be stored.
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It is impracticable, for many reasons, to use condensers
which have very large plates. To obtain a large capacity for
Radio work, it is necessary to construct the condenser of several
plates connected as shown in Fig. 8. This amounts to the same
thing as having fewer plates with larger surface areas.

CHARGING A CONDENSER

Now, let us consider how a simple condenser can be charged
using a 6 volt battery, switch (S) and a galvanometer (G) (an
instrument which indicates the presence of very small electric
eurrents) connected as shown in Fig. 9. When the plates of
the condenser are connected by means of the metallic conduc-
tor to the battery, (or some other source of constant em.f) a
certain difference of potential (one plate will be negatively
charged and the other we say is positively charged) will be
established between the two plates. When the switeh “S” is
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Fig. 9

closed, it will be found that a momentary current will flow,
which will be indicated by the needle of the galvanometer “G,”
But this current will soon stop flowing even though the battery
still has an em.f. of 6 volts. You must realize that 6 volts
can only withdraw from one condenser plate a definite amount
of electrons- When the negative side of the condenser is charged
to a point where the difference of potential between it and the
other plate is 6 volts, charging stops, that is, no current will
flow from the battery.

This stopping of current shows that the condenser is fully
charged and it has developed an electromotive force equal, but
opposite to the applied e.m.f. In order that the difference of
potential (an e.m.f.) exists between plates “A” and “B,” the
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electrons in the circuit must have been redistributed; that is,
a certain number of electrons was removed from the positive
plate “A” and a like number deposited on the negative plate
“B.” The transfer of these electrons, from one plate of the con-
denser to the other plate, is effected through the metallic circuit
in which the battery is connected. The battery acts as a pump,
drawing the electrons off one plate of the condenser and forcing
them onto the other plate. '

During the time that this transfer of electrons is being
effected, an electric current flows in the external circuit.

Thus, the plates of the condenser become charged with elec-
tricity of opposite polarities, the plate carrying the excess of
electrons acquiring a negative charge while the one from which
they are removed acquires a positive charge. Furthermore, a con-
dition of electrostatic tension (force) is established in the dielec-
~ tric between the positive and negative plates which aets in
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Fig. 10 .
opposition to the electromotive force of the battery. If the
switch “S” is opened and a voltmeter applied to “A” and “B”
it will be found that the condenser has an e, f. which is the
result of the charging.
It is obvious then, that if the two charged plates of the con-
denser were suddenly connected together by a metallic conductor,

across the dielectric, a flow of electrons would take place from
the negative plate to the positive plate.

DISCHARGING A CONDENSER
In Fig. 10, we have connected to the previous circuit (Fig.
9) another switch “S-1.” When switeh “S” is closed and “S-1”
is open, the plates of the condenser will receive a charge, the
potential difference of which is the same as that of the battery.
If switch “S” is then opened and “S-1” is closed, the gal-
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vanometer “G” will indicate a flow of current, but in the opposite
direction showing that the condenser is discharging. In other
words, the difference in distribution of electrons on the con-
denser plates is being equalized by means of a current flow from
one plate to the other.

The negative plate, now instead of receiving electrons as it
did when being charged, is losing electrons which explains why
the electrons will flow in the opposite direction when discharging.
' As was previously ‘stated, the condenser when charged
developed a back pressure in opposition to the electromotive force
of the battery. At full charge it balances the applied e.m.f.
and current flow stops. At the instant charging starts the
amount of current is at maximum but it quickly tapers off to zero
as shown by the graph in Fig. 9.
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Likewise when a condenser is dlscharged the current flow
is greatest at the instant of short-circuiting. This rapidly
tapers off as shown by the graph in Fig. 10.. Were it not for the
resistance in the circuit, the condenser would discharge instan-
taneously. But because of this resistance, the current tapers off.

ALTERNATING CURRENT FLOW IN A CONDENSER
CIRCUIT

The action of a condenser in an alternating current circuit
is quite different from that of a direct current circuit.

This difference can be illustrated very easily by connecting
a 2-mfd. capacity condenser in series with a 25-watt light bulb
to a 110-volt alternating current house lighting circuit. (See Fig.
11.) With this arrangement you will find that the bulb will light,
but with the same arrangement on a direct current circuit it would
not light, because the electrons in a D.C. circuit are going in one
direction and when the condenser is fully charged, it exerts a back
e.m.f. which balances the applied e.mif. and current flow stops.
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There will, however, be a force urging the electrons to cross
over from the negative plate to the positive plate but the insula-
tion between the two sets of plates prevents them from going
across, thus a condenser effectively blocks a direct current from
flowing around the circuit after it is once charged.

When an alternating current is used the impressed e.m.f.
continually rises in magnitude and changes in direction. The
condenser is charged to the extent of the amplitude of one
alternation. When the A.C. voltage reverses its direction, it
charges the condenser in the opposite direction. Thus the plates
of the condenser are alternately charged and discharged, when
one is negative the other is positive and so on, following the
alternations of the A.C. current.

This continual charging and discharging of the condenser
by-passes or allows a continual flow of electrons back and forth
through the light bulb and the connecting wires, even though
we have practically an open circuit between the two sets of plates
of the condenser.

The current that flows in such a circuit, as in Fig. 11, is an
A.C. current. An important thing to remember is that when a
condenser is being alternately charged and discharged by an
A.C. emf., the current that flows depends upon the strength of
the e.m.f., the size of the capacity, and the frequency of the A.C.
The greater the frequency the greater the movement of electrons,
that is, the flow of current.

OSCILLATORY CIRCUITS

We have now had an introduction to the three important
quantities used in Radio receivers and transmitters, namely,
resistance, inductance, and capacity. In many cases you will
have all three connected together in series and the condenser
charged. What will happen?

In Fig. 12 we have a capacity “C” in series with an in-
ductance “L” and a resistance “R.” The resistance “R” repre-
sents the direct current resistance of the inductance. It is never
possible to have an inductance without having it contain some
direct current resistance, and in order to bring out some of the
fundamental principles, this direct current resistance is shown
separately. The battery “B” is connected to this circuit by means
of two switches “S” and “S-1.” When “S-1” is open and “S” is
closed, the battery e.m.f. will find a path through the resistance
“R,” the inductance “L,” to the condenser “C,” and in so doing,
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the condenser “C” will gradually assume a charge until the poten-
tial difference between the two plates is equal to the potential of
the battery. From our previous study, we have found that if a
circuit is provided to discharge the condenser, it will gradually
give off whatever charge it holds until its plates come to a state
where no potential difference exists between the two.

When switch “S-1” is open and switch “S” is closed, the
battery will gradually charge the condenser until it assumes a
potential equal to that of the battery. Now by opening switch
“S,” the battery circuit is opened and the condenser remains in a
charged position. Now let us close switch “S-1” so that a com-
plete circuit is provided for the condenser to discharge. At the
instant the switch “S-1” is closed, electrons rush out of one con-
denser plate in order to equalize the other. In proceeding
through the circuit, the electrons passes through resistance “R”
and inductance “L.”

L

=8 s/ L
R
I . AMMA

Flg. 12—Fundamental Osclllatory Circuit.

Naturally when current flows through the resistance power
is lost, as we have already learned. This loss is equal to I'R.*
On the other hand, the current in flowing through the inductance
builds up a magnetic field around it, storing within it electrical
magnetic energy. The result is that although the condenser
charge has been neutralized the condenser no longer has a
difference of potential, some of the energy of the condenser is
stored in the inductance.

As the inductance cannot hold its magnetic energy after
the condenser has lost its e.m.f., it naturally gives up its energy,
which collapses on the wires, inducing an e.m.f. in the coil and
this e.m.f. charges the condenser again but in the opposite direc-
tion. Of course, this is accompanied by a flow of current and
more energy is lost in the resistance, in the form of an I®*R loss.

Then the condenser discharges again in an attempt to
equalize the electrons on the two plates and again energy is lost

*The amount of power dissipated as heat in circuit resistance is equal to the square
of the current multiplied by resistance (IxIxR) and thus power is measured in watts.
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in the resistance. But enough energy remains to create a mag-
netic field about the inductance. The polarity of which reverses
when the direction of current reverses. This magnetic field is of
~opposite polarity but, nevertheless, energy is stored. When the
condenser has given up all of its energy the inductance proceeds
as before, its magnetic field collapses on it, and delivers an em.f.,
which charges the condenser in the original condition but much
less than previously because of the I2R losses.

The process continues and with every charge and discharge
of the condenser, power is lost in the resistance and the quantity
of electricity stored becomes less and less.

You can get the idea a little better perhaps by looking at
Fig. 13. This illustration shows a heavy weight hung on a
spring in a normal position of rest O. Suppose we pull the
weight down and let go. What happens? When we let go, the

Fig. 18

weight is in the position A. The spring then pulls the weight
upward until it reaches the point B, then the weight falls down
again below the original position O to the position C. You
will notice that position C is not as low as position A. The
spring then pulls it upward again to the position D. The weight
thus oscillates up and down with a decrease in its amplitude
during each oscillation. Now let us consider in detail what goes
on during this oscillation.

When we pulled the weight down we had to exert a certain
force, and this produced a tension in the spring, due to our
stretching it. Therefore, energy was put into the spring. Now,
when we let go of the weight, the tension or energy in the spring
pulls up the weight. In pulling up the weight, the spring gives
up all of its energy, excepting a small part, to the weight. The

12
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energy which the weight does not receive is lost in friction with
the air. The weight finally gets to the top of its journey and no
longer moves upward. It is clear that since the spring no
longer pulls the weight upward that it has lost all of its energy.
Where has this energy gone? The answer is, all the energy
that was not lost in friction has been given to the weight. It is
clear that this must be so, for at that instant the weight begins
to move downward. In moving down, the weight gradually
returns its energy to the spring by stretching it, for soon the
weight stops moving downward as the spring is stretched to its
limit and then moves upward again, repeating the whole process
of transferring energy from one place to another. But gradu-
ally the system oscillates with decreased amplitude until finally
it comes to rest, after all the energy in the system has been used
up in friction with the air.
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Damped Wave Fig. 14 Undamped Wave

The coil and condenser act in a very similar manner, as we
have seen. The energy in the spring may be likened to the
charge (or voltage) of the condenser. The coil takes the part
of the weight. The up and down motion of the spring and
weight is like the to and fro motion of the electrons in the
electric circuit.

If we were to place an oscilloscope, such as we have
described before, into the circuit, Fig. 12, we could get a picture
of the flow of current and it would appear exactly like Fig.
14(a). Such a variation of current is referred to as an oscil-
lation, and in this particular case, as a damped wave oscillation
because the oscillations die off rapidly. Of course, it is not really
a wave. It is nothing more than a picture of current variations
as they would appear if we watched them through the oscillo-
scope. You will learn later how rapid oscillations produce elec-
tromagnetic waves which we know are Radio waves. Although
we refer to these as waves, to be absolutely correct we should
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talk about them as damped wave current osc1llatlons, for they
are really in current form.

If we were to remove the resistance “R” from the circuit
in Fig. 12 (which, by the way, would be impossible, as we could
not build a capacity “C” or inductance “L” without some resist-
ance) we would find that no energy would be lost in the suc-
cessive discharges of the condenser and we would have what is
known as an undamped current oscillation, as shown in Fig.
14(b). More often we call this particular variation in current
a continuous wave oscillation. Just how we can obtain an effect
equivalent to removing R we shall learn later. No doubt, you
have heard the word C.W. transmitter. It is the continuous
wave transmitter that is used in all broadcasting stations and
in all modern Radiotelegraph transmitters.

The damping quality or the dying away of a wave is gov-
erned by the amount of resistance in_the oscillatory circuit. The
greater the resistance included in the oscillatory circuit, the
shorter the time will be before the current in the circuit ceases
to flow. If the resistance in the circuit is low, the current tends
to oscillate for a greater length of time.

MEASURES OF CAPACITY

The capacity of a condenser to store electrical energy de-
pends on four things, (1) the surface area or size of its plates,
(2) the number of plates in the condenser, (3) the separation
of the plates or thickness of the dielectric (insulation) between
them, and (4) the substance used for the dielectric between the
plates. ' _

It would seem that a very thin dielectric would give the best
results. This is true as long as the material is not so thin that
its dielectric strength will break down and a discharge take place
through it.

This can best be explained by a comparison with some simple
arrangement as that shown in Fig. 15. This consists of two
small balloons, connected to a gas jet from which they are filled
or charged, if you wish, with gas. The two balloons in this
illustration are of the same size, but one is made of thick rubber
and the other of thin rubber. .

A constant pressure is forced through the valves in the
pipe but you see that the thin balloon has expanded perhaps to
twice the size of the thick rubber balloon, yet both have been
fed by the same pressure. By “pressure” here is meant the

14
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tendency of the gas to force its way against the sides of the

rubber and to expand it.

We might increase the pressure and both balloons would
increase in size, but suddenly the thin balloon would break,
whereas the thick rubber balloon could withstand even a greater
pressure than that at which the thin balloon exploded. Of
course, we might increase the pressure on this balloon until it
also would break down. In other words, each balloon has a
break-down pressure above which it will not resist the forces
attempting to tear it apart. Naturally the safe pressure to
which these balloons can be subjected to, will be somewhat less
than the break-down pressure.

We may even try another experiment with balloons, in which
cage a small and a large balloon of the same thickness are em-
ployed. We would find that the volume of the large balloon

Large

balloorn Sl

batloor

&
Fipe Valve

Fressure
Fig. 156

would always be greater than that of the small one. But more
than likely we would find that both balloons would break at the -
same pressure.

We have very similar conditions in Radio circuits. Two con-
densers may have metallic plates of equal surfaces but if one has
a thicker dielectric than the other, the former would not store as

much capacity as the one with a thin dielectric, and at the same

time the condenser having a thin dielectric would not stand as
high an electrical pressure (e.m.f.), as the condenser having the
thick dielectric. It would not be as safe to operate the thin
dielectric condenser on heavy voltages. Condensers are always
rated at working voltages, which means a safe voltage which
the condenser can stand continuously without danger of break-
ing down. The farther it is charged with a voltage above that
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value, the more unsafe it becomes and the more likelihood that
it will break down, and become worthless. Likewise, if two con-
densers both have the same dielectric thickness but one hag a
greater surface area, this one would naturally have the greater
capacity for storing electricity.

Electrically, if we apply a greater voltage we draw more
electrons out of the one plate and put more into the other one.
Naturally the electrons on one side of the plate tend to force
their way through the dielectrie, in order to get onto the other
plate and if the difference in the number of electrons is great
enough, they will actually break through the dielectric.

Let us sum up what we have learned. The thinner the
dielectric, the greater the capacity because a given charge will
create a larger electrostatic tension in the dielectrie, therefore,
the thicker the dijelectric the less the capacity; also the greater
the area of plates, the greater the capacity. Every condenser
has a working voltage which is the highest voltage it is safe to
apply to it. This should not be exceeded for safe operation. It
should be remembered that a condenser, like every other electrical
or Radio device, is designed to work at a certain safe voltage and
this working voltage is less than the probable breakdown voltage.* .

Thus we might have condensers rated at 300 volts, their
safe working voltage. Their actual breakdown voltage may be
400, yet the manufacturer suggests that where voltages above .
300 are to be handled, condensers of higher ratings should be
used. ’

It is necessary to have a measure for the capacity of con-
densers. You already know that a coulomb is the amount of
electricity that flows past a single point during one second of
time in a conductor through which one ampere of current is
flowing. When a condenser requires a charge of one coulomb
to bring its plates to a potential difference of one volt, it is said
to have a capacity of one Farad. But this unit is too large for
ordinary purposes. The microfarad (one millionth of a farad)
is the practical unit of capacity. Even smaller values of capacity
are used in Radio circuits and these are expressed in milli-micro-
farads (thousandth of a microfarad) and in micro-microfarads
(millionths of a microfarad). It is more common, however, to
designate the capacities of condensers used in Radio circuits in
decimal fractions of a microfarad. Thus, 250 micro-microfarads
is commonly expressed as .000250 mfd (microfarad).

* The breakdown voltage of a condenser depends mostly upon the material used for the
dielectric and the thickness of the dielectric, or separation between the plates.
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A condenser of .001 mfd. requires a charge of one bil-
lionth of a coulomb to charge it to a potential of one volt. In
other words, since a current of one ampere represents one
coulomb per second, a current of one ampere would have to flow
for only one billionth of a second to charge a perfect .001 mifd.
condenser to a potential of one volt; or similarly, if a current of

TABLE NO. 1
Number of Plates Maximum Capacity of Con-
in Condenser denser in Microfarads

7 .00015
13 .00025
17 .00035
23 .00050
43 .001

one milli-microampere flows for one second, it will charge the

condenser to a potential of one volt.
Expressed in a formula, the relation between capacity (C),

quantity (Q) and potential (E) is as follows:
Q Q
C=—=; =CE; or E=— 1
£ Q C (1)
Variable air condensers (having air dielectrics) used for
tuning Radio circuits are often rated by the total number of their

TABLE NO. II

: Dielectric
Material Constant
Air 1
Paper 1.5 to 3
Paraffin 2 to 3
Mineral Oil 2.5
Rubber 2 to 4
Mica 4 to 8
Glass _ 4 to 10
Castor Oil 4.7
Porcelain bto7

Dielectric values of different substances with air taken as the reference standard.

plates; that is, a condenser with six rotor plates and seven stator
plates would be rated as a thirteen-plate condenser. Commercial
types of variable air condensers are usually of the sizes given in
Table No. 1, and their capacity is approximately as indicated.
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It is a common expression among Radio men to say double
O one, triple O five, triple O two five, meaning condensers of
.001, .0005, .00025 of a microfarad.

DIELECTRIC CONSTANT

Reference has been made several times to the material used
for the dielectric in condensers. Different materials influence
the capacity of a condenser to a very marked extent. The
dielectric constant of any material is equal to the ratio of the

- capacity of a condenser using the particular material as a
dielectric, to the capacity of the same condenser using air as a
dielectric. In other words, the dielectric constant of any insu-
lator is the number of times its use as a dielectric will increase
the capacity of the condenser over its capacity when air is used
as a dielectric.* Table No. II gives the dielectric constants for
various materials with air taken as the reference standard. Air
has a numerical value of one and all other substances have so
many times the dielectric value of air.

A wide variation is seen in the values given in Table No. IT-
for the same substances, as there are different grades and kinds
of the same materials which vary considerably in many of their
physical properties. :

From the previous pages and paragraphs it can be seen that
the capacity of a condenser increases if we increase the area of
the plates, if we substitute the material between the plates with -
a material having a greater dielectric constant and if we de-
crease the thickness of the dielectric. A condenser is made with
the thinnest material possible so as to obtain as large a capacity
as possible with minimum material. However the minimum
thickness of the dielectric depends on the breakdown voltage of
the material—often referred to as the dielectric strength of the
material. The material having the highest dielectric constant
does not necessarily have the greatest dielectric strength.

Condensers which you buy for service work usually have a
working voltage stamped on its case, which is the highest voltage
it is safe to apply to the condenser. You should never choose one
which has a rating less than the voltage in the circuit in which it
is to be used.

CAPACITIES IN PARALLEL AND IN SERIES
Not always do we use individual condensers but quite often
condensers, like inductances and batteries, are connected in series

* For example, suppose a condenser using air separating its plates has s capacity of
100 micro-microfarads, this same condenser is then immersed in mineral oil. the

dielectric constant has increased 2.5 times, the capacity of the condenser will increase to

250 micro-microfarads.
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or parallel and consequently, we are interested in the total
capacity of the arrangement.

When condensers are connected in parallel we have a very
simple formula, that is, their capacities are added together to get
the total capacity (C). Thus,

Total Capacity C = C; + C; + Cs, ete. (2)

For example, the total capécity of two 3-microfarad condensers
connected in parallel would be C = 8 4 8 = 6 mfd.; three con-

densers having respectively 4, 4, 2 mfds. are connected in parallel.
The ftotal is

The simplest case is where the condensers in parallel are
of the same size and the rule is the total capacity equals the

Fig. 16—Condensers Connected in Parallel.

number of condensers times the capacity of one condenser.
That is,

C=N X C; (3)

Should condensers be connected in series, the following formula
is applied:

1 1 1 1
—_— = — L __ ete. 4
TG + B + G e (4)
For example, if three condensers of 5, 4 and 2 mfd. capacity
were connected in series, the total capacity would be:

1 1 1 1 1

Notice that the total capacity of a series arrangement is always
less than the smallest capacity.
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The simplest case is when all capacities are equal, in which
case
. Capacity of one Condenser

5
Number of Condensers 6)

Thus, if four 8 mfd. condensers are in series, the final capacity
will be

C

= 2 mfd.

=] 00

REVIEW .
Resistors, coils and condensers may be connected in series
or in parallel.

TABLE NO. III

Material (1:1;) ’;’;‘;‘{Zﬁd ig o;;::ﬁig
.Re?i'ség?giance) AT Decrease
COi(lisnductance) IERCReRtE Decrease
Condensers

(capacity) Decrease Increase

Table No. ITI shows us clearly what we have already learned,
that is, what happens when they are connected in either way.

Fig. 17—Condeers Connecte i erles.
CAPACITIVE REACTANCE

When direct current flows through a circuit it is opposed
only by the resistance of the circuit; but when alternating cur-
rent flows it is opposed by both the resistance and the A.C.
opposition, called the reactance, of the capacities and the induct-
ances in the circuit. In a previous lesson we studied inductive
reactance and its effect in a circuit. Condensers offer capacitive
reactance to A.C. current flow. But the effect of capacitive
reactance is directly the reverse of the effect of inductive
reactance. ‘

You remember that inductance in an A.C. circuit caused the
voltage to lead the current—they were out of phase. Capacitive.
reactance causes the current to lggd the voltage or we can say
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the voltage lags behind the current. The voltage and current in
a circuit with a coil in it is thrown out of phase because of the
magnetic field which is set up about the coil and the prolongation
of current flows due to the collapse of the field. The voltage and
current in a circuit with a condenser in it is thrown out of phase
by the back e.m.f- which opposes current flow. This back e.m.f.
reduces the effect of the applied e.m.f., causing the current to
rise to maximum value before the voltage reaches maximum
value. .
Reactance, as stated before, is the name given to the opposi-
tion to flow of alternating current when this opposition is caused
by the inductance of a coil, or by the capacity of a condenser.
Reactance is measured in ohms. The total opposition to the pas-
sage of an alternating current through a circuit is called im-
pedence. Reactance is called the reactive component of the cir-
cuit impedance. Reactance caused by the capacity of a con-
denser is called capacitive reactance. Either kind of reactance
may act to hinder or aid the flow of alternating current. Induc-

" tive reactance, the reactance of a coil, increases with the increase

of frequency and is often called positive reactance. Capacitive
reactance, the reactance of a condenser, grows less with increase
of frequency, and is often called negative reactance. The values
of inductive reactance may be preceded by the positive sign (),
while the value of capacitive reactance may be preceded by the
negative sigh (—). When the frequency is measured in kilo-
cycles and the inductance in millihenries, the inductive reactance
in ohms is as follows:

Inductive reactance = 6.28 X frequency X inductance (6)
The same formula holds true when the frequency is measured in
cycles, and the inductance in henries. '

*The number 6.28 is the approximate value of 2z, the Greek
letter which stands for the ratio of a circle circumference to its
diameter. When the frequency is measured in cycles and the
capacity in microfarads, the capacitive reactance in ohms is
found by dividing 159,000 by the frequency in cycles times the
capacity in microfarads.

_ 159,000
Capacitive Reactance = 4 (7)
apacl Frequency X Capacity

159,000 is one million divided by 2~ or 6.28..

If the inductive reactance which is considered as a positive
quality just equals the capacitive reactance which is considered
a negative quality, the two will balance each other and no effec-
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tive reactance will be left in the circuit, provided they are in
series. The only opposition then remaining to the flow of alter-
nating current at the particular frequency being considered is
the resistance, and the circuit is said to be in resonance with that
frequency.

To a direct current, a condenser has extremely high resist-
ance. In fact, to direct current, whose voltage is not great
enough to break through the dielectric, the condenser offers an
infinitely high resistance—it acts as a break in the circuit. A
condenser does not offer this infinitely high resistance to alter-
" nating current, but offers only reactance. Here again, the re-
actance does not cause a loss of energy but stores it in the di-
electric of the condenser in the form of an electric stress which
will return energy to the circuit.

To an alternating current of given frequency, a large con-
denser has less reactance than a small one and the larger the
capacity of the condenser, the less is its reactance at a given
frequency.

In an alternating current circuit a condenser having defi-
nite capacity will have less reactance at a higher frequency than
the same capacity at a lower frequency.

To bring this out more clearly, suppose we have a con-
denser of 1 mfd. capacity and we desire to determine its react-
ance when placed in a 60-cycle circuit.

159,000
60 X 1
approximately 2650 ohms, the reactance.

Now suppose that this 1 mfd. condenser was inserted in an
alternating current circuit, the frequency of which was 3,000
cycles. Solving this formula, we find that the reactance at a fre-
quency of 3,000 cycles is approximately 53 ohms.

Capacity Reactance — M— or 53 ohms.

3000 X 1
PHASE RELATION OF VOLTAGE AND CURRENT
IN A.C. CIRCUITS

The phase difference between a voltage and a current in an
alternating current circuit has been defined as the time differ-
ence between their amplitudes or difference in position of maxi-
mum voltage and current waves in a cycle. The voltage rises and
falls, going through all values from maximum in one direction to
maximum in the opposite direction.
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The current resulting from the alternating voltage goes
through corresponding changes. If the two are in phase, that is,
if the phase difference between them is zero, the maximum value
of the current occurs at the same time as the maximum value of
the voltage. Also the two are zero at the same time. When there
is a phase difference the current may reach a certain value either
before or after the corresponding value of the voltage.

In other words there are three possible relations that may
exist between the current and the voltage which causes the flow:

First, as explained in a previous lesson, the voltage and the
current may be in phase with one another, that is to say, they
may be acting in unison with each other.

This is well illustrated by Fig. 18. The e.m.f. or (voltage)
is shown by the heavy curved line E while the current is repre-

Flg. 18 ' Fig. 18
E M F and Current in Phase E M F leading Current by an angle of 50°

sented by the light curved line I. Notice that the current and
pressure reach a maximum value at 90 degrees and both decrease
to zero at 180 degrees. The same changes occur when the pres-
gure is exerted in the opposite direction and both continue to
change in this manner for each cycle that takes place in the
circuit. _

The second possible relation is where the current lags be-
hind the pressure. This is caused by the presence of inductance
in a circuit. (Inductance is the property of an electric circuit
which opposes a change in current.) This is illustrated by
the curves shown in Fig. 19. Notice that the current is zero
after the pressure has increased to a value of nearly three-
fourths of its maximum value; that is to say, when the pressure
is maximum the current has reached about one-half its maximum
value and by the time the pressure begins to die down to about
one-half its maximum value, the current has reached its maxi-
mum value.
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Follow these two curves throughout the cycle and famil-
iarize yourself with the relations existing between them in a cir-
cuit containing inductance.

If it were possible to have a circuit with pure 1nductance
alone, with no resistance or capacity, the current would lag 90
degrees behind the pressure at all times. (See Fig. 20.) If you
stop and think for a moment you will see that when the pressure
is maximum the current would be zero and according to that we
would have practically no power in the circuit.

“The third possible relation is where the current leads the
pressure. This is illustrated in Fig. 21. These curves are for a
eircuit containing capacity alone without resistance.

If it were possible to have a circuit with pure capacity
alone, with no resistance or inductance, the angle of lead would
be 90 degrees, just as the angle of lag in a purely inductive cir-
cuit was 90 degrees.
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Fig. 20 E M F leading Current by 90° Lo
A circuit, however, which contains capacity only is just as

impossible as a circuit which contains inductance only.

There is always some resistance in any circuit. When we
have resistance in addition to capacity in series, the current will
lead the applied voltage by less than 90 degrees because the re-
sistance has the tendency to bring the current and voltage in
phase. Consequently useful power can be obtained from a circuit
which includes capacity as was shown when the power in a
capacitive A.C. circuit was used to light an electric bulb.

As previously mentioned, if there is an equal amount of
inductive and capacitive reactance in a circuit the two will
neutralize each other. Their effects are 180 degrees apart.

RESONANCE

You remember we stated in a previous paragraph that the
flow of alternating current in a circuit is opposed by three
things: The resistance, the inductive reactance and the capaci-
tive reactance. The resistance is due to resistance of the various
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conductors in the circuit and to the resistance of the connections
between them. The total resistance may be reduced by using
good conductors of the proper size, but resistance cannot be com-
pletely eliminated from any circuit. The inductive reactance
depends on the inductance in the circuit—the greater the in-
ductance in the coils and other parts, the greater the resultant
inductive reactance. The capacitive reactance depends on the
capacity of the condensers and other parts in the circuit. The
greater the capacity, the less the capacitive reactance.

When we speak of adjusting the capacity and inductance to
resonance, we refer to resonance at a certain frequency. When
the inductive and capacitive reactances are equal and their effects
are neutralized at any certain frequency the circuit is said to
be in a state of resonance with that frequency or simply in
resonance. In a simple circuit containing inductance and capacity
in series, at any given frequency, there are certain values of

E M F lagging Current by 90°

capacity and inductance which cause resonance at this frequency,
but at no other frequency. If the frequency in the alternating
current circuit should change, it would be necessary to make a
different adjustment of either inductance or capacity in order that
the resonant condition might again be obtained at the new fre-
quency. This is why we must readjust dials for different stations.
When the capacity and inductance are adjusted to balance each
other at one certain frequency the maximum possible current at
this frequency will then flow through the circuit, although cur-
rents of other frequencies still will be opposed by the reactances.

If the frequency is lowered, either the inductance, the
capacity, or both, must be increased to maintain resonance. If
the frequency is increased, then the capacity, the inductance, or
both, must be decreased to maintain resonance. In other words,
the greater the frequency the less must be the capacity and in-
ductance, and the lower the frequency, the greater must be the
capacity and inductance.
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This is the principle of tuning a Radio receiving set to
incoming signals, when we adjust the capacity of the variable
condenser or vary the number of turns of wire on the tuning coil,
or do both to make the reactance zero, or as near zero as possible.

In other words, when we tune a circuit like the ones we have
in Radio receivers, we adjust the reactances so that their sum is
zero. Generally, we do not vary the inductance (of the coil) but
only adjust the capacity. That is why we always use variable
condensers for tuning. Suppose we are trying to receive a signal
which has a certain frequency; then, when the current due to
the signal flows through the tuned circuit, the coil has a certain
reactance to it, and the condenser likewise has a certain react-
ance to it. In general, this reactance will be enormous, perhaps
thousands of ohms, but as we turn the variable condenser dial,
we change the capacity of the condenser; we are at the same
time changing its reactance to the incoming signal. Soon we
find a position on the variable condenser dial at which we begin
to hear the signals. This means that we have so adjusted the
reactance of the condenser that when summed up with the
reactance of the coil, the net reactance is no longer very great.
In reducing the net reactance, we permit a much greater current
to flow in the tuned circuit and on account of this greater current
we are now able to hear the signals. Before, when the reactance
was very high, there was most likely a very small current flowing
in the tuned circuit, but this current was so small that we could
not hear the signals properly.

Now, finally, as we continue to turn the variable condenser
dial, we get to a position where the strength of the signals is
greatest. This is the condition of resonance, as we call it; the
circuits are now tuned to the 'same frequency as the frequency
of the incoming signals. If we turn the condenser dial still
farther, the signals will get weaker, indicating that the circuits
are no longer in resonance.

It is clear, then, that there is one certain adjustment of the
circuits when receiving signals of a certain frequency, which
will result in the loudest signals. This is the condition of
resonance as we have said, and is obtained when we make the net
reactance of the circuit zero. We do this by making the induc-
tive reactance at the coil, exactly equal to the capacitive react-
ance of the condenser, and since we have opposite algebraic
signs (that is, one is plus and the other is minus), they sum up to
zero. So now, in order to have resonance, we must have this:
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Inductive reactance minus capacitive reactance equals zero.
This is the same thing as saying that—

Inductive reactance equals the capacitive reactance.
This is the most important thing that we have to learn in
connection with tuning and tuned circuits. This relation gives
you the principle of resonance, and if you get to understand it
clearly, you will have little or no trouble in much of your study
of Radio. You must first get into your mind the idea of what
reactance is; after that, the idea of resonance comes eagsily
enough.

TYPES AND NAMES OF RADIO CONDENSERS

All condensers function in the same way. The names ap-
plied to them indicate merely the particular uses to which they
are put. For example, in Radio circuits, we have condensers
which we call “fixed,” “by-pass,” “buffer,” “tuning,” “filter,”
“ganged.” Then there are condensers such as “straight line”
condensers, named from the peculiar manner in which they
function.

Fixed condensers are used for “by-pass,” “filter,” “buffer”
and other purposes, the difference between them being only a
difference in size and in the voltage they are built to stand with-
out breaklng down.

For power pack work and in eliminators and filters con-
nected to the lighting circuit, the important thing is the voltage
breakdown test. -

In Radio circuits, by-pass condensers have no great voltage
strain on them because there is little voltage drop between the
two ends of the coil which the condenser by-passes. The pur-
pose of these condensers is to allow a path around the coil for
Radio frequency currents which would be choked out by the coil.

There are three types of variable tuning condensers, the
stratght line capacity, the straight line wave and the straight
line frequency.

The straight line capacity variable condenser having semi-
circular plates gives a comparatively uniform increase in
capacity as the rotor plates are turned and intermeshed with the
stator plates. A condenser of this type when used for tuning
purposes with a fixed coil in a Radio receiver will not give a uni-
form increase in wavelength as the dial is turned from zero to
maximum. If a graph is plotted with dial settings against
capacity, it is a straight line.

Therefore, since Broadcasting Stations are separated in fre-
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quency by 10 kilocycles, it will take only a very small motion of
the condenser dial to cover 10 kilocycles and go from one station
to the next, at the lower end of the scale (high frequencies)
which will crowd the stations together on the dial at the low
wavelengths.

The straight line wave condenser is made by shaping the
plates of the condenser so that the variation of the dial is pro-
portional to the wavelength of the tuned circuit, that is, it does
not give a uniform increase in capacity when varied, but does
give a uniform increase in wavelength.

Straight Line Frequency Variahble Condenser,
Flg. 22

From the paragraphs above, it can be seen that SLC and
SLW condensers are at a disadvantage when used for tuning
circuits of broadcast receivers. However, they are useful in
laboratory work, where equal increases of capacity or wave-
length are desired.

Straight line frequency condensers are manufactured with
plates shaped as shown in Fig. 22(c) which makes the rotation
of dial proportional to the frequency of the tuned circuit. With
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this type of condenser, stations separated by 10 kilocycles in
frequency come in at equally separated points on the dial.

There are some variable condensers, as for instance, the
“centraline,” “midline,” etc., which have irregular shaped plates
which permit approximately SLF tuning at the low end of the
dial, SLW tuning at the center region, and SLC tuning at the
upper wavelengths.

In modern Radio recelvmg sets, three or four Radio fre-
quency circuits are tuned by a single control. This means that
three or four variable condensers must be grouped (ganged)
together on the same shaft and the assembly is called a “ganged"
condenser.

TEST QUESTIONS

Be sure to number your Answer Sheet 7 FR-1.

Place your Student Number on every Answer Sheet.

Never hold up one set of lesson answers until you have
another ready to send in. Send each lesson in by itself before
you start on the next lesson. In this way we will be able to
work together much more closely, you'll get more out of your
Course, and the best possible lesson service.

1. What will be the position of the rotor plates of a variable
condenser, with respect to the stator plates, for least
capacity ?

2. What type of house current lighting supply would cause a
lamp in series with a condenser to light?

3. What effect will resistance in an oscillatory circuit have
on oscillation?

4. Which of the following capacity values is the smallest:
1 microfarad, 250 milli-microfarads, 250 micro-micro-
farads?

5. What effect will increasing the thickness of a dielectric
have on the capacity of a condenser?

6. Variable condensers are often placed in liquids. Whiqh
liquid will result in the greatest capacity: Mineral oil (di-
electric constant — 2.5), or castor oil (dielectric constant
= 4.7)? (See * footnote, page 18.)

7. What is meant by the working voltage of a condenser?

8. What is the total capacity of two 2-microfarad con:
densers connected in parallel? (See formula (2) page 19.)

9. When we have resistance in addition to capacity in series,
in an A.C. circuit, what is the phase relation between the
current and Voltage‘?

10. What word do we use to indicate that the inductive react-
ance and the capacitive reactance in a circuit are equal and
their effects are neutralized at any certain frequency?
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YOU HAVE AN AIM IN LIFE

When you enrolled as a Student Member of N. R. L,
you took the first step on the Road to Success and
Happiness.

But while you may have to wait awhile before you
begin to see Success coming to you, you need not wait
for Happiness.

You have set yourself a Goal—you have an aim in life—
you are looking forward to the sort of work you like,
the sort of income you want, the respect and admiration
of your friends, c¢te. °

Right now you should be very happy in anticipation of
these things and in working toward your Goal.

Realizing that you have every reason to be happy in
your work right now, you will have an enthusiastic at-
titude toward your work. The study of your lessons
will not be a burdensome task but a real pleasure. The
difficulties you may encounter will only make you more
determined to succeed.

Keep your Goal in mind. Never forget it for a moment.
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—we all have. But if you make a thorough search for
the cause of your discouragement, you will most likely
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with you—and realizing this, you will put your lessons
aside for the time being and tackle them the next day
with renewed vigor and a renewed determination to
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as pathetic as a rudderless ship or a man without an
aim in life.
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How A Vacuum Tube Works
Types of Tubes In Use

THE 2-ELEMENT VACUUM TUBE

You are well aware of the importance of the vacuum tube in
‘Radio—you know that Radio as it is today was made possible by
the rapid development of vacuum tubes in recent years. By
means of vacuum tubes it is possible to amplify weak Radio fre-
quency signals picked up by the aerial, it is possible to separate
the audio frequency signals from the Radio frequency signals
80 they will operate some sound reproducing device such as ear-
phones or a loudspeaker—and it is possible to amplify the audio
frequency signals so that even distant stations can be heard
through the loudspeaker.

Professor J. A. Fleming
and the Fleming wvalve,
the first vacuum tube
applied to Radio.

Thos. A. Edison and his incandescent
bulb with plate near the filament in
which he observed the “Edison effect.”

Fig. 1

In the process of development, the detector tube came first—
that is, the tube which is used to separate the audio frequency
current from the Radio frequency current. Before vacuum tubes
were known, a crystal of some sort, galena, silicon or carbo-
rundum, was used to detect a radio signal—that is, to separate
from it the audio frequency current. In effect, the crystal
acted as a one-way valve, allowing current to pass through only
in one direction so that the high frequency alternating current
which carried the Radio signals would appear as a varying,
pulsating direct current after passing through the crystal. Of
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course, a crystal cannot amplify, and in the days before vacuum
tubes, headphones were used as loudspeakers were unheard of.

While a good crystal could be remarkably sensitive, it often
required considerable patience to find the most sensitive spot on
it, and considerable adjustment of the “cat whisker”* was neces-
sary before any kind of reception was obtained. Then along
came the first vacuum tube, to take the place of the crystal valve.
This first vacuum tube used as a detector was not appreciably
more sensitive than a good crystal, but it was very stable—there
was very little to get out of adjustment.

From this we get our first concept of vacuum tubes—as
being one-way valves. It is because of this that vacuum tubes
are still known as valves in many foreign countries.

Now it is very easy to say “then along came the vacuum
tube,” but we, as students, cannot disregard the years of re-
search that preceded the appearance of the first practical Radio

» tube. And tracing back, we must start with experiments which

that greatest of all American inventors, Edison, performed with
his then recently invented incandescent lamp in the year 1883.
Having invented the simple device, which as we know now was
destined, we might say, to turn-night into day, he was not con-

_tent, but set out to learn what went on inside the light bulb. In

one of his experiments he inserted a small metal plate in the bulb
along with the filament. Then he ran a lead wire from this plate
to one of the filament wires and placing a galvanometer in the
connecting wire he discovered that there was current flowing
through it, when there was current flowing through the filament.

Being also a scientist, he sat down to figure this out. Of
course, there was no direct electrical connection between the fila-
ment and the plate inside the bulb, therefore, in some unex-
plained way, current must be leaking across the space between
the filament and the plate. Electrons were practically unknown
in those days—in fact, from this simple experiment were to
come those future experiments which proved the electron theory

eorrect. So Mr. Edison decided to call his discovery a peculiar

effect, and as he found no special use for it, he let it go at that.
Now this effect which was to prove of so great value in the
development of Radio, is known as the Edison effect.

From our knowledge of the electron theory, we can explain

this Without any trouble. When metal is heated the movement -

*A fine wire resting lightly on crystal, so called on account of its
appearance.
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of free electrons becomes much greater. Each electron swings
out in wider orbs—if the metal is hot enough those on the sur- -
face may swing clean out of the metal—out into space. Since
they have no place to go, they return to the metal, bouncing off
and on as it were. But if our heated metal is in a vacuum, as is
the filament of a vacuum tube, and if there is a cold piece of
metal, a wire or a plate in the tube, these electrons thrown oft
the heated filament will cross over to the cold plate. Then if the
plate is connected by an external wire to the filament as in Fig. 2,
many electrons will be thrown off the filament onto the plate,
and these will move through the circuit and we have a flow of
current*—a current such as first started Edison pondering on the
matter when he noticed the deflection of his galvanometer needle,
connected as previously described.

Before going on let us perform a simple little experiment,
in our minds of course. Using practically the same set-up Edison
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rig. 2—Illustrating the electron emission from Fig. 3—INustrating the result of electron
a heated filament to plate of vacuum tube. emission when a positive charge is placed
on the plate.

used, a bulb with a filament and a plate, and the plate connected
externally to the filament with a sensitive meter in the external
circuit which we can call the plate circuit, let us get another
battery and put it in the plate circuit, the positive pole of the
battery connected to the plate and the negative to the filamen!
as in Fig. 8. Unless we use a resistor across the meter to pre

* We should stop here to clearly fix in our minds the difference between
electron and current flow. You already know that electrons are said to flow
in the opposite difection to the current. Although this may be confusing at
the start, you should remember this fact. Early in the development of the
electrical science, current flow was considered in all circuit problems and
rules were thus given to us. Therefore, in thinking of electrical circuits,
consider current flow. However, when studying the internal action of
vacuum tubes, it is quite simple to think of electron flow. Here we have
the first example of electrons flowing from the filament to plate, but when
considering current, you will have to think of current flowing from the posi-
tive terminal of the plate battery to the plate to the filament. You may
consider electron flow and current flow as the same thing, but when you
actually trace them in a circuit, you must consider the exact directions.
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vent all the current from flowing through the meter, it may pos-

sibly burn out—because so .much more current is flowing now

than flowed without the battery in the circuit. :
What conclusion can we draw from this? We made the

plate positive by connecting the positive terminal of the battery .

to it—and because the electrons are negative in charge they will
be drawn to the plate as they are thrown off the filament. These
electrons return through the external plate battery circuit to
the filament, thus completing the circuit. Consequently a com-
paratively large plate current will flow and from this we can
deduce that the more positive the plate is with respect to the
filament, the greater the amount of plate current.

Then, keeping the same hook-up, let us switch the polarity
of the battery, connecting the negative pole of the battery to the

Vo/tmeter

Fig. 4—Illustrating the result of electron Fig. 5

' emission when a negative charge is placed

on the plate.

plate as in Fig., 4. What about the galvanometer*‘7 Its needle
doesn’t deflect at all—there is no passage of electrons from the
filament t6 the plate. Why? As you well know, like charges
repel each other. If the plate is negative there is an accumula-
tion of electrons on the plate which repels any electrons thrown
off the heated filament.

Now suppose we substitute an A.C. generator for the B
battery in the plate circuit as in Fig. 5. We heat the filament
by means of a battery as before, and use a galvanometer to
measure the current flow. Let us say we can run the generator
at a very low speed so that the frequency of the generated volt-
age will be only 2 or 3 cycles per second and therefore we will
be able to watch the variations in meter readings. Figure 6(a)
shows the curve of the generated voltage—and from .this you
see that a generator first charges the plate positive, then nega-

*A Galvanometer is a semnsitive ammeter.
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tive, then the next cycle starts and the plate is charged posi-
tively and negative alternately. If we placed a voltmeter across
the A.C. Generator, we would observe that the needle deflected
first in the positive direction and then in the negative direction.

Now if we transfer our attention to the galvanometer, we
notice that when the generator is placing a positive charge on
the plate, current will flow through the circuit. But the instant
the generator produces a negative voltage the galvanometer

. Variations Variations
shown by Jbownfby
+ vo/tmeter ammeter
R B Fig. 6(b)

needle returns to zero and stays there until the generator again
produces a voltage in the positive direction. Figure 6(b) shows
the plate current curve. What actually happens is that only
the positive voltages applied to the plate are able to" cause a
current flow through the plate circuit of this simple vacuum tube
—when the generated voltages are in a negative direction, no

current will flow because, as we have explained, our tube is a
one-way valve.

e’

Fig. 7—Receiving circuit using a Fleming
valve as a rectifier.

Coming back to Mr. Edison, after he had, as he thought,
exhausted the possibilities of this experiment, he laid it on the
shelf and went on to what he considered more important things.
Thus it remained for Dr. J. A. Fleming to find a practical use
for this Edison effect. It was in 1904 he tried a simple 2-ele-
ment bulb in a Radio circuit and found that it made an excellent
detector. These vacuum tubes, for such they were, were called
Fleming valves—valves because they allowed current to flow
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in only one direction, and Fleming, from the name of the man
who made the adaptation to Radio.

Figure 7 shows a simple Radio circuit using the Fleming
valve in place of a crystal detector. Here the antenna, the trans-
former coils and the variable condenser take the place of the gen-
erator in our previous experiment. The galvanometer is replaced
by the earphones. The Radio wave picked up by the aerial appears
across the condenser as an A.C. voltage. This voltage is fed to
the tube, but only one-half of it gets through—because the tube
is a one-way valve. Figures 8(a) to 8(d) show graphically just
what takes place. Figure 8(a) shows the Radio frequency cur-
rent produced in the transmitter. Figure 8(b) represents the
voice frequency from the microphone at the transmitting sta-
tion. Figure 8(c) shows the two combined in the transmitter.
The current in the antenna system of the receiver is in exactly
the same form. After passing through the detector tube it is in
_ the form shown in Fig. 8(d). the lower half is cut off. The
phones which replace the galvanometer cannot follow the rapid
vibrations of the high frequency current, but they can follow the
up and down variations shown by the heavy line. It is this
variation that is an exact replica of the original sound signal.
The diaphragms of the phones vibrate, following these varia-
tions and so produce a sound like the original sound.

This short discussion of detection is meant to serve only as
an introduction to the subject. Later on in the course you will
be given an entire lesson on vacuum tube detectors and the prin-
ciples of detection. But it has served to illustrate two important

funections of vacuum tubes in Radio receivers—as rectifiers and
as detectors.

Here it will be well to consider the filament and plate from
the standpoint of construction and mechanical features. As even
the most modern tube has a filament and a plate, we can learn a
great deal about modern vacuum tubes from a study of these two
elements in a simple tube.

It has been stated that when the filament is heated—and it
must be hot enough so that it glows—electrons will be emitted,
that is, shot off from it. But not all metals lose their electrons
with the same ease—therefore some metals are to be preferred
to others for use as filaments. The first filaments were made of
carbon. Later tungsten was used as it provided better filament
emission than carbon. But today where tungsten is used as the
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basic material for vacuum tube filaments, it is treated to increase
filament emission. _

There are two types of electron emitting filaments in com-
mon use today—the oxide coated tungsten filament and the
thoriated tungsten filament. In making oxide coated filaments,
the pure tungsten is dipped in a solution of hot paraffin and
barium, strontium or caesium oxide. The filament is allowed to
dry and when the paraffin has hardened it is baked. This coat-
ing process is gone through a number of times until the tungsten
carries a coating of thick black oxide.

In the construction of a thoriated filament, thorium oxide is
mixed directly with the tungsten before it is drawn into thin
wire form. As part of the manufacturing process, a very high
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voltage is applied to the filament which forces a certain amount
of thorium oxide to the surface of the wire where it is reduced
by the heat to a very thin coating of metallic thorium—only one
atom thick. When the tube is in use and the filament heated,
¢lectrons from the thorium atoms evaporate very readily. As
the thorium surface evaporates, the heat drives more of the
thorium oxide to the surface as thorium to take the place of that
which has been used up.

It is important to know that the only function of a battery
in the filament circuits shown—what is now called the “A” bat-
tery—is to supply heating current for the filament. If it were
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practicable, the filament might just as well be heated in some
other manner—as for instance, by a direct flame. This is
brought out very clearly in modern heater type tubes. In these
tubes the sole purpose of the filament is to heat another electron
emitting element, called the cathode. For this reason the
filament is called the heater. The filament in this case is a
resistance wire turned back on itself, the electron emitting element
being a specially treated tube which fits over the filament. Heat
is supplied to the thin oxide covered metal tube (the cathode)
. causing the cathode to throw off electrons.

The plate is a sheet of molybdenum or nickel, sometimes in

tubular form, completely surrounding the filament but more fre-
quently two flat sheets shaped to surround the cathode and then

clamped together. Molybdenum or nickel is used because these .
can withstand considerable heat without melting—the same rea-
son why tungsten is used as the filament material in our present
day incandescent lights. In some tubes the plate is cylindrical
in form and is either sheet metal or wire mesh.

Is there anything else in our simple 2-element tube that we
must study? Yes there is—there is space—the space surround-
ing the elements and the space between the plate and filament.
We know this space is filled with “nothingness” because all the
air has been pumped out—in other words there is a vacuum in
the tube. We know that there is a vacuum in the ordinary light
bulb—if air were present the filament would deteriorate rapidly
due to the filament combining with oxygen in the air—this chem-
ical action is called oxidation. A vacuum is necessary in a Radio
tube for this reason and to help electron emission.

We have spoken of the electrons evaporating from the fila-
ment when it is made hot. We use the word evaporated advisedly
for this action can be very well compared to the evaporation
of water. All evaporation takes place at the surface—if we set
a bucket of water in the sun the water will evaporate from the
surface rapidly. Light and heat give the atoms and molecules
on the surface greater energy, enough energy to overcome the
force which is holding them to the surface. Consequently, they
fly up and away. If we were to lay a film of oil on the surface
of the water, evaporation would be retarded. If we were to mix
alcohol with the water, evaporation would be accelerated.

If air were allowed to remain in the tube, the effect would
be the same as putting a layer of oil on the surface of water—
evaporation would be greatly retarded. Of course, you realize
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that air as we know it is composed of various kinds of gases—it

isn’t pure “nothingness.” If we remove all the air from a tube,
- making it a vacuum tube, we remove that which would tend to

keep the electrons from evaporating from the filament.

By coating the filament with a special oxide or by mixing
thorium oxide with the tungsten of the filament, we do essen-
tially the same thing as when we mix alcohol with water and
electrons will be emitted from the filament with much greater
ease than if it were pure tungsten.

From all this we can see that two things which vitally affect
electron emission are: The material of which the filament is
made and the degree of vacuum in the tube. There is a third
which has probably suggested itself to you already—the degree
to which the filament is heated. Very naturally, the hotter the
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Filament current
Fig. 9

filament is made the more electrons will be liberated from it, up
to a certain point. If we were to use the hook-up shown in
Fig. 3 and plot the meter readings as we slowly increased the
filament current, we would obtain a curve as shown in Fig. 9.
We would find that as we made the filament hotter, the plate cur-
rent would go up—but we would find also that if we increased
the filament current above a certain point, the plate current
would no longer increase but would remain the same. This is
shown in the graph at point X—the saturation point.

To understand why there should be a saturation point, we
shall have to know something about the forces at work in a
vacuum tube. We have already spoken about some of these—
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eleétroms on the surface of the filament by the neat applied to it;
and welhave mentioned that there is a force which tends to keep
the'elggtrons from evaporating but this force is greatly decreased
when we remove all the air from the tube.

There is another force at work in the tube—the space
charge. Figure 9(a) will help to make this clear. Look at A.
Because the rheostat is set to full value, the filament gets prac-
tically no current and it will be cold. Therefore the plate am-
meter reads zero as there is no movement of electrons from the
filament to the plate. In B the rheostat arm is moved to allow a

the: at}acting force of the plate; the force that is given to the

“small amount of current to flow through the filament. The small

amount of current warms the filament and a few electrons are

Cold Pure Warm Hot
B

Fig. 9(a)

emitted from it. In C we have advanced the rheostat arm to
allow enough current to flow to make the filament hot. Now
many electrons fly off the filament onto the plate and the am-
meter shows that considerable plate current is flowing.

When the space between the filament and the plate is ﬁlled-

with moving electrons, the phenomenon of “space charge”
appears. We must remember that each electron is negatively
charged. When an electron leaves the filament, it leaves a posi-
tive charge on the emitter.* Thus if it is not shot off from the

* This does not mean that the emitter assumes a positive potential.
It still is at a negative potential with respect to the plate.
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Those near the plate, of course, are drawn to the plate.
half-way between the plate and filament, however, are
to some extent by the electrons between them and the- plate
This is shown in Fig. D and is called the effect of space charge.
The result of the space charge is to reduce the number of elec-
trons which actually reach the plate from the filament.

Figure E will make this even more clear. The electrons
near point Z are attracted immediately to the plate. Those near
point Y also are under the influence of the plate attraction, but
these feel the effects of the electrons in front of them and be-

hind them. It is a question which of the forces will be the

greater. The electrons near point X which is nearer the fila-
ment, are acted upon by the forces which tend to pull them
toward the filament. These feel the effect of the whole spa
charge. Therefore many of them will be driven back onto»a’é
filament.

’ Fig. 10

Keeping this in mind let us look at Fig. 9(a) again. Notice
that when the filament is cold, there is no plate current. As the
temperature is increased, the filament throws off electrons which
. are attracted to the plate. As the temperature is increased, the
space between the filament and the plate repels a great num-
ber of electrons which return to the filament. If we attempt to
increase the emission any more, even though more electrons are
" emitted they will not be attracted to the plate but will remain in

the space, repelling further emission. g

What takes place within a two-element vacuum tube may
be explained graphically from Fig. 10. Let’s say that the filament
F is operating at normal temperature and the plate is made posi-
tive by connecting the positive terminal of the battery to P and
the negative terminal to F as shown in Fig. 9(a) C. If it were
possible to place within the vacuum tube between F and P a mov-
able metal screen which would allow all electrons to pass through
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it dndd we were to connect between this sereen and -the filament
a voltineter, we -would find that as we move the screen from F
to fthe voltmeter would read various voltages. The solid curve
of this figure shows what voltages would be read.

The a-b-c portion of the curve represents the position be-
tween F and P where the voltage would be indicated as negative.
Any electron shot off from F into this space will find itself re-
pelled to the filament or would remain in this space. For ex-
ample, if an electron is emitted from the filament with sufficient
energy to carry it to point X, the chances are it will be driven
back by the negative space charge. If this same electron had
force enough to get to point Y, it would travel on to the plate
for, as you will note from this curve, at any position between
c and d (the plate) the potential is positive and will therefore
attract the electron (which-is negative) to the plate.

Vacuum tubes are always operated with a filament current
which will not change the plate current to a large degree with
small changes in the filament current. This corresponds to point
X on the plate current-filament current saturation curve shown
in Fig. 9. At this point the space charge has an appreciable
effect on current flow through the tube. A certain amount of
voltage is used up in overcoming the effect of the space charge.
Thus we can consider the space charge equivalent to an addi-
tional resistance in the plate circuit of the tube.

So far we have been considering increases in filament cur-
rent only, with a fixed or constant voltage applied to the plate:
Of course, if we increased the voltage supplied to the plate, we
also increase the attracting force of the plate with the result
that the space charge will be overcome to a greater extent and
more current will flow in the plate circuit. The dotted line in
Fig. 9 shows what would happen if we used a higher plate volt-
age than the voltage used when the original curve was taken.
Note the new saturation point.

Now we can plot a plate voltage-plate current curve, keep-
ing the filament current constant. As we increase the plate volt-
age, the plate current gradually rises—slowly at first, then faster
until it reaches a saturation point. Our curve would look like
the one shown in Fig. 11. Here saturation represents a condi-
tion where 2ll the electrons emitted have been attracted by the
plate and we can say that point X represents maximum filament
emission for that particular filament temperature.

12




e R R - - - -~ —_—

* THE EFFECT-OF GAS IN A TUBE 5,

We have been assuming that the plate and filament were in
a perfect vacuum. And yet it is almost impossible to obtain a
perfect vacuum. Let us see what will be the effect of a few air
particles left in a tube. ,

Air, as you know, is composed of various gases, chiefly
nitrogen and oxygen. Therefore, if we have a few particles
of air in our “vacuum” tube we have oxygen and nitrogen
atoms. When high speed electrons moving from the filament to
the plate hit up against an atom, they might strike with such
force that they dislodge free electrons included in the make-up
of atoms. The dislodged electrons join the general rush and
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move on to the plate. The positively charged atom, an ion, is
repelled by the plate and attracted by the filament, so that it flies
| to the filament with great force. Thus we have additional move-
ment—additional electrons moving toward the plate and the ions
movihg toward the filament. This naturally results in an in-
creased current flow.

In most Radio tubes, ionization is very undesirable as the
increased current flow will upset the characteristics of the tube
and the heavy ions striking the filament with tremendous force
tend to break down the filament.

However, in some vacuum tubes for special purposes a par-
ticular kind of gas is used which ionizes readily and which does
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not tend to prevent electrons fromr leaving the filament to the
same: extent that air would. In these tubes ionization is desir-
abletin fact, it is made use of. Figure 12 shows the plate
voltage-plate current characteristics of a gas-filled tube as com-
pared with the same characteristics of an ordinary vacuum tube.
Notice that the saturation point is much higher for the gas-

_ filled tube than for the vacuum tube.

"~ Gas content tubes are called soft tubes in the Radio indusfry.
Hard tubes are those from which all possible air is exhausted,

. that is, tubes which have as perfect a vacuum as it is possible to

obtain.
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THE 3-ELEMENT TUBE

Until 1906, the vacuum tube, that is, the Fleming valve, was

used for Radio purposes only as a detector, taking the place of
the crystal detector. But in 1906 Dr. Lee DeForest made the
famous discovery that was to revolutionize the Radio industry.
He discovered that by placing a third element in the tube in a
certain manner, it was possible to make the.tube &ct as an
amplifier as well as a very sensitive detector. This third element
as you probably know is the grid, which consists of a coiled or
crimped fine wire placed directly in the path of the stream of
electrons from the filament to the plate but much closer to the
filament than to the plate. Since the grid is open in construction
it does not to a great extent obstruct the normal electron flow
from filament to plate.
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Now let’s see what effect this grid will have in the {1t & when
we place a negative or a positive charge on it. ey ose, in
Fig. 10, that we place a grid, at point b, a distance &(j{\a"-‘7 from
the filament. We connect the grid to the filament t‘hfo : gh an
external circuit and in this external circuit we connect a “C”
battery with its negative pole connected to the grid. This con-
nection of course puts a negative charge on the grid. Can you
figure what will be the effect on the plate current? Easy enough,
©isn’t it? The negative charge of the grid will add to the space
charge, making it still more difficult for electrons to move
from the filament to the plate, decreasing the plate current. Now
suppose we reverse the “C” battery in the grid circuit, making
the grid positive. If a negative charge increases the space charge,
a positive charge on the grid will decrease the space charge be-
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" Flg. 13—lllustrating the effect on the electron flow in a vacuum tube when a

negative and positive potentlal is placed on grid.

cause when the grid has a positive charge it acts as a miniature
plate and draw electrons from the filament. The effect of this is
that the electrons from the filament are helped by the grid at their
most difficult part of their journey—once they get-as far as the
grid, the plate attraction begins to make itself felt and many
electrons will fly right past the grid onto the plate, increasing the
plate current.

If we had an arrangement whereby we could gradually
change the polarity of the “C” (grid) battery at will so that at one
instant the grid was positively charged and the next instant
negatively charged, we could in effect impress an alternating
current on the D.C. plate current. And no matter how rapidly
we changed the polarity of the “C” battery, each time the grid was
negative, the plate current would be reduced and each time the
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grid w/ 3 positive, the plate current would be increased—assum-
ing of ‘3-1}rse that we keep the A voltage and B voltage constant.
This is shown schematically in Fig. 13.

From this you can see that the grid provides a very sensi--
tive method of controlling plate current. More than that—as the
grid voltage alternates, the plate current will become greater
and smaller alternately, but still always flows in the same direc-
tion. Thus the plate current is largely made up of pulsating
direct current, or as we sometimes say, direct current with
alternating current superimposed upon it which explains why
you sometimes hear of ‘“the alternating component of plate
current.” - ) :

The grid is often compared to a trap. When closed, that is,
when it is hegative, electrons find it more difficult to get to the
plate. When the trap is open, that is when the grid is positive,
electrons move from the filament to the plate with great ease—
with more ease in fact than if the grid were not there, for as
previously stated, the positive grid actually helps the electrons
over the worst part of their journey. One fact- to remember
about grid action is that the grid supplies no new electrons—
none of the grid energy appears in the plate current. The grid
is purely a control device and the beauty of it is that just a
small change in grid voltage will result in a comparatively large
change in plate current. This is due to the position and con-
struction of the grid—much closer to the filament than to the
plate. It is this and the control action of the grid that makes
it possible for a tube to act as an amplifier whether in audio or
radio frequency stages. This 3-element tube or triode as it is
usually called, makes a very efficient and sensitive detector when
operated in a special manner as we shall learn soon.

TUBES IN USE

Now that we see the importance of the grid in a vacuum
tube, we are in a position to learn more about modern vacuum
tubes. ‘Not so many years ago the number of tubes in use for
receiving purposes eould be counted on one hand; today, the
number in constant use makes us refer to tube tables issued by
tube makers. But the important fact about these tubes is that
they may be classified in a simple manner. We have considered
the two element rectifier-detector tube. This tube has two elec-
trodes, the filament and plate, and for this reason is generally
considered in the class of diodes (meaning two electrodes). The
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introduction of the grid has given us a three electrode tube and
these are classified as triodes. Vast improvements haye been
made in the operation of tubes by the use of two and thiee grids
in the same tube structure. Laboratories have experimented
with four, five, and six grids, but their use has not yet shown
enough value to be made commercially available. Regardless of
the number of grids, one of them is the control (trap acting)
grid, while the others are merely auxiliary (helping) electrodes
which improve the performance of the tubes. Tubes having two
grids are called tetrodes (meaning four electrodes), often re-
ferred to as screen grid and variable mu tubes. Tubes having
three grids are called pentodes (meaning five electrodes), and
they are often classified as R.F. or A.F. pentodes, depending on
whether they have been specifically designed to be used in the
R.F. or A.F. sections of a receiver.
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Every one of these tubes must have a source of electrons,
which we know is obtained by heating some electron emitting
material. The materials used is still a subject requiring much
research on the part of tube manufacturers, and from our point
is of little importance. But we are interested in how they are
heated as this factor controls the difference between battery,
A.C,, D.C. power, and automobile receivers. Briefly, a tube may
be a filament or heater type tube. Where is the difference?

Figure 14 (a) shows the simple filament type electron emit-
ter. Current is made to flow from a’ through abce’. The fila-
ment abe is a resistance wire which heats up with the flowing
of current, and either the filament itself or the metal oxide cover-
ing the filament under the action of the heat throws off electrons.
The filament must be rigidly supported and special lead wires
aa’ and cc¢’ must be used in passing through the glass seal, shown
as the press if no air is to leak through the seal. The lead wire
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should be a metal-such as platinum, or usually nickel alloy, which
expands_and contracts under the influence of heat to a degree
identical to the glass stem. - The method of support and the
shape of the filament may vary. The filament may be a narrow
or wide inverted V or it may be an inverted W (see Fig. 22).

~ Filament type emitters are made for either A.C. or D.C.
operation, that is, either an A.C. voltage or a D.C. voltage is
applied to the filament. If we were to break open an A.C. and
D.C. filament type tube, we would find that the A.C. type em-
ployed a very thick filament wire while the D. C. type used a thin
filament wire. If you were to use a D.C. type filament tube in
an A.C. circuit, you would find that a hum would emanate from
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the loudspeaker. The reason for the hum is apparent—alternat-
ing current rises to a maximum in one direction, reduces to zero,
then rises to a maximum in the opposite direction. Of course.
as the current rises the filament emission will rise too, and as
the current falls so will filament emission. If the emission varies,
the plate current will vary also. If our source of supply is 60
cycle A.C., we get what is called a 60 cycle hum in the phones
or speaker. Now by making the filament wire thick, it will not
lose its heat in the short time of a half cycle like a thin filament
wire will, and the difference in plate current will not be notice-
able. Of course, A.C. type tubes may be used on D.C. power. ‘

.- The second method of obtaining electron emission is to coat
a metal thimble with ‘a special metal oxide and indirectly heat
the thimble,"; This:is shown in Fig. 14(b). Note that a single
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straight filament runs centrally through a long metal cylinder
which is coated with the metal oxide. The filament in this case has
the only purpose of heating the electron emitter which is called
the cathode* (memorize the word cathode). Therefore, the fila-
ment has two separate lead wires which in practically every case
has no connection with the cathode or any of the grids or plates.
A single lead wire connects to the cathode. The method of sup-
port.shown is imaginary and manufacturers differ as to how they
support the elements in the tubes they make.

You will no doubt question the soundness of the ﬁlament
structure shown in Fig. 14(b). There is a good chance of the
filament hitting the thimble and in some structures, as we shall
shortly learn about where the filament is made like a hairpin,

Fig. 16

the filament wires themselves may touch causing a short circuit.
To overcome this, a slightly different construction is used as
shown in Fig. 14(c). Here a ceramic tube (porcelain) with a
hole large enough to allow the filament to pass through it, is used.
A metal thimble treated with strontium, barium or caesium oxide
fits snugly over the ceramic tube. The cathode lead is made from
the thimble. Such tubes are slow heating as it takes at least
30 to 60 seconds to heat the ceramic tube.

Quite often tubes are made so the filament will operate at
high filament voltage, and in this case a very long filament is
required, wound on a ceramic strip as shown in Fig. 14(d) or
wound up and down as shown by dotted lines drawn from a to b,
the whole filament structure being coveréd with an insulating
heat conducting material. The filament is then inserted in a
long rectangular cross-section metallic sleeve which has been

treated for cathode emitting properties as illustrated by Fig.
14(b).

* In the filament type tube, the filament is ealled the cathode.
19

In general, the internal structure of an R.F. pentode looks like a
tetrode while the filament type A.F. pentode has the appearance
of a filament type triode tube.

23
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filament tubes. You should nowf im§gine a 4 prong tube placed
directly above the socket and ledrn jow to spot the correct ter-
minal prongs. You should ima e ghat you have a chassis up-
side down and again learn to spokth# terminals. The same pro-
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if grid No. 3 is connected to the cathode, we have a pentode;
and if grids No. 1 and No. 2 are connected together and used as
the control grid -and grid No. 3 is connected to the plate, we
obtain a special triode tube referred to as Class B amplifier.

It is worth mentioning that R.F. pentodes have been made
with the control grid having a fine and coarse section. In this
case, the tube is referred to as a super-control R.F. amplifier
instead of variable mu pentode.

RECTIFIERS

The modern diode is essentially like the early two element
tube, only engineering has brought it to a highly useful. state:

GLASS ENVELOFE GLASS ENVELOPE

FILAMENT

FILAMENT SHEET FILAMENT SUPPORT

FILAMENT

FILAMENT,
SUPPORT

STEM S IRV TO PING
PLATE &

CONNECTION
SUPPORT WIRES

TO PINS
| *DpropE” : | Dprope-

Q ) FULL-WAVE)
RECTIFIER.

Fig. 22 Courtesy Radiocraft

Diode tubes are used for detectors as originally suggested by
Dr. Fleming and as rectifiers to change A.C. current to D.C.
current. To be sure, the ordinary triode tube may be used for
this purpose by connecting the grid and plate together, but it is
best to use a tube especially designed for a particular detector
or rectifier purpose. Figure 22 shows to the left the ordinary
two element power rectifier. Note the inverted W filament,
usually a metallic oxide covered filament, and the rectangular
cross-section plate. Figure 23 (a) gives the symbolic notation
for a single diode rectifier and the socket connections. Referring
to Figs. 22 and 23 (a), you will observe that the left-hand, small
prong is dead because there is no need for it, and it is considered
best to use a standard 4 prong tube base rather than make a 3
prong tube. - : : :

i
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To the right of Fig. 22 is a double diode, that is, two diodes
in one glass envelope. With:such tubes, the filaments of beth
tubes are connected in series and lead to two prong terminals.
Each filament is surrounded by its own plate and connects to a
separate prong as shown in Fig. 23(b). In general, most recti-
fier tubes for radio receivers are made as shown in Fig. 22. The
single diode shown to the left in Fig. 22 is calléd the half-wave
rectifier because in the circuits in which it is used alone it merely
cuts off from an A.C. current shown in Fig. 24 (a), one-half the
wave leaving what is shown in Fig. 24 (b). However, the double
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Fig. 23
diode, or full-wave rectifier, if properly used, makes use of both
halves of the A.C. wave, giving a rectified output as shown by
Fig. 24(e). Of course, two half-wave rectifiers may be used to
get full-wave rectification. We will learn more about this in
another text. We should mention that in some cases, rectifier
tubes are filled with mercury vapor to improve the operation
and increase their handling power.

Diode tubes are used extensively in modern radio receivers
for detectors. Tubes shown in Fig. 22 are not used for this pur-
pose. When a single diode is needed, a triode of the filament or
heater type may be used connecting the grid to the plate. Special
heater type double diodes have been made which consist of the
central cylindrical cathode surrounded about a millimeter away
by a cylindrical plate split in two so as to make two plates. The
terminal connections are shown in Fig. 23(c¢).

SINGLE ENVELOPE MULTIPLE TUBES
We should not close our study of mechanical features of tubes
without observing that two or more tubes may be built into a
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single glass or metal envelope, usually only two. Do not confuse
this with the multiple use of tubes, for example, a triode used as a
diode, or pentode used as a triode. The double diode may be strictly
congidered in this class. Perhaps the most interesting tube in
this field is the double diode-triode, that is, two diodes and a
triode, three tubes in all. From external inspection this tube
looks like a triode, but in looking closer you observe that it has
a single cathode of the heater type, a triode structure on the

\/ A C 10 be rectified

A4

P

®

Al rectified by
8I~palr wave rectitier

AL rectifred by
@ *80~full wave rectifier

Fig. 24

upper part, and a double plate around the lower part. A metallic
shield separates the two sets of elements. The tube connections
are shown in Fig. 23(d) and the tube is intended as a detector-
audio amplifier.

5,
4

“
A B C D B

Fig. 25—Four glass-enclosed Radio receiver tubes and corresponding metal-enclosed tubes;
and on extreme right “Duo-Diode” tube, available only in metal envelope.

You will find a tube with two triodes in the same envelope,
perhaps a small heater type and a large filament type triode.
Many twin tubes have been proposed and some built, such as
double diode-pentodes, twin grid triodes, etc. But the important
thing to remember in every case is that you may classify any
tube, whether it be alone in an envelope or one of several tubes
in the envelope, as first of the filament or heater type, second
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as an A.C. or D.C. tube, and third, whether it is a diode, triode,
tetrode or pentode. Let us emphasize, these three fundamental
classifications are important. )

The glass envelope is rapidly being replaced with a metal
envelope, resulting in a more rugged tube. Metal tubes, as such
tubes are called, do not differ in their operation or electrode con-
struction from glass tubes, except that the. metal envelope is used

as a tube shield as well as a wall to keep out the air. All metal

tubes fit into an eight-hole socket, although metal tubes may have
5 to '8 prongs depending on the type. A metal tube has one more

prong than the glass tube equivalent, the extra prong connecting
to the metal envelope or shield. In the center of each tube, you
will find a pilot or a cylindrical key which guides the tube into its
socket, in the correct way. In Fig. 25 we show 5 metal tubes,
and the glass equivalent to four of them. From left to right
you will see 4, the double diode rectifier; B, the power triode; C,
the super R.F. pentode; D, the heater type triode; and E, the duo-
diode, which first made its appearance as a metal tube. Remem-
ber, metal tubes work in exactly the same way as glass tubes.

TEST QUESTIONS
Be sure to number your Answer Sheet 8 FR-2.
Place your Student Number on every Answer Sheet.
Never hold up one set of lesson answers until you have

another ready to send in. Send each lesson in by itself before
you start on the next lesson. In this way we will be able to work
together much more closely, you’ll get more out of your Course,
and the best possible lesson service.

: 1. What is the purpose of the filament when heated in a two

element type tube as shown in Fig. 27
2. Why are electrons attracted to the plate when a positive

potential is applied to the plate?

. 8. What are the two types of electron emitting filaments in

common use today?

4. What is the sole purpose of the filament in a heater type

tube?

- . Why is a vacuum necessary in a radio tube?

6. Will a positive charge placed on the grid of a three element
tube increase or decrease the plate current?
7. What kind of current will flow in the plate circuit of a

vacuum tube if you apply 4 grid voltage that alternates?
8. How does the D.C. filament differ from the A.C. filament
in a vacuum tube?
9. Could you use an A.C. tube with a D.C. supply?
10. In what three ways are vacuum tubes classified?
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Radio Transformersand the Principles
of Tuning

MUTUAL INDUCTION BETWEEN COILS

When we studied inductance we learned a great deal about
the effects of mutual induction between the turns of a coil of
wire—we learned that by means of mutual induction a voltage
could be induced in a second independent wire or coil by the
action of the changing magnetic field about another wire or coil
in which the current increased or decreased, or changed its direc-
tion of flow. : '

You will remember that when a voltage is induced in a sec-
ond circuit, a magnetic field is built up about the conductors of
the second cireuit which in turn induces a back e.m.f. in the con-
ductors of the first circuit. You will remember, too, that in-
ductance in a coil is the result of the combined effects of self-
induction in the individual turns and the mutual induction be-
tween adjacent turns of wire; and that the effect of inductance
is only apparent when the current flowing through the conduc-
tors is changing in value.

Now we are going to study the effects of mutual induction
between coils, a phenomenon. that is put to many practical uses
in Radio. The best way to go about studying these effects is to
perform some very simple experiments using coils.

Let us take about 100 feet of No. 20 insulated copper wire
and wind it on a cardboard tube about 8 inches in diameter.
There will be about 127 turns. When the coil is completed we
have what is called a helix (from the Greek word meaning
“spiral”), or a solenoid, also from the Greek, meaning “like’a
hollow tube.” The two words are often used interchangeably
although a distinction should be made—the word solenoid refer-
ring either to a single or multi-layer air core coil while helix
should be used only when referring to single layer air core self-
supported coils. )

If we attached two leads from a dry cell to the two ends of
the coil winding and allowed the current to flow through the
turns, a magnetic field would be built up through and around
the coil. With a small compass we can determine in which direc-
tion the magnetic lines of force flow around the coil. (See
Fig. 1.) Suppose we reversed the battery connections to the

1
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‘windings.

coil—the compass will show that now the lines of force are mov-
ing in the opposite direction.

Now to continue our experiments we shall have to wind
another coil.  Let us make this one smaller than the first one—
let us say we use a coil form 2 inches in diameter instead of
3 inches.

Having built our small coil we connect the battery to the
two ends of it and to the two ends of the large coil we connect
a sengitive voltmeter, one which hag its zero position in the cen-
ter of the scale, as shown in Fig. 2. Then we are ready to con-
tinue with our experiments and start noticing what happens.

First we place the smaller coil ingide the larger coil and
then draw it out rapidly. If we keep our eye on the voltmeter
we will notice that the pointer of the voltmeter deflects as we
separate the coils. This deflection mlght be very small but even
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the slightest deflection will tell us what we want to know—that
a voltage has been induced in the large coil. But when the small
coil was at rest inside the larger coil, there was no voltmeter
deflection. Now what conclusions can we draw from thig little
experiment?

We know that there is a magnetic field about the small coil
—the result of the battery current flowing through the coil
When this small coil is stationary inside the larger
coil, no voltage will be induced in the large coil because the mag-
netic field is stationary and you learned in the lesson on Induec-
tance that it takes a moving magnetic field to 1nduce a voliage
in another circuit. When we moved the small coil"'we obtained
this moving magnetic field. The lines of force about the smaller
coil cut the turns of wire on the larger coil and a voltage was
induced in the turns of the larger coil.

‘There is a very important fact which you should remember
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before you go on with your studies, that is, if through any coil
the number of magnetic lines of force (the flux linkage) changes,
an e.m.f. will be induced in the coil. From this explanation it
is easy to see that it makes no difference where we move the
small coil or the large coil, if the flux through the large coil
changes an e.m.f. will be induced in it. When the small coil is
moved completely upward, the induced e.m.f. is in one direction,
and -when it is moved completely downward, the induced e.m.f.
is in the other direction.

From this we can assume that by moving the smaller coil in
and out of the larger coil, an A.C. voltage will be induced into
the larger coil. If the battery was connected to the larger coil
and the voltmeter connected to the smaller coil, an A.C. voltage
would be induced in the small coil if we moved the small coil, or
left it stationary and moved the large coil.*

Fig. 2

Now instead of moving either coil, suppose the small coil is
fixed inside the large one, the two ends of the large coil being
connected to a battery in series with a variable resistance as
shown,in Fig. 3 (a). .

To the small coil we connect a sensitive voltmeter, which has
its zero position in the center of the scale. The variable re-
sistance in series with the battery and the large coil enables us
to vary the current flow in the coil from zero to maximum, let
us say, from 0 to 1 ampere. Let us also say that with maximum
current through the coil, 100 magnetic lines of force will thread

"~ through the large coil. We can reduce this number by increas-
ing the series resistance.

~ *The coil in which the current is sent is called the primary. The coil
in which the voltage is induced is called the secondary.

3




As the resistance in this circuit 18 decreased from maximum -

to minimum, the lines of force linking with the smaller coil will
increase in number from 0 to 100. While the number of lines
linking all the turns of the smaller coil (the flux linkages) is
increasing, a voltage will be induced in it. In the same way,
when the flux linkages are reduced—by increasing the resistance,
a voltage will be induced in the smaller coil. From this we can
see that it doesn’t make any difference whether the flux linkages
are increased or decreased, a voltage will be induced—provided
they are changing. And the faster the flux linkages change,
the higher will be the induced e.m.f.

-Now instead of using a battery and a variable resistance,
an alternating current is fed into the large coil is in Fig. 3(b).
As the current varies in the large coil the flux linkages through
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(a) (b) | (e)
Flg. 83—Sketch showing three methods which can be used for inducing a voltage in
a Secondary coil when a varying D.C. current, alternating current or an interrupted
current is applied to the primary coil
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the small coil will change, with the result that an A.C. voltage is
induced in the small coil. The large coil in this case is called the

primary, the small coil the secondary, and it is generally stated

that a voltage is induced into the secondary by induction.

Now instead of feeding the large coil with alternating cur-
rent, we use a battery and a switch as shown in Fig. 3(c). With
this arrangement we can easily start and stop the D.C. current,
that is, we will have in this case a pulsating current flowing
through the large coil. When the switch is closed—the pointer
of the voltmeter connected to the smaller coil will show a slight
deflection in one direction, but after a momentary deflection it
will return to zero position. When the switch is opened—the
pointer will show another deflection in the opposite direction,
indicating we have an A.C. voltage in the small coil (secondary).

From what we know of induced voltages we can explain this

4




very easily. At the instant we close the switch, current begins
flowing through the turns of the large coil and a magnetic field
builds up. As it builds up the increasing flux linkages through
the larger coil induce a voltage into the small coil. When the
inductance of the large coil no longer affects the value of the
current flowing through it, the field has reached maximum and
remains stationary and a stationary field will induce no voltage,
therefore the pointer of the voltmeter returns to zero. But when
we open the switch, the magnetic field about the large coil be-
gins to collapse and as it collapses the decreasing flux linkages
induce a voltage into the turns of the small coil in the opposite
direction as will be shown by the pointer of the voltmeter.

SUMMARY
We may sum up what we have said in the following impor-
tant fact. When two coils such as a transformer are fixed in

’
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Standard Radio-
Frequency Coil

T (a)

Fig. 4

relation to each other one coil may induce an A.C. voltage into the
second coil when the magnetic field linking both coils rises and
falls thus increasing and decreasing their flux linkages. This can
be accomplished by making the current in the first (primary) coil
a pulsating D.C.,, an interrupted D.C., or an A.C. current. In
all such cases an A.C. voltage is induced in the second coil and an
A.C. current will flow in this secondary coil. Two such coupled
coils give us a basic device used extensively in Radio and Electrical
fields and is called a “Transformer.”

' TRANSFORMERS

Air core transformers used in the R.F. stages of Radio
receivers are essentially like the one described although both
windings are usually wound on the $ame form as in Fig. 4(a) and
there are usually more turns in the secondary winding than in
the primary winding. The primary is always connected to the
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source “of electric power, usually the plate of a vacuum tube.
Energy is, of course, transferred from the primary to the sec-
ondary by mutual induction. In other words, the primary is in
the input circuit and the secondary is in the output circuit.

.When a transformer has more secondary turns than pri-
mary turns, it is said to have a step-up ratio.* By this we mean
that if all the flux about the primary links with the secondary
turns the output voltage would be greater than the input volt-
age, depending upon the ratio of secondary to primary turns.
Thus if the primary consisted of 10 turns and the secondary
of 100 turns (a 10 to 1 ratio), if the input voltage were 1 volt and
if there were no loss of flux linkage, the output voltage of the
secondary would be 10 X 1 or 10 volts. But in an air core trans-
former there is considerable loss of flux linkage, first because air
is not a particularly good conductor of magnetic lines, and
secondly, because of the position of the secondary with respect
to the primary—both on the same form and separated from
each other. :

To visualize the reduction in flux linkages in radio frequency
transformers, study Fig. 4(b). This is an exaet schematic of
a commercial radio frequency coil. The primary produces a flux.
which threads through the secondary as shown. Notice that
only lines 1, 2, 3 and 4 link with all the secondary turns (com-
plete linkage). Again observe that lines 5, 6, 7 and 8 cut fewer
and fewer of the secondary turns, that is, flux-turn linkages are
lost. This is referred to as leakage, which is an important prob-
lem in any transformer. ,

The output of the detector tube as you know is direct cur-
rent which is pulsating at audio frequencies. In the detector
tube the audio frequencies are separated from the radio fre-
quencies. From the output of the detector to the loudspeaker
we are interested in developing as much voltage as we can so
there will be enough power to operate the loudspeaker. For this
reason different types of transformers are used to connect the
vacuum tubes in audio frequency stages—transformers having
iron cores and having the secondary winding wound directly over
the primary winding.

Soft iron is a much better conductor of magnetic flux than
air and audio frequency transformers are designed so that the
magnetic circuit is complete and the flux is confined to this cir-
cuit. In transformers of this kind in which “coupling” is said

*A transformer with less turns in the secondary than the primary has
a step-down ratio, which means that the secondary output voltage would
be less than the input voltage.
6




to be close, because practically all the flux of the primar'y links
with the turns of the secondary, the turn ratio of the secondary
to the primary determines the ratio of induced voltage to input
voltage. If the transformer has a turn ratio of 3 to 1, that is,
the secondary has three times as many windings as the primary,
the voltage induced in the secondary will be three times the volt-
age fed to the primary.* : T

Without question the iron core transformer is one of the
most valuable devices in Radio, in fact in all electrical circuits.
A schematic diagram of a typical iron core transformer is shown
in Fig. 5(b). When current flows through the primary, flux is
created. Due now to the presence of the closed iron core, the
magnetic lines are concentrated through its length as shown by
lines 1, 2 and 3. Perhaps a few magnetic lines (and they are

Secondary | — |
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Sy Frimary | | |

(a) Typical Audio-Frequency T ya
Transformer, Construction \\\_‘2//

very gimilar to Fig. 6. Fig. 5

comparatively small) will not flow along the iron path but as
shown by lines 4 and 5 so that there is a very small amount of
leakage. Obviously lines 1, 2 and 3 link with the secondary and
are responsible for the induced e.m.f. in the sécondary. Now
when the primary current varies, as for example when it is con-
nected to an A.C. source, the flux linkages with the secondary
will vary. Since leakage is reduced to a very small amount by
the closed iron core, the turn ratio and voltage ratio will be
almost exactly accurate.

You will notice that this step-up applies only to secondary
A.C. voltage and because power is not generated in a trans-
former, an increase in the secondary voltage must not be accom-
panied by an increase in the secondary A.C. current. _

Suppose we have a large transformer with a step-up ratio
of 10 to 1—that is, it has ten times as many turns in the sec-

* Tor example, if 110 volts was fed to the primary of a 3 to 1 ratio step-

up transformer, the voltage induced in the secondary would be 3x110 or
330 volts.
7




ondary as in the primary and we fed into the primary 100 watts

of power at 10 volts. This means that in the primary circuit,

there are 10 volts of pressure and 10 amperes of current and the
power in watts is equal to the voltage multiplied by the current.*
Agsuming there are no losses in the transformer, the output volt-
age, that is, the voltage in the secondary will be 100 volts, be-
cause it has been stepped up from 10 to 100.

But what about the A.C. current in the secondary—-has this
been stepped up from 10 to 100 amperes? No, because the power
in watts must be the same, 100 watts, according to the law of
conservation of energy. In the secondary circuit the current is
only one ampere for 100 multiplied by 1 equals 100 watts of
power.

Laminarions ™~

Low voltage
FPrimary._ < ——seconaary -

\High voltoge
seconaary

/
\
Varnished cambric

Fig. 8

The cores of modern’ audio frequency transformers are
laminated, that is, they are made up of thin sheets of iron tightly
clamped together but insulated from each other, usually only by
the scale present on sheet iron. The purpose of the laminations
is to reduce heat loss due to eddy currents which are currents
induced into the iron core. The magnetic flux would induce
very small currents in a solid iron core, which would result in
losses due to the resistance of the iron. However, this matter
of eddy current losses and another loss which is due to what is
known as hysteresis, requires rather lengthy treatment so we

* This is only true if the load on the secondary is a simple resistor
(which is true in power packs) and the transformer has no leakage flux.
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can’t go into it here—it will be considered in detail when we
study magnetic circuits. :

Now we come to another type of transformer used in radio
receivers operated from the house lighting system—the trans-
former used in the power pack. (See Fig. 6.) This transformer
is much larger than the ordinary audio frequency transformer.
It is wound on a closed iron core and differs from the types of
transformers we have been studying in that it has more than
one secondary winding. These secondary windings (shown
schematically in Fig. 7) are used to supply the various voltages
to the receiver. As the voltages required to heat the filaments
of the various vacuum tubes are comparatively small, 1.5, 2.5 or
5 volts, there must be a large step-down ratio between the pri-
mary and these secondary windings. As these transformers are
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usually designed to transform the 110 volt house lighting alter-
nating current, the step-down ratio for the 1.5 (one and a half)
volt filament winding will have to be 110 to 1.5, that is, if there
are 1000 turns on the primary there~will be 13.6 (thirteen and
six-tenths) turns on the secondary,* as the voltage in the pri-
mary divided by the voltage in the secondary must equal the
number of turns in the primary divided by the number of turns
in the secondary.

The winding which supplies 2.5 volts (two and a half) will
have a step-down ratio of 110 to 2.5 and the winding which sup-
plies 5 volts will have a step-down ratio of 110 to 5.

There is only one secondary “B” winding because the high
voltage alternating current in the output of this winding is recti-
fled, that is, it is changed into direct current. Then various “B”

*110 =— 1.5 = 78.3 turn ratio. 1000 —-73.83 = 18.6 secondary turns.
9
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voltégés are obtained by tapping a resistor known as a voltage
divider; which is placed across the output of the rectifier tube.
Qf course we must remember that we can’t get any more

- power out of the transformer than we put into it. If there

are five secondaries each drawing a definite amount of power,
the primary must be supplied with the sum of all these powers
plus whatever loss takes place in the transformer itself.

Each secondary winding acts as an individual secondary.
The voltage is stepped down in them from 110 to 1.5, 2.5 and 5
volts as required. But the filaments require considerable-cur-
rent. Isit available? It is, because the power input equals the
power output and if the voltage is stepped down the current will
be increased. The plate circuits require high voltage and low
current. This works out very well, because as the voltage is
stepped up the current available is decreased.

THE EFFECT OF MUTUAL INDUCTION ON INDUCTANCE

‘Tt has been thoroughly impressed on your mind that induc-
tance is the result of mutual induction between turns of a coil
and self-induction in the individual turns. Bearing this in mind,
we are going on now to talk about the effect of mutual induction

. between coils on the inductance of those coils and from now on

whenever we speak of mutual induction we shall mean mutual
induction between coils. - .

It is a simple matter to realize that when a transformer is
used as a device to couple circuits the inductance of each winding
is placed in the circuit to which it is connected. But that isn’t
all there is to it. The inductance of a coil is dependent on the
magnetic field about the coil. Therefore if we have two coils
with their magnetic fields interacting it is reasonable to suppose
that the inductance of each coil will be changed because of this
interaction.

The effect of mutual induction between coils on the induc-
tance of the coils is called mutual inductance and the symbol is
“M.” The value of the mutual inductance naturally depends on
the extent to which the fields about the two coils link. If the
two coils were so far apart that there was practically no flux
linkage, then the value of M would be zero.

Now let us imagine the two coils, L; and L, connected to-
gether in series. If they are placed so that their magnetic fields
link they are said to be in series aiding connection. If they are
connected so that their fields “buck” each other, the connection
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is said to be series opposing. See Fig. 8, which shows se.g, .
ing and series opposing connections as well as the con: id-
for field cancellation. o

. The total inductance L of two coils connected in seri ° d
pends on the position which one coil bears to the other. B;’h e
the two coils are placed, as in Fig. 8(a), so that their fiel¢; er(;

one another, the total inductance is the sum of the induc;_iisnz'zs

of each individual coil, plus twice their mutual inducta.nceﬂ'L .
q , q ¢ This
can be stated more simply in equation form:

L=1L,+ Ly~ 2M (field aiding) B eh

When the two coils are at right angles (90 degreesﬂ)ﬁ; to each
other as shown in Fig. 8(b) or so arranged that ’r;he;;r;'.‘l lé) from
one coil does not link with the other, the total induc eld
- ance is only
Series aiding Series opp!
F—~ sg° :j’,asmg

anen F

N b
‘ yIE T
0 I . 180

LLL . LL UL {‘ l /
L L 4 4 LN
Turns . 2 I ~

Turns in same Turns at right angles urns ., ]
direction make . moke Mutual Inductance  directi! 9PPOSIF e
Mutual Inductance Zero Mutuadr make
Flus / Inductance
(a) (b) tinus
Fig. 8 (c)

the sum of the self-inductances of the tv .
equation form this is:

L=1L;}+ Ly (nofield linkin',) / (®)

‘

o coils. In simple

But when the coils are placed in such 7 ition that th ;
netic field of one coil opposes the field g’fatfg s;t;l(;r; coiai as ?nn;‘aé
8(c), the total inductance of the twe , .1 connectec’i in seriee;
will be the sum of each coil inductanc ;

) ) ] ‘e minus twice the mutual
inductance. In simple equation form O o §

L=List Ly —2M  (fieyg opposing) (8)

The fact that the total inggj”é”éance 'of two coils connected in

series also nds on M . . . .
's so depe s 0 mut%i induction is made use of in a sim-
ple inductance device,

exctent in radio measu:illfﬁ a variomete‘r, which is us‘ed to some
spherical in shape, or rements. ‘It-consmts of two coﬂs,' u.sua.lly
tonary and the o’t }.ne placed within the other. One coil is sta-
_ler free to move within the stationary coil.
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. tors is the sum of all the

. i

}

i

Ler coil, called the rotor, is so arranged that it can be

Thg ithrough an angle of 180 degrees, that is, from a condi- .
ii?i Fimaximum field aiding to maximum field opposing. In

" iay, the inductance varies from maximum to nearly zero.
thl%ﬁ/[utual inductance between the two coils plays a very im-
Int role in Radio, especially in radio frequency amplifiers.
p orina&ivity and sensitivity depend on the value of mutual induc--
y Although the average service man will not have to meas-
tance. L\ M of a radio coil, he should know how it is done. You
ure the;measure M directly—you have to get it by round-about
CTTE; (\. First you connect the two coils in series and measure
gleﬂ,zogsff inductance. Reverse the connections of one coil and
© o sure the total inductance. Subtract the smaller value
again meas‘u‘ger value and divide by four. The result is the

from thfa l ctance between the two coils for the position that
mutual indu .

they are in. -

IMI’EDANCE IN SERIES CIRCUITS

In pr evi‘ou‘?f; lgssor'ls we learneq a‘bout th.e magnitude of volt-
age and current in circuits .contalmng resistances of different
values, both ip Series -and in parallel. We learned some ex-
tremely importelt Principles which you must always bear in
ol mrEh ae ohn’s Law, which states that the current in am-

' 3 resistance multiplied by the resistance in ohms

peres through an )
equals the voltag e‘drop across the resistor. We learned that

this holds true re gérdless of the position of the resistor in the

circuit, no matter ho" complicated thai‘:,circuit may be.

You will rememPer that W.hen resistors are connected in
el e valee o o 088 .’Chem is' 'ghe sum of all the individual
voltages across the in&lwdual resmtors, and tha:t the current
through .each resistor iS\’che. same; that when resistors are con-

ltage across each resistor is the same

nected in parallel, the v,

and the current in the m2™ lead connected to the parallel resis-

currents in the individual resistors.
1ctance and capacity in A.C. circuits,

In the lessons on indL, tance i d and d
we learned that inductive 1‘?‘:’}0 ance 15 measured and expresse

in ohms and it affects current 2Nd voltage in the circuit in quite

a different manner, even though“\e;,Xpre,Ssed in the SRR “mts

(ohms) as pure resistance. The sane 18 e € CpREaTS 5e-
actance which is also expressed in ohtiid" .

You might rightly ask why inductive and capacitive re-

: ‘istance, if reactance

actance are measured in ohms just like res:

12 . s
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differs from resistance. While reactance and resistange  differ

in their effect on current and voltage, they have this in€mmon
—they both act to limit current flow. It is even true tha.% Ohm’s

. Law can be extended for use in A.C. circuits.

We know that if we measure the current through Mde-
vice in a D.C. circuit, and measure the voltage across the device,
of course using D. C. instruments, we can calculate the resistance
from Ohm’s Law, by dividing the voltage by the current. This
is true regardless of the construction of the device and regard-
less of its position in the circuit. Of course, if we know the cur-
rent and resistance we can calculate the voltage drop, or if we
know the voltage and the resistance we can calculate the cur-
rent.

In A.C. circuits we can follow the same procedure. If we
use an A.C. voltmeter and an A.C. ammeter and if with these
we measure the A.C. voltage and the A.C. current through any
device regardless of its position in the circuit (except devices
that generate an e.m.f.), by Ohm’s Law extended for A.C. use,
we can calculate the extent to which the device holds back cur-
rent flow. We divide the volts by the amperes and our answer
is in ohms. But because we are dealing with an A.C. circuit,
these ohms do not represent resistance but impedance.

The word impedance is a very useful one, as it includes every-
thing in the circuit that holds back (impedes) the flow of alter-
nating current—that is, it includes both ohmic resistance and
reactance, inductive and capacitive. Qur combination of resist-
ance and reactance may be a series or a parallel combination, it
doesn’t make any difference, the voltage divided by the current
is the A.C. impedance in ohms The symbol used for impedance
is (Z2).

However, if we are considering the impedance of a single
device, as of a condenser, we do not call it impedance but capaci-
tive reactance (Xs). In the same way if our device is a coil, we
call the ohmic value inductive reactance (X.), never inductive
impedance. If the device is a resistor, we call it merely a pure

resistance. In this lesson we are going to learn to what extent

reactances and resistances in series and in parallel impede the
flow of current in A.C. circuits.

But before we go on to talk about impedance in series cir-
cuits, we must be sure we understand phase relations in A.C.

" circuits and what effect on phase a condenser or a coil will have.

You know that an A.C. voltage always starts from zero
value and rises to a maximum value in what we call 90 degrees.
In another 90 degrees it reduces to zero. In the next 90 degrees
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the voltage is at maximum again but acting in the opposite direc-
tlon——-y i can call it negative voltage if you wish. In the final
90 degrees the voltage returns again to zero. Thus it took 360

- degree %sfor the voltage to complete what we call a complete

cycle: ®As far as the time is concerned, it might have been an
hour, a minute, a second, anything. But whatever it is, the time
is called the period.

An A.C. voltage applied to a device causes the current to
flow through it depending on the impedance of the device. If
the current is at a maximum when the voltage is maximum, zero
when the voltage is zero, negative when the voltage is negative,
then we say the current and voltage are in phase. But in many
A.C. circuits the voltage and current are not in phase. The volt-
age may be at a positive maximum when the current is zero, just

.

Fig. 9

beginning to flow in a positive direction. Then we say that the
current lags the voltage by 90 degrees.* Or the voltage may be
zero, just entering the positive alternation and the current may
be at maximum positive. Then we say the current leads the
applied voltage by 90 degrees. From this we can see that the
current may lag behind or lead the voltage. But the angle of dif-
ference, called the phase angle, is not often 90 degrees—in fact
in a complete circuit the phase angle never is 90 degrees. It is
always something between zero and 90 degrees, depending, as
we shall see later, on the combination of reactance and resistance
in the circuit.

In Radio we like to represent the electrical degrees dénot-
Ing a phase difference by an actual angle on paper. To under-
stand clearly what we mean by this statement look at Fig. 9 and

read the following carefully. Visualize line I; rotating in a.

counter-clockwise direction (we say “counter-clockwise” because
it is opposite to the way the hands of a clock move), taking posi-

* We might have said that the voltage leads the current by 90 degrees.
14




tions I, Is, I, and Is. Considering line OV as the reference line,
it can be seen that I, lags behind OV by 45 degrees, therefore
I, lags behind OV by 90 degrees. Now if we consider line OV
as the voltage line and I, as current, then the current line I, will
lag behind the voltage by 45 degrees. Line I, will lag behind
the voltage by 90 degrees. If we consider line I; we see that in
this case the current and voltage are in phase. Considering line
I, we see that current is leading voltage by 45 degrees. Like-
wise line I; shows that current is leading voltage by 90 degrees.
These relations as you can see are quite simple.

Every device in an A.C. circuit has a definite impedance, a
definite voltage drop across it. There is a definite amount of
current flowing through it. And finally there is a definite phase

. ' R X
I X Al I '
Vr VC v[

7
|72 {4
—_— ]C
— e
—— I
I ¢
. VC
{a) (b) (e)

Fig. 10

relationship between the voltage and the current. But no mat-
ter where a resistance is placed in a circuit and no matter what
the phase angle between current and voltage might be in the
rest of the circuit, the voltage across and the current through
the resistor are exactly in phase. This is shown schematically
in Fig. 10(a). Notice that the voltage V, length is shown on the
same line as the current length I,. By this we represent that
the voltage and current are in phase.
~ On the other hand, no matter where a capacity is placed in
a circuit, the current I, always leads the voltage V across it by
90 degrees. This is clearly shown in Fig. 10(b). Likewise, no
matter where an inductance is found in a circuit, the current
I; through the inductance is always 90 degrees behind the volt-
age Vi across it as shown in Fig. 10(c).
What we have said about the voltage and current through
resistors, condensers and coils is true whether the supply voltage
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is 60 cycles or 1500\kilocycles? per second, provided the device is
a pure capacity, a pure inductance or a pure resistance. And
the voltage across the device divided by the current through the
device is always the resistance in ohms (in the-case of a resis-
tor) or the reactance in ohms (in the case of a condenser or a
coil). In other words, Ohm’s Law is strictly applicable in all
three forms:

(a) I=—§; (b) E=I1IXR (c) R=—IIE— (4)
(a) I=-§- (b) E=1IXX (c) X=7E-‘— (5)
@ I=2 @) E=IXZ () z=" 6)

which is strictly Ohm’s Law even though we use Z as the sym-
bol for impedance and X as the symbol for reactance instead of
R for resistance. ‘

Now suppose we have a series circuit containing a three
ohm resistor and a coil having an inductive reactance of four
ohms as in Fig. 11(a). Also connected in the circuit is a ten
volt A.C. generator. What we want to know about this circuit
is the voltage across the coil and the resistor,

Since both devices are in series, it is obvious that the same
current will flow through each. What is the value of this cur-
rent? From Ohm’s Law we know it will be 10 volts divided
by the impedance. But is this impedance 7 ohms (3 +-4)7?
Not at all. If there were two resistors in the circuit we could
add their resistances to obtain the total resistance. But when
there is a resistance in series with a reactance the total impe-
dance cannot be obtained merely by addition.

The total impedance in this case can be determined very
easily in this way—graphically. Starting out with two straight
lines at right angles to each other as in Fig. 11(b), the hori-
zontal line representing resistance and the vertical line repre-
senting inductance, we mark off on the resistance line three units
(3 inches) representing three ohms. ‘On the vertical line we
mark off four units (4 inches) representing four ohms of in-
ductance reactance. With a ruler draw the line x—y between
4 and 8. The length ef this line represents the impedance.
You will find that it is five units long (five inches) and as we
have represented one ohm by one unit, the total impedance in
the circuit is five ohms, »
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Knowing the total impedance and the voltage we can calcu-
late the current from Ohm’s Law for A.C. circuits. It is 10
divided by 5 which is 2 amperes. : .

Now that we know the voltage, the current and the impe-
dance of the circuit we can make a number of calculations. For
example, we can calculate the voltage across the resistor. If the
resistanee is three ohms and the current through the resistor is
two amperes then the voltage across it will be 8 ohms multiplied
by 2 amperes or 6 volts. We can calculate the voltage across the
inductance in the same way, 4 ohms multiplied by 2 amperes
equals 8 volts.. But here we get into trouble for 8 volts plus 6
volts equals 14 volts. And the generator voltage is only 10

volts. Where did we make our mistake? We didn’t take into _

Y
x 3° v.

<
N h

~

12 3,

S (b)

Fig. 11

consideration any phase shift. Knowing that the voltage can i
be higher than 10 volts, we can reason that the phase difference
must account for the difference between 14 and 10 volts.

The 6 volts across the 3 ohmr resistor are in phase with the
2 amperes of current through the resistor. This is represented
in Fig. 12(a). The 8 volts across the inductance V; are always
90 degrees ahead of the current which in this case is 2 amperes.
See Fig. 12(b).* But the current through the coil and the cur-
rent through the resistor are the same, Therefore we may rep-
resent them as in Fig. 12(c) both drawn to the same scale. This
figure tells us that the voltage across the resistor is 90 degrees
behind the voltage across the inductance. Now let us add

* Note in this case we considered the phase of the voltage in reference
to the current. This is done because in a series ecircuit the current is a
common reference.
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6 v'olts plus 8 volts in this diagram, drawing a vertical line up-
ward from the horizontal line on which we have marked 6 volts
(6 units), the vertical line representing 8 volts (8 units). Then

if we draw a line connecting X and Y, the line XY will repre-

sent the total voltage. In this way we add voltages and at the
same time take into consideration the phase differences.

From this it can be clearly seen that voltages in A.C. cir-
cuits must be added in the same way as reactance and resistance
are added. :

Now let us refer to Fig. 13(a) in which is shown a series
circuit containing 3 ohms of resistance and 4 ohms of capacitive
reactance. What is the total impedance? Here again we start
out with a horizontal line to represent resistance (R =3) as
shown in Fig. 183(b) and we draw a vertical line to represent

(A

v=8"
=

6 volIs =V,
2 D

. \
e

2a
(a) (b)
Fig. 12

capacitive reactance (Xy=4), but in this case the line extends
down from the resistance line to show that a capacity causes
the voltage to lag behind current.* Then we lay off 3 units for
the resistance and 4 units for the capacitive reactance and draw
the line x-y. Measuring the length of x—~y we find that it is
again 5 units, or in, other words the total impedance in the cir-
cuit is 5 ohms. From Ohm’s Law we can see that the current
will be 10 volts divided by 5 ohms which is 2 amperes.

We have taken small values of resistance and reactance in
these examples to simplify these important radio problems. In
practice, however, these values may be anything from a fraction
of an ohm to thousands of ohms. '

In Fig. 14(a) we have a combination circuit—a series cir-
cuit containing a coil having 4 ohms of inductive reactance, a
condenser having 8 ohms of capacitive reactance and a resistor

* As we are dealing with a series circuit we use current as the common
reference. :
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having 8 ohms of resistance. How do we go about obtaining
the total impedance in a circuit of this sort? What is the cur-
rent and what is the voltage across each part? This will be
easy to determine if you have followed the previous explanation
carefully.

The reactances and the resistance must be added in the same
manner as before, but in this case we will have a vertical line
extending upward and another vertical line extending downward
from the reference line as shown in Fig. 14(b), because we have
both capacitive and inductive reactance in the circuit. We lay
off 8 units on our horizontal resistance line, 4 units on the X,
line and 8 units on the X, line. But the capacitive phase shift
is opposite to inductive phase shift. Therefore to find the total

Fﬁﬂﬁ |
el

10%4.C. s

(a) ) (0)
Fig. 18

R=3

reactance in the circuit we must subtract one from the other—
that is, the smaller from the larger. We subtract 4 from 8
which leaves us 4 ohms of capacitive reactance. Therefore we
count down on the X line 4 units and draw a line from z to .
The length of this line represents the total impedance in the
circuit (5 ohms).

We might have done this same thing in a slightly different
manner. We might have chosen some point as O in Fig. 14(c).
Starting at-O we draw a vertical line upward, 4 units long to
represent 4 ohms of inductive reactance. Then from point A
we draw a horizontal line 8 units long to represent 3 ohms of
resistance to point B. - From point B we draw a vertical line
downward, 8 units long to represent the capacitive reactance.
Connect points O and C and the line OC represents the total
impedance in the circuit.
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Compare this second method with the first method and you
will find that it is essentially the same.

Measure line z—y in Fig. 14(b) or line OC in Fig. 14(c) and
you will find that each is 5 units long, showing that the total
impedance in the. circuit is 5 ohms.

Knowing the impedance we can calculate the current
through the circuit. It will be 10 divided by 5 or 2 amperes.
From this we can calculate the voltage across X; which is 2
multiplied by 4 or 8 volts and across X¢ which is 2 multiplied by
8 or 16 volts and across R which is 2 multiplied by 3 or 6 volts.

RESONANCE

The line drawing in Fig. 14(b) you will notice looks very
much like the line drawing in Fig. 13(b), from which we con-
clude that a circuit containing more capacitive reactance (Xy)

o " X 1 ’
4% S 39 L .
A B
XC I 5“) /\2.__ w ,X.C=8U
| | X

10'4A.C. - ¢

(a) (b) ©

. Fig. 14 )

than inductive reactance (X:) along with resistance (R) will
act like a circuit containing only capacitive reactance and re-
sistance, the amount of the capacitive reactance being the differ-
ence between the inductive and capacitive reactance as shown in

Fig. 14(b). :

" Now suppose we have a series circuit containing 3 ohms
of resistance and 4 ohms of inductive reactance and we want
to wipe out the inductive reactance. All we have to do is to
place 4 ohms of capacitive reactance in series with the resistor
and the inductance as shown in Fig. 15. The current in this
circuit would be 10 volts divided by 8 ohms or 814 amperes, be-
cause the inductive reactance (X:) balances out capacitive re-
actance (X¢) and the resistance (B) (8 ohms) is the only impe-

_dance in the circuit. The voltage aeross the inductance would
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be 4 multiplied by 314 or 138.3 volts; the voltage across the resist-
ance equals 10 volts; the voltage across the capacity would be
13.3 volts.

Again suppose we have a series circuit as shown in Fig. 16
with X1 equal to 4 ohms, X, equal to 4 ohms and R equal to .1

4% 3Y  4v

10"

A.C.

Fig. 15
ohm. What are the currents through and the voltages across
the parts? You know X is cancelled by X, so that the circuit
is really equivalent to a circuit containing only .1 ohm of resist-
ance. The current then will be 10 volts divided by .1 (one-tenth
of an ohm) or 100 amperes. V; equals 100 multiplied by 4 or
400 volts; V¢ equals 100 multiplied by 4 or 400 volts and V,

A.C,
Fig. 16

equals 100 multiplied by .1 or 10 volts. It seems queer that we
apply only 10 volts and yet the voltage across the coil and across
the condenser is 400 volts, 40 times the terminal voltage. But
as you see, this is perfectly possible because the coil and con-
denser voltages are equal and opposite. This leaves only the volt-
age across the metallic resistance, which will be the voltage
measured across the entire resonant circuit.

Whenever in a series circuit the capacitive reactance bal-
ances out the inductive reactance, the circuit is in resonance.
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But resonance will occur at only one frequency. You re-
member from your study of inductive and capacitive reactance
that an increase in frequency results in an increase of inductive
reactance, but a decrease in capacitive reactance. Thus if.a cir-
cuit is resonant at, let us say, 1500 ke. and if the frequency is
increased to 1600 ke., the inductive reactance of the circuit in-
creases and the capacitive reactance decreases, upsetting the bal-
ance between the two, with the result that the impedance to the
1600 ke. frequency is very high.

Keeping this in mind let us examine a typical resonant cir-
cuit, containing a coil and a condenser, the capacity of which can
be varied. Of course there will be resistance in the coil, and

200
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Fig. 17
there will be distributed capacity besides the inductive reactance.
In order to obtain maximum current flow at a certain frequency, -
the capacity of the condenser must be varied so that the capaci-
tive reactance will exactly balance the inductive reactance.. This
is exactly what you do when you tune a radio set. Of course we
could also tune such a circuit to resonance by using a fixed
capacity and varying the inductance of the coil, therefore a circuit
can be tuned to resonance by either varying the capacity or the
inductance, but it is customary in Radio receivers to use variable
condensers to tune resonant circuits.

The transmitting station, to which you tune your radio
receiver, broadecasts on a certain frequency. The signal induces
a voltage into the series R.F. tuning circuit of your receiver and
the reactance of the coil and condenser will depend on that fre-
quency. If the capacitive reactance is very different from the
inductive reactance, the total impedance in the circuit will be
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high and the signal will not be heard or if it is it will not be very
loud.

But we tune the circuit of the receiving set by varying the
capacity and as the capacitive reactance approaches the value
of the inductive reactance the current in the circuit gradually be-
comes larger until the reactances balance causing maximum cur-
rent to flow. At this point the circuit is in resonance with the fre-
quency of the waves sent out from the broadcasting station. If
you change the adjustment of the condenser beyond resonance
the current will go down, for as you detune the circuit, the im-
pedance increases to a point where no signal current can flow.

When the capacity is increased toward resonance at the
frequency of a particular broadcasting station, the signal cur-
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rent from that station increases slowly at first, then rapidly to
a peak which indicates resonance and then if the capacity is still
further increased the signal current decreases. This action is
clearly shown by the curve in Fig. 17 which is a typical resonance
curve. Throughout your radio studies and your radio work you
will use curves like this quite often.

In Fig. 18 (a) we have a circuit where both the capacity and
the inductance are kept fixed but the frequency of a signal is
increased. The result would be as shown in the graph of Fig.
18(b). Reading on the horizontal scale we see that as the fre-
quency is increased from 250 to 3000 cycles; below zero on the
vertical scale represents capacity reactance in ohms, while indue-
tive reactance is represented above zero on the same scale.
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Looking at the heavy “combined impedance” line you will
notice that at first the circuit acts as though only a condenser
were in it. And as the frequency is increased the impedance
becomes less until the condition of resonance appears when the
impedance is zero. As the frequency is increased beyond this
point, indicated by the dashed line continuing the heavy curve,
the circuit acts as though it has only a coil in it and the impe-
dance gradually increases.

REACTANCES IN PARALLEL CIRCUITS

Coils and condensers are not always connected in series—
in receivers and transmitters you will often find them in paral-
lel. Of course in any circuit there is resistance but in resonant
circuits it is undesirable and we keep it down to a minimum.

For the sake of completeness we have included a resistor
in Fig. 19(a) which represents the resistance of the other de-
vices and the conductors in this parallel circuit. Let us say that
this resistance is 8 ohms, that the capacitive reactance in this
circuit is 8 ohms, and the inductive reactance 4 ohms. The sup-

_ ply voltage is again 10 volts. Now we are interested in the cur-

rent drawn by each and the current drawn by the three together.

It is very easy to determine the current drawn by each part;
from Ohm’s Law we know that the current drawn by the indue-
tance will be 10 divided by 4 or 214 amperes. The current drawn
by the capacity will be 10 divided by 8 or 114 amperes and the
current through the resistance will be 10 divided by 3 or 314
amperes.

This of course follows from the rule we learned to the effect
that no matter where a reactance or an impedance is in a circuit,
the current through it is the voltage divided by the impedance,
reactance or resistance.as the case may be.

Now that we know the current drawn by each part, will the

‘main current be 214 plus 114 plus 314 amperes? It would be if

we did not have to consider phase. In calculating the total cur-
rent we must remember that inductive reactance causes the cur-
rent to lag the voltage by 90 degrees and capacitive reactance
causes the current to lead the voltage by 90 degrees, that is, in
the opposite direction.*

Each separate current has a definite phase relation to the
voltage across that particular device. But we know that the
voltage across each-is the same. Thus we can refer each cur-

* In parallel circuits the terminal voltage is common, therefore it is
simpler to consider the phase of the current in respect to voltage.
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rent to a common voltage. Again, to determine the main cur-
rent, we use a line diagram as shown in Fig. 19(b). Let the
horizontal line OV in this diagram be our common voltage. Then
current I; lags behind its voltage by 90 degrees. On the line
I; we mark 214 units representing 214 amperes of current. The
current, I, through the capacity, leads its voltage by 90 degrees.
On the line I, we mark off 114 units representing 114 amperes.
Because the current through a resistor is always in phase with
its voltage we mark off on line OV 314 units representing the
314 amperes, through the resistor. Then, to get the total cur-
rent through the inductive and capacitive reactances, we must
subtract I, from I.. We do this by marking off I on I, start-
ing at point z. From point » to point z we draw a line and the
length of this line represents the total current in the circuit.
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Fig. 19

Measuring it we find it is 814 units long from which we know
that the total current is 314 amperes.

Now that we know the total current, it is a simple matter
to calculate the total impedance—we merely divide 10 by 3.5
which is 2.85 ohms. In working with parallel circuits it is al-
ways much easier to find the total current by means of a line
drawing and then to calculate the total impedance, than to cal-
culate the impedance first. If you were to make a line drawing
of the reactances and resistances as we did in the case of series
circuits, we would find that the total impedance would be 5 ohms.
This is obviously wrong for we have found that the impedance
is only 2.85 ohms. If we think a minute, however, we will real-
ize that this difference is to be expected, for in parallel circuits
several paths are provided for the current to flow over, and the
more paths, of course the less impedance.
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From the line diagram in Fig. 19(b) we can see that part
of the current through the coil was balanced out by the current
in the condenser. We could go a step farther—we could vary
the capacity until its reactance W9uld be equal to 4 ohms. Then
the current in the condenser would completely balance out the
current in the coil and we could have parallel resonance. At -
parallel resonance, the total current that flows in the external
circuit is less than the current in the parallel circuit. This is
because the currents in the condenser and the coil are in oppo-
site directions as regards the external circuit, and thus tend to
neutralize each other in that circuit.

And now let us look at Fig. 20 where we have.a coil in
parallel with a condenser and 10 volts applied to the circuit. Let
us say the resistance is not appreciable. The coil has a re-
actance of .1 ohm (one-tenth of an ohm) and the condenser is

— 00—t
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Fig. 20

- adjusted to have a reactance of .1 ohm, so that we have here
~an example of parallel resonance.

The current through the coil will be 10 divided by .1 or 100
amperes. The current through the condenser will be 10 divided
by .1 which is also 100 amperes. When these two currents I T
and Iy are added by means of a line diagram you will find that
one balances out the other and the line current I,, is zero. This
seems peculiar but it is true. And as no current flows in the
main line, it is clear that the coil and condenser in a parallel
resonant circuit act like one extremely large impedance to the
applied em.f. Remember this last statement as the principle
involved is very valuable in Radio.

In your radio work you will often find parallel circuits like
this connected in various parts of receivers to prevent current
from flowing. A parallel resonant circuit may be used as a
choke or as a wave trap to eliminate the signals from interfering
stations. '
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COMPARISON OF SERIES AND PARALLEL RESONANCE

It is interesting to compare the resonance phenomenon in

. a series circuit with the phenomenon of parallel resonance. In

a series resonance circuit, the individual voltages across the coil
and condenser are greater than the total voltage across the sup-
ply circuit, whereas in parallel resonance circuits the separate
currents are greater than the total current through the supply
circuit. The impedance of the series resonant circuit at reso-
nance is very small, while the impedance of the parallel resonant
circuit at resonance is very large.

You will never have any difficulty in identifying series and
parallel resonant circuits in practice if you memorize the cir-
cuits shown in Fig. 21. If the coil and condenser are connected
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Fig. 21

together and the voltage is applied to the common terminals, as
shown in (A), we have parallel resonance. If the coil and con-
denser are connected in series with the voltage as shown in (B)
we have a series resonance circuit. If they are in parallel and
a voltage is induced into the circuit by mutual induction, as
shown in (C), we have series resonance. Remember also that
in a series circuit which is resonant at a certain frequency, the
impedance is limited to the resistance in the circuit. In parallel
resonant circuits, in resonance at a certain frequency, the im-
pedance is extremely high and the current flow is limited to the
current flow through the equivalent parallel resistance, which is
usually extremely high. We use a series resonant circuit where
we want to obtain maximum current.flow at a certain frequency.
We use a parallel resonant circuit where we want to reduce cur-
rent flow of a certain frequency to a minimum.
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: Fig. 22 shows part of the circuit diagram of a modern
% ' superheterodyne receiver, with the series and parallel resonant
circuits circled. In the series resonant circuit the voltages arise
within the coil itself due to mutual induction between it and the

primary coil.
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In parallel resonant circuits the voltages are fed to both
ends of the coil and therefore the condenser and coil are in
parallel with the voltage supply. These series and parallel
resonant circuits are included here merely as evidence of the.
importance of an understanding of series and parallel resonance.
In a later lesson we shall analyze the complete circuit in consid-
erable detail and then we shall see just why series resonance is
used in one place and parallel resonance in another.
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TEST QUESTIONS

Be sure to number your Answer Sheet 9 FR-1.’

Place your Student Number on every Answer Sheet.

Never hold up one set of lesson answers until you have

afbther set ready to send in. Send each lesson in by itself
before you start on the next lesson. In this way we will be able
to work together much more closely, you’ll get more out of your
Course, and the best possible lesson service.

10.

What is the difference between mutual induction and self-
induction?

What important fact permits an A.C. voltage to be induced
in the secondary of a transformer—that is two coils fixed
in relation to each other?

Does D.C., pulsating or A.C. current flow in the secondary
of a transformer? .

Explain the fundamental difference between a step-up and
a step-down transformer.

Assuming you had built a step-up transformer with a turn
ratio of 10 to 1, that is, with 1000 turns of wire on the
secondary and 100 turns on the primary, what would the
secondary voltage be when 110 volts were applied to the
primary? (Seeexample worked out in footnote * page 7.)

Define impedance.

Does the inductive reactance increase or decrease when the
frequency of the current increases in the circuit?

When tuning the circuit of a receiving set what must be
the relation between inductive and capacitive reactance to
obtain maximum current flow at a certain frequency?

In what two ways could you tune a circuit to resonance
containing a coil and a condenser?

If you measured the current (I) flowing through a certain
device in an A.C. circuit and found it was 2 amperes and
the voltage (E) across it was 110, solve for the impedance
(Z) in ohms of the device? (Use Ohms Law (¢) formu-
la (6), page 16. -
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ENTHUSIASM

Some fortunate people are just naturally enthusiastic—and they
throw themselves body and soul into whatever they are doing. These
people get what they want out of life—easily. .

Other, less emotional, people are inclined to be lukewarm by nature.

And yet, to get along in our modern world, enthusiasm is necessary.

So what is a man to do if he is not naturally full of enthusiasm?

He must learn to be enthusiastic! He may even have to evolve
some secondary reason for enthusiasm such as the desire to be
wealthy, to have a better home, a better car, ease and comfort.

Of course the highest type of enthusiasm, the most satisfying to
its possessor, is enthusiasm for one’s work. If you can really be
enthusiastic about your work, if you can get pleasure out of your
work for its own sake, the other things will take care of themselves,

But if you are not doing the kind of work you particularly like, if
your surroundings are not ideal, if your co-workers are not all you
would have them be, it is much better to tackle your work enthu-
siastically, because you know it will bring you more money and
advancement, than to do your work in a half-hearted manner each
day.

And, it may be that if you keep up this kind of enthusiasm long
enough, it will turn into a real enthusiasm, and you may begin to get
a “kick” out of your work.

So, be enthusiastic about your work, no matter what kind of work
you are doing and no matter what arguments you have to use to per-
suade yourself that your enthusiasm 1s justified. You will be repaid
many times over.

J. E. SMmrITH.
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How a Three Element Tube Amplifies

THE TRIODE

As you know, the triode is the 3-element vacuum tube. The
very first vacuum tube, the Fleming valve, had only 2 elements,
the filament and plate.* This diode took the place of the crystal
rectifier as a detector, but it did not provide any amplification.
Dr. Lee DeForest is responsible for the third electrode and his
remarkable discovery made possible amplification, one of the
most important functions of Radio tubes.

This third electrode, or element, is called the grid. It may
be in the form of a perforated plate, but it is usually in the form
of a mesh or grid of fine wire from which it takes its name. The
grid of the tube is placed between the filament and the plate
nearer the filament than the plate. It is important to realize the
position of the grid in respect to the filament and the plate as
tube amplifying action depends largely on this.

The grid of a vacuum tube can be compared with the trigger
of a gun. It is really a control—and we shall go on to learn how
it controls the plate current—and just a small varying grid volt-
age will result in a large change of plate current, just as moving
a gun trigger a quarter of an inch or so will result in driving a
bullet hundreds of yards—provided the gun is loaded. As you
get to understand the action of the grid better, you will realize
more and more how close this comparison is.

In an amplifying stage, whether it be radio frequency or
audio frequency, in which a triode is used, three circuits meet in
the tube—the filament circuit, the plate circuit, and the grid cir-
cuit. Look at Fig. 1 which shows these three circuits which have
a common meeting point in the tube. From what you have
already learned about the action of vacuum tubes, you know that
when the filament is heated by the A battery, a cloud of electrons
will be emitted from the filament and surround it. But because
the plate is positively charged by the B battery, the electrons
(negative particles) about the filament will be attracted to the
plate. In fact, the electrons will stream from the filament to
the plate and this stream of electrons constitutes an electric cur-
rent just as though electrons were moving through a solid con-

* The filament is often called the cathode and the plate the anode, which
accounts for the -ode part of triode.
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ductor instead of through space. If we trace the course of
electrons we will see that they go from the filament to the plate
to the positive side of the B battery, through the B battery, back
to the filament. This is, of course, opposite to conventional
current low—but as the difference between current flow and
electron flow has been brought out so often in previous lessons,
no explanation of this contradiction need be made here. And we
can consider current flowing from the plate to the filament if we
want to—as long as we remember that electrons move from the
filament to the plate. Thus we say that the combination of the
heated filament, the evaporation of electrons from the filament,
and the positively charged plate, causes an electric current to flow
from the plate to the filament.

FIULAMENT R~

GRID
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Fra. 1.—Filament, Grid and Plate Circuits of a Triode

It must be remembered that the filament is in both the grid
and plate circuits; that is, it is common to both circuits. The A
current flows through the filament only, for only one purpose—to
heat it. The B current flows from the positive pole of the B
battery (considering conventional current flow), through the
plate, through the filament, back to the negative pole of the B
battery. If we consider electron flow, we can imagine the B
battery as a pump, pumping electrons out of the negative ter-
minal, through the filament to the plate, and back through the
circuit to the positive pole of the B battery.

The flow of current in the plate circuit can be measured by
a meter placed in series with the circuit as shown at A. This
current is naturally very small-—five or six milliamperes in the



case of an ordinary tube and so a milllammeter (an ammeter
which measures thousandths of an ampere) must be used. The
meter can be placed between the plate and the positive terminal
of the B battery, just as well. In fact, it can be placed anywhere
in the plate circuit in order to measure the plate current.

Now what about the grid? As previously stated, the grid
exerts a control over the plate current. And we have said that
only a small grid swing * will cause a comparatively large change
in plate current. Exactly what this statement means we shall
soon see. Suppose we connect a small C battery (shown as C in
Fig. 2) between the grid and the negative A filament terminal
with the positive terminal of the C battery connected to the fila-
ment and negative terminal connected to grid. The voltage of

- L, 0 P 4
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4 8a7 B 84T A BAT & BAT
Fig. 2—This Diagram Illustrates the Fia. 3—The Action of the Positive
Action of the Negative Charge on the Charge on the Grid
Grid.

the C battery (let us say it is 4.5 volts) is too small to cause a
current to flow across the gap between the filament and the
grid—the gap has what we call infinite resistance to our low
voltage. So what happens? The grid and the filament inside the
tube act as two plates of a small condenser and the grid becomes
negatively charged with respect to the filament-—that is, as far
as the grid circuit is concerned. Now what effect will the nega-
tively charged grid have on the plate current?

You know that the grid is negatively charged because there
is an excess number of electrons on the grid. Electrons attempt-
ing to go from the filament to the plate will be repelled by the
extra electrons on the grid, for like charges repel and unlike
charges attract. As the grid is very close to the filament, this
repelling action is quite strong so that only a very few electrons in
this example actually move from the filament to the plate when
the grid is 4.5 volts negative. The number of electrons that do

* A grid swing means the variation in grid voltage.
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get across depends on the difference between the plate attraction
and the grid repulsion. The effect of the grid position in the tube
can be seen if we realize that in a ’56 type tube a 16 negative grid
voltage will reduce the plate current substantially to zero even
with 180 volts positive applied to the plate.

Then suppose we reversed the terminals of the C battery as
in Fig. 8. Now the grid has a positive charge and electrons will
be attracted to it from the filament. This attraction is very
strong because the grid is so near the filament. But when they
get as far as the grid on their journey, they feel the greater
attraction of the higher positive charge on the plate. So when
the grid has a positive charge, it actually helps the electrons to
pass from the filament to the plate, resulting in a larger plate cur-
rent flow than if the grid had a negative charge—the density of
the electron stream therefore is increased many times by the
action of the positive charge on the grid and decreased by a nega-
tive charge on the grid.

GRID CURRENT FLOW

When we were studying Fig. 3 we learned that the positive
charge on the grid actually helped electrons to move from the
filament to the plate, but we did not say anything about the effect
of current flow through the tube on the grid itself. The fact of
the matter is that not all the electrons that pass through the grid
2o to the plate—some are attracted to the grid and flow through
the grid circuit. This results in distortion in a Radio receiver as
we shall learn later, and for this reason precautions must be
taken to prevent grid current from flowing, or the distorting
effect of a grid current made negligible.

Under actual operating conditions, a Radio or Audio fre- -
quency A.C. voltage is applied to the grid of the amplifier
tube which has a certain steady D.C. negative bias (voltage)
furnished by a C battery. This A.C. voltage changes from posi-
tive to negative many times a second—and so the negative grid
voltage of the tube is alternately increased and decreased. When
the charge on the grid of a triode is negatively increased,
the plate current will decrease; when less negatively charged,
the plate current will increase. But what about current
flowing in the grid circuit if the grid was positively charged
by a very large signal? Current would flow, of course, and
as this is undesirable we may take steps to prevent this
from occurring by using a sufficiently large negative grid
voltage. Let us say that the A.C. generator in Fig. 4 causes the
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grid to be two volts negative on one alternation and two volts pos-
itive on the other alternation. If we connect a 4.5 volt C battery
between the generator and the grid as in Fig. 4 with its negative
pole connected to the grid, the grid will swing from 6.5 to 2.5
volts negative. On the negative alternation, the generator voltage
will add to the battery voltage—and on the positive alternation,
the generator voltage will subtract from the battery voltage.
When the generator voltage is zero, the grid voltage would be
—4.5 volts, only the “C” battery voltage. And so it is clear that by
using a battery to put a negative charge on the grid, it is possible
to prevent the grid from swinging positive, which means that the
grid swings more and less negative and therefore cannot draw
a grid current. Used in this manner the battery voltage is called
the biasing voltage, or the negative C bias on the tube and is used
to improve the tube as an amplifier.
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Fig. 4—Diagram Showing an A.C. Generator (@) Connected to the Grid-Filament
Input of a Vacuum Tube

E.-I, CHARACTERISTICS

Before we can go any farther in our study of the vacuum
tube as an amplifier, it is necessary that we learn something
about characteristic curves and how they can be used in our
studies. Of course, the characteristic we are chiefly interested
in is the relative change of plate current in accordance with
changes in grid voltage. The symbol for plate current is I, and
the symbol for grid voltage is E;—hence, the title of this chapter,
E I, characteristics.

An arrangement as shown in Fig. 5 can be used to determine
the E,-I, characteristics of a tube. An arrangement is provided
to make it possible to vary the grid voltage quickly as well as the
polarity of the voltage that is applied to the grid. When the
movable arm of the potentiometer P is at C, there will be a nega-
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tive potential applied to the grid, equal to the potential difference
between the points A and C. When the arm is at B, a positive
potential will be applied to the grid equal to the voltage be-
tween A and B. When the potentiometer arm is in a mid-posi-
tion as shown, no voltage will be applied to the grid, as both
positive and negative voltage will balance and so cancel each
other.

If we were to move the potentiometer arm from B to C and
from C to B, alternately, it is clear that we should have a slow-
motion A.C. voltage—the voltage would go from zero to maxi-
mum in one direction, back to zero to maximum in the other
direction, and back to zero again—and one cycle would follow
the other as we moved the arm back and forth. In this testing
arrangement we are making the C battery and the potentiometer
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F1a. 5—Circuit Diagram of Testing Set for Obtaining Tube Characteristics

take the place of a Radio signal, and of course the big advantage
to this arrangement is that we can study the effect of the grid
voltage on the plate current at any point between B and C.
Notice that there is a grid voltmeter (GV), which will indicate
a voltage in the grid circuit and its direction—and a milliam-
meter (MA) in the plate circuit which will indicate any changes
in plate current which oceur as the grid voltage is changed.*
Let us start with the potentiometer arm at C. Then we will
move the arm from C to B, a short distance at a time, and at each
setting we will note the reading on the grid voltmeter and the
reading on the plate milliammeter. Let us say that our C battery

*Tn a filament type tube the C voltage is always measured with reference to
—F (negative filament) terminal of the tube; in cathode heater type tubes the
C voltage is measured with reference to the cathode (electron emitter).



consists of six 414 volt batteries in series, a total voltage of 27
volts (414 X 6). Therefore we will be able to vary the C volt-
age from —13.5 to 413.5 volts. Let us assume that the plate
voltage is 90 volts. If we vary the C voltage in steps of 114 volts
we will get plate current readings as shown in Table No. 1.

The readings shown in Table No. 1 are purely imaginary.
E-I, characteristics for different tubes are widely varied and it
will even be found that the E,-I, characteristics of tubes of the
same types vary. Different groups of E,.-I, readings can be
taken with various B voltages. The main purpose of this experi-
ment which we have pretended to carry out is to give you a clear
idea of what we mean by E.-I, characteristics and how they can
be obtained. At the same time it affords a means of reviewing
again the action of a grid in an amplifying tube.

TABLE NO. 1

Grid Plate Current Grid Plate Current
Volts Milliamperes  Volts Milliamperes
— 135 ... . ... ... 0.0 415 3.5
—12. ... ... 1 4+ 8. 4.0
—105 ... ... .. .18 445 4.5

— 9., ... .25 4+ 6. 5.0

— 95 . ... ... b 4 75 5.45
e 1 9 5.7

— 45 15 105 ... 5.8
e 2 12 5.9

— 15 2.5 185 6.00
— 0 .. 3

Fig. 6 shows the same facts we obtained from our experi-
ment in Fig. 5 in graph form. You remember from the book on
the Language of Radio-Tricians that in Radio we frequently use
graphs as a short cut in the matter of presenting engineering
information. In your Radio work you will frequently come across
curves such as shown in Fig. 6, a typical E.-I, curve, and they
will mean a great deal to you because you realize they present
important facts regarding tube characteristics. For instance,
the graph in Fig. 6 shows you exactly the same thing as the
Table No. 1, but notice how much simpler it is-to read the
graph—you can get the whole story at a glance.

Grid voltages are read on the horizontal line and plate cur-
rent in milliamperes is read on the vertical line. When “0” grid
voltage is applied to the grid circuit, how much plate current is
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flowing? Find “0” on the horizontal scale—at the base of the
center vertical line, then move up to the point where this line in-
tersects the E.-I, curve. Then by noting the location of this
point of intersection with reference to the vertical scale, we find
that 8 milliamperes of current are flowing in the plate circuit. In
the same way, when the grid voltage is —1, the plate current will
be 2.65 milliamperes, as shown by the dotted line. When the grid
voltage is —5, the plate current will be 1.35 milliamperes, and so
on. This sort of curve, which is made by placing a tube in a
special testing circuit, is known as a static E-I, curve. When
we study practical amplifiers we shall learn about dynamic E.-1,
curves which are made with the tube in actual operation with a
load (resistance or impedance) in the plate circuit.

Now look at the curve in Fig. 6 again—notice that between
K and K, the curve is practically a straight line. -Below K and
above K, the curve bends sharply. In order that a tube may
operate as an amplifier it must be operated on the straight por-
tion of its E.-I, characteristic curve. The reason for this is that
the plate current must increase or decrease in exactly the same
proportion as the grid voltage increases or decreases. In other
words, if a grid change of 2 volts causes a plate current change
of 1 ma., then a grid change of 4 volts should cause a plate cur-
rent change of 2 ma. Later in our course we shall learn that if
the tube is operated either on the upper or lower bend, above
K, or below K, the tube will act as a detector.

Now the question arises, how can we get our tube to operate
on the straight portion of its E.-I, curve? Ilere is where our
grid bias does its work—and it really has two functions—to pre-
vent the grid from becoming positive, thus drawing current, and
to set the operating point for the vacuum tube.

Compare Figs. 7 and 8 carefully. They tell the whole story
of grid bias. Fig. 7 shows no grid bias—notice the signal
swing A-B-C-D, the swing is from 2 volts negative to 2 volts posi-
tive. The operating point of the tube is at A—the point where
the OO’ line intersects the E I, curve. The heavy line A-H
represents the normal plate current when no signal is being
received. The grid swing, the variation in the grid voltage,
causes the plate current to vary as shown by the curve A-F-G-H.
It must be understood here that line A-H is not the zero I, line—
it is the 8 milliampere line, and that curve A-F-G-H does not
show any reversal of current flow, it just shows how the plate
current increases from 3 milliamperes to about 334 milliamperes,
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then decreases to 3 milliamperes and further decreases to about
21/ milliamperes. This is a true pulsating current, having an
average value of 3 ma.*

Would a tube operated in this manner provide satisfactory
reception? Of course not, because when the grid is swinging
positive current flows in the grid. This has the tendency of
reducing the swing of the grid voltage AB—a very little it is true,
but enough to distort the incoming signals.
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In Fig. 8 we have the operating point set by a grid bias.
Our signal is the same, swinging from 2 volts negative to 2 volts
positive. But we place a negative grid bias of 3 volts on the
grid—by connecting a 3 volt battery in the grid circuit. Our
incoming signal as shown by B-D-F will swing from 2 volts

* It is worth stopping to learn that this pulsating plate current may be con-

sidered as a DC curreni (AH) of 3 ma. and an AC current (AFGH) having a
peak value of .75 ma.
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positive to 2 volts negative, but the grid itself will never swing
positive. Between what two values will the grid vary? Fig. 8
makes this clear—because of the 3 volt negative bias, the grid
will swing from —5 to —1 volts. Notice the operating point—
it has dropped to B in Fig. 8, and the normal plate current,
instead of being 38 milliamperes as in Fig. 7, is now 2
milliamperes. It is clear why this happens—we make the grid
more negative, and from our previous explanation you know that
the more negative the grid is, the less current will flow from the
plate to the filament (fewer electrons will pass from the filament
to the plate). If we were to use a 5 volt negative bias, our operat-
ing point would drop down to A, in Fig. 8. You might ask why
we don’t use a higher grid bias in this case, and then if the grid

o yad
4 T 4
a /. F_| Plate current
§ 1
£ |
NI AY | Al
3 '
S 5
8 bl LY
G
% 2 C‘/ 2
5 N
S A A Llye ]
& g ' : 1
T
1
3 .
oL L]
-15 —10 -5 -2 0 +2 +5 +10 +15
Grid bias voltage
F1e.7

swing should ever become more than from 43 to —3 volts, the
grid still could not swing positive. But bringing the operating
point down to A might cause G on the plate current curve to ex-
tend down past the curved portion of the E,-I, curve—then the
changes in plate current would not be proportional to the changes
in grid voltage and distortion would result.

Therefore, our problem, as far as grid bias is concerned, is
to have a grid bias large enough to keep the grid from swinging
positive and at the same time small enough so that the tube will
operate on the straight portion of the E,.-I, curve at all times.

Just a word about the plate current, shown as curve I, in
Fig. 8. You know that if a signal is not being received but the
set is turned on, direct current will flow through the plate circuit.
With a constant negative potential of 3 volts on the grid, the

10



value of the plate current will be 2 milliamperes—for the grid
bias causes the tube to operate at point B on the E.-I, curve.
But when a signal is being received, and a Radio signal in the
receiver is in the form of alternating voltage, the grid potential
will vary—that is, it will swing from a higher negative value to
a lower negative value following the changes in signal voltage
shown in Fig. 8 by the K, curve. When the incoming signal
causes the grid to be more negative, the value of the plate cur-
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[

Plate current

-15 -/10 =151 +/0 +/15

-3 -1 0 +5
Grid Voltage
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rent will decrease; it will drop below 2 milliamperes. Likewise,
when the incoming voltage causes the grid to swing less negative,
more plate current will flow and the value will go above 2 mil-
liamperes.

Another way of considering the plate current, and a more
convenient one, is to consider it as direct current mixed with
alternating current. And so we speak of the alternating com-
ponent of plate current just as though the plate current consisted

11




of two parts, the direct part and the alternating part. The alter-
nating component in the plate circuit of an amplifier must have
the same form as the incoming signal—otherwise, the output will
be distorted.

AN AMPLIFYING TUBE AT WORK

Now that we have the theory of the three element tube well in
hand, let us go on to examine tube amplifying action in an actual
stage of amplification. Fig. 9 shows a stage of radio frequency
amplification in detail. You know very well that the aerial serves
to convert electromagnetic energy into electric current which is
alternating at radio frequency. This radio frequency current
flowing through coil L, causes a varying magnetic field to be built
up about the coil L;. The field acts on coil L,, inducing, by mutual
induction, a voltage in L,. The alternating voltage induced in

F16.9

L, causes an alternating current to flow in the circuit L, and
C, which are in series. If the capacity of C, is varied (tuned
until the current is at a maximum value), a very large voltage
will appear across condenser C, which varies the voltage in the
grid circuit of the vacuum tube, making it more negative or less
negative than the voltage of the C battery. This increases the
voltage amplification of the R.F. signal. These variations in
the voltage of the grid cause more, or less, plate current to flow
in the plate circuit. As the plate current pulsates, a varying
magnetic field will be built up about L, which will induce an
alternating voltage in the secondary of the transformer L,. The
varying current in L, will be greater than the varying current in
L,. Likewise the voltage across C, (when C, and L, are tuned
to resonance) will be greater than the voltage across C,. In this
way the amplified voltage is passed along to the next stage—it

‘may be another stage of R.F. amplification or a detector stage.

12




The main purpose of this amplifier, as you can see, is to
amplify voltage. We want to have a larger voltage created across
C, to feed the next tube, and therefore our tube in this case is a
voltage amplifier. We shall study power amplifiers later on.

It is very important at this point to explain why we are so
much concerned about the E,-I, characteristic of a tube. Any
tube which will give a large plate current change for a small
grid voltage change is considered a good amplifier tube. In the
circuit shown in Fig. 9, a large current change in L, will cause a
large voltage change to appear across C,. If L, L, and
C, were replaced by a resistance, we can easily see that a large
plate current change will cause a large voltage change across
the resistor. Furthermore, the greater the change in plate cur-
rent the larger will be the change in power (I*R) in the resistor.
Remember in a vacuum tube we seek a large change in plate cur-
rent, or a large change in voltage across the load.

V%4
[
.
<
O oww— i
< ~Ft t+F
_ 8

Grid return 4 |‘|||I|’—|_= I|I
_FIG. 18-

There is still one question which may suggest itself to ye
at this point, and that is regarding the grid circuit. We talkea
about current flow in the grid circuit as being objectionable as
it introduces distortion. But here is the question: Doesn’t the
voltage induced in L, result in a current flow in the grid circuit?
It does, of course, but the current only flows through L, and C,,
the resonant circuit. The reason why no current flows in the grid
return to the vacuum tube, is that the resistance between the grid
and filament is so high when the tube is biased negative that
it is not a load on the resonant circuit. Should current flow in
the grid return circuit (when the grid is positive), the voltage
across C, will be reduced and therefore not be identical to the
voltage induced into L,.
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GRID BIAS WITHOUT A “C” BATTERY

In a battery operated receiver, a grid bias can be obtained
from the filament circuit as shown in Fig. 10. The whole secret
of grid biasing in this case depends on connecting the grid return
to the —A terminal or the —F terminal of the tube filament.

When we talk about placing a negative bias on the grid,
what we really mean is that we make the grid more negative than
the —F filament. Suppose our rheostat R cuts down the voltage of
the A battery so that, instead of the full 6 volts across the fila-
ment terminals, we have only 5 volts. It is easy to see that 1 volt
has been lost in the resistance of the rheostat. Therefore, the
sliding arm contact on the rheostat, being on the negative side of
the battery, is 1 volt negative with respect to the negative fila-
ment terminal. Now if we connect our grid to this sliding arm

’27_(__4_
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S } 180"
I 2,700

Plate current
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o = O+—'
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contact through the coil, our grid is naturally going to be 1 volt
negative with respect to the filament also.

With this negative bias of 1 volt, the incoming signal can
swing from 1 volt negative to 1 volt positive and the grid itself
will never be positive; that is, the grid will swing from 2 volts
negative to 0. If the signal were to be larger than 1 volt at
maximum in the positive direction, the grid bias would have to
be increased in order to keep the grid from swinging positive at
times. When a bias greater than what can be obtained in the
rheostat voltage drop is necessary, it is customary to insert a C
battery as shown in Fig. 9.

In Fig. 11 we show how a negative grid bias is obtained for
a heater type amplifier tube using A.C. filament supply, by plac-
ing a resistor between the cathode and negative side of B supply
and ground. It isobvious that we can’t use the filament circuit as
alternating current is flowing in it. In this circuit we have a
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27T tube, in which the filament serves only to heat the cathode.
Here the filament is not part of the plate circuit—the D.C. plate
current flows from the plate to the cathode through resistor

R to B—.

Naturally there will be a certain voltage drop across the
grid bias resistor R determined by the amount of resistance and
the current passing through it. It is clear that point X will be
negative with respect to the cathode itself. Now what will be the
value of R if the drop across it is —18.5 volts? Our tube chart
will tell us that 5 milliamperes (.005 ampere) of current flows in
the plate circuit of a ’27 tube, if we use 180 volts plate voltage
and a —18.5 volt grid bias.*

By using our old stand-by—Ohm’s Law (R = F = I)—and
substituting these values in our equation, we get:

R =13.5 = .005

Solving, we get R = 2,700 ohms, the value of the resistance.

Now, point X is 18.5 volts negative with respect to the
cathode. The total voltage supply must be equal to 193.5 volts
(13.5 4- 180).

The procedure given here for calculating R is very valuable
in servicing, when a burned-out C bias resistor is to be replaced.

The grid is connected to point X through the secondary of
the input transformer, and so the grid must be 18.5 volts nega-
tive with respect to the cathode too.

The resistance R is called a grid bias resistor. It must be
shunted by a large condenser to by-pass the A.C. component of
the plate current which would otherwise effect the grid circuit.
Where a power pack is built as part of a receiver, the grid bias
resistor is included in the power supply. We shall learn much
more about this later when we study power packs and B supply
systems.
' TUBE FACTORS

_ Amplification Factor. By this time we have a clear idea
of the trigger action of a grid—we know that just a small change
in grid voltage will result in a comparatively large change in
plate current. We also know that the plate current may be
varied by varying the plate voltage. In radio we deal exclusively
with small voltages and if we find that a definite change in grid
voltage will give a larger change in plate current than a similar

* The plate voltage is always measured between the cathode and the plate,

or —F tube terminal and the plate. Note, in Fig. 11, the voltage supply is 193.5
volts and the plate voltage is 180 volts.
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change in plate voltage which is a direct action we have the basis
for the amplification of a three element vacuum tube.

Let us say that our vacuum tube is operating at a fixed fila-
ment current—it may be a direct filament type or a heater type
tube. We have placed on the grid a definite bias and in the plate
circuit there is a suitable source of e.m.f. The plate voltage and
the grid bias of course determine the operating point of the
tube—and a definite plate current will flow in the plate circuit.

If we increase the plate voltage one volt, there will be a
slight increase in plate current. But if we decrease the grid
voltage one volt, the increase in plate current will be much
larger. Right here is the whole story of tube amplification.
If we made a test of this kind on the tube and found that a grid
voltage change changed the plate current 9 times as much as a
similar change in plate voltage, the amplification factor of the
tube would be 9. The amplification factor (constant) is usually
referred to as the mu (u) of the tube.

There is another way of finding the amplification factor of
a tube, other than by actual measurement as just outlined. This
second method is graphical and the graphical procedure is given
in Fig. 12.

The amplification factor of a tube does not vary under ordi-
nary conditions, which explains why it is often called the ampli-
fication constant. It depends upon the physical construction of
the tube and, primarily, the distance between the grid and
filament, and between the filament and the plate. The closer the
grid is to the electron emitter, the larger will be the amplification
factor of the tube. The amplification is important, for, as we
shall see later, it helps us to compute the equivalent voltage act-
ing in the plate circuit when we temporarily neglect the grid
circuit.

Plate Resistance and Impedance. From the fact that, even
though we have 45 or 90 volts acting in the plate circuit, we have
only a few milliamperes of current flowing, we can realize there
must be considerable resistance between the cathode and the
plate of a vacuum tube. The amount of this resistance affects
tube operation. Therefore we must consider it in detail.

Tube resistance must be considered in two ways—first, as a
direct current resistance, and second, as an A.C. resistance
(impedance). For the time being let us disregard the grid. Then
in our plate circuit we will have only the cathode-plate resistance
and the plate voltage. From Ohm’s Law, the resistance is the

18



voltage divided by the plate current. If the plate voltage were
40 volts and the plate current were 2 milliamperes, the D.C. plate
resistance would be 40 = .002 = 20,000 ohms.

Now having gotten clearly in mind how the cathode-plate
resistance affects the direct current flowing in the plate circuit,
we can go on to consider tube impedance—its resistance to A.C.
current which we say is impressed on the direct current part of
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Given an E,-I, curve for 45 and 90 volts applied to the plate. When the grid
voltage is —3 volts, changing the plate voltage from 90 to 45 volts will cause the
plate current to change from 4 (5 ma.) to B (1 ma.). Now with the plate at
45 volts, the C bias is varied from —3 to 43 volts, a change of 6 volts, the plate
current will return to the original value (5 ma.). Clearly a C voltage change of
8 volts produces the same current change as a plate voltage change of 45 volts
Therefore the amplification is 45 < 6 = 7.5—the mu of the tube is 7.5.

1O

the total plate current by the action of the grid. If the A.C. grid
voltage is 1 volt r.m.s.,* and if the amplification factor of the tube
is 8, it is customary to consider that there is an 8 volt A.C. com-
ponent in the plate circuit. That is, if the amplification of the
tube is p, and the variable A.C. grid .voltage is E,, the vary-

* Root-mean-square value, often called effective value.
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ing A.C. voltage in the plate circuit is going to be equal to uFE,
(» X E;) or E, (alternating part of plate voltage).* Now we
may consider A.C. plate resistance. By definition it is the change
in plate voltage divided by the change in plate current.

If the plate voltage originally was 90 and, by the action of
the grid, the voltage was boosted to 98 volts (90 4+ pF,) and the
change in plate current was 1 milliampere (.001 amp.), the
A.C. plate resistance would be (98 —90) — .00l—approximately
8,000 ohms. Very obviously, this plate impedance differs from
the direct current resistance of the tube.

Fig. 13 shows the equivalent of a vacuum tube plate circuit
in terms of an electrical circuit. The internal A.C. voltage (F,)
is considered as being p times the A.C. voltage on the grid (uF,).
The load R, is considered as being the A.C. resistance of the plate
and the A.C. current (I,) is equal to £, — R,.

Ipac) —

bpzuty Rp

Fic. 13

MUTUAL CONDUCTANCE

Radio-Tricians talk about the A.C. voltage applied to the
grid-cathode, the A.C. current flowing in the plate circuit, the
A.C. plate resistance and load impedance—ignoring, in general,
reference to grid bias and plate D.C. current. They are inter-
ested in these last only because they determine the operating
point of the vacuum tube, and if this point is known, as from a
graph, the determining factors can be disregarded.

As has been frequently brought out in this lesson, what we
are most interested in, as far as amplifying tubes are concerned,
is the plate current. And in this plate current we are interested
only in the variations—that is, the A.C. component.

* Thus if 4 equal 8 and the A.C. voltage on the grid F; equal 2 volts, the am-
plified and alternating plate voltage £, will be 2 X 8 or 16 volts.
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The magnitude of these variations is determined by the n of
the tube, the A.C. plate impedance and the incoming signal. The
plate A.C. voltage thenis pE,. To find the A.C. plate current we
divide pE, by the plate impedance. Assuming that there is no
load in the plate circuit, in series with the plate, plate current is
determined from the formula:

E
]p _ pLag
R,
which may also be written:
“
I, = F —
b e X z,

We rearrange the formula to get »_ by itself, for the p of

the tube divided by the A.C. plate impedapnce gives us a very im-
portant characteristic of the tube, the mutual conductance. The
symbol for mutual conductance is Gp—the unit is the mho.
Mutual conductance is considered a factor of merit—as a tube
becomes old or weak, its mutual conductance drops off and its
efficiency decreases. The proper mutual conductance of a tube
is given as so many mhos. By determining the G, of any tube
usually by means of a tube checker and comparing with its
proper G, we can tell just about how soon the tube will be ready
for the scrap heap—generally 20% below normal.

The mutual conductance of a tube can also be determined
from its E.-I, curve. Fig. 14 shows the E,-I; curve, for a ’01A
tube. Let us say the tube is operating at a plate voltage of 90
volts and we apply a C bias of —414 volts. This sets the operating
point at A. Line BC is drawn tangent to the curve at point A4,
making a triangle, BCD. Line CD then represents a number of
milliamperes, while line BD represents a number of volts. Divide
the value of CD by the value of BD and the result will be the
mutual conductance of the tube at point A, the operating point.

Let’s work this out. Point C, reading on the vertical scale,
is about 5.6 milliamperes. Point D is on the zero current line.
Therefore the value of line CD will be 5.6 ma. Point B on the
horizontal scale is 7.7 volts to the left of D. We convert 5.6
milliamperes to amperes—.0056 amp.—and divide by 7.7 volts:

.0056 .
— = .000727 mho. (727 micromhos)

m —

Now we can work it out the other way-—from the known charac-
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teristics of the '01A tube. From a tube chart we find that ., the
amplification factor, is 8, and that the A.C. plate resistance (im-
pedance) is 11,000 ohms. Dividing . by R, we get .000727 mho.
Converting this to micromhos as is usually done, we find that
Gy 18 727 micromhos.

According to the E,I, curve shown in Fig. 14, the grid
swing should be limited to 4, and A,, if we want to operate the
tube on its straight E.-I, characteristic. We shall see shortly
that a plate load will straighten out the E,-I, characteristic.

Knowing the mutual conductance of a tube, all we have to
do, to find the value of the A.C. plate current, is multiply G. by
the A.C. grid voltage (F,). Of course, whenever we speak of
A.C. voltages and currents in formulas, we must consider r.m.s.
values.
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This G. factor is of great importance to Radio-Tricians
because of its convenience—it takes into consideration the A.C.
plate resistance and the amplification factor of the tube; thus,
knowing the mutual conductance, we can forget about these other
factors.

Remember, however, that mutual conductance, as we have
spoken of it, is only considered when there is no load in the plate
circuit of the tube.

VOLTAGE, POWER AND CASCADE AMPLIFIERS

Later on we are going to study various loads in the plate
circuits of amplifying tubes in detail. For the present it is
sufficient to know that the load may be a transformer, a loud-
speaker, a glow lamp, a relay. Some loads require that the
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greatest possible voltage be put across them—others that maxi-
mum current flow through them. It is this requirement that
determines whether a voltage amplifying tube will be used or
whether the tube will have to act as a power amplifier.

For the present we shall consider the simple circuit in
Fig. 15. Here we have an alternator to supply an alternating
voltage which we say takes the place of the incoming signal.
The tube is biased by the C battery; filament current is supplied
by the A battery, and the B voltage is supplied by V. To find
the value of the A.C. plate current, we must consider that in
the plate circuit there is an A.C. voltage (p.FE.); and a double
load—the resistance of the plate and the resistance of the load
R. From Ohm’s Law we know that the A.C. plate current will be

Notice that this formula for plate current is the same as that
given before, except that it includes both loads.

Now if R is considerably larger than R, the voltage across
R will be extremely large and will approach the value of uF..
When this is the case, our vacuum tube is acting as an efficient
voltage amplifier. On the other hand, if B, = R, maximum
power will flow in the plate circuit. In other words, for maxi-
mum current, the load impedance must match the tube im-
pedance. We can’t go into this too deeply at this point, but we
shall meet this idea often in later lessons.

Under most conditions, when R, and R are equal, the tube
acts as a power amplifier and the sole purpose of the tube is to
feed as much power as it can to the load E.
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One great advantage in the use of vacuum tubes, is that sev-
eral tubes may be used, one following the other. They must be
connected by suitable coupling devices—that is, resistors, coils,
and condensers in a variety of ‘Arrangements. The original sig-
nal voltage is amplified and reamplified many times. Such an
arrangement is referred to as a cascade amplifier. The original
signal feeds the grid of the first tube. The voltage developed in
its plate load is fed to the grid input of the next tube—all down
the line. The voltage amplification of such an arrangement is
the product of the individual stage amplifications. For example,
if a stage amplifies the grid input forty times, three similar
stages will amplify 40 X 40 X 40 or 64,000 times. If the input
voltage to the cascade amplifier is 10 microvolts, then the output
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voltage will be 10 X 64,000 or 640,000 microvolts. This is
equivalent to .64 volts.

In the usual radio frequency receiver the audio amplifier will
be divided from the R.F. amplifier by a detector. In the super-
heterodyne receiver, a detector will divide the R.F. system from
the intermediate frequency system and another detector will
divide the intermediate frequency system from the audio fre-
quency system. The last tube in the audio amplifier is the power
amplifier. Its duty is to take a large grid swing and produce a
large current swing in the load, thus providing a large power out-
put. Two or more tubes may be used simultaneously in the out-
put stage. Inrecently designed receivers the power stage is pre-
ceded by a smaller power stage which is intended to prevent dis-
tortion due to grid current flowing in the last stage.
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Cascade amplification is f(f}und% in every branch of Radio:
receivers, transmitters, television, s¢und pictures, public address
systems, and electronic controlgi‘fanzd special voltage and power
amplifier tubes have been developed to serve in the best possible

manner.

3.

e

E,-I, CHARACTERISTICS

Although the E.-I, curves are very valuable for reference
purposes, they do not give the true behavior of the tube as an
amplifier, when a load (resistance) is placed in the plate circuit.
Perhaps the most valuable curve in practical Radio is the E,-I,
curve; that is, the curve showing how the plate current varies
when the plate voltage varies. Of course, the characteristic of
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the tube will depend on the C bias (we are assuming that no A.C.
voltage is applied to the grid). As there may be any C biag
value, we, of course, will need several curves—one for each rep-
resentative C bias (F,).. A family of E,-I, curves for an '01A
tube is shown in Fig. 16. These curves may be taken with the
hook-up shown in Fig. 5, only in this case the potentiometer P
is set for a definite C bias for each curve, and the plate voltage
is varied.

These curves will give a large amount of information and
they are supplied by the manufacturer (curve Fig. 16 was taken
by the R.C.A. Radiotron Co.) for set designers. Of course, we
are not at this time interested in design but we are interested in
the behavior of tubes. The curve shown in Fig. 14 may be
obtained from Fig. 16. For example, let us say that the tube is
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to operate with 90 volts between the plate and cathode (—F for
an ’01A tube) and a bias of —4.5 volts. In Fig. 16, select the
—4.5 E, curve. Select the 90 volt point—point A. This is the
operating point. Draw a line vertically through point A—
line CC'. The information we obtain is that when E, is zero
volts, I, is 6.5 ma.; when E, is —1.5, I, is 4.8 ma.; when E; is.
—9 volts, I, is .2 ma. Check this with Fig. 14 and curve (1) in
Fig. 17.

What will the E.-I, curve be when a load is placed in the
plate circuit? Let’s find out by considering a 40,000“ plate load
as shown in the insert of Fig. 17. Let us say for comparison
that when the tube is biased with —4.5 volts, the plate to cathode
(—F) voltage is 90 volts. This again sets the operating point
at A in Fig. 16. Note that the plate current is 2.25 ma. What
will be the plate supply? It will have to be 90 volts plus the volt-
age drop in the 40,000 ohm resistor. Clearly, this drop will be
40,000 X .00225 or 90 volts. Note that we changed 2.25 milli-
amperes to .00225 amperes. This is always necessary if we do
not want to make a mistake in applying Ohm’s Law.

If you study the circuit in Fig. 17 you will realize that if the
C bias is made sufficiently negative to cut the plate current to
zero, then the 180 volts supply will be applied between the plate
and cathode of the tube. (If the plate current is zero, the drop
across the 40,000 ohm resistor is zero.) This gives us B, the sec-
ond operating point in Fig. 16. Now draw a straight line through
A and B. With this line, BB’, called the load line, we can draw
an E,.-I, curve of a tube with a load in the plate circuit. Note
that when E, is zero, I, is 3.0 ma.; when E, is —3, I, is 2.6 ma.;
when E, is —9, I, is 1.6 ma. This information is shown as curve
(2) in Fig. 17 and is the dynamic E,-I, characteristic.

When you compare curve (1) and eurve (2) in Fig. 17, you
are immediately convinced that adding a plate load resistance in
the plate circuit straightens out the dynamic E-I, characteristics.

From the curves in Fig. 16 we may actually calculate the
amount of amplification developed by a vacuum tube stage hav-
ing a 40,000 ohm load. From the curves we observe that if the
grid swings from zero to —9 volts, the plate to —F voltage will
vary from 60 (point D) to about 118 volts (point (), a variation
of 58 volts. That is, a grid change of 9 volts causes a load volt-
age change of 58 volts. That is, the actual amplification is 58
divided by 9 or about 6.4. Note that this is less than the ampli-
fication of the tube, which is 8.0. This is because part of the
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voltage variation in the plate circuit is lost in the tube plate
resistance.*

TYPES OF TRIODES AND TUBE DESIGNATION

Table No. 2 (pages 14 and 15) gives a list of all important
three element tubes with their important characteristics. Refer
to it when necessary. A careful study of this chart shows that
there are a number of different kinds of triodes in use. The fol-
lowing features are interesting.

1. Tubes may be classified as to their filament voltage rating.
The important voltages in modern practice are the 2 (bat-
tery), 2.5 (A.C.), and 6.3 (automobile) volt types. The
older tubes operating at 5, 7.5, 3.3 volts and any of the
new types other than 2, 2.5 or 6.3 volts may be considered
as in a special class.

2. Tubes are classified as to filament (types 30, 45, 2A3) and
heater (types 53, 56, 59, 37) types.

3. They are classified as to their use as voltage or power am-
plifiers. It is to be remembered that these tubes may be
used as oscillators (generators), detectors and rectifiers
when suitably connected in a circuit.

4. Tubes like the 19 and 79 are essentially two triodes in one
glass envelope.

5. Tubes like the 49, 79 and 89 are basically multi-grid tubes
which may be made to operate as triodes by proper ex-
ternal socket connections.

6. It is interesting to note that most triodes have a low ampli-
fication factor, and the power tubes have low A.C. plate
resistance.

7. That a triode tube may employ a 4, 5, 6 or 7 prong base of
the small or medium size.

8. Triode tubes may be operated alone; or in parallel—that is,
two or more tubes (grid connected to grid, plate to plate,
etc.) but only for power purposes. Two triodes may be
connected in a circuit so that while one tube has its plate
current increasing, the other has its plate current decreas-

* These curves will give other information: for example, the power supplied

to the load resistance. Again suppose the grid varies from 0 to —9 volts. The
plate voltage varies 58 volts as shown above, and the current varies from 3.0 ma
(.0030 ampere) to 1.6 ma. (0016 ampere), a change of 14 ma. or .0014 ampere.
Power fed to the load is 58 X .0014 X % = 010 watt or 10 milliwatts. The
factor Y iIs to change voltage and current swing to R.M.S. volts and current.

The value of line DB divided by the value of line DF is the resistance of the

load. In this case, it equals (180 —60) divided by .003; equal to 120 divided

by 003 equals 40,000 ohms. The load line may be established in this manner
instead of the way given in the text.
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ing, referred to as PUSH-PULL operation. Two triodes
may be operated in a circuit so that one tube operates
while the other is inactive, the action shifting from one
tube to the other. This is referred to as PUSH-PUSH
operation and tubes are operated in class B fashion.

. In Radio receivers, tubes are operated as class A; that is,

the operating point is so set that the grid never swings
positive and it operates over the straight portion of the
E_I, dynamic characteristic. Or they are operated at a
negative C bias so that the plate current is nearly zero, but
any decrease in negative bias produces a proportional in-
crease in plate current. This is referred to as class B
operation.
Tubes like the 19, 49, 46 and 89 are designed for class B
operation and the outstanding feature is that the plate
current is essentially zero with no grid bias. Grid current
will flow, but the input circuits to such tubes are so de-
signed that the effect of grid current on distortion is
negligible.
The maximum undistorted power is only obtained when
the load is of a definite ohmic value. These facts are
obtained in practice by use of the curves shown in Fig. 16.
Triodes (in fact any tube) must be operated at correct
filament, plate and C bias voltages to get rated current,
mutual conductance, plate resistance, power output, ete.
Tubes are given a definite type number. In the past, there
wags no apparent reason for selecting a given number, ex-
cept that in some cases tubes operating at the same fila-
ment voltage would have the same first digit, like the 30
and 81. A letter quite often followed the number to show
that some change in the initial tube was made. Various
manufacturers used a 2, 8, 4, b or a letter or letters, or
both, such as 245, 545, NU45, T45 and RCA-245 to indi-
cate a certain make. The present practiceis to use the two
numbers with a letter following and to use some letter or
trade letters if of commercial value, ahead of the tube type.
In the future, tube type designations will have some mean-
ing. See 2A3. A number, a letter and a number meaning:
(a) The first digit (or two digits) shall indicate the fila-
ment voltage in steps of 1 volt, using figure 1 to mean
any voltage below 2.1; 2 to mean 2.1 to 2.9 volts, 3 to
mean 3.0 to 3.9 volts, ete.
(b) The third digit (number following the letter) shall
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Radio Vacuum Tubes

KEARS ago, when the manufacture of Radio
receiving sets and vacuum tubes became a
problem of large scale production and distribu-
tion, the Radio industry and the buying public
could not understand why the vacuum tube had
to be so fragile.
Tube engineers, it must be conceded. have im-
proved on the original two and three element
tube in which there was very little metal within

- the glass envelope, until at the present time the

glass tube is a remarkable assembly containing
several grids, plates, and cathodes, the weight
of which is greater than the glass envelope.
Although the tube’s internal construction is
sturdy and rugged, the glass envelope is still

more or less fragile.

Tube engineers and manufacturers have, for
some time, felt that tubes sliould be improved
upon by deing away with the glass euvelope,
especially nowadays when vacuuin tubes are
being used more and more for industrial pur-
poses, where tubes of 1rugged construction.
which will withstand mechanical shock, must
be available.

So, by the latest introduction of vacuum tiibes
enclosed in metal, Radio tube engineers have
eliminated the long-standing objection of the
Radio industry and have fulfilled thé needs of
the future.

It should, however, be clearly understood that
the only important new feature in the so-called
“all-metal tube” is the metal envelope. To be
sure, the ability to enclo$e several electrically
isolated elements in a tube of steel and draw
out all the gas to a high vacmun is an engineer-
ing feat worthy of every recognition.

In introducing a radically different type of

" vacuum tube, the tube manufacturers in co-

operation with the Radio industry as a whole,
decided that certain previous errors and poor
design which crept in the development of the
glass tube should Le eliminated. So, in making
these new metal tubes the first design change
was to wake them somewhat swaller than the
present type of glass tube.

The bulb or shell diameter is 1”7 except at the
base where the maximum dimmeter is 154,".
The shell is ali metal. and the lead wires from
the internal elements are brought out through
glass beads fused to eyelets in the “header”
which is the metal disc that seals the steel shell
at the bottom. The shell is connected to a base
pin and operates at ground potential to elimi-
nate any danger of electrieal shock. The over-
all length of the tube is also reduced.

The metal tubes were made smaller, not solely

with Metal Envelopes

to reduce the chassis size, but for the following
reason :

Since the elements are smaller. the internal
capacity between the grid and cathode ; grid and
plate; and plate and cathode becones smaller—
without materially changing any of the other
characteristics—so that the tubes become more
useful in all-wave receivers, especially in the
20 megacycle band.

Another feature of the new tube ig its base.
A new type of octal base lias been developed
whicl has provisions for eight pins, or prongs,
uniformly spaced with an aligning or locating
plug and key. The plug is slightly longer than
the tube pins.

Where fewer than eight pins are required, by
the tube, the unnecessary pins are omitted and
the spacing of the remaining pins is nnchanged.

This arrangement makes it possible to use
one type of socket for all tubes, to set up a
universal pin numbering system, and also makes
installation of tubes very easy under difficult
circumstances, such as poor light or in sockets
not easily accessible.

To insert a tube in a socket, all you have
to do is to place the central aligning plug in a
hole centrally located in a4 special 8 hole socket
which has a Key-way c¢ot in the insulated ma-
terial of the socket, rotate the tube until the
key slips into its key-way cut or groove, and
push the pins inte their holes.

Ag all the new metal tubes will go into any 8
hole socket, (the pins and socket arrangement
make this possible) it is advisable to be very

Fig. I Chassis of modern all-wave Radio receiving set
using metal tubes,

(Courtesy Stewurt-Warner Company)




careful and replace the proper tubes in the 1ion. For tubes with less than 8 prongs, any
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designate the number of useful elements (filament,
cathode, grid, plate, etc.) brought out through prongs
or tube caps.

(c) The letter shall be a serial designation. Amplifiers
will start with A and when the first and third digits
are alike because of identical filament voltage and
number of electrodes, then B, C, etc., shall be used to
designate a different tube. Rectifiers will start with
7 and work backward through the alphabet.

TEST QUESTIONS
Be sure to number your Answer Sheet 10FR-2.

Place your Student Number on every Answer Sheet.
Never hold up one set of lesson answers until you have

another set ready to send in. Send each lesson in by itself
before you start on the next lesson. In this way we will be
able to work together much mare closely, you’ll get more out of
your Course, and the best possible lesson service.

When we increase the negative charge on the grid of a triode,
what effect does this have on the plate current?

How may we prevent current flowing in the grid circuit of a
triode?

On what part of the E,.-I, characteristic curve should a
vacuum tube be operated as an amplifier?

When you tune the secondary of a tuned R.F. transformer

what effect does this have on the voltage amplification of
the R.F. stage?

. Where would you place a resistor to obtain a negative grid

bias for a heater type amplifier tube using A.C. filament
supply?

. What is the A.C. voltage in the plate circuit, if » of the tube is

9 and the A.C. voltage on the grid E, is 2 volts?

. What factor of merit would you consider when comparing

efficiency of tubes.

. What effect has the introduction of a plate load resistance

on the dynamic E,-I, characteristic, Fig. 177

. In table No. 2, tubes are grouped under their filament voltage

~-rating. What filament »oltage, grid bias voltage and plate

v v o1,
v o2
¢ v 8.
Vivooa
V J 5
R

7
Vv g

9
V10

voltage would you apply to a 45 type power amplifier tube
to get the maximum undistorted power output?

. What is the amplification factor of the ’27 type tube?
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THE IMPORTANCE OF A EKNOWLEDGE OF
MAGNETIC CIRCUITS

I remember very well how my old Professor in the Technical
School I attended hammered home to us the subject of Magnetic
Circuits. He always claimed that a man who understeod Mag-
netic Circuits thoroughly could understand the action of more
than half of all the devices used in Electricity. I didn’t realize
it then and we used to think our Professor was just particularly
interested in this one subject and was making us suffer for no
good reason. :

It wasn’t long after I left school, however, before I realized
how right he was. And I claim that one reason I found it so
easy and enjoyable to work with Radio and follow its develop-
ment, was just that I had had such a thorough training in mag-
netic circuits.

Anyone who understands the material presented in this lesson
will never have any difficulty in understanding radio trans-
formers, chokes, motors and generators, the action of meters,
ete.

You may not be able to see the practical application of this
subject right at the start. So just take my word for it that the
subject is important. It deserves your most earnest study. Then
as you progress with your studies, and after you get out into
the Radio game you will realize, as I did, that my old Professor
was right when he insisted on our getting a thorough knowledge
of his pet subject.

J. E. SMITH.

Copyright 1931
by

Revised 1932, 1933, 1935
1936 Edition

WPC5M12735 ‘ Printed in U.S.A.
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Iron Core A. F. and Power
Transformers

THE MAGNETIC CIRCUIT

Previous lessons which you have studied explain that an
electrical or Radio circuit provides a complete path for moving
. electrons, that is, current flow. In other words, an electric cir-

cuit is the path taken by moving electrons. Similarly, a mag-
l netic circuit is the path taken by magnetic lines of force through

a magnet or a coil and through the field of the magnet or coil.

If a bar magnet is surrounded by air, the magnetic forces
act in curved paths, connecting the N and S poles, as indicated
in Fig. 1 in which only a few lines of force are represented. The
common assumption is that the forces act from a north pole and
toward a south pole, through the surrounding air; in at the
south pole, and through the magnet to the north pole. This is
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Fig. 1 Fig. 1(a)

called the direction of the lines of force and the complete path is
called the magnetic circuit. The total magnetism or all the lines
of force collectively surrounding a magnet is called the flux of
the magnet, or magnetic flux.

Since the ends of a magnet are of opposite polarities, it is
evident that when the poles of the magnet are free as shown in
Fig. 1, the effect of the magnet as a whole is weakened because
the lines must act over a long distance.

Consequently, in order to obtain the full strength of a magnet,
connect its poles with a piece of soft iron. This is often called a
keeper. Incidentally thig ireserves the life of permanent mag-

nets. If the bar be in thgllk form, the keeper is straight and
rests on the ends, as shown'in Fig. 1a.
1




If the magnet be straight, the bar is placed near a similar
bar in the reversed position, and two keepers are placed across
the ends, as shown in Fig. 1b. In this way a closed circuit of
the magnetic material is formed, which is called a magnetic
circuit. An iron ring constitutes such a closed magnetic circuit.

Some students of electricity and radio find it difficult to
gain a satisfactory conception of magnetic flux because it seems
so mysterious. Since it affects none of our senses, it is difficult
to believe in it as a reality. And yet many examples may be
cited of commonplace things which are just as mysterious. There
is light flux; for example, the streaming of light out of light
sources, of which we are quite unconscious unless our open eyes
happen to receive it.

Just as dust particles in a room will indicate the presence
and direction of light rays, so will iron filings (small particles

Flg. 1(b)

of iron) when scattered on a sheet of paper and placed in a
magnetic field indicate the direction of magnetic lines of force.
Tapping the paper slightly with the end of a pencil will cause the
iron particles to arrange themselves in lines which indicate
the direction of flow of magnetic lines.

In Fig. 2 the small arrows indicate the path or circuit of
the magnetic flux or lines of force through and around an air-
core coil carrying an electric current. The lines of force around
the different turns of wire unite and form straight lines within
the coil. Outside the coil these lines curve around from one end
of the coil to the other. Figure 3 illustrates the field of the lines
of force outside various shaped coils carrying a current. Com-
pare this with the lines of force in Fig. 1 produced by a per-
manent bar magnet and notice that"tley are quite similar.

2




WHERE MAGNETIC CIRCUITS ARE USED

Magnetic circuits are used in a variety of ways in the fol-
lowing radio devices and for that reason a thorough under-
standing of them is of vital importance to you as a student of
Radio:

(a) Power transformers

(b) Auto transformers

(c) Chokes (Radio, Audio and Filter)
(d) Audio transformers, coupling coils
(e) Radio frequency transformers

(f) Relays, bells and magnetic lifts
(g) Testing Instruments

1. Ammeters
2. Voltmeters
3. Oscillographs
4. Flux meters

(h) Arc and Spark transmitters

(i) Motors and generators

(j) Loudspeakers and phones, phono-pick-ups
(k) Magnetic talking tape

(1) Magnetic shielding

(m) Electromagnetic scanning in Television

Also in many other electrical and radio devices too numerous to
mention.

In each of the above mentioned devices there are definite
magnetic paths—circuits in which magnetism is said to flow,
also all conductors carrying current are surrounded by magnetic
lines which form a magnetic circuit, so it is very important to
have a good insight to magnetic circuits, just as it is important
to know electrical circuits in great detail.

Just as an electric current is caused to flow in an electric
circuit, so magnetic flux can be set up in a magnetic circuit.
In Fig. 4a the dry cell acts as a source of electromotive force
and forces an electric current through an electric circuit eon-
sisting of a metal wire. Similarly a coil of wire carrying an
electric current as shown in Fig. 4b acts as a source of magneto-
motive force, and sets up magnetic flux in an iron core which
constitutes a magnetic circuit. ‘It can be seen then that these
two circuits are very similar and the laws governing them may
be written in the same form. However, there are some important
differences between them, some of which are as follows:

In an electric circuit the current produces a heating effect
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on the wire, even when the current flow is absolutely steady. A
magnetic flux once established and which does not change does
not cause a heat effect. Only when the magnetic flux varies in
the magnetic circuit does heat appear.

In an electrical or Radio circuit we are primarily interested
in a proper current flow, in order to do the desired work. If we
do not have enough current we can get more by increasing the
“alectromotive force” or by reducing the “resistance” in the
circuit, or we may do both and get still more current in our
electrical circuit if it is needed. The circuit and apparatus are
built to handle such an increase of current.

In a magnetic circuit we have similar conditions. We are
primarily interested in getting enough magnetism to do the work
we want it to do. If we do not have enough magnetism we can

Fig. 3—Magnetic flelds around different shape colls carrying a current.

get more by increasing the magnetic force, or decrease what we
might call the magnetic circuit resistance. This will be the
subject of this lesson—how to set up and control a magnetic
circuit.

LAWS OF THE MAGNETIC CIRCUIT

The laws of a magnetic circuit are similar to (but not the
same as) those of the electric circuit. However, the general
underlying principles which govern electrical circuits will help
us understand what happens in magnetic circuits. In a magnetic
circuit we have magnetic flux or simply flux (lines of force)
which corresponds to the current in an electric circuit; also
magnetomotive force—the force (usually set up by an electric
current flowing in a coil) to which the flux in a magnetic cir-
cuit is due—which corresponds to the electromotive force, or
voltage (pressure) of an electric circuit, which may come from
a battery or a generator. ‘

In an electric circuit we havé \aprroperty which is termed
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“resistance” ; likewise every magnetic circuit has an analogous
property which has been termed ‘“reluctance.” Therefore, in-
stead of having to become familiar with new principles and ideas
in order to understand magnetic circuit phenomena, the student
will only have to apply a new group of quantities and units to
the same old general principles which you have already learned
in connection with the study of electrical and Radio circuits.
However, it must be understood that the phenomena, units and
quantities for magnetic circuits are not the same as those for
electric circuits, they are merely analogous, for the same essen-
tial underlying general ideas apply for both.

This similarity between an electric circuit and a magnetic
circuit can best be understood by first comparing all of the elec-

Conducting wire Iron core

B

Ia

o
emr {3
[ I
| b

\

b e 5 e S

Dry cell

(a) (b)
Fig. 4

trical terms and symbols with the corresponding magnetic terms
and symbols side by side, as shown in Table No. 1.

TABLE NO. 1
ELECTRIC CIRCUIT MAGNETIC CIRCUIT
Electromotive force (E) or (EMF) Magnetomotive force (F) or (MMF)
Current (I) Flux (P)
Resistance (R) Reluctance (R)

The magnetomotive force, flux and reluctance are measured
in units, just as the electromotive force, current and resistance
are measured in units of volts, amperes and ohms.

There are two sets of units for measuring these and some-
times more, just as we have two sets of units, for measuring
almost every other quantity. For instance, length is measured
in “inches” or ‘“centimeters”; one, centimeter is equal to .3937
of an inch. So you will note that magnetomotive force is meas-
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ured in units called “ampere-turns” or else in “gilberts” (named
after William Gilbert, the English Physicist) ; one gilbert is
equal to .796 ampere-turns.

A “turn” implies one wrap of a conductor around a core,
which may, in the case of a solenoid be an air core, or, in the
case of an electromagnet an iron core.

When a wire passes around a core several times, its mag-
netizing force is proportional both to the strength of the current
and to the number of turns in the coil. The product of the cur-
rent passing through the coil multiplied by the number of turns
composing the coil is called the ampere-turns. Example: If you
have a coil of 50 turns through which 14 ampere of current is
flowing, the result in ampere-turns equals 50 X 14 = 25.

The main purpose of this lesson is to show the relation be-
tween magnetic terms and similar electric terms so that you
will readily be able to form pictures in your mind when they are
mentioned and used in some advanced text-books.

To determine the actual amount of flux, or reluctance in a
magnetic circuit, is a very tedious procedure and even in most
cases gives only approximate results unless very elaborate equip-
ment is used so we will not concern ourselves with the details
of actual measurements. Actual measurements are seldom made
outside the manufacturer’s laboratory. The relation of the two
sets of magnetic units and the corresponding electrical units
is shown in Table No. 2. This will be helpful to you before
proceeding.

TABLE NO. 2
ELECTRIC CIRCUIT ' MAGNETIC CIRCUIT
Volt Ampere-turn
Ampere Line
Ohm Ampere-turn per line
Volt Gilbert
Ampere Maxwell
Ohm Oersted

COMPARISON OF ELECTRIC AND MAGNETIC CIRCUITS

The total number of magnetic lines of force, or magnetic
flux, produced in any magnetic circuit will depend on the mag-
netic pressure (m.m.f.) acting on the circuit and the total
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reluctance of the circuit, just as the current in the electrical
circuit depends upon the electrical pressure and the resistance
of the circuit, that is— ’

ELECTRIC CIRCUIT MAGNETIC CIRCUIT
Amperes = Volts Maxwells = Gilberts
Ohms Qersteds

It should be understood, however, that in the electric cir-
cuit, the resistance causes heat to be generated and therefore
energy is wasted, but in the magnetic circuit the reluctance does
not involve any similar waste of energy.

Now let us learn more about each of these terms that we
have presented. First, we will have to know where magnetic
flux exists. Where does flux originate? The answer to this
question is easy for you now, because it has been stated many
times before—magnetic flux originates within any coil carrying

Fig. 5—Magnetic fleld of an Fig. 6—Magnetic fleld of a coli of
air core coil. wire having an iron or steel core.

an electric current. Therefore, any coil of wire whether it is
used in a door bell, testing instrument, motor or generator, or
in a radio circuit is a source of magnetic flux. Magnetic flux or
lines of force cannot exist without a complete circuit exactly
like electric circuits. The flux of a magnetic circuit starts within
the coil, then exists all around the coil as shown in Fig. 2. The
path—that is, the magnetic circuit shown in Fig. 2—is through
air. So we find that air is a conductor of flux and its distribu-
tion around a coil of wire is very similar to that of a bar magnet
with two poles. We can easily obtain a picture of the magnetic
circuit about a coil by sprinkling iron filings on a sheet of paper
which passes through the coil as shown in Fig. 5.

The little lengths of iron filings become little compasses
which point out the magnetic circuit—they point out where the
flux exists. The crowding together of the iron filings also gives
an idea of the amount of flux. In Fig. 5 it can be seen that the
greatest flux exists within the coil and that there is less flux at
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greater distances from the coil; also it has magnetic polarity.
If a piece of steel is placed in the vicinity of an electromagnetic
field, many of the lines of force of the field are bent out of their
natural direction and converge into the steel. The number of
lines is also increased. In other words, there will be more lines
of force as well as more passing through the space occupied by
the steel than when the entire space was occupied by air alone.
The capability of any substance for conducting magnetic lines
of force is termed “its permeability” ; therefore the permeability
of steel is much greater than that of air.

If a piece of soft iron is substituted for the steel, even more
lines of force will pass through the same space showing that the
permeability or conducting power of iron is greater than steel.
If an iron core is placed inside the coil of wire in Fig. 6 the iron
filings will be attracted more closely together, illustrating the
greater density or number of lines of force due to the iron core.

e

3
|

Fig. 7 Flg. 8

If the iron core is pulled out of the coil a little way, and iron
filings be again applied, the magnetic lines will be found to be
conducted farther away from the coil before returning to it.

Now if we place an iron ring ingide the coil as shown in
Fig. 7 it will not show any external N and S poles, since the
magnetic lines have a complete circuit through the iron. If,
however, we cut a small section from the iron ring, as shown
in Fig. 8, the lines of force will then be compeiled to pass
through the air gap to complete their circuit, so that strong
N and S poles are produced where the cut has been'made, and the
-space is permeated with lines of force. The lines of force in this
case through the iron ring will not be so dense as before because
the reluctance of the entire magnetic circuit has been increased.
With the same magnetizing force the magnetic lines diminish
as the reluctance of the circuit increases, just as in an electric
circuit the current decreases when, with a constant e.m.f.. the
resistance is increased.




If we replace the section cut from the ring we will find that
a great many iron filings will be attracted at the two joints, indi- .
cating a magnetic leakage. The flux density in the ring is not
now as great as when the ring was solid, since the joints offer
opposition to the magnetic lines and some of them are forced
through the air across the joint.

While the unbroken ring or closed magnetie circuit gives us
by far the strongest magnet for the material and energy em-
ployed, there are many uses of the electromagnet which require
that it should have polarity—that its lines of force should pass,
for a portion of the distance at least, through an air space into
which may be introduced substances to be acted upon by these
lines; but it is an unchanging law of magnets that a magnet
which most nearly approaches the closed magnetic circuit will
be the most efficient. For this reason magnets, whether per-
manent or electromagnets, are usually bent around so that their
poles approach each other, and the object to be acted upon is
introduced into the gap between the two poles.

The object to be acted upon is usually some sort of arma-
ture, as a motor or a generator armature. This consists of a
winding usually on an iron core so that the magnetic lines of
force can be kept as close as possible through the gap. Of
course, all leakage lines, or those which do not pass through the
armature, are wasted, and whatever current was required to
generate the leakage lines was uselessly expended. From the
above it can be seen that when a portion of the magnetic circuit
passes through air instead of iron, then a considerably greater
magnetomotive force (in ampere-turns) must be used in order
to overcome the reluctance in sending a definite flux through
the circuit.

SERIES MAGNETIC CIRCUITS

The same laws apply to series magnetic circuits as to series
electric circuits in which all of the parts are in series.

(a) The magnetic flux through all parts of a series circuit
is the same.

(b) The magnetic force (gilberts) necessary to send a cer-
tain magnetic flux through a series circuit is the sum of the
forces necessary to send it through the several parts.

The force which sends the magnetic flux through the mag-

netic circuit is measured in gilberts just as the pressure which -

sends the electric current through the electric circuit is measured
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in volts. The coil wound on a portion of the magnetic circuit
then corresponds to a generator or battery placed in an electric
circuit. We do not have to place generators or batteries all along
the line, one at each place where we wish to send current, but
we place one generator in the most convenient place and make
it large enough to send the current through all the different
paths of the circuit. Similarly we need not wind a coil on each
separate part of a magnetic circuit where we wish to set up a
magnetic flux, but we may wind it in the most convenient place
and make it large enough to send the magnetic flux through all
the different parts of the circuit.
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PARALLEL MAGNETIC CIRCUITS

In magnetic circuits we also have parallel paths in which
the flux will flow. In dealing with these parallel magnetic paths
it is only necessary to keep in mind that the general laws for
the flow of electric currents through parallel electric circuits
apply equally well to the flow of magnetic flux through parallel
magnetic paths. It is particularly important to keep in mind
that the same voltage which forces an electric current through
one path in a parallel circuit also forces electric currents through
all the other parallel branches of the circuit.

This same law applies to the ampere-turns needed to force
magnetic flux through parallel circuits.

In Fig. 9 we have shown a typical parallel magnetic circuit.
Here the primary and the secondary windings of the transformer
are placed on a center leg of a core so that the flux has a double
path as indicated by the dotted lines. This type of construction
is employed in a great many audio frequency transformers in
which the primary and secondary coils are wound one upon the
other, then placed on the center leg of the core.
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This parallel type of magnetic circuit is often used in order
to reduce the reluctance by providing a large cross-section of
iron, yet keeping the size of the core small so that it can be
conveniently handled in manufacture.

In connection with this, Kirchhoff’s law for magnetic cir-
cuits states that the amount of flux to a point in the circuit
equals the amount of flux leaving a point. This is similar to
the statement of Kirchhoff’s law for electric circuits: that the
amount of current to a point equals the amount of current leav-
ing the point.

FLUX DENSITY (B)

In speaking of the amount of flux in any cross-section of
a magnetic circuit we speak of the total flux and the flux density.
The “total flux” refers to all of the magnetic lines within the area
of a cross-section of the magnetic circuit. In speaking of the
“flux density” of the magnetic circuit, we mean the number of
lines per unit of area* of a cross-section, that is, the number of
lines per square inch or per square centimeter, and either is
usually designated by the capital letter B. The symbol for rep-
resenting the total flux is the Greek letter ® pronounced “fee.”
There is a definite relation between flux, flux density and area.

total flux (maxwells)

(1) Flux density (B) (per sq. cm.)= aTea of cross-section

(in sq. cm.)
that is, (2) B= i
at is, =
or (83) d=A X B
or (4) A:%

where B is the lines per sq. cm.
® is the number of flux lines in maxwells
A is the area in sq. cm.

Try to conceive of flux through an area as follows: Imagine
a square area two centimeters on a side. This is the same as
four square centimeters and corresponds to the cross-section
area (A). Imagine 500 needles piercing through the area ver-
tically up from the area and for simplicity uniformly distributed.

*For example, if the total flux was 10,000 lines and the cross section
was 10 square centimeters, the unit cross sectlon would be one square centi-
meter and the flux density 10,000 — 10 or 1,000 lines per sq. em.
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This corresponds to the magnetic flux lines (®). It is not diffi-
cult to see that if there are 500 needles in 4 square centimeters
in one square centimeter, there will be 500 divided by 4, or
500/4 = 125 needles per square centimeter. This corresponds
to flux density (B). The unit of magnetic flux is the mazwell,
which is equal to one line of force. The gauss is the unit of flux
density, and it is equal to one line of force per unit of area.

MAGNETIZING FORCE (H)

In figuring the value of the total flux in a magnetic circuit
the flux density is first assumed and this is usually a matter of
experience in designing. Then it is easy to compute the other
factors.

It has been stated that the total flux (®) depends upon the
amount of magnetomotive force (m.m.f.). It naturally follows
that the flux density (B) also depends upon the m.m.f. The flux
density also varies with the length of a typical magnetic circuit.
This is similar to conditions in an electrical circuit where we
realize that the amount of current will depend upon the e.m.f.
and the length of a typical wire. Therefore, the length of a mag-
netic circuit should be kept as short as possible in order to get
the greatest flow of flux. Otherwise, a greater amount of m.m.f.
(in ampere-turns) will be required to send the same amount of
magnetism through a longer magnetic circuit.

Twice the m.m.f. is required when the circuit is doubled in
length, three times when the circuit is three times as long and
so on in regular proportion for the same flux density. Conse-
quently, we arrive at an expression, used with magnetic circuits,
which is called the magnetizing force. The magnetizing force
may be measured in “ampere-turns per unit length.” This ex-
presses the amount of m.m.f. required for every unit length of
the magnetic circuit, in order to produce a given flux density.
The symbol for magnetizing force is H.*

The amount of magnetizing force (H) needed to produce a
given flux density (B) is best understood by referring to a
graph like that shown in Fig. 10 where actual values for sev-
eral materials are shown. Such a curve is called a B-H curve
and it is very useful in determining magnetic properties, such as

*The student should also realize that if the m.m.f. is expressed in
gilberts the corresponding magnetizing force (H) will be gilberts per
centimeter of lenkth.
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permeability and saturation points for the different grades of
magnetic iron and steel. The engineer uses these magnetic
values in designing magnetic circuits for electrical and radio
apparatus.

Except in the case of air, it will be noted from Fig. 10 that
doubling H will not double B. In other words, B and H are not
in constant proportion except when the magnetism conducting
material is air.

PERMEABILITY

The ratio of B to H expresses the magnetic permeability of
the material or “the conducting power oi a magnetic medium for
lines of force.”

The permeability shows how well a material performs as a
conductor of magnetic lines compared to air. The permeability

. 1
of non-magnetic materials is a constant and equals = or 1, or we

may say one gilbert will set up one line of force in a cross-
section one centimeter square and one centimeter long of a non-
magnetic material. Thus one is the permeability factor of a
non-magnetic material. You will recall that the number of mag-
netic lines produced inside a coil with an air core, can be greatly
increased by introducing a piece of iron or steel, even though
the current in the winding remains constant. This is due to
the fact that iron and steel are better conductors of magnetic
lines than air. The relation between the number of lines of
force per unit area inside the coil after the iron or steel has been
introduced, designated by (B), to the number of lines per unit
of area for an air core, which is the field strength, designated
by (H), is called the permeability factor, designated by (w),
pronounced mew. Then:

__ B
T H

The permeability of a given sample of iron or steel is not
constant because the value of B does not increase at the same
rate H increases.

Curves showing the relation between the B and H quantities
for wrought iron, annealed steel, soft steel casting and cast iron
are shown in Fig. 10. -The premeability of these different kinds
- of metal can be determined for any value or B or H by dividing
the vaiue of B for any point on the curve by the®corresponding
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value of H. Let us consider a point on the curve in Fig. 10,
which represents soft steel castings where B is equal to 13,000

. B .
gausses, H is equal to 20 gilberts. Then ﬁ— u or is found by

dividing the value of B and H, or %%00, which equals 650,

which is the permeability for soft steel castings when working
under this condition—that is to say when there are 13,000 lines
(13 kilolines) flowing in it.

The sharp bend in the curve is called the “knee” of the
curve or saturation point. The metal is very nearly saturated
at this point because any further increase in H produces a small
increase in B as compared with a corresponding increase in H
below the knee of the curve. :
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Fig. 10—Characlieristic curves of magnetization, or B-H curves *
Many units of measurements are used in magnetic ecircuits ‘and if included in

" this text would be very confusing. For your convenience we are listing here how to

change from one to the other. For our purposes the maxwell (total flux), the gauss
(maxwell per sq. c¢m.), the oersted (unit of reluctance) and the gilbert (the unit of
m.m.f.) is used in this text.

To reduce gilberts to ampere-turns multiply by 0.796.

. “ gilberts per cm. to ampere-turns per in. multiply by 2.02.

Ampere-turns to gilberts multiply by 1.257.
Ampere-turns per in. to gilberts per em. multiply by 0.495.
gausses to lines per square inch multiply by 6.45.
lines per square in. to gausses multiply by 0.155.

MAGNETIC SATURATION OF IRONS AND STEELS

Pieces of iron and steel can be saturated with magnetism
just as a sponge can be saturated with water. When there is

“ “
‘“ “
“ ‘
. “

* The horizontal scale represenis the increase in Gilberts per em. and the vertical scale
represents the increase in magnetie flux in kilolines per sq. em.

15




very little water in a sponge it will readily soak up more water
but when the sponge is almost full of water or nearly saturated,
it will absorb additional water only with difficulty. Likewise
with iron or steel (Fig. 10) when the flux density is low, a
slight increase of magnetomotive force H in gilberts per centi-
meter will cause a material increase in the flux density or in the
number of lines of force per square centimeter. However, when
the flux density or magnetic saturation is high, it requires a

great increase in H to produce a material increase in flux den-
sity.
RELUCTANCE

When we are interested in knowing how much magneto-
motive force will be required to produce a given flux in a mag- -
netic circuit, we must know in addition to the total flux, the
reluctance of the circuit. As a point of comparison if we wanted
to force two amperes through a circuit, and we wanted to know
how much e.m.f. was needed, to solve our problem we would
have to know the resistance of the circuit.

The chances are 99 in a hundred that the electrical circuit
would be a round wire of a certain size and by looking up in a
wire table we could find how much resistance that sized wire
had per foot and knowing the total length, the product of these
two facts would give us the total resistance. Then from ohms
law we could calculate the needed e.m.f. in volts.

Suppose, however, we had a rectangular bus wire and no
wire table available how would we find the resistance if it were
of a definite length. Every metal will have a certain resistance
for every square centimeter, one centimeter long. Tables will
tell us that much. It is called the volume resistivity, or the
table of conductivity would give the volume conductivity which
tells us how good a conductor the metal is. Dividing this volume
conductivity into one (taking the reciprocal) we obtain at once
the important fact, how much resistance in ohms a cubic centi-
meter of material has. Naturally if the actual bus wire is 2
square centimeters in cross-section, one centimeter length would
have a resistance of 14 of the volume resistivity. Thus for any
value of area merely dividing by the area would tell us how much
resistance in ohms one centimeter of wire would have. Of
course, if the wire was 100 centimeters long, the resistance would
be 100 times as much. All this we studied before. How about
magnetic circuits? They are treated in the same way.

The cross-section of a magnetic circuit is generally rec-
16




tangular so it is easy to calculate the reluctance. With wire the
resistance does not depend on how much current flows in the
wire; in magnetic circuits, however, the reluctance varies as the
flux varies. Suppose we have a rectangular iron core in the form
of a large ring whose length can be considered as the average
circumference. How would you proceed to find the magneto-
motive force needed to produce a given flux through the core?
First we would have to find the reluctance.

Knowing the cross-section of the core in square centi-
meters and the total flux we find by simple division the flux
density (B). From the manufacturers who made this magnetic
material you would find from his B-H curve the required mag-
netizing force (H) for a cubic centimeter of the material. Then
B divided by H is p, the permeability of the material, that is,
how good a magnetic conductor the material is. The reciprocal
of w is the reluctance that one cubic centimeter of material
would have. From now on it is a matter of common sense. If
the area was 10 square centimeters, the reluctance for a unit
length would be one-tenth, and if the core was 100 centimeters
long the reluctance would be 100 times as much. Reluctance is

usually expressed as R:—l—. If the length “l” is in centi-
93

b

meters, the area A in square centimeters, and the permeability
is found as we explained, the reluctance will be in oersteds.

If the reluctance is multiplied by the total flux, the required
m.m.f. in gilberts for the magnetic circuit will be obtained. If
the value of m.m.f. in gilberts is multiplied by .796 the ampere-
turns needed is known.

EFFECT OF AIR GAPS

In the above example, the magnetic circuit was entirely of
iron. It is very common to introduce air gaps intentionally or
unintentionally in such circuits. Let us first consider a case
where a gap one centimeter in length is introduced in the cir-
cuit. (See TIig. 11.)

Let us again suppose that the flux density in the circuit will -
have to be 8,000 gausses per square centimeter (8 kilogausses).
Referring to Fig. 10, where the curve for air crosses the 8
kilogauss line, we see that the magnetizing force corresponds
to approximately 41 gilberts per centimeter. However, this value
of 41 must be multiplied by 200 in order to give the correct
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value of H, in gilberts per centimeter, because the curve has
been so drawn as to place it on the same graph with the curve
for iron. Therefore, 41 multiplied by 200 gives us 8,200 gilberts
which are necessary for every centimeter in length of the mag-
netic circuit when passing through air. At once we realize
that a tremendous amount of magnetomotive force is
required in order to overcome the reluctance of the air for
8,200 X .796 = 6,527 ampere-turns per cm. of air gap.

In considering the total amount of magnetomotive force
necessary for a magnetic circuit, we must take into account the
values required by the iron and the air separately. In this we
must not overlook the places where the ends of the iron core
join each other in the corners of the core. Often a considerable
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air gap is introduced unintentionally at these points and con-
siderable reluctance is introduced due to careless construction.
One can readily realize that the greatest value of magnetomotive
force is needed to force the flux through the air gap.

HYSTERESIS*

So far we have concerned ourselves with a constant current
being used in the coils of an electromagnet. The information we
have so far studied is of importance in electromagnets, such as
used in dynamic speakers, motors, generators, magnetic lifts
and blow-out magnets in arc transmitters. What happens when
the coil is supplied from an A.C. source is very important in our
study of radio.

Suppose we had a magnetic core such as shown in Fig. 12,
with a means of sending current through the magnetizing coil in

*Hysteresis is magnetic inertia.
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either direction and in varied values. Let us assume that we
have a method of measuring the flux in the magnetic path. (The
method is too involved for presentation in a Radio course and is
only needed in special laboratories where iron and steel are
tested electrically.) We are going to reproduce “in slow motion”
what would happen if an A.C. current was present in the coil.

Refer now to Fig. 18. We assume that the core is newly
constructed and has never been subjected to an m.m.f. As we
proceed to force a current through the coil, the m.m.f. goes up
and from our knowledge of the B-H curve we can see that the flux
will go up as shown by 1, 2, 8, and 4 in Fig. 13 At conditions
represented by point 4, we start to decrease the current In the
coil and the flux for various m.m.fs. is represented by points
5, 6,and 7. Why? When the core is magnetized, the particles
of iron or steel act like little magnets which line up along the
lines of force. When the m.m.f. is removed they tend to remain
in the same position as much as possible with the result that
when the current through the coil is reduced to zero, as repre-
sented by point 7, flux actually exists in the core (magnetic cir-
cuit). This flux is called RESIDUAL FLUX, often called
residual magnetism. Residual magnetism is caused by a prop-
erty of the metal which causes it to retain some of the lines
which have been made to flow in them just as a sponge has a
tendency to retain water which has been put into it. This
property is called retentivity.

To bring the flux to zero, current must be forced through
the coil in the opposite direction as shown in Fig. 13 by points
8 and 9. Now as the current is further increased in the op-
posite direction, conditions depicted by points 10, 11, 12 and
138 exist. Again reducing the current to zero point 16 and sending
current in the opposite direction, the relation between flux and
m.m.f. is given by points 14, 15, 16, 17, 18, 19, 20 and point 4.
This variation in current (4 to 13 to 4) represents one cycle of
current change. The loop shown in Fig. 13 showing the differ-
ent relations is called a hysteresis loop. If the current cycle is
repeated, the path of change is over 4 to 7 to 9 to 13 to 16 to 18
to 4 and not over 1, 2, 8 and 4. It takes energy to overcome the
residual magnetism at points 7 and 16 and heat will appear in the
magnetic material, referred to as hysteresis loss. The loss de-
pends on the flux density, the amount of magnetic material
(volume) and the nature of the material.
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‘There is practically no hysteresis loss in air; good silicon
steel has less loss than soft iron, which is better than hard cast
steel which is in turn better than tungsten steel. Hysteresis has
other effects on audio signals when present in audio transformers
as we shall shortly see.
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The student should realize that the presence of an A.C.
magnetomotive force results in what might be termed an A.C.
magnetic flux. It is this A.C. flux that make possible the induec-
tion of an e.m.f. in another coil linked to it.

Fig. 13—Typical cycle of magnetization called a hysteresis leop

EDDY CURRENTS

Another loss is present when A.C. flux variations are pres-
ent. Suppose we turn our attention for a moment to the elemen-
tary principles of electromagnetic induction, and take for ex-
ample the coil in Fig. 12. If the current is started to flow in
this coil, magnetic lines will be set up in the iron core. If these

_lines are allowed to stop, a counter-electromotive force will be
set up in the coil due to these lines cutting the turns as they
shrink up or stop, and if the coil circuit were closed, current flow
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would be established. Now, let us imagine the coil of wire
removed and a tubular piece of metal put in its place, then is it
not true that if lines of force were started or stopped in the iron
magnetic core, currents would flow around in a circular path
within the cylindrical metal tube? Now, let us take the next
step and imagine this cylindrical metal tube removed. Could
we not consider part of the solid iron core itself as forming a
metal cylindrical tube which would conduct current that would

Fig. 14—Core type transformer
and winding arrangement.

be induced by the magnetic lines stopping and starting in this
solid iron core? Results prove that this is true and currents do
actually flow in little circular paths within the iron core. These
are called eddy currents. Of course you know that when a cur-
rent flows in a circuit heat is generated because of the I2R loss.

Fig. 15—lllustration showing how
a core is built up.

METHOD OF MINIMIZING EDDY CURRENT LOSS

In order to reduce the eddy current losses to a minimum, the
core of the transformer is made up of thin sheets of iron, called
laminations, each sheet being electrically but not magnetically
insulated from its adjoining one by the resistance of its natural
oxide or by a thin coating of shellac, varnish or lacquer. Thege
eddy currents tend to flow in a direction at right angles to the
length or axis of the core, so that the high resistance between
the laminations very effectually limits the magnitude of the cur-
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rent. Therefore, in assembling a core for a transformer or other
type of machinery in which there is a varying flux, it is only
necessary to see that one sheet is insulated from the other.

It is interesting to note, that even when laminations are
used eddy current loss will increase as the frequency of flux
variations, as the flux density is increased and as the laminations
are made thicker. For example, if any one of these factors is
doubled the loss will be increased four times.

JIRON LOSSES
It is very difficult to measure the hysteresis and eddy cur-
rent losses separately, therefore they are usually treated to-
gether and called the iron logses. These iron losses can easily
be measured with ordinary electrical instruments, such as the
wattmeter and the ammeter. The watts necessary to supply the

Fig. 16—Shell type transformer. Flg. 17—Shape of one lamination.

proper magnetic flux to the circuit without any load are meas-
ured, and then by subtracting the copper losses* for the coil from
this, you have the iron losses.

CONSTRUCTION OF IRON CORES FOR A MAGNETIC
CIRCUIT

Various forms of construction are found in magnetic cir-
cuits used in different types of transformers. One method of
assembling a series magnetic circuit is shown in Fig. 15, where
the iron core consists of rectangular sheets, placed one upon the
other in alternate order, so that there is a minimum amount of
air gap at the joints. One layer is insulated from its neighbors
in order to reduce the eddy currents. Some are made with L
shaped laminations or punchings; each adjacent layer is reversed
to stagger the joints.

The construction of a parallel magnetic path, similar to that
shown in Fig. 9 is given in Fig. 16. This type of core is found

* The energy dissipated as heat in conductors (I*R loss).
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.in a great many of the modern audio frequency transformers.
The windings of the coil are wound on a form of the same cross-
section as the core and placed on the center leg of the trans-
former.

The laminations or punchings are shaped as shown in Fig.
17, each one being reversed when inserted in the winding in
alternate order so as to fit together as shown in Fig. 17a.

LEAKAGE FLUX

In an electric circuit the current can be confined entirely
within a fixed path because materials are available through which
the currents will flow (called conductors) and through which
they will not flow (called insulators). Consequently, the con-
ductors can be separated by the insulators and the current made
to flow where it is desired.
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Fig. 17 (a)—Laminated core, each Fig. 18

lamination reversed and then
alternately reversed.

In a magnetic circuit we are not so fortunate in having
materials through which the flux will not pass. This means
that all materials are conductors of magnetic flux. It is evident,
therefore, that all of the flux can not be made to follow a con-
fined path in the same way as in an electric circuit. Some of the
flux leaks away from the desired circuit, returning to the source
of magnetomotive force without linking with a secondary coil.
This can readily be understood by referring to Fig. 18 where it
can be seen that some of the lines do not pass through the entire
path of iron but return through the air to the source of magneto-
motive force. These lines are called leakage flux and must be
taken into account when figuring the magnetomotive force avail-
able from the coil. Incidentally this leakage flux with the turns
it links acts as an inductance and is called leakage inductance.
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Leakage flux is made up of those lines which failed to flow
through the entire circuit and, therefore, failed to affect all the
turns of wire in both the primary and secondary coils. This
would have two effects; first, to decrease the induced volts in
the secondary coils; and second, to reduce the counter e.m.f. in
the coil itself, which is really the inductive effect and, therefore,
reduces the inductance of the circuit. Both of these have a
tendency to reduce the efficiency of the apparatus.

The leakage flux becomes greater as the reluctance of the
main magnetic circuit is increased. Increasing the reluctance
of the desired path means that the flux will find a return through
air or other materials more readily than before, resulting in
greater leakage flux. To offset this condition as much as possible
the primary and secondary windings of a transformer are kept
as close to each other as construction permits, the one wound
over the other in many instances. Hven with these precautions
there is some leakage due to the separation of the wires by insula-
tion and due to the fact that some wires are necessarily farther
away from their adjacent turns than others.

From the above it can be seen that a large ratio in the turns
between the primary and secondary will mean greater flux leak-
age. This is not serious where only one frequency is used, such
as in power transformers for supplying current to the tubes in a

" radio set, but it is of greater significance where the frequency

varies over an extremely wide range, as in an audio frequency
transformer. Consequently, large turn ratios are not used in
audio frequency transformers.

RATIO OF PRIMARY VOLTAGE TO SECONDARY
VOLTAGE

The purpose of a magnetic circuit in a transformer is to
provide a link between two electrical circuits. Thus, the elec-

‘trical energy in “circuit 7” of Fig. 19 can be transferred to

“circuit 2.” The advantage in this arrangement is that the volt-
age in “circuit 2” can be made any value desired simply by
choosing the correct number of turns in the two coils of the
transformer. For instance, if the generator in “circuit 1" sup-
plies a voltage of 100 volts to the primary coil, then the voltage
in “circuit 2” can be 2 volts, 10 volts, 100 volts, 1000 volts or any
other value that may be desired, simply by using more or less
turns in the secondary coil.
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If there is no magnetic leakage, the “volts per turn” in the
primary of a transformer will equal the “volts per turn” in the
secondary.

Let us say that the primary has 50 turns and the generator
supplies 100 volts. Then we have 2 volts per turn. Now, if we
use one turn in the secondary, a voltmeter will register 2 volts
in circuit 2. Adding another turn in the secondary, so that we
have a total of two turns, then the voltmeter will register 4 volts.
For every additional turn in the secondary we obtain an increase
in voltage at the rate of two volts per turn. It can be seen that
here is a convenient way of raising or lowering the voltage of a
gource of alternating e.m.f., simply by changing the number of
turns in the coils of a transformer.

In case there is flux leakage in the magnetic circuit addi-
tional turns can be added to make up for the difference in volt-
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age. However, in power transformers of good design, operated
on a single frequency, the secondary voltage can be considered
to vary in proportion to the number of turns. This means that
if we want the same voltage in the secondary as we have in the
primary, then the same number of turns should be used in each
coil. If half the voltage is desired in the secondary then half
the number of turns should be used, so that the ratio of turns
is 1 to 2. If twice the voltage is desired, as shown in Flg 19, the’
ratio of turns is 2 to 1.

At once we can see how to arrange a transformer so that
various voltages can be supplied to the filaments and plate cir-
cuits of vacuum tubes when 110 volts A.C. is available from the
power mains of a house lighting circuit. The 110 volt source is
connected to a primary of a transformer, and several secondaries,
with the required turn ratios selected to give the desired voltages,
are provided for each group of similar tubes requiring a common
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value of voltage. Referring to Fig. 20 secondaries are shown
arranged so that 214 volts, 5 volts and 600 volts are available.
By providing a center-tap (C.7T.) in the 600 volt secondary, 300
volts are available to either side of this tap, for supplying a
voltage to the rectifier circuits, suitable for the plate circuits of
the tubes in a Radio receiver.

RATIO OF PRIMARY CURRENT TO SECONDARY
CURRENT

The current in the secondary of a transformer of course is
dependent upon the amount required by the load in that circuit.
Let us say that 2 amperes are required in circuit 2 of Fig. 19.
This means that 400 watts are consumed because we have 2
amperes at 200 volts. The 400 watts have to be supplied by the
primary, so in this case, with 100 volts in the primary, we must
have 4 amperes flowing there.
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The above example shows that the current in the secondary
is half of that in the primary. Therefore, we see that when a
voltage is stepped-up in the secondary, the current will be
stepped-down or reduced in proportion to the ratio of turns or
the inverse ratio. In other words, as the ratio of the turns is
increased thea the current will be decreased, or if the ratio is
decreased then the current will be increased.

Therefore, if the 5 volt secondary in Fig. 20 is supplying
the filaments of two *71A type tubes, drawing a total of 14
ampere (500 milliamperes) then the current in the primary is
110 volts divided by 5 volts, which equals 22 and 500 divided by
22 equals 23 milliamperes (approximately).

In the above cases, no allowance is made for the various
losses encountered, such as eddy current, hysteresis, magnetic
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leakage and losses due to the resistance of the wire itself. There-
fore, additional current is taken by the primary in an actual case
to take care of the above mentioned losses.

AUDIO FREQUENCY TRANSFORMERS

The audio frequency amplifier is a large part of the modern
Radio receiver, phonograph, talking film and public address sys-
tem. Here transformers are of importance in establishing a link
between tubes and apparatus and it is necessary to use magnetic
circuits that faithfully provide changes in flux which keep in
step with the changes in current which represent the original
sound. Otherwise, distortion and unnatural reproduction will
result.

The current which must be handled by an audio transformer
is a varying current made up of a large number of individual
currents whose frequencies may be from 35 to 8000 cycles per
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second. This composite current is known as an audio frequency
current because it will cause corresponding air vibrations, which
fall within the range of the ear, when used to operate a loud-
speaker or other sound-producing device. The magnetic circuit
should be able to follow these individual changes of flux at 85
cycles per second, as well as all other frequencies including 8000
cycles per second.

Not only are steel core transformers used in the amplifiers,
but so are steel core inductances, called audio chokes. They are
usually made by winding many turns of insulated wire on a
laminated sheet steel core. Steel cores are used because they
increase the inductance of the coil many hundred times.

Nevertheless, the use of steel cores has the undesirable effect
of altering the form or characteristic of the current it acts on or
passes on in the case of transformers. That is why transformers
are designed for a definite circuit, so saturation cannot take place
under ordinary conditions.
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In vacuum tube and rectifier circuits the windings pass a
direct current as well as an alternating current. After all this is
nothing more than a pulsating current portrayed by Fig. 21. The
heavy, wavy line represents the pulsating current, and the light,
straight line through the wavy line represents the direct current
part or component.

The presence of the direct current greatly alters the magnetic _
action of the core. Instead of having the magnetic lines flow
first in one direction and then in the other, as would be the.case
if only alternating current flows in the windings; the magnetic
lines always, with pulsating current, flow in the same direction
but they are at one moment large in number, then less in number.

Figure 10 shows the magnetic characteristic of various
magnetic materials—in a completely assembled choke or trans-
former the current will determine the value of H. Just as in a
vacuum tube amplifier, the transformer must work in the straight
portion of its characteristic, or the current variation must be
small so the curvature of the characteristic will not distort the
signal. That is why a steel core inductance must be designed for
a definite direct current, or the direct current adjusted to give
the least distortion.

It is the curvature of the characteristic, the bending, that
determines the permeability of the steel and it varies with the
direct current; usually the greater the current the less the per-
meability. Actually this permeability is less than you would
expect, because the alternating current causes the flux to lag
a little. This is referred to as the A. C. permeability, a term you
may often hear. :
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TEST QUESTIONS

Be sure to number your Answer Sheet 11 FR.
Place your Student Number on every Answer Sheet.

Never hold up one set of lesson answers until you have

another set ready to send in. Send each lesson in by itself

before you start on the next lesson.

" In that way we will be able to work together much more

- closely, you’ll get more out of your course, and the best possible

P

lesson service.

What is a magnetic circuit?

Draw a simple magnetic circuit.

Define “magnetomotive force.”

What is reluctance in a magnetic circuit?
Define “magnetic permeability.”

What is meant by “flux density ?’

State the usefulness of B-H curves.

Explain the meaning of “magnetic saturation.”

® oW N e e D

Name some of the causes for the loss of power in trans-
formers.

—
@

How are eddy current losses reduced in transformers?
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CASHING IN ON DISCONTENT

Discontent — dissatisfaction — these are not pleasant words.
Yet it is to discontent that the world owes practically all
advancement. If Columbus had not been discontented with the
accepted ideas of geography in his day, he would not have
started out to prove that the earth was round — and the whole
course of history would have been changed.

If the early Americans had been content to dwell at their
ease in the eastern part of America, the far west with all its rich
natural resources might never have been discovered.

If you had not been discontented with your lot, you would
never have enrolled for the N. R. I. Course — and you would
never have had similar opportunities for Success.

So — discontent is a good thing — if it makes you want to do
something worth while,

Practically everyone is discontented — we are all the same
in this— and we all have the same starting point. But some of
us are “floored” by discontent, we develop into complainers, we
find fault with anything and everything. We end up as sour and
dismal failures.

Those of use who are wise use our discontent as fuel for
endeavor. We keep striving toward a goal we have set for
ourselves. We are happy in our work. We face defeat, and we
come out the victors.

At this minute you may be discontented with many things —
your progress with your Course, your earning ability, yourself.

Make that discontent pay you dividends. Don't let it throw
you down. If you do, you may never be able to get up again.
Keep striving to remove the cause of your discontent. Remem-
ber that it’s always darkest before the dawn. And a real N. R. I.
man works hardest and accomplishes most when he is face to
face with the greatest discouragements.

J. E. SMITH

Copyright 1935
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WASHINGTON, D.C.
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How the A.C. Receiver is Supplied
with Power

SIGNAL AND POWER CIRCUITS

So far I have explained to you how the essential parts that go to
make radio equipment (coils, condensers, resistors, transformers, vacuum
tubes) work. In later lessons you will learn how vacuum tubes work—
as radio frequency amplifiers, as generators (oscillators) of A.C. currents,
as audio frequency amplifiers, as modulators that mix radio and audio
frequency signals, as demodulators or detectors that separate two signals,
as automatic volume controls, as a device that squelches or stops recep-
tion when the signal is too weak (quiet automatic volume controls or
noise suppressors), and so forth. But before a tube can perform the
function it is designed for, it must be supplied with local power. The
filament or cathode must be heated to drive off or emit the electrons.
the electrodes (grids, screens and plates) must be supplied with a positive
or negative charge to assist or control the electrons in the tube while in
motion. The filament source may be A.C. or D.C., depending on the
tubes used; but the voltages applied to the electrodes must be con-
finuous, which is a D.C. voltage without a fluctuation. Let me repeat,
the power supply system of a vacuum tube radio device must furnish
the following electrical power: A.C. or D.C. for the tube filaments and
continuous current (D.C.) for the tube electrodes.

My present discussion will be limited entirely to the local power
supply system. You might well ask: can we discuss the supply eircuit
without the other radio circuits? Indeed we can. When you come to
trace radio circuits as an expert, you will automatically divide a radio
sound or television receiver, or an amplifier, or a radio transmitter, or
a radio testing device, into two parts, namely: a, the signal circuits;
b, the power supply circuits. In fact, the separation is so important
that special parts called filters, blocking condensers, bypass condensers,
and chokes are used to keep these two circuits from acting on each other.
Let me also stress that if you master the important functions of the
power supply system, learn to trace them in radio equipment, you will
be able to handle many of the common service complaints. I am taking
this opportunity to caution you to read this book slowly, as it is full
of important radio information.

FILAMENT POWER

Let us study, more closely, what voltages are required to make a triode,
a tetrode, and a pentode operate properly. I am omitting, for the
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moment, the diode and twin diode as they require special consideration.* '
Referring to Figs. 74 to 1D you will observe what voltage supplies are
necded, presented in the usual schematic or circuit symbol method.
Tigure 14 represents the simplest triode, a tube extensively used as a
power amplifier. The filament, when heated by a D.C. current, will
emit electrons. A continuous D.C. voltage connected between K, the
filament, and P, the plate, will draw the electrons from the filament to
the plate; and a continuous D.C. voltage connected between the cathode
(in this case the filament) and @, the grid, will electrically set the tube
at the best operating condition. Observe that the grid is connected to
the negative terminal of the C supply and this voltage is referred to as
the “C bias” because it places a potential difference between the grid and

the filament,

Plate
Screen grid,
Controf grid
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Cathode

Suppressor Grid
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Fie. 1
The supplies required for a triode, tetrode and pentode

Heating with an A.C. Source. If A.C. current is fed to the filament
the current rises to a peak twice for each cycle, once on the positive
and once on the negative alternation. There is no difference which
alternation does the heating. Thus the filament will come to peak heat
120 times a second, if standard 60 c.p.s. (cycles per second) current is
used. If the filament is very thin, it will heat and cool rapidly and the
electrons going from the filament to the plate will be varied by some-
thing else besides the input radio A.C. signal; and the loudspeaker will
emit a power supply hum.

To remove the varying heat (twice the frequency of the source) the
filament is made large so it will not cool off or heat up rapidly. And
this is exactly how so-called A.C. filament tubes are made.

This is not all that is required to operate a tube satisfactorily; it is
important that the “C” bias and plate supply voltages remain constant
at all times, for the A.C. radio signal at the input (grid ecircuit) is the
only varying quantity that should produce a varying (plate circuit)

* When diodes are used in the signal circuit they usually require only filament
power. In this lesson the diode is important as it is used to convert A.C. power to
D.C. power. T will come to this shortly.

2




output. When the filament is fed with a D.C. current, the +C and —B
connections of the electrode voltages may be connected to either —A or
-+ A filament terminals.® But suppose an A.C. source is connected 1o
the filament; terminal a, Figure 74, will at one moment be negative with
respect to terminal b; and the next alternation of the A.C. supply a
will be positive with respect to . The electron path from the filament
to the plate will have to encounter this voltage drop between a and z
and z and b, and thus vary the steady “C” bias and plate voltage supply.
Now should the +C and —B connections be made at point z, which is
midway between a and b, this drop is avoided and the “C” bias and
plate voltage remain fixed regardless of the use of an A.C. filament

supply.
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The connection to z is inside of the tube, but it is not necessary to
bring this connection out to a special prong on a tube base. There is
another way of getting a mid-potential. If you shunt terminals ¢ and b
with a potentiometer R as shown in Figure 24, you have duplicated a
condition which is similar to the internal (point z) filament connection.
If the control P is sct to the center of resistor R, it will always be at the
same potential as point z. Now there is a general circuit law that says
that terminals of equal potential may be connected without a change
i the circuit currents. Therefore, points z and P may be considered
as being the same. Figure 24 is the accepted connection for a filament
type tube, such as the 45, when the filament is heated by an A.C. current.

Figure 2B shows a less expensive connection for A.C. filament type
tubes. In this case the fllament is again connected to the low voltage
secondary of a 110 volt A.C. step-down transformer. The secondary

* Although either may be used, the —A terminal connection has become
standard.
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is provided with a center tap P, so located that when the A.C. voltages
between P and a, and P and b are measured, they are equal. For this
reason point P is called the electrical center. Tt is the +C and —B
terminal as far as the supply circuit is concerned.

A step-down transformer is generally needed with A.C. receiver tubes,*
as the filament voltage is rarely above 80 volts, the most common voltages
being 1.5, 2.5, 6.3, 12 and 25 volts. The center tapped secondary is not
required for heater type tubes, but when supplied is usually connected
directly to the cathode of the tube.

Multiple Filament Connection. Now I am going to explain how more
than one tube may be supplied with filament power. Where several tubes
of the same filament voltage rating are used in radio equipment, the fila-
ments may be connected in parallel as shown in Fig. 34, and to the low
voltage secondary of a power transformer. Where heater and filament
type tubes or tubes of different filament voltage ratings are used in the
same receiver, generally separate filament secondary windings are used
for each group, as shown in Fig. 3B. For example, a 2.5 volt tube cannot
be connected in parallel with a 6.3 volt tube for the filament of the 2.5
volt tube will draw too much current and burn out. Quite often an
inexperienced serviceman by mistake, puts a 2.5 volt tube in a socket
where a 6.3 volt tube is intended, and “puff”, out goes the tube; or to be
exact the filament of the tube will burn out. Not always will you find
similar tubes connected to the same filament supply secondary, for special
circuits may require separate secondary windings. You will encounter
such conditions as you learn more about radio, but now it is the usual
conditions that I want you to master.

Figures 8C and 3D illustrate two simple multiple tube connections.
Here the filaments are connected in series, and the voltage required at zy
is the sum of all the individual tube voltages. In this case each tube
should have the same current rating. If the source has too large a voltage,
then a series resistor R, is used.f Very often tubes in the same voltage
group are to be connected in series but not all the tubes in a group draw
the same current, for example, you will find that some 6.3 volt tubes
draw 0.3 ampere, while another draws 0.8 ampere. A simple series con-
nection cannot be used, because the high current tube will probably draw
too little, while the low current tube will draw too much ecurrent.
Where such tubes must be connected in series this difficulty is avoided
by shunting (connecting across) the low current filament with a resistor
so the resistor will conduct the extra current, R, in Fig. 8C shows such
a shunt resistor.f Tubes of different voltage ratings may be connected

* In universal receivers where 110 volt A.C. or D.C. is used, in transformerless A.C.
receivers the series filament connection, to be deseribed shortly, is used. The voltage
1s reduced by a series resistance.

T The ohmic value of this resistor is the extra voltage divided by the series current
(volts -+ amperes).

i Its ohmic value is the filament voltage of the shunted tube divided by the
extra current.
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in series, if their currents are the same. For example, a 6.3 volt, 0.3 ampere
filament may be connected in series with a 12.6 volt, 0.3 ampere tube.
Most A.C. socket and battery operated receivers have their tube
filaments connected in parallel; while most universal (meaning sets op-
erated from either an A.C. or D.C. supply) and most D.C. socket powered
receivers have their tube filaments in series. Whenever a filament is in-
tended for an A.C. source, the connecting leads are twisted as shown in
Figs. 84, 3B, and 3D, to eliminate stray A.C. magnetic fields which may
create an A.C. hum output. Also set designers prefer heater type tubes,
for in this way the filament circuit is separated from the signal circuits.
Observe that no variable filament current eontrols are shown in Figs.
3A to 8D. In the light of modern radio experience it has been found that
varying the filament current to change tube characteristics or volume is
a very poor method. Too much filament current weakens the filament
and burns it out; too little current in addition to making the electron
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emission extremely low, causes the filament to become brittle and break.
You will rarely find filament current controls in modern, well-designed
receivers, although you may find them in some battery receivers, par-
ticularly the very old ones. In the latter case you will find one or more
tubes connected in parallel and a variable resistor (a filament rheostat)
connected between one common filament terminal (usually negative for
amplifier tubes) and the battery binding post.

PLATE, SCREEN AND GRID VOLTAGE SUPPLY

For the average three, four, five, and multi-element tubes in a radio
receiver the plate, screen and grid supply must be a continuous; that is
an unvarying, direct current. No better source than the dry or storage
battery can be found; in fact, most laboratory vacuum tube equipment
employ battery supplies. A complete 4 (filament), B (plate), and C
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{grid) battery supply is shown in Fig. 4. A storage battery filament
supply source is shown, although dry cells in parallel, series, or series-
parallel, or an air cell battery may be and often is used. The connection
is so obvious that little further explanation is necessary. Any of the tube
circuits shown in Figs. 14 to 1D may be connected to these battery sup-
plies. Where several tubes are used in the radio device the filaments are
connected in parallel and to the A battery. The grids, screens and plates
are connected together at the supply terminals (see Fig. I1C) and to
the --B and —C supply terminals. Where different values of -}-B and
—C voltages are needed, separate connections as indicated in Fig. 4 are
provided. To prevent the A.C. radio signals from passing through the
power supply, condensers, shown as Cp,, C,s, Cps in Fig. 1C, are used. Of
course, the capacity of the condensers should be large so the signal which is
high frequency alternating current, will go through the condensers and not
through the power supply. Here is another example of how the A.C.
signal and the D.C. power supply circuits are isolated.

~--C - ~A,-8 +A »8 -4

+

énoj}
O
O N

=) B bafteries
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C batlteries

Fic. 4

Every radio expert will agree that no better high voltage D.C. supply
than batteries can be obtained. Batteries would be used more often if
it were not for: a, the expense; and b, the bother of changing them when
their voltages drop below the useful limit. To give you some idea of
cost, let me consider the A battery as a typical case. You can buy a dry
cell for about 25 cents. Tt is rated to give 40 watt-hours. You can buy
electric socket power for about 10 cents per 1000 watt-hours. Both values
are top figures. Clearly you buy 1.6 watt-hours of battery energy for
one cent; but a power company will furnish you 100 watt-hours for a
cent, and probably less. It is no wonder that when radio first became
popular, many experts worked on the problem of converting cheap A.C.
to continuous current power. At first they tried to get pure D.C. current
to heat the filaments, but they gave the plan up as too costly and de-
veloped A.C. tubes to be used in the manner I have described. High D.C.
voltages are more economically produced and it is a simple matter to
divide it so the grids, screens and plates are properly supplied. I will
come back to this after I explain to you how A.C. socket power is con-
verted (changed) to high D.C. voltage power.
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For the average radio receiver and amplifier, 110 volt, 60 c.p.s. power
must be converted to about 400 volts D.C. without an appreciable ripple.*
In a general way this is how it is done. The low voltage A.C. socket
power is first raised to a high A.C. voltage by using a step-up power
transformer, because it is not simple to step-up a voltage after it has
been converted to D.C. Next the A.C. is passed through a device which
we call a rectifier, which allows current to flow only in one direction. A
radio rectifier tube is invariably used. This output voltage from a rectifier
tube is pulsating direct current varying from a peak (the largest) value,
to zero. To remove the variation, the power is passed through an elec-
trical filter consisting of condensers and choke coils, which smooths or
wipes out the variation or ripple, leaving a pure D.C. source. Finally the

electron flow
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Sketch showing changes that take place in the B-C
section of a power pack

high D.C. supply voltage is divided as required. The changes from A.C.
to divided D.C. are portrayed in Fig. 5. The entire device is often called
a ‘‘power pack.”

THE HALF-WAVE RECTIFIER

Before we consider a practical A.C. to D.C. converting system let me
first present the diode tube (two element tube). The simplest diode has
a filament which emits electrons when heated. The electrons “hang
around” the filament. Technicians call it the electron cloud or space
charge. Now when an appreciable positive charge is applied to the plate
the electrons in this electron cloud are attracted to the plate, leave the
tube at the plate and go through the external load in the plate circuit, and
return to the filament to be used over again, as shown in Fig. 64. When
the plate is negatively charged the electrons in the space near the fila-

* Theoretically you cannot take out all of the variation; practically you can
reduce it to an insignificant value. The final test is how much hum you get from
the loudspeaker.




The rectified voltage is a pulsating voltage, consisting of a D.C. com-
ponent and several A.C. components, called ripple components. The
important A.C. component is the original frequency of the source usu-
ally 60, 40 or 25 cycles per second, and the other A.C. components are
2, 4, 6, ete., times the original source frequency. For example, if a 60
c.p.s. source is used the A.C. components will have 60, 120, 240, 360 c.p.s.
frequencies.* The important frequency is the lowest value, because an
electrical filter called a low pass filter must follow this rectifier, which
removes all variations above and including this minimum. Remember
that for a half-wave rectifier the lowest ripple frequency equals the fre-
quency of the A.C. supply. You will see the importance of this when I
take up filters.

THE FULL-WAVE RECTIFIER

You should have no difficulty in realizing that with a single diode tube
only one-half of the supply wave is being used. This does not mean that
we are wasting power, because when the tube passes no current, the source
supplies none. Nevertheless if both halves of the original wave can be
put to work, a higher rectified voltage is obtained, and then, too, it is
easier to smooth out the ripple components from the rectified output.

Full-Wave Bridge Rectifier. Without making any change in the power
transformer, but using four half-wave rectifiers (single diodes) a system
as shown in Fig. 84 could be used. Observe that four indirect heated
cathode tubes (7, 2, 8 and 4) are used, and each filament is connected to
the low voltage secondary S; 7 The tubes are connected in what is referred
to as a bridge arrangement, merely because it resembles a bridge or bal-
ancing ecircuit extensively used in radio laboratory equipment. You will
find it easy to remember this circuit by following the electron flow. Let
us assume for example that electrons flow from the supply terminal z of
Su to the rectifier terminal a, and seek a path through the bridge circuit
to terminal y of the secondary Sy, which will be positive with respect to
terminal z, as the latter is assumed as negative. From a two paths are
possible, through tube #1 or tube #4. Of course, you know that the
only electron path through a normal acting tube is from the cathode to
the plate, hence the electrons pass through tube #1 to point b. The
electron path so far considered is represented by the solid arrows. Leav-
ing point b the only electron path is through the load resistor E to point d,
because the path through tube #2 is blocked because electrons cannot
pass from a plate to a cathode. ¥rom point d, the electrons travel through
tube #3 to point ¢ and back to the supply terminal y of Sy, the positive

* This may be proved by higher mathematics, or by an intricate laboratory test.

1 If filament type diodes were used, tubes I and 2 would require separate second-
aries, but tubes 8 and 4 could be operated in parallel; three secondaries in all. Thus
short circuite are prevented.
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secondary terminal for this instant, and to the starting point . On the
other hand electrons will leave the supply terminal y when it becomes
negative every half cycle and they must take they - ¢c—> b —> d — «
— z — y path, indicated by the dash-dash arrows.

Now the most important fact about this circuit is that the electrons
flow from point b to point d no matter which terminal of the supply they
leave. Therefore, point b is the negative (—) and point d is the positive
(4-) load terminal. Although the A.C. supply voltage is as represented
by curve V, in Fig. 8B, the load voltage is as represented by Ve, which
is the full-wave rectified voltage.

The full-wave rectified voltage has twice as many peaks as the half-
wave rectified voltage portrayed by Fig. 7D. Naturally the lowest ripple
frequency in this pulsating voltage has a value of twice the supply fre-
quency, although ripple frequencies of 4, 6, ete., times the supply fre-
quency exist. Such a pulsating voltage is easier to smooth out than a

half-wave source.
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Full-Wave Twin Diode Rectifier. Cost of equipment and parts, and
permissible space is limited in the case of radio receivers and power ampli-
fiers. The less equipment used, the less the chance of a breakdown.
Good radio design indicated a need for a simpler full-wave rectifier. By
using g supply source of twice the A.C. voltage required for a bridge recti-
fier and center tapping this source, two half-wave rectifiers may be used
in a full-wave rectifier as shown in Fig. 94.

You will learn more about this circuit if we trace the electron flow.
Starting with tube #7 trace the electron flow from the filament to the
plate, {from terminal z to ¢, the center tap of the high voltage secondary.
The electrons cannot go from ¢ to i as at y they could not go from a plate
to a cathode. Therefore, the path taken is from 2 — ¢ — a — b back
to the filament. The path for tube #2is y — ¢ — ¢ — b to filament.
But the plates of the tubes are connected to the end terminals (x and y)
of the secondary of the transformer and when one end is negative the other
is positive with respect to the center terminal ¢. Hence the tubes, due to
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Multi-Section Filters. Even though the filter shown in Iig. 10B is
superior to the one shown in Fig. 104, the inductance and capacity must
be unusually high to reduce the ripple to a satisfactory amount. TIs it
not natural to say that if one filter will reduce the ripple, two will be
better? This sort of reasoning is correct, and cascade (one after the other)
filters, as shown in Fig. 10C, are universally used. If filter #1 will re-
duce the lowest frequency 100 times, and filter # 2 will also reduce what
1s supplied to it 100 times, then the total reduction is 100 times 100, or a
reduction of 10,000. Quite often three sections in cascade are used, but
generally only in high fidelity and all-wave receivers. Iere is a little
technical fact; the ripple reduction * of each filter section roughly equals
the reactance of the coil divided by the reactance of the condenser. The
reactance is determined for the ripple frequency to be suppressed.

Filters with Input Capacity. Experts in the design of rectifiers will
tell you that the average D.C. voltage from a rectifier system is a certain
amount of the applied peak voltage. For a half-wave rectifier it is about
32 percent; for a full-wave rectifier it is about 64 percent. And thus all
you can get from a filter of the type shown in Fig. 10C are these amounts.
The reason for this is that filters suppress all the components in the ripple
frequencies. But the question arises, can we boost the output voltage?
Yes we can, and by the simple means of connecting a condenser C, to the
rectifier output, or what is the same thing the filter input, as shown in
Fig. 10D.

Here is what happens. The voltage produced by the rectifier, charges
the input condenser and continues to charge it until the rectified voltage
reaches its peak value. As soon as the input voltage reduces the charge
starts to feed into the load. If the load resistance is low this discharge
takes place rapidly, if it has a large value (in ohms) the discharge takes
place slowly. In other words, the input condenser is supplying energy
to the load long after the rectified source has stopped to supply energy.
This information is graphically presented in Fig. 10E. I have taken a
half-wave rectified voltage as our example, which is represented by curve
1. The average output voltage, the D.C. voltage when the input con-
denser C, is omitted in the circuit (shown in Fig. 10C) is given by curve
12 (a straight line) of Fig. 10E, and as you see is quite low. When the
input condenser C, is inserted, as in Fig. 10D, the voltage across the input
condenser follows dotted curve #3. Its average value s quite high, and
the ripple, that is its variation from the average, is small.

Many Radio-Tricians often measure the A.C. voltage of the power
transformer and then the D.C. voltage of the output. Where a condenser

* Ripple input divided by the ripple output.

1 The peak value is 141 times the effective value (which you measure with a
comiuercial voltmetgr).
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input is used, the D.C. voltage may be greater than the A.C. voltage.
With a condenser input filter you may, with a small load (low current
drain) obtain a D.C. voltage nearly equal to the peak input, which is
1.41 times the A.C. value that is measured.* Another reason why a con-
denser input is desirable may be gained by the following reasoning. If
the input condenser reduces the ripple, then the following filter has less
work to do and its components need not be as large as when the input
condenser is omitted.

The system has disadvantages. One I pointed out, namely that as
the load increases the D.C. voltage drops. That is exactly what happens
in an audio amplifier when it is first amplifying weak and then loud
sounds. A condenser input filter might cause distortion if the output
voltage drops too much.

Another difficulty is the sudden rush of current at the beginning of
each cycle (point z in Fig. 10F), when the condenser is being charged.
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This sudden rush of current may ruin the rectifier tube. Fortunately this
current rush is of little importance in ordinary vacuum tube rectifiers used
in radio receivers and amplifiers. Where this effect is important coil input
filters are used. In considering the input condenser, it is important to
realize that should it (and as a matter of fact any of the other filter con-
densers) become shorted or leaky (have low resistance) the entire A.C.
voltage will be thrown across the rectifier tube and the tube will be
destroyed. If you encounter a wacuum rectifier tube that glows blue
(indicating that the tube is receiving too high an A.C. voltage) be sure
to test the input and other filter condensers, replacing if necessary before
you put in.a new rectifier tube. A grounded choke may be the cause,

so test them too.

*A larger input condenser, a lower current drain, a higher ripple frequency will
tend to give a D.C. output voltage nearer the peak A C. input,
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Tuned Filiers. Early in the development of radio, engineers naturally
asked themselves why they could not tune out the ripple which created
the most trouble. Indeed this is often done. As the most prominent
frequency is the lowest, circuits resonating to this frequency were de-
veloped. Figure 174 shows the parallel resonant ecircuit through which
the D.C. and all A.C. components must pass. Now circuit L, and Cy,
when tuned to a definite frequency will offer a very large impedance to
the current of that frequency. This is the nature of parallel resonant
circuits and this opposition, queerly enough, increases as the series resist-
ance of the coil and condenser is decreased. The capacity of C, should be
small so the passing action shall be low for higher ripple frequencies.

Another possible filter circuit is shown in Fig. 77B. Here we find a
series resonant circuit bridged across the filter. When L, and C. are in
resonance with the lowest ripple frequency, it offers very little opposition
to that component. Naturally that component passes through this “leg”,
ag it is called, instead of going to the load. Although this cireuit is effective
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at the frequency for which it is designed, the lowest ripple frequency, it
actually destroys filtering at higher frequencies. At frequencics above
the resonant value, the leg is principally inductive and the shunting effect
of C, 1s totally destroyed. Thus vou really have only one filter section
with two chokes working.

Either resonant filter circuit may be used with a condenser input, the
condenser shown in Figs. 114 and 11B by dotted lines and symbols. For
60 cycle, half-wave rectifiers, the circuit L,-C; or L,-C. would be made
to resonate to 60 c.p.s.; for a 60 cyele per sccond full-wave rectifier these
circuits should resonate to 120 c¢.p.s. Quite often you will find radio
receivers and amplifiers with such a filter incorporated in the power supply
that seems to defy hum correction. This is often due to the change in the
inductance value of the iron core choke (shift in the laminations due to
rough handling), or more often due to the fact that the frequency of the
supply main does not agree with the designed resonant frequency. You
should try various small condensers in shunt with condenser C, or C. or
open the air gap in the iron core choke, although the lalter proceduve
should be done only after a little radio experience.
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WHAT TO EXPECT FROM A RECTIFIER TUBE

Not every radio receiver or amplifier uses the same type of rectifier
tube. Different types are used for a particular set of reasons. The
features that make different types nccessary are: I, filament voltage; 2,
cathode-heater insulation; 3, voltage output; 4, eurrent output; 5, full or
half-wave; and €, regulation. Items I and 2 arc dictated by the type of
power supply that is to be used; items 3, 4 and § by the D. C. supply re-

TABLE NO. 1
AVERAGE CHARACTERISTICS OF SMALIL RECTIFIER TUBES
Max. Output
Filament Max. Max. Voltage
Type | H. W. | V Base ¥ | A.C. D. C. _ Inverse | Peak
Num- or or | Num- | or Voltage | Output Peak Cur-
ber FW. | M ber H Per Cur- Chok Con- | Voltage | rent
v 1 Plate rent 1 o te denser
gy Input
523 F.W. |V 4-2 F 3 3 500 250 360 475 1400 |.......
12Z3 H.W. |V 4-3 H 12.6 .3 250 60 N. U. 250 700 ...
2575 FW. |V 6-1 H | 25 .3 125 100 N. U. 108 350 |.......
;1V H.W. 4-3 H 6.3 .3 350 50 N. U. 400 1000 |.......
80 FW. |V 4-2 F ) 2 400 125 290 390 1100 |.......
81 H.W. |V 4-1 F 7.5]1.25 700 85 330 780% 1960 |.......
83V F.W. |V 4-4 H 3 2 500 250 425 600 1400 |.......
84 F.W. |V 5-1 H 6.3 .5 350 50 300 430 1000 |.......
82 F.W. | M 4-2 F 2.5 |3 500 125 500 N. R. 1400 400
83 FW. | M 4-2 F 5 3 500 250 500 N. R. 1400 800

Explanation of table: F. W .—full wave; H. W.—half wave; F—filament tube; H—heater tube; N. R.—
not recommended; N. U.—generally not used; V—vacuum tube; M—mercury vapor tube; *—in full wave
connection; filament voltage in volts; filament current in amperes; plate voltage 1n volts; plate current in
milliamperes; inverse peak voltage based on F. W. connection.

3 @ 3
@
o
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Pin Arrangement—Base Numbers; Bottom view of tube connections

quired; and item 6 by the maximum signal changes you expect to incorpo-
rate in a radio device. Regulation in a power supply is a new term which
I will shortly clear up. Improved regulation is obtained by using a
gaseous (mercury vapor) rectifier which will be considered after we take
up the vacuum type rectifier. Table No. 1 lists the characteristics of
vacuum and gaseous rectifier tubes in general use, and 13 ineluded in this
lesson 20 you may refer to it as needed.
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Vacuum Rectifiers. The performance of any radio device is best
shown by curves, and vacuum tube rectifiers are no exception. Fig. 124
shows a number of curves for a half-wave rectifier, and for a condenser
input filter. Each curve is for a definite A.C. voltage supply and in the
diagram is the voltage V4o which you would measure with an A.C. volt-
meter connected across the high voltage secondary. The D.C. current
would be measured with a D.C. milliammeter connected in series with
the load as indicated, but the D.C. voltage would be measured across the
filter input, because the resistance of the iron core choke is a part of the
load. Observe that for a filter with a condenser input the output voltage
is quite high even for large currents, but the D.C. voltage drops rapidly as
the load is increased from a small to rated value. This is primarily due
to the inability of the input condenser to maintain its charge after the
rectified voltage starts to drop from its peak.

Figure 12B is the same type of information for a typical full-wave,
vacuum tube rectifier, and in this case I am showing the difference between
choke and condenser input. Observe that when the input condenser is
omitted, that is we have a choke input, the D.C. output voltage is initially
low for low load currents, but as the load is increased the variation is not
as marked. This change is primarily due to the D.C. resistance within
the rectifier tube which in turn is the result of the electronic space
charge. If it were not for the tube resistance, the decrease in voltage
would be much less. This variation in D.C. output voltage with load
current is regulation, and is considered good when the least change is
obtained.

Table No. 1 presents the general characteristics of the important
tubes and the maximum A.C. voltage and D.C. load current. What D.C.
output voltage to expect for a condenser input and for choke input is then
given for these maximum conditions. For any other condition you must
refer to operating curves similar to those given in Figs. 124 and 12B for
the particular tube to be used. The latter are supplied by the tube manu-
facturer. Of course, when you service radio equipment you are guided
by the voltage and current charts supplied by the maker of the receiver,
amplifier or transmitter.

Mercury Vapor Rectifiers. If you trace the circuit shown with Fig.
124, you will see that D.C. current flows through the tube, the iron core
choke, the load and the high voltage secondary. To get improved regula-
tion, or what is more obvious, to keep the voltage across the load R as
nearly constant as possible with changes in current, the remainder of the
circuit should have low resistance. It is easy enough to make the
secondary and the iron core choke with low ohmic resistance, but it is
not so easy to obtain a vacuum tube rectifier with low ohmic resistence.
However, a mercury vapor diode does exhibit a desirable quality and
that is its voltage drop (current through it times its resistance) is con-
stant and very nearly equal to 15 volts. Clearly, if a mercury vapor
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rectifier is used with low resistance chokes and a low resistance second-
ary exceptionally good regulation will be realized. How do these tubes,
extensively used in radio transmitters, high powered audio amplifiers and
many radio receivers, work?

In the first place, this tube is a vacuum tube rectifier with a small
amount of mercury included, and for this reason is called a mercury vapor
tube. Usually a little ball of mercury is enclosed which creates mercury
vapor at ordinary room temperature, and when the tube heats up more
vapor is automatically produced. Usually oxide coated filaments are
used to produce the electrons that are drawn to the plate. When the tube
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is placed in operation, the high speed electrons leaving the filament bom-
bard (strike) the mercury atoms and deprive the latter of their free clec-
trons. This leaves a positive gas ion (mercury atom without its free
electrons) and an extra electron which moves toward the plate. The
positive ion moves slowly (about 1/600th as fast as the electron) to the
filament and in doing so gets into the electron cloud (space charge) sur-
rounding the filament. In fact it partly neutralizes (destroys) the elec-
tron cloud and nearly all of the electrons leaving the filament have an
open path to the plate. The higher the plate (anode) voltage the greater
the space current, but this voltage must not be too large (22 volts in a
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voltage between K and P, is the same as that between a and b. The peak
inverse voltage is twice the peak voltage of Vio or 2.82 times Vo
Strictly speaking you should subtract the tube drop, about 15 volts for a
mercury vapor tube, from this computed value which is lost in the path
from K to P,. You will find that the largest Vo (root mean square)
that you can apply to a full-wave diode, as given by most tube tables,
is the inverse peak voltage divided by 2.8. Check this in Table No. 1.
The peak inverse voltage rating of a tube determines the greatest A.C.
voltage you can rectify.

DIVIDING THE VOLTAGE

Now that I have shown you how A.C. is converted to D.C., I am going
to consider an important phase of power supplies, namely how the D.C.
power is distributed. This will be important to you as a Radio-Trician.

Tt makes little difference to the rectifier how this power is distributed
to the vacuum tubes in a radio device, for it is merely called on to deliver
a definite D.C. voltage output and a definite load current. To be sure,
the radio designer works “in reverse.” He determines what is the maxi-
mum D.C. voltage and current, and depending on whether he uses one
type of rectifier or another, refers to a set of curves, as shown in Iigs.
124 and 12B and determines from these two values (current and voltage)
how much A.C. voltage should be supplied by the power transformer.
If one type of rectifier is unable to supply the demand, a larger tube is used.

Usually the D.C. voltage is equal to the largest plate voltage (probably
the plate voltage for the power audio tubes) plus the largest C bias. To
this must be added the voltage drops in the iron core chokes in the filter,
as they are really a part of the load. The current demanded from the
power supply is the sum of all the electrodes (plates, screens, grids, ete.)
currents of the tubes in the device except the diode power rectifiers. The
computed voltage divided by the computed current is the load resistance
R that T have constantly referred to.

How is this total load divided or distributed to the various tubes?
Basically there are two methods: 1, the parallel voltage divider as shown
in Fig. 164; and 2, the series voltage divider as presented in Fig. 15B.
There are a number of variations which combine the two basic methods.

Circwit Laws to Remember. In order to fully understand how the
divider circuits work I want you to recall a number of important circuit
laws. They are:

1. The currents to a terminal must equal the currents away from the
terminal.

2. In any complete circuit the generated (supply) voltage must equal
all the voltage drops.

3. The voltage drop across any device is the current times the re-
sistance (Ohm’s Law).

4. Current flows from the positive (4) to the negative (—) terminal.
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This is just the opposite for electron flow. (In the following discussion I
am going to switch to current flow, not electron flow, as this is the way
radio men analyze circuits. I want you to be able to do things the way
experts do them.)

§. If terminal A is positive with respect to terminal B, terminal B will
be negative with respect to terminal A.

Parallel Voltage Dividers. Referring to Fig. 154, observe that the
total voltage and current demanded from the rectifier is indicated by V
and I respectively. The voltage divides itself between resistors R;, R,
Rs, R,, Ry, R., and R, because of the currents flowing through them.
The total current flows through E; and I,. At point I the current through
Ry is I'less I,. 1, 1s the current that passes through the triode tube indi-
cated, returning to the main circuit at point 4. The current at point 2
divides, part going through R, and part going through another tube, and
in this case indicated by I,. Again the current through R, divides into
two paths, the one indicated by I, and the other through R, Although

A calibrated adjustable resistor tester
which enables a service-man to deter-
mine proper replacement values of
defective resistors, measure unknown
resistors by the substitution method,
can be used as a calibrated variable
resistor for adjusting voltage, as a
potentiometer or voltage divider

the current indicated by I, and I; may go through a tube, it may also be
the supply to a screen grid or tube electrode whose plate is supplied
through the I, path. These facts do not concern us in a general study of
supplies but you must recognize that regardless of the path they all come
back to terminal 4. This common terminal is the filament or cathode
tube terminal and is the —B supply connection. Incidentally, it is con-
nected to the chassis frame which in turn is grounded. As terminal —B
is common to all tubes it is the reference or ground terminal; as all
currents flow to it from the chokes, terminals 1, 2 and 3 will be positive
with respect to terminal 4. That is why these points are marked 4B,
+-+B and -}-+4+4B, the number of “~+” marks to indicate which is the
higher positive terminal.

From terminal 4, the current from all the tubes (marked I, 4+ I, -+ 1)
joins the current from R, and flows through R, and R., back to the
supply. There are two important facts at this point that I want to clear
up. What is the potential of points § and 6 with respect to —B or point
4? Point 4 18, of course, positive with respect to point &, but what is the
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grid through this connecting wire it would have to pass through the C bias
resistor K., unless condenser C is inserted. Condenser C' is a bypass con-
denser and offers practically no reactance to the A.C. signal. There is
another important reason for using condenser C. When the grid is
actuated by an A.C. signal the current from ¢ to d will vary. Therefore
the voltage across R, will vary, and the applied steady direct C bias
voltage will be made to vary. Recall that I said that when a condenser
is placed across a resistor, across which a pulsating voltage is applied,
the energy in the peaks will be stored in the condenser and discharge into
the resistor when the voltage is a maximum, thus greatly reducing the
voltage variation. This is the second reason why C is used across R..

All tube circuits return to point d, and this becomes the common
terminal of the receiver or amplifier. Hence it is connected to the chassis
and grounded. Point d is not the —B connection; each tube has its own
—B. The important facts to remember about series voltage dividers
are that every tube is connected to the main supply terminals and the
voltage drops in that tube circuit equals the total voltage available.

Modified Voltage Dividers. A combined parallel and series voltage
divider is shown in Fig. 15C. In this case, the choke coil L and the
bleeder resistor K, form a potential divider. The R.F. pentode tube is
fed from points 2 and 3. The total voltage cquals the sum of the plate
voltage 4 to 7 and the C biag voltage 7 to 6. But to get an intermediate
voltage for the screen grid another voltage divider consisting of B, and
R, is used. To be sure, it is possible to tap bleeder resistor Ry, but as the
latter is usually some distance (in the chassis) away from the tube, a
separate divider near the tube is used. The triode tube is connected
between the input of choke coil L and point 3, the return terminal. In
this way an unusually large voltage may be obtained. This is per-
missible only when the power for the tube does not have to be well filtered.
Quite often L is the field coil of a dynamic Joudspeaker,* a subject you
will study later. Thus the field coil serves several purposes; a choke, a
voltage reducer, and an electromagnet for a loudspeaker.

Another use for a choke is shown in Fig. 156D. Here L, which may
be the field of an electromagnetic loudspeaker, is used as a filter choke
and a voltage divider but in this case to supply the C bias voltage. A
resistance voltage divider resistor is often used across the coil as shown,
or the resistor may be omitted and the connection made to a tap on

coil L. Either method works well.

CONTROLLING THE LINE VOLTAGE.

The voltage fed to filaments of the tubes in the radio device and the
high A.C. rectifier voltage must be substantially constant if the radio

receiver or amplifier is to work efficiently. Should the voltage be too

* D.C. current for the loudspeaker field of a dynamic unit is an important supply.
The scheme shown in Fig. 15 C, is the usual one for A.C. Receivers.
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low, the filament or cathode will emit insufficient electrons, and further-
more the filament will in time become brittle and break with a severe
jar; if the filament voltage is too high the emission characteristic of the
filament or cathode may be quickly exhausted and perhaps the filament
will eventually burn out. The D.C. voltage output of the power pack
will rise or drop as the A.C. voltage delivered from the high voltage
secondary of the power transformer increascs and drops. All this is
dependent on the voltage of the A.C. supply mains. No designer expects
the A.C. line voltage to remain constant, but he does assume that it will
not vary more than 5 percent,j that is if the line voltage is rated at 110
volts A.C., the designer assumes it will not vary more than 5.5 volts or
from 104.5 to 115.5 volts. When you go on a job, a difference of about
5 volts should be considered as normal.
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To take care of different line voltages, and the line voltage in one
town may be 110 volts, 115 or 105 in another, it is customary to incorpo-
rate in a well designed radio device some provision to adjust the receiver
or amplifier to the voltage available. The most universal practice is
shown in Fig. 16A4. As you observe, the primary P, of the power trans-
former 7' has three primary taps allowing a change in the primary to
secondary turn ratio. Theé more turns on the primary the lower the
secondary voltage will be. Two and sometimes three adjustments are
provided, namely: for 120, 110; or 120, 110 and 100 volt inputs. As a
further protection the ratio is changed by resetting the fuse F in the
clips CL. When you run across such a receiver in an installation or serv-
ice job, measure the line voltage with an 0-150 volt A.C. voltmeter and

T Percentage will be extensively used in the course. To find the exact value
indicated : multiply by the percentage and divide by 100. In this case you should
multiply 110 by 5 and get 550. Then you would divide by 100 and get 5.5 volts.
the answer.
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GETTING PRACTICAL EXPERIENCE

After you finish this lesson, you are in a position to start, or
at least prepare to start servicing radio receivers. Of course,
your first attempt to repair a receiver may result in your get-
ting into difficulties. But that will be a healthy state of affairs.
As you continue with your studies the reasons for the trouble
you may have had will gradually be cleared away.

In servicing a radio receiver, you will find that defective
tubes and breakdowns in the power supply system cause more
than half of the troubles you encounter. Now is the time to get
your first impression of the work. When you get a chance, take
a discarded receiver and study it, just like a student doctor
examines, disects (takes apart) and studies a human corpse.
Only you have the advantage of putting the receiver together
and making it work. Consider this receiver as a subject to be
experimented on.

The rest of your Study Course, the Extra Money Job Sheets
the Experimental Outfits and the special Reference Texts that
you have or will receive, will supply many ideas that you may
want to try out on this discarded receiver. Experiment as
much as you can for in this way you will be getting practical
experience, so essential for radio success.

J. E. SMITH.
Copyright 1935
by
NATIONAL RADIO INSTITUTE

WASHINGTON, D.C.

1936 Edition

JD5M 121035 Printed in U.S.A.




Special Power Supplies for Radio
Equipment

A VARIETY OF SUPPLY CONDITIONS WILL
BE ENCOUNTERED

What will supply power to the radio receiver in the farm home where
often no local electric power is available; and when electric power does
exist, it is usually 32 volts D.C. current? What should supply the power
in an automobile or truck where a radio receiver or a public address
amplifier is to be installed? What changes are necessary, or what special
recelvers are required when you are called on to install a radio set or
amplifier in localities where: 110 volts D. C.; or 110 volts, 40 or 25 c.p.s.
(cyeles per second) ; or where 220 volts, 60 c.p.s. power is delivered at the
wall or floor outlet socket? What should you do if radio equipment is to
be installed in a place where no electric power of any kind is at hand?
Are you to say that no radio equipment can be installed, because you and
others might be inclined to think that 60 c.p.s., 110 volt equipment is the
only type available? Not at all. 1t is the ability to handle these special
conditions that will make you a better radio technician, increasing at the
same time your earning capacity.

Vacuum tube equipment must have D.C. or A.C. power to heat the
filament, and continuous current to apply to the tube electrodes. The
signal circuit, that is the circuit that actually handles the incoming
signals, may not be different for different power supply conditions; nor
need the tubes in a D.C. powered receiver be different than the tubes for
an A.C. powered receiver. To be sure, one group or series of tubes may be
better adapted for battery operation, another set for A.C. operation and
another series for D.C. sources. Yet if you study these series or groups
usually referred to as the 2 volt (battery), the 2.5 volt (A.C.), and the 6.3
volt (A.C.-D.C.) series of tubes, you will find that there are diodes,
triodes, tetrodes, pentrodes and multi-grid tubes which are apparently
physical duplications but designed to meet a special supply condition.
Receivers and amplifiers are on the market to handle any power condi-
tion, and you or any buyer can get these special instruments merely by
asking for them. But don’t you want to know why they are different?
That is the purpose of this lesson.

What are you to do when no power at all is available? As you will
shortly learn, two procedures are possible. You may use equipment
designed for battery operation or you can install a gasoline engine driving
an A.C. generator. If the latter is advisable, then it is & matter of com-
mon sense to use a 110 volt, 60 c.p.s. A.C. generator so that standard
equipment may be used.




With this short introduction, I hope I have convinced you that there
is a definite need for radio apparatus other than that intended for 110 volt,
60 c.p.s. So let us investigate the different ways of supplying the filament
and electrode voltages.

THE MODERN BATTERY RECEIVER

When radio equipment has to rely on batteries as the source of power,
it is important that the most economical use be made of the batteries.
Any tube made, even an A.C. tube will operate from batteries, but the
power required may be excessive. For example, the filament of a typical
2.5 volt A.C. triode tube will draw 1 ampere, a total of 2.5 watts for fila-
ment power; the same tube will require 250 volts on the plate and draw
005 ampere (5 milliamperes) or a total of 1.25 watts for plate power.
Compare these figures with a 2 volt triode tube designed for batteries.
The filament of this tube draws .060 ampere when connected to a 2 volt
source, a total of .12 watt; the plate draws .003 ampere when connected
to a 135 volt source, a total of .405 watt for its plate supply. To be sure
the A.C. tube is more powerful, but the batiery tube will do almost as
well under all conditions except power output. You can make battery
receivers and amplifiers with as much amplification (signal build up),
but you cannot get a large power output without resorting to many
large batteries. This is the sacrifice you have to make to use batteries
economically.

So in the modern battery receiver you will find special battery tubes
employed. The filament voltage is usually 2 volts and the plate and
other electrode voltages are supplied from batteries, and are rarely over
180 volts. I shall limit my discussion to 2 volt tubes.*

Aty Cell Filament Battery. The 2 volt series of tubes became popular
because of the development of the so-called “air cell battery.” A cross
sectional illustration is shown in Fig. 1. This cell, like the dry cell, has a
zine and carbon electrode. However, the cell is so designed that the
hydrogen, which forms in both the dry and air cells, when deposited on
the carbon electrode, combines with oxygen which is “breathed” through
porous carbon to form water. In the hermetically sealed dry cell, a
special chemical is required to free the hydrogen bubbles from the carbon
plate which, as you know, reduces both the voltage and current. This
chemical is referred to as a “depolarizer,” and produces the necessary
' oxygen to free the hydrogen bubbles. None is used in the air cell, as
oxygen is drawn directly from the surrounding air for this purpose, and

* The 30 triode, 31 power triode, 32 screen grid, 33 power pentode, 34 super R.F.
pentode, 19 class B twin triodes and the 1A6 and 1C6 pentagrid converters are in this
group. Formerly the 99 and 120 type, 3 volt tubes were used in battery sets but are
rarely used in recently designed equipment. The first receiver, even before the advent
of A.C. receivers, used the 01A, 71A and 12A battery tubes (triodes), but these are
now discarded because they take too much power to operate.
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therefore the hydrogen bubbles cannot affect the generating ability of the
cell.

The air cell battery has two cells built into a one-piece, molded, hard
rubber case, the two cells permanently connected in series, giving about
2.5 volts. Only two terminals, a “+” and a “—"” binding post exist. The
battery is shipped dry to the radio dealers with the chemical inside each
cell. The vent plug is unscrewed, the thin rubber membrane cut away,
the cells filled with ordinary drinking water. About six quarts are re-
quired. The cellophane covering the breathing carbon electrodes is
removed, and the battery is ready to use.

At the start the battery will deliver 2.53 volts to an average battery
receiver, and for a period of 1,000 hours the voltage will gradually reduce
to 2.2 volts. Then the voltage drops quickly to a value that renders the
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battery useless. After this the battery is “dead” and a new one must be
used. But 1,000 hours is a reasonably long time. For example: if the re-
ceiver is used 3 hours a day, the battery will serve for 1,000 divided by 3
or 333 days, nearly one year. As the total energy available from this source
is limited to 600 ampere-hours the battery will even last longer on sets with
few tubes. The average sensitive receiver requires about .55 ampere and
the battery will last over 1,000 hours. You should never draw more than
775 ampere from an air cell battery as its life will be considerably shortened.

Fortunately the air cell or 2 volt series of tubes will operate satisfac-
torily if the voltage is maintained below 2.2 volts and above 1.9 volts.
Therefore the filaments of all the tubes are connected in parallel and a
resistor placed in series with the main supply so the tube filament voltage
will never exceed 2.2 volts. The whole story is graphically shown in
Fig. 2. The tubes may draw different values of current, and the exact
value required by each type may be determined by referring to a tube
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table. A total of .62 ampere is required for this 6 tube receiver. Each
tube filament must have 2.2 volts applied and as a value of 2.53 volts is
supplied by the air cell battery, a resistor R must supply a voltage drop
of .33 volts. This resistor may be determined by Ohm’s Law and is equal
to .33 divided by .62, which equals .53 ochms. A resistor having a value
of 14 ohm will do; there is no need of “hitting the nail too close on the
head.” A difference of 5% is quite all right. Of course, if the resistor
happened to figure out .59 ohms, you would probably have difficulty in
getting that exact size. This is what I would do. I would procure a
1 ohm (2 watt or more) resistor of the sliding clamp type, connect one
lead to ¢ and the sliding clamp to b. Before I would connect the air cell
battery I would make sure that the entire resistor was in the circuit.
Then I would connect a reliable 0-10 volt D.C. meter across one of the
tube filaments and reduce the resistor value until the meter read 2.2 volts.
To be sure, I would use a brand new air cell battery.
l.s{Amp

11
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Why have I gone into all this detail? Simply because there are many
“old time” battery receivers that work well enough except, the batteries
have to be replaced too often. These older sets use 01A, 71A and 12A
type tubes.* Usually you do not have to make very many alterations to
change over to tubes which draw less power. Place a 30 tube wherever
there is an 01A, a 31 tube wherever there is a 12A or 71A tube. Figure up
the total filament current (a 30 tube draws .06 ampere, a 31 tube draws
.13 ampere} and divide .33 by this total. Insert the new resistances in
any lead from the air cell battery. Short all the filament resistors or
rheostats in the old receiver, as they should not be used. Now for the
volume control; later on you will be able to recognize the R.F. stages.
Locate the second R.F. stage and connect a 5,000 ohm variable resistor
between the plate and the plate supply. If the set happens to be a neutro-
dyne you will have to rebalance the set so it will not squeal. You will
probably have to reduce the C bias and plate voltages. A tube table will
tell you the correct values. All this will be familiar as you progress with
the course.

*Some of the receivers use 99 and 120 tubes. Replace a 99 with a 30, and a 120
with a 31,
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Storage and Dry Battery Filament Supplies. Although the air cell
battery was developed to overcome the difficulties experienced with stor-
age and dry cells, the latter are nevertheless used quite regularly in
receivers employing the 2 volt tubes, mainly because the air cell battery
is not readily obtained.t

An ordinary automobile battery and the older radio storage battery
will deliver about 6 volts, that is because three 2 volt cells are used con-
nected in series. One cell can be used on a 2 volt tube receiver. A 100 am-
pere-hour fully charged cell will supply filament power to an ordinary
battery receiver for about two months, without charging. If the three
cells are connected in parallel, the battery will last six months. Of course,
the customer will not be able to charge the battery, for if he had this
facility he would be better off with some other type of receiver. If you
furnish or service the modern battery receiver and use a 2 volt storage
battery, you should supply it on a rental basis or at least on some plan

AMPERITE
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where a freshly charged battery is installed regularly. The average life
of a storage battery if kept in good condition is about two years. In using
a storage battery the series resistor (R in Fig. 2) is omitted.

Until recently it was not considered wise to connect dry cells to a
2 volt battery receiver. Dry cells lose their voltage too quickly under
constant use of 2 to 8 hours. However, there is now available a ballast
resistor designed especially for dry cells used with 2 volt tubes, which will
compensate for this voltage drop. Either a 3 volt A pack as shown in
Fig. 34, or 4 dry cells connected in series-parallel, as shown in Fig. 3B
may be used. The ballast* shown in Fig. 8C is connected in series with
the filament battery and has the job of keeping the voltage within the
range of 1.9 to 2.2 volts for battery voltage changes of 3.4 to 2.2, the usual
variation of two dry cells in series during their useful life.

B and C Batteries. In checking tube tables and the circuit diagrams
of several modern battery receivers I found that the usual B (electrode)

+You ean procure an air cell battery from most wholesale radio supply houses
doing business by the mails.

* If you plan to use this ballast, write to the Amperite Corporation, 561 Broadway,
New York City, for technical information and the correct sizes to usc.
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voltages are 180, 1385, 90 and 67.5 volts. The required C bias voltages
varied considerably, the usual values being -3 —4.5, —9, —13.5, —18,
—22.5 and —30 volts. Nevertheless, all these values are quite easy to
obtain from regular B and C batteries, because these baiteries are made
up of a number of 1.5 volt cells connected in series. Figure 44 illustrates
a typical B block having 4-45, 2214 and —B volt terminals; Fig. 4B
shows a 4.5 volt C battery; Fig. 4C a 4.5 volt C battery with —11% and
—3 volt terminals; Fig. 4D a 7% volt C battery with —114, —3, —4.5,
—6 and —7% volt terminals; Fig. 4F a 2214 volt C battery with —3,
—415 —16% and —221% volt terminals.

You will rarely encounter a receiver that employs a plate voltage of
less than 90 volts. Remember that for every 45 volts required, a standard

Fic. 4

45 B block should be used, and be sure to get the type with a 2214 volt
tap. Where 90 volts are required use 2 blocks, where 135 volts are needed
use 3 blocks and where 180 volts are specified connect 4 B blocks as
shown in Fig, 4. The usual 671%, 90, 135 and 180 volt taps are clearly
indicated.

As I previously mentioned, the C bias voltages required for a modern
battery receiver will be quite varied. Personally I have found that if
you buy two 414 volt types with the —1%% and —3 volt taps, and one of
the 2214 volt type with the -3, —414, —161% and —221% volt taps, you
will be able to meet all cases. Figure 5B shows how a receiver requiring
—3, —4Y% and —221% volts is supplied with one large (with only a +
and a —22%% terminal) and one small C battery; while Fig. 5§C shows
how all these voltages are supplied with a single large C battery with
several intermediate taps. You will generally find that where the largest
C bias is —2214 volts the largest B voltage is 135 volts; but where 180
volts B are required, the C bias voltage will be about —30 volts.* Figure

* Except in class B push-push output amplifiers, where no C battery is required.
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5D shows how the latter condition may be fulfilled. With these examples
I feel sure you can figure out other conditions as they arise.

A Typical A, B, C Supply. To illustrate a typical supply system for
a modern battery receiver I have drawn Fig. 6, the supply circuits of a
5 tube receiver.t I purposely left out the coils, resistors, condensers,
transformers and other signal circuit parts, so you may concentrate on
the supply system. The filament circuit is drawn with heavy lines.
Observe that the —A battery terminal connects directly to one terminal
of all the tubes, the -}-A battery terminal traces through the ballast re-
sistors, two being used. One ballast feeds 3 tubes, while the other controls
2 tubes. Both ballasts are built into a glass envelope and the entire
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device looks like a tube. In this receiver a 135 volt supply (taps not
used) is required, the lower voltages are obtained within the receiver by
resistance drops (all resistors are not shown). Reading from left to right,
- the second tube requires no C bias (a special detector connection which
you will eventually learn about). The plate and screen grid currents
flowing through resistor R produces a voltage drop in R; this voltage is
used to supply the “C” bias for the last tube. The first and fourth
tubes require a —41% volt C bias voltage; the third tube is supplied with
a —3 volt C bias. A small 4% volt C battery will suffice.

Connecting a battery receiver to a set of batteries is a very simple
task. The receiver is usually supplied with a cable having different
colored wires, or wires with two colors as indicated in Fig. 6. Either the
end of each wire in the cable has a small metal tag indicating the voltage

1 Battery receivers employ loudspeakers which require no special field power
supply before they will operate. They are called magnetic loudspeakers.
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and whether it is an A, B or C connection; or the set is supplied with
connecting information. With this information, the batteries required
and the connections to be made are simple.

THE MODERN 110 VOLT D.C. RECEIVER

Now I shall consider the receiver or amplifier that is designed to
operate from a 110 volt D.C. socket outlet, a type of supply that you will
encounter in the business sections of some large cities or in a small com-
munity where a small power house has been locally erected. In this case
we have direct current to operate tube filaments and to supply the elec-
trode voltages. More than enough voltage is available for heating fila-
ments, but not enough voltage is provided for the plates of the output
tubes which should be as near 250 volts as possible. Even in the battery
receiver, at least a 135 volt supply is generally used. As it may be inad-
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visable to raise D.C. from a low to high value by using some complicated
system, the designer of 110 volt D.C. receivers must be satisfied with
what he can get with the available tubes. Tube manufacturers have tried
to meet this condition with special power tubes; for example the 43 power
pentode will deliver 0.9 watt of audio power when the plate voltage is
95 volts and the C bias voltage is —15 volts (a total of 110 volts). Some
of the designers of radio equipment prefer to use standard tubes, even at
the sacrifice of power output, so replacement tubes will be easier to get.

The tube filaments of a 110 volt D.C. set are always connected in
series, for in this way the applied voltage can be used in the filaments
rather than wasted in a resistor. As a rule the 6.3 volt series of tubes are
employed, and if possible a high filament voltage power tube (the 43
power pentode requires 25 volts). The tubes in a modern 110 volt D.C.
receiver are of the heater type, which simplifies the design of the supply
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system. The filaments may therefore be connected in series without
regard to the other circuits. For example, Fig. 74 shows 5 tubes, four
6.3 volts and one 25 volt (power) type tubes in series. Their net voltage
drop is 50.2 volts and as the line is 110 volts, the resistor B must be in-
serted to take up the difference of 59.8 volts. As these tubes draw .03
ampere resistor R will be equal (by Ohm’s Law) to 59.8 volts divided by
.3 ampere, or very nearly 200 ohms. The power wasted is 59.8 volts mul-
tiplied by .3 ampere, which equals 18 watts. A 25 watt resistor exposed
to the air is used.

Now let us turn to the electrodes’ voltage supply. If they were con-
nected directly to the 110 volt D.C. source, a “whine” would be emitted
from the receiver. This is the A.C. ripple introduced by the commutator
of the generator at the power house. To eliminate this whine, a simple
filter shown in Fig. 7B is used. Above everything else, it is important
that the iron core choke has a low resistance, otherwise there would be
too much reduction in the voltage fed to the electrodes.

A typical D.C. socket power receiver is shown in Fig. 8, and in this
case too, only the supply circuits are shown. (You should master the
details of this circuit, as well as the other typical circuits given in this
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esson, as in this way you will learn an important difference between
receivers and amplifiers.) Again the solid black lines indicate the fila-
ment supply circuit, and resistor R, is used to limit the current flowing
o a normal value. Observe that all plates connect to the -~ supply ter-
hinal. From each plate you can trace the circuit through the tube,
through the cathode or C bias resistors ( R,, R,, R, and R;). Resistor R,
is variable and as you will eventually learn is a very common type of
manual (hand) volume control. Furthermore R, controls the C bias of
the first and third tubes (reading from left to right is the usual pro-
cedure). To utilize the voltage drop provided by these resistors each grid
(after tracing through the input devices) connects to the terminal which
is negative with respect to the cathode.

The screen grid of the last (power) tube is connected to the plate
supply terminal, but the screen grids of the other tubes must be operated
at a voltage lower than the plate voltage. Therefore their common ter-
minal is connected to the intermediate tap of a voltage divider, in this
case g and E;. The negative terminal of the main supply is obviously
a common terminal to all the electrode supply circuits. Therefore it
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should be grounded. But it would hardly be safe to make a direct con-
nection so this negative terminal is grounded through the condenser C.*

I have been asked so often why this condenser is used that I am in-
cluding Fig. 9 to help answer this question. I have shown a three wire
distributing system for 110 and 220 volt power distribution.t Note that
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the mid-wire is grounded, a connection made by the power company.
When the receiver power plug is inserted into the wall socket you do not
know whether you have made the right connection. If you happen to
connect the — terminal to the - line, as shown in Fig. 9, and the receiver
has a direct ground, the line will be shorted, and the house fuses will blow
out. By using condenser C, as in Fig. 8, the short would not oceur. The
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receiver or amplifier would not work until the plug connections were
reversed. While I am on the subject, I would like to explain why some
sets show a spark when the ground wire is being connected. Refer to
Fig. 8. When the ground lead wire is attached to the GND receiver post,
A.C. current in A.C. receivers and a charging current in the case of D.C.
receivers flows to the condenser and creates the spark while a connection
is being made. If you touch an ungrounded post you may get a slight
shock as the current passes to ground through your body.

* Must have low reactance to the A.C. radio signal.
T May be A.C. or D.C. The condenser is also required in A.C. or universal re-
ceivers where the power transformer is omitted.
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The only other power supply required for a D.C. receiver would be for
the field of the dynamic loudspeaker. The field winding would normally
be designed for 110 volts D.C. and connected directly to the main supply,
as shown by the dotted lines in Fig. 8.

THE UNIVERSAL RECEIVER OR AMPLIFIER

A radio receiver or amplifier for use only on a D.C. power outlet is
the exception rather than the rule. People hesitate to buy a D.C. receiver,
realizing that they may eventually move to a location where A.C. is
available. The problem of making an amplifier or radio receiver work
on either A.C. or D.C. power was first solved by engineers, when the
midget portable receiver first made its appearance. This receiver was
made to work in hotels (where D.C. power is usually found), in the home,
or where 110 volt power of any type is to be found; and where the designer
considered general utility (use) more important than good sound quality
with volume (loudness).
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Universal radio receivers and amplifiers for that matter, are designed
just as if they were to be used on a D.C. line and then s half-wave diode
rectifier is connected in series with the 4 supply lead to the tube elec-
trodes. When the receiver is connected to an A.C. supply the rectifier tube
converts the A.C. power to pulsating D.C. current and the filter (which
must be better in a universal receiver than in a D.C. receiver) removes
the ripple frequencies; when the receiver is connected to a D.C. supply
the rectifier tube acts just like a resistor and reduces the available plate
voltage. As the tubes used are of the heater type and the filaments have
no connection to the signal circuits, either A.C. or D.C. power may be used.

Figure 10 shows the only changes required in the D.C. receiver given
in Fig. 8, to convert it to universal use. A twin heater type diode rectifier
is employed, so one diode will furnish D.C. power to the tube electrodes,
and one rectifier will feed D.C. current to the field coil of the dynamic
loudspeaker. If you trace the rectifier circuits starting from the 4 line
terminal you will in one case pass through the filament circuit (heavy
black line) ; or going to the rectifier plate to cathode K,, pass through
the B and C voltage supply filter.
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Although the dynamic loudspeaker field could be designed to have a
very large ohmic resistance and connected to the output of the filter (ter-
minals I and 2), every attempt is made by the designer to reduce the
filter load, so a large rectified output for the tube electrodes can be ob-
tained. You, of course, know that where a condenser input filter is used,
low loads (little current drain) will keep the voltage up to near peak A.C.
value. IEven when D.C. is used a large current will produce a large recti-
fied voltage drop, which naturally is undesirable. Condenser C is con-
nected across the field windings to bypass the ripple frequencies, while
the inductance of the field chokes the ripple currents. But the coil and
the condenser must not resonate to any ripple frequency component.

If you were to draw the tube circuits (except the loudspeaker field)
to the right of terminals 7 and 2 of Fig. & (in light lines) connected to
terminals 1 and 2 of Fig. 10, you will have the power supply circuit diagram
of a universal (A.C. or D.C.) receiver.

There are a few circuit details in a universal receiver or amplifier that
I should like to have you recognize. As an extra filament is used in the
cireuit, which would not be required in a D.C. receiver, (in this case a
tube having a 25 volt filament drop is used), current limiting resistor

& e o 2
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R; cannot have as large an ohmic value as for a D.C. receiver. Further-
more, this resistor is quite often placed in the power cord. One com-
mercial product is called a “cordohm.” This scheme is quite good as the
heat developed is quickly cooled by the air; the cord, of course, being
exposed. Then too, the cord can be quickly removed and a cord with a
large resistor used, so the universal receiver can work on 220 volts A.C.
or D.C. Power cord connections are shown in Figs. 774 and 11B, con-
nections A, B and C of the “cordohm” are made to the corresponding
points in Fig. 10. .

A universal receiver or amplifier in which the rectifier feeds into a
well designed condenser input filter, works better on A.C. than on D.C.,
simply because with rectified A.C. the peaks are used to give increased
voltage. If a universal receiver supplies higher electrode voltages on
A.C. than for D.C. will the C bias voltages be incorrect in one or the
other condition? As the C bias resistors are in series with the plate supply
(see resistors R,, Rs, B, Bs in Fig. 8), a larger supply voltage will pro-
duce a greater plate voltage, which will produce a larger plate and C bias
resistor current (both are about equal for a series divider connection)
and hence the C bias voltage (resistance times current) will increase. By
referring to any tube table you will learn that a higher plate voltage calls
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for a higher C bias voltage. This action for a series cathode resistor is
automatic (within reasonable limits) and accounts for the ability of the
circuits to adjust themselves to either A.C. or D.C. use. Incidentally,
this type of C bias is often called “automatic C biasing,” and is extensively
used in all vacuum tube circuits.

THE MODERN AUTOMOBILE RADIO RECEIVER

The automobile receiver is no exception to the rule. It, too, must have
a filament, a plate, grid, screen, and if necessary a loudspeaker field sup-
ply. Now, every car, bus or truck using a gasoline engine has a 6 volt
storage battery, to supply the ignition voltage and to start the engine.
This very same battery may be used to heat the filaments of tubes and
to supply the exciting current to the field* of the dynamic loudspeaker.
The real problem arises in getting high voltage continuous current. At
first, B and C batteries were used but they were finally replaced by
vibrator or small combination motor-generator supply systems which I
am about to consider. The modern auto receiver still uses the car battery
to supply power to tube filaments, and the loudspeaker field, and further-
more has a power conversion system which changes 6 volt D.C. current
to about 250 volts D.C. current. The car battery is the primary source
of electrical power.

But before I go into the supply system let me clear up a few misleading
ideas that have crept into the average student’s (and serviceman’s) mind.
The signal circuit of an auto radio receiver or amplifier is no different
than any other receiver or amplifier. To be sure, the auto radio must
work off a small antenna (usually a copper mesh in the roof of the car,
or a V antenna under the body of the car), and therefore must be far
more sensitive than the home receiver. Sensitive receivers are no dif-
ferent than those with less pick-up ability, except perhaps another radio
frequency amplifier, or -as is usual in an auto radio, a more sensitive
radio frequency stage. But I am getting ahead of my study plan. Signal
circuits are taken up in future lessons, yet I do want you to realize that
there is no real important electrical difference, other than the supply
system.

An auto radio is subject to constant mechanical vibration; so it
must be assembled with lock washers or by rivets to keep the parts
together; it must be water-proof and weather-proof to withstand all
kinds of atmospheric conditions. Automobile tubes (the 6.3 volt series)
are best because they were designed to withstand vibration. The receiver
must be quite compact, because there is little room for a large machine.
The circuits must be economical in their use of high voltage power, as

* Ampere-turns is the important factor, hence high voltage, low current; or low
voltage, high current fields are possible.
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the battery is the only source of power. But all this is a problem for
the radio designer, and he has solved the problem with great success.

The spark plugs and the battery charging generator, the loose parts
of the car body introduce interfering noises, which are readily picked
up by a very sensitive receiver. This calls for a well shielded receiver
and well shielded leads. Metal casings (shields) will block A.C. mag-
netic fields. And if these precautions do not suffice the interference must
be reduced at the source, with condensers, resistors and coils. This is
a subject that all students specializing in radio servicing will take up.

The 6 Volt Circuits. As the primary power source is a 6 volt storage
battery capable of giving 10 amperes under continual load, the 6.3 volt
filaments are connected in parallel, as indicated by the heavy lines in
Fig. 12. The 6 volt dynamic loudspeaker field is connected in parallel,
as if it were an extra filament, and the input of the 6 to 250 volt D.C.
converter is likewise connected in parallel.

This circuit shows the negative terminal of the battery connected
to the car chassis. Hence a single lead from the -~ terminal to the
receiver is required, the other receiver lead may connect to any metal
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part of the automobile provided it is welded, bolted or riveted to the
car chassis. The return circuit (indicated by the heavy dash-dash line)
1s through the car, and is the usual procedure for all car electrical wiring.
In some cars, the -- battery lead instead of the — lead is connected
(grounded) to the chassis. As far as the filaments and loudspeaker field
are involved, the reversed connection is of no importance, simply because
the signal circuit and the filament circuit are isolated by using the heated
cathode type tube. But the converter connection may be incorrect. So
when this condition is encountered in car installations, all you need do,
in most cases, is to reverse the converter connections (A and B in Fig. 12).
A number of auto receiver makers are supplying battery leads long
enough to connect directly to the car battery, in which case the battery
lead connections may be reversed if necessary; and in other receivers
the connection is immaterial. Although these are general instructions,
I caution you to always follow the instructions sent with the auto receiver
that you will install.

The Dynamotor. When the first automobile radio receiver was de-
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signed to operate without B batteries, a “dynamotor” was quite often
used. As the word implies, this is a combined motor and generator. A
dynamotor is a single unit, having one frame, one rotor and one electro-
magnet (field) ; but two armature windings and two sets of commutators
each with its own brushes. One set of windings is designed for 6 volts
and when connected to the car battery will set the rotor in motion. With
the rotor set into motion the other windings while passing through the
magnetic flux produced by the field develop a voltage. By building the
second winding with many turns (about 42 times the 6 volt winding) it
will generate 250 volts D.C. After passing the power through a filter
to eliminate the commutator ripple, the high voltage system of the re-
ceiver may be fed by the usual series or parallel voltage divider methods.
A typical dynamotor now used in automobile radio receivers and
receivers used on aircraft is shown in Fig. 134; a typical circuit diagram
is given in Fig. 13B. The dynamotor used for auto radios weighs about
10 pounds and is generally located near but not on the receiver chassis,
although a number of receivers and power audio amplifiers have been
made with the dynamotor fastened to the chassis of the device. In the
latter case the dynamotor is suspended on a floating (spring) support.
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Referring to Fig. 13B, you will see the circuit diagram details. The
output filter consists of the choke Ly and the condensers Cg. Sparking
at the brushes is bound to create strong electromagnetic fields and shield-
ing of the motor housing (using a closed frame) is important. Sparking
results in sharp current changes which will get into the 6 volt and high
voltage lines. At the output, the filter will suppress this possibility.
At the input, a condenser Cy, is always used to bypass any interfering
current going out by this path, and quite often a low resistance iron
core choke Ly is used. The latter is usually installed by the serviceman
when its need is indicated. As a serviceman, you should see that the
commutator is clean, level and the brushes fit snugly to the commutator.*

Incidentally, dynamotors are used to operate off of 2, 6 or 32 volts

*Place a piece of sandpaper around the commutator (dynamotor disconnected
from the 6 volt supply) with the sandpaper towards the brush. Rock the rotor until
the brush cuts clean and to shape. Rub a little vaseline on the commutator. If the
commutator is badly worn, it should be taken to a motor repair man who will turn
it down so it will have a smooth, round, uniform surface.
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D.C. so battery receivers used on. the farm may work without B and C
batteries. No change in connections is required as these dynamotor
units incorporate a voltage divider to supply all the necessary electrode
voltages.

The Vibrator-Tube Rectifier Supply. Even though the modern dyna-
motor designed for mobile (automobiles, trucks and aircraft) use, is
a model of mechanical quietness, the use of rotating machinery is not
particularly favored by auto radio manufacturers. Engineers devel-
oped the vibrator which chops the 6 volts D.C. into A.C. and D.C.
components (pulsating current) and then a transformer steps up the A.C.
component before it is rectified with a tube rectifier.

A simple circuit is shown in Fig. 744. The primary of a step-up
transformer is connected in series with a vibrator (or buzzer). Nor-
mally the spring of A, the armature (moving reed) keeps C, in contact,
thus completing the low voltage circuit (shown by heavy lines). If
the primary circuit is connected to the battery, current will start to
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flow, gradually reaching a maximum value as portrayed by a to b in
Fig. 14B. This delay in reaching maximum is due to the resistance in
the circuit slowing up the storing of magnetic energy in the coil. Now
the current in the electromagnet is sufficiently large to pull the arma-
ture A away from contact C, and the primary circuit opens. The current
in the primary drops rapidly, as shown by the b to ¢ portion of the curve
in Fig. 14B. Even after the current has reduced to zero value, the arma-
ture is moving away from the contact, and finally returns to its original
position, in contact with C;. This last travel or armature “excursion” is
portrayed by portion ¢ to d of the curve. The cycle then repeats itself.

Recall, if you will, that whenever the primary current changes, a
voltage will be induced in the secondary of a transformer. While the
current increases the voltage acts in one direction and when the current
decreases the voltage will act in the opposite direction. With these facts
in mind you can see that the secondary voltage curve could be like
Fig. 14C. This curve is a reproduction of what has been observed by a
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cathode ray oscillograph (the circuit eye) and represents a condition
for a resistance load, which is exactly what exists when the rectifier is
working into the supply circuits of a radio receiver. If it were not for
this load, the peak at z would be much sharper, and higher, and the
“drag out” from z to y would not exist. The resistance attempts to
redistribute the energy originally in the peak.

Figure 154 shows a modern vibrator supply circuit. You will observe
that three contacts K,, K, and K, exist at the vibrator, the primary
circuit is mid-tapped, and the primary and secondary are shunted by
condensers C; and C,. I will explain B and K, shortly. The condensers
are used to store energy so the secondary voltages will be more regular,
the primary condenser is also used to reduce sparking and the secondary
condensers to protect the tube from sudden high voltages. The vibrator
circuit « - K, — K; — C — b is independent of the primary circuit; and
normally has a high resistance so as not to short the source. In vibrating,
the armature alternately connects contacts K, and K, to the source. Each
half of the primary receives the full battery voltage, and the magnetic

A ®

PRI, CURRENT

Va

POWER
RELAY

=]~ 1F;|
P

wemore
CONTROL
SWITCH

©

—YFUSE
MAIN SWITCH § 6 VOLT BATTERY

SEC. VOLTAGE

Frq. 15

flux produced in the iron core is in opposite directions. Thus a full-wave
secondary voltage is produced. By using this circuit greater efliciency
is obtained, more voltage is produced and the output wave form is more
regular, see Figs. 16B and 15C.

To protect the rectifier tube from large voltages, relay K, is used.
Either a combined relay and choke, or a separate filter choke and relay
are employed. When choke-relay L is not conducting current (the re-
ceiver tubes have not heated up), the relay spring closes the relay contact
and resistor B (about 5,000 to 20,000 ohms) is shunted across the sec-
ondary. After the tubes heat up current is flowing through coil L, relay
contact K, opens and the receiver is then the only rectifier load. Con-
densers C, and relay K, are often omitted in power packs where high
vacuum rectifier tubes are used, but are absolutely needed for mercury
vapor rectifier tubes. i

Contact K, is always shunted by a condenser (omitted in the diagram
for simplicity) to prevent sparking. Although a main switch suffices,

17




quite often a remote control switch is used (in which case the main
switch is omitted). In this case a power relay is used to close the supply
circuit, actuated by the remote off-on switch.

If you will refer again to Fig. 144, you will observe a secondary
marked S;. In a number of vibrator supplies the vibrator is a part of
the power transformer, in which case connections 1, 2, 3 of the rectifier
tube are made to connections 1, 2, 3 of the vibrator-transformer.

Vibrator-Vibrator Rectifier. Shortly after the vibrator-tube rectifier
appeared in auto radio receivers, radio engineers started to develop the
mechanical rectifier, reasoning that if one-half of the primary was carry-
ing current, a corresponding half of the secondary could be mechanically
connected with the proper polarity to the load. The vibrator-vibrator
rectifier system is shown in Fig. 16, and in this case only the necessary
details are shown. The buzzer circuit works through contact K, which
opens and closes the buzzer circuit as well as one-half of the primary.
(This is modern practice for all vibrators to eliminate needless contacts.)
When the armature A is to the right contacts K, and K, are made, a pri-
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mary and a secondary; when the armature is forced to the left contacts K,
and K, are made. The transformer is so connected through the vibrator so
the center tap Crs of the secondary is always the plus terminal of the load.
Condensers are shunted across each secondary contact, and a large con-
denser across the primary input. Additional chokes and resistors are
often used to help reduce sparking, which if allowed to exist would cause
serious radio interference.

In actual practice all three types of high voltage supplies are used
in low power mobile installations, namely: I, the dynamotor; 2, the
vibrator-tube rectifier; and 3, the vibrator-vibrator rectifier. Their elec-
trical efficiency rarely exceeds 75% with the vibrator-vibrator rectifier
slightly superior for small powers only. Both vibrator systems seem to
be more popular than the dynamotor systems in factory made receivers.
Vibrators are subject to wearing out, and although an expert can repair
them, the only servicing that should be considered is cleaning the contacts
with a fine hard flat file or a tool sharpening stone, adjusting the contact
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spacings, and if this does not suffice a replacement vibrator should be
used. As a matter of fact, most servicemen prefer an immediate replace-
ment, as repaired vibrators do not stand up well; and in most auto
receivers a quick replacement is made by removing the vibrator unit
which is supplied with prongs that fit into a tube socket.

32 VOLT D.C. FARM RECEIVERS

When a farm is equipped with a small power plant, you will gener-
ally find that a 32 volt D.C. system exists. This voltage is used for
reasons of economy, initial cost and upkeep. A gasoline engine operates
a 32 volt D.C. generator across which is connected a 32 volt storage
battery (16 — 2 volt cells). The engine driven generator is used to
keep the battery fully charged, and is set in motion only when the
charge reaches a minimum value. A 110 volt D.C. system would be
more satisfactory but 55 storage cells would be required, which in itself
prohibits this voltage. A number of 110 volt, 60 ¢.p.s. A.C. engine driven
systems are being installed, and the system is arranged so the turning
on of a switch starts up the system. In the latter case regular 110 volt,
60 c.p.s. receivers or electrical farm equipment should be used.
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However, the problem of supplying a 32 volt D.C. radio receiver
equal in performance to any A.C. receiver is by no means a difficult
tagsk. From what I have already presented, I imagine you know what
is done. The filaments are connected in series, or in series-parallel, the
series connection not to exceed a 32 volt drop; the high D.C. voltage
is produced by means of a dynamotor or a vibrator with a tube or vibrator
rectifier; and the field of the .dynamic loudspeaker is designed for 32
volt D.C. operation.

A typical power supply circuit as shown in Fig. 17 will help you fix
the method in your mind. All tubes are of the 6.3 volt type, and here
advantage is taken of the fact these tubes will work well with from 5
to 7 volts applied to the filaments. In this case there are 6 tubes, hence
each tube normally gets about 5.3 volts. But as the 41 power pentode
tubes require .4 ampere, while the others need .3 ampere, the extra .1
ampere is shunted through the 250 ohm resister (6.3%¢4 -+-.1=252 ohms).
The field of the dynamic loudspeaker shunts the 32 volt D.C. line; while
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a 82 to 300 volt dynamotor produces the necessary high D.C. voltage.

I would like to mention that a number of storage battery receivers
are being built along similar lines. A 6 volt storage battery feeds sev-
eral 6.3 volt tubes connected in parallel, while a small dynamotor or
vibrator-vibrator rectifier converts the low D.C. voltage to high D.C.
voltage. In this case every precaution is taken to use as little battery
power as possible, so the storage battery will not have to be charged
too often.

ENGINE DRIVEN GENERATORS

Many situations arise when no source or an inadequate source of
power to operate radio equipment exists. I have already indicated that
when no power is available, a battery operated radio receiver or amplifier
may be used. Where high power outputs are needed, these devices would
be inadequate. Even though a car battery will satisfactorily operate an
automobile receiver or public address amplifier, here too the possible
power output may be insufficient if projecting sound (a public address
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or loudspeaker system) is the object of the installation. In such cases
the logical procedure is to use a gasoline driven generator, and as elec-
trical power is to be generated it seems logical to develop 110 volt, 60 c.p.s.
power, so standard equipment may be employed. This frequency and
voltage is considered standard because this power is universal in the
TU. 8. A. Where other conditions are standard, a suitable generator
should be considered.

A typical gasoline engine driven A.C. generator used by servicemen
in mobile public address installations, is shown in Fig. 184. The unit
is entirely self contained and is furnished with a gasoline storage tank.
A switch-board is optional equipment, Although various sizes can be
obtained, a 300 watt unit is quite common and satisfies most needs. The
electrical connections are quite simple, as can be seen from Fig. 18B. A
6 volt battery (usually a storage battery) is the only auxiliary equip-
ment. It is needed to excite the electromagnets of the generator and to
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operate the ignition system of the gasoline engine. In an automobile
installation the car battery may be used. The output of the generator
has a simple spark filter (coil and condenser) to suppress interference.
The engine ignition is treated like any automobile installation for elim-
ination of interference, and this is usually made by the manufacturer
of the power equipment. The gasoline engine is started by turning off
the generator load, turning on the ignition and field source, and stepping
on the pedal. Then the electrical load is applied. Power sources of this
type are also used in aireraft, but the equipment is designed to have the
lowest possible weight. The engine revolves at approximately constant
speed as special speed governors are used, but as the frequency may
not be exactly 60 c.p.s.,, the power pack of the radio equipment should
not incorporate tuned filters.

If inefficiency of power development is not objectionable in a moblle
installation, the gasoline engine of the automobile or truck may be used.
Figure 194 is a typical A.C. generator which is mounted so the fan belt
of the gasoline engine runs over the generator shaft pulley. The car
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battery furnishes the generator field current and the A.C. output is cabled
to regular wall socket outlets. In this case the car engine must be in
operation at all times when the radio equipment is used. As the engine
speed will vary with the position of the car throttle and whether the
car is at rest or in motion, the radio equipment must not incorporate
power packs with tuned filters, and the generator must have some voltage
regulator. The generator is designed to give from 50 to 70 c.p.s., from
which well designed 60 c.p.s. equipment works.

A typical voltage regulator is shown in Fig. 19B. An electromagnet
designed for A.C. operation is shunted across the generator slip rings,
having a current limiting resistor. When the voltage exceeds 110 volts
the magnet draws the armature to its core, opening contact K which in
turn allows resistor B to exist in the field circuit. When the resistor
is in the circuit the field current is reduced and so is the generated A.C.
voltage. The armature vibrates faster as the engine speed increases,
tending to lower the voltage more times each second. Although the regu-
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lator is not exactly a radio subject, service and maintenance technicians
should be acquainted with the means of getting constant voltage and
current. I have therefore included this short description. TFurthermore,
relays can be made to operate on excessive current or voltage, or insuffi-
cient current or voltage, by using a low or high resistance field and
locating the contact so a pull by the magnet either closes or opens the
control circuit or the circuit of the control device.

THE TRANSFORMERLESS A.C. POWER PACK

Occasionally you will run across vacuum tube equipment which oper-
ates from an A.C. source and which employs no power transformer of
any kind. You will find small radio receivers and audio amplifiers, and
electronic (photocell or electric eye) equipment with such a power pack
system or power supply unit. The elimination of power transformers
reduces the weight and initial cost of the equipment, factors which are
often very important. The output D.C. voltage, when the device is
operated on 110 volt A.C. supplies, will vary from 280 to 120 volts,
depending on the current load. The transformerless A.C. power pack
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system employs two rectifier tubes, alternately charging two condensers.
The latter are connected in series and if they feed a high resistance
load their charge will leak off slowly enough so the voltage across each
condenser will add. Only a limited load ¥ (low D.C. current) may be
realized from such a power pack.

You will understand how this is done by following me in the analysis
of the typical “voltage doubler” circuit shown in Fig. 20.* As you know,
the A.C. source has two terminals and each is positive for a half cycle.
When terminal I is -, the current (not the electron flow) travels over
the path shown by solid arrows. Observe that rectifier A operates and
condenser C, is charged with the polarity shown. For the next alterna-
tion of the cycle, terminal 2 becomes positive and the current flows through
rectifier B and the path indicated by dash-dash arrows. Condensers
(5 is charged with the polarity indicated. Notice that the condensers are
in series so a 4 connects to a — terminal and their voltages add to twice

* In radio circuits it is customary to use a twin or double diode rectifier tube.
+ For this reason a permanent magnet loudspeaker is generally used as no power
is required for a field.
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the voltage across each condenser, hence the name “voltage doubler.” Ter-
minals z and y are the new source of rectified voltage, which is filtered
before being led to the load. It is the high resistance of the load that pre-
vents the condensers from rapidly losing their charge. Condensers C,
and Cp should be as large as possible (16 to 32 microfarads). As the
required voltage rating is low they are inexpensive,

The filament of the twin rectifier tube is connected in series with
the filaments of the other tubes in the vacuum tube device and a series
current limiting resistor used before this circuit is connected to the 110
volt supply; similar to a 110 volt D.C. receiver.

OPERATING EQUIPMENT ON SUPPLIES OTHER THAN
FOR WHICH THEY WERE DESIGNED

I now want to tell you a few details that will be helpful and profitable
in service work. You are bound to run across situations where a certain
piece of radio apparatus was not designed for the power supply at
hand. This condition usually arises when a customer has procured a
receiver at some attractive price and without knowledge whether he can
use it in his home; or the customer has moved to a place where a different
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power supply exists. No sensible serviceman should recommend the re-
wiring of the receiver if the set can be adapted by some commercial device,
or a simple adjustment can be made. I am now going to discuss these
problems.

220 D.C. Volt Adaption. When a 110 volt D.C. receiver is to be
connected to a 220 volt D.C. line, a series variable line resistor should
be connected as shown in Fig. 21. As the average modern 110 volt D.C.
receiver draws about .5 ampere, a 75 watt — 250 ohm variable resistor
should suffice. Mount the resistor in the cabinet, preferably on a rec-
tangular piece of thin tinned sheet iron (to protect the wood from the heat) ;
set the variable contact to the extreme right (all resistance in circuit) ;
connect a 0-150 D.C. voltmeter as shown to the power supply input of
the receiver; insert the plug in the wall; and move the contact to the
left (reduce resistance) until the voltmeter reads 110 volts (the voltmeter
will start with some low reading, 50 volts, and increase in value). When
the meter reads 110 volts tighten the contact and the job is finished.
Throughout these adjustments the receiver should play. If you get a
shock, pull the plug out from the wall socket before making an adjust-
ment.
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220 Volt A.C. Adaption. If you run into a job where a 110 volt A.C.
receiver is to be adapted to a 220 volt A.C. line, the scheme shown in
Fig. 21 may be used. However, the set may draw as much as 1 ampere.
You should first make the adjustment using a 250 ohm resistor, and when
the adjustment has been completed measure the amount of resistance
used with a ohmmeter and procure a 75 or preferably a 100 watt variable
resistor with nearest higher resistance value. The resistor may be worked
slightly over rated value, but if fully exposed to the air, and the wood
of the cabinet protected by sheet iron, a little overload will do no harm.

But the best plan is to use a 220 to 110 volt step-down transformer,
a typical one shown in Fig. 22. Be sure you get one for the frequency
of the line.* Merely insert the receiver plug in the receptacle on the
transformer, and the transformer cord plug into the wall socket. As a
transformer will conserve power, its initial cost will be paid back many
times by the power saved. Some step-down transformers have a variable
contact switch so the system can be adapted to line voltages of 150 to
240 volts.

Adapting to @ Line of a Different Frequency. Occasionally you will
have to install a radio receiver on a line having a frequency other than
that for which the receiver was designed. In general you will encounter
25, 40 and 60 c.p.s. lines. Can a receiver designed for one frequency
be used on another? Yes and no! Transformer equipment designed for
low frequency will work at higher frequencies (within reasonable limits)
but the reverse condition is not true. That is a 25 or 40 c.p.s. A.C.
receiver will work with a slight change on 60 cp.s., but a 60 cp.s.
receiver should never be run on 25 c.p.s or 40 c.p.s. I They may operate
for a while but in a short time the transformer will burn up. Here is
the reason. Low frequency transformers require many more turns per
volt + (about 2.5 times) for a given core area (cross section) when used
on 25 c.p.s. than for 60 c.p.s., or for the same number of turns per volt
the core area must be greater; otherwise large useless currents will be
drawn from the line. Usually a compromise is made between turns and
core cross section but you will find the low frequency transformer quite
large and heavy. If a 60 c.p.s. transformer is connected to a 25 c.p.s.
line the fact that there are insufficient tirns (low reactance) will cause
large, useless current to flow, overheating the transformer. Furthermore
a radio receiver designed for 60 c.p.s. will not have a ripple filter sufficient
to handle 40 or 25 c.p.s., although additional condensers can be easily
inserted in shunt with those used (tuned filters must be carefully adjusted
for the new frequency).

* I will shortly consider sets operating off of other than the designed frequeney.

1 A change-over may be made by installing a 25 or 40 c.p.s. transformer with
equivalent outputs and improving the filter system. '

1 The primary turns divided by the primary voltage.
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When a 25 c.p.s. or 40 c.p.s. receiver or amplifier is to be operated
from a 60 c.p.s. line, it is wise to use a line regulator (variable resistor).
Connect a 0-10 A.C. voltmeter across the filament terminals of one of
the tubes and adjust the resistor until slightly less than normal voltage
is indicated across the filament.

D.C. Equipment on A.C. Lines. More often than any other condi-
tion, a person moves from a 110 volt A.C. district to a 110 volt D.C.
district, or from a D.C. to an A.C. region. It is the latter case that I
want to discuss first. Frankly I would personally recommend getting an
A.C. receiver because the latter will be so much better than the D.C.
receiver. But if the customer is satisfied with his D.C. receiver (and
it is a D.C. set, not a universal receiver) you could, although I doubt
if you would, recommend a small A.C. motor driven D.C. generator.
This equipment is so costly that many expert servicemen prefer to rewire
the supply system if an A.C. receiver cannot be sold. Study carefully
what I have said about universal receivers and make a change to this
system.” You will need a twin rectifier tube of the cathode type, a larger
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Fic. 23.—The rotary converter, employing a D.C.
motor and an A.C. generator winding in the same
armature slats. Filter housed in the steel box support-
ing the rotary converter. Input and output spark
filters used.

. choke but with low resistance, and perhaps larger filter condensers. Each
conversion job will require special study; but be sure that an inexpensive
A.C. receiver would not be more acceptable. When you run across an
old D.C. receiver with filament type tubes, do not try to convert it to
A.C. operation, unless you have enough design ability to make the change,
in which case you will know what to do.

A.C. Equipment on D.C. Lines. Without doubt this problem will, as
an average, be encountered more often than any other receiver adaption.
As a rule, A.C. receivers are so much better than D.C., universal and
battery receivers, that it is quite common to adapt a new good A.C. receiver
to 32, 110 and 220 volt D.C. lines by means of the two devices I am
about to discuss, instead of buying a receiver designed for these special
voltages. Two procedures are possible. Use a D.C. to A.C. rotary con-
verter, a combination D.C. motor and A.C. generator; or a magnetic vi-

* S0 if the customer moves to a D.C. district, no change will be required.
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brator type D.C. to A.C. converter (often called an inverter). Both devices
are shown in Figs. 23 and 2/, and the general scheme of connections is
given to the right of each illustration.

For the average receiver a 100 watt converter or inverter will suffice.
The adaption is simple. Insert the receiver power plug into the receptacle
of the converter; push the plug of the converter into the D.C. line; and
if a ground terminal is provided on the converter connect a wire from
it to the regular ground. The rotary converter is costly, but has a long
life and can be had in any power rating for receivers or public address
equipment,; the magnetic vibrator inverter is comparatively inexpensive,
its power capacity is limited to 200 watts maximum and the vibrator
must be replaced about once a year, a simple task if a plug-in vibrator
is used.

g

F16. 24—A magnetic vibrator type con-
verter or inverter. Similar to auto radio
vibrators except secondary rectification is
omitted, thus providing A.C. output. Vib-
rator usually made with double contacts to
handle high voltage. Input spark filter re-
quired, as well as contact spark eliminating
condensers. An electrostatic shield is wound
between the primary and the secondary, a
wire mesh, or a thin sheet of copper which
does not make a contact where they lap.
Often a variable primary resistor, or second-
ary taps are provided to regulate the out-
put voltage.

Loudspeaker Field Supplies. Although it is customary to design radio
receivers so the power pack supplies the necessary excitation current
for the field of the dynamic loudspeaker,* this practice is not generally
followed in public address amplifiers. In this case a separate supply unit
is used with the loudspeaker. Although the field may be designed for
any D.C. voltage, standard designs are for 110 and 6 volt sources. Where
D.C. is available the problem is merely a matter of making a connection;
if A.C. is the only source then a rectifier system is required.

For the high voltage field a tube rectifier is used, a typical circuit
and supply unit shown in Fig. 25. But for a low 6 volt field, a special,
so called copper oxide rectifier is used.

*In some receivers, particularly battery types, magnetic or permanent dynamic
loudspeakers are used. They require no current for producing a magnetic field, the
necessary magnetic field being produced by permanent magnets.
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No one has fully explained the behavior of these devices but from
long experience it is known that if a pure copper disc is oxidized on one
side and a voltage supply is applied, one terminal to the copper surface
~and the other terminal to the copper oxide surface, electrons will flow
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HIGH VOLTAGE ' FIELDS
Fia. 25

from the copper to the copper oxide under normal applied voltage, but
not in the reverse direction. If the voltage is made high enough electrons
will flow in either direction. When large voltages are to be rectified
(100 volts would be high) several elements are used in series. In an
actual rectifier, a rectifier unit is made by processing copper washers so
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one surface is oxidized, stringing each such element on an insulated bolt,
separating each element by a lead washer (to get better over all contact
to the oxide surface) and bolting the elements together, as shown in
Fig. 26A. A simple rectifier circuit is shown in Fig. 26B.

However, it is customary to build copper oxide rectifiers for full-wave
operation and Fig. 27 is a typical full-wave bridge circuit. Note particu-
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larly that two (4 and B) units are used placed “back to back” so elec-
trons can flow from the center to the ends. Study the connections of
the load (field) and the low A.C. voltage supply, as you may sometimes
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have to make a connectfon to one of these rectifiers. (Note: The two
ends are connected together to one terminal of the load, the center to
the other load terminal; the A.C. source is connected to the two off center
terminals.) For purposes of simplicity, the special symbols shown to
the right are used in circuit diagrams.

Large copper processed washers are used for large current rectifiers,
small washers are used for low current rectifiers, particularly in A.C.
rectifier voltmeters. In the loudspeaker supply system, a large electro-
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lytic condenser of the dry type having a capacity of 1,000 to 2,000 micro-
farads is shunted across the field for ripple bypassing.

B Eliminators. Although the so called B eliminator (a device which
operates from an A.C. power outlet replacing B batteries) is now a rare
device you may encounter it on some jobs. From what I have already
explained, no further details are necessary. In general you will find a

full-wave rectifier, a condenser input filter and variable voltage divider

as shown in Fig. 28. The cable leads from the battery receiver are con-
nected to the various --B, 4B, —C and —B terminals and the poten-
tiometers varied so correct voltages are applied. A high resistance D.C.
voltmeter should be used in making these adjustments.
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TEST QUESTIONS
Be sure to number your Answer Sheet 13FR-1.

Place your Student Number on every Answer Sheet.

Never hold up one set of Lesson answers until you have another set

ready to send in. Send each lesson in by itself before you start on the
next lesson. In this way, we will be able to work together much more
closely, you’ll get more out of your Course, and the best possible lesson

service.

LI

Should a battery supply lead resistor be used when an air cell battery
is connected to 2 volt tubes?

What is the purpose of resistor E in Fig. 67

. How are the tube filaments of a 110 volt D.C. receiver connected?

. What would be heard if the electrodes of a D.C. receiver were oper- .

ated directly from the 110 volt D.C. line?

. How does the half-wave diode rectifier act in a universal receiver

when it is connected to a D.C. source?

. What is the primary source of electrical power in an auto receiver?

. What three types of high voltage supphes are used in low power

mobile installations?

. If an engine driven generator is to be used, what kind of electrical

power should it supply?

. What is employed in the transformerless A.C. power pack?

. May a 60 c.p.s. receiver be safely operated on a 25 c.p.s. line?
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IMPORTANT
Instructions in How to Use This Reference Book

This reference book is divided into four parts: A, an index of
radio receiver troubles under the usual symptoms (effects), under
which are listed the probable causes; B, a discussion of general
defects and tests; C, a section devoted to general troubles of re-
ceivers, their cause and remedy; and D, a section on receiver align-
ment and balancing.

In using this text as a means of shooting trouble, refer to the
index. The main headings give the symptoms or other obvious
results of a defect. For example: Receiver squeals, howls, or put-
puts; hums, smokes, etc. After you locate the proper section ac-
cording to the defects you observe, you will find a list of probable
causes. The causes listed should indicate to you some part or con-
nection to check. In the beginning all the references given should
be studied. In trouble shooting, select first the causes you think
most likely to give the trouble m the receiver you are servicing.
After most of the probable causes you will see a number followed
by a letter. The number refers you to the section; the letter to
the paragraph in that section.

If incorrect alignment or an unbalance is given as the cause of
trouble the proper procedure for realigning or balancing a receiver
is given in the section on alignment.

You should carefully read the sections on general defects and
tests, general receiver troubles, and alignment and balancing, so
you will be familiar with the contents. Select any section that in-
terests you. Read especially section 22, “Voltage and current
measurements as an aid in locating the defect.”

When reference is not made in the index to an explanation in
the following selections, the information in the index is sufficient
to indicate what is to be done. For example: The customer com-
plains that: “Stations are not received at the proper points on the
dial.” Referring to the index the probable cause “Dial slipped on
condenser’s shaft” fits this case. No further instructions are
needed, as the cause itself is an indication of what you should do—
reset the dial and tighten the set screw.

Remember, this reference text will be more and more helpful as
you study and learn more about radio and radio receivers.
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A: INDEX OF RADIO RECEIVER TROUBLES BY EFFECTS
OBSERVED, FOLLOWED BY PROBABLE CAUSE

BALLAST GETS TOO HOT OR
BURNS OUT

Shows White Heat or is Too Hot to Touch

Natural Condition; 24b

Ground or Short in Filter System; 31a

Filter Condenser Shorted; 13a, 14f, 14h

Choke Coil Grounded; 17¢c, 81a

Shorted Rectifier Tube; 6b, 43e, 43g

Power Transformer Defective; 17d

Shorted Line Filter Condenser in Power
Transformer Primary Circuit; 13aq, 36b

Selecting the Proper Ballast; 9a, 9¢

Incorrect Ballast; 9b

BROAD TUNING

Several Conditions Arise. Condition A. Re-
ceiver Tunes Broad on Local or Semi-Local
Stations; But is normal in other respects;
Condition B, Receiver Broader Than Usual
and ‘“Pep” of Receiver Gone; Finally, Con-
dition (', Tunes Broad and Only Local and
Semi-Local Stations Received.

The Ability of the Receiver Must Be Care-
fully Borne in Mind in Judging a Condition
of Broad Tuning. Read 28n. When the Defect
Causing Broad Tuning is Not Readily Fixed,
or Has no Appreciable Effect When Fixed,
the Worst Offender May Be Suppressed With
a Wave Trap.

Condition A: Usually a Natural Condition:

Inexpensive Receiver, Broad Tuning Nor-
mal; 23d, 23e

Too Close to Local Stations; 28e

Antenna Too Long; 29d

Station Tuning Broad is Unusually Power-
ful; 28¢

Grid Leak-Grid Coudenser Type Detector;
28n

Condition B: Generally Due to High Resist-
ance n Signal Circuit or Abnormal Tube
Operation:

Loose and High Resistance Connections;
3a, 8d, 5a to 5f

High Resistance in Grid Circuit; 6a to §f

Poor Tube Prong to Socket Contact; 3f

"mproper R.F. Alignment; 451, 45t

. I. Stage Improperly Aligned; 45¢ to 46k

Re}tjurleignal Circuit Leads Not Grounded;

, 1

Grid and Plate Leads Out of Place; do not

_try to correct, pep up receiver

No Ground to Receiver; check

Variable Condensers Dirty; 15b

Ineffective or Defective Volume Control;
10a

Storage Battery Charge Low; 21¢

“B” Batteries Run Down; 217

Low Line Voltage; 30c

Open or Shorted Bypass Condenser; I12a,
12b, 12¢, 13a

Weak Tubes; 6b

Shields Not Firmly in Place, or a Good
Chassis to Shield Contact Does Not Exist;
19a, 8§, 20d

Condition C: Usually Due to no Supply
Voltage to Some Stage, or an Open
Clurcust :

Dead or Defective Tube; 6f, 6a

No Plate Voltage on an RF. Tube; study
section 22

Open Grid Circuit; 1d

Variable Condensers Partially or Totally
Shorted in Some Section; 16g

Control Grid Clip Loose, Corroded or
Grounded; 3f, 6¢

See Causes Creating Condition B.

CONDENSERS LEAK WAX

Poor Ventilation; 26¢g

Condensers Leaky; 13a, 12¢

Defective Condenser; 13a 12¢c

Voltage Rating of Condenser Used Too Low;
11c, 26g

Bxcessive Wax Used in Manufacture; No
Harm Done

CONDENSERS HISS OR SIZZLE

Sound Coming Directly From Electrolytic
Condenser

Loudspeaker Cable Not Plugged or Con-
nected to the Main Chassis; 147

Fixcessive Voltage Across Electrolytic Con-
denser. (Producable by Any Defect or
Open in the Receiver Which Will Cause
Bxcessive Voltage at This Filter Con-
denser.) 14j

Condenser Defective or Not Used for Some
Time; 14k

Electrolytic Condenser Improperly Con-
nected; 14t

Flectrolytic Condenser Incompletely
Formed; 14k

DEAD SPOTS SHORT WAVE
CONVERTER

Reception Peculiar to Short Wave Bands;
26a to 26k

Incorrect Receiver Adjustment; 25¢

Oscillator Not Working; section 40

Shorted Tuning Condenser; 16g

Incorrect Coil Plugged in (plug-in coils
used).
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DEAD SPOTS, ONE BAND OF
ALL-WAVE RECEIVER

Switching Arrangement Defective; 18b, 18¢c

Improper Matching in All-Wave Antenna
System ; 29¢

Oscillator Tube Fails to Oscillate; section 40

Oscillator Cathode Resistor Open or Too
High; 8d ’

Reception Peculiar in Short Wave Band;
section 25

Ability of Receiver Over-Estimated; 23f

All-Wave Antenna Not Used; 291, 23f

DEAD SPOTS, SEVERAL BANDS OF
ALL-WAVE RECEIVER

Defective Switching; 18b, 18¢

Oscillator Tube Fails to Oscillate; section 40

Oscillator Cathode Resistor Open or Too
High; 8d

DEAD SPOTS .

Receiver Ineffective at Some Tuning Points,
Normal Otherwise

Natural Condition for Your Locality; 257

Oscillator Cuts Off at Some Tuning Point;
section 40

Poor Connection Between Tuning Conden-
ser Rotors and Chassis; 15¢

Shorts Between Tuning Condenser Plates at
Some Tuning Points; 16b°

Improper Alignment of R.F. Stages; /fe

Preselector and Oscillator do not Track; 40d

Regeneration at Dead Spot; 32f to 32j

Primary to Secondary Sensitivity Equaliz-
ing System in R.F. Transformer Open; Ic

DISTANT RECEPTION POOR

See Sections on ‘‘Signals Weak”

Reception Peculiar in Short Wave Bands;
read section 26

FUSE BLOWS

Defective or Gassy Rectifier Tube; 43d

Defective Power Tube; 6e

A Power Line Wiring Ground to the Chas-
sis; 4b

A Defective Power Transformer; section 17

Line Voltage D.C. Instead of A C.; 30a

Defective Electrolytic Condeuser; 14f to 14k

Short or Ground in Filter Circuit

Defective Line Switch; 18a, 30g

Defective Filter Condenser Across Power
Transformer Primary; 13a, 36b

Pitted or Dirty Vibrator Points; 44b, 44d

FADING, DISTANT STATIONS ONLY

Far Distant Stations Get Louder and Weak,
Alternately, or When Normally Set to Average
Sound Volume Gets Weaker or Fades Out and
Then Gets Normal Again Repeatedly., Stations
50 to 150 Miles Away Alternately Fade In and

INDEX-2

Out and Reception Also Gets Mufled or
Distorted.

A Natural Receiving Condition; 25i
Aerial Swaying; 29¢g

Power Line Voltage Varying; 30e
A.V.C. Tube Improperly Chosen; 6h

FADING OR INTERMITTENT
RECEPTION

When Local as Well as Distant Stations
Come in and Fade Out or Come In and Grow
Weak Alternately; or the Receiver Plays and
Cuts Off to Come Back Almost Immediately
or Not at All, or by Tapping the Chassis or
Touching Some Part or Snapping Power Switch
—A Circuit or Part Defect is Indicated. Sev-
eral Conditions Arise.

Condition A: Unstable Circuit in Oscillator
or AV.C. controlled stage, Tube Starts
and Stops.

Gassy Tube; 6c, 6d, 6h, 41a

Tube Overloads and Blocks; 37b

Condition B: Thermostatic Connection or
Joint, Appears After Receiver Heats Up
Resulting in Fading or Intermittent Re-
ception—Has a Definite Ttme Period

Any Connection or Part Defective; read
section 1

Tube With Thermostatic Joint; 3¢

Condition C: Opens, Shorts, High Resist-
ance Connections Plus Vibration, Con-
densers Are a Very Common Source of
This Trouble

Poor Connecting Joints in Antenna System
29b, 29§, 29s

Poor Tube Prong and Socket Contacts; 3f

Coupling Condensers Defective; 12a

Condenser Defects a Common Source of
Trouble; sections 12, 13, 14

Resistor Defective; 8d

Transformer or Coil Defective; section 16

Volume Control Defective; 10a

Dirtbor Metal Flakes in Tuning Condenser;
15

Cor&'oded or Poorly Soldered Connections;
3d, bc

Improper Wiping or Pressure Contacts; ¢

Loosfe Trimmer or Adjustable Parts; 20d,
15

Condition D: Normal Defects
Weak A, B, and C Batteries; section 21
Defective Copper Oxide Rectifier Ele-
ments; 38b
Rectifier Tube With Low Emission; 6b
GROUND CONNECTION,
SPARKING AT

Natural Condition; 24d
HUM, BATTERY RECEIVERS

Conditron A: Tunable Hum, Tubes or R.F.
Stages Capable of Modulation



Aerial Close to High Voltage A.C. Wire;
35f

Improper Ground; 35f

Induction Into Circuits from Nearby A.C.
Lines; 35f

Condition B: Direct Hum Pick-up

A.C. Lead Near a Sensitive Detector; 36f
Direct Pick-up by Audio Stage; 35f

HUM, A. C. RECEIVERS

Hum That is Heard From the Loudspeaker at
All Times

Condition A: Ineffective or Defective Fil-
ters and Power Supply

Defective Rectifier Tube; 3Ia, 6b
Improperly Grounded Filament Circuits;
Ic, 30k
Open Filament Mid-Tap Resistor; 8f
Defective or Open Filter Condenser; 32f
Open or Shorted Bypass Condenser; sec-
ttons 12, 13, 14
Resistor-Capacitor Supply Lead Filter De-
fective or Ineffective; sections 18, 13, 14
Grid Bias Resistor Condenser, Open or
Inadequate; 12a
Conductive Coupling Between Circuits; §f
Grounded or Shorted Filter Choke; 81¢c, 81d
Power Transformer Turns Shorted; 17d
Power Transformer Secondary Voltages
Not Electrically Center Tapped; I7e
A.C. Power Plug Reversed; 30k
Loudspeaker Field Coil Defective; 38a

Condition B: Low Voltage, Uld Tube and
More Curcuit Defects

Open Grid Cireuit; 1d

Open Antenna Choke; Ig

Grounded A.F. Transformer; I6e

Ground Post Not Secure to Chassis; 3e

Grounded or Open: Choke Coil, Resistor or
Plate Circuit; section I

Volume Control Defective; 10q, 1d

Lack of Ground on Iron Core Coils and
Transformers; add connections

Open in Ground System; Id

Open R.F. Transformer Secondary; Ig

Loose Connections; 3d

Incorrect Voltages; section 22

Tubes Weak or Defective; 6b

Gassy Power Tube; 6b, 6¢c

Cathode to Heater Leakage in Tube; 6b

Resistor Grounded, Open or Defective; sec-
tion 8, Ic

Condition C: Circuit or Tubes Out of
Balance

Unmatched Power Tubes; 67

Over Sensitive Detector Tube; 6b

R.F. Tube Oscillating; 32f to 3%

Neutralization Adjustments Out of Bal-
ance; 32d, 45d

Hum Adjuster Defective or Out of Adjust-
ment; 36¢g

Hum Bucking Coil or Other Loudspeaker
Hum Balancers Out of Adjustment or
Defective; 36g, Ic

One Half of a Full Wave Rectifier Tube
Defective or Weak; 6;

Special Conditions and References

Normal Hum Amplified by Room or Cabi-
net Resonance Effects; 39a, 39b

Localizing Hum, Procedure; section 35

Minimizing Hum by Baffle Adjustment;
361

A.C. Operated Loudspeaker in Which: De-
fective Rectifier, Defective Filter Con-
denser or None Used; 88g, 14c, 141

See Hum, Battery Receivers

HUM IN UNIVERSAL RECEIVERS
Only When Used on A.C.

Defective Filter System; section 81

Defective Filter Condensers; sections 11,
12, 18

Defective Tube; 6b

Defective Bypass Condenser; seciions 11,
12

HUM RESONANT OR TUNABLE

Hum From Loudspeaker Only When Tuned to
a Broadcast Station or Its Carrier

Open Control Grid Return; Id

R.F. Stages Oscillating; 32d to 325

Defective or Weak Tube; 6b

Defective Cathode Bypass Condenser; 12a,
13a

R.F. Filament Improperly Center Tapped;
8f, 30m, 30m, 17e

R.F. Bias Resistor Incorrect Value; section
22

Resonant Effect in Room; 39a, 89¢

Cathode-Heater Leak in Tube; 6b

Incorrect Screen Grid or Pentode Tube
Used; 28f

R.F. Plate Voltage Too Low; section 22

Receiver With Choke or Resistor Aperiodic
Iﬁput Hum Readily on Locals; Use Wave

rap

Any Defect in the R.F. Section Which
Would Create Normal Hum (See “Hum
in A.C. Receiver”)

HUM FROM PARTS

How to Identify; 35e

Loose Laminations on Transformer; 35e

Loose Parts, 35¢

Resonant Condition of Cabinet or Room;
39a

NOISE, CODE INTERFERENCE

Can be Tuned; 28:
Cannot be Tuned; 28;
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NOISE INTERNAL, WHEN RECEIVER
1S ADJUSTED

Plates of Tuning Condensers Short; 16b
Defective Pig-Tail Connections or Bearing
Contacts on Variable Condenser; 1dc
Dirt or Flakes in Variable Condenser; 15b
Any Wire or Part Having a Poor Connec-
tion Disturbed Mechanically When Set is

Tuned: 20d

Vol{;nne or Tone Control Defective; section
1

Power or Band Selector Switch Defective:
section 18

Any Manual Control Defective; 20d

NOISE, INTERNAL

Station Tuned In, No Part Touched or Ad-
justed, and Hiss, Scratches, Rattles and Racket
Noises Heard.

Test for Internal Noise; 36a, b, and ¢

Loose or Poorly Soldered Connections; sec-
tron 3

Poor or Corroded Ground Connections;
section b

Tubes, Noisy, Defective; 6g

Natural Circuit Noise; 28h, 23i

Leaky Fixed Condenser; 12d

Defective Resistor Across Secondary Ter-
minals of Audio Transformer; 12d

Defective Loudspeaker Cord or Cable Re-
sistances, Defective; section 8

Power Transformers, Defective: 1b

Variable Condenser Connections Defective :
3h

Volume Control Connections Defective; 1b

Partially Shorted Circuits; 1b

Audio Transformer Defective; 1b

Incompletely Grounded Shields; 19a

Pilot Lamp Loose in Socket; 7¢c

Control Grid Clips Loose or Partially
Grounded; 3f

Defective Loudspeaker; 1b, 88¢

Defective Electrolytic Condenser; 141

Storage Battery Weak or Too Freshly
Charged on Supersensitive Receivers; 21¢

Battery Terminals Corroded ; 3e, 21e

“B” Batteries Run Down or Cell Defective;
217, 21k

Defective “A’” Battery; 21a to 21g

Dirty Contacts on Inductance Switches of
All-Wave Sets; 18b

Defective R.F. and IF. Transformers; 1b

Plate Chokes of Mercury Vapor Rectifier
Tubes Defective; 31b

NOISE, EXTERNAL

Noise Comes Through Loudspeaker And is Not
in The Chassis

Test for External Noise; 86a, b, and ¢

Static, Natural; section 27

Aerial Rubbing or Close to High Voltage
Wire; 29f, 29h

Poor Connections or High Resistance Joints
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in Antenna or Ground Systems; 29b, 290
to 29s

Part}ally Grounded Lead-in or Antenna;
29

A.C. Plug Prongs or Cable Connection to
it Loose; 36e

Lightning Arrester Defective; 29k

Improper Emergency House Line Fuse; 86g

Two or More Sets on Same Aerial, Other
Receiver Defective; 29n

Poor Connections to Electrical Outlets in
House; 36f

Autos and Trucks Interfering in Short Wave
Band; 27¢

Noise Entering Through Power Line; 36b

Inter-Station Noise (AVC Receivers); 41b;
23

Importance of Noise-Reducing Antenna;
86¢, 86d, 29¢

NOISE, MECHANICAL

Noise is Not Emitted From Loudspesker and
Heard Only With Set Playing

Loose Parts in Cabinet; 396
Resonant Cabinet Effects: 39b
Resonant Room Effects; 89b
Transformer Laminations Loose; 17f
Tube or Coil Shields Loose; 19a, 20d
Microphonic Tubes; 34b

NOISE, INTERNAL; AUTO RADIO

The Defects Listed Below Are Only Peculiar
to Auto Radios. But an Auto Radio Also is
Subject to Defects Producing Noise Like Other

Receivers, Hence See “NOISE INTERNAL.”
Incomplete Noise Suppression, Ignition
Noise; 44e

Suppressor Defective or Not Completely
Connected; 44e

Noise Reducing Condensers Defective; 44e

Ignition Wire Out of Place; 44e

Motor Badly Out of Balance; job for autlo
mechanic

Body Loose; job for auto mechanic

Wheel or Brake Producing Noise; 44g

Defective Commutation in Charging Gen-
erator; 44t

Antenna or Its Lead-in Rubbing Against
Car Body: 44h

Defective Vibrator or Leads to Vibrator;
44b to 44d

Noise When Running Over Rough Road;
44f

Car Electrostatic Noise; 44f, 449

Poor Ground Connections; j4e

Dirty Vibrator Points; 44b to 44d

OSCILLATIONS

See Sections on ‘‘Squeals”

PILOT LIGHT BURNS OUT
TOO OFTEN

Inferior Quality of Pilot Light Used; 7f
Voltage Rating of Pilot Light Too Low; 7b
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Pilot Light as a Fuse, Overloaded; 7d

Resistor in Series With Pilot Lamp Shorted;
7d

Resistor in Shunt With Pilot Lamp Open;
7d

PILOT LIGHT FLICKERS OR
TOO DIM

Pilot Light Loose in Socket; 7¢

Lamp Rating Too Low; 7b

Line Voltage Fluctuates; 30e

Power Transformer With Poor Regulation
Used; a Better Transformer Must be
Used, and Change Unwise

Defective Connection or Lead to Lamp; 7¢

RECTIFIER TUBE PLATES GET RED

Output of Rectifier is Shorted; section 31,
43d

Defective Filter Condenser; 3la

Defective Rectifier Tube; 3Za

Filter Choke Grounded; 3Ia

See Section “Ballast Gets Too Hot”

RESISTOR OVERHEATS OR
EMITS SMOKE

Resistor Defective; 8e to 8g

Incorrect Size or Wattage Rating Used in
Repair; 8b, 26f

Shorted to Chassis: 43e, 4b

Extra Current Due to a Defect in Associated
Equipment; sectton 43

RESISTORS GET WARM
Natural Condition; 24a
RECEIVER SMOKES

Shorted Tube; 6b

Shorted Condenser; 13a, 43a, 43b

Shorted Power Transformer; 17d

Part of Circuit Overloaded; section 43

Receiver Operated on Other Than Recom-
mended Supply Line; 30a

Defective Insulation; 17¢

See “Resigtor Overheats or Emits Smoke”

RECEIVER UNSATISFACTORY (IN-
EXPENSIVE MIDGET)

Natural Condition; 23a to 23e
Refer to Specific Trouble if Reception is
Considered Below Normal

POOR SELECTIVITY

See Broad Tuning

SHOCK WHEN AERIAL IS TOUCHED

Receiver Not Grounded (Natural): 24d
Static Electricity; 27b

Antenna Touching Nearby Power Line; 29k
Two Sets on One Antenna; 29n

SHOCK WHEN CHASSIS IS TOUCHED

If Ground Connection Sparks on Connect-
ing; 24d
Universal and D.C. Receivers, Natural; 30z

SIGNAL DISTORTED OR MUFFLED

Several General Conditions Arise. Condition
A: Signal is Distorted All The Time; Condi-
tion B: Signals Distorted at High Sound
Levels; Condition C: Signals Distorted at
Low Sound Levels-—Otherwise Normal,

CONDITION A: Signal Distorted or Muf-
fled Regardless of Recewer Adjustment

Located m R.F. System

Oscillation Occurring; section 32

LF. or R.F. Peaked Too Sharply; 46h

Natural, When Accompanied by Fading;
281, 251

Interference Between Stations of Nearly
Same Frequency; 28(

Oscillator Tube Weak; 40b

Located in Detector or AV.C. System

Detector Defective; 6b

C(}‘ntrolled Tube Bias Shorted or Incorrect;
la

AV.C. Not Working; section 41

Defective A.V.C. Bypass Condenser; 4la

Located in Audio System

One-half of Push-pull (Input or Output)
Shorted or Grounded; 6j

Defective A.F. Transformer; 16e

Resistance Across A.F. Transformer Second-
ary Open; 8e

Push-pull or Push-push Tubes Not Prom-
erly Matched; 67

Bias Resistor Filter Condenser, Open or
Value Insufficient; sections 11, 12, 12

Push-Pull or Push-Push Stage Regenerat-
ing; 33d

One Push-Pull or Push-Push Tube Weak or
Dead; 6b

Located in Loudspeaker Unit

Defective Loudspeaker; section 38

Loudspeaker Voice Coil Grounded; 4a

Rectifier Unit Defective (Separately Ex-
cited Units); 38b

Voice Coil or Armature Off Center; 38d

Voice Coil Circuit Partially Completed;
38¢

Voice Coil Turns Loose; 38¢

Iron Filings or Dirt in Voice Coil or Arma-
ture Free Space; 38d

Voice Coil Spider Defective; 38e

Located in Power Supply System

Excessive Voltage From Power Supply;
30b to 30e

Excessive Filament Voltage; 30e

Defective Rectifier Tube; 6b

Incorrect Voltage Applied to Power Tube:
section 22
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Incorrect Grid, Plate, Screen Voltages; sec-
twon 22

Defective Electrolytic Condensers; section
14

A Storage Battery Charge Down; 21¢

Battery Terminals Corroded; 2ie

I1igh Resistance in Battery Supply; 217,
21k

Defective A, B, or C Supply; section 21;
section 30

Defective Power Transformer; 16b to 16d

Too High or Too Low a Line Voltage; 30b
to 30c¢

General Defects
Muffled Signals

Wrong Tube in Socket; 267

Tube or Tubes Defective or Weak; 6b

Grid Resistance Shorted; 8d, 8e

Open or Grounded Grid Bias Resistor or
Grid Circuit, 1d, 8e

Grounded or Open Resistor; 1d, 8e

Open or Shorted Condenser; sections 11,
12, 13

Volume Control Defective; 10a

A High Resistance Connection; section §

CONDITION B: Signals Distorted at High
Levels, Volume Control on Towards Full

Inexpensive Receiver, a Natural; 23d, 23e

Detector Overloaded; 876

Loudspeaker Overloaded; 37¢

Power Tubes Overloaded; 37d

Weak Tubes; 6b

Defective A.V.C. System; section 41

Improper Supply Voltages; section 22

Defective Cone, Voice Coil or Armature of
Loudspeaker; section 38

Oscillations; sectton 32

Receiver Not Tuned Correctly; 37a

Manual Volume Control Advanced Too
Far; 37a

CONDITION C: Signals Distorted at Low
Levels, Volume Control Towards Low

No Field Excitation to Loudspeaker; 38b

Incorrect Grid Leak in Detector Stage; 37b

Power Tubes Insufficiently Excited; operate
set louder

Supply Voltages Incorrect; section 22

Detector Output Overloaded With R.F.;
37¢

Weak or Defective Tubes; 6b

SIGNALS, NONE; TUBES DO
NOT LIGHT

See Section ‘‘“Tubes Do Not Light”

SIGNALS, NONE; SOME
TUBES LIGHT

Poor Socket Contact; 3f

Poor Soldered Filament Connection; 3k, 3d
Open Filament Resistor; Ic

Burned Out Tube; 6b, 6f

Part of Ballast Tube Defective; 9d
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Causing Distortion or

Shorted Secondary Winding of Power
Trsnsformer or Shorted Filament Lead;
17

SIGNALS, NONE; ALL TUBES LIGHT

Defective Tubes; section 6

Short Circuited Lightning Arrester; 29k,
290

Grounded Lead-in or Antenna; 297, 290

Short-Circuited Antenna Coil; 290

Poor Contact in Tube Socket; 3f

No Plate Voltage; section 22

Incorrect Supply Voltages; section 22

Transformer Defective; section 16

Open Circuit; section 1

Defective Choke Coil; section 16

Defective Filter Condenser; sections 11,
12, 13, 14

Open or Shorted Bypass Condenser; sec-
tions 11, 12, 13

Variable Condenser Shorted; 15¢g

Defective Loudspeaker; section 38

Tube in Wrong Socket; 267

“A” Battery Polarity Reversed; 21d

“B” Battery Polarity Reversed; 21k

“A” and “B” Batterles Run Down; section
21

Line Plug Reversed (Universal A.C.-D.C.
Sets) ; 30h

Oscillator Tube or Stage Defective; section
40

Coupling Condenser Open, Shorted,
Grounded or Leaky; sections 11, 12, 13

Defective A.V.C. System ; 4Ia

Gassy Tubes; 60

Volume Control Defective; 10a

Antenna to R.F. Line, or R.F. Line to Re-
ceiver Transformer Defective; 29p to 29r

Receiver Alignment Has Been Tampered
With; 456f to 457

SIGNALS HEARD OTHER THAN
FROM LOUDSPEAKER

Loose Audio Transformer Laminations; 17f
How to Trace Defect if Loudspeaker Emits
no Sound; 37f

SIGNALS NONE; SHORT WAVE
CONVERTER USED
Noise Heard Indicating Broadcast Receiver

0. K. But no Signals When Tuning Con-
verter.

No Antenna Connection to Converter; 25c

Defective Oscillator Tube; 6b

Improper Connections to Broadcast Re-
ceiver; 25¢

Wrong Plug in Coils; check coils

Reception Peculiar in Short Wave Bands;
section 26

SIGNALS WEAK, DAY TIME ONLY

Natural Receiving Conditions; section 25
Aerial Too Short; 29q




Line Voltage Low; 30e
Receiver Inexpensive; 23d, 23¢
Also see “Signals Weak”

SIGNALS FADE

See Sections on ‘“Fading”’

SIGNAL AT MORE THAN ONE
POINT ON DIAL

Two Conditions Arise. Condition A, Broad-
caster Heard Clearly at Assigned or Not
Assigned Frequency; Condition B, Local Sta-
tion Riding in on Distant Station, a Condition
Called Cross Modulation. When the Defect
Causing This Condition is Not Readily Fixed,
a Wave Trap Should be Tried.

Condition A:

Natl}l:'al or Harmonics of Broadcaster; 28g,
28

Two Chain Stations, Same Program; 28k
Inexpensive Receiver; 23d

Insufficient Preselection; 28¢

Defective Preselection; 1d

Image Frequency Trap Defective; Id

Condition B:

Wrong R.F. or LF. Tubes Used; 26;, 28f

Too Near Local Station; 28e

C Bias of First RF. Tube Too High, or
Plate Voltage Too Low; 28f

First R.F. Tube Oscillating; 32f to 3%;

Antenna Too Long; 29d

Choke and Resistor Antenna Input; 29m

Weak First RF. Tube; 6b

SIGNALS WEAK

Symptoms Observed Are Important As They
Indicate to Some Extent The Location of The
Defect. Thus You Will Find: Symptom A,
Distant Stations Weak Locals Rather Nor-
mal, Indicating a Defect in The Antenna
System or in The R.F. Section; Symptom B,
Plenty of Stations Picked Up and All Stations
Including Locals Are Weak; Indicating a De-
fect in The Last Detector, Audio System or
Loudspesaker; Symptom C, Local Stations Only
Received, Indicating in General a Circuit
Defect Particularly in The R.F. and Pickup
Sections, or Low Supply Voltages; Symptom
D, General Weak Signals in Which Any of The
Above Defects May be Indicated.

Location A: Pick-up

Poor or High Resistance Connections in
Antenna or Ground; 29b

Short Circuited Lightning Arrester; 29k

Open in Ground System; 290

Open Antenna Choke or Coil; 290

Aerial Too Short; 29a, 29¢

Aerial to R.F. Line, or R.F. Line to Re-
ceiver Transformer Incorrectly Connected
or Defective; 29p to 29r

Location B: R.F. Section Defective

Receiver Improperly Neutralized; 45d

Excessive Oscillation; 82f to 325

Tuning Condensers Not Aligned; 4569

Volume Control Defective; 10a

Open Secondary R.F. or I.F. Transformer;
16e

Shorted Primary R.F. or LF. Transformer;
16e

LF. Stages Incorrectly Aligned; 46g, 46h

Preselector and Oscillator Do Not Track;
461

Defective or Dirty Variable or Trimmer
Condenser; 16f, 169

R.F. Choke Coils Defective; 16e

Gassy R.F. or IF. Tubes; 6b

Oscillator Tube Not Functioning Properly;
6b

Location C: Detector and AV.C’s

C Bias Incorrect, Accompanied With Dis-
tortion; 87b

A.V.C. Tube Weak or Improperly Selected;
6b, 6h

Grid Leak Defective or of Improper Value;
376

Defect in The AV.C. Circuits; 4la

Natural Weak Reception Due to A.V.C.
Action; 41b

Location D: Audio Circuits

Audio Transformer Defective; 16e

Open or Defective Audio Plate to Grid
Coupling Condenser; 12a

Location E: Power Supply

Low Line Voltage; 80c

Shorted Secondary Power Transformer; 17d

Storage Battery Charge Run Down; 21c

“C” Battery Run Down ‘or Incorrect Volt-
age Used; 21t

“B” Batteries Run Down; 21%

“A” Battery Polarity Reversed; 21d

Battery Terminals Corroded; 2Ie

Defective A, B, and C Batteries; section 21

Defective Filter Condenser in Power Sup-
ply; sections 18, 14

No Plate Voltage to Some Stage; secfion
22

Incorrect Voltage; section 22

Location F: Loudspeaker Defect

Permanent Magnets Weak; 38t

Field Circuit Open or Shorted: 38a, 38b

Voice Coil Open; 38¢

Rectifier Unit in Self Excited Loudspeaker
Defective; 38b

Polarity of Magnetic Loudspeaker Re-
versed ; 38:

General Defects Producing Weak Signals

Poor Contact at Tube or Tube Socket; 3d,
3f

Leaky Condensers; section 12 )

Open or Shorted Condenser; sections 12, 13

Loose Connections; section 3
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Defective or Weak Tube; 6b
Open Circuit; section 1

Shorted Circuit or Part; section 4
Grounded Circuits; 4b

Open C Bias Resistor; 8d
Defective Resistor; 8d

An Inexpensive Receiver; 23d, 23e
Open Grid Circuit; I1d i
Control or Top Cap Clips Loose or
Grounded; 3f
SQUEALS, HOWLS, PUT-PUTS
Often Referred to as Regeneration, Oscilla-
tion, Whistling, Spilling Over, Instability,
Growling, Motor-Boating, Feed-Back and

Parasitic Coupling. In the Following Cause
List We Refer to the Condition Where This
Disturbance is Continuous or While Receiver is
Tuned or Playing. These Squeals Are Not a
Feature of a Regular Receiver, as it Would Be
in Regenerative Receivers and Beat Frequency
Locaters in Short Wave Receivers, In the Lat-
ter Case The Squeals May Be Stopped at Will.
Squealing, Howling and Put-Puts Are an Indi-
cation That Undesirable Audible Frequencies
Are Present. Squeals and Howls are Gen-
erally an R.F., 1.F., and Detector Defect;
‘While Put-Puts Referred to as Motor-Boating,
Indicates Audio Stage Trouble. This Type
of Interference Arises From Several Basic Con-
ditions: Condition A, Open, Short or Un-
desirable High Resistance Causing One Stage
to be Coupled to Another Producing Feed
Back; Condition B, Change in Setting, or De-
fect in the Oscillation Suppression System, or
Change in Voltages; Condition C, a Defect in
the Receiver; and Condition D, Mechanical or
Acoustical Feed Back, Detected By a Gradual
Rising Whining Sound.

Condition A: Electrical Feed Back
To Part or Circuit Defect

Undesirable Inductive Coupling Between
Circuits; 32k

Grid Leads Out of Place; 32d, 32¢

Poor Ground Connection; 32j

R.F. Bypass Condenser Poorly Grounded;
32

Open or Shorted Bypass Condenser;
12d, 134

Open Condenser in Power Pack Bleeder Re-
sistor; 32¢

Shorted R.F. Choke or Choke Resistor; 4c

Higfh Resistance or Corroded Connection;
41, 4e

Variable Condensers Not Grounded; 32j

Poor Connection at Rotor of Variable Con-
denser; 32;

Poor Connections in Circuit or Chassis and
Shields; 32;

Open or Shorted Registor; 8d

Incorrect Resistor; 8¢

Weak or Defective “A” Battery; 21¢

Run Down “B” Batteries or a Defective
Cell ; 211, 214, 21k

Insufﬁment Bypassing and Flltermg, 11b
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Due

32i,

Incorrect Bypass Capacity; 11b
Motorboating ; section 33

Condition B; Change in Ad]ustment or
Incorrect Recewer Operation

Aerial Too Short or Antenna System Open;
29¢, 290, 46k

Receiver Improperly Neutralized; 32d, j5e

Grid Suppressor Shorted or Its Value Incor-
rect; 32d

High Line Voltage; section 22

Excess}ve Output Voltage of Power Pack:
section 22

Excessive or Incorrect Plate, Grid, Screen,
and Filament Voltage; section 22

Defect in A.V.C. System; 4Ia

Wrong Tubes in Socket; 267

Regeneration Control Improperly Set; 46d

Condition C: Receiver or Tube Defect

Defective Tube; section 6

Gassy Tube; 6¢, 6b

Filament Not Grounded; 30!

Open Secondary R.F. Transformer; 17b

R%sistor Across Secondary 1st Audio Open;
e

Open Grid Circuit; Id

Control Grid Cap Making Poor or No Con-
tact; 3f

Shorted Bias Resistor; 8d

Grid Leak Open, Defective, Incorrect; 8d

Sholrted bLoudspeaker Field (Hum Too);
81c, 17

Condition D: Mechanical Resonance and
Coupling

Microphonic Tube; 34b

Loudspeaker Too Close to Receiver or Too
Rigidly Mounted in Cabinet: 33d

Receiver Not Cushioned on Rubber; 33¢

Condenser Plates Too Thin; 15d

SQUEALS, HOWLS, PUT.PUTS; ONLY
WHEN SET WARMS UP

Slow Heater Detector or First AF.; 6b

Audio Transformer Primary Connection
Reversed ; 16d

Gassy Tube; 6b

Resistor Across First A.F. Transformer Sec-
ondary Open; 8e

SQUEALS, HOWLS; DISTORTION ON
SOME DISTANT STATIONS

Natural Condition; 281
Lack of Selectivity; 24e, 46f to 46n

SIGNALS WEAK, AT ONE END
OF DIAL

R.F. or Oscillator Not Tracking: 45t

Oscillator High Frequency Trimmer Im-
properly Set; 457

Oscillator Low Frequency Padder Improp-
erly Set; 457

Coils Improperly Matched; 16k




Coil Turns Shorted; 16e

R.F. System Used to Give Equal All-Band
Reception Defective; 16e

Grid Suppressor Shorted or of Improper
Value; 32d

Coils and Condensers Damp, Dirty and
Leaky; 16¢g

Improperly Neutralized; 456d, 45e

Wrong Connection to Noise Reducing An-
tenna Transformer; 291

STATIONS NOT RECEIVED AT
PROPER POINTS

Receiver Not Correctly Aligned to Dial
Scale; section 20

Dial Slipped on Condenser Shaft; section 20

Cable Slips Auto Sets; section 20

Receiver Improperly Aligned; 45t

TONE CONTROL, INOPERATIVE
MANUAL

Open Circuit in Resistor, Condenser, or
Lead Associated With Control; Ig
Variable Resistor Defective; section 10

TONE CONTROL ADJUSTMENT
MAKES SET DEAD

Shorted Condenser in Tone Control; 13a
Connections Shorted or Grounded; Ig

TUBE OR TUBES DO NOT LIGHT

Defective Tube; 6b, 6f

Poor Contact Between Tube and Socket;
30j

Open or Short Circuit; secitons I and 4

Grounded Filament Circuit; 80k

Open Primary Power Transformer; 17a, 170

Open Secondary of Power Transformer;
17a, 17b

Open Lead in A.C. Plug Cord; 304, 30f

Storage Battery Weak (Tubes Apparently
Do Not Light); 21¢

Battery Terminals Corroded; 21¢e

Tube in Socket Having Lower Than Re-
quired Voltage; section 22

“A” Batteries Run Down; 21g

Pilot Light Burned Out; 7d

Set Fuse Burned Out; use new one

Filament Cord Resistor Open: 30j

No Line Power Supply; check power outlet

Burned Out House Fuse; use new one

Off-On Switch Defective; 30f, 18a

One Tube Burnt Out in The Series Circuit
Universal Receivers; 6b, check each tube

Filament Resistor or Ballast Open or
Burned Out; section 22

Open in a Series Circuit Universal Receiver;

1b

TUBES GO BAD OR BURN OUT
TOO OFTEN

Tubes Have a Limited Life and They Ter-
minate Their Useful Serviee Generally By Los-
ing Emission or Becoming Gassy. Often After
Hard Use the Filament Burns Qut. Defects or
Improper Operation of a Receiver Shortens
Their Useful Life, Often Roughly Figured as
One Year of Fairly Constant Use.

High Line Voltage; 30e

Poor Quality of Tube Used; 23¢

Tube Had an Inherent Defect; 23y

Low Line Voltage Plus Vibration; 80e

Ballast Tube or Resistor Defective or In-
correctly Chosen; 9a, 9b

Ballast Shorted; 9e

Tube Placed in Wrong Socket; 26

“C” Bias Too Low, Emission Reduced
Quickly; section 22

Excessive “A” Battery Voltage or Customer
Pushes Filament Current Up For Vol-
ume; 21¢g

Pilot Lamp in Shunt With a Filament Open
or Burned Out (A.C.-D.C. Receiver); 7d

Series or Shunt Resistor in Filament Shorted
or Open (A.C.-D.C. Receiver); 7d

Customer’s Opinion; 23g

TUBES GET BLUE ON GLASS

Natural Condition of Fluorescence; 6¢

TUBES GET BLUE INSIDE AMONG.
ELEMENTS

Natural in Case of Mercury Vapor Tubes

More Often Due To:

Shorted Stage; 1b

Grounded Filter Choke; I7¢

Shorted Filter Condenser: 13a, 1/h

Open Bleeder Resistor; 1d, 8d

Shorted or Grounded Loudspeaker Field
Coil; 81a

Open Grid Return in Power Stage; section
22, 1d

Excessive Plate Current; section 22

Excessive Plate Voltage; section 22

Less Often Due To:

Shorted Bias Resistor; seciion 22
Positive Grid Voltage; section 22
Excessive Screen Voltage; seclion 22
Defective Coupling Condenser; 12d
Defective By-Pass Condenser; 73a

TUNE, CANNOT

Defect Clearly Mechanical and Easily Located
by The Action Observed

Dial Slips; 20a

Bearings Frozen; 20b

Cable Broken or Off Pulleys; 20a

Wire Laying in Path of Condenser; 20d
Chassis Too Far Into Cabinet; 20d
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Condenser Plates Bent; 20d

Chassis Not in Proper Position; 20d
Gears Worn—Back Lash; 20e

Gears Improperly Spaced; 20d
Cable Loose; 20a

Set Screws Loose; 20d

Tuning Locked; 20b

Defective Tuning Apparatus; 20d
Cable Improperly Restrung; 20¢

VIBRATOR DOES NOT LAST

Typical of Auto Radios and 6, 32, and 110
volt Vibrator ‘“B” Eliminators Continuous
Operating With Excessive Sparking Causes
Burning of Contacts.

Condition A: Overload

Defective Rectifier Tube; 6b

Defective Filter Condenser; 13a, 14h

Defective Bypass Condenser; 13a

Defective Tube in Receiver; 6b

Open Bleeder Resistance; 1d

Defective Transformer Into Which Rectifier
Feeds; 17b, 17¢

Condition B: Underload
Weak Tubes in Receiver or Rectifier; 6d

Condition C(C':
Contacts; 44b

Improper Adjustment of

VISUAL TUNING INDICATOR, NO
ACTION OF

When a Strong Broadcaster is Tuned in The
Needle (Meter Indicator) or The Shadow
“Width (Shadowgraph Indieator) Neon or
Blinker Lamp Shows No Change, It is Under-
stood That The Receiver Has A.V.C. and
Reception is Normal Except for A.V.C. In-
dicator Defects.

Case A: Meter and Shadowgraph

Gassy Control or Controlled Tube; 6d, 6b
Insufficient Signal Pick-up; 42b

Needs Realignment; 45f to 46k

Shorted Tuning Meter; 42¢c, 42d

Shadowgraph Pilot Lamp Burnt Out or Not
Secure in Socket; 42¢

Open Circuit (Meter Burnt Out); 42¢

A Defective A.V.C. System; 42¢g, 4la

Case B: Neon Indicator

Defective Indicator Tube; 42¢

Shorted or Defective Neon Lamp Current
Limiting Resistor; 8d

Low Supply Voltage to Neon Indicator;
42e

A Defective AV.C. System; 42¢g, 4la

Case C: Blinker Lamp System

Defective Lamp; 42¢
Defective Transformer to Blinker Lamp;

42f
Defective Blinker Transformer Filter Con-
denser; 42f

A Defective AV.C. System; 42g, 41a

VOLUME GREATER WITH GROUND
WIRE DISCONNECTED

Poor Antenna—Pickup via Power Line; 29:

VOLUME, LOWER WITH ALL
WAVE ANTENNA

Improper Matching of Impedances; 291

Antenna Poorly Designed or Erected; 29,
291

Defect in All Wave Antenna System; 29p
to 29r

Improper Connection of Receiver,
Transformer; 291

Customer Expects Too Much; 23f

Line

B: GENERAL DEFECTS AND TESTS

1. OPEN CIRCUITS. (a) In testing a ra-
dio eircuit an “open circuit” is taken to mean
a break in the path of D.C. supply currents or
signal currents.

(b) As any path for a D.C. current must be
continuous over a conductor, an open or break
is tested with an ohmmeter. This device is
indispensable and no serviceman would think
of tackling a job without it. Between any two
points or terminals of a D.C. path there must
be a definite value of ohmic resistance. If
you test between these two points and merely
observe that the ohmmeter reads a resistance
value, you have proved that the path is con-
tinuous—you have tested for continuity; if
you get no resistance readlng the circuit is
open and defective; if you get a varying read-
ing, a make and break connection exists; if
you compare the resistance value with What it
should be, you have gone a step farther and
may be able to tell if some part is shorted.

INDEX-10; SECTIONS 1a to 1d

(e} An ohmmeter is essential to prove that
a circuit is continuous, shorted or open.
circuit diagram of the receiver you are work-
ing on is of great help, as you may trace each
circuit for continuity or for exact resistance
by referring to the diagram.

(d) When a circuit diagram is not avail-
able it is possible to check a D.C. path for
continuity if the following rules are remem-
bered. Continuity in any tube circuit should
exist between: 1, a plate and the filament (or
cathode) of the rectifier tube; 2, a screen grid
and the cathode of the rectifier tube; 3, a
control grid and the chassis; }, a suppressor
grid and the chassis; 5, a cathode and the
chassis. Continuity may or may not exist
between the chassis and the filament (or
cathode) of the rectifier tube, depending on
whether a power pack bleeder resistor is or
is not used (check the circuit diagram).
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(e) As the electrodes of most tubes in a
radio receiver are series fed (through the sig-
nal circuit parts) in general a continuity
check for D.C. supply will be a check on signal
circuits. The exception is inductive and ca-
pacitive coupling between stages or sections.

(f) As a rule a break in a D.C. supply cir-
cuit destroys reception, a break in a signal
circuit may create many forms of troubles,
which are pointed out in the index on receiver
troubles. A circuit disturbance test will indi-
cate the defective stage of a dead receiver.

(¢) Any part in a circuit may be checked
for an open by merely connecting an ohmmeter
to its terminals. Coils, resistors, and trans-
formers may be checked for continuity and
exact resistance, if you know what its value
should be. Usually the circuit diagram gives
the ohmic value. Condensers should test open
(see section on condensers).

(h) An absolute check on any part with an
ohmmeter should be made with one of its ter-
minals disconnected from the chassis, for if
that part is shunted by some other part or cir-
cuit which conducts a D.C. current a true
reading will not be obtained. A circuit dia-
gram will help you decide whether this pro-
cedure will be necessary. If no diagram is
available, and you question the reading you
get while the part is in the circuit, disconnect
it for the test.

(i) Several ohmmeters which you can con-
struct will be mentioned in the Course. You
can build one from the parts supplied with
your Experimental Outfits.

2. THE CIRCUIT DISTURBANCE:
TEST. (¢) When a receiver is dead—does
not play, then there are no symptoms to help
you locate the trouble. A test should be con-
ducted to find out which stage is defective.
Realizing that a radio receiver is nothing
more than a chain of stages (R.F., Detector,
AT. Loudspeaker sections in cascade), a
simple test is possible. It is called the circuit
disturbance test, and is based on the principle,
that if any stage is disturbed or shocked, the
current change in that stage will be relayed on
towards and through the loulspeaker, coming
out as a click—if the stages following the one
disturbed are in working order. You can
create a disturbance by 1, pulling out and re-
turning a tube from its socket; 2, touching
the control grid of a screen grid tube; 3, in
the case of tuned R.F. stages touch the stator
section of the variable condenser in the stage
being tested; or 4, remove and return the
control grid cap of the screen grid tube. Any
one of these should produce a click or squeal,
and as the test proceeds from the loudspeaker
to the antenna the clicks should, in general,
become louder.

(b) In locating the defective stage by
means of the circuit disturbance test, start
with the power output stage. Pull out the
tube, and immediately insert it back into its
socket, A click means: a normal section from
the power tube through the loudspeaker; no
click means: lack of power supply, defective
loudspeaker, defective tube, or an open cir-
cuit—tests you will find in this reference book.
Repeat this test for the other power tube, if
one is used. If the output stage is working
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according to this click test, proceed to test the
A.F., Detector, and T.R.F. stages for a tuned
radio frequency receiver; test the second de-
tector, I.F., oscillator, first detector, and pre-
selector stages in the case of a super. Use
any of the four methods of getting a disturb-
ance, previously mentioned. When you go
from a click to no click, the defective stage is
igolated. Test the tube, and check the con-
tinuity of that stage.

(¢) Checking the oscillator in a superhet-
erodyne receiver by the click method may be
a little confusing. A sure test is made as fol-
lows. If pulling out the first detector tube
produces a click, and connecting the antenna
to the grid of the first detector (set normally
tuned to a local station) doesn’t produce sig-
nals in the loudspeaker, the oscillator is defec-
tive. Test the oscillator tube and the con-
tinuity of its circuits.

3. LOOSE CONNECTIONS. (a) By a
loose connection we usually mean, a connec-
tion that appears to be properly made, but
actually is not a solid one. All connections
must either be soldered, or securely clamped
together. Only antenna and ground connec-
tions should be made through a binding post.
Power supply, loudspeaker and isolated sec-
tions (R.F. and detector chassis separated
from the A.F. and power supply) are con-
nected by prong and receptacle connections.

(b) Any connection which is insecure, that
is, its contact resistance varies, is a loose
connection. When the connection opens elec-
trically it may be considered an open connec-
tion, and a physical jar or a vibration will
often restore the conmnection.

(¢) When noise is emitted from a receiver,
and still exists when the antenna and ground
leads are disconnected, and the noise will
change when the chassis is violently slapped
with the palm of your hand, a loose connec-
tion probably exists—a connection whose con-
tact resistance is varying.

(d) Loose or improperly soldered connec-
tions can usually be located by touching the
various joints in the receiver with a wooden
stick. Of course, the receiver chassis and
loudspeaker are removed from the cabinet,
the chassis set on one of its ends so all parts
are easily seen and touched, and the receiver
is turned on. An orange wood stick can be
used as they are very durable and can be
bought at any drug store. Press firmly on
each joint. Very often joints that appear to
be well soldered are held only by rosin. If the
receiver is properly connected for operation,
the pressure on a suspected joint will usually
produce a crackling sound in the loudspeaker.
Another frequent cause of trouble is broken
wiring under the insulation of flexible wire.
Manipulation of the wire from side to side
will usually indicate where the trouble occurs.

(e) Wiggle all cable plug connections, the
A.C. plug, antenna and ground binding posts
and leads, and battery lead connections; if
the receiver is of the battery type.

(f) When the loose connection is disturbed
the noise will be more violent, or may be pro-
duced at will. Quite often the loose connec-
tion may be inside the part, particularly fixed

SECTIONS le to 3f




condensers. Be sure to wiggle and snap with
your fingers: all tubes; tube top caps; and
those parts covered with a can, case or shield;
and all controls. A loose connection may be
internal. If the loose connection is inside
some part and the connection cannot be recti-
fied, a new part should be used. Check socket
contacts and connections,

(g) If with the noise, definite receiver
troubles are observed (hum, oscillation, weak
signals, improper control, etc.), the symptom
will very likely indicate the probable cause
and location of the defect. Refer to the prob-
able causes in the index under the symptom
observed.

(k) A total break in a connection which
cannot be seen, hence called a loose conmec-
tion, will not produce noise. Usually by pull-
ing on the various leads the connection will
break or noise will be heard. These loose
connections can be traced with a continuity
test. Furthermore, the symptom will often
lead you to the probable location of the defect.

() Quite often the heat of the chassis will
cause a connection to open and close. This
difficulty is handled in the same way, although
actual tracing of the defect may be difficult
because the connection may, while testing,
become secure.

4. (¢) SHORT CIRCUITS may or may
not destroy reception, depending of course on
where the short exists. When a short de-
stroys reception, the defective stage may be
isolated by the circuit disturbance test. Read
section 2. Then an ohmmeter check on each
part in that stage will show up tha shorted
part; the ohmmeter will read zero or abnor-
mally low resistance. If the short cannot be
rectified, use a new part.

(b) In a number of cases a part will be
grounded to the chassis and in this way be-
comes shorted. This is often caused by a
part being pushed from its correct position,
or the insulation of its lead through the chas-
sis becoming worun, thus creating the short.
Repositioning the part or replacing the defec-
tive insulation removes the short.

(¢) If the short does not destroy reception,
only ruins it, the symptoms observed will help
localize the short, and then the parts in the
circuit can be checked with an ohmmeter.

5. HIGH RESISTANCE AND COR-
RODED CONNECTIONS. (¢) A connec-
tion or joint of only a few ohms is not wanted
as it produces many undesirable effects. Any-
thing above a near zero ohm connection is
referred to as a high resistance conmection.
Although a low range ohmmeter (0 to 10 ohm
range) will allow you to check such joints, it
is easier to spot these poor connections and
make new ones. Here are a few hints in spot-
ting high resistance joints.

(b) Joints that have an excessive amount
of rosin, are likely to become poor joints.
Resolder such connections.

(¢) A greenish covering on a joint indicates
corrosion and eventually a high resistance
connection. Resolder such connections, or
clean corrosion off if only a pressure contact is
used.

SECTIONS 3f to 6h

(d) A connection made with excessive sol-
der may have a high resistance if the two
parts or wires to be connected are separated
by a lump of solder instead of being soldered
close together. Such joints are particularly
objectionable in short wave circuits.

(e) A good solder joint may be made if
the two surfaces to be connected are cleaned,
tinned and physically clamped together before
being soldered. Acid or acid core solder must
not be used.

(f) High resistance and corroded connec-
tions will result in feed back, poor selectivity,
lack of sensitivity and many other defects
indicated in the index of receiver troubles.

6. TUBES. (a) It is safe to say that a
majority of receiver troubles are caused by
tubes which are bad in one way or another.
The filaments of tubes may burn out, may
lose their emission, their elements may short,
the tube may become gassy, its characteristics
may change and poor connections inside the
tube may develop.

(b) The most satisfactory test of a tube is
to try a new one in its place. A test in a
tube tester is not always sufficient because
although the tester may indicate that the tube
1s good it may not be satisfactory for certain
purposes.

(¢) For example, a tube may have a slight
amount of gas. It would be entirely unsatis-
factory for use in an automatic volume con-
trolled or oscillator stage, as the output vol-
ume would vary. (It might work fine in
another stage of the receiver.) Power tubes
should show no glow between elements and
they will if gas is present. A blue glow on the
glass is natural, a condition of fluorescence.

(d) In many service shops the first thing
which is done to a set coming in for repairs
is to remove the old tubes and try an entire
new set. Should the trouble clear up, the old
tubes are reinserted one at a time until the

bad one is located by recurrence of the
difficulty.

(e) Elsewhere in the Course, we show how
tubes may be tested in regulation tube testers
and if you have such a tube tester, you -need
only follow the manufacturer’s instructions.
Also, we show how short checkers can be
made and operated. An ohmmeter, however,
will enable you to check a tube for shorts.
The only two prongs which should show con-
tinuity are the filament prongs.

(f) By placing your hand on a tube while
the receiver is operating, you can often-times
tell whether it is working. If the tube is cool
it has no plate current and a new one should
be tried. Excessive heat may indicate the
presence of improper control grid voltage or
circuit defects which would result in excessive
plate or screen voltage and this would lead
vou to make actual voltage and current meas-
urements on that stage.

(g) Noisy tubes can be tested by snapping
them