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7 EN radi> waé ueed solely for marine communication and safety at sea,
achood sow ksowa as R.C.A. Fnetitutes was founded. It carried on
threagh years of early desvelopments in the art. training men for radio
as the world experiemced the exciting vears of conflict and radio ‘became
an importami factor in warfare. .Expansion came as the dawn of hroadcasting
bromght the possibilities- of radic to world-wide popular recognition. On to
the presest whea Television is promising to emerge from the laboratory and
take iz place beside sound programs. R.C.A. Institutes has progressed. keep-
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HOW RADIO TRAINING GREW WITH THE INDUSTRY

In 1921 the home study division was inaugurated. This idea of studying
radio at home grew steadily from the beginning. The courses were enlarged
and special equi waa designed to aesist the student.. Evidence of its

remarkable grow{h is seem in the fact that today there are students study-

ing R.C.A. Institutes home study courses in every state of the United States

and in many other countries throughout the world.

Following the advent of popular broadcasting; the need for expert service
men became evident and a course in that subject was formulated.

Again the Institutes was & step ahead. As far as is known, there was no
means up to that time of obtaining such iustruction other than that in the
service departments of manufacturers and their agents, limited to their par-
ticular products.

The service course was enlarged and extended in scope. It soon grew to be
of value to the radio industry as a whole. Parailels to its valne and timely
start have since been seen in the inanguration of the Soand Motios Picture
courses, the Broadcasting courses and. move recently, the coarse in Tebevision.

Each successive year found the Institutes in a more importamt pasition.
The industry now began to specialise. Following this program. the
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THE THEORY OF MAGNETISM
AND APPLICATION OF MAGNETS

MAGNETIC POLES. Many centuries ago in the mining regions of a small
town in Asia Minor, named Magnesia, there was found a dark colored
stone, which possessed a very peculiar property -~ one that could be
described as a sort of pulling force -- which gave this substance
the power to attract small pieces of iron. It was then discovered
that if a piece of this stone was suspended by a thread and allowed
to move freely it would swing about slowly, and upon coming to rest
would assume a position nearly due North and South. Early mariners
used this stone as an aid in navigation, guiding their vessels ac-
cording to its position, and for this reason the stone became known
as "lodestone," which means "leading stone.' Another name given to
this stone (which 1s an ore of iron) is "magnetic oxide of iron," or
"magnetite." The peculiar property we refer to became known as
"MAGNETISM" and the substance itself which possessed the property
was called a "MAGNET." The lodestone retains its magnetic proper-
ties indefinitely for it is the result of a natural condition with-
in the ore itself.

In later years it was discovered that by an artificial process ordi=-
nary hard iron, or steel, could be made to take on the same property
of magnetism as the lodestone. Thus, the magnetic property imparted
to steel gave it the power to attract bits of iron, and morever, it
was noticed that when a thin strip of magnetized steel was suspended,
and permitted a free motion, it would swing about and come to rest
in a position exactly similar to the lodestone witih regard to the
earth's North and South poles. The needle of the common magnetic
compass, which 1s in widespread use, 1s nothing more than an artifi-
cial magnet; it is a magnetized piece of steel suspended so that it
can turn freely., As most of us know, one end of the compass needle
points in a general direction toward the North geographical pole of
the earth and the other end points toward the South geographical
pole. Convention, or custom in the past, accounts for the fact that
the North (N) of a needle is so designated and used to identify the
location of our North geographical pole in a general way as explain-
ed in the following varagraph.

In order to avoid any misunderstanding in our study of magnetism,
let us explain now that the north end of the needle is actually at-
tracted by the earth's magnetism set up by the South magnetic

. T
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pole. This magnetic pole is located on the Boothia peninsula, in
Canada, a distance of more than a thousand miles from the geographi-
cal North pole. Our earth is really a huge magnet with magnetic
forces evident all over its surface, the forces belng very pronounc-
ed and concentrated at the uppver and lower extremities, or, as we
would say, "at the poles." Hence, to be strictly accurate in our
statement we should say that the "N" end of a compass needle points
towards the South magnetic pole of the earth and the "S" end towards
the North magnetic pole. The magnetic concentration 1s very evident
from the behaviour of magnetic compasses when used by mariners and
aviators in these regions.

To make certain that you have a perfect understanding about polarity
as indicated by a compass let us look at the conditions this way:
Consider that if the north (N) end of the needle points toward a
magnetic influence, the region of this influence must be of oppositse
attraction, or a south (S) pole. If, on the other hand, the south
(S) end of the needle points toward a magnetic influence the latter
recion must also be opposite, or a north (N) pole.

INDUCED MAGNETISM., Iigure 1 illustrates the principle of magnetic
induction and attraction. "%“hen a steel bar magnet is dipoed into
soft iron filings, it will be found that a large number of the iron
particles will cling to one another and to the bar with great tenac-
ity. Most of the filings will cluster near the ends of the bar with
very few distributed along the surface and practically none at or
near the middle. The iron particles which are in contact and clos-
est to either end of the bar will seem to grip on with great firm-
ness while those further out from the end are more feebly attracted
to one another and seem to be less rigid. This indicates that the
magnetism emanating from the end of the bar 1s strongest near its
surface and as we proceed outward into space the magnetism becomes
weakel'e

We use the term "density" to express this difference in magnetism,
saying that the magnetic density is greatest close to the bar. It
simply means there is a greater concentration of magnetic force
closer to the magnet's poles than at some distance away from it.
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Figure 1 Figure 2

If a very strong steel magnet is used to attract the filings, and
later you attempt to brush them off with your fingers, it will not
prrove an easy matter to remove absolutely every tiny iron particle
from the magnet's surface. The manner in which these small iron

|
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bits cling to one another, and to the bar, indicates that regardless
of the exact nature of this magnetic influence its force extends
outward into the surrounding space which is called the "space medi-
um." The iron tacks clinging to the magnet, in Figure 2, also serve
to demonstrate the principles of induced magnetism,

The unseen influence around a steel magnet causes each individual
filing in Pigure 1 to become a tiny magnet possessing all of the
properties of the large bar magnet itself, We usually express this
action by stating that the large magnet induced magnetism into the
iron filings. The filinrs would have megnetism induced in them
whether they were in actual contact with the magnet, or merely in

its presence, To prove the latter statement place the filings in a
glass tube, or bottle, and then move the magnet against the outer
surface of the glass and note how the filings are affected and shift
around and cling to one another, assuming different positions accord-
ing to the magnet's influence. Also, from this experiment we ob-
serve that glass 1s transparent to a magnetic force. Remember that
each filing or tack assumes a position that enables it to accomodate ,
the greatest amount of magnetism coming from the exciting magnet.
MAGNETIC PROPERTIES ALREADY EXIST IN IRUN. The sketches in Figures

1 and 2 are intended to show that magnetism is not created but al-
ready exists in the iron tacks and filings. Nothing has been added
to or taken from the iron to produce the results we have observed.

It is simply a2 condition where this peculiar force (called magnetism)
in the filings or tacks was made evident by the outside magnetic in-
fluence of the steel magnet. We know of several practical means for
establishing magnetism and, also, ways to regulate its strength.

This is a fortunate circumstance, indeed, because it permits us to
utilize this invisible force in our electrical work.

Under ordinary conditions if we were to place materials like copper,
paper, or wood, within the influence of a magnet we would not ex-
pect to observe magnetic effects such as the filings gave us in Fig-
ure 1, At first sight it mizht appear that any substance which 1is
seeningly unaffected when subjected to a nearby magnetic force does
not possess magnetic properties; but this is not the case. The phe-~
nomena of magnetism exists in all matter to a greater or less degree,
only in some substances its detection becomes apparent quickly while
in others it requires the most diligent research and delicate equip-
ment to discover it. To make 1t pronounced in paver, wood, and all
other so-called non-magnetic substances, would require an outside
magnetic influence of considerable strength. If conditions were
just right and if very strong magnetism was obtainable it could be
shown that a piece of paper would be feebly attracted and would

move toward the source of strong magnetism, whereas a piece of cop-
per would be repelled.

We deal exclusively with iron and steel in our studies about mag-
netism because mapgnetic effects are especially pronounced in these
metals, and for magnetic purposes they are the principal ones found
in commercial use, However, it should be known that there is a cer-
tain compound congisting of iron and a small percentage of nickel
that has magnetic properties superior to either iron or nickel alone.
"Permalloy" is the name of one compound that can be magnetized about
thirty times stronger than soft iron under similar conditions. "Per-
minvar"” is the name of another magnetic compound.

st V-10 42
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TNO SOURCES OF MAGHNETISM IN OUR PRACTICAL WORK. Let us mention at
this point that the magnetic force set up by a fairly strong magnet
is capable of not only attracting bits of iron and causing attrac-
tion or repulsion with other magnetic masses, but the force has the
additional property of setting up a flow of current through coils,
wires, and other elements composing 'an electric circuit. To produce
a flow of current the magnetism which acts on the coils and conducte
ing wires must be made to vary either in strength, or polarity, or
both, and the circuit must be closed to form a complete conductive
path for the current to flow., Or, if a magnetic force remains sta-
tionary and steady,a coil or conductor must be moved through it to
produce a current of electricity therein.

It will be shown in a forthcoming lesson that an electric current
passing through the turns of a coil sets up its own magnetic lines
which completely encircle the coil, The lines set up by the cur-
rent have precisely similar qualities in every way to magnetic

lines produced by either a bar or horseshoe magnet. Bear in mind
that magnetism, regardless of how or where it is made apparent (eith-
er through the use of magnets or from a flow of current) always ex-
hibits the same general proverties. Therefore, after having once
mastered the fundamental principles outlined in this lesson,the stu-
dent should find it easy to apply them to any action where magnetism
and electric current are involved.

From these statements it 1s seen that there are two principal sources
of magnetism:

l. Magnetic effects resulting from the use of magnets,
2+ DMagnetic effects resulting from the flow of electrical cur-
rents.

The first mentioned source is treated under the topic of "MAGNETISH"
and the second, under "ELECTROMAGNETISM,"

Just what takes place in the "space medium," or in a "material,"
when a magnetic force is present, or just what the nature of masnet-
ism is we do not definitely know. But the results obtained when
forces of this kind act upon magnetic substances, or upon conductors
of electricity, have enabled scientists to formilate numerous laws
and rules governing their behavior.

Very simple experiments can he performed to demonstrate "magnetic“
and "electromagnetic" phenomena with a minirmum of equipnent, as for
example, with the use of a small pocket-size magnetic compass, a
bar or horseshoe magnet, iron filings, coils of wire and a battery,
or dry cell.

KINDS OF MAGNETS. Magnetic substances are divided into two classes,
namely:

(1) Natural magnets, and (2) Artificial magnets.
It should be quite obvious that a lodestone is a natural magnet and
that all manufactured or man-made magnets are in the artificial class.
The artificial kind are placed into the following two groups:

(1) Temporary magnets, and (2) Permanent magnets.

V-10 #2
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Inasmich as the soft iron filings in Figure 1, or the tacks in Figure
2, lose practically all of their magnetism when removed from the mag-
netiging force they are classed as temporary magnets. Suppose, on

the other hand, that these filings, or tacks, after being shaken free
from the bar were to retain their magnetic properties (assuming that
even after a period of many months or perhaps years they still persist
in clinging strongly to one another) they would be classed as perma-
nent magnets. Assuming that a solid bar of iron or steel showed prop-
erties similar to the tacks and filings, as we have suﬁgested above,
the bar would also be called a "temporary’' magnet, or "permanent"
magnet, as the case may be. The point we wish to emphasize is that
the size of a mass does not alter these conditions.

TYPES OF MAGNETS. There are in general three types of magnets.
The path of the magnetic forces in each type 1s shown in Figure 3.

(1) Bar magnetesssesses(Magnetic circuilt consists partly of
iron and air.)
(2) Horseshoe magnet..(Magnetic circuit consists partly of
iron and air.)
(3) Ring magnete.esssss({Magnetic circuit consists only of iron;
while seldom used it is given to aid explanations.)
SIMPLE WAY TO MAKE A MAGNET. Suppose that one-half of a bar of
hardened iron or steel is repeatedly stroked with the "N" pole of a
strong magnet, and each stroke is made the same way, beginning at
the middle of the bar and stroking toward one end, then this end of
the bar will presently become an "S" pole. Suppose the "S" pole of
the magnet is now used to stroke the opposite half of the bar by the
same process, then the latter end of the bar will become an "N" pole.
If this bar, into which magnetism is being induced, is heated or
slightly pounded during the process either treatment will assist the
molecules in rearranging themselves in parallel rows (or in align-
ment) to make the bar a permanent magnet. It will be explained under
the subject of "Electromagnetism" how a coil of wire through which
current is flowing can be utilized to induce magnetism into a bar of
hardened steel to make it a permanent magnet.

HORSESHOE MAGNETIC LINES

MAGNET BAR MAGNET

MASNETIC /
SPECTRUM SHOWN

T TWITH tRON FILINGS RING MAGNET

Figure 3

Magnets that are used for electrical measuring instruments and other
devices requiring a constant magnetic flux must be aged. A perma-
nent magnet becomes weaker with age but does not lose its strength
uni formly with time. The strength decreases rapidly soon after the
metal is magnetized and then falls off at a slower rate. The loss
of magnetism is due to the haphazard srrangement of the molecules
which will be discussed in detail later. In order to obtain & mag-
net which will lose very little strength over a long period of time
we would ordinarily have to select a magnet which retained some nag-
netism although magnetized several years previously. However, manu-
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facturers are able to obtain the effect of aging by a certain heat-
ing process. Heating a magnet to a red heat will, of course, de-
stroy all ragnetism but the application of a low temperature proper-
ly applied, will allow the molecules to hold their arrangenent for
an indefinite period.

FPLUX - MACNETIC FIEID - MAGNETIC LIKES OF FORCE. To illustrate a
Trorce'™ on paper is just like attempting to draw something one can-
not see. For instance, you couldn't illustrate your "thinking pow-
ers" on paper, nor could you graphically show the "force" of an ex-
plosion, With this in mind you will appreciate why it has become
the custom to merely draw a line to illustrate the line of direction
of a force and then to place an arrow somewhere in that line to de=-
note the exact direction in which the force is being applied. That
is, the arrow shows the tension along the line. The magnetic forces
which exist within a magnet and in the region surrounding 1t are,
therefore, best illustrated by lines and arrows as shown in many of
the drawingse.

The total magnetic lines of force set up in a magnetic circuit (ei-
ther by a magnetic material or by an electric current) are called
magnetic flux, or simply flux. The flux is shown by dotted lines
in our drawings. These lines take the form of ever-widening loops
which may be thought of as a sort of magnetic whirl.

The field of force which is evident in the region outside a magnet
is called the magnetic field.

The idea of presenting an unseen force graphically on paper is sim~
ilar to that already used in our lesson on "Electrostatics." The
difference is mainly that unbroken lines are drawn in the region
where an electrostatic field of force exists, whereas, dotted lines
are used to represent a magnetic field of force. Note particularly
the formation of the magnetic lines of force in each of the differ=-
ent types of magnets in Figure 3. See how the majority of the
lines come out at the region around one pole and go in at the re-
gion around the opposite pole, with comparatively few lines at or
near the middle of the magnet. Of course, in the case of the ring
magnet the lines are confined entirely within the iron mass because
this magnet has no poles.

MAGNETIC LINES OF FORCE CAN BE VISUALIZED ONLY BY INDIRECT OBSERVA-
TION., Magnetic forces cannot be seen, as you know, but their ef-
fects can be. In order that you may actually visualize the strain
lines (lines of force) present about a magnetized substance it is
suggested that the following simple exXperiment be performed. Ob-
tain a small bar magnet or horseshoe magnet, a sheet of cardboard
or glasg, and & small quantity of soft iron filings. Someone con-
nected with a machine shor in your neighborhood will no doubt give
you the filings; a thimbleful or two will be plenty, or you may
easily make them by filing part of an iron bolt, or any piece of
ordinary iron for that matter.

Let the bar magnet be placed under the cardboard, or glass, and let
the iron filings be sprinkled evenly over the flat surface. Then
gently tap the surface a dozen times or more with a pencil and ob-
serve how the iron particles actually turn about and arrange them-
selves in lines or loops in a symmetrical formation according to the
diagram in Figure 3. The energy in the magnet induces magnetism in-

v-10 #2 s
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to the filinﬁsa causing each one to become a tiny magnet having its
own "N" and "S" poles; the induced magnetism making the filings at-
tract one another and causing them to form loops or whirls.

Each of the lines of force completes an independent circult as

shown by the continuous loops. The loops (or lines) tend to shorten
themselves at all points, that is, they tend to take the shortest
route in the space they occupy between opposite poles. However, the
lines remain separated and svread out an infinite distance from the
bar because of the strong repulsion which adjacent lines exert on one
another. One line never crosses over, cuts through, nor merges into
neighboring lines. See Figures 4 and 5.

The force lines exert a tension in a direction outward from the "N"
end of the maﬁnet as they pass around the bar through svpace and re-
enter at the "S" end, the tension being continued on through the bar
from "S" to "N," as indicated by the loops and arrows. When speak-
ing about this characteristic of magnetism we say that lines of
force are in a direction from "N" to "S" around a magnet and from
"s" to "N" inside. (Note: The exception to this rule is a ring
magnet which forms a closed iron circult; in this type there are no
open ends or poles and therefore the lines are confined within the
iron. However, 1f a section of a rinﬁ magnet is cut out, the open
ends thus made then become "N" and "S" poles respectively, with a
magnetic field set up in the space between ther. )

In the action explained in the foregoing paragraphs, where the force
lines originating in the bar magnet exert their influence on the
iron filings and cause their re-arrangement, it may be added that
this action in turn plezces the fllings in a position so that they
exert their individual influences on one another. Xeep in mind that
each little filing becomes a magnet in this process. Consequently,
we have a greater total magnetic force existing in the region around
the magnet when filings are present than without filings, because
the force lines set up by the filings when they are magnetized add
to the force lines coming from the bar magnet.

EXPLORING A MAGNETIC FIELD WITH A SMALL COMPASS., Suppose we explore
the magnetic strain set up in the region about a steel magnet by
moving a compass in variocus positions as suggested in Figure 4. We
will see that when the needle comes to rest at some particular lo-
cation it will take up a definite directlon acting along the lines
of force at that point. The several positions of the compass in the
drawing shows that the needle coincides with the lines of force in
every case.

Hence, a magnetic compass is useful for detecting the presence of a
magnetic field and determining the direction in which the lines pass.
The diagram of the field about the magnet and the compass, in Figure
4, teaches you how to determine the polarity ("N" and "S" poles) of
a magnet,

MAGNETIC SFECTRUM. In Figure 5 we observe a bar magnet and the re-

glon surrounding it placed under a strain by the force lines leaving
at points toward one end of the bar and re-entering at similar loca-
tions toward the opposite end. This glves a symmetrical appearance

to the formation of the lines as mapped out by the iron particles in
the bar magnet in Figure 3.

N V-10 #2
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The shape or image of the magnetic lines, as viewed with the aid of
the filings, is called a "magnetic spectrum,"

Since strain lines always exist around 2 magnet then for any change
made in the position of a magnet the strain lines will move along

with it. Try moving the bar magnet in Figure 1 slightly back and
forth in different positions and note the effect on the filingse.
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Figure 4

THE LAWS OF ATTRACTION AND REPULSION

(1) Magnetic poles of like kind repel each other.
(2) Magnetic poles of unlike kind attract each other.

To prove the laws just stated we will make use of two steel bar mag-
nets whose "N" and "S" poles are known and marked as shown in Fig-
ures 6 and 7., One magnet is suspended by a thread so that it will
move freely under the influence of the other magnet.

=

ATTRACTION BETWEEN N
UNLIKE POLES

y
REPULSION BETWEEN
LIKE POLES

Figure 6 Figure 7

The conditions illustrateg by Figures 6 and 7 are as follows:

(1) If one of the magnets is held in the hand and slowly moved,
as shown in Figure 6, so that its north pole end is brought
near the north pole end of the suspended magnet we will im-
mediately see the latter move away and come to rest in a
position as far as possible from the first magnet. This
demonstrates the law of repulsion.
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(2) ©Now suppose the south pole end of the magnet in the hand
is brought near the north pole end of the suspended magnet,
as shown in Figure 7, then we will obtain an effect just
opposite to the one observed in (1). This time the north
end of the suspended magnet will swing toward the south
pole of the approaching magnet, with the swinging magnet
coming to rest in a position as close as possible to the
magnet held in the hand. The ends of the magnets will ac=-
tually come into contact il you permit them. This demon-
strates the law of attraction.

REPULSION - -~

Figure 8 Figure 9

(1) The explanation for the action in (1) relating to repul-
sive effects will be understood after examining the sketch
in Figure 8 and keeping in mind that the magnetic forces
act along the lines and in the direction indicated by the
arrowse Observe how the lines representing each field are
distorted from the normal arrangement they occupy when not
under the influence of each other. The shape of a normal
field is shown in Figure 5. A similar effect of repulsion
would be produced if two south poles were brought near to
each other.

(2) The explanation governing the action in (2) relating to
attractive effects will be understood by an examination of
Figure 9 and reasoning as follows: The attraction or pull-
ing effect between adjacent magnetic poles of unlike kind
is caused by the lines coming out from the "N" end of the
first magnet and going in at the "S" end of the second
magnet, that is, the tension of the lines are acting along
the same direction as shown in the drawing.

THEORY OF MAGNETISM IS BASED ON THE ENERGY STORED UP IN A MOLECULE
ATD ATOM., Now, examine the drawings in Figures 10, 1I, and 1= for
the purpose of studying the molecular action within an iron bar when
it is demagnetized, or magnetized, or saturated with magnetism. Be-
fore we go into a detailed explanation of these drawings let us
first mention a few facts about "energy" and the general conception
that all magnetic effects in iron are thought to be due to an alter-
ation in the position the molecules normally occupy. You should, at
this point, recall some of the explanations given in a previous les~
son about the composition of matter. You learned that all substances
are composed of molecules, and that the molecules in turn consist of
atoms, and finally the energy within the atom is a combination of
positive and negative electrical forces. The negative forces are
the rapidly vibrating electrons as previously explained.
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Our explanations also stated that magnetism and electricity are in-
separably associated in all kinds of 'matter,” and that energy in
different forms is accounted for by the action of electrons in con-
stant motion. It may be of more than passing interest to mention
that according to the belief of scientists the many different kinds
of substances found on our earth and the energy they possess were
produced ages ago when our earth was in the process of cooling and
formation.
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Figure 10 Figure 11 Figure 12

It is quite evident that energy already exists in iron and steel
molecules and this energy is capable of doing "work" when proverly
directed. The results of the "work" performed by a magnetic force
were observed in Figures 1 and 2 when iron particles and tacks were
attracted toward a bar magnet and their weight was supported by it.
Also, we saw that magnetic properties, similar to those of the steel
magnet itself, were induced in the iron particles. This ability of
iron and steel to become magnetized and to do work permits us to
consider any material displaying such oualities as a storehouse of
energy.

USE OF THE TERMS WAGNETIZED AND DEMAGNETIZED — ATTRACTION AND RE-
PULSI0N. The power of either attraction or repulsion which one mag-
netized material exerts upon another was illustrated in the experi-
ment with the bar magnets in Figures 6 and 7. Although these prin-
ciples have been discussed before let us again repeat that each bar
magnet has a north and south pole and, also, if two like poles,
north poles for instance, are brought together the bars will move
away from each other due to repulsion. Two south poles placed in
the same neighborhood would also repel each nther. On the other
hand, if two unlike poles, north and south, are brought together the
bars will move toward one another, and will touch if permitted to

do so, due to attraction.

If you obtain some soft iron filings and actually try the experiment
previously suggested in Figure 1 you will notice that after the fil-
ings are shaken off and removed from the magnet they cease to cling
together; as far as all outward signs are concerned they have lost
thelr individual magnetic properties. In other words, just so long
as the filings are subjected to the magnetizing influence they con-
tinue to remain magnets, but when they are not subjected to this in-
fluence they lose practically all of their power to attract one an-
other as you observed. In this process the filings were first mag-
netized and then demagnetized.
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There are certain kinds of iron that, after being magnetized, will
retain their magnetism for much longer periods than th? soft iron "
filings which we used. This subject is treated under 'Retentivity.

CONDITIONS IN A NON-MAGNETIZED IRON BAR. The energy contained in a
magnet that enables it to perform work is stored up in the molecules
of the substance, as we have previously explained. A single glance
at the drawing in Figure 10 shows that every molecule (molecules are
merely suggested by the rectangles) is a magnet in itself having its
own "N" and "S" poles. Also, the dotted lines denoting the forces
are seen to reach out through the voild spaces between adjacent mole-
cules thereby linking them together to form numerous closed and ir-
regularly shaped groupings.

The extreme ends of each molecule are called "poles," and by conven-

tion they are known as "north" and "south" poles, respectively. The
"N" pole ends of the molecules are indicated in the sketch by solid
black squares and the "S" pole ends by white outlined squares.

Observe how there is a natural attraction between neighboring mole-
cules which causes them to arrange themselves in a somewhat irregular
order with their north and south poles practically together. When an
iron mass is in this condition, that is, with its magnetic forces
confined in closed paths by virtue of the closed molecular groups,
the iron will not display any noticeable outward magnetic effects.
The iron in this condition is sald to be non-magnetized or demagne-
tized. In other words, although magnetism is present within the bar
it 1s not evident in the region outside and, consequently there is

no magnetic field produced.

CONDITIONS IN AND AROUND A MAGNETIZED IRON BAR. If a plece of soft
iron is brought near a steel magnet The iron will become magnetized
as mentioned in an early part of the lesson. The molecules of soft
iron, when under the exciting magnet's influence, are forcibly turn-
ed about on their axes and rearrange themselves in a manner somewhat
like the diagram in Figure 1l. They form parallel rows with their
"N" and "S" poles lined up end to end.

When this alignment of molecules is brought abtout the energy in each
molecule adds to that of i1ts neighbor with the result that the "N"
poles point in the same general direction toward one end of the bar
and the "8" poles toward the opposite end. Thus, the magnetized
iron has all of the properties of a magnet, that is, it has a north
pole and south pole of its own. We have, then, a condition where
the magnetic energy in the molecules now exerts its influence in the
region outside the bar, setting up strain lines in this region, the
strain lines being called a "magnetic field." As indicated by the
lines and arrowheads the force lines about a magnet leave at the
north pole and reenter the south pole.

The magnetic circuit in the diagram in Figure 11 conslists of air and
iron. The air path is technically known as the "space medium." How-
ever, in practice you will find that a magnetic circult may consist
of air or iron alone, or a combination of both. Magnetic flux encir-
cling a coil when current flows is an example of a complete air path,
whereoas, a ring magnet, such as the one in Figure 3, is an example

of an all-iron path., A ring magnet may be employed where no sxternal
field 1s desired for special uses in certain types of meters and
transformers.
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From the facts stated heretofore the student should readily gresp the
idea that a magnetic force is continuous. However, to make this
point positively clear let us suppose that in Figure 5 there are
100,000,000 lines of force within the bar (we have shown only several
strain lines for simplicity) then we would also have 100,000,000
strain lines acting on the space medium. In other words, for esach
line existing in the bar the space outside is subjected to the strain
of one line for the simple reason that every line is continuous; it
has no peginning or end. Moreover, the space about a magnet opposes
being placed under a strain and, consequently, it exerts a constant
effort to recover its normal state.

It is of utmost importance that the student should think of magnetic
flux acting entirely around a magnetic circuit and not that the
lines start or end at any particular point.

CONDITIONS IN IRON OR STEEL WHEN SATURATED WITH MAGNETISM, The
drawing in Figure 12 shows several rows of perfectly aligned mole-
cules. It is only natural to expect that such straight rows of
molecules, when exactly end to end, will exert the greatest strain
or tension in regions outside the magnet. In practice, however,
molecules do not as a rule form absolutely straight lines but their
rearrangement is more or less imperfect.s In any event the extent

of molecular rearrangement is dependent upon the kind of substance
being magnetized and the strength of the inducing force. Each line
contributes 1ts individual magnetizing force to the total produced
by the magnet. If all of the molecules of an iron or steel bar were
rearranged as perfectly as those shown in Figure 12 then no further
magnetism could be induced in the bar since there 1s nothing more
that could be done to the iron to make it "take on" or "hold" more
magnetisme In this conditlion the iron would be sald to have reached
the "saturation point," known as "magnetic saturation.” Therefore,
its magnetic strength could not be increased beyond this limit re-
gardless of how strong might be the magnetizing force.

EFFECT OF BREAKING A MAGNET INTO SMALLER PIECES. The sketches in Fig-
ure 13 are intended to convey the idea that magnetism is due to a
certain molecular arrangement and, also, that magnetic lines form a
continuous circuit; they cannot be thought of as having any beginning

Figure 13

or end. Accordingly, if a bar magnet is broken into several pieces,
as 1llustrated, each piece becomes a separate magnet with "N" and
"s" poles of its own and with strain lines established in the sur-
rounding space.

WHEN TWO MAGNETIC FORCES ACT SIMULTANEQOUSLY IN THE SAME REGION.
The purpose of showing the weather vane, in Figure 14, is to explain
by a simple comparison with two air currents what would happen if
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two independent magnetic fields, established in the same region,
acted on each other. Supvose we have the force of one air current,
marked A, acting in the direction indicated by the arrows, and a
second air current, marked B, acting from some other direction. If
the two currents meet at a place where a weather vane is erected the
vane will move about and finally come to rest pointing in a direc-
tion different from either of the oncoming air currents. The final
direction assumed by the vane is a resultant effect of the two
forces acting on each other, 8o it i1s with magnetic forces. If two
magnetic flelds are brought together in the same region the fields
will be distorted and the final direction of the magnetic lines, or
the resultant field, will be governed by the angle at which the
fields meet and the relative strength of the forces acting.

RESULTANT DIRECTION OF DIRECTION OF ONE
COMBINED WIND CURRENTS WIND CURRENT
! N

NN
DIRECTION OF A \
- 1

SECOND WIND CURRENT-__ __

Figure 14

HYSTERESIS - MOLECULAR FRICTION. That molecules of iron actually do
move and turn about on their axes when brought into the presence of
a magnetic force can be proven in a practical way. If a magnetic
force acting on an iron bar changes continuously in strength, or
polarity, the iron molecules composing the bar will rearrange their
positions in accordance with the changing force. The molecules, as
they shift slightly back and forth, rub one another and in so doing
they generate heat in the iron. The heat developed in the iron or
steel parts of any electrical apparatus, which is built to function
only when subjected to rapid changes in magnetism, represents one
source of energy loss.

Therefore, if we wholly or partially magnetize and demagnetize a
piece of 1ron steadily for a given length of time, which we can do
by various means, the iron will become warm and under certain condi-
tions it may even become very hot. The heat is said to be due to
molecular friction between the iron particles, and note that all of
this happens despite the fact that we can see nothing of the invigi-
ble forces that are acting. It is obvious that heat is a waste of
energy when it is not desired, or when it 1s not put to some useful
puUrpose.

It 1s more difficult and requires greater magnetic influence to alter
the molecular arrangement of steel than iron, that is to say, steecl
naturally resists being magnetized or demagnetized to a greater ex-
tent than iron. The energy loss that occurs in iron or steel when
sub jected to rapid changes in their molecular arrangements is called
"hysteresis,"
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RELUCTANCE EXPLAINED BY PLACING A BAR OF SOFT IRON BETWEEN TNO STEFEL
MAGNETS, The opposltion which air, or iron, or any material used in
a magnetic circult presents to magnetic flux is called "reluctance."
It will be recalled that in the case of an electrical ecircuit the
opposition to current flow is spoken of as "resistance."

/ BAR MAGNETS

Figure 15 Figure 16

The reluctance of air 1s about a thousand times as great as the re-
luctance of ordinary iron. Because the reluctance of iron and steel
is lower than air explains why lines of force will always taie on
iron or steel path in preference to an air path. Refer to Figures

15 and 16 which show that when a bar of unmagnetized soft iron is
placed between two steel magnets a greater number of lines of force
will be accomodated in the iron and a stronger flux will be set up

in the magnetlic circult than would be the case if we simply had an
air space separating the two steel magnets. The shape of the magnet-~
ic fields of the two magnets are normal when the iron bar 1s removed,
as the drawing in Figure 15 shows. However, when the iron is insert-
ed between the magnets, as in the drawing in Figure 16, their fields
are distorted and the lines seek the path through the lron rather
than through the air.

By moving the three bars closer together shorter air gaps will sep-
arate them and, of course, the reluctance of the complete magnetic
circuit will be lowered accordingly with the result that more lines
of force will be established., This willl increase the attraction ex-
isting between the three bars and make the iron bar a stronger mag-
net. If, on the other hand, the three bars are moved farther apart
the reluctance of the entire magnetic circuit will be inecreased due
to the wider air gaps with the result that less lines will be es-
tablished, and the iron bar will become a weaker magnet.

So long as the iron bar is kept in the presence of the steel magnets
the 1ron will have magnetism induced in it and thercfore will remain
a magnet having "N" and "S" poles of its own. The polarity is due

to the iron molecules being forced into allgnment, a condition simi-
lar to that pictured in Figure 1l. Note for one thing how the mag-
netic circuit in Figure 16 is formed and, also, that there is attrac-

tion between the three bars since their unlike poles are near each
other.

In order to understand the reason for the results dbtained in Fig-
ures 15 and 16 it is only necessary to bear in mind that air offers
an infinite opposition to the setting up of magnetic lines, whereas,
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iron naturally offers an sasier path for lines of force. This is
why iron is attracted to a magnet,

The three factors governing the condition of any magnetic circuit
are, namely: (a) the length of the complete magne tic path or circuit;
(b) the cross-sectional area of the circuit; and (c) the permeability
of the circuit, which varies according to the materials used and the
length of any air gaps or spaces present through which lines of force
must pass.

RETENTIVITY — PERMEABILITY. The term "retentivity" is used to de~
note the power of substances to retain or hold the greater part of
magnetism imparted to them. The term retentivity should not be con-
fused with permeabilitye. The term "permeability" expresses the
guality of a material that permits it to become strongly magnetized,
or, in other words it indicates the ease with which a magnetic sub-
stance can be magnetized irrespective of how long the substance may
retain magnetic properties afterwards.

A piece of hardened steel resists being magnetized, but after mag-
netism is once induced in the steel it will hold or retain this
property for comparatively long periods. It requires a great mag-
netizing force (called coercive force) to completely demagnetize a
steel magnet, that is to say, to return its molecules to such a po-
sition or arrangement that the steel will no longer show magnetic
properties. So we find that molecules of steel are not easlily moved
out of their aligned positions after they once assume a certain ar-
rangement. For this reason, steel is used in the manufacture of
permanent magnets. A permanent magnet should always be handled with
care; if dropped or subjected to shocks, jars, or heat, it is likely
to lose a considerable part of its magnetism due to the breaking uo
of the molecular alignmente.

On the other hand, soft iron 1s used where a temporary magnet is re-
guired because the molecules of this material will arrange and rear-
range themselves with comparative ease when placed in and out of the
influence of an outside magnetic force. It should now be apparent
that soft iron acts as a magnet only at such times as when a magnet-
izing force is present.

DENSITY. It stands to reason that far more parallel rows of mole-
cules can be packed into a given mass of iron when molecules form
exactly straight lines and the lines are very close together as in
Figure 12, than in the case where the molecules are morc or less
haphazard and partly in alignment as in Figure 1l.

The number of lines that can be crowded into a given magnet deter-
mines its magnetic strength; the number of lines per unit area being
known as the densitye. The strain at any voint near a magnet i1s in-
dicated by the density of the lines at that point. It then follows
that a magnetic field of high density possesses great strength and
is capable of doing considerable work while a field of lower density
will be comparatively weaker,

Figure 17 shows how the density of a magnetic field varies With the
distance from the source. The rectangle R is cut by many llneg ol
force whereas the area designated as P 1s seen to have fewer lines

p— V-10 #2



16

traversing its boundaries. The exact relationship between distance
and magnetic field intensity is expressed in the formula,

m
g

where: magnetic field intensity
the strength of the isolated magnetic pole

the distance from the pole

H
m
d
the symbol oC stands for the phrase "varies as."

From this relationship we can see that if 8 lines pass through R only
one fourth of that number or 2 will pass through P or we can say that
the magnetic field intensity varies inversely as the square of the
distance from the pole. This is true providing P is twice as far
from the end of the bar as R.
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Figure 17

The magnetizing force H is the number of gilberts per cm.;a gillbert

being the unit of magnetomotive force . The gilbert is numerically
expressed in the relation,

G = 0.4am NI
where: N = number of turns
I = current in amperes,

and the magnetizing force(H)is this result divided by the length of
the magnetic path(l) or gilberts per centimeter,

or, H = 0.41TNI
{
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The number of lines of force iIn a unit area is called the flux densi-
ty or field intensity. When one line passes through one square centi-
meter the field strength is said to be one gauss.
B:i

S
flux density in gausses

total flux
total area in square centimeters

&Ls Ros!
nwun

The total number of lines or flux in any given area is the product of
the field strength and the area,

Due to the fact that magnetic lines of force are set up in iron much
mors egsily than they are in air,the ratio of the number of lines
that exist in iron to the number existing in air gives us a relation-
ship known as permeability. Thus, if a single line passes through
one square inch of air and one hundred lines pass through the same
area of iron the iron is sald to have a permeability of 100 divided
by 1, or 100.

Figure 18 shows a number of lines of force passing through a unit
area of air space; in this case 1 inch.

\

Figure 18

The ratio of the flux density(B) to the magnetizing force (H) likewise
represents magnetic permeability (u)

=B
T H
where: B = flux density in gausses
H = magnetizing force in gilberts per centimeter

If iron takes the place of air as a medium for magnetic lines of
force the flux density B is increased. All kinds of 1ron, however,
do not have the same flux density. Various specimens of iron and
steel have been tested for use in magnetic circults as well as for
use in electrical machinery, and it has been found that the flux
density or number of gausses set up by different magnetizing forces
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vary greatly. In order to show the relationship between the magnet-
izing force, (H}, and the resultant flux (B), curves are plotted for
all types of iron and steel. These curves are known as magnetization—
saturation, or more commonly as B-H curves. o

Figure 19 is a set of standard curves for several diffsrent materials
used for magnetizing purposes. They represent the average for mate-
rials used by large commercial organizations.
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Figure 19

Now that we understand that permeability is the ability of a materi-
al to conduct magnetic lines of force we can expect that a unit rep-
resenting the ability of a substance to oppose magnetic flux will be
useful, The resistance to magnetic lines of force is called raluc-
tance®, the unit of which is known as the oersted. The difficulty
with which a substance is magnetized is called its reluctivity and,
as has been explained,reluctance is inversely proportional to per-
meability. This is the same as saying that if the permeability in-
creases the reluctance decreases proportionally and if the reluctance
is 1ncreased the permeability is decreased a corresponding amount,

L
Ro=us

whers: [ = length of magnetic circuit in centimeters
M = permeability
S = cross section area in centimeters

RESIDUAL MAGNETISM. If an iron mass, after being subjected to a mag-
netizing influence, is removed from the exciting force and the iron
then holds a perceptible amount of magnetism, the remaining magnetism
i1s knowvn as "residual magnetism." It simply means that the moleculss
do not all move back in the original positions they occupied vefore
magnetization took place, but a certain number remain permanently
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fixed in more or less irregular lines which produces a weak magnetism,
"Remanance" is a term used when comparing the total number of lines

of force of residual magnetism remaining in different kinds of iron
and steel after the removal of the magnetizing force.

MAGWETIC SHIELD -~ ATR AND SPACE MEDIUM. We do not really consider
air as the space medium in which magnetic lines are established around
a magnet although the term air is frequently used to denote this
region. Just what the medium is has never been ascertained, but it is
known that it is something other than air. For instance, suppose we
exhaust the air from a sealed glass chamber and suppose a compass oc=-
cupies a position in the very center of the vacuous space. It would
be found that if a steel magnet was brought near the chamber the mag-
netic lines emanating from the magnet would penetrate through both

the glass wall and the vacuum and cause the compass needle to deflect.

It is interesting to note from this test that neither glass nor a
vacuum will act as a shield to block magnetisme Iron is used in prac-
tically all cases where a magnetic shield is desired. The principle
of an iron shield is as follows: Magnetic lines from some source
will not pass directly through and out on the opposite side of an
iron shield, but rather the force of the lines act on the iron mole-
cules tending to rearrange them and make the shield itself a magnet.
What happens is this: the shield takes up the magnetism and in this
way shunts the magnetic forces around the region which is to be pro-
tected or isolated from magnetic effects. Thus, when a shield is em-
ployed, magnetic lines cannot spread outward indefinitely into space,
as the lines naturally would do otherwise. The principle explained
here is one of magnetic induction, and it holds true in the case of
any megnetic force acting on iron which tends to make the iron a mag-
net,.

In a future lesson you will study a type of magnetism known as elec~
tromagnetism which produces effects similar to those studied in

this lesson. lany electrical devices are operated on electro-magnet=-
ic principles and many depend on ordinary magnets for their action.
Perhaps you are familiar with the difference between the two forces
or perhaps you have learned the difference from the foregoing sen-
tences. An ordinary magnet retains its magnetism at all times where-
as an electromagnet is magnetic only in the presence of a current
flow.

COMMERCIAL APPLICATIONS. Pigure 20 shows various stages in the opera-
tion of a magnetic pickup device which i1s used to change the mechani-
cal vibrations of a phonograph needle into electrical impulses, which
can be increased by the amplifiers of a radio receiver or sound pic-
ture machine. This pickup oontains a permanent magnet of the horse-
shoe type betwecn the poles of which a light coll of wire is suspend-~
ed. The needle is permanently connected to this coil and the wires

of the coil are connected to the amplifier.

The coil of wire is located midway between the W and S poles of the
permanent magnet as is shown in the illustration. The arrows indicate
the path of the flux from the N to the S pole. If the coil moves
through this flux due to mechanical vibration from the needle the flux
will be affected or will be cut by the coll or conductor. When we
study the subject of electromagnetism we wlll learn how, this action
produces an electrical current,
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Permanent magnets are employed in a similar role in the magnetic type
of loudspeaker and in ear phones or receivers. Instead of producing
or generating a current, however, as does the pickup these sound
producing devices receive electrical energy and change it to mechani-
cal motion, which is the reverse action. The principle, however, 1s

similar.

AUBBER
_-DAMPING
BLOCK

/ N\ PERMANENT

/-\ MAGNET "~ ~

L/ TAPPED HOLE
> A ~ FOR NEEOLE
ARMATURE”  NEEDLE HOLE SET SCREW

(a) (b) (c)

-Operation of the magnetic picknup
Figure 20

Figure 21 illustrates a common type of magnetic speaker used whenever
a medium amount o sound 1s desired such as is in the home or in

the sound projection room of a theatre. When greater volume of sound
is required a dynamic type of speaker must be employed. The magnetic

CONNECTS
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Figure 21

speaker contains a large permanent magnet and a coil of wire is locat-
ed between 1ts poles as shown. The arrows indicate the path of the

magnetic flux.
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The various parts which comprise a magnetic speaker are shown in Fig-
gure 22. The student should recognize that the main component parts
are the permanent magnet and the coil or winding previously described.

'\

{

)

-

Filgure 22

INCLINATION AND DECLINATICN. The following terms do not have a direct
bearing on our study of radio or sound pictures although many students
will find them interesting and useful as magnetic disturbances often
affect radio communication and navigation.

We mentioned in the first part of this, lesson that a magnetic compass
points towards the magnetic poles and that these poles do not coincide
with the geographical poles of the earth. The angular deviation of
the magnetic compass from the geographical north pole is called the
angle of declination, or just declination. The first notice of this
discrepancy of alignment between the magnetic and geographical north
poles is accredited to Columbus who was unable to account for the
phenomenone.

Lines connecting points on a map having the same declination are
known as isogonic lines. The lines are very irregular due to magnet-
ic deposits in the earth. A line connecting the geographical and
magnetic north poles and running through Chicago is known as the line
of zero declination as compasses located on this line point toward
the true north. In northeastern Maine compasses point 20 degrees
west of true north whereas in the state of Washington they point
about 25 degrees east of north.

If a magnetic needle 1s balanced freely by means of a thread or pivot
it will not lie parallel to the earth's surface but will dip towards
the magnetic pole nearest to it. The angle of inclination, or dip
varies from zero at the equator to a vertical position or 90 degree
dip at the magnetic poles.

Navigators of both aeroplanes and ships must take these variations of
the magnetic compass into consideration. A sensitive compass needle
often swings back and forth three degrees on either side of 1ts normal
position when affected by a magnetic storm. Although the cause of
such storms is unknown they are often accompanied by sun spots and
auroral displays. Telegraph and telephone lines are inoperative dur-
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ing magnetic disturbances and radio signals become weak or fade out
entirelye.

The magnetic condition of the earth is continually undergoing changes.
At the present time both the inclination and the declination are slow-
ly increasing in the United States. Slow changes such as these are
known as secular changes. That these changes have been going on for
many centuries 1s evident from the fact that coal deposits are found
in the extreme northern parts of the earth where no vegetation now
grows. As coal 1s formed by tropical or semi-tropical vegetation the
northern or arctic region of the earth must have been located in an
entirely different position with respect to the sun than the present
one. Suéh a change of the earth's position would no doubt shift the
magnetic as well as the geographical poles.

SERIES AND PARALLEL MAGNETIC CIRCUITS.

Series Arrangement.

We shall see the advantage of connecting magnetic materials in seriles
or in parallel with each other when we study electromagnetism, es-
peclially in connection with motors and generators. These machilnes
have large magnetic cores composed of pieces of iron made in various
shapes and sizes. The reluctance or opposition to lines of force of-
fered by magnetic materials whether connected in series or in parallel
depends on the length, the permesability, and the cross sectional aresa.
This was expressed in the general formula for reluctance, namely,

. L
R =zs

The total reluctance offered by a series connection of magnetic cir-
cuits is equal to the sum of the individual reluctances, or

R= Ry + Ro + Rz +-----~ etc.

In the explanation dealing with electrical circuits resistance offer-
ed to the flow of current in an electrical circuit is handled in a
similar manner.

Let us work out a typlcal problem in series magnetic circuits. Sup-
pose we have a magnetic circult composed of two pleces of iron with
permeabilities and dimensions as given below and we wish to find the
total reluctance of this magnetic circuit. If we compute the reluc-
tance of each piece of iron and add tre two values together the re-
sult is the desired total reluctance, or total opposition to the mag-
netic flux.

The first piece 1s 12 centimeters long, 5 square centimeters in area,
and has a permeability of 400. The total reluctance is:

R =,¢TZS‘ =%_m = 0.006 oersteds.

The second piece 1s 30 centimeters long, 8 centimeters in area and
has a permeability of 1000. Agalin we substitute and

vl =,1¢l—s =%§ = 0.0037 oersteds.

v-10 #2
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The total reluctance equals the sum of the two reluctances, or

0.006 + 0.0037 = 0.0097 oersteds.

Parallel Arrangement.

VWVhen it is desired to find the total reluctance of several magnetic
circuits placed in parallel or in shunt we employ the following re-
lation:

R. = 1

I+1 1 4 === etc.
(R‘l (Rg Rz
For example, suppose we have an iron ring with a circumference of 100
centimeters, a oross sectional area of 10 square centimeters, and a
permeability of 180. %Yow if a ring of the same dimensions but of dif-

ferent material, and having a permeability of 90, is placed alongside
the first ring the total reluctence is computed as follows:

Reluctance of first ring:
'7<4=}%§-= T%%giﬁ =—%§ or 0.05565 oersteds
Reluctance of second ring:

SQL =7£§ =-§%g%6-=—%-or 0.1111 oersteds

The total reluctance of the two rings connected in shunt, or parallel
i1s computed as follows:

Al - 1 or 0,037 ocersteds.

.1 1 .
R'L 1 " 1T, 1189 27
R P s
1 9

Using the decimal equivalents instead of fractions we arrive at the
same resulte.

- = = = = 0.037 ted
T 1 1 > 1 3 3 0 oersteds,

X, S 1 i} 1 ._1 _o0.111
"1
TR 0.056 T 0.111 O.111 ' 0.111 0.111

The above worked out problems are similar to those given in the
examination questions.
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PRACTICAL APPLICATIONS OF MAGNETS.

The photograph in Figure 23 shows the most recent type of dynamie

loudspeaker which uses a large magnet to supply the permanent field
in which the voice coil of the speaker is located. The mechanical
design is clearly shown in this rear view photograph. The magnet

Figure 23

structure is formed from a high grade magnet steel or chromium steel
which affords practically indefinite life or permanent magnetic
strength unless the magnet is mistreated, such as by the application
of demagnetizing fields, by severe mechanical shocks, by undue

nr
~NTeg
wan
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heating, or by improper contact with other magnetic materials. The
yoke consists of two horseshoe type magnets which support all re-
maining portions of the assembly. One pole piece is formed from a
s0lid cylindrical unit extending forward within a circular hole in
the head or second pole piece to which both sections of the cone

Figure 24

support are rivited. All joints between the various pole piece
units and the magnet faces are electrically welded. This construc-
tion provides an annular air-gap in assembly within which the cone
coil is suspended, the cone support being of non-magnetic material.
In brief the action of the loudspeaker depends upon the magnetic
lines set up around the cone coil when voice currents flow through
it reacting on the magnetic lines of the permanent magnet. This
reaction between the two magnetic fields causes the cone to move
since the coil is mounted on the apex of the cone. The main feature
in utilizing the permanent magnet for a dynamic type loudspeaker is
for applications wherein either insufficient or no field supply
power is available. The sound radiating surface is a paper cone
which is corrugated to improve the reproduction.

There are many useful applications of a permanent magnet to be found

in the electrical field such as in meters of various descriptions,
in telephone receivers or headsets as they are often called, in

v-10 #2
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devices used in connection with the visual indicating method employed
in the reception of airplane beacon signals, 1in the pickup units

used with self recording apparatus, and in the sound-on-disc system
employed in sound picture equipment and so on.

Figure 25

Among the widely varied applications of a permanent magnet are the
;nstrument relays designed for complex automatic testing devices
incorporating vacuum tubes and photoelectric cells. The Jewell

relay in Figure 26-A shows the horseshoe magnet, the moving coil and
the contacts.

Figure 26-A Figure 26-B

The permanent magnets used in direct-current instruments are of
conventional shape as shown by the horseshoe magnet in Figure 26-B
which is used in the d-c¢ movement of a Jewell instrument. These
magnets are designed to have the proper ratio of length to cross
section in terms of the required flux and length of air gap and are
forged from alloy magnet steel and heat treated.
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In Figure 27 you see a pickup unit about to be placed in the start-
ing position on a record while the sketch in Figure 28 1llustrates

Figure 27

the component parts and of particular interest at this time in our
study of magnetism are the pole pieces and the magnet.

COVER SCREWS. NEEDLE SCREW

POLE PIECE

RUBBER DAMPING CAMBRIC
BLOCK AND SPACER

MOUNTING coi ﬂ'\; .
PI.ATE W g
MAGNET

CLAMPING
PLATE

RUBBER
PIVOT-
CUSHION

ARMATURE

SET SCREW

HOUSING \
SWIVEL ARM\\ g
K
4
—

SWIVEL ARM

LOCKING PIN CONTACT PLUG

Figure 28

When the unit is assembled the pole pieces act as extentions to the
poles of the magnet and hence, they carry the flux to the air gap in
which the coil and armature are located.
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EXAMINATION QUESTIONS

What would be the best material to use in the construction of:
(a) A permanent magnet? Explain why this is true.
(b) A temporary magnet? Why?

Name and illustrate three types of permanent magnets.

Why must great care be taken in the handling of a permanent mag-
net?

A steel magnet bar is broken into small pieces. What is charscten
istic of each particle?

What form does the magnetic spectrum of s horseshoe magnet assume?
Illustrate by means of a diagram.

In your own words make clear the meanings of the following terms.
a) Reluctance, (b) Retentivity, (c) Permeability, (d) Magnetic
saturation, (e$ Hysteresis, (f§ Resldual magnetism.

Give an explanation of the laws of attraction and repulsion. How
would you undertake to give a simple demonstration of these laws,
to someone?

Answer briefly but clearly:

a) What 1s a magnetic field?

b) What is meant when one speaks of "density?"
¢) What is induced magnetism?

d) What is meant by magnetic flux?

o~ o —

What are a few of the characteristics of "lines of force?"

What 1s the arrangement of molecules in an iron or steel bar
(a) When magnetized? (b) When demagnetized? (c) When magnetical-
ly saturated?

An 1iron bar 10 centimeters long, 5 square centimeters in cross
section, and having a permeability of 100, is connected in
series with another iron bar of the same dimensions but having
a permeability of 80. A third piece of iron which is 4 square
centimeters in area and 20 centimeters long is clamped along-
side of the first two pieces so that the ends meet., If the
third iron bar has a permeability of 100 what is the total re-
luctance of the three bars?

)

V-10 g2 o



THE |RON FILINGS ARRANGE THEMSELVES INTO CURVED
LINES BETWEEN THE UNLIKE POLES OF MAGNETS
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IRON FILINGS INDICATE ATTRACTION AND REPULSION OF
VARIOUS COMBINATIONS OF BAR MAGNETS
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ELECTROMAGNETISM — ELECTROMAGNETIC INDUCTION

A FLOW OF CURRENT PRODUCES MAGNETIC EFFECTS. With the invention of
the magnetic compass man made use of & natural force about which he
knew little. Since that time, however, steady progress has been
made in finding practical uses for magnetic properties. Although
the exact nature of magnetism and the medium through which it acts
is still unknown we are able to produce magnetism and control its
forces as this lesson will explain. From a study of the subject of
"magnetism" one learns about the inherent properties of magnets and
their effects. The same fundamental laws and characteristics govern-
ing magnetic lines of force of a permanent magnet are applied to all
cases where electromagnetic lines of force are set up by a movement
of electric current.

MAGNETIC EFFECTS ARE ALWAYS SET UP IN THE SPACE MEDIUM SURROUNDING
A FLOW OF CURRENT. A stream of negative electrons moving from one
place to another through any path which acts as a conducting medium
1s considered to be a flow of current. This is in accordance with
the "Electron Theory." Therefore, a movement of electrons or cur-
rent flow through a conductor (for example a wire) sets up in the
region about that conductor electromagnetic lines of force which are
in the form of a magnetic whirl beginning at the center of the wire
and extending an infinite distance outward into space.

A review of the terms by which magnetic units are known and the ori-
gin of these terms are presented in the following paragraphs. You
willl notice from the explanations that magnetic units are named aft-
er some of the earlier investigators of electricity and magnetism.
Two of these terms, the "Oersted" and the "Maxwell," have not as yet
been officially recognized by scientific societies.

The MAXWELL, named after James Clerk Maxwell, a Scotch physicist, who
expounded a mathematical theory of the existence of electromagnetic
waves in the spectrum, is the unit of magnetic flux and represents
the number of lines of force passing through each square centimeter
of a field of unit density.

The total number of magnetic lines of force or flux in any given
area 1is represented by ¢, or Phi, a letter taken from the Greek
alphabet and pronounced”fe’ as in feet,or"ri"as in fine.

RN TE
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The OERSTED, named for Hans Christian Oersted, a Danish scientist,
is the unit of magnetic resistance and is defined as the reluctance
offered by a cubic centimeter of vacuum.

length in centimeters
permeability x cross section in square cm.

Reluctance =

The GILBERT, named after the English physicist, William Gilbert, 1s
the unit of magnetomotive force or magnetic pressure. One ampere-
turn produces 1.2566 units of magnetic pressure (O.41r)e One unit

Aivided by 1.2566 ampere-turns = .7958 ampere-turn, or one Gilbert.

Magnetic pressure = 1.2566 x turns x amperes, or

F(m.m.f.)=1.2566x NxI

The GAUSS, named after Karl Friedrich Gauss, a German mathematician,
is the unit of magnetic field strength, and is equal to one line of
force per square centimeter. It represents the intensity of a field
which acts on a unit pole with a force of one dyne.

In electricity Ohm'!s law states that the

Electromotive Force

GIROS Resistance

.
,or I R.

Expressed in electrical units:

Amperes =-%%%§§

With electromagnetism we have a relation of quantities similar to
Ohm's law. This relation between magnetomotive force, magnetic flux,
and reluctance is expressed as follows:

- Magnetomotive Force . F

Magnetic Flux Reluotanss

In magnetic terms it 1is expressed as follows:

—~ Gilberts
Maxwells Oersteds

The magnetic field, or whirl, can be detected easily by means of a
magnetic compass, or with the aid of iron filings, as shown by the
experiment in Figure 1. It shows that a wire of suitable length
(either insulated or bare wire) is thrust vertically through the
center of a sheet of cardboard upon which is sprinkled a thin uni-
form layer of soft iron filings. The opposite ends of the wire are
connected respectively to the positive (+) and negative (—) termin-
als of a dry cell which furnishes the electromotive force necessary
to send current through the wire. The direction of current flow is
indicated by arrows. With current flowing the cardboard is tapped
lightly which causes the fillings to move and arrange themselves in
concentric circles, each circle being a line of force. Of course,
the filings cannot clearly map out all of the lines because of their
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vast numbers. An important fact to be remembered i1s that the lines
of force exert their effort in a certain direction around the wire
and at right angles to it.

* IRON FILINGS
SHOW MAGNETIC

EFFECT AROUND
T~ A STRAIGHT WIRE

Figure 1

Our experiment offers a convenient means for indirectliy observing
how the passage of current through a wire sets up magnetic effects.
Although these whirls of magnetic lines exist along the entire
length of the wire circuit %whenever current flows) we are only
visuallzing them at one location on the wire, i.e., at the point
where our cardboard is placed. To prove that the magnetism exists
all along the wire move the cardboard up and down at the same time
observing the behavior of the filings. The total number of lines
encircling the wire is an indication of the magnetic field strength,
or density, and in this case 1s chiefly dependent upon the number
of amperes of current flowing. A current of low value will produce
a comparatively weak field, whereas, a current of larger value will
produce a relatively stronger field. The magnetic lines (or fiux)
around the wire have precissly every quality possessed by lines ex-
isting about a steel magnet. The lines act upon the space medium

about the wire to place it under a strain as any magnetic flux
would do.

EFFECT AROUND
ONE TURN OF WIRE

Figure 2

THE MAGNETIC EFFECT ABOUT A "LOOP" OF WIRE WHEN CURRENT FLOWS. Now
let us bend the straight wire in Figure 1 into a loop as in Figure
2. 1%t 1s seen that the magnetic lines are present but that by form-
ing a loop we have obtained a condition where the direction of the
lines are all upward inside the loop and all downward outside the
loop. Stating this in a different way we could say that all of the
lines set up by the current emerge from one end of the loop, sur-
round the loop and re-enter at the opposite end, with the result

s V-10 #3
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that a continuous magnetic flux encircles the single turn of wirs.
Figure 3 shows the magnetic flux set up by current flowing through

a coil. The magnetic whirl around each turn is similar to the sin-
gle turn in Figure 2, but by the coll arrangement the lines around
one turn combine with those of an adjacent turn, and so on, through-
out the length of the coil. This results in the lines assuming a
similar direction around the coll and through the core, that is they
emerge at one end and after continuing around the coll re-enter at
the opposite end. Thus, a coil can be made to produce strong mag-
netic effects because the lines set up by sach of its turns add up
collectively.

You now see from the drawing in Figure 3 that a coil through which
current is flowing 1s similar to a steel magnet in§o£ar as"eﬁch pro-
duces a magnetic flux and, consequently, each has "N" and "S" poles
at 1ts opposite ends. Since magnetic lines of force have similar
characteristics, regardless of how they are produced, then any ef-
fects or work which a bar or other type magnet is capable of doing
could likewise be done by any sultable coll of wire when current
flows through i1ts turns. The following important facts concerning
a current-carrying coill should be remembered: (13 Whe cuﬁrgnt pro-
duces a magnetic flux; (2) the coill has definite "N" and "S" poles;
(3) the end of the coil from which the lines of force leaxe"is the
"N" pole and the opposite end where they re-enter is the "S" pole.

MAGNETIC LINES SET UP BY TTTeL Y
CURRENT FLOW 1N A COIL

Figure 3

RELATION BETWEEN DIRECTION OF CURRENT FLOW AND MAGNETIC LINES AROUND
A WIRE. The relation between the direction of current flow through
a straight wire and the direction of the lines as they encircle it
at right angles can be easily understood by the student after exam-

ining the diagram in Figure 4 and applying the following right-hand
thumb ruls:

FIXST RIGHT-HAND THUMB RULE: If a conductor is grasped with the
right hand, with the thumb pointing in the direction of the cur-
rent flow the fingers will encircle the wire in a direction sim-
ilar to that taken by the lines of force. In other words, the
fingers coincide with the direction of tension which the lines
set up in space.

By placing a compass first above and then below a wire when current
1s flowing the direction of the force lines can be determined since
they exist entirely around the wire in concentric circles. We have
shown in Figure 4 how the compass needle points in a certain direc-
tion when 1t occuples a position over the wire, but, when under the
wire, the needle points in the opposite direction. If we were to

V-10 #3
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reverse the connections at the dry cell and cause current to flow

through the wire in an opposite direction to that shown by the ar-
rows the compass needle would indicate this change since it would
point in directions just the contrary to those indicated for posi-
tions above and below the wire during the original connection.

COMPASS PLACED

COMPASS PLACED
OVER WIRE

UNDER WIRE

- v
— T
Fo
.y . .
MAGNETIC FIELD” ‘. DIRECTION OF
ABOUT WIRE

CURRENT FLOW

Figure 4

The drawings in Figures 5 and 6 are almost self-explanatory. Figure
5 shows the end view of a wire with the current flowing through it
in a direction away from the reader (

indicated by a cross) and the
lines of force are in a clockwise direction about the wire. Figure

6 shows the same wire with the current reversed and flowing toward
the reader (indicated by a heavy dot) and the lines are in a counter-
clockwise direction about the wire. Figure 3 i1llustrates a coil

with a cut-away section permitting you to readily visualize the mag-

netic effects around each turn and the total flux in and around a
coil when current flows,

DIRECTION OF
745 CURRENT
0 PN
A CURRENT:{»
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Sl ARE CLOCKWISE SIANK ARE COUNTER CLOCK- ' =Y, 4
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Figure 5 Figure 6

The attraction between the magnetic fields set by two parallel
wires when the current flows through each one in the same direction
is shown in Figure 7. The repulsion between two such fields when

current flows in each wire in opposite directions is shown in Fig-
ure 8.

RELATION BETWEEN DIRECTION OF CURRENT FLOW AND POLARITY OF A COIL.
The purpose of Figure 9 is to demonstrate how you could find the "N"
and "S" poles of a coll providing you knew the direction of the cur-
rent flow. This could be stated otherwise by saying that if you
knew the polarity of a coil you could find the direction in which
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the current passes through its turns. The polarity is determined

by applying what is popularly known as the second right-hand thumb
rule, as follows:

SECOND RIGHT-HAND THUMB RULE: TO DETERMINE POLARITY OF A CURRENT-
CARRYING COIL. Grasp the coil with the right hand, place the
fingers parallel with the turns, point them in the direction of
the current flow and the thumb will point toward the "N" pole of

the coil.
e T e 3
s —"ﬂ\ Frs == /_——
o = SN rIr B
/ //// PR ~a e \\\\ AN
ST IIEN TR \
ey ‘ Z 2 R\ N
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W - \\ =L /’// /
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\ N \\\‘.\_:;/// % /
: T T T T T = /
~ T e N ___,//’ /
N ~ B T -7
o T~a - o R ~—ee .
~— _ .4 ATTRACTION ~~— - =<
Pigure 7

SOLENOID - HELIX. If a coil consists of but a few turns of wire it
is usually called a helix (meaning spiral shaped) but a coil wound
with a considerable number of turns is more often called a solenoid.
In ordinary conversation coils are frequently referred to as "wind-
ings.

-7 -~ - ‘/’—_‘\\\
,/,(/:;—’--“;??:\\ s .,’_-‘:\ \\\\\\
A RN AN

i1l ‘\“\\\\‘\,\' 7N N

Figure 8

ATIR CORE AND IRON CORE. When the inside of any coil consists mere-
1y of an air space the coil is said to have an air core, like the
one in Figure 9. But, if we insert a bar of soft iron into the
coil to fill the air space, as in Figure 10, the coll is then said

to have an iron core and the whole unit is given the name "electro-
magnet."

ELECTROMAGNET. When current flows through the windings of an elec-
tromagnet the iron used in the core becomes magnetized by induction

v-10 #3 et
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the same as would any mass of iron if brought into the presence of

a magnetizing force. When the iron molecules are arranged in paral-
lel rows the iron core itself sets up its own force lines and the
latter are added to the lines established by the current in the
coll. Thus, in any electromagnet the magnetic field strength is

the sum of the lines set up by the iron core and those set up by

the coil. By employing an iron core, as in figure 10, the magnetic
flux set up around a particular coil by a certain current is multil-
plied many times over that of a similar coil with an air core.

Figure 9

When iron is used and the iron protrudes beyond the ends of the coil
it will be noticed that most of the lines pass entirely through the
iron before they emerge and act upon the surrounding space medium.
However, in the case of a coil with an air core the lines begin to
spread out into space at the opposite ends of the coil itself, or

where the turns end. This is due to the fact that iron has a higher
permeability than air. See Figures 9 and 10.

N

TN -

/
DIRECTION OF /
CURRENT FLOW
THROUGH THE

Figure 10

An example of how powerful an electromagnet can be made is given in
the drawing in Figure 11 showing a modern 1lifting magnet moving
large pieces of iron. The large pleces of iron are lifted by means
of the strong magnetism prcduced when a very high current, perhaps
50 amperes or more, flows through coils consisting of a few thousand
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turns. A magnet of this kind often weighs over 5000 lbs. 1tself,
has over 100,000 ampere-turns, and is capable of 1lifting iron pleces
welghing thousands of pounds. By discontinuing the current in the
coils the magnetism disappears due to the magnetic field.collapsing
inwardly to the center of each turn of wire making up the coil.

Figure 11

The fader relay in Figures 12-4 and 12-B is another example of how the
properties of an electromagrnet are utilized to actuate an iron arma-
ture which moves the contact arms that switch the connections of the

Ux-112a VOLUME UX 250
RADIOTRONS CONTROL RADIOTRONS
\»

= - T

=,

AMPLIFIER

UNIT e - ' Sl -.i::?':_'iﬁ"u v =

FADER ——— @
RELAY

FILTER

UNT ;

INDICATOR LAMPS “C™ BATTERIES COMDE"‘SQTOR

Figure 12-a

amplifier from one motion picture projector to the other, when
the "changeover" switch 1s thrown. Figure 12-A shows the
location of the fader relay in the amplifier housing of equipment
for use in small theatres. Figure 12-B shows the wiring details

V-lo #5 PunTEG

var



of' the relay.
ing produces a

greatly concentrated due to the so

electromagnet.

9

In operation current flowing through the magnet wind-
magnetic field, the lines of force of which are
ft iron core, thus forming an

The magnetism attracts the armature,

pulling it to=-

ward the magnet and by pivot action disengages the tw
arms from the output connections of one projector whi

PIVOT—» &\ A~ ARMATURE
!

o long contact
ch were shorted

INPUT TO ) RELAY / PROJ. A
AMPLIFIER TG WXMAGNET { FADER
[ CONTACT ¥ ™\ J mwm PRicH
ARMS A

o PROJ. B
PROJECTOR A FADER
ouTPUT PILOT LAMP A SWITCH

©- -

COMMON 1 J I

] J ~ 12 VOLT SUPPLY
. —
PROJECTOR B OUTPYT PILOT LaMP B
Figure 12-p

and moves them with the result that the connection
Jector are shorted. It is lmown as the short
fader relay. Keep in mind that the strength
any current carrying coil depends mainly upon

VOICE COIL
TERMINAL

FIELD
PLUG

FELT
WASHERS

LOCK
WASHER

e
CORRUGATED CONE
AN «:
OUTSIDE POLE l i
| i
VOICE COIL aali
AEROPLANE CLOTH CENTEH\Wf'

CENTERING SCREW !'l”

CENTER POLE/’—H-”—
|
/
AIR GAP—

CONE —-~~

MDTION OF
CONE

CENTERING

AEROPLANE
CLOTH CENT
(FLEXIBLE)

[

LEATHE® RWG‘\W '
il

\ \ +4MA

\ )
\FIELD FIELD

WINDING HOUSING

COPPER
WASHERS

CARDBOARD

\
CONE SUPPORT
( WASHERS

FLANGE)

Figure 13

VOICE COIL WIRES‘
\

SCREW ~-~77

s to the other pro-
-circuiting type of a

of an electromagnet or
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GNETIC LINES OF FORCE

Another illustration of the use of an electromegnet is given in Fig-

ure 13, A and B,which is that of an electrodyna
the magnet or center pole is energized b
current from a direct current source.
pels the voice coil,
cause of the alternating sound currents
coil from the output of the amplifier.
rents are converted into
music.

nTey
e

mic speaker.
J & field winding receiving
The magnet attracts and re-

which is located at the neck of th

Here

€ cone, be-

flowing through the voice
In this manner the sound cur-
physical vibrations producing speech or
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MEANING OF "AMPERE-TURNS." The magnetizing effect of a solenoid,
or the number of lines of force produced by a given solenoid; are
expressions which mean practically the same thing. The number of
lines depend mainly upon two factors, namely: (1) the value of the
current in amperes flowing through a winding and (2) the number of
turns of wire comprising a winding. Hence, the term "ampere-turns"
represents the product of the number of turns of wire on a coil and
the number of amperes flowing in each turn. We can set down this
relation for ampere-turns in a formula, thus:

AMPERE-TURNS = NUMBER OF TURNS x AMPERES

According to this formula a current of 0.2 amperes flowing through

a coil consisting of 500 turns will produce exactly the same amount
of magnetic strength as will a current of 20 amperes flowing through
a similarly formed coil but which has only 5 turns. In both cases
we have 100 ampere turns.

MAGNETOMOTIVE FORCE. (Abbreviated m.m.f.) This is the name given to
The unseen force which is fundamentally the cause of setting up the
megnetic flux in a magnetic circult. It is essentially the same as
electromotive force, meaning it is magnetic pressure. This force is
an indispensable requirement for the establishment of magnetism 1n
just the identical way that electromotive force is required before
current will flow in an electric circuit. There is a definite re-
lation between flux and magnetomotive force. For example, when iron
is magnetized, demagnetized, and magnetized to an opposite polarity
as 1s the case when alternating current flows through the magnet
winding, part of the energy necessary to arrange the molecules in a
poler alignment is converted into heat, due to friction between the
molecules. The movement of the molecules either when magnetizing or
demagnetizing, however, lags behind the magnetizing force. This lag
of molecular arrangement is known as "hysteresis." In other words
hysteresis is that property of the iron which helps the iron to main-
tain the magnetism it has acquired. The energy used in demagnetiz-
ing the iron to a zero point before it can be magnetized in the op-
posite direction to the other polarity is known as "hysteresis
losses.

To exemplify this fact Figure 14 is given shcwing a hysteresis loop.
Whenever iron is magnetized to the point of saturation, or a little
beyond this point the magnetization curve flattens out as will be
observed from the line 0XA. If we remove this magnetizing force H
the flux density does not follow the identical line it did during
magnetization which marked its rise, but takes a different course as
indicated by the line ALMP. Upon examination it will be noted that
at point M the force H is zero but the flux density B is 10,000
gausses, represented in the ordinate from O to M. This value is
termed the "remanence". To remove this remanence from the iron we
are compelled to apply a magnetizing force H in the opposite direc-
tion of 9 gilberts per centimeter, represented by the line OP termed
the "coercive force." By increasing the magnetizing force, minus H,
(-1), a flux density, minus B, (-B), will be produced in the opposite
direction. The magnetization curve of this operation is shown as
line OC indicating a negative value at C equal in amplitude to A
which is positive, (+). Going through the process of again diminish-
ing the force minus H it will be noted from the course taken by curve
CNA, that at N the density minus B, is 10,000 gausses and the force
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minus H is zero. 1In order to remove the remanence from the iron a
coercive force Z must be applied in the positive direction which if
continued will bring the curve up again to A. This cycle of events
in the magnetization of iron is known as the "hysteresis loop."

40,000 -
30,000 =
| 7
20,000 ////
x
© 10,000 M /
w
3
o
3 7/
e -10,000 // =
-20,000 ///,
-30,000 .
C
-40,000
-80 -60 -40 -20 0 20 40 60 80
H citBerTs rER CM.
Figure 14
S UMN .. The important facts to be remembered rrom the subject of

"Electromagnetism," besides the two "right-hand thumb rules," are
as follows:

(1) A magnetic field is always established in the region around a
wire carrying a current of electricity.

(2) when current passes through a coil of wire each turn produces
lines of force which extend outward into space and combine
with the lines of neichboring turns to set up a magnetic flux
encircling the entire coil. This effect is clearly shown in
Figures 3 and 7.

(3) A coil carrying current exhibits "N" and "s" poles at its op-
posite ends, since a magnetic field is established in the sur-
rounding space.

(4) Both a bar magnet and a coil through which current is passing
produce similar magnetic effects.

LELECTROMAGNETIC INDUCTION

ELECTROMOTIVE FORCE AND CURRENT INDUCED IN WIRES BY LINES OF MAGNET-
IC FORCE. We learned in the earilier part of this lesson that an
electric current moving through a wire, or any conductor, sets up a
magnetic field surrounding the wire and, also, the lines of force
comprising the field reach cut a considerable distance into space.
The extent or magnitude (called density) of the field about a cur-
rent carrying wire depends mainly upon the strength of the current
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for which the lines are responsible and, also, upon the material of
the magnetic circuit, i.e., whether i1t be all air or partly iron.
Other facts brought out were that if s conductor is wound in the
form of a coil (helix or solenoid) it produces a magnetic field
similar to that of a permanent bar magnet when current passes
through the turns of the coil and that the coll will exhibit north
and south poles at its opposite ends according to the direction of
the current in the turns. We will repeatedly make use of these
facts throughout our present discussion. However, we must now be-
come familiar with principles which are the converse of the above
statements, that is, magnetic lines of force are capable of produc-
ing a movement of electric current in conductors under certain
conditions.

It was Michael Faraday who made this discovery in 1831 which 1is one
of the most important in the entire electrical science because,from
the application of these principles have sprung many forms of radlo,
sound picture equipment and power apparatus, such as generators
transformers and so on. He noticed during one of his experiments
that when a conductor was moved through a magnetic field in such a
way that it cut across the lines of force an electrical pressure
(eemsefe) would be set up along the conductor, that is, induced in the
conductor. That an e.m.f. or electric charge was made available was
proved by attaching the conductor to the gold leaves of an electro-
scope and observing the movement of the leaves while the conductor
was being moved. He also observed that if a conductor in which an
e.m.fe was induced formed part of a closed electric circult the in-
duced e.m.f. would cause a movement of current through the entire
circuit. "Induced e.m.f."” is often called "induced voltage." Let us
explain in regard to the latter statements that an e.m.f. iIs Induced
in an open conductor (this means a conductor whose ends are left free
or disconnected) when acted upon by lines of magnetic force, whereas,
an e.,m.f. 18 induced and current flows in a closed conductor under
similar conditions. When discussing the action occurring in a closed
conductor we refer sametimes only to the induced current, keeping in mind,
however, that we must first have the induced eslectromotive force.

Among several effects observed by Faraday one was that if a conductor
after being placed in a magnetic field, remained at rest (that is, the
conductor was not moved with respect to the lines of force) no in-
duced e.m.f. could be obtained. Nor could an induced e.m.f. be ob-
tained if the conductor was moved in the magnetic field in such a way
that i1ts direction of motion was parallel to the direction of the
lines of force. In other words, in the latter motion the conductor
would not cut or pass through the field, it would merely travel along
and coincide with the direction of the lines. But, he found that if
a conductor remained in a stationary position and the magnetic lines
were made to move so that they passed through or cut across the con-
ductor an e.mef. would be induced in the wire under such conditions.

Notice particularly that in all cases involving induced e.m.f. and
current we have to consider the relative motion of the conductor and
the magnetic lines since either may remain stationary. That 1s, we
must take into account the following conditions, namely: (1) Whether
a conductor is moved through a stationary field, or (2) Whether mag-
netic lines move past or cut across a stationary conductor.

The foregoing statements form the basis of the study of "Electromag-
netic Induction." As we now see, this subject deals with the produc-
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tion of electrical pressures and currents in conductors by making
practical use of the invisible force that is always present in the
space where a magnetic field exists.

CURRENT INDUCED IN A CONDUCTOR BY A MAGNET AND AN ELECTROMAGNET. 1In
the following explanations it will be shown that the principles of
electronagnetic induction remnain the same regardless of the source of
the flux. The flux may be obtalned from the use of a permanent mag-
net, as in Figure 15, or from an electromagnet, as in Figure 16. In
our practical work we find colls of both the air-core and iron-core
type in use. The design of a coil is governed by its particular
function in the circuit. We do know, however, that when iron is used
for the core material it sets up a magnetic flux which is hundreds of
times greater than could be obtained from a given coll when operated
with only an air core.

TR PERMANENT ELECTROMAGNET
O\ g MAGNET b

DIRECTION OF

__.~INDUCED CURRENT

Figure 15 Figure 16

In the experiment in IFigure 15 the induced e.m.f.'s and currents for
movements of the loop of wire will he detected by the deflections of
the pointer of a sensitive galvanometer. Before continulng with our
subject let us first give a brief explanation of this instrument.

It consists of a small movable coil carrying a pointer, the coil
being mounted on a bearing and placed in the magnetic field of a
horseshoe type magnet, and it operates on the principle that a pas-
sage of current through the coil causes 1t to rotate, one way or the
other, due to the force of the magnetism set up by the current in the
coil acting upon the force of the magnetism of the magnet. A spring
holds the coil and pointer in a zero, or center position. The point-
er will move right or left of the zero mark according to the direc-~
tion of the current supplied to the coil through the connections at
the two binding posts on the top of the meter case. The amount of
the pointer deflection is taken as the measure of the strength of the
current induced in the circuit when the loop of wire moves across the
lines of force as illustrated.

Let us know proceed with the experiment. If the loop is suddenly
moved vertically downward a deflection of the galvanometer pointer
will be seen, indicating that current momentarily flows through the
closed circult consisting of the loop, the coil in the galvanometer,
and the connecting wires. The pointer will move a certain distance
across the scale and immediately drop back to its natural position
of rest. Assume that the pointer moves to the right. If the loop
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is suddenly moved upward the pointer will momentarily deflect in a
direction opposite to its first movement and, accordingly, i1t will
move a certalin distance across the scale to the left of zero. It is
evident that when the loop stops cutting the lines the induced cur-
rent dies out. Bear in mind that the induced electromotive force is
generated only momentarily, or while the conductor is actually mov-
ing and cutting lines.

The galvanometer readings indicate that the induced current in the
loop alternates with each reversal of its movement Sthrough the field.
If the loop is moved quickly across the lines a higher deflection
will be read on the galvanometer than if only moved slowly. Also,

if instead of moving the loop perpendicular to the dirsction of the
lines we now move it from left to right, or right to left, either way
(that 1s, parallel to the direction of the lines) no lines will be
cut and, therefore, no e.m.f. or current will be obtained. A pnerson
performing an experiment of this kind could easily move the loop up
and down so rapidly that the pointer, due to its weight, could not
follow the variations or reversals of the induced current and, there-
fore, the pointer would rémain at zero, or possibly i1t might make =
8light quivering motion without giving any definite reading.

There are two more important points to be mentioned in regard %o
Figures 15 and 16. If the loop i1s held stationary and either the
magnet or electromagnet 1s moved up and down so that the lines arse
made to cut through the loop the same results will be obtained as

for conditions outlined in the foregoing paragraphs where the loop

1s made to cut through the lines. And if the magnetic fields were
reversed, with "N" to the right snd "S" to the left, the induced
pressures would then be set up in the reverse directions for the same
motions of the loop relative to the field.

DIRECTION _DIRECTION OF UPWARD
OF FLUX™. / INDUCED CURRENT FLUX~, ~ MOTiON

l§

.. DIRECTION OF

DOWNWARD INDUCED E.M.F.

L MOTION

~,

GALVANOMETER

) —
DIRECTION OF FLyx

Figure 17 Figure 18

FLEMING'S RULE FOR DETERMINING THE DIRECTION OF INDUCED E.M.F. IN A
CONDUCTOR. To explain the rule it is best to perform the experiments
in Figures 17 and 18 with a straight copper rod. It is easy to un-
derstand the inductive effects set up in a rod and then later you
can apply the same rule to any number of conductors, or turns of
wire. A galvanometer is agein used to indicate the strength and di-
rection of the induced current, the instrument being shown connected
to the ends of rod AB.
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The laws relating to the direction of the e.m.f. induced in a conduc-
tor when it cuts through a magnetic field must be learned in order

to understand the principles of the electric generator, which will

be dealt with in one of our forthcoming lessons. The diagrams in
Figures 17 and 18 are drawn expressly to illustrate one method for
determining the relation between the direction of the induced cur-
rent, the direction of the motion of the conductor, and the direc-
tion of the lines of force. In the following paragraphs we will
consider two cases: (1) The effect when the rod is moving downward,
(2) The effect when the rod is moving upward.

Case (1). If rod AB is moved down across the magnetic flux,
as In Figure 17, the induced pressure in AB will be in the

direction from B to A as indicated by the arrow in the rod.
This e.m.f. sends current through the rod and the galvanom-
eter coll and, thus, a momentary deflection of the pointer

is seen. Let us assume that the pointer moves to the left

of zero and drops back immediately.

Case (2). Now, if rod AB is moved up across the flux, as in
Figure 18, the induced e.m.f. will be set up in the opposite
direction, or from A tc B, as indicated by the arrow drawn
in the rod. This reversal of induced pressure with a re-
versed movement of the rod sends current through the rod and
galvanometer coll in the opposite direction to that obtained
during the down movement as in case (1) above. During the
up movement of the rod the pointer will deflect momentarily
to the right and return to zero.

Hence, we find that the direction of the induced electromotive force
depends upon the direction of the lines of force and the direction
of motion of the conductor with respect to the lines. An easy way
for remembering these relative directions and particularly to find
the direction of the induced e.m.f. is to apply a rule, known as
Fleming's Right-Hand Rule, as shown in the diagram in Figure 18 and
explained as follows:

With the THUMB, FOREFINGER, and MIDDLE FINGER of the right
hand all held at right angles to one another, let the THUMB
point in the direction of the motion, the FOREFINGER 1n the
direction of the lines of force, and the MIDDLE FINGER will
point in the direction of the induced e.m.f.

Carefully examine the hands in the diagram in Figure 19 which clear-
1y show the application of Fleming's rule to the effects set up in a
rectangular loop of wire when it 1s being rotated on its axls in a
clockwise (or right-hand direction) through a magnetic fleld. Cur-
rent will circulate entirely through the loop when it cuts through
the lines because the loop forms a closed metallic circuit. It will
be noticed, however, that for the set of conditions we have shown in
the drawing (that is, with the N pole to the right, and the S pole
to the left, and the right side of the loop moving downward through
the field, and the left side of the loop moving upward through the
field) the induced pressure and current will be in a direction away
from the reader on the right side of the loop and toward the reader
on the left side.

It will be noticed that whenever the rod is moved in a vertical di-
rection across the lines, either up or down, the galvanometer will

enre
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deflect a certain amount first to one side and then to the opposite
side of zero. If the rod were moved across the lines in such a way
that it followed s diagonal path then lesser amounts of current
would be obtained as indicated by small deflections of the pointer,
providing, of course, that for all cases the same rate of movement
of the rod is maintained. Or, if the rod is moved parallel to the
lines and, therefore, does not cut through the lines, no induced
current will be obtained nor will any deflection of the pointer be
observed. The facts just mentioned explain, in general, the results
to be expscted for various changes in the path which a conductor
could be made to take across a magnetic field.

we B

E.
worion A \NP\”
i X ‘) _ [Z
= N Cac [

: 3

\"_ W
;\” -
@ DIRECTION OF ROTATION

Figure 19

WHEN A CIRCUIT IS "CLOSED" AND "OPENED" THE CURRENT DOES NOT RISE
FROM A ZERO TO MAXIMUM VALUE INSTANTLY - NOR DOES THE CURRENT FALL
FROM MAXIMUM TO ZERQ INSTANTLY -~ A SHORT INTERVAL OF TIME IS RE-
QUIRED FOR THESE CHANGES TO OCCUR. The purpose of the several views
in Figure 20 1s to illustrate pictorially three conditions, namely:
(1) How current gradually rises in strength on the "make" or closing
of a circuit by throwing a switch (views A and B). (2) How the cur-
rent flows at a steady value an instant or two after a circuit is
closed and does not vary in intensity if the circuit remains closed,
provided the circuit conditions remain unchanged (view C). (3) How
the current gradually decreases in strength from its steady value

and drops to zero, on the "break" or opening of a circuit by pulling
a switch (views D and E).

Since every change in current strength will produce a corresponding
change in the number of lines of force produced by the current then
we can assums that while current flows through a wire, and progres-

sively increases in value, the lines of force build up and expand
outward into space for some distance.

When the current flow becomes steady or constant the lines remain
stationary, i.e., they do not vary in number, or density. A "con-
stant current” is an unvarying current. When current in a wire pro-~
gressively decreases the lines gradually diminish in number, con-
tract back on the wire and, finally, when the current ceases to flow
the lines disappear entirely.
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Thus, from Figure 20, we learn that on the "make" and "break" of a
direct current circult the rise and fall in the intensity of the
current causes a corresponding change in the magnitude of the mag-
netic field and, also, that the changes 1n current strength and va-
riations in flux strength are only momentary.

HOW AN E.M.F. IS INDUCED IN A SECONDARY CIRCUIT BY VARIATIONS OF

THE MAGNETIC FLUX SET UP BY A CHANGING CURRENT IN THE PRIMARY. The
principles already explained relating to the setting up of a current
in a conductor by causing a flux to cut across it will again be used,
but this time the results will be obtained without moving either one
of the wires. The circult arrangement is shown in Figures 21 and 22.

FLUX EXPANDING AT THE “MAKE' OF FLUX COLLAPSING AT THE "BREAK™
A CIRCUIT AS CURRENTYT RISES. OF A CIRCUIT AS CURRENT DECREASES,

Figure 20

Figure 21 shows the actlion during the "make" of the primary. At
this instant the current begins to rise and the lines of force it
produces also increase in numbers and in another instant they will
have reached out sufficiently far to cut through the secondary con-
ductor. This effect of the primary on the secondary induces an
e.m.fs in the secondary in the direction designated by the arrows,
and the lines set up by the momentary flow of current are shown as
small magnetic whirls along the secondarvy.

OIRECTION OF GALVANOMETER MAGNETIC LINES SET UP
INDUCED CURRENT /‘BY INDUCED CURRENT

/
g Vg AV

By
SECONDARY
CIRCUIT

MAGNETIC LINES"

EXPANDING. DURING
———— THE RISE IN

% PRIMARY CIRCUIT

ACTION DURING THE “MAKE" OF THE PRIMARY

Figure 21

Figure 22 shows the action during the "break" of the primary. At
this instant the primary current begins to fall and the lines, as
they contract and fall back on the primary, cut through the second-
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ary conductor in a direction opposite to thelr movement during the
"make" of the primary. The cutting action of the lines this time
induces an e.m.f. in the secondary in the opposite direction to the
previous induction. This change in direction is denoted by arrows.
Observe that the secondary e.m.f. and primary e.m.f. are now in the
same direction, and also that the magnetic whirls assume similar
directions.

MAGNETIC LINES CONTRACTING DURING
THE FALL IN PRIMARY CURRENTY
'

oy ;
S f:n
‘ v/
DIRECTION OF /

INDUCED CURRENT / /}
1] !
) - _j

ACTION DURING THE "BREAK" OF THE PRIMARY
Figure 22

The above two actions i1llustrate the fact that the secondary opposes
the induction of current in it by the direction that its lines take
when compared to the primary's field, and the secondary also opposes
the stopping of the current induced in it the second time by the
change in direction of its magnetic lines. In brief, in one instance
the primary and secondary fields are opposed and in another instence
they aild each other.

The effect of magnetic lines expanding and contracting for increases
and decreases in current through one circuit is made use of to pro-
duce an e.m.f. and current in some other circuit. Both circuits, or
their parts, although usually independent are in close mechanical
relationship, i.e., coupled to each other but with no physical con-
nection between them. Stazted in a few words the principle is simply
one where a changing magnetic flux set up by the conductors of one
circult reach out and link through, or. cut through, the conductors of
a neighboring circuit. Coils are employed to provide this coupling
between two such circuits so that the proper magnetic effects will

be set up by one circult and the desired amount of voltage will be
avallable from the other circuit. This principle is illustrated in
the diagrams in Figures 21 and 22. This is one method for generating
an e.m.f. by electromagnetic induction without the necessity of mov-
ing wires of coils, as we have heretofore been doing in our experi-
ments.

LAW RELATING TO THE AMOUNT OF INDUCED E.M.F. Suppose in Figure 18
that the magnetic flux consists of 100,000,000 lines of force. It
would be found that if rod AB was made to cut these 100,000,000 lines
in exactly one second, the pressure set up along the rdd (that 1is,
between its opposite ends, or between A and B) would be one volt.
This relation between the amount of the induced electromotive force
measured in volts, the strength or density of the flux. and the rate
of cutting the lines should be learned.

Ll
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All of the following conditions have a direct bearing on the amount
of the pressure induced in a conductor when cutting, or being cut, by

lines of force:

(A) The strength or density (number of lines per unit area) of
magnetic flux at the point where the conductor is acting at
any instant.

(B) The number of turns in the coil or length of the conductor
actually being acted upon by the lines.

(C) The angle which the conductor makes with the direction of the
lines, as determined by the path through which the conductor
moves as it cuts across the lines.

(D) Rate of motion, or the number of lines cut per second.

LONG AIR GAP BETWEEN SHORT AIR GAP BETWEEN
POLES DECREASES FLUX POLES INCREASES FLUX

Figure 23-A

THE STRENGTH OF THE INDUCED E.M.F. DEPENDS SOMEWHAT ON THE SHAPE OF
THE MAGNETIC CIRCUIT AND ITS MATERIAL. The three electromagnets in
sketches B, C, and D In Figures 23-A and 23-B each have a more
efficient form of magnetic circuit than the electromagnet in sketch
A because the length of the air gap through which the lines must

PARALLEL MAGNETIC CIRCUITY
SERIES MAGNETEC CIRCUIT. FORMED BY A SOLID IRON
FRAME AND AIR GAP.

Figure 23-B
pass is longer in A than in the other cases. A short air gap
strengthens the magnetic field for a given set of conditions and,
thus, for certain movements of a loop of wire through the flux more
lines of force will be enclosed or cut by the loop. 1In some types
only one electromagnetic winding is mounted on the iron core while
in the other types more than one winding is used, this being done to
increase the ampere-turns. The distance between the poles which
governs the size of the air gap is carefully considered in practical
machinery to keep the reluctance of the magnetic circuit minimum.
The coils are connected. in series so that current flowing through
one must also pass through the other and their turns are so wound
as to make the ad jacent ends of the windings north and south poles,
respectively.
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LENZ'S LAW. This law 1n a condensed manner ststes that the direction
taken by the current caused by the induced e.m.f. is such that the
magnetic field produced offers a repelling force to the motion which
produced it. Explaining this law further, since we are conversant
with the effects occasioned by magnetic lines of force, 1s that cur-
rent always flows under pressure of the induced e.m.f. and sets up
magnetic lines of force in such a direction, they oppose any change
in the initial magnetic lines responsible for the production of the
induced e.m.f. The induced e.m.f. is also termed counter electro-
motive force, meaning the pressure of this force retards the flow of
the applied current which produced it. The application of this prop-

erty is credited with the successful use of alternating current appa-
ratus.

Figure 24

Refer to Figure 24 showing two coils, one a primary and the other a
secondary; together they constitute a transformer. A practical ex-
planation of Lenz's law is given below with references made to the
diagram: Let us assume that the current in the primary coil is such
that it makes the polarity at the left-hand end north. When the pri-
mary is moved into the secondary the flow of induced current in the
latter coil makes its polarity at the right-hand end also north.
Thus, the adjacent ends of both coils when the primary is fully in-
serted, have opposite polarity and, therefore, the effect set up be -
tween them is one of repulsion. However, when the primary is with-
drawn from the secondary the induced current in the latter is re-
versed and reverse polarity will be set up at the right-hand end of
the coil. We now have a condition where the left-hand end of the
primary is north (note that the polarity of the primary does not
change because it is supplied with a steady source of e.m.f. by the
dry cells) and the right-hand end of the secondary is of south polar-
1ty. A magnetic attraction now exists between the colls that tends
to oppose their separation. It is only while the coils are moved
with respect to each other and the induced current flows and reversed
magnetism is set up about the secondary that we have these effects of
attraction and repulsion. It is seen in every case that the magnetic
attraction and repulsion tends to oppose the motion of the primary
coil.

SELF~INDUCTION. This is the name given to that property of an elec~
tric circult wherein it tends to oppose any change (increase or de-
crease) in the strength of the current in the circuit. The effects
of self-induction are present only at such times as when a current is
changing in intensity. The magnetic lines which always accompany a
current begin in a wire at the very center of 1ts core. Thus, when
current rises the lines build up outward and pass through the very
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wire which is producing them. On the contrary, when current falls
the lines recede inward on the wire and cut the wire in the opposite
direction to the first instence cited. This cutting action on a con-
ductor by its own lines incduces an e.m.f. in the conductor first in
one direction for an increase in current and, secondly, in the oppo-
gsite direction for a decrease in current. Thus, we see that the in-
duced e.m.f. at one time tends to oppose the establishment of a cur-
rent in a conductor and at another time it tends to prevent the cur-
rent from dying out. The induced e.m.f. is known as the induced
e.mefe of self-induction. The student must wnderstand that the
eem.fs of self-induction is another e.m.f. acting on a circuit and
separate from the usual e.m.f. which is applied to any conductor in
order to make current flow in the first place.

MUTUAL INDUCTION. Current flowing in a secondary circuit, by reason
of the induced e.m.f. set up by the varying flux produced by current
changes 1n the primary circuit, establishes a secondary flux which
cuts the conductors of the primary and induces in the primary an
e.m. . which exerts a pressure in the same direction as the flow of
the applied primary current. Therefore, when two independent circuits
are so associated that the effects produced by their respective mag-
netic fields, results in inducing e.m.f.'s and currents in these cir-
cults, that i1s, the primary induces an e.m.f. in the secondary and the
secondary induces an e.m.f. in the primary. Two such circuits are
sald to react on each other. This reaction is known as mutual induc-
tlon and the circuits involved are said to possess the property of
mutual inductance.

These effects explain the fundamental action of transformers and 11-
lustrates why more current is drawn by the primary when the load on
the secondary is increased. Figures 21 and 22 show two independent
fields reacting on each other. One magnetic field is due to the ap-
plied or inducing current, flowing in the primary (P) and the other
is due to the current flowing under pressure of the induced e.m.f. in
the secondary (S). The strength of the current flowing in the sec-
ondary is determined principally by the load placed upon it.

INDUCTANCE. The unit of inductance, called the "Henry," is designa-
ted by the symbol "L." Inductance may be defined as that property
possessed by an electric circuit (when current flows]) which stores up
energy in the form of electromagnetic lines of force. The total
lines represent the magnetic flux., Self-induction is the result of
inductance in a circuit, and is that property which induces a reverse,
bucking or counter voltage, always acting to oppose any change in the
value of the current flowing through the circuit. The resulting
field when current flows expands outwardly cutting the conductors

and induces this reverse or bucking voltage which tends to maintain
the dormant state, or the existing conditions before the change from
no current flow to current flowing, took place. When the current

flow is interrupted the magnetic field collapses but this time it
cuts the conductors in an inward direction toward the center of the
conductors, and induces a current which takes the same direction as
the applied current and, hence, attempts to keep the applied current
flowing. This effect can be noticed by the spark which appears at
the switch blades whenever a circult i1s broken, the spark being the
result of self-induction.
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The amount of inductance, as measured by the unit henry, 1s deter-
mind by the amount of voltage that will be induced in a coil or cir-
cuit by the current changing at a given rate. Thus: A cirguit is
gaild to have an inductance of one henry when a current changing at
the rate of one ampere per second will induce therein an electro-

motive force of one volt."
%
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Figure 25

NON-INDUCTIVE CIRCUIT ~— HOW EFFECTS OF SELF-INDUCTANCE WITHIN A CIR-
CUIT MAY BE NEUTRALIZED. The fields set up along the turns of & coil
can be made to neutralize one another if the turns of the coil are
wound so that the field around sach turn opposes in direction the
field around an adjoining turn. The current in each turn must be
equal, and adjacent turns should be close together. A coil wound to
produce this result i1s shown in Figure 25- The coil is said to be
non-inductive because practically no field is established around the
coll when current flows. Coils of thts general type are employed for
resistor units in instruments such as Wheatstone bridges, meters and
in any circuits where resistance is required but inductive effects
are undesired.
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Figure 26. Figure 27

SUCKING ACTION OF A SOLENOID. Since all magnetic fields possess sim-
ilar properties a solenoid will attract iron when current flows through
it in the same way a bar magnet will attract iron as shown in Figures
26 and 27. The flux seeks the path through the iron plunger in pref -
erence to passing entirely through air and this magnetizes the plung-
eér, causing it to be attracted by the coil. The plunger is drawn
into, or sucked into the coil, and does not stop moving until it cen-
ters itself in a position where 1t will accomodate the greatest
amount of flux. It remains unmoved in the coil so long as the cur-
rent flows at the proper value to provide the requisite amount of
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flux to hold the plunger from being pulled back by the spring. This
principle is utilized commercially in the operation of protective de-
vices called "circuit breakers." These devices automatically trip,
open a circuit and shut off the power when the spring is adjusted to
the proper tension so that the plunger is sucked into the coil only
under extreme conditions. This idea can be used for relay operation,
or any form of tripping device.

PRACTICAL APPLICATIONS., Practical applications of the use of electro-
magnets are both numerous and varied. The electromagnets in the
automatic oscillograph, shown in the photograph in Figure 28, play an
important part in the operation of this device which 1s used to in-
vestigate current and voltage conditions in an electrical circuit.
Oscillograms may be taken of chance transients, surges and also
normal voltage and current characteristics of circuits under observa-
tion. The records are traced by means of light directly on a strip
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Figure 28 Figure 30

of sensitized paper so after the development process the current and
voltage characteristics appear directly as wavy lines on the strip
of paper. The records obtained show wave shapes and phase relations
instead of merely envelopes of these waves. Two typical examples c¢f
the use of electromagnets are given in Figures 29 and 30 which show
two types of line switches for motor-generator sets used in motion
picture equipment. One type is for d-c operation and the other for
a-c operation. The holding coils and electromagnet for the resistor
short-circuiting contactor are clearly shown in the photographs. 1In
operation they become energized and attract the iron armature to
which the operating mechanism is attached.
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EXAMINATION QUESTIONS

1. wWhat phenomenon always exists when current flows®?

2. State the right-hand thumd rule for determining the polarity of a
solenoid and draw a simple sketch i1llustrating same.

3. State the right-hand thumb rule for determining the direction of
a magnetic flux around a current-carrying wire.

4. What is Fleming's right-hand rule?

5. If an air-core is carrying a current and a bar of soft iron is in-
serted Into the coil what effect will be produced?

6. (a) What happens when an "open" conductor moves across a magnetic
flela?

(b) What happens when a "closed" conductor moves across a magnetic
field?

7. Explain the principle of the sucking action of a solenoid.

8. Explain briefly what 1s meant by the following terms: (a) Self-
inductance, (b) Mutual inductance, (¢) Ampere-turns.

9. What does Lenz's law state?

10. (a) Give the definitions of the gauss, gilbert, oersted and
maxwell.

(b) What does the Symbol € represent?

11. Either one of two conditions must be satisfied before an e.m.f.
can be induced in a wire or circult. What are these conditions?

12. If 5 amperes circulate through a magnet winding of 30 turns, how
many turns are required to produce an equal mem.f., with only
1.5 amperes flowing?

13. What does the 1line 0XA in Figure 14 represent? The line OM?
The line 0OP%

14. What coercive force is required to remove a remananence of
10,000 gausses? Refer to Figure 14.
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Electromagnetic principles are applied in the. power plant of WEAF, New York.
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A whistle lights the lomp — q clap of the hands pufs it out. Sensitive
relays are used in this modern application of electromagnetism.
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ELECTRICAL UNITS AND TERMS

Many of our students have fourd it to their adventage at the beginning
of their work to study the wvarious electrical units in a single lesson
although these units are again given along with their related sub-
jects. It is with this idea in mind that we present this lesson.
Everyone who studies electricity or one of its associated subjects,
such as radio, television, sound motion rictures, aviation radio,
and so on, should at least be familiar with the system which forms
the basis of electrical computation as given below. The balance of
this lesson consists of abbreviations, symbols and electrical units
and terms in common use. 1f you review this work several times es
you progress through your course it will be easy for you to under-
stand and apply the various units and terms.

The three FUNDAMENTAL UNITS of measurement are:

(1) the centimeter, or unit of length,
{2) the gram, or unit of mass or weight,
(3) the second, or unit of time.

These three quantities are combined and expressed below in a simple
relation known as the centimeter-gram-second, or C.G.S. system.

The C.G.S. unit of velocity is.the kine, representing a
distance of one centimeter covered iIn one second.
1 centimeter = 0.0l meter = 0.3937 inch.

UNIT OF VELOCITY = cm/sec

The C.G.S. unit of force is the dyne, representing the force
required to move a mass of one gram one kine per second.
1 gram = 1/28th of an ounce.

UNIT OF FORCE = &R °tm/sec . o

sec sec

The C.G.S. unit of work or energy is the erg, represent-
ing the work accomplished by a force of one dyne working
over a distance of one centimeter.

UNIT OF WORK = dyne x cm, or EBCH x op, or &2 cmZ
sec
sec¢

DEFINITION OF ELECTRICAL UNITS AND TERMS
THE VOLT is the unit of electrical pressure. This pressure is known

as "electromo tive force" and, also, as "difference of potential."
Electromotive force is abbreviated bv letters (E.M.F.) or (e.m.f.).

Copyright. 1932 by RCA Tnstitutes, Inc. o V-10 #4 -~ue
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One volt is defined as that amount of electromotive force
necessary to cause a current having an intensity of one
ampere to flow through a circuilt having a resistance of
one_ ohm.

In electrical practice you will hear references made to this unit
by any one of the following names: Volt, Voltage, Electromotive
Force, Pressure or Difference of Potential, all of which have the
same meaning. The unit volt is denoted by the symbol (E).

In an electrical circuit we express the amount of the electromotive
force as a certain number of volts, To 1llustrate the proper use

of the terms "e.m,f." and "volts" let us consider the simple circuit
drawn in Figure 1 where a 6 volt battery 1is connected to a 6 volt
lamp. When speaking about the pressure in this circuit it would be
the customary thing to say: "The e.m.f. of 6 volts, applied to this
circuit by the battery, forces a certain amount of current through
the filament of the lamp, thus causing it to light."

—ifif———

BATTERY
LAMP

‘ SWITcH

i St

THE SAME CIRCUIT SHOWN
PICTOQRIALLY AND BY DIAGRAM

SWITCH

Figure 1

Electrical pressure 1s analogous to water pressure. To 1llustrate
this let us suppose you connect up your garden hose to a faucet and
open the valve, Providing there 1s water supply avallable in the
mains we know that water will run through the hose. The pressure
in the pipes was necessary in order to get this flow of water. Just
how water pressure in pipes is obtairned in our homes and buildings
should be quite obvious to most anyone since there are practically
only two sources; one source is the result of mechanical work done
by a pumping machine of some type, while the other 1is the result of
natural gravity provided by a head of water, or water supply origi-
nating at some level higher than the outlet where the hose 1is at-
tachedo ’

You will find that the water analogy is used to explain many phases
of radio or electrical theory. It may be used to illustrate the ac-
tion of a condenser or the action of a resistance or even the radia-
tion of electromagnetic waves from a broadcasting station, but in no
case is it more applicable than for illustrating the relation of
pressure (E.M.F,) and the current which flows as a result of this
pressure,

Tec point out the idea that pressure is always essential before a
movement or motion of any kind can be produced we have shown a small
tank partly filled with water in sketch (A) of Figure 2. Notice

that to the bettam of the tank there has been connected a short pipe,
bent into a U shape, the open end of which 1s arranged exactly level
with the tank connection,
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The valve acts in a manner similar to a switch in an electrical cir-
cuit in controlling the flow., If the valve in the pipe is closed
the water pressure 1s not utilized although the pressure is always
present by reason of the height and volume of water in the tank.
But, 1f we open the valve, the pressure will immediately act and
water will flow through the pipe and gush out at its open end. The
flow will continue just so long as there is any water in the tank

or any pressure, Finally when the tank 1s emptied it will be seen
that the pipe still holds a quantity of water which does not flow
out of the open end because both ends of the pipe are level, as
shown in sketch (B). This result shows that while the water remain-
ing in the pipe has a potential force due to its own weight, yet it
cannot be made use of in this case. Thus, we see that it requires

a difference of pressure level to obtain force by which the water
may be made to flow even though water may be at hand, However, by
merely bending the open end downward, as in (C), the water confined
in the pipe will begin to flew out, since we have set up a condition
where the force due to the weight of water is now acting. The high-
er the water level in the tank the greater will be the availlable
pressure,

Although we can see the water we cannot see the "pressure." Never-
theless, it 1s easy to measure water pressure in pounds with a suit-
able pressure gauge. When we refer to pressure in the electrical
sense, we also deal with an unseen force which may be generated in
one of several ways. We know how to regulate the intensity of this

Figure 2

electrical pressure according to certain requirements so that it
may be applied to a circuit to set up a flow of current, It is also
easy to measure electrical pressure by means of a sultable instru-
ment, called a "voltmeter." Two common sources of electrical pres-
sure are batteries and generators.

THE AMPERE 1s the unit of electric current which represents a cer-
tain amount of current flowing at a given rate.

One ampere is defined as the intensity (or strength, or
value) of the current that will flow through a circuit
whose resistance is one ohm, when the applied electromo-
tive is one volt.

Another definition of the unit of current strength, based on the
amount of chemical decomposition taking place in a given period of
time, and stated in terms of quantity and rate of flow is, "One am-
pere is that steady flow of electric current which when passed
through a standard solution of nitrate of silver in water will de-
posit silver at the rate of 0.001118 gram per second."
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The quantity of electricity is measured by the unit "COULOMB." Al-
though this unit is defined in a subsequent paragraph let us at this
time show the relation between "coulomb" and "ampere" as follows:
"When one coulomb of electricity passes a given point in a circuit,
every second of time, one ampere of current is said to flow," Hence,
if 2 coulombs of electricity pass a given point in a circuit per
second the strength of the current is 2 amperes. 1In a given circult,
therefore, to find the total quantity of electriclty expressed in
coulombs we must take the product of the current in amperes and the
length of time in seconds that the current flows. "Product" is the
mathematical expression for the result of multiplication.

Note: The underlined definition of an ampere Jjust given is the one
that should be learned for our practical work.

Current is denoted by the symbol (I) and is measured by an instru-
ment called an "ammeter." Small values of current are measured by
a "milliammeter" or "microammeter.”

Again refer to the drawing in Figure 2 to be sure that you have a
clear understanding of the difference between "quantity" and "rate
of flow." Water flowing through a pipe at the rate of a certain
number of gallons per minute can be compared to coulombs passing
through a circuit. In a water system "gallons" represents the quan-
tity and "gallons per minute" the total amount for a given time, or
rate of flow; whereas, in the electrical circuit "coulomb" 1is the
quantity and "amperes" 1is the rate of flow of a given quantity.

An important point to be mentioned in this discussion is that
throughout the whole length of the pipe there are oppositions set

up which prevent a free movement of the water., These oppositions
are due principally to friction by contact of the water with the
inner walls of the pipe, bends in the pipe and the length and size,
or cross section, of the pipe. In any of its forms, opposition must
be met and overcome by the pressure before water flows and, of
course, the oppositions will govern to some extent the amount of
water that flows in a given time under a given pressure, It 1s easy
to see that any opposition presented by the pipe itself will retard
the water flow,

This opposition is comparable to that which is present at all times
in electrical circuits because the wires or other metallic parts do
not permit current to flow freely. The current must be forced to
flow through the materials used to construct the circuit under pres-
sure of the applied voltage. Each different kind of metal has its
own specific resistance. For instance, current flows more readily
through silver than through copper, and more readily through copper
than iron. Thus, if we have two clrcults consisting of the same
length and cross-section of wire, and if one circuit uses copper
wire and the other iron wire, and if exactly the same voltage 1s ap-
plied to both circuits it will be found, under these conditions,
that about six times as much current will pass through the copper
wire as compared to the iron wire circuit, This is because the rel-
ative resistance of copper is 1.075 as compared to 6,37 for iron,

In the case of the electrical circuit this opposition of the materi-
al itself, which governs to a large extent the intensity of the cur-
rent flow, is known as the "resistance."

For all practical purposes, copper wire is used because of its

low resistance. Silver has a resistance lower than copper but 1ts
cost 1s prohibitive except for special purposes.
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THE OHM 1s the electrical unit of resistance. Resistance 1s the
natural opposition which all materials offer to the flow of current,
and since this opposition is inherent in all matter it must be over-
come by the electromotive force before current will flow,

One olm is the resistance of an electrical circuit when an
electromotive force of one volt is required to force a,
current of one ampere through it,

The following is a definition of the unit resistance based on a
physical standard: One ohm 1s the amount of resistance offered to
a steady flow of electric current by a column of mercury of uniform
cross-section, 106,3 em, long, 14,4521 grams in weight at a temper-
ature of 32 degrees Fahrenheit, or O degrees Centigrade, (Note:
One centimeter is a little less than a half inch, One ounce 1is
equal to 28 grams.)

The ohm 1is denoted by the symbol (R) and is named after the German
scientist George S. Ohm., He was responsible for recognizing the
relation existing between the "voltage," "resistance” and "current"
in all electrical circuits and formulating this relation into what
is probably the most important and widely used law in electricity,
kmown as "OHM'S LAW."

One megohm equals one million ohms.
One microhm equals 1/1,000,000th of an ohm.,

THE COULOMB is the unit of electrical quantity used to express the
total quantity of electric current passing through a circuit in a
stated time.

One coulomb is the guantity of electricity that will flow
in one second through a circuilt having a resistance of
one ohri when the applied e.m.f, is one volt.

We are now dealing with "quantity" in electricity in about the same
way that ordinary standards, a pound or gallon for instance, are
used to measure supplies such as sugar, milk, etec, Thus, if we wish
to know the number of "coulombs" or "quantity of electricity" pass-
ing through a circuit in a given time we must multiply the number of
amperes by the number of =seconds the current continues to flow.

The following example shows how to apply this rule: Suppose the
rate of current flow for a particular circuit is 8 amperes and the
current continues to flow steadily for 4 seconds. The total quan=-
tlty of electricity passed will be 8 x 4 or 22 ampere-seconds, or
32 coulombs of electricity., Also, if 2 amperes flow for 16 seconds
we would have 32 ampere~seconds or 32 coulombs,

The unit "coulomb" is frequently applied in electrostatics with ref-
erence to placing an electrostatic charge on a condenser and in this
usage 1t is defined as follows: "One coulomb is the quantity of e=-
lectricity necessary to raise by one volt the difference of poten-
tial bﬁtween the plates of a condenser whose capacitance 1s one
farad.

The coulomb is denoted by the symbol (Q), and this unit is equal to
one ampere-second., Mathematically expressed this statement takes
the form of Q = IS.
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THE HENRY is the unit of inductance. Inductance 1is a certain prop-
erty possessed by every electrical circuit which establishes an
electromagnetic field about its conductors and windings (coils) when
current passes through it. Inductance is also applied to the pecul-
iar property of all conductors and windings (coils) which tend to
oppose any current change produced by a circuit within itself by
virtue of the changing magnetlism which is set up whenever current
varies or tends to vary in strength., The effect is pronounced 1in
any circuit in which the current 1s continually changing in inten-
sity, as for example, in a circuit carrying pulsating direct cur-
rent or alternating current. The net result of inductive effects

1s the generation of a second, or counter e.m.f. (C.E.M.F.) separate
from the applied e.m.f. which causes the current to flow,

This property of "inductance" exlsts in all portions of an active
circuit because the electromagnetic lines of force (flux) set up by
the current will vary in magnitude according to every change in cur-
rent intensity. These electromagnetic lines of force are continual-
ly acting upon the very wires (or conductors and coils) which com~
prise the circuit. The term "self-inductance" 1s commonly used to
express this peculiar property exhibited by a circuit due to the
action of its own magnetic lines upon itself,, The tendency of a
circuit to prevent changes in current intensity and spoken of as

the "self-inductance" of a circult, as just mentioned, represents
one kind of opposition and it must not be confused with a circuit's
"resistance."

Resistance is always present whether the current varies in strength
or whether it flows steadily. However, "inductance effects" are
not present in a circuit when a steady direct current flows, for in
this case the magnetic lines are also steady and consequently do
not act upon the conductors.

A circuit is said to have an inductance of one henry when
an electromotive force of one volt will be induced in the
circuit by a current varying at the rate of one ampere

per second.
The letter (L) is the symbol used to denote inductance.

E is the unit of electrical capacity and is abbreviated
'fd." This unit relates to the amount of charge that can be stored
up in a condenser in electrostatic form under a given e.m.f. meas-
ured in volts,

A condenser is said to have a capacitance of one farad if

the potential difference between its plates will be raised

one volt by a charge of one coulomb,
From this definition we see that a condenser, when connected in a
circuit and supplied with voltage will storc up a definite amount
of electricity in static form.
The farad is considerably too large to be applied in practical work.
We therefore have two sub-multiples of the unit in common use.
They are:

Microfarad (abbreviated mfd. or pfd.)

Micro-microfarad (abbreviated mmfd. or ppufd.)
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One microfarad 1s equal to one-millionth part of a farad.

One micro-microfarad is equal to one-millionth part of a farad
again sub-divided into a million parts; that is to say, a micro-
microfarad is one-millionth of one-millionth part of a farad. Plco-
farad, although not an approved unit, is an expression sometimes
used for micro-microfarad.

EXAMPLE. Either unit, microfarad or micro-microfarad, may be
used to express a certain numerical value according to one's own
preference. As a rule values in the order of 1000 mmfd. and higher
are expressed in microfarads (mfd). Here are a few examples of how
a value may be written in terms of either unit:

1 rmmfd, = 0.000001 mfd.
250 mmfd, = 0,00025 mfd.
1000 mmfd, = 0,001 mfd.

A simple condenser is shown in Figure 3. It consists of a thin
piece of suitable insulating material, such as mica, on either side
of which is glued a sheet of tinfoil, The tinfoil sheets are called
the "plates" and the mica the "dielectric.” If two wires are con-
nected from a source of voltage to the respective plates the e.m.f.
thus provided will cause an electrostatic charge to be stored up by
the mica. In Figure 5, the dry cell of 1.5 volts causes a differ-
ence of potential of 1.5 volts to be set up between plates "A" and
"B" of the air type condensers; the electrostatic lines in thils case
are stored up in the air but in Figure 3 they are stored in the mica.
The condensers in Figures 3 and 5 are called fixed condensers be-
cause no provision is made to alter their capacitances.

MICA DIELECTRIC
)

~

!
{
i
| 4 STATOR PLATES  ROTOR PLATES
TINFO!L PLATES GLUED ON

EITHER SIDE OF MICA

Figure 3 Figure 4

The multi-plate variable air type condenser in Figure 4 consists of
a set of fixed and movable plates; this type 1is in general use in
radio work for tuning purposes. The capacitance of this condenser
is varied by rotating one set of plates, which acts to change the
effective relationship between both sets of plates. The dielectric
medium, which possesses the property of storing up electrostatic
lines of force in a condenser of this kind, is the air which sepa-
rates the plates. We will explain later how the particular kind of
dielectric used, whether it be air, mica, paper or any other suit-
able material, has an important bearing upon the amount of charge
the condenser will take on. The dielectric material also governs
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the amount of voltage that can be applied to the condenser without
placing the insulating qualities of the dielectric under an exces-
sive strain that would eventually result in a breakdown.

Capacity 1is designated in all of our writings and formulas by the
letter (C).

AIR DIELECTRIC - ELECTROSTATIC LINES (VISUALIZED)

PLATE "A” PLATE "B~

NEGATIVELY POSITIVELY

CHARGED CHARGED
1

DRY CELL- 4.5 VOLTS

\ DIFFERENCE QF POTENTIAL
SBETWEEN PLATES IS EQUAL
TO VOLTAGE OF DRY CELL

Figure 5

ELECTRICAL WORK AND POWER. In our radio subjects we deal consider-
ably with work and power. Through experience we find that very of-
ten. the terms, force, power, energy and work are not thoroughly un-
derstood by everyones To avold any confusion between these terms
we will explain their meanings in the following paragraphs, also
giving a practical example of their use,

There are different kinds of force that will produce work when prop-
erly directed. For instance, we ‘apply muscular force whenever we
exert ourselves in the performance of certain tasks. Also, we have
mechanical force derived from various types of motors and engines
which may be operated with compressed air, gas, water, steam, gaso-
line and so on, There is also chemical force and electrical force.
Other examples of force could be cited, but electromotive force is
the force most frequently dealt with in our work. It will be re=-
peatedly mentioned that an electromotive force, when properly ap-
plied, will cause or tend to cause a flow of electrical current,

FORCE. Force is an unseen agent which acts to cause some change in
the existing motion of a body, or mass, or it may cause a change in
direction of motion, or it may in some cases alter the physical
shape of the body acted upon.

At this time let us review a few of the possible conditions relat-
ing to force. If a body is at rest and force is applied, it will
tend to set the body in motion; or if the body is already in motion
a force may be applied in such a way as to cause the body to accel-
erate (move faster), or slow down, or perhaps come to a complete
stop; or if a body is moving in a certain direction a force applied
in some other direction will tend to cause the body to change its
original course of direction.
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The e.m.f, across each series connection is 4,5 volts., In a parallel
combination of cells the e.m,f, 1s the sam¢ across the component parts
hence, the e.m.f, across the three groupings is 4.5 volts as marked on
the diagram.

SERIES-PARALLEL COMBINATION, The circuilt illustrated in Figure 16
consists of 12 cells connected in a series-parallel arrangement, Ob=
serve that there are three separate parallel groups each of which con-
sists of 4 cells connected in parallel, and the three parallel groups
are Jjoined in series, Hence, a series-parallel combination is a
series connection of a number of parallel arranged cells,

The e.m.f, across the battery in Figure 16 is 4,5 volts because the
e.m,f, across each parallel group is 1.5 volts, 1.e., the total e,m.f,
of the 3 groups in serles is their sum, or 4.5 volts, as marked on

the diagram. Figure 17 is a diagram of the connections of "B" ang "C"
batteries for use in a sound-motion picture installation.
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Figure 17

EXAMINATION QUESTIONS

. What is a primary cell?
. Name the materlals used irn some one type of primary cell,
. (a) What determines the e.m.f. of a dry cell?
(b) What determines the useful 1life of a primary cell?
) What is polarization?
) How may polarization be reduced?
) What is meant by local action?
(b) Do you know of any remedy for local action? Explain,
. Can a primary cell be charged and used again like a storage cell?
Why?
7. Whgt 1s the difference between a cell and a battery?
8. (a) When would you use a series connection of cells?
(b) What is the advantage of connecting cells in series?
(¢c) How is the total e.m.f, of a series combination of cells com-
puted?
9. (a) When would you use a parallel grouping of cells?
(b) What 1s the advantapge of a parallel connection of cells?
(c) How is the total e.m.f. of a parallel combination of cells
figured?
10, If you were given 15 dry cells and asked to connect them in a
group which would supply a certain circult with an e.m.f, of 4.5

volts,how would you do it? Draw a schematic diagram using symbols.

a
(b
(a
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Figure 14 shows two parallel combinations of cells. The e.m.f. of
the left-hand battery is 1.5 volts, which is the e.m.f. of any one
of the cells. Likewise,the e.m.f. of the right-hand battery is 1.5
volts, or the e.m.f. of any cell in the group.

DRY CELLS-1.5 VOLTS EACH DRY CELLS - 1.5 VOLTS EACH

PARALLEL COMBINATIONS
L1 ¢ 11
LT

TTTIT
= L

Figure 14
Hence, suppose the battery in Figure 13 consisting of 3 cells in
parallel is connected tc a circuit which is passing 2 amperes, then
each cell of this group would contribute one-third of 2 amperes, or
0.66 ampere to the circuit, Thus, the load would be divided equally
among the cells, If all of the cells were forced to pass 2 amperes
steadily to energize such a circuit the cells would deterlorate
very rapidly. In Fipgure 13 suppose the actual current passing through
the bell is 0.15 ampere ; each cell then would furnish one-third of
this amount, or 0.15 +— 3 equals 0,05 ampere.

An application of the parallel connection may be easily understood
by the following: Suppose we connect a small lamp to a single cell.
The lamp will continue to remaln lighted until the cell becomes ex-
hausted which at the end of say, ten hours., If we connect another
cell in parallel to the first and both are fresh cells, the lamp
will remaln lighted for twenty hours or twice as long as for one cell,
With three lamps the lamp will remain lighted for thirty hours and

so on, Each cell adds its current value to an adjacent cell with the
additive current continually feeding the lamp as long as it is in the
circult. In any case, the voltage applied to the lamp would not be
greater than that furnished by any single cell used.

PARALLEL-SERTES COMBINATION, The schematlc diagram in Figure 15
shows O cells connected in a parallel-series arrangement, In this
circult we have three separate series groups each of which consists
of 3 cells commected in series, and the three series groups are

E.M.F. OF EACH SERIES €. M.F. OF EACK CELL
SCONNECTION 1S 4.5 VOLTS, 1S 1.5 VoOLTS
| i g

T T
— -
bbb

E.M.F.OF EACH CELL’
IS 1.5 volrs

e-1.5 VOLTS ]
[ 1.5 voLTS>
+

+

+

+

E.M.F. OF EACH PARALLEL
CONNECTION 15 1.5 VOLTS

pt ———— 4.5 VOLTS — o -4.5 VOLTS

L AV =
Loap A LOADA
PARALLEL-SERIES COMBINATION SERIES-PARALLEL COMBINATION
Figure 15 Figure 18
joined in parallel. The diagram shows that a parallel-series combina-
tion is a parallel connection of a number of series arranged cells.

AINTE
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From the foregoing explanations we learn that to find the resultant
voltage, or e.m.f,, of any number of cells comnnected in a series com-
bination it is only necessary to multiply the voltage of any one of
the cells, providing they are all alike, by the number of cells in
the group, Also, to find the internal resistance of all of the cells
taken together in a series combination we must multiply the internal
resistance of one of the cells, providing they are all alike, by the
number connected in the group.

PARALLEL CONMBINATION, Figure 13 1s a picture diagram of a parallel
or miltiple grouping of cells where the e,m.f. or voltage of the
whole combination is only the e.m.f. of a single cell. The drawing
shows that all of the negative terminals ( — ) are connected togeth-
er snd, therefore, we have but one lead coming from the negative sids
of the cells that is common to all of negatives. The positive termin.
als (=4 ) are also all connected together which provides only one
common lead coming from the positive side of the cells., Observe that
the connecting wires are put on according to the following system:
The zine of cell 1 is joined to the zinc of cell 2; the zinc of cell
2 is joined to the zinc of cell 3; and from this point a lead 1s car-
ried to the bell., Next we have the carbon of cell 1 joined to the
carbon of cell 2; the carbon of cell 2 joined to the carbon of cell

ZINC ZINC TO ZINC 2INe ZINC TO ZINC ZINC

AN
S
NN

? g \
/ a\e¢
CARBON [> -+ \
— (Qp—

«\ CARBON
NN

ARBON TO /AN

CELL { CELL 2

Figure 13

3; and then a second connection is carried from this point to the
other terminal on the bell, Thus, we have completed the continuity
of this parallel arrangement of cells, The path of the currents
furnished by the individual cells and the total current flowing to
the bell is represented by the arrows,

In this arrangement the internal resistance of the battery 1s reduced
if colls are added to the group. For example, the internal resist-
ance of the 3 cells in the battery in Figure 13 is one-third that of
any single cell, If there are two cells in a parallel grouping the
internal resistance is one-half that of either cell.

We learned in the first part of this lesson that the amount of zine
exposed to the action of tae electrolyte determined the amount of
curront that would be delivered by the cell and that the voltage of
all cells are exactly alike, relardless of their size, when the same
combinations of materials are employed, Hence, in a parallel group-
ing of cells we have the effect of increasing the area of the plates
gsince the zincs of all the cells are connected together; but we do
not obtain an increase in the e.m.f. according to the consideration
that certain combinations of materials give a known e.m.f. and the
size, or area, of the materials has no influence on this voltage.
The advantage of connecting cells in parallel is that each cell con-
tributes an equal amount of the current delivered by the battery.

e V-10 #5
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Example: Suppose we have a battery consisting of 12 cells, each
rated at 1.5 volts, with the cells in series. What is the total
voltage available? The answer is 12 x 1.5, or 18 volts, Example:

If the internal resistance of each of the cells in a group of 12 con-
nected in series is 0.5 ohm, what is the total internal resistance of
the cells? The answer is 12 x 0.5 ohm , or 6 ohms,

CARBON TO ZINC

CELL 3 ¢

DIRECTION OF CURRENT
INSIDE OF CELL

Figure 11

An illustration which clearly shows just how a series combination in-
creages pressure is pgiven by Figure 11. Assume that bell B requires
a pressure of 4% volts before its clapper will move and strike the
bell,, With one cell in the circuit, the clapper would probably not
move; with two cells connected in series to the bell the clapper may
vibrate but not to its greatest extent; and with three cells comnect-
ed in series, the clepper attains its maximum vibration. This in-
crease of electrical pressure exists in every series circuit due to
the fact that the voltage of every cell in the series group contrib-
utes its pressure additively and since a larger voltage is made avail-
able, a larger current can be forced through a given circuit to per-
form a certain amount of electrical work.

DRY CELL®, ORY CELLS - 1.5 VOLTS EACH DRY CELLS - 1.5 VOLTS EACH

& 4.5 VOLTS —

+ -

/ SERIES COMBINATIONS \
2= ——— [—u I— {r——lr——{rj
+4,5 VOLTS = y" 4.5 VOLTS 2 '+ 9 VOLTS j
Figure 12

Figure 12 illustrates groupings of cells in series arrangements and
1s marked to show that the voltage of the cells is always additive
in such a combination. The single cell at the left is shown to
point out the relation between a cell and its symbol.
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that a dry cell has two terminals, one a positive and the other a
negative, The small sketch to the right in Figure 8 is one way of
drawing the top view of a cell and indicating the amount of electro-
motive force in volts that the cell is rated at, or in this case,

the cell is seen to have a "terminal" e.m.f. of 1.5 volts, Instead
of drawing a picture of a dry cell each time we desire to indicate
one on a dlagram we make use of the standard symbol as shown in

your lesson on "Symbols.," The long thin line represents the positive
pole, whereas, the short heavy line represents the negative pole,

There are two ways in which the cells of a battery may be arranged
to vary the current output of the cells; (1) by a series combination:
and (2) by a parallel combination,

(1) By the series method the e.m.f., of the battery is increased

because the single cells are connected in a way that per-
mits the sum of all of their e.m.f,'s to be avallable,
When cells are joined in series the internal reslstance of
the combination is equal to the sum of the internal resist-
ances of the individual cells., In Figure 9 three cells are
shown joined in series and connected to a bell.

(2) By the parallel method the e,m.f, of the battery will not
be greater than that of a single cell but the internal re-
sistance of the battery decreases with each addition in
the number of cells used. BRefer to Figure 10 showing three
cells joined in parallel and the combination connected to
a bell and controlled by a push button.

BELL OR LOAD CELL ¢ CELL 2 CELL3 BELL OR L0AD

o

CELL CELL 2

PUSH BUTTON

Figure ¢ Figure 10
SERIES COMBINATION

Both Figures ¢ and 10 are pictorial diagrams drawn to assist you in
understanding just how the cells are actually connected, Notice that
in the series combination in Figure 9 the connecting wires are put
on according to the following system: The negative terminal post of
cell 1 is jolned to the positive of cell 2; the negative of cell 2

is joined to the positive of cell 3; the negative of cell 3 is joined
to one terminal on the bell; the other bell terminal is joined to one
terminal on the push button; the other terminal on the push button is
connected to the positive terminal of cell 1. Thus, we have made a
complete circuit, beginning at cell 1 and returning to it., In this
arrangement the same amount of current that flows through one part of
the cilrcuit must also pass through all other parts since there is
only one continuous clrcuit formed., Now refer to the dlagram in Fig-
ure 11 which illustrates the circult of Figure 9 in slightly differ-
ent form, The purpose of Figure 11 is to show that when we connect
two cells from positive to negative we are in reality connecting the
carbon of one cell to the zinc of the adjoining cell, It 1s a simple
matter to trace out the "continuity" of this circuit. The word "con-
tinuity" expresses just what we were doing, that is, tracing out a
circuit from beginning to end to see that it is continuous and un-
broken so that we may be sure that current will flow through all of
its parts. The course of the current is shown by the arrows,

e V-10 #5



8

to keep a dry cell in a cool place whenever possible where the temper-
ature is not much higher than 70° F,

A dry cell is a very convenient means for obtaining an electromotive
force but it is adapted only for use on intermittent work such as,
ringing door bells, telephone installations, or wherc the service de-
mMands only a small continuous current such as for supplying current
to heat the fllaments of small receiving type vacuum tubes in radio
circults, and other uses too numerous to mention.

Because of its low internal resistance a dry cell in good condition
will deliver a currcnt of about 18 to 30 amperes, or more, when
measured on momentary short circuit by means of a low resistance am-
meter, Short circuit tests should not be made often on the same
cell asg it places a heavy drain on the active materials, A voltage
test can be made by using a good high-grade voltmeter with a low
reading scale, The average e.m.f., of all new dry cells in good con=-
dition is about 1,5 or 1.6 volts, In certain classes of work after
a cell has dropped to about 1 volt it is removed from active service
and a new one is substituted., Also, 1f two or more cells are used
in conjunction with one another their individual voltages should be
measured frequently to ascertaln whether they are nearly alike, or
whether one cell is considerably lower than the rest in which event
the operation of the circuit would be seriously impaired.

_CARBON (+)
POSITIVE

ZINC (=)
NEGATIVE

Figure 7 Figure 8

LECLANCHE CELL, The standard dry cell is practically a Leclanche”
cell made up in a different form —— both employ similar materials in
their construction, The Leclanche’ cell consists of two cylindrically
shaped plates, one of zinc and one of carbon placed in a sal anmoniac
solution, the carbon plats being corrugated in shape to form a porous
cup in which the manganese dioxide and powdered coke are placed,.

When delivering current the sal ammoniac solution attacks the zinc
and, as in the case of the simple dry cell, bubbles of hydrogen gas
are liberated and collect on the surface of the carbon, The gas
cormbines with the manganese dioxlide and is removed, thus preventing
polarization of the cell. A cell of this kind will keep in good
working condition for years and practically the only attention it
needs is an occasional filling with water and sometimes with a fresh
supply of sal ammoniec,

METHOD OF CONNECTIKG CELLS

A top, or plan view, of a common dry cell is shown in Figure 7. The
center terminal connects to the carbon rod and this terminal is call-
ed the "positive pole" of the cell; the ( 4+ ) sign is used to denote
positive polarity. We do not as a rule call this a "plus" sign in
this work; we most generally say "positive" sign., The terminal at
the outer edge of the cell connects to the zine can, or shell, of

the cell and this terminal is called the "negative pole"; the sign

( — ) is used to denote negative polarity. We do not call this a
"minus" sign as a rule but rather a "negative" sign. Hence, we say

V-10 #5 S
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We will attempt to make the following explanation as easy to under-
stand as possible although it is not necessary that you learn this
explanation., When chemical action sets up in the cell each molecule
of sulphuric acid separates into two oppositely charged parts; namely,
positive lons which are the Ho or hydrogen part of the acid, and neg-
ative lons which are the S04 or sulphuric part of the acid. The neg-
ative ions are made up of a certaln number of negative electrons.
Also, a portion of the zinc separates into electrons and positive
ions with the latter uniting with the negative sulphate lons, the

504 mentioned above, But the electrons just made available by the
zinc do not unite with other parts and, therefore, they move through
the circuit. The repulsive force which electrons exert upon one
another (this i1s because all electrons possess a negative charge of
equal amount and have similar characteristics otherwise) causes them
to move through the zinc electrode, and through the conductors form-
ing the external circult, and thence through the copper electrode

and the action just descrlbed continues on so long as the cell is
connected to the external circult and the materials used in the cell
are in good condition, (The external circuit consists of the con-
necting leads and the load as indicated by the resistance symbol,)
The fact that each one of the two parts of the electrolyte go to op-
posite plates when it separates as stated above (that is, the Hp pos-
itive ions go to the copper plate and the S04 negative charges go to
the zinc plate) causes the respective plates to become charged elec-
trically to positive and negative potentials, This results in the
setting up of a difference of potential between the plates, or ter-
minals, of the cell and the movement of the electrons through the ex-
ternal circuit in the direction from negative to positive,

The arrows in the drawing in Figure 6 are not to be assoclated with
the movement of the electrons in the explanation just given, The
arrows merely indicate the direction of current flow according to

the usual convention or custom in practical use for many years, Note
that the current arrows are in a direction in the external circuit
from the positive to the negative electrode and in the internal cir-
cuit from the negative to the positive electrode,

CONSTRUCTION AND OPERATION OF THE COMMON DRY CELL., The interior
view of a typical dry cell 1s plainly marked in Figure 2 to identify
all of the parts that enter into its construction, Dry cells of this
type are usually 6 inches high and 2% inches in diameter, The zinc
cylindrical can is the negative electrode, The terms electrode and
plate are used interchangeably., The zinc can holds the moist black
paste into which 1s embedded a large carbon rod that forms the posi-
tive electrode, or plate., The paste usually consists of a mixture

of ammonium chloride (or sal ammoniac, the chemical name of which is
NH4Cl), plaster of Paris, powdered coke, a small quantity of graphite,
zinc chloride (ZnClg), and a depolarizing agent, such as manganese
dioxide (MnOg), Enough water is added to the electrolyte to moisten
the absorbing paper which lines the zinc can and separates the zinc
from the paste, After the paste and carbon rod are firmly packed in,
the whole assembly 1s covered with sand and on top of this is placed
a sealing compound to make the cell moisture proof and thus prevent
evaporation.

The great advantage of this type of cell is that it can remain on
open circuit for long periods without appreciably shortening its
useful life. After a period of a year, or more, it will begin to
deteriorate rapidly if unused and the drying out of the cell will be
hastened if it is kept in a very warm atmosphere. It 1s always best

V-10 #5
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LCCAL ACTION, If a cell, like the one pictured in Figure 6, is left
on open circult (which means that there is no conductor of electricilty
connected to its respective plates) then there should be no chemical
action occurring between the materials composing the cell, If the
zine plate is absolutely pure, (i.e., without foreign matter or im-
purities) an internal action cannot be set up and current cannot be
produced by the cell's own materials, However, ordinary commercial
zinc contains many forelgn particles, such as carbon, tin, iron, and
so on, and these small foreign particles act with the zinc to set up
tiny electrical currents that flow in a short-circult path as shown
in Figure 5. This local action causes the zinc to be eaten away con-
tinuously and in time it will affect the normal output energy of the
cell. To prevent this consumption of the zinc when the cell is not
used to operate a circult it is customary to rub a small quantity of
mercury into the surface of the zinec. This process is called amalga=-
mation., Amalgamation, therefore, stops local action when a cell is
left on open circuit because the mercury does not combine with the
carbon, or other foreign particles, but it does act chemically with
the zinec to form zinc-mercury amalgam that works its way over the
zinc plates and covers up the particles.

LOAD DIRECTION OF
CURRENT IN
EXTERNAL CIRCUIT

NEGATIVE PDSITIVE‘\
TERMINAL TERMINAL

CURRENT-._

ELECTROLYTE

ELECTROLYTE """

CRYSTALLIZED-" |
CARBON :

LOCAL ACTION DIRECTION OF CURRENT
THROUGH INTERNAL CIRCUIT

Figure 5 Figure 6

ACTION OF A SIMPLE PRIMARY CELL, Suppose the simple cell in Figure 6
is composed of a positive copper (Cu) electrode, a negative zinc (Zn)
electrode, and diluted sulphuric acid., In this combination of materi-
als the acid unites more readily with the zinc than with the copper.
The chemical symbol for sulphuric acid is HgSC4 which denotes that a
molecule of this liquid consists of two atoms of hydrogen, one atom
of sulphur, and four atcms of oxygen.

The action is explained according to the "electron theory." The im-
pgrtant thing to bear in mind is that atoms consist of an aggrega-
tion of electrons and if some of these electrons can be set free by
chemical means the free electrons will move through the conductors
forming the external circuit around the cell, As we have just stated
the movement of current through the load circuit connected to the
cell is simply a movement of electrons, Their direction of flow in
the external circuit connected to a cell is from the negative termin-
al to the positive terminal of the cell. This is in accordance with
the theory as explained in our lesson on "Static Electricity." It
was stated that at a positively charged electrode there is a deficien-
cy of electrons and at a negatively charged electrode there is a sur-
plus of electrons,

nATE,
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by a sal ammoniac electrolyte solution, When a cell of this type is
connected in a circuit and current flows the zinc is slowly dissolved,
or eaten up, by the chemical action of the sal ammoniac (ammonium
chloride)., It is the combining of the electrolyte chemically with
the zinc and the amount of the intensity of the action for this par-
ticular set of materlals that makes the cell capable of developing an
e.m,f, between its plates and, also, to furnish a given amount of
current to a circuit for a gilven time.

While the chemical action goes on and current flows through the cell

a quantity of fine bubbles of hydrogen gas are liberated which im-
mediately form around the carbon. The bubbles collect very rapidly

if the cell passes a current of high value continuously for any length
of time and their presence on the positive carbon plate causes a very
noticeable reduction in the current strength. Thus, we see that the
hydrogen gas has a detrimental effect on the amount of electrical en-
ergy suppllied by the cell. This weakening of the cell is called po-
larization and if allowed to continue the cell will cease functioning
entirely,.

The falling off of the current caused by the hydrogen gas is due to
two conditions set up within the cell; first, the pgas being a non-con-
ductor of electricity acts as an insulator and increases the internal
resistance of the cell and, therefore, actually tends to block the
flow of current; secondly, the gas layer on the carbon reduces the
amount of active surface material that the carbon can present to the
electrolyte, that is to say, the gas acts to separate the carbon from
the electrolyte, Moreover, if a cell of this kind is strongly polar-
ized it sets up a small opposition e.m.f. because the character of
the plates are altered inasrmch as the carbon plate virtually becomes
a hydrogen plate, So far as the chemical action of the cell is con-
cerned,it will behave as though it had zinc and hydrogen plates and
not zinc and carbon, It has been mentioned before that different com-
binations of the materlals of which a cell is composed will cause the
e.m,f, produced between its plates to also change, hence, the e.m.f.
of the cell is considerably lowered by the polarized condition,

Polarization is prevented in a cell when it is operated to give an in-
termittent current of average value for the particular type of cell

in question., In the type already under consideration a strong oxidiz-
ing substance, such as manganese dioxide, is used for this purpose as
it combines readily with the hydrogen and, therefore, removes the gas
from around the carbon, It is to be understood that if an excessive-
1y large current is delivered steadily by the cell the chemical action
between the oxidizing material and the hydrogen may be too slow to
prevent polization and the cell will become inactive in a short time.
However, 1f a cell when in this condition 1s disconnected from the
circuit and permitted to remain on open circuit for a brief interval
it will rapidly recuperate, or recover, which means that it will be
restored to normal by the cleaning up of the hydrogen by the depolar-
izing agent, The carbon then is once more left free to act as a

plate and conductor for the passapge of current.

Have you ever noticed when using a pocket flashlight that the light
suddenly became dim, but after allowing the switch to remain in the
"off" position for a half minute or so the lamp when next lighted
would glow with its former brightness? This dimming of the light

was caused by the falllng off of the current through the cell due to
polarization., The same weakenlng effect 1s often noticed in the ring-
ing of a door bell, or in the operation of a buzzer, especially when
they are overated steadily for a time.
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necessary to pass current again through the storage cell to restore
the materials to their original condition, With intelligent care a
storage cell will last for years since it only requires charging and
the adding of water at periodic intervals to maintain it in a proper
condition. The life of a dry cell, on the other hand, is a more or
less fixed condition because it is governed by the rate at which the
active material, zinc for instance, is consumed and this in turn de-
pends upon the amount of electrical energy delivered by the cell,
For the reasons just advanced a dry cell is called a primary cell and
a storage cell is called a secondary cell, A lesson is devoted to
storage batteries and storage cells later in our course, Primary
cells are also known as galvanic cells,

Another important thing to mention i1s that a dry cell is not really
dry as the name would lead most anyone to belleve. The use of the
word "dry" no doubt became popular owing to the fact that all of the
materials in the cell are sealed up in a moisture-proof container
without any outside evidence of a liquid solution in it 1like in u
"wet" battery, for example. During the manufacture of a dry cell a
certain amount of water 1s added to the materials and the liquid is
therefore retained in the moist pasty filling which we could see 1if
we broke open a good cell,

WHY AN ELECTROMOTIVE FORCE IS PRODUCED BY A DRY CELL, It is a known
fact that there is always an e.m.f., of a certain number of volts set
up between any two pleces of metal of dissimilar kind when lmmersed
in a liquid. When certain combinations of materials are used, and

the liquid is a chemical solution of a particular kind, e.m.f.'s as
high as 2 volts and more can be obtained. The metal Pieces referred
to are called "plates” and the chemical solution the "electrolyte."
The e.m.f. or voltage of a cell is determined solely by the kind of
materials used for the plates and the nature of the electrolyte. The
theory is that the electrolyte acts more readily on one material than
the other and it is this chemical action that causes both plates to
possess an electric potential, but because of their difference in
character one plate will have a higher potential than the other., The
higher potential plate 1s called the positive plate and the lower po-
tential plate is the negative plate., The difference of potential 1is
electrical pressure and it is capable of sending current through a
circuit, The size of the plates, their actual surface area in con-
tact with the electrolyte, or the amount of separation between plates
have no bearing whatsoever on the voltage of the cell, However, these
factors do have some effect on the internal resistance of the cell and
this in turn will govern to some extent the amount of current that the
cell will be capable of delivering.

Hence, 1f we have one very large cell and one very small cell and each
one is made up of a similar combination of materials and electrolyte
it will be found that the voltage reading taken between the plates
will be alike for the two cells, This would prove our statement that
only the materials and the electrolyte govern the e.m.,f, or voltage
across the plates. A cell consisting of a zinc plate and a copper
plate immersed in a liquid of 'dilute sulphuric acid gives an e.m.f,
of approximately 1 volt regardless of the size of the elements {(ele-
ments means the materials). Another cell, however, having a differ-
ent combination of materials, for instance, zinc for one plate, car-
bon for the other, and a sal ammoniac electrolyte, sets up an e.m.f,
of approximately 1.5 volts between its plates.

POLARTIZATION, To explain this term let us consider that we have a
cell consisting of a zinc plate and a carbon plate being acted upon
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condition, Several cells may be connected to form a battery as fol-
lows: Suppose we have 3 cells of this type connected together to
form a battery then the total e.m.f. at the terminals would be 3 x 1.5
or 4,5 volts, Agaln, suppose we had 30 cells of this kind connected
to form a battery;then,the total e.m.f, available at the battery
terminals would in this case be 30 x 1.5 or 45 volts, In many dry
batteries there are connections taken from different cells in order
to provide several different voltages from the same battery for con-
venience,

A battery consisting of three small dry cells connected together in
series 1s shown in Figure 3, Notice that three terminals are sup-
plied so that the e.m.f, (or voltage)of one or two cells may be used
separately, or the voltage of three cells may be used by making
connections to the outer two terminals, A dry battery containing
thirty small cells compactly arranged in a container is shown in
Figure 4; the e.m.f. at the outside two teruminals 1s 45 volts, In
this battery a tap taken between the 15th and 16th cells 1s brought
to the center terminal on the top so that one-half of the total volt-
age, or 22% volts, is available either between the first and second
terminals, or between the second and third terminals,

The dry cell and batteries illustrated are typical of the kind found
in widespread use for radio and electrical work, A battery similar
to the one in Figure 3 1is mostly used for a specific purpose in radio
circuits to supply a negative voltaﬁe to the grids of vacuum tubes
and it is, therefore, known as a "C" battery. The battery in Figure
4 13 exactly the same as the one just mentloned so far as its princi-
ples of construction are concerned, except that it has more cells
than the one in Figure 3. The larger battery in Flgure 4 13 employed
principally to furnish the plate voltage to operate vacuum tubes in
certain types of equipment and is known as a "B" battery, If several
cells of the type shown in Ficure 2 are used to furnish an e.m.f, to
the fllaments of vacuum tubes in receiving sets, to provide the heat-
ing current, the cells are then referred to as an "A" battery., Later
on in your work you will become accustomed to using the terms "A,"
"B," and "C" for identifying batteries of any type according to their
particular duty. It should now be clear that the terms battery and
cell are not to be used interchangeably and, therefore, in your con-
versation and writing be careful to make the correct distinction be-

tween them, Say "cell" when you mean cell and "battery" when you
mean battery.

DISTINCTION BETWEEN PRIMARY AND SECONDARY CELLS, There are two tyves
of cells in general use, namely: dry cells and storage cells. A

dry cell is one that depends for 1its opcration upon the consumption
of one of the materials by the chemical action of the solution on it
when current flows through the cell and through the circuit to which
it is connected, While current flows the material is gradually eaten
up and in due time it will be entirely consumed,and as a result of
this action the voltage (or e.m.f.) of the cell will droo so low that
the cell becomes usecless for all practical purposcs. When this hap-
pens the cell must be discarded and revlaced by a new one, A storapge
cell, on the other hand, is one that must first be charged by passing
a current through it in a certain directlon so that its materials
will be put into the proper condition that will enable them to pro-
duce an electrical pressure. After the storage cell has been on cir-
cuit and delivers a certain amount of current in a stated time, its
e.m.f, will fall below the proper working value because the chemical
relations of the cell are then altered. Since the materials merely
undergo a change and are not eaten away, as in a dry cell, it is only

i V-10 #5
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In the case of the generator the electromotive force is obtained by
making practical use of the laws of electromagnetic induction., Ac-
cording to the explanations in our preceding lesson on thisg subject
one law stated that when a coll of wire is moved through a magnetic
fleld an electromotive force 1s produced across the termlnals of the
coll; this is exactly the principle upon which the generator works
since it is constructed to provide a strong magnetic field through
which a number of colls are rotated by mechanical means and from
these coils we are able to get an electromotive force, or electric
power,

In the case of the battery, however, the electromotive force is
obtained through the electrochemical action that occurs between the
combination of materials that are used. We learn, therefore, that
a generator transforms mechanical energy into electrical energy and
a battery transforms chemical energy into electrical energy.

Hence, insofar as we are concerned at the present, a generator and a
battery both produce similar results, that is, elther one will pro-
vide an electromotive force. Of course, you will understand that
many practical and economical considerations determine whether a gen-
erator or battery will be used to furnish power for the operatlon of
certain types of equipment., In many of the modern radio broadcast,
commercial telegraph, sound picture, television, and aviation radio
installations it has been found necessary to employ both generators

and batteries to obtain the best electrical results.

MOISTURE-PROOF ___ SEALING
INNER CONTAINER " L COMPOUND

_MOISTURE - PROOF
=y CELL WRAPPER.

WATER- PROOF TOP SEAL
/ CONTAINER

‘ /

1

O

i
f‘ j=—  MOISTURE-PROOF
7 CELL WRAPPER ...SEAMLESS

ZINC CAN

~___SEAMLESS

ZINC CAN MOISTURE-PROOF

- INSULATION
o MOISTURE-PROOF
..--"INNER BASE

£ INNER SEAL
=~~~CEMENTING CELLS
INTO A SOLID BLOCK

Figure 3
WATER-PROOF _.*
CONTAINER™

Figure 4

CLASSIFICATION OF BATTERIES AND CELLS. Let us first explain the dis-
tinction between the terms "battery" and "cell." A cell is a complete
unlt consisting of a chemical solution into which is placed two dif-
ferent kinds of materials which are not allowed to touch each other
and from which an electromotive force can be obtained by the chemical
action set up belween the solution (electrolyte) and the materials.
When two or more cells of similar kind are connected together in a
combination that permits their individual e.m.f.'s to be utilized

all at the same time, the whole combination is known as a "battery."
Hence, a battery is a number of cells all functiloning in conjunction
with one another to provide a certain amount of electrical pressure,
measured in volts, from its terminal binding posts.

A gingle cell of the dry cell type is shown in Figure 1,while its in-
terlor construction is pictured in the cross-sectional view in Figure
2. This cell has an e,m.f, of approximately 1.5 volts when in good
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PRIMARY CELLS

SQURCES OF ELECTRIC PONER, The principal sources of electric power
that are utilized in practically every radio, sound picture, televi-
slon, and aviation radio power installation, including recorders,
reproducers, transmitters, receivers, auxiliary equipment and types
of apparatus of unlimited varietiles, are the electric generator and
the electric battery. When we say source of electric power we mean
a gource of electromotive force. It 1is customary for some persons
to think that a generator or battery stores up electricity and sup-
plies current to any device to which it may be connected, but this
1s not a fact, A generator or battery merely furnishes an electro-
motive force (or pressure) which when applied to any device, or cir-
cuit, will set electrons In motion and cause them to flow through
the device, or circuit, Always keep in mind that the movement of
electrons throuch wires (and all conductors of electricity) is the
so-called current flow, Now, since electrons already exist in the
wires and other elements that form a circult then it cannot be said

(RSK ZINC CARBO
, \ N
ZINC (0uTsIDE) [ YOUTS)  cARBON (CENTER) ELECTRODE . _ ~"ELECTRODE
NEGATIVE ~-al 5 - /

ST POSITIVE e
@ o £ “.. A SEALING COMPOUND

I1 ..T0 MAKE CELL AIR
; l SAND------ " 3 AND WATER PROOF

by

ICE

SAL AMMONIAC PASTE— TR,
AND WATER. §

ZINC CAN

CARBON ROD--- ABSORBING PAPER

Picure 1

that a generator or battery supplies them; what the generator or
battery does 1s to force these elesctrons to move through the wires
from one place to another, that is, the electrons which constitute
the currcnt are forced to flow tarough a circuit by the e.m.f, (or
pressure) applied to the circuit. Thus, it 1ls evident thal current
will not flow in any circuit unless an electromotive force is ap-
plied to it from some source,

wHTg,
euInTES
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LSULTS OBTAINED FROM VARIOUS CELL COMBINATIONS

VOLTAGE - RESISTANCE - CURRENT

SERIES ARRANGEMENT OF CELLS

VOLTAGE......The total e.m,f, of a series combi-
nation of cells is the sum of the
e,m.f.'s of the individual cells.

RESISTANCE.. .The combined resistance of cells in
series 1s increased by adding cells,
The total resistance is the sum of
the internal resistances of the in-
dividual cells.

CURRENT......In practice cells are usually con-
nected in series (to increase the
e.m.f.) when the resistance of the
load cirecuit (or external circuit)
is high in order to obtaln the prop-
er current,

PARALLEL ARRANGEMENT OF CELLS

VOLTAGE......The total e,m,f, of a parallel com-
bination of cells 1s equal only to
the e.m,f, of any cell in the group
providing they are of similar kind,

RESISTANCE,..The combined resistance of cells in
parallel is decreased by adding
cells, The total internal resist-
ance 1ls equal to the internal re-~
sistance of one cell divided by the
number of cells,

CURRENT......In practice cells are generally con-
nected in parallel when the resist-
ance of the load circuit is low so
that each cell contributes 1ts share
of the total current in the circuit,.
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TOURTESY OF WIRELESS PRESS, (1D

AN ELECTRICALLY OPERATED MAGNETIC CRANE CONVERTS
ELECTRICAL ENERGY INTO MECHANICAL ENERGY
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(Problems cont'd from previous page)

Note: Solve the following problems which relate to direct current
circuits, Use the form suggested in worked-out examples in
this lesson where the formula is written first, the known
values substituted next, and so on,

o If 3 amps. pass through the lamp in Figure 6, and the line
voltage at the wall outlet is 110 volts, what power is being
expended?

8. Suppose an electrical heater, rated at 350 watts, is placed

in operation and by measuring the current strength with an
ammeter, we find it to be 3 amps. Find the line voltage.

9. If the load on a generator supplying an electrical circuit
is such that a current of 200 amperes flows at a pressure of
120 volts, what is the capacity of this machine in watts?
Also, in kilowatts?

10. In this problem you are given the following data: The e.m.f,
is 120 volts, the current drawn is 20 amperes and the
generator is maintained in operation 12 hrs. Find kilowatt-
hours of energy expended.

V-10 #4 &>
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EXAMINATION QUESTIONS

1. Give the definitions of the following units, expressing
them in your own words. Do not use the exact wording given
in the lesson.

(a) wvolt (d) coulomb (g) farad
(b) ampere (e) watt (h) kilowatt-hour
(¢) ohm (f) henry (1) ampere-hour
2% (a) What is a megohm? (d) Micro-microfarad?
(b) Microhm? (e) Microfarad?

(¢) Kilowatt?

3. (a) Can energy be created? (d) What unit of time is
electrical measursment
(b) Name two practical sources based on?
for obtaining electrical
pressure. (e) Write 35 mmfd. in the
unit mfd.

(c) Wwhat must we first have in
an electrical circuit be-
fore current will flow?

4. Suppose the capacity of a generator when carrying a load 1is
3500 watts. Express this value in kilowatts and horse-power.
Show your work.

B What is the difference between work and power? What is
force and energy? Use an analogy, if you wish, in order to
explain the meanings.

6. (a) Write the formula you would use if the power and
current of a circuit were known and you were asked to find
voltage.

(b) Write the formula you would use to find current strength
if the voltage and wattage of a circuit were known.

(c) Write the formula you would use to find the wattage of
a circuit if the voltage and current were known.

(Problems cont'd on next page)
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STANDARD RADIO SYMBOLS

Vacuum Tubes

Diode

(or half -wave rectifier)

Triode
(with directly heated cathode )

Triode
(with indirectly heated cathode)

Screen Grid Tube
(with directly heated cathode)

Screen Grid Tube
(with indirectly heated cathode )

Pentode
(with directly heated cathode )

Rectifier Tube, Full-Wave
(Fitamentless )

Rectifier Tube, Full- Wave
(with directly heated cathode )

Rectifier Tube, Half-Wave

(Filamentless)

SO PBHBDHDHO

Part IV
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STANDARD RADIO SYMBOLS

Resistor MWW
Resistor, Adjustable —WMN—
Resistor, Variable %—
Spark Gap, Rotary — % —
Spark Gap, Plain —D ¢—
Spark Gap, Quenchec =
Telephone Receiver efile ¢
Thermoelement M
Transformer, Air Core :§ g
Transformer, Iron Core E“E
Transformer ,With Variable Coupling Eg
Transformer , With Variable Coupling E'g

(With moving coil indicated)
Voltmeter —V—
Wires, Joined TLL
Wires, Crossed, not joined —‘"

Pert III

V-10 #4
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STANDARD RADIO SYMBOLS

Frequency Meter (wavemeter)
Galvanometer

Glow Lamp

Ground

Inductor

Inductor, Ad justable
Inductor, Iron Core
Inductor, Variable
Jack

Key

Lightning Arrester

Loud Speaker

Microphone (Telephone Transmitter) :@ _©_
Photo electric Cell Cﬁ)
Piesoelectric Plate —[J—

Part II
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STANDARD RADIO S oL

Courtesy, Institute of Radio Engineers

Aerial

Ammeter

Arc

Battery(the positive electrode is
indicated by the long line)

Coil Antenna

Condenser, Fixed

Condenser, Fixed, Shielded

Condenser, Variable

Condenser, Variable (with movin

plate lndlcated?
Condenser, Variable, Shielded

Counterpoise

Crystal Detector

1
-®-
E;

——
&
+

——
+
*

-
1l
+

Part I
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CHART OF THE TYPICAL UNITS OF WORK AND POWER

WORK = Force x Distance, or W=FD

UNITS OF WORK

POWER = Work
ER = 19T,

UNITS OF POWER

or P=g

3=

Joule = Watt second, or J =PS Watt = Volt ampere
= EIS = EI
= EQ = 1%R
= 1%ms = g2
_ E®s 8
x = {2ier or v 2]
= 107 ergs
_ =1
Erg = dyne centimeter =74g H. P.
= f:—c?xcm B 550 f:eibs
i P - 746
T sec?
Key To Abbreviations
cm = centimeter J = Joule
D = distance 1b = pound
E = volt P = watt
F = force Q = coulomb
ft = feet R = ohnm
gm = gram S = second
H.P. = horse-power T = time
I — ampere W = werk

V-10 #4



GREEK LETTERS, SYMBOLS AND MATHEMATICAL SIGNS

Greek alphabet

Letters Names Letters Names Letters Names
A @ Alpha I . Iota P p Rho
B B Beta K « Kappa 3 os Sigma
T y Gamma A A Lambda T = Tau
A $ Delta M Mu Y v Upsilon
E ¢ Epsilon N v Nu ® ¢ Phi
Z ¢ Zeta B2 ¢ Xi X x Chi
H 4 Eta 0O o Omicron ¥y Psi
@ 6 Theta I« Pi Q w Omega
Symbols
m = permeability (B/H) ¢ = angle
T = 3.1416 Y = difference in phase
p = volume resistivity o = 2nf (angular velocity in radians
T = thickness per second);
x = susceptibility ¢ = magnetic flux
A = wavelength in meters ¥ = electrostatic flux,
8 = logarithmic decrement Q = ohm o
€ = 2.7183 (base of Napierian loga- Y = electric conductivity
rithms) & = electric field intensity
= efficiency (per cent) (f= magnetomotive force
6 = phase angle (degree or radian)

K‘= reluctance

Signs

o proportional to; varies as £ angle
= equal to < is less than
X multiplied bv

- < much less than
+ plus; addition < . )
— minus; subtraction > Is greater than
+  divided by >> much greater than
© circle QD  eycle
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ABBREVIATIONS FOR RADIO TERMS

Courtesy, Institute of Radio Engineers

Alternating-current (adjective)
Alternating current

Ampere

Antenna

Audio-frequency (adjective)
Continuous waves

Cycles per second

Decibel

Direct-current (adjective)
Direct current

Electromotive force
Frequency

Ground

Henry
Intermediate-frequency (adjective)
Interrupted continuous waves
Kilocycles (per second)
Kilowatt

Megohm

Miecrofarad

Microhenry

Micromicrofarad

Microvolt

Microvolt per meter

Millivolt per meter

Milliwatt

Ohm

Power Factor
Radio-frequency (adjective)
Volt

Abbreviation

a-¢
spell out
a

ant.

a-f

Ccw

db

d-c

spell out
e.m f,

f

gnd.

h

i-f

ICw

ke

kw

MQ

uf

ph

ABBREVIATIONS FOR METRIC PREFIXES

Prefix Abbreviation
centl c

deeci d

deka dk
hecto h

kilo k
mega M
micro m

milli m
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points is one wavelength.

occuring in space, set up by unseen forces,

19

Let us try to visualize a wave motion
Suppose that an elec-

tromagnetic wave is projected from an active transmitting antenna
and this energy consists of a succession of rapidly recurring im-
pulses in space, due to the disturbance set up in the space medlum.
The length of each individual wave or complete impulse of the elec-
tromagnetic wave motion is considered from a similar viewpoint as

each water wave,

The metric unit of measurement is used to compute such length,

Thus

the wavelength of an electromagnetic wave sent out by a radilo trans-
mitter may be 300 meters, or it may be 1,500 meters or 14.5 meters
or any desired length which is governed by the eliectrical adjust-

ments of the transmitter.
inches.,

One meter equals approximately 39.37
The student must not confuse the distance which a radio

wave will actually travel to be intercepted and heard in the recelv-
ers (which may be several thousand miles in some cases) with the
wavelength of each individual impulse in the complete wave motion,

PLENGTH |
:

H | )
fe———]CYCLES PER UNIT OF TIME +— e
1 g 1 ]
| wave- |
PLENGTH | h
H

i ' 1 RADIO |
=N\ ANNN
AMP\.;TUDE

w0 U U Uﬂk

Figure 13

The length or a wave is the dis-
tance from the crest of one wave
to the crest of the next wave as
shown in Figure 13. The varia-
tions passed through during one
such occurrence are said to con-
stitute one cycle. 1000 cycles
are equivalent to one kilocycle.
The total number of these cycles
which occur in one second is
called the frequency.

——

25 Cycles
to 1000 Cycles

POWER AND
COMMUNICATION

10,000 Cycles

550,000 Cycles

LONG WAVE
RADIO
COMMUNICATION

1,500,000 Cycles ——

RADIO BROADCASTIN

SHORT WAVE RADIO
COMMUNICATION

3,500,000,000 Cycles

30,000,000,000 Cycles ———

1,500,000,000,000 Cycles -
375, 000,000,000, 000 Cycles

2,000, 000,000, 000,000 Cycles
150,000,000000,000000 Cycles

15,500,000 000,000,000,000 Cycles

HERTZIAN
WAVES

INFRA-RED  RAYS
AND HEAT

LIGHT

ULTRA-VIOLET
RAYS

X-RAYS AND
GAMMA RAYS

Figure 14 shows the frequency range
or spectrum of all the known forms
of vibratory motion. Classifica-
tions are not sharply defined as
much of the spectrum remains to be
fully explored.

- COSMIC RAYS

Figure 14

The balance of this lesson contains charts and symbols which are
followed by the examination questions.
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We have already given an equation which states that 550 foot-pounds
per second is equivalent to 1 mechanical horse-power, The electri-
cal equivalent of this, or 1 electrical horse-power, would be

550

0.7375

The above derivation of the number of watts per electri-
cal horse-power is the same as,

1 ELECTRICAL H.P. = or,'746 watts,

1 ELECTRICAL H,.P. = 550 x 1,356 or,746 watts.

The value ,7375 1is the reciprocal of 1,356, or 1 divided
by 1.356, that is,

1
1356 = -7375

THE METER IS THE UNIT OF MEASUREMENT FOR WAVELENGTH. Wavelength

can also be expressed in terms of frequency. These terms are used
in connection with electromagnetic wave motion in space, by this we
mean radio waves in space, 71he terms can be interchangeable, 1t be-
ing a simple matter to convert wavelength to frequency and vice
versa., This 1s explalned in a subsequent lesson. Refer to Figure
12, which shows a regularly recurring wave motion set up on the
surface of water by striking it with equal intensity at regular in-
tervals with a wooden block.

The term wavelength can best be explained with the aid of a drawing
of this kind and after once understanding the meaning of wavelength
it can be applied to any form of motion that occurs and reoccurs at
regular intervals.

Iw

i

WAVELENGYH ILLUSTRATED
8Y WAVE MOTION ON
SURFACE OF WATER.

WAVELENGTH.

TTOTTTTTTT WAVELENGTR T e — o o

Figure 12

One wavelength is the distance from crest to erest of the wave in
Figurel2, or it may be the distance from trough to trough, which
naturally would be the same. Moreover, we could consider any point
on one wave impulse and compare 1t to a similar point on an adjoin-
ing wave Impulse and say that the distance between these two selected
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Now, in order to find the rating of an electrical machire, in the
unit of horse-power, we have simply to know its capacity in volts
and amperes; to find the horse-power multiply the volts by amperes
and divide by 746, This is the same thing as saying that the number
of watts are divided by 746, Hence, we have.

VOLTS x AMPERES _ WATTS
746 746

ELECTRICAL H,P, =

The following worked out example 1is given to ald you in solving
problems of this kind. The results can be expressed either in the
unit watt, kilowatt or electrical H.P,

PROBLEM: Suppose the current drawn by the motor in
Filgure 11 1s 20 amperes and the line voltage
is 220 volts., Find the number of watts of
energy consumed?

SOLUTION:

(1) write formula: WATTS Ex I

(2) Substitute known values: WATTS = 200 x 20

(3) Solving, we get: WATTS = 4400 watts. Answer

If we wish to express the above answer 1n horse~power maintaired by
the motor, simply divide 4400 by 746 as follows:

WATTS _ 4400
7486 746

5.2 H.P. Answer.

ELECTRICAL HORSE-POWER =

Hence, ELECTRICAL HORSE~POWER
This answer expressed in kilowatts is 4400 — 1000 = 4,4 kw,

THE BASIS OF COMPARISON BETWEEN MECHANICAL AND ELECTRICAL H.P. The
basis for comparing an equivalent amount of mechanical energy meas-
ured in "foot-pounds" and electrical energy in "watts" was worked
out mathematically many years ago by Dr. Joule. He made a direct
comparison between both kinds of energy in performing exactly the
same work which consisted of heating a given quantity of water until
its temperature was raised to a certain value., In the case of me-
chanical energy the heat was obtained from the fricticn set up when
paddle wheels were rotated through the water, The amount of power
required was figured from the number of foot-pounds of work per
second obtained from a certain arrangement of pulleys and weights
used in the experiment. In the case of the electrical circuit the
power was computed from the amount of current consumed at a certain
voltage and the time required in generating the specified amount of
heat, Dr. Joule estimated that 1 foot-pound per second = 1,256
watts.,
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hour, one~half hour or five minutes, or any other interval of time,
will determine the "time rate of doing the work," or "the power."
Mechanical power is usually estimated in foot-pcunds per minute, but
in some practical work it may be more convenient to use foot-pounds
per second. Hence,

1 MECHANICAL H.P.
or, 1 MECHANICAL H.P.

33,000 FT. LBS. PER MINUTE
550 FT. LBS. PER SECOND.

"u

We obtain the 550 in the lower equation, for expressing so many foot-
pounds per second, by dividing 33,000 foot-pounds per minute by 60
seconds, that 1is, 33,000 + 60 = 550.

In commercial practice the power 1s estimated according to the
amount of work done in horse-power and the period of time involved
in hours. -

ELECTRICAL WORK

Figure 11

Electrical H,P., Electrical power is measured in watts, the measure-

ments belng based upon the second of time and not the minute which
is chiefly used in mechanical work,

Let us suppose the horses in Figure 10, are replaced by an electric
motor as the source of power as in Figure 11. You will recall that
power is estimated according to the amount of work done during =a
certain period of time, Accordingly, in our computations 1t will be
necessary to know the amount of power that a motor is supplying and
length of time 1t 1is kept in operation,

In one of the paragraphs in this lesson, under the unit "Joule," 1t
was explalned that one joule per second is the unit of electrical
power, or the watt. Furthermore, it was explained that the rate in
watts at which electrical energy 1s expended is equal to the voltage
of a circuit times the number of amperes of current flowing., Putting
these statements together should give you an understanding of the
significance of the watts formula; where

WATTS = E x I

Where large amounts of power are handled it 1s often inconvenient

to use a unit as small as the watt, as we previously mentioned and
80 in the practical work of rating electrical machinery the larger
unit "electrical horse-power" is employed. It will be recalled that
one electrical horse-power equals 746 watts,
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The work done ‘is the result of the force exerted, or power expended,
by the horses in overcoming any opposition or resistance which the
load presents., The heavy iron beam is the load., The power is the
rate at which the work is done, that 1s, whether it takes the horses
15 minutes, or 1 hour, or any given time to 1ift the load. The
total work includes the power expended and the time.

In summarizing the foregoing facts we can say in a few words that
the energy possessed by the horses was converted lnto mechanical
pulling or lifting power., This gives us a 5ood illustration of the
laws governing the "conservation of energy. Conservation relates
to the transference of energy from one state to another. There is
nothing lost, practically speaking, in the transference of energy
from one state to another so long as our purpose is fulfilled; that
is, so long as the work we desire to be performed is actually com=-
pleted.

MECHANICAL WORK

Figure 10

ELECTRICAL AND MECHANICAL HORSE-POWER DEFINED

Mechanical H,P. In the illustration in Figure 10, we have shown two
horses 1ifting a heavy iron beam by means of a hoisting crane. The
power in this case 1s the rate at which the work of 1lifting the beam
is accomplished, Mechanical work is measured in "foot-pounds" or
"pounds multiplied by feet." Thus, if a weight of 3 lbs. 1is raised
to a height _of 5 ft. we have an equivalent of 15 foot-pounds of work.
Suppose a 7% 1b, weight 1s 1lifted only 2 feet we would have exactly
the same amount of work done as when 3 lbs, is raised 5 ft., or 15
foot-pounds in both cases,

Now, to explain the meaning of mechanical horse-~power let us suppose
that the iron beam in Figure 10 welghs 33,000 lbs, and 1s to be
raised one foot against the force of gravity, and suppose further
that the horses take one minute to do this, Here we have a set of
given values, Let us repeat them: 33,000 1bs. 1is to be ralsed one
foot in one minute., This combination of values is the basis for the
rate of doing work which i1s equal to one mechanical horse-power, If
twice this weight, or 66,000 1lbs,.,, is raise one foot in twice the
time, or two minutes, the "rate of working" would still be the same
as in the preceding case, or one mechanical horse-power,

If the horses were replaced by a stronger team that could 1ift the
same beam, the same distance, in just half the time, or let us say,
in one-half minute, then it 1s logical to assume that one team is
twice as powerful as the other. Thus, if 33,000 lbs. is lifted one
foot in 30 seconds it would give us 2 mechanical horse-power, We
see that both teams of horses perform exactly the same total amount
of work, but, depending upon whether the work 1s completed in one
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The watt-hour 'is the unit of measurement that is applied in the cal-
ibration of electric meters installed in our homes, factories, of-
fice bulldings and so on, for indicating the amount of electricity
consuned; the meters used for this purpose are usually equipped with
several dials for recording and are called watt-hour meters.

Since a watt 1is equal to a volt multiplied by an ampe e, it 1is easy
to see that watt-hours must equal volts multiplied by amperes and
time; or steted in a formula, we have

WATT-HOURS = E x I x HOURS

In many cases the unit "watt~hour" is too small for practical compu-
tations, and for convenience a larger multiple of the unit is em-
ployed, called a "kilowatt-hour." Remember that one kilowatt equals
1000 watts. Therefore, a kilowatt-hour is found by first multiply-
ing volts by amperes by hours, and then dividing the product found
by 1000, From this we derive the following formula.

KILOWATT~HOURS KILOWATTS x HOURS

E x T x HOURS
1000

or, KW-HRS

One kilowatt-hour is defined as the equivalent of one
kilowatt (1000 watts) of electrical energy expended in
one hour,

EXAMPLES OF HOW THE TERM KILOWATT-HOUR IS USED, Suppose
that a generator in a power plant i1s kept in operation

to furnish light and power for a factory. If the output
of this generator indicates that one kw. of electrical
work is maintained for one hour the factory will use 1
kilowatt-hour; or if 2 kw. is maintained for one-half hour
(2 x % = 1) the factory will likewise use 1 kilowatt-hour;
but, if 4 kw. is maintained 2% hours the factory will use
10 kilowatt-hours.

An AMPERE-HOUR is the unit in general use in battery charging serv-
ice; 1t represents a continuous flow of current of 1 ampere for 1
hour,

TLLUSTRATING THE PROPER USE OF THE TERMS: POWER, FORCE, WORK and
ENERGY. Let us refer to the drawing in Figure 10 where a team of
horses 1is at work raising a heavy iron beam, This 1llustrates how
force applied through a certain distance causes or tends to cause a
body to be set into motion. 1In this instance, motion is actually
produced because the horses are strong enough to perform the task
imposed upon them. 1In this action the force might be defined as
the physical exertion put forth by the horses in accanplishing the
work., The capacity which these horses possess for doing work of
this kind is the energy. (lNote: The energy cannot actually be
created, it 1s a natural condition existing within the horses.)
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formula and the other two is easily found by use of the simple
circular chart containing letters W, E, and I shown below in
Figure 7. The explanation is as follows;

To use this convenient aid for learning the different forms of watts
formu}a, 1t is simply necessary to cover one member of the formula,
and its relation to the other two members is apparent,

Suppose we desire to lmow the relation of voltage to current and

watts, We cover (E) which deslgnates voltage and find that (E) 1is

equal to W-+ I, which is exactly what the formula (E = W) tells us,
T

P}

This procedure is shown in Figure 8,

w

‘ W
EL) @1/

Figure 7 Figure 8 Figure 9

Now, suppose we desire to know the relation of watts to current and
voltage. We cover (W) which stands for watts and find that (W) is
equal to E x I, which 1is the equivalent of the relation expressed by
the formula (W = EI). See Figure 9, The relation of current to
watts and voltage may be found in the same way by covering (I).

This same arrangement of the parts of a formula may be applied to
any equation having three members, The expression EI means the same
as E x I,or E times I.

Another practical example in the use of the watts formula 1s worked
out below,

PROBLEM: Let the rated power of a circuit be 660 watts
and the line voltage 110 volts, What 1s the
value of the current passing through this
circuit?

SOLUTION: The formula is written first and the computa-
tion completed as follows:

==

(1) Write formula: I=

(2) Substitute known values: I = %%%

(3) Solving, we have I = 6 amperes. Answer,

THE WATT-HOUR AND KILOWATT-HOUR. The watt-hour is a convenient unit
to use in practical work for denoting the amount of energy expended
in a given number of hours.

One watt-hour is equal to one watt of electrical energy
expended in one hour,
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Supposing now, that we were required to find the wattage of a cir-

cuit without knowing the applied voltage.

The problem and its solu-

tion is presented to illustrate the second wattage formulsa,

(W = IZR).

PROBLEM: Find the number of watts expended in the cir-
cuit of Figure 6 when the EMF is unknown, the
current 1s 0,5 amperes and the resistance of
the lamp 1s 240 ohms,

SOLUTION: (1) Write the formula: W = I2R
(2) Subsitute known o
values: W =0,5" x 240 or,
(0.5 x 0.5 x 240), or,
(3) Scguaring 0.5: W = ,25 x 240
(4) Multiplying: W = 60 watts. Answer.

CURRENT PASSING
THROUGH THE LINE AND
FILAMENT (S 0.5 AMP,

LINE
VOLTAGE
{110 VOLTS

] L

LAMP {10 VOLTS

| [

THE SAME CIRCUIT SHOWN
PICTORIALLY AND BY DIAGRAM

Figure 6

The number of watts may be expressed in the larger unit "horse-

power," abbreviated "H.P."

In terms of horse-power, one watt is
equal to 1/746th of an electrical horse-power.

This 1is equivalent

to saying that one electrical horse-power equals 746 watts, or writ-
ing this in the form of an expression, we have

1 ELECTRICAL H.P.

Another unit in common use is the "kilowatt,"
viated "kw," 1is equal to one thousand watts, or

1l kw =

PRACTICAL USE OF WATTS FORMULA,
rent can be stated in three ways
working out practical problems,
presented between the quantities
tion of these formulas show that

= 746 watts,

One kilowatt, abbre-

1000 watts.,

The watts formula for direct cur-
as shown below for convenience in
Exactly similar relations are re-
in each of the formulas. An inspec-
1f the value of any one of the

three quantities is unknown it may be easily found providing the

other two quantities are known,

W
or, I
or, E

H|= )=

Using the symbols, we have

x I

The relation which exists between any one component of the watts

V-10 #4
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circuit. The same formula is repeated below but using the elec-
trical symbols in their proper relation.

W=sExTI

From previous instruction of this lesson we have learned that the
volt 1s the pressure required to force a current of one ampere
through a circuit having a resistance of one ohm. This expressed
mathematically takes the shape of),

Volts = Amperes x Ohms
or, E = B X R

Substituting (E) of this formula for the voltage in the watts for-
mula (W = E x I), we have

w IxIxR

or, W = I®R

It is clear that if we wish to ascertain the number of watts of
power in a direct current circuit, or in the parts which form the
circuit, we have simply to multiply the volts by the amperes, or the
current squared (IZ2) by the resistance, However, in our lesson on
alternating current (a-e¢) we will learn that another factor, called
power factor, enters into the computation of the wattage of an al-
ternating current circuit or its parts

.

The power or watts formula for an alternating current circuit is:

W =Ex I x POWER FACTOR
The following definition of a watt should be learned:

One watt 1s the power expended when one ampere of cur-
rent flows steadily through a circult under a vressure
of one volt.

The symbol (W) 1s used to denote the watt as used above in the for-
mulas.

A practical example is worked out below showing how to find the
wattage of a simple circuit.

PROBLEM: Find the number of watts expended in the cir-
cuit of Figure 6 when the e.m.f. (E) 1is 120
volts and the current (I) drawn by the lamp

is 0.5 amp,
SOLUTION: The wattage for this circuit is computed as
7 follows:
(1) Write the formula: W=ExTI
(2) Substitute known
values: W = 120 x 0.5
(3) Perform the work as 120
shown at the right: 0.5
60,0
(4) Write the answer: W = 60 watts, Answer,

V-10 #4
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An 1illustration of electrical work 1s where an electric flatiron is
connected to a 11l0-volt house-lighting circuit. The work or energy
expended in the electrical case is represented by the heat developed
in the colls, called heating element, mounted within the iron. In
order for this work to be done successfully we know that the voltage
on the line was effective in overcoming all the oppositions of the
circuit, with the result that a certain value of current was forced
through the coils. This teaches us how electrical energy is trans-
ferred into heat energy.

The total amount of work done 1s calculated by multipnlying the
amount of a force and the distance through which it acts (or is ap-
nlied) in overcoming resistance which results finally in a trans-
ference of energy from one form to another.

The accomplishment of a certaln pilece of work 1s independent of
time., That is to say, it may require different amounts of time, as
for instance a day, a week or perhaps longer to complete a gilven
work., When the element of time 1s associated with the work we must
make reference to the term power.,

POWER. Power is the time rate of doing work. It represents both
the expenditure of a certain amount of energy and the length of
time during which it is maintained. Since the term power includes
the element of time we must not confuse it with the total amount of
work actually performed. The two terms "power" and "work" are
frequently confused. Therefore, we are presenting their relation
with a mathematical equation.

?he relation of "power,” "work" and "time" can be set down as fol-
ows:

WORK

POWER = TTME

THE WATT 1s the unit of electrical power, From a little consider-
ation of the three explanations previously given in regard to the
joule (or unit of work), and the ampere (or the unit of current),
and the volt (or unit of pressure) it is evident that the amount of

"power" in any electrical circuit must be a combination of these
three factors,

Thus, one watt is defined as that unit of power equivalent to one

{oule divided by one second., This relation may be written as fol-
ows

JOULES

WATTS = SECONDS

Now we already know that a joule 1s the amount of work resulting
when one ampere of current is maintained for one second under an
applied e.m.f. of one volt. Therefore, combining this relation in-
to one expression we have the well-known watts formula:

WATTS = VOLTS x AMPERES

The watts formula which we have Jjust given 1s for a direct current
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It 1s to be understood that force does not always produce motion,
This 1s a fact with which you are perfectly aware, For a simple il-
lustration consider what would happen if you pushed against the silde
of a house with all your strength; you know that the energy expended
would not result in the house being moved regardless of how hard you
may have worked to accomplish this purpose. These natural laws are
true in the case of electricity; an electromotive force does not in
every case act to cause a movement of current but it tends to do so.
Thus, it may be said that a force acting over a distance or through
space 1s a factor of work but the action does not necessarily pro-
duce motion.

THE JOULE 1s the unit of electrical energy or work.

One joule represents the amount of work performed or en-
ergy expended, including that consumed 1n generating
heat, when an electromotive force of one volt is applied
to a circuit and a current of one ampere flows for ope
gsecond of time.

At this point, it may be well to stress the difference between the
COULOMB and the JOULE. From previous instruction you know that a
coulomb is equal to one ampere-second. Now, from the above defini-
tion we learn that the joule 1s the equivalent of one watt-second,
since a watt is equal to a volt-ampere as will be explained later.

We can express electrical work as the product of the "electro-motive
force" in volts and the "quantity of current" in coulombs. Now,
since an ampere is equal to one coulcmb of electricity multiplied
by a time period of one second, then this entire relatlion can be
stated as follows:

ELECTRICAL WORK (JOULES) = VOLTS x AMPERES x SECONDS, or,

J = E x I b d S

The symbol (J) is used to denote the joule.

WORK., Work is performed whenever a force overcomes opposition or
resistance, in causing a body upon which it acts to be set into mo-
tion., The amount of work done can be conveniently measured whether
it 1s the result of mechanical, chemical, electrical or heat effects.
This statement, no doubt, is plainly obvious to everyone and is in-
tended to point out the fact that to do work does not necessarily
mean that a weight must be lifted., For instance, work is done by
compressed alr acting upon a piston in a rivet machine; an explosion
of a charge of gasoline vapor acting on one or more pistons provides
the power in a gasoline motor for use in boats, automobiles and so
forth; steam engines utilize the expansive force of steam on the
heads of large pilstons as a source of power, Steam may be used in

a plant to drive electric generators which are in turn used to sup-
ply light, heat and power. We could go on indefinitely citing ex-
amples of how power is obtained to do different kinds of work,

A simple illustration of mechanical work 1s one in which a team of
horses is 1in action, exerting energy in pulling up a very heavy
welght by means of suitably arranged pullseys and lines.
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RESISTANCE AND CONDUCTION

It is absolutely necessary in the study of any electrical subject
to have a complete understanding of the three important quantities
that govern the operation of every electrical circuit. These quan-
tities are current, electromotive force and resistance. However,
before one can really say he understands the relation between the
amount of current flowing in a circuit, or part of a circuit, to
the smount of electrical pressure that forces the current to flow
he must also have a good working knowledge of the quantity "Resis-
tance".

Hence, in this lesson we will deal chiefly with resistance and con-
duction, the latter being the inverse of resistance. The subjects
pertain to explanations about different materials and their char-
acteristics with regard to the ease or difficulty with which cur-
rent will flow through them; also, how a change in temperature will
change the resistance of a material; and the calculation of the re-
sistance of wire, and so on. Our next lesson will explain in de-
tail about the electrical circuit itself and how the three quanti-
ties mentioned above, current, electromotive force and resistance,
are always associated together in a definite relationship which was
discovered by George Simon Ohm, who gave to electrical science the
famous and invaluable Ohm's Leaw.

Tt will be seen that resistance has to do with different kinds of
materials that are used in the construction of an electrical cir-
cuit and the opposition that such materials offer to the progress-
ive movement of its electrons, from atom to atom through the mate-
rial, whenever pressure is suitably applied. It is to be remember-
ed that the electron in motion is the electric current and that the
value of the current is measured in the unit "ampere”.

Also, the pressure or electromotive force that is responsible for
causing the electron movement is measured in the unit "volt", and
the resistance of the material which hinders the free movement of
the electrons is measured in the unit "ohm". These units have
already been defined in a previous lesson.

The word "resistance" should be familiar to everyone since it is

frequently encountered in our every day life, and wherever the word
is used it generally has one meaning which expresses &an "opposition”
of some sort. T e
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Many examples could be given showing how this applies but the fol-
lowing ones are sufficient. If you undertake to do any kind of
work, and regardless of whether the task requires mental or physi-
cal effort, there are oppositions in one form or another that must
be met and overcome before the work can be accomplished. Just what
these oppositions are will depend, of course, upon the nature of the
work. When you walk or run there are oppositions or resistances
constantly present that retard your action. No doubt you have had
the experience of rowing a boat through rough water, or against the
tide, and found that a much greater effort was required to make the
boat move forward than if the water were smooth and calm. Even in
the latter case, that is, with the water smooth, the pull on the
oars (which represents the energy expended in overcoming the oppo-
sition of the water which otherwise would prevent the forward move-
ment of the boat) is often sufficient to tire out, in a short time,
anyone but a strong person.

A good analogy 1is always at hand in the case of hydraulics, or water
running through a pipe under a certain head pressure, to illustrate
the relation existing between pressure, rate of flow, and opposition
of resistance, It is easy to understand that water will flow fast
or slow according to the pressure, but the oppositions in any par-
ticular system also have an important bearing on the rate of the
flow as we will explain. Water running through a pipe, even under
a strong head pressure, 1s retarded to some extent because as it
rushes along it is constantly in contact with the inner walls of the
pipe and this creates a certain amount of friction. If the pipe has
a fairly large diameter, and its inner surfaces are clean and smooth
the water will then flow with comparative ease, but if rust and silt
are allowed to collect in the same pipe, either along its length, or
at bends, elbows or joints, it will require more pressure to force
the same quantity of water through than in the first case, or when
the pipe was clean,

Thus we see that rust and silt form an gbstruction, or resistance
to the movement of water and this must be added to other oppositions
in the pipe line. 1In general, the various oppositions in a water
supply system would include the inner wall resistance as determined
by the total length of the pipe and its inner surface condition,
that is, whether smooth or rough, the pitch of the pipe at different
locations, the area of c¢ross section, and the size of the pipe at
the end where the water flows out, the latter usually being regu-
lated by a valve.

Now suppose that instead of thinking of the opposition or resis-
tance presented to the flow of water by any piping system we thought
of thls system only in terms of the ease with which water was con-
ducted through it, We could then compare two different systems
and say that one conducted water more readily than the other. Here
we have the use of the word "conducted” and it is evident that we
have simply another way of looking at the same conditions. So,
whether we say that the latter system has a higher resistance to
water flow than the former we would in either case have conveyed
the same idea. This illustrates the practical use of the terms
"resistance”™ and "conduction".

ELECTRICAL RESISTANCE. Similar conditions of resistance and gop-
duction are met with in the case of an electric current flowing
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RESISTANCE AND CONDUCTION

It is absolutely necessary in the study of any electrical subject
to have a complete understanding of the three important quantities
that govern the operation of every electrical circuit. These quan-
tities are current, electromotive force and resistance. However,
before one can really say he understands the relation between the
amount of current flowing in a circuit, or part of a circuit, to
the emount of electrical pressure that forces the current to flow
he must also have a good working knowledge of the quantity "Resis-
tance".

Hence, in this lesson we will deal chiefly with resistance and con-
duction, the latter being the inverse of resistance. The subjects
pertain to explanations about different materials and their char-
acteristics with regard to the ease or difficulty with which cur-
rent will flow through them; also, how a change in temperature will
change the resistance of a material; and the calculation of the re-
sistance of wire, and so on. Our next lesson will explain in de-
tail about the electrical circuit itself and how the three quanti-
ties mentioned above, current, electromotive force and resistance,
are always associated together in a definite relationship which was
discovered by George Simon Ohm, who gave to electrical science the
famous and invaluable Ohm's Law.

Tt will be seen that resisiance has to do with different kinds of
meterials that are used in the construction of an electrical cir-
cuit and the opposition that such materials offer to the progress-
ive movement of its electrons, from atom to atom through the mate-
rial, whenever pressure is suitably applied. It is to be remember-
ed that the electron in motion is the electric current and that the
value of the current is measured in the unit "ampere”.

Also, the pressure or electromotive force that is responsible for
causing the electron movement 1is measured in the unit "volt", and
the resistance of the material which hinders the free movement of
the electrons is measured in the unit "ohm". These units have
already been defined in a previous lesson.

The word "resistance" should be familiar to everyone since it is

frequently encountered in our every day life, and wherever the word
is used it generally has one meaning which expresses an "opposition”
of some sort. B =
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Many examples could be given showing how this applies but the fol-
lowing ones are sufficient. If you undertake to do any kind of
work, and regardless of whether the task requires mental or physi-
cal effort, there are oppositions in one form or another that must
be met and overcome before the work can be accomplished. Just what
these oppositions are will depend, of course, upon the nature of the
work. When you walk or run there are oppositions or resistances
constantly present that retard your action. No doubt you have had
the experience of rowing a boat through rough water, or against the
tide, and found that a much greater effort was required to make the
boat move forward than if the water were smooth and calm. Even in
the latter case, that is, with the water smooth, the pull on the
oars (which represents the energy expended in overcoming the oppo-
sition of the water which otherwise would prevent the forward move-
ment of the boat) is often sufficient to tire out, in a short time,
anyone but a strong person.

A good analogy 1s always at hand in the case of hydraulics, or water
running through a pipe under a certain head pressure, to illustrate
the relation existing between pressure, rate of flow, and opposition
of resistance, It is easy to understand that water will flow fast
or slow according to the pressure, but the oppositions in any par-
ticular system also have an important bearing on the rate of the
flow as we will explain. Water running through a pipe, even under
a strong head pressure, is retarded to some extent because as it
rushes along it is constantly in contact with the inner walls of the
pipe and this creates a certain amount of friction. If the pipe has
a fairly large diameter, and its inner surfaces are clean and smooth
the water will then flow with comparative ease, but if rust and silt
are allowed to collect in the same pipe, either along its length, or
at bends, elbows or joints, it will require more pressure to force
the same quantity of water through than in the first case, or when
the pipe was clean.

Thus we see that rust and silt form an obstruction, or resistance

to the movement of water and this must be added to other oppositions
in the pipe line. 1In general, the various oppositions in a water
supply system would include the inner wall resistance as determined
by the total length of the pipe and its inner surface condition,
that is, whether smooth or rough, the pitch of the pipe at different
locations, the area of cross section, and the size of the pipe at
the end where the water flows out, the latter usually being regu-
lated by a valve.

Now suppose that instead of thinking of the opposition or resis-
tance presented to the flow of water by any piping system we thought
of this system only in terms of the ease with which water was con-
ducted through it. We could then compare two different systems
and say that one conducted water more readily than the other. Here
we have the use of the word "conducted” and it is evident that we
have simply another way of looking at the same conditions. So,
whether we say that the latter system has a higher resistance to
water flow than the former we would in either case have conveyed
the same idea. This illustrates the practical use of the terms
"resistance” and "conduction".

ELECTRICAL RESISTANCE. Similar conditions of resistance and gop-
duction are met with in the case of an electric current flowing
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through a circuit. First will be discussed the subject of resis-
tance, and following that the subject of conduction,

Although the amount of current passing through a circuit depends
primarily upon the amount of pressure that causes it to flow, yet
the fact remains that the current strength is limited by the resis-
tance of the circuit. Resistance is a properiy possessed by all
substances that opposes the free movement of electricity through
them. All materials have this property, but in some it is more
pronounced than in others, and as a result substances are classified
under two heads, namely: conductors and non-conductors or insula-

tors.

After all, the resistivity of substances is only comparative and,
therefore, it can be said that conductors are those materials which
offer relatively low resistance to current flow and insulators are
those which offer a very high resistance as compared to conductors.
For all practical purposes an insulator is supposed to completely
block the flow of current, and high grade insulators come very near
doing this even when subjected to excessively high voltages.

Just how much a certain material will oppose current flow depends
in general upon its natural properties, its physical dimensions, or
size, and its temperature.

DEFINITION OF A STANDARD OHM. The unit in which resistance in meas-
ured is the OHM, as heretofore stated. Resistance is represented by
the letter (R) and the electrical unit "ohm" is designated by the
symbol (1) which is the Greek letter Omega.

The standard value of an ohm is defined as that resistance offered
to an unvarying electric current by a column of pure mercury 106.3
centimeters long, of uniform cross-sectional area, and weighing
14.4521 grams at a temperature of melting ice, or O degrees Centi-
grade, which is the same as 32 degrees Fahrenheit.

Although the following does not strictly define an ohm, and only
expresses the relationship of an ohm to voltage and current, yet it
is often called a definition. "An ohm is said to be that resistance
possessed by a circuit which allows one ampere of current to pass
when an electromotive force of one volt is applied to the circuit”.

RESISTANCE IN A D-C CIRCUIT. In a direct-current circuit resistance
can be calculated very easily inasmuch as the only opposition pre-
sented to the current is by the materials which comprise the circuit
and since all circuits are made up mainly of wire of some kind or
other then the opposition is due principally to the wire., It is only
at the closing or opening of a direct current circuit that oppositions
other than the resistance of the wires are introduced which affect
the flow of current. When the current reaches its steady value and
flows without interruption in a d-c circuit, then only the resistance

of the materials limits the current.

RESISTANCE IN AN A-C CIRCUIT. Current flow in an alternating cur-
Tent circult is affected similarly by the materials and wires as in
a d-c circuit, and also by another form of resistance due to the
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inductance of the circuit. This is explained as follows: In an

a-c circult the current is constantly changing in intensity and

this current produces magnetic lines of force which likewise change
in magnitude. Hence, in an a-c circuit an electromotive force is
induced in the wires and coils which make up the circuit, this being
accounted for by the action of the changing lines of force cutting
the very wires in and around which they exist. In every case the
induced e.m.f. opposes any change in current strength.

The induced e.m.f. may reach comparatively high values and serious-
ly retard the current if coils are used which have too many turns
of wire which would set up an excessively strong varying magnetic
field around the coil for the particular circuit in question. Thus,
we say that an a-c circuit contains inductance due to the wires
used in the construction of apparatus and the wires used to supply
power and connect the parts. We particularly think of inductance
in the use of a coil because of the greater concentration of the
lines of force in a given space when the conductors are wound in
the form of a coil.

The e.m.f. induced in an a-c circuit (because of changing current
and consequent action of the magnetic lines on the conductors and
which tends at all times to oppose the changes in current as just
explained) is a form of resistance called inductive reactance,
which is measured in the same unit "ohm" as Is the usual resistance
presented by the wires or materials,

Now if an a-c circuit contains capacitance, such as could be easily
provided by inserting a condenser in a circuit, there still will be
another form of resistance present, because the a-c¢ current will
charge this condenser. Suppose the condenser used mica between its
metal conducting plates. The mica will take on an electric charge
but in so doing the current does not actually pass through this
material as in the case of a copper wire. This is because the atoms
of the mica (the mica is an insulating material) do not possess the
necessary free electrons that can be forced to move progressively
from atom to atom of the material, but rather what happens is the
electrons in the mica atoms are merely pushed to one side, or shift
ed slightly from their usual positions in the atoms by the e.m.f.
in the circuit., It requires an expenditure of force, or a certain
amount of e.m.f, to cause this displacement of electrons in the
atoms of the mica, and when in this stressed condition, the conden-
ser is said to be charged. This form of resistance is called ca-
pacitive reactance, and it is also measured in the unit "ohm".

The student should know right from the start that current does not
flow through insulating materials because such materials are lack-
ing in free electrons which are the conductors of electricity, but
an insulating material used in a condenser gives the effect of cur-
rent passing through it since it can be charged and discharged by
the action of its electrons being displaced in one case, and re-
turning to their normal or unstressed positions in the other.

Thus, if an alternating current circuit contains coils and conden-
sérs, or as we would ordinarily say, inductance and capacitance,
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there will be three different forms of resistance present and act-
ing at the same time. To sum up our statements, the three resis-
tances are as follows:

(A) Resistance presented by the materials.
(B) Resistance due to inductive reactance.
(C) Resistance due to capacitive reactance.

Combining these resistances and knowing that they all affect the
flow of current we have a term which expresses the sum total of the
oppositions; this term is impedance. 1In our a-c circuits we will
again come to this subject of impedance.

From these preliminary facts it is apparent that resistance is a
factor to be considered in all alternating and direct current cir-
cuits. In a d-c circuit resistance is found in only one form, but
in an a-c circuilt it is present in more than one form as just out-
lined. The reason for again referring to this is because we often
want to distinquish between resistance that materials of the cir-
cuit offer from other resistances due to the presence of inductance,
or capacitance, or both. The resistance due to natural physical
properties of materials or wires used is referred to as ohmic resis-

tarnce.

It should now be clear that no electrical circuit could be designed
without having some resistance. In some cases an excessive amount
of resistance is undesirable and in other cases resistance 1s in-
serted purposely to limit the flow of current. Keep in mind that
all substances have this property and that metals in general have
by far less resistance than other substances. Therefore, 1t is
obvious why metals serve best as carrying agents of electricity.

ELECTRICAL CONDUCTANCE. Conductance is just the inverse of resis-
Tance as we explained before, and its unit of measurement is the
MHO, which is OHM spelled backwards. It expresses the ease with
which current will flow in a conducting medium, that is, it in-
dicates the ease with which electrons can be made to move in a pro-
gressive order between the atoms of a material when an electrical
pressure is supplied.

EXAMPIES. If a certain conductor, or circuit
has a resistance of (R) ohms, its conductance
will equal unity (1) divided by (R), that is,
1+ R. For example, if the resistance of three
resistors were respectively 1C ohms, 400 ohms,
and 5 ohms, the conductance for each would equal
1/10 mho, 1/400 mho, and 1/5 mho.

The unit "mho" is not used to any great extent

in our work and when used it is in the calcula-
tion of the resistance of a divided circuit., To
find the resistance of a divided or parallel cir-
cuit in terms ot conductance the following

rule should be used. Add the conductances of

the several branches in order to first obtain

the total conductance of the combination, and
this result when inverted will give the total
resistance of the combination.
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Other examples of the use of the term conductance are as follows:

EXAMPIES. Inverted means that if the conduc-
tance of a combination were found to be 1/15,
this fraction inverted would become 15/1, and

15 = 1 equals 15, and the combination would
have a resistance of 15 ohms; or, if we had

3/16 mhos as the conductance, this fraction in-
verted would be 16/3, and working this out, we
would get 5.3 ohms as an answer., Additional ex-
planations are given about parallel circuits in
the lesson dealing with Ohm's law.

THE USE OF THE TERMS "RESISTANCE" AND "RESISTOR". Resistance is a
property of all materials which opposes the free flow of an electric
current, as we already know, but considering only the word itself,
or "resistance", it is common knowledge that 1s is used loosely to
indicate or identify any device made especially to be inserted in

a circuit to 1limit the current flow. The proper term to apply to

a plece of equipment intended for this purpose is "resistor"™. The
term resistance, in its more correct use, is the inherent opposition
offered by all substances to the flow of electrical current.

Three names in general use which designate resistance units are
Resistor, Rheostat, and Potentiometer. You will become very famil-
iar with these terms as you advance in your studies. Resistance
devices are made up in innumerable sizes and shapes to meet any
practical condition,

_---Términais=~.

Between Contacts Studs

Figure 2 Figure 4

RHEQSTAT. When a resistance unit is constructed to permit the
amount of resistance it contains to be altered, it is called a
"rheostat". Two terminal connections are provided for such a unit;
one of the connections goes to the movable contact arm which is
firmly pressed against the wire by a spring, and the other to one end
of the wire. By simply moving the arm across the wire it makes con-
tact on different portions and, hence, more or less of the resis-
tance wire will be included in the circuit in which the device is
connected. This action 1s expressed by saying that resistance is
cut in or cut out of the circuit., Thus, by the use of a rheostat
current in a circuit can be controlled.

One form of rheostat 1s shown in Figure 1. Figure 2 1llustrates a
commercial type rheostat for regulating current in the field coils
of a motor or generator. It is made with tap connections taken from
different portions of the wire, and these taps terminate at brass
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studs or segments. In this type, when the contact arm or handle is
moved over the studs, from one end to the other, sections of the
wire are successively cut in or out, and the change in resistance
causes the current supplied to the fields to be increased or de-
creased as the case may be. The resistance of the rheostat in
Figure 2 is varied in sections, or, as we usually say, 1in steps, but
the resistance of the rheostat in Figure 1 is continuously variable
since the contac. on the arm slides along the wire 1tself.

Resistor-Fixed Type. If there is no need for varying the current

during the operation of a circuit, then resistors of the fixed type
can be used to control the flow of current. The resistances of
fixed resistors cannot be altered since no mechanical means are
provided for doing so. An exception to this is in the case of

fixed resistors wound with special wire which changes its resistance
with changes in current strength, and these are used to provide
automatic regulation for certain kinds of work. Figures 3 and 4
show fixed resistors.,

E:géﬂéimﬂésiggéfii'%i;mwwwlLEWW

FIG. 5 — WIRE WOUND FIXED RESISTOR.

Potentiometer. The long narrow resistor in Figure 5 consists of

many feet of resistance wire wound on a rod of insulating material

with tapped connections taken from the wire at certain intervals.

A unit of this kind is called a "potentiometer" and its function in
EXCITER VOLUME EXCITER VOLUME

LAMP INDICATING LAMP CONTROL
AMMETER METER AMMETER
\

INPUT PLUG FADER EXCITER LAMP
AND SOCKET  POTENTIOMETER RHEOSTATS

FIG. 6 — EACH CONTROL KNOB SHOWN
IS USED TO VARY RESISTANCE.

a circuit is different from that of either a rheostat or fixed re-
sistor. Although a potentiometer is physically a resistance device
it is not used to limit current flow in a circuit but is used as a
convenient method to supply voltages of different amounts to one or
more circuits that may be suitably connected to the various termin-
als, Suppose for the sake of explanation that a battery having an
e.m.f. of 30 volts was connected to the extreme ends of this poten-
tiometer, then certain intermediate values of e.m,f. between O and
30 volts could be obtained at the taps. Since a potentiometer is
primarily a voltage dividing device it is not referred to as a re-
sistor. Potentiometers are built with resistances ranging all the
way from a hundred ohms or less to several hundred thousand ohms.
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PRACTICAL APPLICATIONS., A few examples of typical resistors built
for various purposes are now given. Bear in mind that all of these

resistors function in a similar way insofar as the electrical cir-~
cuit is concerned.

Figure 6 is the front view of an input control panel made for use

in certain types of sound picture equipment. In this view is seen
the controls, while the resistors themselves are shown in the rear
view in Figure 7. There are two rheostats of the continuously va-
riable type used to control the amount of current passing through
the exciter lamps. One of the two potentiometers is used to con-
trol the output current to the loudspeaker when changing from one
pro jector to the other., It is so arranged that when the current
from one amplifier to the loudspeaker is decreased, the current from
the second amplifier is increased, which keeps the sound volume from

EXCITER LAMP RESISTANCE - VOLUME
AMMETER UNITS INDICATOR METER

LAMP
AMMETER

PHOTO CELL
PROTECTIVE

RESISTOR

EXCITER VOLUME EXCITER
LAMP FADER CONTROL LAMP
RHEOQSTAT POTENTIOMETER RHEOSTAT RHEOSTAT

. — VARIOUS TYPES OF RESISTORS
;%)(I;Ud 7PART OF THIS INPUT CONTROL PANEL.

the loudspeaker at the same level while the change 1s being made.
This is called a "fader"™. The other potentiometer is used for the
volume control. A fixed resistor is employed to control the current
flowing in the photo-cell circuit.

The schematic diagram in Figure 8 illustrstes the manner in which
the rheostats are connected in the circuit., Figure 9 shows the vol-

ume control connections, while the fader connections are given in
Figure 10.

The partially completed rheostat shown in Figure 11 is constructed along
the lines of the rheostat in Figure 2. This particular type made by the
ward Leonard Co. is a Vitrohm dimmer plate before the application of
the protective enamel coating to the resistance wire and the contacts.

The large motor-driven rheostat illustrated on one cover is used in
theatres for dimming the stage lights. To provide the necessary
changes in light a rheostat of this kind must be capable of handling
hundreds of amperes and, therefore, it i1s very rugged in constructior
as the photograph indicates.
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In Figure 12 are two 1illustrations showing a more recent application of
resistors in the ignition systems of automobiles equipped with radio
sets. Small resistors of the order of 25,000 ohms are used with each
spark plug and the main high tension wire from the distributor head
to suppress radio-frequency current which otherwise would seriously
interfere with the clarity of the broadcast heard in the loudspeaker.

MATERTALS USED FOR RESISTANCE PURPOSES—ALLQYS. All electrical pileces
of equipment built to give a predetermined amount of resistance are
constructed, for practical and economical reasons, with the least
amount of material and made into a unit of suitable physical propor-
tions as governed by the use to which the part will be put.

DEVICE TO BE .4 OEVICE TO BE_ A
CONTROLLED™ ™™~ CONTROLLED ~--¢~
e o
SOURCE OF SOURCE OF
%UPPLY SUPPLY 3
FIG, 9— A CIRCUIT
IG, 8 — SCHEMATIC OF
i %nzo TAT CONNECTION. ARRANGEMENT FOR
VOLUMUE CONTROL.

To grasp the importance of the idea of size in devices of this kind,
just consider for a moment how much copper wire would be required
to give a resistance of some comparatively low value, let us say
100 ohms. This can best be explained if we suppose that the resis-
tor shown in Figure 3 has & resistance of 100 ohms. To construct a
resistor of equivalent value, or 100 ohms, would take about 1(¢,00C0
feet of copper wire, provided we used a No. 20 B. & S. gauge wire,
and the copper would weigh approximately 30 lbs. A No. 20 wire has
a diameter of 31.961 mils or .03196 inch. These figures are based
on the data given in the "Wire Table" at the end of this lesson.

S S
s oN ON .
23 PROJA PROJ.B 22
- «  5¢
% )

INPUT TO..-"""7~ »

\
VOLTAGE AMPLIFIER | X | “-MOVABLE ARM

FIG. 10— VARIABLE RESISTANCE IS
USED IN 4 FPADER UNIT.

It is easy to see that copper wire, because of its low resistivity,
is not suited for use as a resistance material and, furthermore,
the high cost of such a large bulk of copper would make its use
prohibitive for this purpose. Copper is, however, the most wi@ely
used material for electrical conductors because of its low resis-
tivity. Iron wire and aluminum wire are extensively used for con-
ductors, the iron having a resistivity of about 7 times that of
copper and the aluminum about 1.6 times. Galvanized iron wire is

used on many telegraph lines.

Since pure metals such as copper, iron, aluminum and so on have
comparatively low resistivity it is necessary to use materials which
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are alloys to obtain high resistances with reasonably small amounts
of material. Alloys are combinations of different materials and are
manufactured expressly to give high resistances. The resistance of
an alloy can be made much higher than the resistance of the pure
metals alone, that is, when not in the combination. Of c¢ourse, the
resistance of any alloy will depend upon the
nature of the metals and the percentage of
each used. Moreover, alloys are prepared
with great care to obtain non-corrosive
materials that will remain practically with-
out change in resistance at different tempera-
tures, Materials in this class should re-
main as nearly constant as possible under
normal working conditions. There are some
alloys used for the specific purpose of auto-
matically limiting the current in a circuit;
the resistance of such materials changes con-
siderably for changes in temperature. This
kind of alloy is used to make the photo-cell
protective resistor shown in Figure 7.

FIG. 11— RESISTANCE
WIRE IN PLACE BEFORE The resistivity of an alloy is greater than

PROTECTIVE ENAMEL IS pure metals like copper, iron, aluminum,

APPLIED. nickel, zinc, chronium and so on., This is
explained vy the following example., An alloy, such as manganin, con-
sists of three metals, namely: copper, nickel, and iron-manganese and
when combined in certain proportions the alloy can be made to have a
resistance of three or four hundred ohms for each foot of wire when
the wire is drawn to a diameter of .00l inch. Alloys of some of the
materials mentioned above are made to give a resistance of more than
600 ohms per foot when in the form of a wire .00l inch in diameter.
Notice that a foot of wire of .00l inch diameter is used as a unit
for comparison of meterials, This is known as
a "milfoot". Monel metal is an alloy of ap-
proximately 71 per cent nickel, 27 per cent
copper, and 2 per cent iron. Constantan,
another alloy used in rheostats and measur-
ing instruments, consists approximately of
60 per cent copper and 40 per cent nickel.
In commercial practice we find rheostats
and resistors constructed of rods, disks,
strips of the resistance material, and re-
sistance wire wound in coils, and so on.
One type consists simply of a metallized de-
posit on a form of insulating material,

BINDING POST
TYPE DISTRIBUTOR
USING SPARK-PLUG
TYPE SUPPRESSOR.

The wires wound on the parts shown in
Figures 1, 2, 3, 4, and 5 are alloys of
different kinds. A resistor of one type may
use iron wire and another may use carbon
ground up and placed in tubes shaped in
different forms, and so on. Since some
heat 1s developed by these units the re-
sistance wires on the parts in Figures 1

and 3 are wound on forms of a non-inflam- FIG. 12— RESISTORS USED
mable fibre material while porcelain is IN AUTOMOBILE IGNITION
used to hold the wires in Figures 2 and 4. Jiorea RO ELIMINATE

Engineers who design electrical equipment for heaving and other pur-
poses take a great deal of care in selecting the proper material so

v-10 #6

res



11

that 1t will have the desired resistance and, not only that, the
material must have sufficient cross-sectional area to be capable of
radiating from its surface whatever heat is generated in the material
by the current, at a rate that will never permit the temperature to
rise high enough to damage the wire or insulation if this is used.

The dissipation of heat 1s measured in watts since the heat is due
to the power supplied which in turn is represented by the voltage
and current in the circuit. You will recall that a watt equals a
volt multiplied by an ampere, the watt being the unit of electrical
power., Every wire has its safe current-carrying capacity and if
operated within the current limits specified excess temperature con-
ditions will not exist.

RESISTANCE OF MATERIALS CEANGES WITH TEMPERATURE. In any of its
forms a resistance material, or any conductor of electricity, dis-
sipates a certain amount of heat proportionate to the current
strength and resistance of the material. This relation of current
(I) and resistance (R) is referred to as the "I R" loss, or heat
loss. Changes in temperature of a material alter its resistance,
but so long as the temperature remains constant the resistance will
remain unchanged.

In general, the resistance of metals increases with a rise in tem-
perature. Carbon is an example of a material that decreases in
resistance with an increase in temperature. Other substances that
exhibit this same peculiarity are porcelain, glass, and electrolytes.
The latter name refers to solutions of water and various salts and
acids. A solution of sulphuric acid and water such as is used in
lead-acid type storage batteries is called an "electrolyte”.

Another curious fact is that a certain substance will have the prop-
erty of an insulator when cold, but that of a conductor when heat-
ed. This property exists to a very small degree in the carbon lamp
filament which has a resistance when cold about twice that which it
has when heated to incandescense.

Since in every wire or conductor the electrical energy consumed in
setting up a flow of current (that is, in overcoming the resistance
of the conducting materials) is turned into heat, then it can be
said that some heat is produced in all kinds of electrical apparatus
when current is flowing. The heat generated in overcoming electric-
al resistance is comparable to heat generated by mechanical friction
in the moving parts of machinery.

Certain types of electrical equipment are made expressly for heat-
ing purposes such as electric soldering iromns, toasters, percolators,
electric heaters and so on. In all equipment of this kind the heat
generated is put to a useful purpose. On the other hand, when heat
is generated where it is not needed it is wasteful and represents a
loss of energy. For instance, in an electric lamp which is used
only to produce light the heat set up is a loss, and in an electric
motor which is used to produce mechanical motion the heat developed
by the parts is just so much energy wasted. The function of any
resistor or rheostat which is used to regulate the flow of current
is to absorb a certain amount of electrical energy applied to a
circuit and this energy will be transformed into heat in this part,
and this reduces the amount of energy available to other parts for
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performing useful work. In any resistance device used for limiting
current the energy is wasted in heat instead of performing useful
work.

Most of the electrical energy in a circuit may go into heat energy,
or less of it may go into heat and more into other forms of energy.
In an electric lamp, as just mentioned, heat and light energy are
both present. In an active antenna system of a broadcast or comm-
ercial transmitter the electrical energy in the conductors is trans-
formed into heat energy and, besides, energy is given off in the
form of electromagnetic waves radiated into space. Wwe can neither
feel nor see the effects of radio waves in space but our senses per-
mit us to detect the presence of heat and light energy.

Special care is exercised in manufacturing electrical apparatus to
keep the heat produced down to a safe value and in many installa-
tions provisions are made to carry off excessive heat in certain
parts by various means, as for instance, by employing special in-
sulating oil, fan blowers, cooling coils through which water cir-
culates, and so on. These precautions are necessary to prevent an
excessive rise in temperature of the parts that might be the poss-
ible cause of a breakdown of the equipment.

COOLING FINS

FILTE

RECTOX. CAPACITOR R POWER
PACK REACTOR TRANSFORMER

= |
"\\ﬁh

{Gunspeaxer
FIELD SUPPLY
RECEPPACLE / P
#l PUSH-PuLL
OUYPUT

_ TRANSFORMER
TN Ux-28¢
SOCKETS

ux-2507
SOCKETS

TERMINAL §TRIP

A.C poweR "
INPUT PLUG

FIG. 13 — HEAT IS DISSIPATED BY
MEANS OF THE COOLING FINS.

Figure 13 shows the units "T" of a dry metallic type rectifier used
in sound picture installations to change alternating current into
direct current. The passage of current through the unit causes
considerable heat to be developed, and the "fins" shown in the
photograph are used to quickly dissipate this heat by means of the
large surface which they present to the surrounding air.

Friction— Heat and the Electron., In support of the fact that con-
ductors do become warm when current flows and more heat is develop-
ed in some substances than in others, we have the electron theory
which tells us that there is friction between electrons and the atoms
among which they circulate in travelling through a material. It is
thought that heat is produced in a wire or other conductor when cur-
rent flows because of the countless numbers of collisions that occur
between the electrons and atoms as the electrons are forcibly moved
from atom to atom by the e.m.f., or pressure. Thus, an electron en-
counters friction and wherever there is friction present a certain

,,,,,,
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amount of heat will be generatea. Also, if a comparatively small
current passes through a large sized wire then only a very small
amount of heat will be produced, perhaps not sufficient to be notice-
able. The same current in a much smaller wire might produce con-
siderable heat. If the electrons had to travel through a long path
rather than a short one it would increase the total friction and the
total resistance, hence, more heat would be generated.

Keep in mind that there 1is friction encountered by each electron as
i1t becomes attached to, and detached from, the large number of atoms
which make up the conducting materials in circuits. The possible
differences in the number and arrangement of the electrons gives us
a plausible reason why the friction set up between the moving elec-
trons and atoms is greater in some substances than in others. In
this instance we are considering, of course, only the property of a
substance and not its size, or cross-sectional area, as in the case

of wires of different gauge.

Now consider the heat effects in two wires of equal length but one
having double the cross-section area of the other and the same num-
ber of electrons moving in each wire. For the purpose of explana-
tion assume that the electrons travel not only in the same direct-
ion but in sort of parallel rows, Electrons will be packed more
closely together in the small wire than in the large one, consequent-
ly the total friction resulting in the large wire will be only half
as great as in the small one.

EXAMPIES OF 10SS OF POWER DUE TO HEAT. Suppose a power transformer
{which has no moving parts and is used merely to transform an a-c
voltage of one value to an a-c voltage of either a higher or lower
value) is supplied with 50 kilowatts of electrical power at its in-
put side, and suppose that the transformer delivers from its output
side only 48.8 kilowatts of electrical power. For this particular
transformer operating under certain conditions the electrical power
in kilowatts that is lost in producing heat which is not wanted, is
50 — 48.8 or 1.2 kilowatts.,

Hence, we can conclude that in all electrical apparatus there is
a certain amount of wastage due to heat which is unavoidable and
this must be kept down to a minimum by careful design and proper
operation of the equipment.

CONDUCTORS AND TNSULATORS

If we consider from the viewpoint of the electron theory what
happens in a material when it is subjected to an electric pressure
it will make it fairly easy for most anyone to understand what
causes the difference in electrical action between conductors and
insulators. It will also help to further impress one wWith the con-
venience of this theory in accounting for the actions that go on
unseen in electrical circuits. Once again, let us state that a
movement or so-called drift of electrons from one place to another
through any medium, whether it be a metal, a liquid, or air, in
every case the electron flow constitutes an electric current.
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According to the electron theory the atoms of one material natural-
ly possess more or less free electrons than the atoms of some other
material. Although the free electrons revolve rapidly about the
positive nucleus of the atom they are not so firmly bound to it as
are another group or inner circle of electrons which also whirl con-
stantly about the same nucleus and remain associated with it, 1In
each atom there are perhaps but one or two free electrons that can

be forced out of their usual positions away from their parent atom
by an e.m,f. After being detached from their parent atom these elec-
trons will be moved to some other atom and in turn one or two elec-
trons will be detached from that atom and will move to another atom,
and so on, This movement or exchange of electrons from atom to atom
occurs in the same direction as the pressure or e.m.,f, which is forec-
ing them to move.

Since the electron itself is electricity then the conduction of cur-
rent through any substance is brought about by the movement of elec-
trons. Thus, it is easy to figure out that if the atoms of a certain
material have a sufficient number of free electrons available, then
under a properly applied pressure there will be a flow of current.
That is to say, electrons will move progressively from atom to atom
through the material from one end to the other, or between the points
where the pressure is applied. Hence, any material that is said to
pass an electrical current is called a conductor. Also, that is why
we call any metallic path, or other medium through which an electri-
cal current can be made to flow, a conductive circuit.

Now, on the contrary, if the atoms of a certain substance have prac-
tically no free electrons for the conduction of electricity then it
is reasonable to suppose that such a substance will offer a compara-
tively high opposition to the flow of current, or in other words its
resistivity will be high. ‘In certain materials there is no corduc-
tion for all practical considerations, and such materials are called
non~-conductors or insulators, Materials vary greatly in the amount
of requisite electrons for conduction purposes. This is what clas-
sifies materials with regard to their resistivity. A chart is shown
in the back of this lesson which gives the properties of materials
used for conduction.

From the foregoing statements you can easily reason out that conduc-
tors form one group of substances offering relatively low resistance,
whereas, insulators form another group that offer high resistance as
compared with conductors.,

When speaking in relative terms about the differences between mate-
rials and in a case where the resistance of a certain wire is low and
its ability, therefore, to conduct electrons will be good, then in
referring to this wire we would say, "it is a good conductor."” Con-
versely, if the resistance of some other kind of wire is high its
conductance will not be so good and for the latter wire we would say,
"it is a poor conductor.”

An examination of the chart giving the resistivity of different mate-
rials will show that silver is the best conductor while copper is al-
most as good. However, German silver has a much greater specific re-
sistance than that of silver. The resistance of German silver, which
is an alloy consisting of a mixture of copper, zinc and nickel, varies
according to the method of manufacture and the materials used, De-
pending upon the percentage of nickel used in this alloy it can be

e,
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made to have a resistance of from about 13 to 30 times, or more, the
resistance of copper.

To give a reason for this difference in materials, and to review what
we have already stated, we will compare silver and copper. It is as-
sumed that when an e,m.f, is applied to silver and copper, the elec-
trons are detached with less difficulty from the atoms to which they
belong in the case of silver, and will move more freely from atom to
atom than would those electrons that are detached and moved from atom
to atom in the copper. Thus, if an e.m.f, of 1 volt is applied across
two faces of a piece of silver having a mass an inch cube, the rate of
flow of electrons will be greater fraom face to face in this metal than
if the same voltage were applied to a piece of copper of similar size
and tested under like conditions.

Furthermore, let us make it clear that there is no fixed line of dis-
tinction between conductors and insulators; it is simply a question

of a material having the required electrons that can be forced to move
from atom to atom by a pressure, or that something which we call elec-
tromotive force. Whether a material is called a conductor, a partial
conductor, or an insulator is merely relative. Nothing but a perfect
insulator could block completely a flow of current. Tests prove that
an infinitesimal amount of current, so small as to be measureable only
with the most sensitive laboratory meters, pass through even the high-
est grade insulators known. At the present time there 1s no substance
known that has perfect insulating qualities any more than there 1is a

perfect conductor, or one without resistance.

CONDUCTORS. Carbons, all the metals, solutions of salts and aclids
are conductors. A few substances are arranged below in the order
of their conductivity. Silver heads the list since it is the best
conductor.

Silver Zine Lead Acid solutions
Ccopper Platinum Mercury Sea water
Aluminum Iron Carbon Moist earth

INSULATORS. Some of the well-known insulators are given in the
Tollowing list.

Dry air Shellsac Wool and silk 0ils
Glass Rubber Dry paper Slate
Mica Paraffin Wax Porcelain

Water, dry woods and the human body are examples of partial con-
ductors.

EXAMPLES OF THE USE OF INSULATORS., All types of insulators are
made for the purpose of preventing either short circuits or loss of
electrical energy through leakage to the ground. The first requis-
ite of an insulator is that it must block the passage of current at
the e.m.f. it will be subjected to under working conditions and,
besides, there should be a certain margin of safety for abnormal
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conditions. We find insulators made in various shapes and forms and
of different materials. Just what particular type insulator is se-
lected is determined by the amount of voltage in the circuit in which
1t will be used and whether it will be installed outdoors or indoors.

An insulator might be located at some point in a circuit where high-
er voltages are apt to be encountered than would be found in ordin-
ary service. Because of the abnormal conditions possible in any cir-
cuit insulators for a particular use should be capable of preventing
disruptive high voltages from breaking down the insulating qualities,
of course, within certain limitations.

Al

FIG.14—~CORRUGATIONS

INCREASE EFFECTIVE J— ATOR.
LENGTH OF INSULATOR. FIG. 15 PYREX GLASS INSUL

The insulators shown in Figures 14 and 15 are two popular types used
in the erection of antennas, the latter type being Pyrex glass made
by the Corning Glass Works. Insulators of this kind for receiving
antennas are comparatively small, being only a couple of inches or
more in length and an inch or so in diameter. The small insulators
prove adequate because of the feeble signal currents that are carried
by receiving antenna conductors. However, when intended for use in
transmitting antennas they are made in large sizes of a foot or more
in length and several inches in diameter. This is necessary because
of the high voltages present in commercial radio transmitting an-
tennas and because of the weight of the heavier wires which they must
support.

PORC.E LAIN TVBE

&

FIG.1?-A—TUBE SHOWN
INSERTED IN WALL.

PgRCgLAIN CLEATS FIG. 17 -TYP

E OF
PORCELAIN TUBE.

UPPORT WIRES

Observe that the corrugations on the surfaces of the insulators make
their lengths along the outside much greater than the actual lengths
of the insulators measured from end to end. The increased surface
length gives an insulator better insulating qualities which is par-
ticularly advantageous when moisture or dampness collects on its sur-
face. Since water is more or less a conductor of electricity a cer-
tain amount of "surface leakage" occurs in damp and stormy weather,

Figure 16 shows a pair of porcelain cleats and how they are used to
hold two rubber covered wires in place, the cleats being screwed or
nailed to a ceiling, wall or support of some kind. Another type of
insulator is shown in Figure 17. This is a porcelain tube which
allows a wire to be passed through it as 1liustrated in the sketch
where the tube is shown installed in a wall or partition; 17-a,
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Figure 18 is a typical receiving antenna installation between an out-
building and the house where the radio set is located. Notice that
insulators of the types in Figures 14 and 15 are supporting the long
horizontal antenna wire at its opposite ends and an insulator tube of
the type in Figure 17 is used at the window casing where the lead-in

wire enters the house.

Figure 19 is a Pyrex glass deck insulator, the metal rod to which the
antenna conducting wire or lead-in is connected is carried through
the cup shaped glass and the assembly is provided with a flange for
mounting the insulator and making it watertight.

_ .INSULATOR
=, LANTENNA (EowducToR)
INSULATOR =~

. o -IN i
- L%cp:gwc'o&) ; :VT ?
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FIG. 18 — SHOWING USE OF CON-
DUCTORS AND INSULATORS IN A
RECEIVING ANTENNA.

Insulators of the type in
Figures 20 and 21 are employed
in commercial radio transmit-
ting equipment. These are made
to be installed in decks, bulk-
heads, or at any place where
the lead-in wire from the an-
tenna is carried indoors. These
types, in general, are called
"deck insulators"” and they are
manufactured in various sizes
to resist puncture or breakdown
by e.m.f.'s which reach as high
as 30,000 volts in some antenna
systems. In radio transmitter

antennas the working conditions
are quite severe because of the high frequencies at which the elec-
tric stresses alternate. Also, at times there may be considerable
heat developed by the high frequencies and this will have some effect
on the insulating qualities of the insulator.

Moisture reduces the dielectric strength of any insulating material,
Hence, when materials like porcelain are used they go through a
special process of baking in hot furnaces that gives them a smooth
glassy surface. If the glazed surface should become cracked or
chipped the material will absorb moisture and its effectiveness as an
insulator will be materially lowered and this will result in a reduc-
tion of the voltage at which a "flash-over" might occur. This simply
means that the insulation will be weakened to the extent that it will
allow current to pass through it at some particular voltage.

The insulator in Figure 20 consists of a heavy brass rod moulded into
the insulating material with connection terminals at either end. The
insulator is threaded at {A), and the upper half (B) carrying this
threaded portion is inserted in a hold of proper size cut in the deck
or bulkhead., The flange part (C) rests on rubber gaskets and when
collar (D) is slipped over the lower part and drawn up tightly with a
wrench a water-tight joint is provided. The type shown in Figure 21
serves the same purpose as the one in Figure 20.

MEASUREMENT AND CALCULATION OF RESISTANCE

Since the greater portion of radio and power circuits consists of
wire to conduct the electrical current we will devote the balance of
our lesson to the subject of wire.

e v-10 #6
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WIRE GAUGE TABLES. There are several standard wire gauge tables,
differing somewhat from one another, in general use for wire cal-
culations. The B. & S. gauge originated by the Brown & Sharpe Manu-
facturing Co. is the one in most common use in this country and
therefore it is often called the American gauge. The B.W.G. table
(Birmingham Wire Gauge) 1s considered the standard in Great Britain.
The table for the B. & S., or American gauge, will be found in the
back of this lesson. There it will be seen that a few relations

are glven such as, diameter, area, weight, etc., for each size wire
from No. 000C (pronounced "four naughts") to No. 40, the latter being
a very fine wire not much larger than a coarse human hair. Notice
that the largest wire is given the smallest number and the numbers
increase up to 40 as the wire sizes decrease.

MICROHM. TIn measuring resistances it is often convenient to use as
a unit of value the one-millionth part of an ohm, which is called
the microhm, If any value of resistance is stated in ohms the same
value may be expressed in microhms by multiplying the given value in
ohms by 1,000,00C, For example: If a certain conductor has a re-
sistance of 0.0058 ohms its equivalent value in microhms is 0.0058

x 1,000,000 or 5,800 microhms.

. PYREX GLASS FIG,20— PORCELAIN FIG. 21—A CANOPY PROTECTS
K INSULATOR. TYPE DECK INSULATOR, INSULATOR FROM ELEMENTS.

MEGOHM, When very nigh resistances are measured the unit called a
megohm is used. One megohm equals 1,000,000 ohms.

TEVPERATURE COEFFICIENT OF RESISTANCE. Refer to the table at the
end of the lesson headed "Properties of Metals". 1In order to com-
pare different metals in making up a table similar to this one a
standard unit is necessary and for this the Bureau of Standards has
adopted the resistivity of annealed copper standard which has a
temperature coefficient of 0.00393 at 20° Centigrade. You will see
this value In the second column opposite copper. Although "temper-
ature coefficient of resistance" appears to be a big term yet it is
easy to understand for it merely indicates a value which tells us
how much the resistance of a material will increase for every degree
rise in its temperature. The values of the temperature coefficients
are based upon a change in resistance from 20° C. If the original
temperature of the metal were something other than 20° C¢. when com-
piling a table then the temperature coefficient values would not be
the same as those given in this table.
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SPECIFIC RESISTANCE. Let us first mention that the opposition to
current flow by a substance is called its "resistivity" and the total
opposition offered by an electrical circuit is called its "resistance"”
or "total resistance".

The resistivity of a unit length of material (as measured by the
distance the current must travel in passing between opposite faces

of the material) and a unit cross-sectional area at the predetermined
temperature is known as its "specific resistance”. The table shows
that the resistivity values vary for different metals. Either a unit
centimeter, or a unit inch, may be used as the basis for this measure-
ment. If we have a block of copper 1 inch on all sides it is sald to
be an "inch cube" in dimensions, and 1f it is 1 centimeter on all
sides 1t 1is a "centimeter cube”.

CIRCULAR MIL. A circular mil is the area of a circle whose diam-

eter is one mil, or one-thousandth of an inch.
(Note: 1 mil = ,001 inch and 1,000 mils=1 inch. Hence, mils +
1,000 = inches.)

DIAMETER. SOLID WIRES PARALLEL BUNDLE OF AREA OF WIRES EQUALS
N WIRES OF { CIRCULAR ML THE AREA OF 25 CIRCULAR
0M|L=' .00t INCH Q EACH ™~ MIL  WIRES.

ko \ ——

L—s MILS >
ke 5 miLs

Lsesd ’ i,

FIG.22 — SHOWING RELATION BETWEEN AREA
IN SQUARE MILS AND CIRCULAR MILS.

SQUARE MIL. A square mil is the area of a square whose sides are

mil. long. A circular mil is used in measuring cross-sectional
area of a round wire instead of a square unit of area. In Figure
22 we have drawn a large circle inside of the square to show the
relation between area which 1is represented by square mils or by
circular mils.

Let us explain this relation in the following way: Suppose the
diameter of each small circle is 1 mil, or 0.001 inch. It 1is seen
that the length of each side of the square is 5 mils since there
are 5 circles on each side. The area of the square, with sides
measuring 5 mils, is 5 x 5, or 25 square mils. Now, the area of
the large circle is equal to the dlemefer multiplied by itself, or
d?’. sSince there are 5 small circles, 1 mil each, in the diameter
of the large circle then its dlameter must be 5 mils, and the area
of the large circle expressed in circular mils is therefore, 5 x 5,
or 25 circular mils, Knowing that the area of the large circle
equals the sum of the areas of the 25 small circles 1t can be said
that the area of a wire in circular mils is equal to the diameter
squared expressed in mils.

To cite examples: If a certain wire measures 3 mils in diameter it
will have a cross-sectional area of 3 x 3, or 9 mils. A wire with

a diameter of 162.02 mils has an area of 162,02 x 162.02, or 26,250
circular mils. Refer to Wire Table.

Keep in mind the following difference: The area of a circle in

square mils 1s equal to the diameter squared multiplied by 0.7854
{or a* x 0.7854), whereas, the area in circular mils is equal only

e V=10 #6
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to the diameter squared (or d*), Since we use 0.7854 (which is a
value less than 1) in our calculation to find the area of a circle
but not of a square, it follows that the area of any circle is
0.7854 of the area of a square.

From this it is evident that the square mil is slightly larger than
the circular mil and, hence, there will always be a greater number
of circular mils in any given area than there are square mils.
Therefore, to convert a circular mil area into a square mil area we
have merely to multiply the circular mil area by 0.7854 and the
result will be in square mils.

(A) Area of a circle in circular mils= 4%

(B) i i g " square mils=d* x 0.7854

() Since 1 circular mil = 00,7854 square mils, then
(D) An area in square mils = circular mil area x 0.7854

In the expressions given in this work the letter "d" stands for
diameter in mils.

HOW 0.7854 IS DERIVED: Area of a circle=radius® x , (17 =3.1416).
If a circle has a diemeter of 1 mil, its radius is .5 mil. Hence,
the area of such a circle is equal to r? x 3,1416 = .25 x 3.1416,
or 1/4 x 3.1416 = 0,.7854.

MEANING OF THE LETTER (K) USED IN FORMULAS. The letter (K) is used
to represent the quality of a material as a conductor. A certain
volume of the material must be considered, as for instance the vol-
ume of a mil-foot. A mil-foot is the volume of a wire which is one
foot long with a uniform sectional area equal to 1 circular mil.
For commercial copper the resistance of this particular volume, or
1 mil-ft., is 10.4 ohms at a temperature of 20° C. Hence, the (K)
value for copper at this temperature is 10.4. There are different
values for the constant (X) for various materials depending on their
qualities as conductors, as just explained, and on the temperature
selected as the basis for measurement., The (K) value for iron is
63.35 at a temperature of 68° F,

HOW TO FIND THE RESISTANCE OF WIRE., The resistance of a conductor
varies with the kind of material used, directly as the length and
inversely as the cross-sectional area., The letter (K) is the symbol
that represents the kind of material and its resistivity, or specific
resistance as mentioned before.

(1) TO FIND THE RESISTANCE OF A WIRE: Multiply the length in feet
by the specific resistance (that is, the resistance per mil-
foot) and divide this result by the cross-sectional area in

V—lO # 6 1-‘-:':4»
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circular mils. Writing this down in the form of an equation
it would read:

R= KxUL, or KL (Note: When two quantities
az ‘327 are written together, as KL
for example, the multiplica-
tion of these quantities is
understood, hence, X x L
and KL are the same.)

In the above equation let R resistance in ohms.

L = length of wire in feet.

d = diameter in circular mils.
Therefore, d* = circular
mil area.

K = specific resistance of the

material, Commercial cop-
per at 20 C. has a specific
resistance of 10.4 ohms.

PROBLEM. What is the resistance of 1,000 feet of copper wire
having a cross-sectional area of 5,000 circular
mils?

SOLUTION. Substituting all of the known values in the above
formula, and solving, we have

R_ 10.4 x 1,000 _ 10,40C _2.08 ohms. Ans.
5,000 5,000

(2) mTo FIND TEE 1ENGTH OF A WIRE WHEN THE RESISTAMNCE AIND ARFA IN
CIRCULAR MILS ARE KNOWN: Apply the following formula:

L = R x d*
K

PROBLEM. If the size of a certain iron wire conductor is a
No. 17 B. & S. gauge and its resistance is 15 ohms
what is its length?

SQLUTION. Substitute the known values in the formula just
given after first finding the value of d* from the
wire table for a No. 17 wire. The value for d?
is 2048, as given in the column marked, "Area—
Cir. mils",
let K= 63,35 for iron.
d*= 2048.

Hence, L—- 15 x 2048 _ 3C,720 _— 484 ft. Ans.
63.35 63.35

(3) TO FIND THE CIRCULAR MIL AREA OF A WIRE WHEN THE LENGTE
AND RESISTANCE ARE KNOWN. Apply the following formula:
d2=: LxK
R

s V-10 #6
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PROBIEM. Suppose the length of a coil of copper wire is
2,000 feet and its resistance is 2C ohms, find
the circular mil area of the wire.

SQLUTION. Substitute the known values in the above formula
and solve:

d* = 2000 x 10.4 — 20,800 = 1,040 circular mils.

20 20 Ans.

(4) TO FIND THE AREA OF SQUARE OR RECTANGULAR CONDUCTORS. Some
conductors are made square or rectangular in shape and these
are measured In square mils. Suppose a certain conductor is
rectangular then it will be a simple matter to find its area
in square mils by multiplying its width by its thickness, or
if the wire is square its area is found by squaring its sides.
The dimensions, of course, must be expressed in mils.

EXAMPIE. If a conductor is square and 2 mils on each side its
area will be 2 x 2, or 4 sq. mils. Or, if rectang-
ular and 2 mils on one side and 4 on the other its
area will be 2 x 4, or 8 square mils.

HOW TO CONVERT SOUARE MILS TO CIRCULAR MIIS AND VICE VERSA.

(5) If it is desired to change,the area of a wire when given in
square mils to an equivalent area in circular mils multiply
the square mil area by 1.2732 as illustrated in problem work-
ed out below,

PROBLEM. A flat ribbon wire is 1/5" thick on one side and
1/2" wide on the other. Find its equivalent area
in ecircular mils.

SOLUTION. Since the measurements are given in inches instead
of mils you must first change 1/5" and 1/2" to
mils. Thus, 1/5 x 1000 = 200 and 1/2 x 1000=
500. The square mil area is next found by taking
the product of these values, or 200 x 500=100,000
square mils. Now multiply the square mils just
found by 1.2732 as follows:

100,000 x 1.2732 = 127,320 circular mils. Ans.

(6) If it is desired to ccnvert the area of a wire expressed in
circular mils to an equivalent area in square mils multiply
the circular mil area by 0.7854 as shown in the following
worked out problem,

PROBLEM., Find the square mil area of a wire having a diam-
eter of 1/5 inch.

V-10 #6 TE
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SOLUTION. First, change 1/5 inch to mils, or 1/5 x 100C =
200 mils. The circular mil area is equal to the
diameter in mils squared, or 2001, or 200 x 20C=

40,000 Cc.M. (C.M. is the abbreviation for cir-
cular mils), Now multiply the circular mil area
by 0.7854 as follows:

40,00C x 0.7854 = 31,416 square mils. Ans.

HOW TO FIND THE CIRCULAR MIL AREA WHEN DIAMETER IS GIVEN IN INCHES
AND VICE VERSA.

(7) If the diameter of a round wire is expressed in inches its
circular area can be found by squaring the diameter when ex-
pressed in mils., The following equation represents the rela-
tion.

Area in C.M. (circular mils)= ol (diameter in mils squared)

OBLEM. What 1is the circular mil area of a wire having a
diameter of 1/5 inch?

SOLUTION. The first thing to do is to change 1/5 inch to mils
as follows: 1 inch = 1,000 mils, then 1/5 inch
equals 1/5 x 1000, or 200 mils. Now find the area
as follows:

C.M.=d"= d x d=200 x 200=40,000 circular mils.
Ans,

(8) If the circular mil area of a wire is known and it is desired
to find its diameter expressed in mils you have simply to ex-
tract the square root of the known area. Thus:

d = CeM.
PROBLEM. What is the diameter in inches of a wire having an
area of 4107 C.M. (circular mils)? (Area of a No,.
14 gauge wire is 4106.8 as given in Wire Table).

SOLUTION. Work out the problem by finding square root of 4107,
thus:

d= VYc.M. = V4107 = 64 mils, or 0.064 inch,
approximately. Ans,

e v-10 #6
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EXAMINATION QUESTIONS

1. What is the function of a resistor?
2. What is the difference between a fixed resistor and a rheostat?®?
3., What i1s the difference between an insulator and a conductor?®?

4, (a) What are the three forms of opposition or resistance in an
a-c¢ circuit?
({b) Is there more than one form of resistance in a d-c circuit?
Explain.

5. What does the coefficient of temperature mean?

6. (a) Is it possible for current to flow in a wire without pro-
ducing some heat and why?
(b) What is an alloy and why 1is it used in the manufacture of
certain kinds of wire?
(c) Name one alloy and give its composition.

7. How may the effective length of an insulator be increased?

8, If the resistance of a certain coil is known to be 0.06 ohms
what is its resistance expressed in microhms?

9., Find the resistance of 1500 feet of copper wire having a cross-
sectional area of 10,000 circular mils,

10. What is the square mil area of a wire 1/4 inch in diameter?

11. What causes substances to differ in their ability to conduct
or insulate?

12. Give two reasons why resistors are connected in electrical
circuits.

13. (a) How would you find the circular mil area of a square bus
bar which measures £ inch on each side?

(b) Show how you would change the circular mil area of 2,400
feet of #40 copper wire to square mils.

14, Give the weight, circular mil area and resistance of two miles
of #6 copper wire,

ire
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RERISTANCE OF INTERNATIONAL STANDARD ANNEALED COPYER
American Wire Gauge (B. & S.)
1 1
B.&S. | Dismeter | Areaincircu- | Ohms per
guuge, | inmils, | lar mils, 1000t at | £OUDIS PO
No. ¢ @ 20*C.oreg F.| 1001
0000 | 460.00 211,600 0.04901 640 .5
000 | 409.64 167,810 0.06180 | 508.0
00 | 364.80 133,080 0.07793 | 402.8
0 | 324.95 105,530 0.09827 | 319.5
1 | 289.30 83,694 0.1239 253.3
2 | 257.63 66,373 0.1563 200.9
3 | 220 42 52,634 0.1970 159.3
4 | 204 .31 41,742 0.2485 126 .4
5 | 181.94 33,102 0.3133 100.2
6 | 162.02 26,250 0.3951 79.46
7 | 144.28 20,816 0.4982 63.02
8 | 128,49 ,509 0.6282 49.98
9 | 114 .43 13,094 0.7921 39.63
10 | 101.89 10,381 0.9989 31.43
11 90.742 8,234.0 1.260 24 93
12 80.808 6,529.9 1.588 19.77
13 71.961 5,178 .4 2.003 15.68
14 64.084 4,106.8 2.525 12.43
15 57.068 3,256.7 3.184 9.858
16 50.820 2,582.9 4.016 7.818
17 45.257 2,048.2 5.064 6.200
18 40.303 1,624.3 6.385 4.917
19 35.890 1,288.1 8.051 3.899
20 31.961 1,021.5 10.15 3.092
21 28.462 810.10 12.80 2.452
22 25.347 642 40 16.14 1.945
23 22.571 | 509.45 20.36 1.542
24 20.100 404.01 25.67 1.223
25 17.900 320.40 | 32.37 0.9699
26 15.940 254.10 1 40.81 0.7692
27 14.195 201.50 | 51.47 0.6100
28 12.641 159.79 64.9C 0.4837
29 11.257 126.72, 81.83 0.3836
30 10.025 100.50 | 103.2 0.3042
31 8.928 79.70 130.1 0.2413
32 7.950 63.21 | 164.1 0.1913
33 7.080 50.13 | 206.9 0.1517
34 6.305 39.75 | 260.9 0.1203
35 5.615 31.52 | 329.0 0.0954
36 5.000 2500 | 414.8 0.0757
37 4.453 19.88 | 523.1 0.060C
35 3.965 15.72 | 659.6 0.0476
39 3.531 12.47 | 831.8 0.0377
40 3.145 9.89 | 1049 0.0299

PROPERTIES OF METALS
(Courtesy of the U.S. Bureau of Standards.)

Microhm- Temperature, Specific ‘Tenslle Melting
Metal centimeters| coefficient sticngth, poiot,
020°C | st20°C | ¥ | g jind °C
Advance. See Consiantan.
Aluminum.. | 2.828 0. 0039 2.70 30 000 659
Antlmony............ ... . L. 417 - 0036 6.6 o 630
Bismuth. | 120 004 9.8 m
BIAES. o ooenniie e |7 . 002 86 900
Cadmium 5oa 00000 . 7.6 0038 8.6 321
Calido. See Nichrome.
sano0a 8? - 0007 8.1 150 000 1250
5 49 I - 00001 ‘ 8.9 120 000 1190
Copper, annealed....... | 1. 7241 . 00393 8.89 30 000 1083
Copper, hard-drawn ... 1.771 . 00382 8.89 60 000 ... s.euon
Eureka. See Coustantan. |
B 35 T | e S R R { 92 . 00016 89 95 000 1500
German gllver, 18percent. ... ... ...... 33 . 0004 8.4 150 000 1100
German silver, 30 pet cent. Sce Constantan. ‘
L o e = e 2.44 . 00342 19.3 20 000 1063
Ials. See Constantan. |
1deal. See Constantan.
Jron, 99.98 per centpure. ... ... ........... 10 0050 780 - - 1530
Iron. See Steel.
Lead. qop- SR e e 22 003 114 3 000 27
Magnesium. \ 40 004 1.74 33 000 651
Manganln. 44 00001 8.4 150 000 918
Mercury...... | 95983 00089 | 13.546 [ -39
Molybdenum, drawn . | 5.7 004 [- T/ T P 2500
Monelmetal............. 42 20 89 160 000 1300
Nichrome. | 100 0004 8.2 150 000 | 1500
Nickel.. | 78 006 89 120000 | 1452
Peiladjum... | n 0033 12.2 39 000 1550
Phosphor bronze................ ... 7.8 0018 89 25 000 750
Platipum...... 10 003 21.4 50 000 1758
Silver. o ‘ 159 - 0038 10.5 42 000 960
Steel, EEB.B._.......... a0 aasoa 5 10.4 - 005 7.7 53 000 1510
Steel, B.B......... o 11.9 004 7.7 58 000 1510
Steel, Siemens-Martin. ... L 18 . 003 7.7 100 000 1510
Stee), manganese......... D 70 . 001 7.5 230 000 1260
Superior. See Climasz.
........ I15.8 . 0031 16. €
|« - 00001 82
I ns 002 7.3
5.6 . 0045 19
I 58 . 0037 7.1
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D-C_MOTORS

A study of the action of d-c motors 1s largely e study of magnetic
and electromegnetic principles and, therefore, if the student is
not thoroughly familiar with these subjects it is suggested that
they be reviewed at this time.

THE PURPOSE_OF THE D-C MOTOR

What is an electric motor and wnat is its purpose? The motor is a
machine so designed and constructed that the electric power applied
to it will be changed into mechenical power. Just what does that
mean? Suppose we explaein it as follows, taking for our explena-
tion a trolley car. Over the track on which the car runs you

notice & wire which is stretched from pole to pole. From this wire
the trolley cer pole collects current, as shown in Figure 1, and
conducts it to the electric motor of the car causing the motor arma-
ture to revolve. The armature is geared to the wheels of the car.

=

GEWERATOR  §
AT POWER NOUSE L +

TROULEY WIRE FORMS ONE - £ cumment
SIDE OF THE CIRCUIT - FlLow

4 “-TROLLEY POLE
7o - CAR MOTOR
RETURN CUII!KY__‘ ’
1S THROUGH THE RAIL ‘.

The current, after passing through the motor, is conducted through

the wheels and passes into the rails, thence to the ground where it
returns to the powerhouse generatcer. This simple explanation will

serve to show you thet electrical energy is converted into mechani-
cal energy when the car moves.,

THE _PARTS OF A D-C MOTOR

In the electric motor there are three essential parts. The first
part is the field pole, which is a piece of soft iron made into a
particular shape for a definite purpose. ¢n this field pole is
wound a certain number of turns of wire meking it an electro-magnet.
The second part, known as the armature, is another electro-magnet
made so that it can be revolved between the field poles. The third
is a device called a commutator which leads the current into the
armature windings.
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In Figure 2 is shown & motor having four field poles of alternate
north and south polerity. The armature bears a number of individual
coils of wire which carry the current for megnetizing it.

Thet we may better understand the theory of why this armature re-
volves when pleced in & megnetic field we are going to consider an
ermature coil of a single turn of wire, pleced in the simple mag-
netic fieléd provided by two magnet poles of opposite polarity.

ARMATURE (DRE COMMUTATOR  BRUSHM HOLDERS  MAGNET
AND WINDING LUGS: . AND BRUSMES YOKE? /rF!ELD Cons

/ ,COMMUTATOR

i BEARING

“PULLEY

-TEQMINALS

Figure ¢

Referring to Figure 3, we show what is, in effect, a single electro-
maegnet formed by tne freme of a motor and the field poles. This
magnetic structure is the first essentisl part of the motor. when
current flows through the coils which surround the field poles &
strong magnetic field is created (as shown by the dotted lines)

which fills the space between the two pole pieces. 'the magnetic
lines of force complete their circuit through the frame of the motor,
which we see in this case provides two parallel paths.

NO CURRENT

Figure 4

To further aid us in studying the motor action we will use only the
field magnets and the spece where the armature revolves, as in
Figure 4. Here you notice & circle in the center of a field which
represents only one side of an armature coil. Note carefully that
the lines of force of the field are moving from the N to S pole of
the magnets in & uniform menner, that is, they appear to be moving
in straight lines ending on the S magnet very nearly opposite to
the point at which they left the N megnet. This proves to us that
although the armature coil is in the center of the field, the field
has not been influenced by the presence of the coil.
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This is the natural course a magnetic field assumes; it tends at
all times to move in & straight line and should anything heappen to
divert it from this course it will endeavor to regain its natural
state at the expense of whatever attempts to change it.

Now consider what happens if we remove the battery from the field
windings; the magnetic lines of force cease to exist between the
two pole pieces. Now let us connect the battery to the ends of
the armature conductor which is shown between the poles in Figure
4. A megnetic field springs up at once about the armature conduc-
tor. In Figure 5 the circle marked with the cross indicates the
conductor, and denotes that the current is moving through the wire
away from you with its resultant field indicated by the arrowed
lines.

Keeping the srmature wire connected to the bettery, let us now re-
connect the field windings to the battery. As shown in Figure 6,
the field of the armature wire is opposing the field of the mag-
nets on the left side and moving with the magnet field on the
right side of the wire. The lines of force btetween the north and
south poles of the magnet are effective in a downward direction as
shown in the figure. On the left side of the wire, they meet the
lines of force caused by the current in the wire, and these are
effective in an upward direction. This tends to neutralize or
weaken the field at the point A.

At point B, to the right side of the wire, the lines of force due
to the magnet poles are effective in the same direction as those
due to the current in the wire. This causes a concentration or
bunching of the lines of force at the right side of the wire, which
is an increase in the field strength there. These distorted or

DIRECTION OF
FIELD ABOUY

CONWCTOR\\ b
* Wil 1 i
> '|“ll":|"l. (1
AR
0 Aot g
Figure S Figure 6 Figure 7

bent out lines of force act as taught rubber bands end at any in-
stent tend to straighten themselves. This can only happen by the
current-carrying wire moving awey from the point where the lines

of force are most concentrated, and toward the point where they are
less concentrated. The wire will move in the direction shown by
the arrow D.

This movement will continue until the wire has moved out of the ma g-
net fleld as shown in Figure 7, or until it has moved so far that
the pushing force which remains is too weak to overcome the natural
friction between the wire and whatever supports it in position.
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LEFT HAND RULE

There is & very handyrule for determining in just what direction
the armature wire will move. Turn Figure 6 so that the normal

left side of the page is toward you, and it is flat on a table with
the Figure 6 exposed. Place the middle finger of the left hand on
the crossed circle representing the current flow away from you.
with the middle finger perpendicular to the paper, extend the fore-
finger in the same direction as the lines of force of the magnet,
that is, toward the pole marked S. Keeping the thumb horizontal,
stretch it out. You will find that it points in the direction of
motion as shown by the arrow D in Figure 6. This rule should be
practiced and memorized. It will help you somewhat to use the
following memory trick:

Center finger Forefinger Thumb
Current direction Flux direction Toward?

The three fingers used are to be held at right angles to each other
during this practice.

+ e
( ,llllr
DIRE,CTION OF ROTATION j
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L LOOP.
Figure 9
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o DIRECTION OF ROTATION 1
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A N N R POLE N
\\g\\\\\ N \ .
Figure 8 Figure 10

Let us study Figure 8 in order to understand more thoroughly how
rotation of an armature takes place. You recognize the field mag-
nets at once. A complete loop of wire (armature coil) has been
drawn to show why a rotating movement is secured from the pre-
viously described simple displacement to one side (Figure 6). The
loop is secured to an axle which passes through the center line of
the loop, and centrally located with respect to the pole pleces.
The loop is free to rotate about the axle, but not able to move in
any other direction. Study the field as it leaves pole N in
Figure 9. <The small arrows show a bunching of lines of force over
the top of the left wire of the loop, thus the magnetic field of
the wire has added itself to that of the field magnets, making a
strong concentration of lines above the wire. Underneath that
wire its field is moving against the field of the magnets, thus
weakening the field at this point. At the right-hand wire of the
loop the opposite effect 1s evident. The concentration of lines
of force is below the wire. we have stated that the loop is free
to rotate on its axis. Applying the left-hand rule to both sides
of the loop, we find that the left wire of Figure 9 will move
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downward and the right wire move upward. It is apparent that the
loop will then turn in the direction shown by the arrow, or coun-
ter clockwise,

CONTROL OF DIRECTION OF ROTATION

Remembering the left-hand rule end the fixed relations between the
fingers, it is seen that the direction of motion can be reversed
by a reversal of either the field flux direction or the armature
current direction, but not both. 1In Figure 10, the direction of
current flow in the armature loop is the same as for Figure 9.

The connections of the field windings to the battery have been re-
versed, and this reverses the polarity of the field magnet. The
rotation is now clockwise &s shown.

In Figure 11, the current in the armeture wires has been changed
in direction. Y¥igure 12 has the same field polarity as Figure 9,
but opposite armeture current direction, so the directions of

rotation are opposite. Figure 13 has the same field polarity as

|

‘.-DIRECTION OF ROTATION ‘]
NI Y s KA
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Figure 12
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! DIRE,CTION OF ROTATION }
SEHE ST
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PR TN
Figure 11 Flgure 13

Figure 10, but opposite armature current direction, so the direc-
tions of rotation are opposite.

LIMIT OF ROTATIONAL MOVEMENT

The illustrations so far have shown merely in what direction the
armature loop will turn when current passes through it in the
presence of a separate magnetic field. 70 understand how far the
loop will go we must return to the fundamental principle shown in
Figure 6. We see here that the force exerted on the wire moves it
out of the field of the poles, if it is free to move. 1In Figure
12, etc., the forces exerted on the two sides of the loop are such
as to try to move the two sides of the loop out of the field and
in directly opposite directions. But they are bound together at a
fixed distance by their mechanicel construction. Therefore, each
wire will move as far from the center line of the field flux as it
can. The limit of this movement is reached when the plane of the
armature loop is perpendicular to the direction of the field flux.
Then each wire is as far as it can go, with the arrangement dis-
closed to you up to this point. Maybe the rotational movement of
the loop will have given it & certain momentum which carries it
beyond that point. 'The wires will have then been carried on around
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a little way into the more intense sections of the field, and will
be pushed back until they are in the neutral position; in Figures
12 and 13, for instance, the loop would come to rest in a vertical
line.

COMMUTATIO

In explaining the theory of the motor up to this point, we have used
illustrations in which the armature received current from the bat-
tery through two wiping contacts resting on two separate rings
(Figures 8 and 11). In Figure 14 we show & single ring split into
two parts. These parts, called "segments", are insulated from the
shaft and from each other. Each segment is connected to one end of
the armeture loop. The segmented ring is known as a "commutator".
Pressing against opposite points of the commutator are two conduct-
ing strips, maeking & wiping contact with the commutator, and they
are generally called "brushes". These are so mounted that each
changes contact from one segment to another when the loop is at
right angles to the lines of force. It will be remembered from our

w
““DIRECTION OF COIL ROTAYION -

COMMUTATOR

Figure 14 Figure 19 Figure 16

previous discussion that this is the 1limit to which the loop can
turn with the armature current unchanged in direction. The momen-
tum of the loop carries it across the neutral position a little
ways. If the original direction of armature current were maintained
the loop would then be thrust back into the neutral position. How-
ever, the direction of the armature current through the loop was
changed by the commutator and brush arrangement when the loop
crossed the neutral position. So instead of being pushed back, the
loop is pushed forward in the same direction in which it started.
{You may check this statement by applying the left-hand rule to
Figure 15). It is now due to maeke a half-turn before coming into
the next neutral position which is shown in Figure 16, and here
agein its momentum carries it across until the commutating action
has again changed the direction of the armature current. This
continuous pushing in one direction causes the armature loop to
speed faster and faster until a steady speed has been reached.

COUNTER KLECTROMOTIVE FORCE

If we forget for the moment that the motor we are studying is rotat-
ing because of an electromotive force applied to the armature wind-
ings, we can consider the machine as though 1t were being rotated

by some external source of mechanical power, such as & steam engine.
In this case the machine becomes & generator, which is treated fully
in a separate lesson. It is sufficient for our present purpose to
state that when the esrmature loop 1s made to rotate in the magnetic
field provided, the cutting of the lines of force by the two sides
of the loop causes electromotive forces to be generated in them.

The direction of these electromotive forces is opposite, as
considered from the point of an observer outside the machine; the
direction is the seme considered from the standpoint of the series
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peth provided by the loop itself. The electromotive forces gene-
rated in the two sides of the loop are, therefore, additive in

their effect at the terminals of the loop (commutator segments).

By the aspplication of Fleming's Right-Hend Rule for the determina-
tion of the direction of en electromotive force induced in a moving
conductor, we find that this is opposite in direction to the applied
electromotive force from &n external source which supplies the arma-
ture current and makes the rotation possible. The generated e.m.f.
is, therefore, known as the counter e.m.f., sometimes cealled the
back e.m.f. Its effect is very important in motor operation; 1t
causes the effective or working electromotive force to become con-
siderably less than the epplied electromotive force. Just what the
difference 1s, of course, depends on the numericel vaelue ot the
counter e.m.f., and this depends on a number of factors, among which
we can mention (1) the strength of the field, (2) the length of an
armature conductor measured perpendicular to the field, (3) the
number of complete turns in the loop, and (4) the rotating speed of
the loop.

Figure 17 Figure 18 Figure 19 Figure 2C
ARMATURE CONSTRUCTION

The armeture core of the motor is made up of thin stampings of a
good grade of soft iron or steel as shown in Figure 17. A number
of these stampings are used to make up the armature core, and this
core is then called a "laminated” core. Figure 18 will serve to
show you how the armature core looks when all these individual
discs have been pleced, one ageinst the other, making the completed
core. The discs are held in place by various methods. In small
motors, bolts are sometimes employed which run through the discs;
in others, lock nuts which are threaded to the shaft, and in some
makes & collaer is shrunk on the shaft holding the discs in place
under great pressure. |

The armature is made up of laminations to reduce eddy current losses
brought about when the armature revolves in a megnetic field. The
induced currents within the revolving metal represent a part of the
energy being used to operate the motor and do no actual good. 1In
fact an armature constructed of one solid piece of metal would have
eddy currents produced in it of such magnitude &s to csuse the arma-
ture to become very hot. This heat represents & lerge waste of
energy. The armature coils absorb a considerable portion of this
heat which causes damege to the insuletion and overheats the bear-
ings. It is then advantageous to see that such eddy currents are
kept to & minimum. The losses are very materially reduced by build-
ing up the armature of thin discs of soft iron. By using leminetions
the megnetic conductivity of the core is reduced and the circulating
eddy currents are confined to each disc, thus preventing these un-
desireble currents from becoming lerge enough to heat the armature
excessively. The insulation between leaminations is merely the
coating caused by oxidatioan.

Figure 19 represents an iron core cut in half with the laminations
purposely enlarged to show how the eddy currents are confined to
each disc. Figure 20 represents a solid iron core showing how the
eddy currents would move through the entire core.

. v-10 #8
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when the armature coil is passing under one magnetic pole the eddy
currents flow in one direction,but as soon &s the armature comes
under the influence of a magnetic pole of opposite polarity these
currents are reversed in direction.

When the armature is revolving at high speed the eddy currents are
rapidly reversed in direction thus causing friction between the
molecules of the iron. Friction creates heet which, if allowed to
become excessive, not only raises the temperature of the copper
conductors, but may cause the insulation of the conductors them-
selves to burn. This rapid reversal of the molecules creates what
is known as "hysteresis losses"™ and is considered as one of the
harmful effects to be avoided in armature design and construction.

The slots along the outside of the laminated core carry the coils
of wire on the armature, held in plece by small pieces of wood
which fit into the slots in the core, preventing the coils from be-
ing thrown out of the slots by centrifugal force. A cross section
of how this is done is shown in rigure 21.
’v’vooo STRIES HCEAED COPPER ENDS OF ARMATURE

.:'SEGMEIT COILS SOLDERED 1MTO
THESE S10T$ "

corPER
SEGMENT

MICA INSULATION g
STRIPS BETWEEN
LT SEGMENTS™

4

- INSULATION BETWEEN
x SEGMENTS AND FRAME 8~

Figure 24 Figure 25

1 ey INSULATION
TWIRE  C-$L0TS

Figure 21 Figure 22 Figure 23

COMMUTATOR CONSTHUCTION

The commutator, the next and third essential part of the motor, is
a very ingenious device. FYirst we will see how the commutator is
constructed. Figures 22 to 30 inclusive show the construction of
the commutator. Figure 22 shows & locking ring which holds the
segments in place. 1t is one solid piece of iron or steel cast in
the shape shown. The commutator requires great cere in assembling
even though the principle of assembly is simple. ‘1he following
duilding up process will give you the idea of how the parts are
assembled. rigure 22 shows the pert we begin with, the first re-
quirement being to insulate the pert. On this insulated section
are then placed the copper segments which are insulated from each
other; Figures 24 and 25 illustrate the alternate arrangement of
mica strips and copper segments. After the required number of
segments have been placed on the section end insulated perfectly,
both from the holder and from each other, the locking ring, Figure
26 is moved into plece as shown in Figure 27. The segments are
locked into place by tightening the threaded studs which run through
the locking ring, into the section, as shown in Figure 28, Figure
29 illustrates the segments as they would eppear with e section cut
out of a finished commutator, while Figure 30 is the finished com-
mutator ready for fitting to the armature shaft &nd connection to
the armature windings. The beginnings and ends of the armature
coils are brought out and soldered into the slots of the segments
as shown in Figure 25.

This completes the three ma jor parts of the motor. Our next prob-
lem is to assemble these parts into a completed machine.
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COMPLETE ASSEMBLY

Now let us consider one armature coil wound on an agtual armature.
In Figure 31 we can trace the position of this coil from the copper
segment on which the top brush rests, across the armature core
around the back of the core (as illustrated in Figure 32) into the
armature slot on the opposite side of the core; and finally out
where the end is taken to a copper segment of the commutator dismet-
rically opposite the segment from which the coil started. Ordinarily
coils are wound in all of the slots, but they have been omitted here
to enable you to easily trace the position occupied by the one shown
on the core. The continual rotation and speed of the motor is de-
pendent upon a great number of coils &s you will learn later.

In Figure 33 is shown & typicel brush holder and brush, which rests
on the rotating commutator and is connected to the power line used
to supply the armature with current. For a view of a complete
machine you are referred back to Figure Z at the beginning of the
lesson which shows a four-pole machine having four brushes. Two
poles at opposite sides of the armature have North polarities; the
other two poles, also oppcsite each other and in between the first

= ; COPPER
SEGMENT } d INSULATION SEGMENTS

LOCKING

( “ RING " ==
W
Figure 26 Figure 27 Figure 28 Figure 29 Figure 30

pair, have South polarities. we find slso that the brushes are
grouped into pairs, each brush being cross-connected to the one on
the opposite side of the commutator. The positive power lead is,
therefore, connected to the commutator at two places by two of the
brushes; the negative lead to two other places on the commutator
by the remaining brush pair.

4 motor of this type may have six or any other even number of poles,
and there will always be the same number of brushes as there are
poles, if the power is supplied by a two-wire line.

TYPES OF ARMATURES

Armatures may be divided into three classes according to the core
shape and the method of winding the wire on it. The classes are as
follows:

1 - Drum Armatures
2 - Disc armastures
3 - Ring Armatures

DRUM ARMATURES

This type is distinguished by having the entire winding external to
the core, as shown in Figures 31 and 32. The core is of a cylin-
dricel or drum shape. Each of the active wires is wound on the
external surface of the drum in a direction parallel to the shaft.
Such & wire is connected to another active wire by means of a con-
necting wire which is elso external to the core.

nteg
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DISC ARMATURES

The core for this type consists of a disc, and the ective armgture
conductors are spread out radially on the flat sides of the disc.
Armatures of the disc type are very seldom met with in modern prac-
tice.

RING ARMATURES

A ring-shaped core is used, and it is wound with & number of coils.
Each coil consists of & number of turns of wire wound in and out
aroung the ring. Figure 34 gives approximately the placement of a
winding consisting of eight coils. This illustration is convenient
for us to review the commutator action which it is so necessary for
you to understend.

Tracing the current from the battery we see that it flows from the
positive side to brush A, thence to commutator segment #l. At
point K the current divides; part goes through coils 7-8-1-2 to
point K1, thence to segment z3, and through brush B returns to the
negative side of the battery. The other part of tpe battery cur-
rent goes from point K through coils 6-5-4-3 to point K1, and hence
to the negative side of the battery through segment #5 and brush B.
ARMATURE COIL ARMATURE COIL CURRENT 0, 37 00

IN ARMATURE CORE..  CONNECTED TO FLOWING IN . SPRINGS FOR MAINTAINING
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Figure 31

While the illustraetion does not show it, let us state that all the
coils are wound around the asrmature ring in the same direction.
when current enters coil 7 it sets up & North pole in the core ring
near point K, and & South pole at that end of coil 7 which is next
to coll 8. The current in coil 8 sets up & North pole at the end
ad jacent to coil 7, and & South pole at the end adjecent to coil 1.
Likewise coils 1 and 2 set up magnetic. poles in the seme direction.
This actually means that all the coils 7-8-1-2 and each turn of
them works in the seme direction to establish magnetic lines of
force which meke & North pole in the ring at point K, and a South
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