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DYNAMOS AND MOTORS.

(PART 1.)

INTRODUCTION.

1. Electricity is the name given to the cause of all
electrical phenomena. The word is derived from a Greek
word meaning amber, that substance having been observed
by the Greeks to possess peculiar properties which we now
understand to be due to electricity.

Although electrical science has advanced sufficiently far
to recognize the fact that the exact nature of electricity is
unknown, yet recent research tends to demonstrate that all
electrical phenomena are due to a peculiar strain or stress
of a medium called ez/4er; that when in this condition the
ether possesses potential cnergy or capacity for doing work,
as is manifested by attractions and repulsions, by chemical
decomposition, and by luminous, heating, and various other
effects.

In all probability, electricity is not a form of matter, for
it possesses. only two physical properties in common with
material substances, namely, indestructibility and elas-
ticity ; it does not possess weight, extension, or any of the
other physical properties of matter.

Electrical science is founded upon the effects produced by
the action of certain forces upon matter, and all knowledge
‘of the science is deduced from these effects. The study of
the fundamental principles of electricity is an analysis of a
series of experiments, and the classification of the results in
each particular case under general laws and rules. It is not
necessary to keep in mind any hypothesis of the ecxact nature
of electricity; its effects and the laws which govern them
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are quite similar to those of well-known mechanica! and
natural phenomena, and will be best understood by compari-
son. The two most essential features, therefore, in acquir-
ing a knowledge of the electrical science, are: first, to learn
how to develop electrical action; and, second, to determme
the effects produced by it.

2. The number of processes for developing electrical
action is almost innumerable, but the most important can
be classified under one of the following general heads:

(a) By the contact of dissimilar substances;
() By chemical action;

(¢) By the application of heat;

(4) By magnetic induction.

3. The presence of electricity, also, can be detected in
many different ways; under certain conditions, it will

(a) Cause attractions and repulsions of light particles of
matter, such as feathers, pith, gold-leaf, pieces of paper, etc.

(4) Decompose certain forms of matter into their various
elements and cause other chemical changes.

(¢) Produce motion in a freely suspended magnetic
needle, such as the needle of a cofnpass.

(d) Violently agitate the nervous system of all animals,
causing a shock.

(¢) Heat the substances through which it acts.

These are the principal effects produced by the action of
electricity; others of less importance will appear from time
to time during the study of the different branches of the
science.

4. Electricity may either appear to reside upon the
surface of bodies as a charge, under kigh pressure or tension,
or flow through their substance as a current, under com-
paratively Jow pressure or tension.

That branch of the science which treats of charges upon
the surface of bodies is termed electrostatics, and the
charges are said to be static charges of electricity.

Electrodynamics is that branch which treats of the
action of electric currents.
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STATIC CHARGES.

K. When a glass rod or a piece of amber is rubbed with
silk or fur, the parts rubbed will have the property of
attracting light particles of matter, such as pieces of silk,
wool, feathers, gold-leaf, pith, etc., which, after momentary
contact, are repelled. These attractions and repulsions
are caused by a static charge of electricity residing upon
the surface of those bodies. A body in this condition is said
to be electrified.

A better experiment for demonstrating this action is to
suspend a small pith-ball by a silk thread from a support or

bracket, as shown in Fig. 1. If a static charge of electricity
" be deveioped on a glass rod, by
rubbing it with szZ4, and the rod
be brought near the pith-ball, the
ball will be attracted to the rod,
but, after momentary contact,
will be repelled. By this contact
the ball receives a charge of the
same nature as that on the glass
rod, and as long as the two bodies
retain their charges, mutual repul-
sion will take place whenever they
are brought near each other. If
a stick of sea/ing-wax, electrified
by being rubbed with fur, is approached to another pith-ball,
the same results will be produced, i. e., the ball will fly
towards the sealing-wax, and after contact will be repelled.
But the charges respectively developed in these two cases
are not in the same condition. For, if, after the pith-ball
in the first case had been touched with the glass rod and
repelled, the electrified sealing-wax be brought in the vicin-
ity, attraction would take place between the ball and the
sealing-wax. Conversely, if the pith-ball be charged with
the electrified sealing-wax, it will be repelled by the wax and
attracted by the glass rod.

An electric charge developed upon glass by rubbing it

Fig. 1.
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with silk has been termed, for convenience, a positive (+ )
charge, and that developed on resinous bodies, by rubbing
with flannel or fur, a negative ( — ) charge.

Neither a positive nor a negative charge is produced
alone, for there is always an equal quantity of both charges
produced; one charge appearing on the body rubbed, and
an equal amount of the opposite charge upon the rubber.

The intensity of the charge developed by rubbing the two
substances together is independent of the actual amount of
friction which takes place between the bodies. For, in
order to obtain the highest possible degree of electrification,
it is only necessary to bring every portion of one surface
into intimate contact with every particle or every portion
of the other; when this is done, no extra amount of rubbing
can dcvelop any greater charge upon either substance.

6. From the foregoing experiments are derived the fol-
lowing laws:

When two dissimilar substances are placed in contact, one
of them always assumes the positive and the other the nega-
tive condition, although the amount may sometimes be so small
as to render 1ts detection very difficult.

Electrified bodies with similar charges are mutually repel-
lent, while clectrificd bodics with dissimilar charges are
mutually attractive,

Z. In the following list, called the electric series, the
substances are arranged in such order that each receives a
positive charge when rubbed or placed in contact with any
of the bodies following it, and a negatsve charge when rubbed
with any of those which precede it:

1. Fur. 6. Cotton, 11. Sealing-wax.
2. Flannel. 7. Silk. 12. Resins.

3. Ivory. 8. The body. 13. Sulphur.

4. Crystals. 9. Wood. 14. Gutta-percha.
5. Glass. 10. Metals. 15. Gun-cotton,

For example, g/ass when rubbed with fur receives a nega-
tive charge, but when rubbed with si7% it receives a posstive
charge.
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CONDUCTORS AND NON-CONDUCTORS.

8. Only that part of a dry glass rod which has been
rubbed will be electrified; the other parts will produce
neither repulsion nor attraction when brought near a sus-
pended pith-ball. The same is true of a piece of sealing-
wax or resin. These bodies do not readily conduct electric-
ity; that is, they oppose or resist the passage of electricity
through them. Therefore, it can only reside as a clarge
upon that part of their surface where it is developed.
Experiments show that when a metal receives a charge at
any point, the electricity immediately passes or flows
through its substance to all parts. Metals, therefore, are
said to be good conductors of electricity. Bodies have
accordingly been divided into two classes, i. e., non-con-
ductors, or insulators, or those bodies which offer a very
high resistance to the passage of electricity, and con-
ductors, or those bodies which offer a comparatively low
resistance to its passage. This distinction is not absolute,
for all bodies conduct electricity to some extent, while there
is no known substance which does not offer some resistance
to the flow of electricity.

In giving the following list and dividing the different
substances into two classes, it should be understood that
it is done only as a guide for the student. Between
these two classes are many substances which might be
included in either list, and no hard or fast line can be
drawn.

Silver, l
Copper,

Other Metals,
Charcoal,

Ordinary Water,
The Body. )

~ CONDUCTORS.

Paper. W No~N-CoNDUCTORS
Oils,

Porcelain,
Wood. INSULATORS,

r OR
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Silk, )

Resins,

Gutta-percha, NoN-CONDUCTORS

Shellac, , oR

Ebonite,

Paraffin, INSULATORS.

Glass,

Dry Air, etc. J
ELECTRODYNAMICS.

9. In dealing with clectric currents, the word potena
tial will be substituted for the general and vague phrase
electrical condition.

The term potential, as used in electrical science, is analo-
gous with pressure, in gases; head, in liquids; and tem-
perature, in heat. '

When an electrified body, positively charged, is connected
to the earth by a conductor, electricity is said to flow from
the body 7o the earth; and, conversely, when an electrified
body, negatively charged, is connected to the earth in a
similar manner, electricity is said to flow from the earth 70
that body. This is called the direction of flow of an
electric current. That which determines the dérection of
Sflow is the relative electrical potential or pressure of the two
charges in regard to the earth.

It is impossible to say with certainty in which direction
electricity really flows, or, in other words, to declare which
of two points has the higher and which the lower electrical
potential, or pressure. All that can be said with certainty
is that when there is a difference of clectrical potential, or
pressure, electricity tends to flow from the point of higher
to that of the lower potential or pressure.

For convenience, it has been arbitrarily assumed and con-
ventionally adopted that that electrical condition called
positive is at a higher potential or pressure than that called
negative, and that electricity tends to flow from a posi-
tively to a negatively electrified body.
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The zero or normal level of water is taken as that of the
surface of the sea, and the normal pressure of air and gases
as that of the atmosphere at the sea-level; similarly, there
is a sero potential, or pressurc, of clectricity in the earth
itself. The earth may be regarded as a reservoir of elec-
tricity of infinite quantity, and its potential, or pressure,
may therefore be taken as zero.

The electrical condition called positive is assumed to be at
a higher potential or pressure than the earth, and that
called negative is assumed to be at a lower potential or
pressure than the earth.

10. It must be understood that electricity is a condition
of matter, and not matter itself, for it possesses neither
wetght nor dimensions. Consequently, the statement that
electricity is>fowing through a conductor must not be taken
too literally; it must not be supposed that any material sub-
stance, such as a liquid, is actually passing through the con-
ductor in the same sense as water flows through a pipe. The
statement that electricity is flowing through a conductor is
only another way of expressing the fact that the conductor
and the space surrounding it are in different conditions than
usual and that they possess unusual properties. The action
of electricity, however, is quite similar in many respects to
the flow of liquids, and the study of electric currents is much
simplified by the analogy.

11. In order to produce what is called an electric cur-
rent, ¢ is first necessary to cause a difference of electrical
potential between two bodies or between tiwo parts of the same
body.

It was stated that when two dissimilar substances are
simply placed in contact, one always assumes the posi-
tive and the other the negative condition; or, in other words,
a difference of clectrical potential is developed between the
two bodies.

Placing a piece of copper and zine in contact will develop
a difference of electrical potential which can casily be
detected. The same results will follow if the plates are
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slightly separated from each other and placed in a vessel
containing saline or acidulated water, leaving a small por-
tion of one end of each plate exposed. The exposed ends of
the zinc and copper are now electrified to different degrees,
or, in other words, there is a difference of electrical potential
between them, one plate being at a higher potential than the
other.

When the exposed ends are connected by any conducting
material, the potential between the plates tends to equalize
and a momentary rush or discharge of electricity passes
between the exposed ends through the conductor, and also
between the submerged ends through theliquid. During its
passage through the liquid, the electricity causes certain
chemical changes to take place; these chemical changes
cause in their turn a fresh difference of poteptial between
the plates, which is followed immediately by another equal-
izing discharge, and that by a further difference, and so on.
These changes follow one another with great rapidity—so
rapid, in fact, that it is impossible to distinguish them apart,
and they appear absolutely continuous. The equalizing flow
which is constantly taking place from one plate to the other
is known as a continuous current of electricity. Conse-
quently, an electric current becomes continuous when the
difference of potential is constantly maintained.

By the use of a very delicate instrument, the submerged
end of the copper is found to be electrified with a negative
charge, while the submerged end of the zinc is electrified
with a posztive charge.  The direction of the current, there-
fore, will be from the submerged end of the zinc through
the liquid /o the submerged end of the copper, and from the
exposed end of the copper Zo the exposed end of the zinc.

12. A simple voltaic, or galvanic, cell, Fig. 2, isan
apparatus for developing a continuous current of electricity.
It consists essentially of a vessel containing saline or acid-
ulated water in which are submerged two plates of dissimi-
lar metals, or one mctal and a metalloid (as, for instance,
carbon).
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Electrolyte is the name given to the liquid, which, as it
transmits the current, is decomposed by it.

The two dissimilar metals,
when spoken of separately, are
called wvoltaic, or galvanic,
elements; and, when taken
collectively, are known as a
voltaic couple.

A voltalc, or galvanlc,
battery is a number of simple
cells properly joined together.

Electrodes, or poles, of a
cell or battery are metallic ter-
minals or connectors attached Pic. 2.
to the exposed ends of the plates, and are used to connect
the cell or battery to any exterior conductor or to another
cell or battery.

It should be remembered that the polarity of the sub-
merged ends of the plates is always of opposite sign to that
of their electrodes. For example, in the case of the zinc
and copper couple, the electrode fastened to the zinc would
be spoken of as the #negative electrode of the cell, while the
zinc itself would be the posizive element of the cell, its
submerged end being positive.

In any voltaic, or galvanic, couple, the element which is
acted upon by the electrolyte will always be the positive
element, and its electrode the negative electrode of the cell.

13. The following list of voltaic elements composes
what is called the electromotive series:

1. Zinc. 5. Iron. 9. Copper.
2. Cadmium. 6. Nickel. 10. Silver.

3. Tin. 7. Bismuth. 11. Gold.

4. Lead. 8. Antimony.  12. Platinum.

13. Graphite.

Any two of these metals form a woltaic couple and pro-
duce a difference of potential when submerged in saline or
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acidulated water, the one standing first on the list being the
positive element or plate, and the other the negative. For
example, if nickel and graphite are used, the nicke! will be
acted upon by the liquid and will form the positive element ;
but if nicke/ and zinc are used, the sinc will be acted upon
by the liquid, and hence will be the positize element.

The difference of potential will be greater in proportion
to the distance between the positions of the two substances
in the list. TFor example, the difference of potential devel-
oped between zinc and graphite is much greater than that
developed between sinc and wnickel; in fact, the difference
of potential developed between zinc and graphite is equal to
the difference of potential developed between zinc and nickel
plus that developed between nickel and graphite.

Electricity flowing as a current differs from static charges
in three .important degrees—namely, (1) its potential is
much lower, (2) its actual quantity is greater, and (3) it is
continuous.

A substance charged from a strong voltaic battery pos-
sesses the property of attracting light substances only in
the slightest degree; in fact, the attractions can only be
detected with the most delicate instruments. The potential
of a current of electricity is comparatively so small that a
voltaic battery composed of a large number of cells is not
sufficient to produce a spark more than one or two hun-
dredths of an inch long in air, whereas a small, rapidly
moving leather belt will sometimes produce static sparks of
more than an inch in length. The length of the spark
affords a means of estimating potentials, a high potential
being capable of producing a longer spark than a low poten-
tial, but the length of spark gives us no means of estimating
the current strength or quantity of electricity flowing.
The actual guantity of clectricity is measured by the amount
of water it will decompose. Gauged by this standard, the
quantity of electricity produced by a voltaic cell no larger
than a thimble would be found greater than that from a
large, rapidly moving belt, giving static sparks several inches
in length,
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14. There are three different methods of connecting or
grouping the cells in a voltaic battery: J[n series,; in par-
allel, or multiple-arc ; tn muitiple-series.

Cells are connected in series when the positive electrode
of the first cell is connected to the negative electrode of the
second, and the positive electrode of the second is connected
to the negative electrode of the third, and so on, as shown
in the diagram, Fig. 3.
this we have adopted the \.l P/l
usual signs for representing WWM
a cell, the short, broad line Fic. 3.
representing the positive electrode of the cell and the long,
narrow line the negative electrode. In this method of con-
necting or grouping of cells, when the negative electrode of
the first cell is connected to the positive electrode of the
last by some exterior conductor, the total current produced
will flow successively through each cell. This method of
grouping is used when there is available a large number of
Jow potential cells and a /%ig/k potential is desired, as in long
telegraph-lines or any other /ig/ resistance circuit.

15. Cells are connected in paraliel, or multiple-arc,
when the positive electrodes of all the cells are connected to
one main positive conductor and all the negative electrodes
are connected to one main negative conductor, as shown by
the diagram, Fig. 4. In

C %%%*&l}.’ %% parallcl, or multiple-arc,

grouping, only a part of
the total current flowing in
main conductors will pass
through each cell. This method of grouping is used when
it is desired to obtain a strong current from a number of
cells (when the external re-

sistance is Jow), asin electro-
plating.

16. Cells are connected&—
in multiple-series by ar- FiG. 5.
ranging them in several groups, each group being composed
VR V=2

¥16. 4.
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of several cells connected in series, and then connecting all
the groups together in parallel, or multiple-arc, as shown
in the diagram, Fig. 5. This method is used where both a
higher potential and a stronger current are required than
any one cell of the group will give.

CIRCUITS.

17. A circuit is a path composed of a conductor, or of
several conductors joined together, through which an elec-
tric current flows from a given point around the conducting
path back again to its starting-point.

A circuit is broken, or open, when its conducting ele-
ments are disconnected in such manner as to prevent the
current from flowing.

A circuit is closed, or complete, when its conducting
elements are so connected as to allow the current to flow.

A circuit in which the earth, or ground, forms part of the
conducting path is called an earth, or a grounded, circuit.

The external circuit is that part of a circuit which is
outside or external to the electric source.

The internal circuit is that part of a circuit which is
included within the electric source.

In the case of the simple voltaic cell, the znternal circuit
consists of the two metallic plates, or elements, and the
electrolyte; an external circuit would be a wire or any con-
ductor connecting the free ends of the electrodes.

18. Conductors are said to be connected in series when
they are so joined together as to allow the current to pass
consecutively through each.
c \ For example, Fig. 6 repre-
N sents a closed circuit con-
sisting of a simple voltaic
cell  and four conductors
7 a, b, ¢, and d, connected in
- series,
A circuit which is divided
FIG. 6. into two or more branches,
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each branch transmitting part of the main current, is a
derived, or shunt, circuit, and the separate branches are
said to be connected in parallel, or multiple-arc. An
example of a derived circuit of two branches in paralle/
is shown in Fig. 7. The

b -
main current flows first
through the conductor e,
then divides between the o
branches ¢ and 4, and final-
ly uniting and completing d _ '111}."‘ @
the circuit through the con- B
ductor 4 ; the two branches Fio. 7.

¢ and 4 being the conductors, which are connected in par-
allcl, or multiple-arc. The way the current divides, and how
the amount which will flow through the branches 4 and ¢
is determined, will be treated of later.

MAGNETISM.

19. Magnets are substances which have the property
of attracting pieces of iron or steel, and the term magnet-~
ism is applied to the cause of this attraction. Magnetism
exists in a natural state in an ore of iron, which is known
in chemistry as magnetic oxide of iron, or matg‘netite. This
magnetic ore was first found by the ancients in Magnesia,

a city in Asia Minor; hence, substances pos-
, sessing this property have been called magnets.
It was also discovered that when a small bar
| of this ore is suspended in a horizontal position
by a thread, it has the property of pointing in
a north and south direction. From this fact
the name lodestone—/cading-stone—was given
to the ore.
When a bar or needle of hardened steel is
rubbed with a piece of lodestone, it acquires
magnetic properties similar to those of the
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Artificial magnets which retain their magnetism for a
long time are called permanent magnets.

The common form of artificial, or permanent, magnet,
Fig. 8, is a bar of steel bent into the shape of a korseshoe
and then hardened and magnetized. A piece of soft iron,
called an armature, or a keeper, is placed across the two
free ends, which helps to prevent the steel from losing its
magnetism.

20. If a bar magnet is dipped into iron filings, the
filings are attracted towards the two ends and adhere there
in tufts, while towards the center of the bar, half way
between the two ends, there is no such tendency. (See
Fig. 9.) That part of the magnet where there is no appar-

F1G. 9.

ent magnetic, attraction is called the meutral line, and
the parts around the two ends where the attraction is great-
est are called poles. An imaginary line drawn through
the center of the magnet, from end to end, connecting the
two poles together, is called the axis of magnetism.

A compass consists of a magnetized steel needle, Fig
10, resting upon a fine point, so as to turn freely in a hori-
zontal plane. When not in the vicinity
of other magnets or magnetized iron,
the needle will always come to rest with
one end pointing towards the north
and the other towards the south. The
end pointing northward is the north-
secking pole, or, simply, the north
peole, and the opposite end is the south-
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seeking or soutl: pole. This polarity applies as well to
all magnets.

If the north pole of one magnet is brought near the soutk
pole of another magnet, attraction takes place; but if two
north poles or two south poles are brought together, they
repel each other. In general, /ike magnetic poles repel one
another ; unlike poles attract one another.

The earth is a great magnet whose magnetic poles coin-
cide nearly, but not quite, with the true geographical north
and south poles. A freely suspended magnet, therefore, will
always point in an approximately north and south direction.

It is impossible to produce a magnet with only one
pole. If a long bar magnet is broken into any number of
parts, each part will still be a magnet and have two poles,
a north and a south one.

21. Magnetic substances are those substances which,
although not in themselves magnets, that is, not possessing
poles and neutral lines, are, nevertheless, capable of being
attracted by a magnet. In addition to iron and its alloys,
the following elements are magnetic substances: Nickel,
cobalt, manganese, oxygen, cerium, and chromium. These,
however, possess magnetic properties in a very inferior
degree compared with iron and its alloys. All other known
substances are called non-magnetic substances.

22. The space surrounding a magnet, in which any
magnetic substance will be attracted or repelled, is called its
magnetic field, or, simply, its
field. Magnetic attractions and
repulsions are assumed to act in a
definite direction and along imag-
inary lines called lines of mag-
netic force, or, simply, lines
of force, and every magnetic field
is assumed to be traversed by such
lines of force—in fact, to exist by
virtue of them. Their position in
any plane may be shown by placing F1G. 11.
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a sheet of paper over a magnet, and sprinkling fine iron

Fi6. 12.

filings over the paper. In the
case of a bar magnet lying on
its side, theiron filings will arrange
themselves in curved lines extend-
ing from the north to the south
pole, asshownin Fig. 11. A view
of the magnetic field looking to-
wards either pole of a bar magnet
would exhibit merely radial lines,
as shown by the filings in Fig. 12.

Every line of force is assumed
to pass out from the north pole,

make a complete circuit through the surrounding medium
and into the south pole; thence, through the magnet, to the
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north pole again, as shown in Fig. 13. This is called the
direction of the lines of force, and the path which they take
is called the magnetic circuit.

23. The direction of the lines of force in any magnetic
field can be traced by a small, freely suspended magnetic
needle, or a small compass such
as indicated by s in Fig. 13.

The north pole of the needle will

always point in the direction of

the lines of force, the length of

the needle lying either parallel or

tangent to the lines of force at

that point. If the needle be

moved bodily in the direction to-

wards which the north pole points,

its center or pivot will describe a Fie. 14.
path coinciding with the direction of the lines of force in
that part of the magnetic field.

Note.—In all diagrams, the direction of the lines of force will be
represented by arrow-heads upon dotted lines.

Lines of force can never intersect each other; when two

__ opposing magnetic fields are

brought together, as indicated by

the iron filings in Fig. 14 and

Fig. 15, the lines of force from

each will be crowded and distorted

from their original direction until

they coincide in direction with

those opposing, and form a re-

sultant field in which the direction

of the lines of force will depend

Fic. 15. upon the relative strengths of the

two opposing negative fields. The resulting poles thus
formed are called consequent poles.

In every magnetic field there are certain stresses which
produce a fension along the lines of force and a pressure
across them; that is, they tend to skorten themselves from
end to end, and 7¢pe/ one another as they lie side by side.
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24. When a magnetic substance is brought into a
magnetic field, the lines of force in that vicinity crowd
together and all tend to pass through the substance. If the
substance is free to move on an axis (but not bodily) towards
the magnet pole, it will always come to rest with its great-
est extent or length in the direction of the lines of force.
The body will then become a magnet, its south pole being
situated where the lines of force enter it, and its north pole
where they pass out. The production of magnetism in a
magnetic substance in this manner is called magnetic
induction. The production of artificial magnetism in a
hardened steel needle or bar by contact with lodestone is
one case of magnetic induction.

The amount, or quantity, of magnetism is expressed
by the total number of lines of force contained in a magnetic
circuit. .

Magnetic density is the number of lines of force pass-
ing through a unit area measured perpendicularly to their
direction.

ELECTROMAGNETISM.

25. If a conductor be placed parallel to the magnetic
axis of a compass needle, and a current passed through the

FIG. 16.

conductor in either direction, the needle will tend to place
itself at right angles to the conductor, as shown by arrows
in Fig. 16; or, in general, an electric current and a magnet
exert a mutual force upon each other. From the definition
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given in Art. 22, the space surrounding the conductor is a
magnetic field. 1f the conductor is threaded up through
a piece of cardboard, and iron filings are sprinkled on
the cardboard, they will arrange

themselves in concentric circles

around the conductor, as repre-

sented in Fig. 17. This effect

will be observed throughout the

entire length of the conductor,

and is caused entirely by the cur-

rent. In fact, every conductor

conveying a current of electricity

can be imagined as completely

surrounded by a sort of magnetic Fie. 17.

whirl, the magnetic density decreasing as the distance from
the current increases. (See Fig. 18.)

26. If the current in a horizontal conductor 1s flowing
towards the north, and a compass is placed wnder the con-
ductor, Fig. 19, the north pole of the needle
will be deflected towards the west,; by placing
the compass over the wire, Fig. 20, the north
pole of the needle will be deflected towards the
east. By reversing the direction of the current
in the conductor, the needle will point in the
opposite direction in each case, respectively.

If the conductor is placed owver the needle,
and then bent back under it, forming a loop as
shown in Fig. 21, the tendency of the current in
both top and bottom portions of the wire is to
deflect the north pole of the needle in the same
direction.

From these experiments, knowing the direc-
tion of current in the conductor, the following
rule is deduced for the direction of the lines of
Fic.18  force around the conductor.

Rule.—/f the current is flowing in the conductor awway
Jrom the observer, then the direction of the lines of force
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will be around the conductor in the direction of the hands of
a watch.
- 4

Fi1G.19. Fic. 20. Fi1G. 21.

The direction of the lines of force around a conductor is
indicated in Fig. 22 where the current is assumed to be
flowing downwards, that
is, piercing the paper.

27. Two parallel
conductors, both trans-
mitting currents of elec-
tricity, are either mutu-
ally attractive or repel-
lent, depending upon the
relative direction of their
currents. If the cur-
rents are flowing in the
same direction in both
conductors, as repre-
sented in Fig. 23, the
lines of force will tend to

Fic. 22, surround both conduct-
ors and contract, thus attracting the conductors. If, how-
ever, the currents are flowing in opposite directions, as in
Fig. 24, the lines of force lying between the conductors will
have the same direction, and therefore r¢pc/ the conductors.

28. If the conductor carrying the current is bent into
the form of a loop, as in Fig. 25, then all the lines of force
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around the conductor will thread through the loop in the
same direction. By bending the conductor into a long /Aelix

FiG. 28. FiG. 24,

of several loops, the lines of force around each loop will
coincide with those around the adjacent loops, forming sev-
eral long lines of force which thread through the entire
helix, entering at one end and passing out at the other.

F1G. 25.

The same conditions now exist in the helix as exist °n
a bar magnet, i. e., the lines of force pass out from one
end and e¢nter the other. In fact, the helix possesses
a north and a south pole, a neutral line, and all the proper-
ties of attraction and repulsion of a magnet. If it is sus-
pended in a horizontal position and free to turn, it will
come to rest pointing in a north and south dircction,

A helix made in this manner, around which a current of
electricity is circulating, is called a solenoid.



22 DYNAMOS AND MOTORS. § 28

29. The polarity of asolenoid, that is, the direction ot
the lines of force which thread through it, depends upon the
direction in which the conductor is coiled and the direction
of the current in the conductor.

To determine the polarity of a solenoid, knowing the
direction of the current:

Rule.—/n looking at the end of the helix, if it is so wound
that the current circulates aroundthe helix in the direction of
the hands of a watch, that end will be a south pole; if in the
other direction, it will be a north pole.

Fig. 26 represents a conductor coiled in a right-handed
helix. If the current starts to flow from the end where the
observer stands, that end
will be a south pole and
the observer will be looking
through the helix #n the
direction of the lines of

FiG. 26. for‘_'e.

The polarity of a solenoid can be changed by reversing

the direction of the current in the conductor.

30. In Art. 24 it was stated that when a magnetic sub-
stance is brought into a magnetic field, the lines of force in
that field crowd together, and all try to pass through that
substance; in fact, they will alter their circular shape, and
extend a considerable distance from their original position, in
order to pass through it. A magnetic substance, therefore,
offers a better path for the linesof force than air or other
non-magnetic substances.

The facility afforded by any substance to the passage
through it of lines of force is called magnetic permea-
bility, or, simply, permeability.

The permeability of all non-magnetic substances, such as
air, copper, wood, etc., is taken as 1, or unity. The permea-
bility of soft iron may be as high as 2,000 times that of air.
If, therefore, a piece of softiron be inserted into the mag-
netic circuit of a solenoid, the number of lines of force will
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be greatly increased, and the iron will become highly mag-
netized.

31. A magnet produced by inserting a magnetic sub-
stance into the magnetic
circuit of a solenoid is an
electromagnet, and the
magnetic substance around’
which the current circulates
is called the core. (See
Fig. 27.) The solenoid is FIG. %7
generally termed the magnetizing coil.

In the ordinary form of electromagnet, the magnetizing
coil consists of a large number of turns of fnsulated wire,
thatis, wire covered with a layer or coating of some non-con-
ducting or insulating material, usually silk or cotton; other-
wise the current would take a shorter and easier circuit from
one coil to the adjacent one, or from the first to the last coil
through the iron core without circulating around the magnet.

The simplest form of an electromagnet is the bar magnet.

As usually constructed, it consists
of a straight bar of iron or steel 5,
fitted into a spoo/, or bobbin, made
of hard vulcanized rubber or some
other inflexible insulating ma-
terial. The magnetizing coil of
fine insulated copper wire w is
wound in layers in the bobbin, as
shown by the cross-section in
Fig. 28.

Fic. 8. The rule for determining the
polarity of a solenoid, Art. 29, is the same for an electro-
magnet. It makes no difference whether the wire is wound
in one layer or in any number of layers, or whether it is -
wound towards one end and then wound back again over the
previous layer towards the other end; so longas the current
circulates continually in the same direction around the core,
the polarity of the magnet will remain unchanged.
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32. The most convenient form of electromagnet for a
great variety of uses is the fLorseshoe, or U-shaped, electro-
magnet, Fig. 30. It consists of a bar of iron bent into the
shape of a horseshoe with straight ends and provided with
two magnetizing coils, one on each end of the magnet. The
two ends which are surrounded by the coils are the cores of
the magnet, and the arc-shaped piece of iron joining them
together is known as the yoke of the magnet. The ordinary
U-shaped elecctromagnet is made in three parts: namely,
two iron cores wound with the magnetizing coils, and a
straight bar of iron joining the two cores together for-a yoke,
as shown in Fig. 29. In looking at the free ends of the two
cores, Fig. 30, the current should circulate around one core

in an opposite direction

to that around the other.

If the current circulates

around both cores in the

same dircction, the lines

of force produced in the

two cores, respectively,

oppose one another,

Fia. 29. forming two like poles at

their free ends and a consequent pole in the yoke. The total

K16 30. FiG. 81,

number of lines of force produced by both coils will be

1
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greatly diminished, and the magnet will exhibit only a small
amount of magnetic attraction.

Another common form of electromagnet is known as the
iron-clad electromagnet. In its simplest form, Fig. 31,
it contains only one magnetizing coil and one core. The
core is fastened to a disk-shaped iron yoke, and the mag-
netic circuit is completed through an iron shell which rises
up from the yoke and completely surrounds and protects the
coil.

ELECTRICAL UNITS.

33. The three principal units used in practical measure-
ments of a current of electricity are:

The ampere, or the practical unit denoting the rate of
flow of an electric current, or the strength of an electric
current.

The ohm, or the practical unit of resistance.

The volt, or the practical unit of electrical potential or
pressure.

Electromotive force, written E. M. F., or simply E., is
the total generated difference of potential in any electric
source or in any circuit. For example, the total difference
of potential developed between the plates of a simple voltaic
cell would be the electromotive force of that cell.

Ordinarily, the term electromotive force is used to express
any difference of potential; that is, the electromotive force
is the difference of potential between two points.

The relation of these three practical units will be better
understood by the analogy of the flow of water through a
pipe. The force which causes the water to flow through
the pipe is due to the /ead or pressure; that which resists
the flow is the friction of the water against the inside of the
pipe, and the amount would vary with circumstances. The
rate of flow, or the current, may be expressed in gallons per
minute, and is a ratio between the head or pressure and the
resistance caused by the friction of the water against the
inside of the pipe. For, as the pressure or head increases,



26 DYNAMOS AND MOTORS. §28

the rate of flow or current #ncrcascs in proportion; as the
resistance zncreases the current diminishes.

In the case of electricity flowing through a conductor, the
electromotive force, or potential, corresponds to the pressure or
head of water, and the resistance which a conductor offers
to the flow of electricity to the friction of the water against
the pipe. The strength of an electric current, or the rate of
Sflow of electricity, is also a ratio—a ratio of the electromo-
tive force and thce resistance of the conductor through which
the current is flowing. This ratio as applied to electricity
was first discovered by Dr. G. S. Ohm, and has since been
called Ohm’s law.

34. Ohm’s Law.—7/ke strength of an electric current
in any circuit is directly proportional to the electromotive
Sorce developed in that circuit, and inversely proportional to
the resistance of the circuit; i. e., it is equal to the electromo-
tive force divided by the resistance.

Ohm'’s law is usually expressed algebraically, thus:

electromotive force

Strength of current = -
resistance

If the electromotive force (£) is expressed in wolts and
the resistance (R) in okms, the formula wili give the

strength of current (C) directly in amperes; thus C = %
Before giving examples of the application of Ohm s law,
the value and significance of each unit will be treated upon

separately.

35. The Ampere, or the Unit Strength of Cur-
rent.—The strength of an electric current can be described
as a quantity of electricity flowing continuously every sec-
ond, or, in other words, it is the rate of flow of electricity,
just as the current expressed in gallons per minute is the
rate of flow of liquids. When one unit quantity of elec-
tricity is flowing continuously every second, then the rate
of flow, or the strength of current, is one ampere; if two

1Y
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unit quantities are flowing continuously every second, then
the strength of current is fwo amperes, and so on. It
makes no difference in the number of amperes whether the
current flows for a long period or for only a fraction of a
second; if the quantity of electricity that would flow in one
second is the same in both cases, then the strength of the
current % amperes is the same.

The international ampere is defined as the strength of an
unvarying current, which, when passed through a solution
of nitrate of silver and water, deposits silver at the rate of
.01725 grain per second.

Electricity possesses neither weight nor extension, and
therefore an electric current can not be measured by the
usual methods adopted for measuring liquids and gases.
In liquids, the strength of the current is determined by
measuring or weighing the actual quantity of the liquid
which has passed between two points in a certain time and
dividing the result by that time. The strength of an elec-
tric current, on the contrary, is determined directly by the
effect it produces, and the actual quantity of electricity
which has passed between two pointsin a certain time is
afterwards calculated by multiplying the strength of the
current by the time.

36. The principal effects produced by an electric cur-
rent are given in Art. 33 of these, the one most generally
used for measuring is the action of the current upon a
magnetic needle, as shown in Art. 28. The instrument
commonly used in laboratory practice for measuring and
detecting small currents of electricity is called the gal-
vanometer.

The action of the galvanometer is based upon the princi-
ple given in Art. 25, where a magnetic needle, freely
suspended in the center of a looped or coiled conductor, is
deflected by a current of electricity passing around the coil
or loop. In ordinary practice, the needle is suspended
either upon a pivot projecting into an agate cup fixed in
the needle, or by a fiber suspension, as shown by F in

K. IV—3
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Fig. 32. In the simpler forms of galvanometers, the mag-
netic needle itself swings over a dial graduated in degrees;

F1G. 8.

in other forms, a light index
needle is rigidly attached to
the magnetic needle and
swings over a similar dial, as
indicated by 7 in Fig. 32; and
in the more sensitive galva-
nometers, Fig. 33, a small
reflecting mirror is attached
to the fiber suspension and
reflects a beam of light upon
a horizontal scale situated
several inches from the gal-
vanometer.

In any of these galvanometers, when no current is flow-
ing in the coils, the needle should point in a direction
parallel to the length of the coil, Fig. 34. The measuring of

W

FiG. 8.

currents by most galvanometers depends upon the magnetic
needle being held in this position by the magnetic attrac-
tion of the earth’s magnetism or the attraction of some
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adjacent magnet. When a current of electricity passes
around the coil, its tendency is to deflect the magnetic
needle at right angles to its original position, as explained
in Art. 28, while the tendency of the earth’s magnetism is
to oppose the move-
ment The couple
thereby produced will
cause the needle to be
deflected a certain
number of degrees
from its original posi-
tion, depending upon
the relative strengths
of the two magnetic
fields. The stronger the current in the coil, the greater the
deflection. With a galvanometer of standard dimensions
and a magnetic field of known strength, such as the earth’s
magnetism at a convenient place on its surface, a strength
of current can be conventionally adopted as a unit which will
produce a certain deflection; all other galvanometers can be
calibrated from this standard, and their dials graduated to
read the strength of current directly in the conventional
unit adopted.

Fi1G. 34,

37. Commercial and portable instruments are devised
for measuring the strength of current directly in amperes,
and are called ampere meters, or simply ammeters. The
action of the current flowing through the coils in these
instruments causes small magnetic needles or other coils of
wire to act against either the tension of springs or against
gravitational forces. The majority of ammeters are pro-
vided with an index needle which travels over a scale or
dial graduated in divisions, each division representing one
ampere, or fractions or multiples of one ampere.

Fig. 35 shows the general form of a standard Weston
ammeter used for commercial testing purposes. The
strength of the current flowing in a circuit can be measured
directly in amperes by opening the circuit at any convenient
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place and connecting the two ends thus formed to the

binding-posts p and p'. The direction of the current in

the circuit should be

determined beforehand,

so that it passes 7n/o0 the

instrument by the bind-

ing - post marked with

the positive (4) sign;

otherwise the index

needle will be deflected

off the scale in the

wrong direction, which

is liable to damage the

FIG. 8. instrument and cause

error in reading when the current passes through in the
proper direction, '

38. The Ohm, or the Unit of Resistance.—In
Art. 8 it was stated that the resistance varied in different
substances; that is, one substance offers a higher resistance
to a current of electricity than another. Electrical resist-
ance, therefore, can be defined as a property of matter,
varying with different substances, and in virtue of which
such matter opposes or resists the passage of electricity.

The resistance which all substances offer to the passage
of an electric current is one of the most important quanti-
ties in electrical measurements. In the first place, it is
that which determines the strength of an electric current in
any circuit in which a difference of potential is constantly
maintained, as shown by Ohm’s law; and in the second
place, the unit of resistance, the ok, is the only unit in
electrical measurements for which a material standard can
be adopted, other quantities being measured by the effect
they produce. The basis of any system of physical meas-
urements is generally some material standard conven-
tionally adopted as a unit, physical measurements in each
system being made by comparison with the unit of that
system.

 Tw



§28 DYNAMOS AND MOTORS. 31

The unit of electrical resistance now universally adopted
is called the international ohm. One international ohm
is the resistance offered by a column of pure mercury 106.3
centimeters in length and 1 square millimeter in sectional
area at 32° F., or the temperature of melting ice. The
dimensions of the column expressed in inches are as follows:
length, 41.85 inches; sectional area, .00155 square inch.
Hereafter the word ‘‘international” will be omitted and
simply the word *““ohm” used; the inzernational ok, how-
ever, as defined above, will always be implied unless other-
wise stated.

39. If a given conductor offers a resistance of 2 ohms to
a current of 1 ampere, it offers the same amount, no more
nor less, to a current of 10 amperes. Hence, tke resistance
of a given conductor at equal temperatures is always constant,
irrespective of the strength of current flowing through it or
the electromotive force of the current.

40. If the length of a conductor be doubled, its resist-
ance will be doubled; that is, the resistance of a given con-
ductor increases as the length of the conductor increases,
the resistance being directly proportional to the length of
the conductor.

When it is required to find the resistance of a conductor
of which the length is varied, and other conditions remain
unchanged, the following formula may be used:

r=00 (1)
In this formula
r, = the original resistance;
r, = the required or changed resistance;
, = the original length;
/, = the changed length.
As in all examples of proportion, the two lengths must be
reduced to the same unit.
By this formula, we see that the resistance of a conductor
after its length is changed is cqual to the original resistance
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multiplicd by the changed length, and the product divided by
the original length.

ExaMpPLE.—Find the resistance of 1 mile of copper wire, if the resist-

ance of 10 feet of the same wire be .013 ohm.
SOLUTION.— 7, =.013 ohm; /, = 10 feet; /, = 1 mile = 5,280 feet.
Then, by formula 1, the required resistance r, = —Qlifo—‘)%—o =

6.864 ohms. Ans.

41. If the sectional area of a conductor is doubled and
other conditions remain unchanged, the resistance will be
halved. We may, then, obtain the value of the resistance
of a conductor for any change in sectional area by the
following formula:

ri= ! ‘» (2°)

in which », = the original resistance of the conductor;
r, = the changed resistance;
a, = the original sectional area;

a, = the changed sectional area.

From the relations here expressed, it will be seen that the
resistance varies inversely as the sectional area; that is, the
resistance of a given conductor diminishes as its sectional arca
tncreases.

The resistance of a conductor is independent of the skape
of its'cross-section. For example, this shape may be cir-
cular, square, rectangular, or irregular; if the sectional area
be the same in all cases, the resistances will be the same,
other conditions being similar.

ExAMPLE.—The resistance of a conductor whose sectional area is
.025 sq. in. is .32 ohm; what would be the resistance of the conductor
if its sectional area were increased to .125 sq. in. and other conditions
remain unchanged ?

SOLUTION.— 7, =.32 ohm; a, =.025 sq. in.; and a4, =.125 sq. in.

. . r,a .32 X .026
Then, by formula 2, the required resistance ry = ——— =22 X0

as .125
.064 ohm. Ans.



§ 28 DYNAMOS AND MOTORS. 33

ExanpLE.—The sectional area of a certain conductor is .01 sq. in.
and its resistance is 1 ohm; if itssectionalarea be decreased to.001 sq. in.
and other conditions remain unchanged, what will be the resistance ?

SOLUTION.— 7, = 10ohm; a, =.01sq. in; and @; =.001sq. in. By
1x.01

001 =10 ohms. Ans.

formula 2, the resistance ry =

42. When comparing resistances of round copper wires
the following formula is used:

n="2, @)

in which 7, = the original or known resistance;
7, = the required resistance;
D = the original diameter;
d = the changed diameter.

This formula is based on the rule that, since the sectional
area of a round conductor is proportional to the square of
its diameter (sectional area = diameter® X .7854), thke resist-
ance of a round conductor is snversely proportional to the
square of its diameter.

ExaMpLE.—The resistance of a round copper wire .2 in. in diameter

is 45 ohms; from this calculate the resistance of a round copper wire
.8 in. in diameter, other conditions remaining the same in both cases.

SoLuTioN.—In this example, 7, = 45 ohms; D = .2 inch; and d=.3
inch. Hence, by formula 3, the required resistance
45 .22 _ 45 x.04

=TT T 09

ExaMPLE.—If the resistance of a round German-silver wire } in.
in diameter is 12.6 ohms, what is the resistance of a round German-
silver wire ¢ in. in diameter, other conditions being equal in the
two cases ?

SoLuTioN.—In this example, », = 12.6 ohms; /2 =} =.125 inch; and
d = J¢ =.0825 inch. Hence, by formula 3,

12.6 X .125°
"= "o

=20 ohms. Ans.

= 50.4 ohms. Ans.

43. The resistance of two or more conductors connected
in series (Art. 14) is equal to the sum of their separate
resistances. For example, if four conductors having separate
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resistances of 8, 12, 22, and 34 ohms, respectively, are con-
nected in series, their total or joint resistance would be
8 + 12 4 22 4 34 = 76 ohms.

44. The microhm is a unit of resistance devised to
facilitate calculations and measurements of exceedingly
. . . 1
small resistances, and is equal to one millionth (—__1, 000,00 0) of
an okm. Hence, to express the resistance in microhms,
multiply the resistance in okms by 1,000,000; and, con-
versely, to express the resistance in okms, divide the resist-
ance in microfms by 1,000,000. For example, .75 ohm =
75 % 1,000,000 = 750,000 microhms; or, 750,000 microhms

= 750,000 < 1,000,000 = .75 ohm.

45. The megohm is a unit of resistance. devised to
facilitate calculations and measurements of exceedingly
large resistances, and is equal to 1,000,000 ohms. There-
fore, to express the resistance in wmego/ims, divide the resist-
ance in o/ns by 1,000,000; and, conversely, to express the
resistance in okms, multiply the resistance in megokms by
1,000,000. For example, 850,000 ohms =%= .85
megohm; or, .85 megohm = .85 x 1,000,000 = 850,000 ohms.

The megohm is used chiefly to measure the resistance of
bad conductors and insulators.

486. In order to compare the resistances of different sub-
stances, the dimensions of the pieces to be measured must be
equal; for, by changing its dimensions, a good conductor
may be made to offer the same resistance as an inferior one.
Under like conditions, annealed silver offers the least resist-
ance of all known substances. Soft, annealed copper comes
next on the list, and then follow all other metals and con-
ductors.

The resistance of a given conductor, however, is not always
constant; it changes with the temperature of the conductor.
In all metals, the resistance sucreases as the temperature
rises; in liquids and carbons, the resistance decreases as the
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temperature rises. The amount of variations in the resist-
ance caused by a change in temperature for one degree is
called the temperature coefficlent. The temperature
coefficients for the common metals are given in Table 1 for
degrees Fahrenheit. These coefficients, however, only hold
true for a limited change of temperature, and should not be
used with extreme changes. The rules given below, making
use of these coefficients, are not absolutely accurate, but
enough so for practical purposes.

To find the resistance of a conductor after its temperature
has risen, knowing its original resistance and the number of
degrees rise, other conditions remaining unchanged:

Let r, = the original resistance;
r, = the resistance after a change in temperature;
% = the temperature coefficient;
¢ = rise or fall in temperature, degrees Fahrenheit.

Then, for a rise in temperature,
ro=r, (14 4). (4.)

That is, 2/ke resistance of a conductor aftcr its temperature
has risen may be obtained by mulitiplying the original resist-
ance by one plus the product of the number of degrees rise and
the temperature coefficient.

ExaMpLE.—The resistance of a piece of copper wire at 32° F. is
40 ohms; determine its resistance when its temperature is 52° F.

SOLUTION.— R =40 ohms;
£ =.002155 (from Table 1);
¢ =52 — 32 = 20 degrees.

By formula 4, the required resistance 7y =7, (1 4+ #4)=40(1 + 20 X
.0021565) = 40 X 1.0431 = 41.724 ohms. Ans.

47. To find the resistance of a conductor after its tem-
perature has fallen, knowing its original resistance and
the number of degrees fall, other conditions remaining
unchanged:

For a fall in temperature, 7, = I +' s (5.)
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That is, ke resistance of a conductor after its temperature
has fallen may be obtained by dividing the original resistance
by one plus the product of the number of degrees fall and the
temperature coefficient.

ExaMpLE. —The original resistance of a piece of German-silver wire
is 16 ohms, find its resistance after its temperature has fallen 22° F.

SOLUTION.— R =16 ohms;
£ =.000244 (from Table 1);
t =22°F.

By formula 8, the required resistance

o 16 _ 18
T I3 72 71+ 22 x.000244 — 1.005368

=15.9145 ohms. Ans

48. Specific resistance is the term given to the
resistance of substances of unit length and unit sectional
area at some standard temperature. In what follows, the
specific resistance of a substance is the resistance of a piece
ot that substance one inch in length and one square inch in
sectional arca at 32° F., that is, at the temperature of
melting ice; this may also be expressed as the resistance of a
cube of that substance taken between two opposing faces.

A list of the common metals is given in Table 1, in the
order of their relative resistances, beginning with silver,
which offers the least resistance. The first column of figures
gives the specific resistance in microhms of 1 cubic inch of
the corresponding metal at 32° F. By applying formula
1, the resistance of any conductor of known dimensions
which is made of one of the metals in the table can be deter-
mined. The second column of figures gives the relative
resistance of the different metals compared with silver.
For example, the resistance of mercury is 62.73 times the
resistance of silver, or the resistance of iron is 6.46 times
the resistance of silver, and so on.

ExAMPLE.—Find the resistance in ohms of a round column of mer-
cury 70” high and .05" in diameter. Ans. 1.8244 ohms.

ExaMmpLE.—Find the resistance in ohms of 1 mile of square iron
wire (annealed) .1” on a side. Ans. 24.2852 ohms
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TABLE 1.
Resistance, ! Relative |Tem ur
Name of Metal. Microhms PET  Resistance. Coett;ie(:iaetnt.e
Cu. In.

Silver, annealed....... .5921 1.000 002094
Copper, annealed...... .6292 1.063 .002155
Silver, hard-drawn.... .6433 1.086 .002094
Copper, hard-drawn... .6433 1.086 .002155
Gold, annealed........ .8102 1.369 .002028
Gold, hard-drawn..... .8247 1.393 .002028
Aluminum, annealed..| 1.1470 1.935

Zinc, pressed......... 2.2150 3.741 .002028
Platinum, annealed....| 3.5650 6.022

Iron, annealed........ 3.8250 6.460

Nickel, annealed......| 4.9070 8.285

Tin, pressed.......... 5.2020 8.784 .002028
Lead, pressed......... 7.7280 13.050 .002150
German Silver........ 8.2400 13.920 .000244
Antimony, presséd....| 13.9800 23.600 .002161
Mercury.............. 37.1500 62.730 .000400
Bismuth, pressed...... 51.6500 87.230 .001967

49. In a simple voltaic cell the ¢nternal resistance—that
is, the resistance of the two plates and the electrolyte—
is of great importance, for it determines the maximum
strength of current that can possibly be obtained from the
cell. In the common forms of cells, the internal resistance
may be excessively large, owing to the resistance of the
clectrolyte, the specific resistance of ordinary liquids used
as electrolytes being from 1 to 20 million times that of the
common metals. In liquids, as in all conductors, the resist-
ance increases as the length of the circuit increases, and
diminishes as its sectional area incrcases. Hence, the
internal resistance of a simple voltaic cell is reduced by
decreasing the distance between the plates or eclements and
by increasing their active surfaces. The internal resistance
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of the ordinary forms of cells varies from about .2 to 20
ohms.

50. For practical and commercial testing, the standard
column of mercury, representing the resistance of one ohm,
has been replaced by a coil of
wire, usually a platinum-silver
alloy. The coil is carefully cal-
ibrated to offer a resistance of
exactly one ohm at some con-
venient temperature, and is
enclosed in a metallic case, the
connections to the two ends of
the coils being made by two
heavy terminals of copper wire
passing up through the hard-
rubber cover. Such coils are
known as standard ohm coils.
The commercial formof standard ohm coils is shown in Fig. 36.

51. Anapparatuscalled aresistance-box or rheostat
is largely used for reducing or controlling the strength of
currents in various circuits. Such
rheostats are connected directly
in scries or shunt with the cir-
cuit, and are termed dead re-
ststances. The resistance in these
rheostats is usually made adjust-
able; that is, the amount of re-
sistance which they offer may be
varied at the will of the operator
by the use of a sliding contact,
or by removable plugs. Rheo-
stats in which the amount of re-
sistance is varied by sliding con-
tacts are used mostly where
accuracy is of less importance
and where the currents are com-
paratively large. F10. 8.
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Fig. 37 shows a typical form of sliding-contact rheostat.
In this particular rheostat, the coils of resistance wire are
connected to a row of contact pieces D), as shown in the
diagram, Fig. 38. The current enters the rheostat through
the terminal A, passes through the movable arm C, and
then through all the resist-
ance-coils between the con-
tact piece on which the arm
rests and the terminal 5.
When the arm rests upon the
first contact piece, as shown
by the full lines in this dia-
gram, all of the resistance is
said to be #z# circuit; that is,
the current passes through all
the coils. By moving the arm
to the left, towards the ter-
minal B, as shown by the dotted lines, the coils connccted
to the contact pieces which have been passed over by the
arm are said to be cuz out of circuit, and the current passes
through the remaining coils only.

FI1G. 38,

52. Rheostats in which the resistance is adjusted by
means of removable plugs are employed in laboratory prac-
tice,where small currents are used and where great accuracy
is required. The resistance-coils in these rheostats are
enclosed in a wooden box, and the actual resistance of each
coil is carefully determined. A resistance-box offering 10,000
ohms resistance is shown in Fig. 39, the separate coils
offering resistances from one ohm up to 5,000 ohms. The
operation of adjusting the resistance by means of the remov-
able plugs can be seen from the diagram in Fig. 40. The
contact pieces a, §, ¢, etc., are arranged side by side on the
top of the case and are separated from each other by a small
air-space. The ends of each contact piece are provided with
a tapered recess in such a manner as to allow a metallic
plug to be inserted between them and thereby connect the
two together electrically. The current passes into the
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rheostat by the terminal A, and when all the plugs are
removed flows consecutively through all the coils 1, 2, 3, 4, .

Fi16. 89.

and 6 to the terminal B. The total resistance of the rheo-
stat can be lowered by inserting the plug / between the

F1G. 40.

contact pieces; this operation skort-circuits, or cuts out, the
particular coil connected to the two contact pieces, or, in
other words, the current, instead of flowing through the coils,
passes directly from one contact piece to the other through
the metallic plug.

53. Elcctrical resistance may be measured by an appa-
ratus called a Wheatstone bridge. A bridge, when
completed, ready for taking measurements, consists of three
main parts: (1) an adjustable resistance-box containing a
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number of coils, the exact resistance of each coil being
known; (2) a galvanometer for detecting small currents, and
(3) a battery of several cells. The coils of the resistance-
box are divided into three groups, two of which are called
proportional or balance arms, and the third is known
as the adjustable arm. Each proportional arm is com-
posed of three and sometimes four coils of 1, 10, 100, and
1,000 ohms resistance, respectively. The adjustable arm
contains a large number of coils ranging from .1 ohm up to
10,000 ohms.

The operation of the bridge depends upon the principle
of the relative differerice of potential between two points
in a divided circuit of two branches. The electrical con-
nections of the bridge are shown in the diagram, Fig. 41.

i
B

Fi1G. 41,

M represents the resistance of one of the balance arms, which
will be termed for convenience the wupper balance arm;
AV represents the resistance of the other balance arm, which
will be termed the Jower balance arm; P represents the
resistance of the adjustable arm, and X represents an
unknown resistance, the value of which is to be determined.
One terminal of the detecting galvanometer G is connected
at ¢, the junction of the upper balance arm and the
unknown resistance; the other terminal is connected at d,
the junction of the lower balance arm and the adjustable
arm. One pole of the battery is connected at a, the junc-
tion of the two balance arms; the other pole at 4, the
junction of the adjustable resistance and the unknown
resistance. The current from the battery divides at a, part
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of it flowing through resistances M and X, and the rest
through &V and /. When the resistances M, N, P, and X

fulfil the proportion jlv{ (},’, then the two points ¢ and & will

have the same potential, and no current will flow through
the galvanometer G. Since the resistances of 4/, V, and P
are known, the resistance of .X will be given by the funda-

s

mental equation X = ij X P, when the arms are so adjusted

as to cause no deflection of the galvanometer. For example,
suppose that the two ends of a copper wire are connected to
the terminals 4 and ¢, and after adjusting the resistance in
the arm so that the galvanometer shows no deflection, the
resistances of the different arms read as follows: 4/ =1 ohm,
N =100 ohms, and =112 ohms. Then, substituting these
values in the fundamental equation gives
X—Mx pP=-L X 112 =1.12 ohms.
N 100

54. The actual various forms of resistance-boxes used
with the bridges differ widely from the diagram, but all are

!" é 3 R
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based upon this same principle and fundamental equation.
A common pattern of resistance-box for this purpose is con-
structed similar to the adjustable rheostat, as previously
described, where the adjustments are made with removable
plugs. Ordinarily the contact picces are arranged in the
shape of a letter S, and the galvanometer and battery
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circuits are connected as shown in Fig. 42. The position of
the two balance arms and the adjustable arm can be readily
seen by comparing the connections of the battery and
galvanometer circuits with those in the original diagram.
K and A"’ represent keys for opening the circuits when the
plugs are withdrawn or inserted in varying the resistance or
when the bridge is not in use. In this particular case, the
1,000-ohm plug in the upper balance arm is supposed to be
drawn, and therefore J/ = 1,000 ohms. In the lower bal-
ance arm the 10-ohm plug is supposed to be drawn, and
therefore .V =10 ohms. In the adjustable arm the follow-
ing plugs are supposed to be drawn: 1, 2, 5, 10, 20, 100, 200,
500, 2,000, and 3,000 ohms; therefore, the resistance P is
the sum of these resistances, or 5,838 ohms. If, under these
conditions, there is no deflection of the galvanometer when
the two keys K and K’ are pressed and both circuits are
closed, the resistance of X will be 583,800 ohms; for sub-
stituting the values of .J/, IV, and P in the fundamental
. . M 1,000 . . .

equation gives .Y = N X P= o X 5,838 = 583,800 ohms.

Fig. 43 shows a special pattern of resistance-box for a
Wheatstone bridge, in which the coils of the adjustable

Fi1c. 48.

arm are arranged in the form of four dials. ‘This pattern is
known as the dZa/ pattern, and is widely used in making
Tesistance measurements.

F.ooIv.—j
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ExamMpLE.—The diagram in Fig. 44 represents a particular type of
Wheatstone's bridge to which a battery and galvanometer are properly
connected for measuring unknown resistances. An unknown resist-
ance x is connected to the terminals 4 and //; when the plugs a, ¢, /,

il — K'h
3 220 T Tz S x

& 4, &, m, g,and ¢ are drawn, and when both the contact keys A'and X~
are pressed, the galvanometer shows no deflection. Determine the
resistance of .r.

SoLuTiON.—From the connections of the galvanometer and battery
circuits, it will be seen that the resistance-coils in line G /4 represent
the upper balance arm Af of the bridge; that the coils in the line £ R
represent the lower balance arm /A, and that the coils in the lines
- B and C D represent the adjustable arm 2. From the fundamental
equation of the Wheatstone bridge, X (the unknown resistance) =

;é X P. In this particular case, the plug 7 in the upper arm is drawn;

hence, 3f = 10 ohms; in the lower arm ¢ is drawn; hence, V = 1,000
ohms; and in the adjustable arm, the plugs a, ¢, f, ¢, 4 4, and m are
drawn; hence, P =1,000+ 100+ 50 +20 + 10+ 2 +1=1,183 ohms.

Substituting these values in the fundamental equation gives X = f—V[ X

p= lo‘l’mx 1,183 = 11.83 ohms. Ans.

55, The Volt, or the Practical Unit of Electro-
motive Force.—In mechanics, pressures of all kinds are
measured by the ¢ffects they produce; similarly, in electro-
technics, potential is measured by the effect it produces.

It has been shown that electrical potential will cause
an electric current to flow against the resistance of a con-
ductor, and also how the units of resistance and current are
obtained. It follows that a wnit potential would be that
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electromotive force which would maintain a current of unit
strength in a circuit whose resistance is unity. By defini-
tion, therefore, the volt, or the practical unit of potential, is
that electromotive force which will maintain a current of
one ampere in a circuit whose resistance is one o/tm. With a
known resistance in ohms and a kncwn strength of current
in amperes, the electromotive force in volts is determined by
Ohm's law, Art. 343 for, by transposing, £=C R.

This method of determining the potential of a circuit can
be readily shown by the following illustration: Suppose,
for example, it is desired to determine the electromotive
force in volts required to drive a current of 2 amperes
through a certain copper wire. In the first place, the resist-
ance of the copper wire is found by Wheatstone's bridge as
previously described. For convenience, it is assumed that
its resistance is found to be 1.2 ohms. Then the electromo-
tive force £ required to drive 2 amperes through the wire
will be 2.4 volts; for, by substituting, £F=CR =2 X 1.2 =
2.4 volts.

The maximum difference of potential developed by any
single voltaic couple placed in any electrolyte is about
2.25 volts; in the common forms of cells, the difference of
potential developed averages from .75 to 1.75 volts.

56. When several cells are connected in series, the total
electromotive force developed will be equal to the sum of the
electromotive forces developed by the separate cells; or, if
the cells are composed of the same voltaic elements, the
total electromotive force developed will be equal to the
clectromotive force of one cell, multiplied by the number
of cells in series. For example, a battery is composed of
12 cells connected in series, and the electromotive force in
each cell is 1.5 volts; the total electromotive force of the
battery is, therefore, 1.5 X 12 = 18 volts.

Connecting cells in paralicl, or multiple-arc, does not
increase the electromotive force of a battery; the electro-
motive force will always be equal to the electromotive force
of one cell; no matter how many cells are connected to the
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main conductors, provided, of course, that all cells develop
equal electromotive forces.

57. Measuring instruments called voltmeters have
been devised for indicating electromotive forces and differ-
ences of potential directly in volts. Principal among these
are the Cardew and Weston voltmeters.

The Cardew voltmeter, Fig. 45, depends for its opera-
tion upon the linear expansion of a metallic wire when
heated by an electric current. The expansion
wire 7 is enclosed in a long cylindrical case a,
and is attached in such a way that its expan-
sion causes a small grooved wheel on the axis
of the index needle to revolve in one direction
when the wire expands or lengthens, and in the
opposite direction when the wire contracts or
shortens. The movements of this wheel cause
the index & to move over the scale. Since the
resistance is nearly constant, the current that
will flow is proportional to the E. M. F.; the
greater the E. M. F. the more the wire will be
expanded, and the greater will be the conse-
quent deflection. The resistance of the wire,
however, is so large as to permit only a weak
current to pass through it when the needle is
deflected over the entire scale. A Cardew volt-
meter which indicates up to 100 volts has a

Fie. 45 resistance of about 500 ohms. The circular
scale is divided into small divisions, each representing one
volt, or fractions, or multiples of one volt.

858. The Weston voltmeter, Fig. 46, is based upon the
same principles as the Weston ammeter, and in appearance
is quite similar to it. Its internal resistance, as in all volt-
meters, is exceedingly large; the resistance of a Weston
voltmeter for indicating up to 150 volts is about 19,000
ohms, while the resistance of a Weston ammeter, measuring
strengths of currents up to 15 amperes, is only .0022 ohm.
It will be scen that, owing to the great resistance, the
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current passing through a voltmeter is exceedingly smalil.
For example, in the instrument described above, when
indicating 150 volts, the
current, by Ohm’s law,
is only 150 + 19,000 =
.0079 ampere. All volt-
meters are provided
with at least two ter-
minals, or binding-
posts, such as p and p,
Fig. 46. Connections
are made by two sepa-
rate conductors, called
voltmeter leads, from
these binding-posts to two points between which the dif-
ference of potential, or the electromotive force, is to be
measured.

The Weston voltmeters usually have athird binding-post
2’, which when used with p' corresponds with a second
graduated scale situated directly under the main scale, one
division of the upper scale having the value of two lower
divisions. The majority of voltmeters are also provided with
a contact button 4, which when pressed closes the circuit
and allows the index needle to be deflected by the current.
When the pressure upon the button is relaxed, the circuit is
opened, and the index needle returns to the zero mark.

FiG. 46,

+, B - 59. The methods of connecting
:I'I'I'} voltmeters and ammeters for measur-

¢* ing electromotive forces and currents

1 . of various circuits should be thor-
I ** oughly understood. Suppose, for ex-

¢ — eJer ample, that the terminals of a battery

ys composed of four cells connected in

P1G. 47, series are connected to an unknown

resistance, and itisdesired toknowthe
strength of current flowing through the circuit, and also the
difference of potential required to drive that current through
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the unknown resistance when the only instruments avail-
able are an ammeter and a voltmeter. In Fig. 47 let 5 rep-
resent the battery and R the unknown resistance; C, (’, and
+. B C’ are three large conductors
|I|I|l for making necessary connec-

tions. With the connections as
shown, there is practically a
continuous current flowing
through the closed circuit, that
is, from the battery through the
Fic. 48. conductors and the unknown

resistance. The first step is to determine the strength of
this current by the use of an ammeter. Assuming that the
battery is constant, that is, that the electromotive force
developed in it does not vary, then, so long as the resistance
of the circuit is not altered, the strength of the current will
remain unchanged and will be the same in all parts of the cir-
cuit. Hence, if -an ammeter be inserted in any part of the
circuit, as between C’'and C’, Fig. 48, it will measure the total
strength of current flowing through the entire circuit. As
has been stated, the internal resistance of the ammeter is so
small that its insertion makes no appreciable change in the
total resistance of the circuit, and therefore does not to
any extent affect the current flowing. For convenience,
assume that the strength of the current flowing in the cir-
cuit is found to be 1.2 amperes. The next operation is to
find the electromotive force required to drive a current of
1.2 amperes through the resistance R; or, in other words,
to find the difference of potential between the terminals
¢ and ¢ when a current of 1.2 amperes is flowing in the cir-
cuit. This is accomplished by connecting the two terminals
tand ?', Fig. 49, of the unknown resistance R, to the two bind-
ing-posts p and p’ of the voltmeter 1. A1. by two voltmeter
leads / and /. Any small wires of reasonable length can be
used for voltmeter leads, as the current they transmit is
exceedingly weak, owing to the extremely high resistance of
the voltmeter. After pressing the contact button, assume
the needle indicates a potential of G volts; this, then, is the
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electromotive force required to force a current of 1.2
amperes through the unknown resistance R ; or, in other
words, the difference of potential

B _
between the terminals # and ¢ is b ||l||| °C’
6 volts. From these readings of €
the current and voltage, and by 1 6

X I

the application of Ohm's law, the 1
resistance R of the circuit between ¢

¢ and ¢ can be determined. By R ¢’
algebra, Ohm's law can be trans-

posed from the equation C = £ to

R
B,

E
R = —= and be equally true; this sig-
4 ey g V.M.

nifies that the resistance X of any FiG. 49.

conductor, or circuit, is equal to the electromotive force,
or the difference .of potential £ in volts, divided by the
strength of current C in amperes, flowing through that
circuit or conductor. In the previous case, it has been
found that it requires an electromotive force of 6 volts to
drive a current of 1.2 amperes through the resistance K ;

hence, from Ohm'’s law R = % - 1_‘; — 5 ohms.

APPLICATIONS OF OHM’S LAW.

TO CLOSED CIRCUITS.

60. The following facts are to be carefully noted regard-
ing the application of Ohm's law to closed circuits:

The strength of current (C) is the same in all parts of a
closed circuit, exccpt in the cases of dertved circuits, where
the sum of the currents in the scparate branches is always
equal to the current in the main or undrvided circuit.

The resistance (R) is the resistance of the internal circuit
plus the resistance of the cxternal circuit.

The electromotive force (E) in a closcd circuit is the total
generated difference of potential in that circuit,
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61. The following formula may be used to determine
the strength of current in amperes flowing in a closed circuit
when the electromotive force and the total resistance are
known:

E
C = R, (6.)

where C = current in amperes;
E = electromotive force in volts;
R = resistance in ohms.

That is to say, the strength of current in amperes is found
by dividing the clectromotive force in volts by the total resist-
ance tn ohms.

ExamPLE.—The two electrodes of a simple voltaic cell are connected
by a conductor whose resistance is 1.6 ohms. If the internal resistance

of the cell is 5 ohms and the total electromotive force developed is 1.75
volts, what is the strength of current flowing in the circuit ?

SoLuTioN.—Let »; = the internal resistance and #, = the resistance
of the copper wire. Then, R =7»;+ r. =1.6 + 5 = 6.6 ohms, the total
resistance of the circuit. Then, by formula 6, the current

£ 17
= 5= = .265 ampere. Ans.

62. The following formula may be used to find the total
resistance in ohms of a closed circuit when the electromotive
force and the strength of current are known:

E
Z‘-y (7‘)

the letters having the same significance as in formula 6.
By formula 7 it will be seen that the resistance in ohims of a
closed circuit ¢s found by dividing the electromotive force in
volts by the current in amperes.

R =

ExaMPLE.—The total electromotive force developed in a closed
circuit is 1.8 volts and the strength of the current flowing is .6 ampere;
find the resistance in ohms.

SoLuTION.—By formula 7 the resistance

R:—E-zl'8

ol 3 ohms. Ans.
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63. The following formula may be used to find the total
electromotive force in volts developed in a closed circuit
when the strength of current and the total resistance are
known:

E=CR. (8.)

The letters have the same meaning as in formulas 6
and 7. We find here that the electromotive force in volts
developed in a closed circuit is obtained by multiplying together
the current tn amperes and tlhc resistance tn ohns.

ExaMpLE.—The internal resistance of a closed circuit is 2 ohms and

the external resistance is 3 ohms; if the current flowing is.4 ampere,
what is the electromotive force developed ?

SoLuTiON.—Let 7;= the internal resistance and »,= the external
resistance. Then, R=7r(+7.=2+ 3 =05 ohms. By formula 8. the
electromotive force £=CR = .4 X 5=2.0 volts. Ans.

TO DROP, OR LOSS, OF POTENTIAL.

64. Referring again to water flowing in a pipe, it is
evident that although the guantity of water which passes is
the same at any cross-section of the pipe, the pressure per
square tnck is not the same. Even in the case of a hori-
zontal pipe of the same diameter throughout, the water
when flowing suffers a /Joss of head or pressure. It is this
difference of pressure that causes the water to flow between
two points against the friction of the pipe.

This is precisely similar to a current of electricity flowing
through a conductor. Though the gquantity of clectricity
that flows is equal at all cross-sections, the electromotive
force is by no means the same at all points along the con-
ductor. It suffers a loss, or drop, of electrical potential in
the direction in which the current is flowing, and it is this
difference of electrical potential that causes the electricity
to flow against the resistance of the conductor. Oksm's law
not only gives the strength of the current in a ctosed cir-
cuit, but also the difference of potcntial in volts along that
circuit. The difference of potential (£') in volts between
any two points along a circuit is equal to the product of the
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strength of the current (C') in amperes and the resistance
(R') in ohms of that part of the circuit between those two
points, or £’ = C R’, which is an example of the use of
formula 8, £'also represents the /loss, or drop, of poten-
tial in volts between the two points. If any two of these
quantities are known, the third can be readily found; for,
’ ’
by transposing, € = %—and R =-‘%—, as already given in

formulas 6 and 7.

ExampLE.—Fig. 60 represents part of a circuitin which a current of

a b P d 8 amperes is flowing. The resist-
e ance from a to 4 is 1.5 ohms, from
Fi6. 50. bto ¢ is 2.8 ohms, and from¢ tod is

8.6 ohms. Find the difference of potential between & and 4, & and ¢,
cand.d, and aand 4.

SoLuTION. —Since, by formula 8, £’ = CR’, then,
the difference of potential between a and 4 =38 X 1.5 = 4.5 volts.

. " ‘o s o band c=8xX28=69
o o “ o . candd=8X%X86=108 *
o o o " “ aand d =4.5+ 6.9+ 10.8 =

22.2 volts; or, in other words, the /Joss, or drop, of potential caused by
acurrent of 8 amperes flowing between a and 4 is 22.2 volts.

65. In a great many cases it is desirable to have the
current flow from the source a long distance to some elec-
trical receptive device and return without causing an exces-
sive drop, or loss, of potential in the conductors leading to
and from the two places. In such circuits, the greater part
of the total generated electromotive force is expended in the
receptive device itself,' and only a small fraction of it is lost
in the rest of the circuit. Under these conditions, it is cus-
tomary to decide upon a certain drop, or loss, of potential
beforehand, and from that and the current calculate the
resistance of the two conductors.

ExAMPLE.—It is desired to transmit a current of 6 amperes to an
electrical device situated 500 feet from the source; the total generated
E. M. F. is 120 volts, and only {§ of this potential is to be lost in the
conductors leading to and from the receptive device. (a4) Find the
resistance of the two conductors, and (4) find the resistance per foot of
the conductors, assuming each to be 500,feet long.
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SOLUTION.—(a) ¢5 of 120 volts = 12 volts, which represents the
drop, or loss, of potential on the two conductors. Let £’ =12 volts;
C = 5 amperes, and R’ = the total resistance of the two conductors.

Then, by formula 7, R' = —ﬁ—:— = E = 2.4 ohms. Ans.

C 5

(&) The resistance per foot of the conductor is found by formula 1.
In this case, >, = 2.4 ohms; /, =1,000 feet; /=1 foot. Then the re-
sistance per foot,

=.0024 ohm. Ans.

TO VOLTAIC CELLS.

66. The difference of potential between the two elec-
trodes of a simple voltaic cell when no current is lowing—
that is, when the circuit is open-—is always equal to the total
electromotive force developed within the cell; but when a
current is flowing—that is, when the circuit is c/oscd—a cer-
tain amount of potential is expended in forcing the current
through the internalresistance of the cellitself. Hence, the
difference of potential between the two electrodes when the
circuit is closed is always smaller than when the circuit is
open. This difference of potential between the two elec-
trodes when the circuit is closed is sometimes called the
available or extcrnal electromotive force, to distinguish it
from the znternal or total generated electromotive force.

687. To find the available electromotive force of a cell,
let £ = the total generated E. M. F.;

E’ = available E. M. F. when the circuit is closed;

C = the current flowing when the circuit is closed;

r, = the internal resistance of the cell.

Then, the drop, or loss, of potential in the cell = C7,,
and the available electromotive force,
E=F—Cr, (9.)
The availabie clectromotive force of a cell is equal to the dif-

Serence between the total gencrated clectromotive force and the
potential expended in forcing the current through the internal
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resistance of the cell when the circutt is closed. From Ohm's
law, this loss, or drop, of potential in the cell itself is equal
to the product of the internal resistance in ohms and the
strength of the current in amperes flowing through the
circuit.

ExaMpLE.—In a voltaic cell, the total generated E. M. F. is 2.2 volts
and the internal resistance is.8 ohm. If a current of 1.2 amperes flows
through the cell when the circuit is closed, what is the available
E. M. F., or, in other words, the difference of potential between the two
electrodes ?

SoLuTION.—Let £’ = the available E. M. F.; £ = the total gener-
ated electromotive force; C = the current in amperes; and r; = the
internal resistance.

Then, by formula 9,

E'=FE—Cri=22—(12X.8)=1.24 volts. Ans.

TO DERIVED CIRCUITS.

68. In treating upon derived circuits, only that part of
the circuit will be considered which is divided into branches
~ and each branch transmitting part of the tctal current; the
rest of the circuit is assumed to be closed through some elec-
tric source, as, for instance, a voltaic battery.

Before applying Ohm's law to derived circuits, the word
conductivity should be thoroughly understood. Conductivity
can be defined as the facility with which a body transmits
electricity, and is the opposite of resistance. For example,
copper is of low resistance and high conductivity; mercury
is of high resistance and low conductivity. In other words,
conductivity is the inverse or reciprocal of resistance.
There is no established unit of conductivity; it is used
merely as a convenience in calculations. For example, if the
resistance of a circuit is 2 ohms, its conductivity is repre-
sented by one-half; if the resistance is increased to 4 ohms,
the conductivity would only be one-half as much as in the
former case and would be represented by one-quarter.

The conductivity of any conductor is, therefore, unity
divided by the resistance of that conductor; and, conversely,
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the resistance of any conductor is unity divided by its con-
ductivity.

69. Fig. 51 represents a derived circuit of 2 branches.

Let r, and r, = the separate resistances of the two
branches; ¢, and ¢, = the separate currents in each branch,
respectively, and ¢ = the sum of the currents in the two
branches; that is, the current in the main or undivided
branch. Then, ¢,+¢,= C,and C—¢,=c,.

When the current flows from a to 4, if the resistances
r, and 7, are equal, the current will divide equally between the

t wo branches; thus, if a ”,

current of 2 amperes is 2. a .
flowing in the main circuit,

one ampere will flow 3

through each branch. F16.51

When the resistances of the two branches are unequal, the
current will divide between them in inverse proportion to
their respective resistances. In Fig. 51 the resistances of
the two branches are 7, and r,. Therefore,c, : ¢, 17, : 7,

By algebra, this proportion gives the two following
formulas:

Cr,
rl + r"

That is, of two branches in parallel, dividing from a main
circuit, the current in the first brancl is equal to the current
in the main multiplicd by the resistance of the second branch,
and the product divided by the sum of the resistances of the
two branches.

(10.)

For the first branch, ¢, =

Cr,
P (11.)

Of two branches in parallcl, dividing from a main circuit,
the current in the second branch is equal to the currcnt in the
main multiplied by the resistance of the first branch, and the
product divided by the sum of the resistances of the two
branches.

For the second branch, ¢, =
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ExAMPLE.—Suppose the resistance r, of the first branch is 2 ohms,
and the resistance r; of the second branch is 8 ohms, find the separate
currents ¢, and ¢, in the two branches, respectively, when the current
C in the main or undivided branch is 60 amperes.

SOLUTION.— #, = 2 ohms, 73 = 8 ohms, and C = 60 amperes. To find
the current ¢, in the first branch, substitute these values in formula

Cr. _60Xx3_ 180

10, which will give ¢, = P i e 36 amperes. Ans.

To find the current ¢,, in the second branch, substitute these values
in formula 11, which will give

Crn_80x2 12o—24ampere~:-;. Ans.

70. Itis clear that two conductors in parallel will con-
duct an electric current more readily than one alone; that
is, their joint conductivity is greater than either of their
separate conductivities taken alone. This being the case,
their resistances must follow the inverse law—viz., the joint
resistance of two conductors in parallel must be /ess than
either of their separate resistances taken alone,

Rule.—/f the separate resistances of two conductors are
equal, their joint resistance when connected in parallel is one-
half of the resistance of cither conductor.

For example, take two conductors, the separate resistance
of each being 2 ohms, and connect them. in parallel; their
joint resistance will then be one-half their separate resist-
ance, or 1 ohm.

Z1. When the separate resistances of two conductors
in parallel are unequal,the determination of their joint resist-
ance when connected in parallel involves some calculation.

In Fig. 51, the conductivities of the branches are rl and
1

71-. Hence, their joint conductivity when connected in

2
.1 1 _r.+7,
parallel is —”T+ 7 =,

any conductor is the reciprocal of its conductivity, then

; now, since the resistance of
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the joint 7csistance of the two branches in parallel is

the reciprocal of their joint conductivity; or, 1 +iﬁ =

rl r’
rr . . .
—-2__ Hence, joint resistance
o+,
r,r
R'=—2 12.
F 7. (12.)

That is, the joint resistance of two conductors connected in
parallel is equal to the product of their scparate resistances
divided by the sum of their scparate resistances.

ExampLE.—In Fig. 51, given », =2 ohms and r; =38 ohms; find
their joint resistance in parallel.

SoLuTioN.—From formula 12, their joint resistance R* 5%’ =
gé-g:%: 1} ohms. Ans.
72. Fig. 52 represents a divided circuit of three
branches. Let r, r, and r, ,
be the separate resistances c &
of those branches, respect- —= 4 b —=
&
ively. Then, —1-, -}-, and 1 ke
r)r, . &
represent the separate con- Fio. 52

ductivities of the three branches, respectively. Their joint
rir'+rlr!+rlri
.7, )

conductivity = '17+ ;1- +; = Since the
1 3 3

joint resistance is the reciprocal of their joint conductivity,
then it is equal to

1+r’r’+rlr!+rlri= rlrﬂrl
rl r! r’ r’r'+rl r!+rl rl
Hence, the joint resistance of three branches in parallel
"= L0 (13.)

_r’r.+rlr’+rlr’.

That is, the joint resistance of three or more conductors

connected sn parallel is cqual to the reciprocal of their joint
conductivity.

ExaMpLE.—In Fig. 52, given, », = 5 ohms; »; = 10 ohms; and r, =
20 ohms; find their joint resistance from a to 4.
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SoLuTION.—By formula 13, their joint resistance
" 1 7ars _ 5 X 10 X 20 _ 1000 20
Trnn+rnirstrirs 10X20+5X20+06x10 850 7
= 2§ ohms. Ans.

73. In a derived circuit of any number of branches, the
difference of potential between where the branches divide
and where they unite is equal to the product of the sum of
the currents in the separate branches and their joint resist-
ance in parallel, as will be apparent from consideration of
Ohm'’s law, Art. 34.

For example, if the currents in the three branches, Fig.52,
are 16, 8, and 4 amperes, respectively, and the joint resist-
ance from a to & is 2% ohms, then the difference of

20

potential between a and 6 = (16 + 8 4 4) X 24 = 28 X = 80

volts.

74. The separate currents in the branches of a derived
circuit can be determined by finding the difference of poten-
tial between where the branches divide and where they
unite, and dividing the result by the separate resistance of
each branch.

For example, in Fig. 52, assume that the separate resist-
ances of the three branches are 5, 10, and 20 ohms, respect-
ively, and that the difference of potential between @ and 4

is 80 volts. Then, the current in the first branch isgz 16

5
80

amperes; in the second, 0= 8 amperes, and in the third,

80 = 4 ampercs.
20 :

75. Theseparate resistancesof the branchesof a derived
circuit can be determined by finding the difference of poten-
tial between where the branches divide and where they
unite, and dividing the result by the separate currents in
each branch.

For example, in Fig. 52, assume the difference of poten-
tial between @ and 4 to be 80 volts and the currents in the
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separate branches to be 16, 8, and 4 amperes, respectively;
then, the resistance of the first branch is §§ = 5 ohms; of the
second, & = 10 ohms, and of the third, 82 = 20 ohms.

ExaMpPLE.—Fig. 53 represents a closed circuit, part of which. from
a to 4, forms a derived, or shunt, circuit of three separate branches
A, B, and C in parallel; r,, 7s,
and 7, represent the separate —
resistance of the branches, re-
spectively, from « to 4; and R’
represents the resistance of the
rest of the closed circuit from
b to a in the direction in which
the current is supposed to be
flowing, including the internal
resistance of the battery X. \ . +:
Let r, =2 ohms; ry = 3.2 ohms; 'l'l'l
7y = 4.4ohms; and R’ =.80ohm. /' Fic. 8.
If a current of 2 amperes is flowing in the main, or undivided, circuit,
find the total electromotive force developed in the battery X.

SoLuTioN.—From the application of Ohm’s law to closed circuits,
formula 8, £ = C R, where E is the total electromotive force devel-
oped within the electric source, Cthe strength of current flowing, and R
the total resistance of the circuit through which the current passes.
In this particular problem, the total resistance of the closed circuit
will be the josnt resistance of the three branches in parallel, plus the
resistance R’ of the rest of the circuit. Hence, first find the joint
resistance of th: three branches 4, B, and C in parallel from
ato 4. By formula 13, the joint resistance of three conductors in

W77y
YaVs+nNirs+ 77
separate resistances of the three conductors. Substituting gives

2x32x4.4 28.16 28.16
52X 4d+2x44+2x33 ~ A8 +88564 — 2908 — 0617 ohm,
the joint resistamce of the three branches .4, 2, and C in parallel
from a to 4. The total resistance of the closed circuit is, there-
fore, .9617 + .8 = 1.7617 ohms, and £=Cx R =2 X 1.7617 = 8.5234
volts. Ans.

rallel is , where 7»,. 7, and 7r, represent the
pa P!

ELECTRICAL QUANTITY.

Z6. The rate of flow of liquids is expressed in units of
quantity per second or minute, and similarly the strength
of an electric current can be defined as a quantity of

F. IV.—o
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electricity flowing per second. The practical unit of clec-
trical quantity is called the coulomb.

The coulomb is such a quantity of elcctricity as will pass
in one sccond through a circuit in whick the strength of cur-
rent is one ampere.

As stated in Art. 35, the quantity of electricity is calcu-
lated from the strength of current; it can not be actually
measured. For example, suppose the strength of current
in a closed circuit to be 10 amperes, as measured by an
ammeter; if such a current flows for only one second, the
quantity of electricity which has passed around the circuit
is 10 coulombs; but if the current flows for two seconds, the
quantity of electricity would be 20 coulombs.

Hence, to calculate the quantity of electricity which has
passed in a circuit in a certain time when the strength of
the current in amperes is known:

Let Q = the quantity of electricity in coulombs, C the
strength of current in amperes, and ¢ the time in seconds.

Then, Q=Ct. (14.)
If any two of these quantities are known, the third can be

readily found. By transposition, C = TQ and ¢ = ?Q.
Thercfore, to obtain the quantity of current which has
passed through a circuit in a given time, multiply the
strength of current in amperes by the time in scconds.
ExamMpLE.—Find the quantity of electricity in coulombs that flows
around in a closed circuit in 1§ hours when the strength of current is
12 amperes.

SoLuTIioN.—Reducing the time to seconds gives 1.5 X 60 X 60 = 5,400
seconds; hence, /=5,400 seconds and C'=12 amperes. Then from
formula 14, Q =C7 =12 X 5,400 = 64,800 coulombs. Ans.

ELECTRICAL WORK.

Z7. When an electric current flows from a higher to a
lower potential, electrical energy is expended and work is
done by the current. The principle of the conscrvation of
energy teaches that energy can never be destroyed; it follows,
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therefore, that if energy has to be expended in forcing
a quantity of electricity against a certain amount of resist-
ance, the equivalent of that energy must be transformed
into some other form. This other form is usually /icat;
that is, when a quantity of electricity flows against the
resistance of a conductor, a certain amount of electrical
energy is transformed into /%eat energy.

The actual amount of heat developed is an exact equiva-
lent of the work done in overcoming the resistance of the
conductor, and varies directly as that resistance. For
example, take two wires, the resistance of one being twice
that of the other, and send currents of equal strengths
through each. The amount of heat developed in the wire
of higher resistance will be twice that developed in the wire
offering the lower resistance.

The unit used to express the amount of mechanical work
done is known as the foot-pound. The work done in rais-
ing any mass through any height is found by multiplying
the weight of the body lifted by the vertical height through
which it is raised; similarly, the practical unit of electrical
work is that amount accomplished when a unit quantity of
electricity, one coulomd, flows between potentials differing
by one volt.

The unit of electrical work is, therefore, the volz-coulomb,
and is called the joule.

1 _joule = .7373 foot-pound.

78. By means of the following formulas, we may find
directly the amount of electrical work accomplished in joules
during a given time in any circuit:

Let / = electrical work in joules;

C = current in amperes;

¢ = time in seconds during which the current flows;
E = potential, or E. M. F., of circuit;

R = resistance of circuit.

When the current and electromotive force are known,

J=CEt (15.)
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When the current and resistance are known,
J=C'Ru¢. (18.)
When the resistance and electromotive force are known,
E't
r—
=7 (17.)

To determine, therefore, the electrical work done in a
given time, multiply the quantity of electricity in coulombs
which has passed in the circuit during that time by the loss,
or drop, of potential as measured directly, or as computed
Srom the valucs of the current and resistance.

ExaMpLE.—Find the amount of work done in joules when a current
of 15 amperes flows for } an hour against a resistance of 2 ohms.

SoLuTioN.—Reducing the time to seconds gives 30 X 60 = 1,800
seconds = 7. The current = C =15 amperes, and the resistance =2
ohms = R. Then, by formula 16, the electrical work done

J=15 %15 X 2 X 1,800 = 810,000 joules. Ans.

79. When the work in joules is known, the work in
foot-pounds

F. P. =.7373 /. (18.)

That is, the equivalent work done in foot-pounds is obtained
by multiplying the number of joules by .7373.

ExaMpPLE.—Express the work done in foot-pounds in a circuit
when a current of 8 amperes flows for 2 hours between potentials
differing by 10 volts.

SoruTioN.—Reducing the time to seconds gives 2 X 60 X 60 = 7,200
seconds =7, The current = 8 amperes = C, and the electromotive
force = 10 volts = £. Then, by formula 18, the electrical work done
= /=8x10 X 7,200 = 576,000 joules. Expressedin foot-pounds, this
will be, by formula 18,

F. P. =.7373 X 576,000 = 424,684.8 foot-pounds. Ans.

ELECTRICAL POWER.

80. Power, or rate of doing work, is found by dividing
the amount of work done by the time required to do it.
In mechanics, the unit of power is called the horsepower;
in electrotechnics, the unit of power is the watt. It is
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found by dividing the amount of electrical work done by the
time required to do it.

Let £ = the electromotive force in volts; Q the quantity
of electricity in coulombs; C the current in amperes; and
IV the power in watts.

By formula 15, the amount of electrical work /= CE¢.
Then,

W=C_f’= CE. (19.)

The power in watls is equal to the strength of current in
amperes, multiplied by the electromotive force in volts.
ExampLE.—What is the power in watts developed in aclosed circuit

in which a current of 12 amperes is flowing between potentials dif-
fering by 25 volts?

SoLuTiON.— KE=25volts and C =12 amperes. Hence, by formula
19,

W= CE=12 X 25 = 800 watts. Ans.

By taking into consideration the resistance of the circuit,
the equation for determining the power in watts may be
expressed in two other ways:

By derivation from formula 18,

W= C'th

=C'R. (20.)

That is, the power in watts is equal to the strength of cur-
rent in amperes squared, multiplied by the resistance in ohms.

ExaMPLE.—Find the power in watts in a closed circuit in which a
current of 30 ampercs is flowing against a resistance of 3 ohms,

SoLuTioN.— C=2380and R =38. Hence, by formula 20,
W=C?*R =380%x3=2,70 watts. Ans.

By derivation from formula 17,

£ _E

Rt~ KR’

That is, the power in watts is the quotient arising from

dividing the electromotive force in wolts squared, by the
resistance in ohms.

W= (21.)
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ExauMpLE.—The drop of potential in a closed circuit when a current
is flowing is 20 volts and the resistance is 10 ohms; what is the power
in watts expended ?

SoLUTION.— E=20 volts and R =10 ohms. Hence, by formula
21'

Et 200
=2 =

w R._]T=40watts. Ans,

81. One watt equals 4}4 of a horsepower; or, one
horsepower equals 746 watts.
If H. P. = horsepower,

/4
H.P.= TG (22.)

That is, fo express the rate of doing electrical work in
horsepower units, find the number of watts and divide the
result by 746.

The horsepower may also be expressed by three other
equations, by expressing the watts in terms of electromo-
tive force, current, and resistance, as obtained from for-

mulas 19, 20, 21, viz.:

EC C'R E*
H. P.-—Tw", H. P. —-ﬁe—,andH.P.-_.-m,

ExAMPLE.—Given, current = 50 amperes and electromotive force =
250 volts; express the power directly in horsepower units.

SOLUTION.— E = 250 volts; C = 50 amperes; hence, H. P. = % =
25%:;‘” = 16.756 horsepower. Ans.

ExaMpPLE.—Given, strength of current = 25 amperes and resist-
ance = 14.92 ohms; express the power directly in horsepower units.
SOLUTION.— C =25 amperes; R = 14.92 ohms; hence,
C!'R _ %% x14.92
46 746
ExaMPLE.—Given, electromotive force = 110 volts and resistance =
4 ohms; express the power directly in horsepower units.

H.P. = =12.5 horsepower. Ans.

Ei
SoLuTION.— E =110 volts; R =4 ohms; hence, H.P. = MR =

1102
46 X 4

= 4.055 horsepower. Ans.
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82. To express the power in watts when the horsepower
is known, use the following formula:

W= H.P. X 746. (23.)

That is to say, the power in watls is found by multiplying
the horscpower by 746.
ExampLE.—Express the equivalent of 4.35 horsepower in watts.

SoruTioN.— H. P. = 4.35; by formula 23, the electriczl power
W =4.85 X 746 = 8,245.1 watts. Ans.

83. The watt is too small a unit for convenient use in
expressing the output of large dynamos, so the &rlowatt is
generally used. One kilowatt is equal to 1,000 watts, or
about 14 horsepower. For example, if a dynamo were rated
at 75 kilowatts, it would have an output of 75,000 watts or,
roughly, about 100 horsepower.

The kilowatt-hour is a unit of work commonly used in
connection with electrical measurements. It is the amount
of work done when 1 kilowatt is expended for 1 hour, or
4 kilowatt for 2 hours, etc. The kilowatt-hours are there-
fore found by multiplying the average number of kilowatts
by the number of hours during which the kilowatts were
expended. Since 1 kilowatt = 1,000 watts, 1 kilowatt-hour
= 1,000 watt-hours. Now, 1 watt expended for 1 second is
equal to 1 joule; hence, 1 kilowatt-hour = 1,000 x 3,600
= 3,600,000 joules, or 3,600,000 X .7373 = 2,654,280 foot-
pounds. The kilowatt-hour represents a definite amount
of work, whereas the kilowatt expresses the rate at which
work is done and is, therefore, a unit of power.







DYNAMOS AND MOTORS.

(PART 2.

ELECTROMAGNETIC INDUCTION.

1. It has been shown that an electric current circulating
around a coiled conductor produces lines of force which
thread through the coil, enter-
ing at one end and leaving at the
other. So long as the current in
the coil remains at a constant
strength, the lines of force have
direction and position only; un-
less influenced by some exterior
magnetic substance, they do not
increase or diminish in number,
or change their position rela-
tively to the coil. Fig. 1 repre-
sents such a coil around which a
current is flowing from the bat-
tery B. Suppose the battery is disconnected from the coil
and a galvanometer for detecting small
currents is inserted in its place. A mag-
netic pole suddenly thrown into the coil,
as represented in Fig. 2, will cause a
deflection of the galvanometer needle;
the needle, however, will return to i
original position as soon as the magn
comes to rest. Withdrawing the ma
net from the coil also causes a deflecti
of the needle, but in the opposite dire
tion. In the first case, a momenta
FIG. 2 current is induced in the circuit,
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shown by the deflection of the galvanometer needle while
the magnet is being inserted into the coil; this current
immediately subsides when the magnet ceases to move.
In the second case, the same effects are produced, with the
exception that the current induced in the coil flows in an
opposite direction to that in the first case.

These induced currents are caused by a change tn the num-
ber of lines of force which pass through the coil. In passing
into or out of the coil, the lines of force from the magnet
set up an E. M. F. in that portion of the conductor in which
the number of lines of force is changing, and this E. M. F.
tends to send a current through the circuit.

2. In place of a small magnetic pole, imagine the coil
to be suddenly inserted into a large uniform magnetic

FiG. 8.

field where all the lines of force are parallel to one another.
The diagram, Fig. 3, represents a cross-sectional view of
such a field. The dots represent the ends of the lines of
force; their direction is assumed to be downwards, piercing
the paper; or, in other words, the observer is looking along
the lines of force towards the face of a south magnetic pole.
As the coil enters the magnetic field with its plane at right
angles to the lines of force, a current will be induced in the
coil and the galvanometer ncedle will be deflected; this
induced current is produced by a change in the number
of lines of force which pass through the coil, as in the pre-
vious case. Withdrawing the coil from the magnetic field
will also induce a current in the circuit, but it will deflect the
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galvanometer needle in an opposite direction, showing that
the current in the circuit is reversed.

If the coiled conductor be straightened out, forming one
long conductor, and then moved across the magnetic field
at right angles to the lines of a
force, as represented in Fig. 4, a
current will be generated in the
circuit. The current, however,
immediately subsides when the
motion ceases, no matter whether
the conductor is in the magnetic
field or otherwise. Should the con-
ductor be moved in the magnetic
field, with its length parallel to
the lines of force, as in Fig. 5, no
current will be generated in the
circuit. From these two experi- b
ments the following principle is Fic. 4.
deduced: When a conductor is moved across a magnetic ficld
so that 1t cuts the lines of force, an E. M. F. is gencrated
which tends to send a current through that conductor.

3. Inreality, currents generated in a conductor cutting
lines of force, and those fnduced in a coiled conductor by
achangein the number of lines of force
which pass through the coil, are due
to the same movement ; for every
conductor conveying an electric cur-
rent forms a closed coil, and every
line of force is a complete magnetic
circuit by itself. Consequently, when
any part of a closed coil is cutting
lines of force, the lines of force are
f passing through the coil in a definite
| direction and changing at the same
k_I.LLLLL| rate as the cutting. For example,

FiG. 6. in Fig. 6 the heavy loop C. C. repre-
sents a closed coil, and the light loop L. /. represents four
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lines of force. When the two closed loops are brought
together, the closed coil is cut at one place @ by four lines
of force, and at the same time the number of lines of force
passing through the closed coil in-
creases from nothing to four. In
calculations, however, it is conve-
nient to make a distinction between
the two cases: in the one case, to
consider that the current is gen-
erated by a conductor of a certain
length cutting lines of force at right
angles; and in the other, to con-
sider that the current in a closed coil is 7nduced by a
change in the number of lines of force passing through
the coil.

In these explanations, it must not be forgotten that an
electric current is the result of a difference of potential
or electromotive force. Consequently, it is not actually a
current that is generated in the moving wire, but an elec-
tromotive force; for, in all of the previous experiments in
which currents are induced or generated in a conductor
by the lines of force, if the circuit is opened at any
point, no current will flow, but the electromotive force
still exists.

4. There are three methods of producing an electro-
motive force by induction in a coiled conductor; namely, by
electromagnetic induction, by sclf-induction, and by mutual
induction.

In electromagnetic induction, the change in the
number of lines of forcc which pass through the coil is due
to some relative movement between the coil and a magnetic
field; as, for example, by thrusting a magnet into the coil or
withdrawing it, or, again, by suddenly inserting the coil
into a magnetic field with its plane at right angles to the
lines of force.

K. In self-induction, the change in the number of
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lines of force is caused by sudden changes in a current
which is already flowing through the coil itself and is supplied
from some exterior source. This exterior current produces
a magnetic field in the coil, and so long as the strength
of the current remains constant, there is no change in the
number of lines of force which pass through the coil. But
if the strength of the current is suddenly increased, a
change in the number of lines of force occurs; the change
in turn induces an electromotive force in the conductor,
which epposes the original current in the coil and tends to
keep the current from rising. Its action is similar to that
which would take place if some extra resistance were sud-
denly inserted into the circuit at the instant the strength of
the current is increased. The original current eventually
reaches its maximum strength in the coil as determined by
Ohm’'s law, but its rise is not instantaneous; it is retarded
to a certain extent by this induced electromotive force. If,
on the contrary, the strength of the original current is
suddenly allowed to decrease, another change is produced
in the lines of force which pass through the coil; this new
change induces an electromotive force in the coil which acts
in the same direction as that of the original current and
tends to keep it from falling. As in the previous case, how-
ever, the original current will eventually drop to its mini-
mum strength, as determined by Ohm’s law, but it will fall
gradually, and a fraction of a second will elapse before it
becomes constant. In short, the current flowing through
a coiled conductor acts as if possessing 7nertia; any sudden
change in the strength of the current produces a corre-
sponding electromotive force which opposes that change
and tends to keep the current at a constant strength.

6. In mutual induction, two separate coiled con-
ductors, one conveying a current of electricity, are placed
near each other, so that the magnetic circuit produced by
the one in which the current flows is enclosed by the other,
as shown in Fig. 7, where the current circulates around the
coil £ when the circuit is closed at key 4. The coil Pis
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called the primary, or exciting, coil; the other coil §
is the secondary coil.

Any sudden change in the strength of the current circula-
ting around the prima-
ry coil, as, for instance,
breaking the circuit at
b6, produces a corre-
sponding change in the
number of lines of force
in the magnetic circuit
which passes through
both coils, and hence an

PIG. 7. electromotive force is
induced in the secondary coil. If the primary circuit is
completed at & and the current tends to rise in that
coil, the electromotive force induced in the secondary coil
causes a current to circulate around in it in the opposite
direction to the current in the primary coil. If, on the
contrary, the circuit at & is suddenly opened and the cur-
rent in the primary decreases, the induced electromotive
force in the secondary causes a current to circulate around
in it in the same direction as the current in the primary
coil.

To make this clear, in Fig. 7, suppose the current in the
primary coil to besuddenly established by closing the switch
at 4. The lines of force will surround the conductors and
spread out inall directions. The lines of force spreading out
in the direction of arrow 1 cut the conductors of the second-
ary coil. Theresulting current in the secondary would have
the same direction were the lines of force stationary, as
shown, and the coil S moved along the core in the direction
of arrow /3. Then, according to the thumb-and-finger rule,
Art. 8, the current will flow in the secondary coil as
indicated by the arrows, or opposite to that in the primary.
Similar reasoning will show that when the primary circuit
is broken and the lines of force collapse, the direction of
the current in the secondary coil S will be the same as that
which existed in the primary.
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Z. The direction of an induced current in a coil depends
upon the direction of the lines of force in the coil, and
whether their number is increasing or diminishing. If
these two facts are known, the direction in which the cur-
rent circulates around the coil is determined by the follow-
ing rule:

Rule.—/f the cffect of the action is to diminisk the number
of lines of force that pass through the coil, the current will
ctrculate around the cotl in the dircction of the movement of
the hands of a watch as viewed by a person looking along the
magnetic ficld in the direction of the lines of force ; but if the
effect is to increase the number of lines of force that pass
through the coil, the current will circulate around in the
opposite direction.

For example, in the diagram, Fig. 3, when the coil is
inserted into the magnetic field, thereby increasing the
number of lines of force which pass through the coil, the
current circulates from & around the coil to a, and thence
through the galvanometer to & again; when the coil is
withdrawn and the number of lines diminishes, the current
circulates in the opposite direction, that is, from « around
the coil to 4, and thence through the galvanometer to a
again. That end of the coiled conductor from which the
current flows /0 the external circuit, as from a through the
galvanometer, in the first case, is the positive pole or
terminal of the coil; in the second case. & is the positive
pole or terminal.

8. Referring to the straight conductor in which a cur-
rent is generated by moving it across a magnetic field at
right angles to the lines of force, the direction of the current
in the conductor depends upon the relation of the direction
of the lines of force to that of the moving conductor. The
conductor must necessarily be moved across the magnetic
field at some angle to the lines of force, and the current gen-
erated in the conductor will tend to flow at right angles to
the lines of force and at right angles to the direction in
which the conductoris moving. In Fig. 4, if the conductor
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is moved from left to right across the lines of force, the cur-
rent generated in it will tend to flow upwards through the
conductor; thatis, from & to @ through the conductor, then
from a to & through the galvanometer. If the conductor is
moved in the opposite direction, that is, from right to left,
the current in the conductor will tend to flow in a reversed
direction, that is, from @ to 4 through the conductor and
from 4 to a through the galvanometer. A convenient
method for remembering the direction of a current gener-
ated in a straight conductor, when the conductor is moved
in a magnetic field at right angles to the lines of force, is as
follows:

Rule.—Place thumb, forefinger, and middle finger of the
right hand so that eack will be perpendicular to the other
two,; if the forefinger points in the direction of the lines of
Sorce and the thumb points in the direction towards which
the conductor is moving, then the middle finger will point in
the direction towards which the current generated tn the con-
ductor tends to flow.

For example, in Fig. 8, if a vertical conductor be moved
across the front of the north pole /V of the magnetin the
: direction towards which
the thumb points, the
current generated in the
conductor will flow down-
wards, that is, in the
direction towards which
the middle finger is point-
ing.

The summary of these
electromagnetic induction
experiments can be stated
as follows: FElectromotive forces are gencrated in a conductor
moving in a magnetic field at right angles to the direction of
the lines of force, or are tnduced in a coiled conductor when
a change occurs in the number of lines of force whick pass
through the coil.
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PHYSICAL THEORY OF THE DYNAMO.

9. In Fig. 9, a rectangular coil of copper wire is placed
in the center of a uniform field with its plane lying per-
pendicular to the lines
of force; in this posi-
tion, the coil encloses
the greatest number
of lines of force. A
voltmeter V. M. for
measuring small
E. M. F.’sis connected
to the two ends of the
coil, as shown in the
diagram. The circuit
in the voltmeter is
kept closed, and any
E. M. F. generated in
the conductor will be
indicated by the deflection of the index needle. So long as
the coil remains at rest in the magnetic field no E. M. F. is
generated; but imagine the coil to be rotated on an axis in
its own plane, such as represented by the broken line m #,
in the direction indicated by the curved arrows. As the
coil starts to rotate, its sides ¢4 and ¢ f begin to cut the
lines of force at right angles, thus generatingan E. M. F. in
each side.” From the rule stated in Art. 8, the E. M. F.
generated in the upper side tends to cause a current to flow
from fto ¢; and in the lower side, the current tends to flow
from 4 toc. Hence, the E. M. F.’s generated in the two
coilsare added together, and the total E. M. F. generated by
the coil is indicated by the I”. A/. between a and 4, the end &
forming the positive terminal of the coil. If the coil is
rotated at a uniform angular velocity, that is, if the speed of
rotation is constant throughout each revolution, the deflec-
tion of the voltmeter becomes greater as the coil revolves
from its vertical position until it passes through one-quarter
of a revolution and reaches a position where its plane lies
parallel to the lines of force.

F1G. 9.

F¥. IV.—6



10 DYNAMOS AND MOTORS. 8§29

16. The diagram, Fig. 10, represents an end view of
the coilin two positions: position I, as shown by the dotted
lines, represents the coil
standing vertically at
the moment of starting,
and position 2, as shown
by the full lines, repre-
sents the coil lying hor-
izontally after passing
through one-quarter of
a revolution. The de-
flection of the needle, if
read at frequent inter-
vals during this quarter
of a revolution, gradu-
ally increases, beginning at zero in position 1, and reachinga
maximum at position 2. The gradual rise of the E. M. F.in
the circuit while the coil is revolving from position 7 to posi-
tion £ can be graphically shown by means of cross-section
paper, Fig. 11. The horizontal divisxon.s‘r.epresent equal
intervals of time, and the sum of the divisions bet.ween A
and /3 is the total time occupied by the coil.ir.l Fevolvmg one-
quarter of a revolution; the vertical divisions represent
E. M. F., and the sum of the di-
visions between A4 and Y is the //f
total E. M. F. that is being gen- <
crated in the coil when it is pass-
ing through position 2. The v.er-
tical distances between the line
A B and the curved line represent ) = 4
the E. M. F. which is bemg gen- FIG"]"
erated in the coil at every instant T
during its rotation between positions 7 and 2. For exampl'e,
let cach vertical division represent 2.5 volts; then, the dlS.-
tance between A and Y represents 10 volts.  When th.e .coﬂ
has revolved one-third of the distance bf:tween p051t.lons
1 and 2, Fig. 10, it has consumed one-tturd‘of the time;
hence, at this instant the E. M. F. that is being generated

EM.F.
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in the coil is represented by the number of divisions between
the line A B and the curved line, at one-third the distance
towards B, which equals two divisions; or 2 X 2.5 = 5 volts.
When the coil travels two-thirds the distance between
positions 7 and 2, the E. M. F. that is being generated at
that instant is represented by the number of divisions
between the line 4 B and the curved line at two-thirds the
distance towards B, which equals about 3.48 divisions, or
3.48 X 2.5 =8.7 volts.

11. After the coil passes through position 2, the
E. M. F. that is being generated begins to diminish, and by
the time the coil has revolved one-half of a revolution and
is once more in a vertical position, the E. M. F. falls to zero
again. The E. M. F. that is being generated at every
instant during one-half of a revolution can be shown by a
continuation of the curve on cross-section paper, Fig. 12.
The sum of the divisions between A4 and C represents the
total time occupied by the coilin rotating one-half of a revo-
lution. It will beseen that the maximum E. M. F. that is
being generated at any instant is at position 2, Fig. 10,
which corresponds to B, Fig. 12. In this position the
plane of the coil lies parallel to the lines of force, and its

4
/r \\\

- ~N

EM.F.

4 Time. B
FIG. 12.
sides, corresponding to ¢ & and ¢ f, Fig. 9, are cutting the
lines of force at exactly right angles. The sides of the coil
at the moment of passing through this position are cutting
more lines of force for equal intervals of time than in any
other position during the first half of a revolution.
From this fact the following principle is deduced: Z/e
E. M. F. generated in a moving conductor cutting lines of
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Sorce at right angles is directly proportional to the rate of
cutting. Suppose, for example, that a magnetic field con-
tains 100,000 lines of force, and that a conductor is moved
across the field at right angles in such manner as to cut
every line of force. If the time occupied by the conductor
in passing across the field is one second, then the rate of
cutting is 100,000 lines per second; or, if it occupied two
seconds, the rate of cutting is 50,000 lines per second, and
soon. The E. M. F. generated in the former case is twice
as great as that generated in the latter. The method for
determining the number of lines of force in a magnetic field
will be described later.

12. Fig. 13 shows the coil after being rotated one half
of a revolution. As soon as the coil starts on the last half
of the revolution, its sides ¢ & and ¢ f cut a few lines
of force, and, consequently, an E. M. F. is generated in
each side. The E. M. F., however, tends to cause a current
to flow in the coil in an opposite direction to that which
tends to flow during the first half of the revolution.
* For, by applying the rule in Art. 8, the E. M. F. gen-
erated in the sides tends to cause a current to flow from
¢ to d and from ¢ to f;
the end a of the coil,
which in the first half
of the revolution was
the negative terminal
of the coil, now forms
the positive terminal.
Hence, in order to al-
low the current to
enter the positive
binding-post of the
voltmeter, the con-
nections must be re-
versed.

F1G. 18. The E. M. F. that
is generated as the coil is rotated through the last half of
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the revolution gradually rises as in the first half, reaching a
maximum height when the plane of the coil lies parallel t~
the lines of force, and afterwards falling to zero againas tke

EM.F.

|

L

coil reaches a vertical position. In Fig. 14, the E. M. F.
that is generated in the coil at every instant during one
complete revolution is graphically shown by the use of the
cross-section paper. The sum of the divisions between
A and E represents the time occupied by the coil in making
one complete revolution; the divisions between A and V
represent the E. M. F. which tends to send a current in one
direction through the coil as in the first half of the revolu-
tion, and the divisions between 4 and X represent the
E. M. F. which tends to send a current through the coil in
an opposite direction as in the last half of the revolution.
The divisions between the curved line and the line A £, or
base line, give the E. M. F. that is being generated in the
coil at any instant during the revolution, and the direction
in which the E. M. F. tends to act depends upon whether
this E. M. F. falls above or below the base line A £. For
convenience, let the direction in which the E. M. F. tends
to actin the first half of the revolution be called the positive
(+) direction, and in the last half the negative (—) direc-
tion. For example, the E. M. F. that is generated in the
coil when it has revolved three-quarters of a revolution is
represented by the distance between [ and the curved line,
which, in this case, is two divisions; and since these
divisions are below the base line, the direction in which this
E. M. F. tends to act isnegative.

Time.
FIG. 4.
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13. In Fig. 15, instead of connecting the external cir-
cuit directly to the ends of the coil, suppose the wires
0 and p to be brought to two brushes 7 and s, which lie in a

Re.
FIG. 15.
horizontal position and bear on the two collector rings
x and y, respectively. These collector rings, it will be
seen, are connected to the two ends of the coil; x to @ and
ytob.

The resistance of the entire circuit, including the coil,
ammeter, collector rings, and brushes, is comparatively
small; hence, any E. M. F. generated in the coil causes a
corresponding current to flow through the circuit, and its
strength is indicated by the ammeter 4. A7. When the coil
begins to revolve, a feeble E. M. F. is generated in it as
previously described. This E. M. F. causes a correspond-
ing current to flow through the circuit in a positive direc-
tion; as the E. M. F. becomes larger, the strength of current
in the circuit becomes greater, and wice versa.  After the
coil is rotated one half of a revolution, and the direction in
which the E. M. F. tends to act becomes negative, the
direction of the current in the circuit is also reversed. If

" .
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there is no self-induction to retard the rise and fall of the
current in the circuit, as explained in Art. 8, the strength
of the current in the circuit at any instant is exactly pro-
portional to the E. M. F. that is being generated in the
coil at that moment; for, according to Ohm's law, the
strength of current in any circuit is equal to the E. M. F.
generated in that circuit, divided by its resistance. The
rising and falling and also the reversing of the current in all
parts of the circuit for each revolution, therefore, can be
represented graphically on cross-section paper in the same
manner as previously described for the E. M. F. Fig. 16

EM.F.
N
a
~
[

tme.

F16. 16.

represents the rising, falling, and reversing of the current
in the circuit for three complete and consecutive revolutions
of the coil; the divisions between A4 and £, £ and /, and
I and A represent the time of each revolution, respectively.
The divisions between the base line A A/ and the curved
line above the base line represent the strength of current in
the circuit when the direction of flow is positive, and those
below represent the strength of current when the direction
of flow is negative. Revolving the coil, therefore, at a con-
stant speed generates a current in the circuit, which, in
every complete revolution, rises gradually to a maximum
strength and falls to zero in one direction, then is reversed,
and the same effect is produced in the opposite direction.
In other words, the current in the circuit a/tzernates from one
direction to the opposite direction in each revolution.

An electric current of this character flowing through a
circuit is termed an alternating current.

14. The next step is to demonstrate the principle of
changing, or commuting, this alternating current into a
continuous, or direct, current; thatis, a current which always
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flows in the same direction through the external circuit.
In Fig. 17, the two ends of the coil are fastened to two
halves s and s’ of a metallic tube. These halves are called
segments, and in this case are separated by a small air-
space, the rigidity of the coil holding them apart. The
combination of the two segments, or, in fact, any number

Fr0. 17.

of segments held together in this position, is called the
commutator. Two copper strips 4+ B and — B, called
brushes, press against the segments, and are held in a
horizontal position while the coil is rotated. The brushes
rub, or ébrusk, against the segments and make electrical
contact only.

When the coil is in a vertical position, as represented in
the figure, both brushes rest against both segments; but as
soon as the coil starts on the first half of a revolution in the
direction indicated by the arrows, the brush — B leaves seg-
ment s, and rubs only against segment s; brush 4 B leaves
segment s, and rubs only against segment s’. As previously
described, the electromotive force that is generated in the
coil during the first half of a revolution causes a current to
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flow from a through the coil to 4, and from & through the
external circuit to @ again, making & the positive end of the
coil. Hence, in this case, 4 B is the positive brush, and the
current in the external circuit flows in the direction indicated
by the arrow-heads. As the coil starts on the last half of
a revolution, the direction of the current in the coil changes,
and @ becomes the positive end of the coil. But the current
in the external circuit continues to flow in the same direc-
tion as in the first half of the revolution, and 425 remains
the positive brush. For, at the beginning of the second half
of a revolution, when end a of the coil becomes positive, — B
leaves segment s and makes contact with s', and 4B leaves
s’ and makes contact with s. Hence, the current in the
external circuit, during a complete revolution, flows from
the positive brush 4 B through the ammeter 4. M. and
the resistance Re to the negative brush — B; that is, the
current in the external circuit flows continually in the same
direction, while the current in the coil itself flows in two
directions during every revolution. But the strength of
the current in the external circuit is by no means constant;
it rises from zero to a maximum strength, and falls again to
zero twice in every revolution, but always in the same direc-
tion. The effect is graphically shown in Fig. 18 by the use

G

EM.F.
H

Time.
FiG. 18.

of cross-section paper, where the divisions between 4 and £,
£ and 7, and 7/ and M represent the time occupied by the
coil in rotating each revolution, respectively, and the verti-
cal divisions between the base line 4 A7 and the curved line
represent the strength of the current in the external circuit
at every instant during the three revolutions. The effectis
produced continually in the external circuit if the coil is
rotated at a constant speed. These impulses in the strength
of the current give it the name of pulsating current.
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A consideration of the preceding paragraphs will show the
student that direct-current dynamos require commutators,
while alternating-current dynamos employ only collector
rings.

15. In Fig. 19, two separate coils are placed in a mag-
netic field at right angles to each other. Four metallic

Fi1G. 19.

segments s, s’, s*, and s"’ are cut from a cylindrical ring to
form the commutator, and are separated from one another
by small air-spaces; the two ends of each coil are connected
to two opposite segments in such manner that an imaginary
diameter connecting the two segments together would lie at
right angles to the plane of their coil, as shownin the figure.
Two metallic brushes 48 and — A rub against the com-
mutator, touching the two segments diametrically opposite
to each other. A line drawn through the center of the
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commutator, connecting the contact ends of the two brushes,
should lie at right angles to the direction of the lines of
force in the magnetic field in which the coils are rotated.
As the two coils and commutator are rotated in the direc-
tion indicated by the arrows, the two brushes rub against
the segments consecutively and always make contact with
the two opposite ones. The brushes are connected to an
external circuit consisting of the ammeter 4. 7. and the
resistance Re. At the position of the coils in the figure, the
brushes are rubbing against the segments s and s*, which
are connected to the ends of the horizontal coil. From pre-
vious experiments, it will be seen that at this position the
horizontal coil is generating a maximum E. M. F., which
tends to send a current from a through the coil to 4; hence,
the current is flowing in the external circuit from 425 to
—B. After the coils and commutator are rotated one-eighth
of a revolution from this position, and the E. M. F. in the
coil begins to fall, the brush 45 passes from segment s to
segment s', and brush — B passes from s” tos’’. The E. M. F.
that is being generated in the vertical coil when the brushes
pass to segments s’ and s’ is nearly maximum. Con-
sequently, the strength of the current which has been flow-
ing in the external circuit from the other coil does not
decrease to zero; it only diminishes a small amount before
the segments of the next coil make contact with the brushes,
when it begins to increase again. It will be seen that dur-
ing one complete revolution of the moving parts, the brushes
passed over four segments; that the direction of the current
produced is from the coils fo brush 4 B, and #nto them from
brush — B. These actions produce a direct current in the
external circuit which flows continually in the same direc-
tion, but whose strength fluctuates, or changes, regularly
four times in every revolution.

By resorting again to the cross-section paper, the fluctua-
tions of the current in the exterior circuit can be graphi-
cally shown. In Fig. 20, the divisions between the base line
A M represent the strength of current in the external cir-
cuit for three complete revolutions. So long as the speed
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of rotation is uniform, the current decreases to a little less
than three-quarters of its maximum strength, providing, of
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course, the resistance of the external circuit is not altered;
the dotted curved lines indicate how the strength of the
current would fall to zero if only one of the coils were used.

The strength of such currents can be made more uniform
and the pulsations less noticeable by using several coils con-
nected to the segments of a commutator, the planes of the
coils being placed at equal angles from each other. A con-
tinuous current of uniform strength is known as a constant
current.

16. In Art. 30, Part 1, it is stated that the permeability
of iron is much greater than that of air; or, in other words,
if a piece of iron were in-
serted in a magnetic field, the
number of lines of force in
the field would be greatly
increased. Hence, if the coils
are wound around a cylindri-
cal drum of iron, as shown in
Fig. 21, the number of lines
of force passing through the
coils is increased, and the E. M. F. that is generated is
greater, since, Art. 11,the E. M. F. is proportional to the
rate of cutting of the lines of
force. The coils are entirely
insulated from the iron core by
some non-conducting material,
such as cloth, mica, or paper;
otherwise, they would be short-
circuited on the core; that is, the
current would flow through the Fic. 22,
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iron instead of passing into the external circuit. The other
conditions remain unchanged; i. e., the lines of force have
the same direction
as in the previous
cases, and remain in
one position while
the coils are re-
volved. The core
should not be made
_ of one solid mass of
iron; for, if such
were the case, the F1c. 23.

core, when rotated, would act as a large closed conductor,
cutting lines of force at right angles. The E. M. F. gener-
ated in the core would cause local, or eddy, currents to
flow through the iron itself, heating it and uselessly dissipa-
ting a large amount of energy. An idea of how these eddy
currents would circulate in a solid iron core can be formed
from Fig. 22. C represents the solid iron core, the top half
of which is cut away. The curved lines and arrow-heads
show the direction in which the eddy currents would flow if
the core was rotated in the direction indicated by the large
arrow. To overcome this difficulty, the core is made of a
large number of round, thin iron plates, or disks, each disk
being insulated from the adjacent ones by some non-con-
ducting material, such as tissue-paper, insulating japan, or
simply by the oxide formed on the surface of the disk dur-
ing the process of its manufacture. The disks should be
fastened together in such a manner that, when rotated in a
magnetic field, their flat surfaces are parallel to the direction
of the lines of force and to the direction of rotation, as
shown by Fig. 23. Dividing the core into disks in no way
diminishes the magnetic permeability of the iron, and for
all practical purposes, it prevents the eddy currents from
flowing. A core made in this way is said to be laminated.

17. Iron cores are generally made in two styles: drum
or ring.
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A drum core may be defined as a laminated cylinder, the
length being generally greater than the diameter, such as
shown in Fig. 23.

A ring core may be defined as a laminated rim of rectan-
gular cross-section, such as R in Fig. 24.

An iron core inserted between the poles of a magnet
not only increases the total number of lines of force from
the magnet, but attracts nearly all the stray lines of force
from the surrounding air; that is, the lines of force prefer
to complete their circuit through iron rather than through
air or other non-magnetic substances. For example, in
Fig. 24, an iron ring R is placed between the poles V and S of

/7 ‘

FiG. 4.

a magnet; the lines of force pass out from the north pole NV
and enter the iron ring. When passing across the air-
gap, they are uniformly distributed, but after entering the
ring, they crowd together and remain in the iron as long as
possible. If the total number of the lines of force is large
in comparison with the cross-sectional area of the iron ring
on xy, a few will pass through the air in the inside of the
ring, as shown in the cut; but in most cases the number of
such stray lines is not large enough to be considered. Con-
sequently, in Fig. 25, if a loop of insulated wire abcdis
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wound around the iron ring, and the ring and loop are
rotated on a central axis m » like the rim of afly-wheel,
only that part of the loop from @ to & is cutting lines of
force; the rest of the loop, from & to ¢ and from ¢ to 4, is
inactive in relation to the lines of force. From the rule

vy
FI1G. 25.

given in Art. 8, it will be seen that the E. M. F. generated
in the side @ & of the loop tends to send a current from & to
a during the first half of the revolution from yy'to x 2/,
and in the opposite direction during the last half.

18. No current will flow from the loop through the
external circuit when the ring is made of some non-mag-
netic substance, as will be understood from the following
explanation: Imagine the iron ring to be moved from the
field without disturbing the loop; then, imagine the loop to
be rotated around the axis 72z in precisely the same path
as before.. The lines of force in the field are now uniformly
distributed, and as the loop moves, the part between ¢ and &
will cut the lines of force at approximately the same rate as
the part between @ and 4. But the electromotive forces
generated in the two parts tend to oppose each other; that
is, the E. M. F. generated between @ and & tends to act
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away from &, and that generated between ¢ and 4 tends to
act away from ¢. Hence, there is no difference of potential
between the ends ¢ and &, and no current will flow through
an external circuit.

After replacing the iron ring again, suppose the insulated
wire to be wound around it several times, as represented in

—ax
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Fig. 26, and the ends of the coil connected to two metallic
segments S’ and S’. By applying the rule in Art. 8, it
will be seen that the electromotive forces generated in the
separate turns at @, b, and ¢ are added together; that is, the
difference of potential between the brushes 4+23 and — B is
the sum of the electromotive forces generated in the sep-
arate turns. The current obtained from such a coil is
pulsating, and is similar to that described in Art. 14.
For all practical purposes, the total E. M. F. generated
by such a coil is directly proportional to the number of
turns. For example, if a coil of one turn generates two
volts at a certain position and angular velocity, then a coil
of 4 turns will generate 8 volts under the same conditions.
and so on. But the turns in each coil must be approx-
imately close together. Tor, if the coil is wound over a
large portion of the ring, some of the turns, at one position

N
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of the coil, will be cutting the lines of force as they pass
out from the north pole, while other turns will be cutting
the lines of force as they enter the south pole, the electro-
motive forces generated in the two cases being opposed to
each other. This action will be readily understood by
winding the entire core with one large coil of several turns
and connecting the two ends of the coil together, as repre-
sented in Fig. 27. This is known as a rzng winding, or one
in which the conductors are wound in the form of a helix
x

“ W=

FiG. 27.

on a ring core, At the instant the ring and coils reach the
position shown in the figure, the E. M. F. generated in the
separate turns tends to act in the direction indicated by
the arrow-heads upon the winding. No current can flow
around the coil, because the electromotive forces generated
in the two halves act towards cach other at a’, and away
from each other at 7'.

19. It is possible, however, to obtain a continuous cur-
rent from the coil by the addition of a commutator with
several segments, as will presently be seen. If the ends of
a voltmeter are touched to @’ and 7’ during the instant the
coil occupies the position in Fig. 27, a difference of poten.
tial between the two points will be indicated, @’ being the

F. 1Vv.—7
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positive point and 7 the negative. Hence, if these two
points are connected to an external circuit, a current will
flow through it from &' to ¢/, while the coil is at the position
shown in the figure. As soon, however, as the coil is
rotated about one-sixteenth of a revolution, the difference
of potential between @’ and 7 will begin to fall, and the
greatest difference will now be found between p' and /Z'.
About another sixteenth of a revolution will bring the
greatest difference of potential between o' and g’, and so
on. In short, as the coil is rotated, the greatest difference
of potential will always be found between any two turns
situated diametrically opposite one another when they pass
through the vertical diameter 2+ y. The next operation is
to provide some means to utilize this difference of potential
between each pair of turns as they arrive in a vertical posi-
tion. This is accomplished by connecting each turn to a
separate segment of a commutator by a small conductor, and
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allowing two brushes to rub against the commutator at two
points diametrically opposite each other on the vertical
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diameter » y, Fig. 28. From an examination of the figure, it
will be seen that the two halves of the coil are connected in
parallel or multiple; that is, the current divides at ¢, one
half passing.through the turns 7, 7, £, /, etc., and the other
through Z, g, f, ¢, etc. to a', where it again unites. The
maximum E. M. F. that is obtained from the coil is equal,
therefore, to the E. M. F. generated in one half of the coil.
This statement will be better understood by comparing the
coil to a battery of voltaic cells connected in multiple-series.
For example, in Fig. 29, the separate cells from a to /,
inclusive, correspond to
the separate turns on
one half of the coil, and

the cells from ¢ to p cor- p‘—;l—:‘l—"”l—;l-;‘l—’!l—:
respond to the turns on

the other half. From Re.

Art. 56, Part 1, the

total E. M. F. of the Fic. .

above battery is equal to the E. M. F. of either of the two
sets which are connected in parallel; and the total E. M. F.
of either of the two sets is the product of the E. M. F. of
1 cell and the number of cells which are connected in series,
as from a to %, inclusive.

If a comparatively large number of turns and segments
is used, the current flowing from + 5, Fig. 28, through the
external circuit to — B will be practically continuous, that is,
non-pulsating; the fluctuations caused by the brushes when
passing from one segment to another are extremely minute,
and produce no appreciable change in the strength of the
current in the external circuit.

20. A conductor wound upon a core in the manner
shown in Figs. 27 and 28 is termed a closed-coil winding,
since all the turns are connected together in one continuous,
or closed, coil, and the current is obtained from it by tapping
into each turn or set of turns. In the case where the turns
or sets of turns are separate and distinct from each other
and their ends are connected to opposite segments of a
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commutator, as in Figs. 19 and 26, the winding is termed
an open-~coil winding.

21. A closcd-coil winding can be applied to a cylindrical
drum core as described in Art. 16, and a continuous non-
pulsating current obtained from the brushes, as in the case
of the ring core. The method of winding is somewhat
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similar to that of the ring, and each turn or set of turns is
tapped into and connected to the segment of a commutator
by a separate lead, as will be seen from the diagram, Fig. 30.
This is known as a drum winding, or one in which the con-
ductors are wound longitudinally upon the surface of a
drum core. A drum winding may also be applied to a ring
core, as will be seen. The conductor isstarted at any conve-
nient place on the core, as, for example, at ¢, and wound
across the face of the drum to the rear end; then, wound
nearly diametrically across the end, and from there along
the face of the core to the front end at 4@'. From a’, the
conductor is wound across the front end to a point some-
what in advance or behind the original starting-point a, as,
for example, to &; from & it makes another complete turn
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in like manner, which is followed by athird, and so on, until
the last turn is connected to the first by joining the two
ends of the coil together at @. A separate lead L is tapped
into the conductor at every complete turn ywhere it is wound
across the front end of the core and connected to the sepa-
rate segments of a commutator. From an examination of
the diagram, it will be seen that only a part of the wires
on the face of the drum are cutting the lines of force as they
enter and pass out of the core at any one instant during a
revolution. At the position represented, the wires ¢/, a, f
and &', ¢, @' are the inactive ones, so far as the lines of force
are concerned; but they still perform the important func-
tion of completing the circuit for the current. The parts of
the core where the wires are not cutting the lines of force
as the core is rotated are called the neutral spaces; and
the two opposite parts of the commutator to which the coils
are connected are called the neutral points of the com-
mutator. Each individual wire becomes inactive twice dur-
ing every revolution and passes through two neutral spaces;
but this fact does not change the positions of the neutral
spaces—they lie on an imaginary diameter approximately
perpendicular to the lines of force. This same effect takes
place in the commutator, i. e., each segment passes through
two neutral points during one complete revolution, but
the neutral points remain in a fixed position relative to the
neutral spaces of the core. The neutral segments of the
commutator, at any instant during a revolution, are those
segments which are connected to the wires passing through
the two neutral spaces at that instant. The neutral points,
however, can be shifted to different points around the com-
mutator by changing the leads from the coil to the seg-
ments. For example, in Fig. 30, the two neutral points lie
opposite each other on the commutator along the vertical
diameter » y. But if the lead from 7 is connected to
segment No. 7, instead of No. 1, and the lead from /7 to
segment No. 8, and so on around the commutator, then the
two neutral points will lie opposite cach other on the com-
mutator along a horizontal diameter, and in order to collect
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any current from the commutator, the brushes 42 and
— B must be shifted around a quarter of a revolution to these
new neutral points.

The current flowing through the winding divides at one
neutral space and flows through the coil in opposite direc-
tions, uniting again at the other neutral space as indicated
by the arrow-heads. According to the rule given in Art. 8,
the current in all the active wires in front of the north
pole flows along the periphery of the core towards the
observer; that in the wires in front of the south pole flows
away from the observer.

22. The next step is to determine the magnitude of the
E. M. F. in volts generated in a closed coil. As previously
stated, the E. M. F. generated in a conductor cutting lines
of force at right angles is proportional to the rate of cutting.
Consider the case of a single conductor moving across a
magnetic field in which the total number of lines of force is
known; the rate of cutting is equal to the total number of
lines of force cut by the conductor, divided by the time
required to cut them. This may be expressed in the form of

an equation: thus, rate of cutting = g, where NV is the total

number of lines cut and 7 is the time required to cut them.
By definition, one wolt is that E. M. F. generated in a
conductor when it is cutting lines of force at the rate of one
hundred million (100,000,000) per second. Hence, £ = ____l(l)t.’ 2
where £ is the E. M. F. in volts and ¢ the time in seconds,
since 100,000,000 = 10°.

For example, suppose a magnetic field contains 4,500,000
lines of force, and a conductor cuts the total number in the
same direction in 1.5 seconds. The E. M. F. that is being gen-
erated in the conductor is equal to .03 volt, since £ = ___l(l;’t =

4,500,000
100,000,000 X 1.5
When two or more conductors are cutting lines of force

=.03 volt.
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at equal rates, the E. M. F. obtained by connecting them in
series is equal to the E. M. F. developed by one conductor
multiplied by the number of conductors. Consequently, if
NS

10°7
where £ is the total E. M. F. in volts that can be obtained
from S conductors cutting A lines in 7 seconds. For ex-
ample, if 8 conductors are moved across the magnetic field
containing 4,500,000 lines of force in 1.5 seconds, and they
NS 4500,000x8
10°7 7 100,000,000 X 1.5~

S is the number of conductors in series, then £ =

are connected in series, then £ =

.24 volt.

Next, imagine these eight conductors to be moved across
the magnetic field in the same direction at the rate of 30
times per second for 1.5 seconds; then, the number of lines
cut in one second is 4,500,000 X 30 = 135,000,000, and
the total number of lines cut in 1.5 seconds is, therefore,
135,000,000 X 1.5 = 202,500,000. Hence, £ = (“]’(’,,”)5 =
202,500,000 X 8
100,000,000 X 1.5

Here n = the number of times per second that one conductor
cuts the lines of force.

But, in general, the E. M. F. that is obtained from several
conductors connected in series moving continually across
the same magnetic field at a constant number of times per
second is independent of the length of time the operation
(Nnt)S
oz the
NSn

10° °
In the above example, for instance, so long as the eight
conductors are moved across the magnetic field at the rate
of 30 times per second, the E. M. F. generated in them is
always 10.8 volts, no matter whether the operation is con-
tinued for 1.5 seconds or for one hour. The time of 1.5
seconds was used merely to make the demonstration clearer
by using a specific value for 7.

= 10.8 volts.

is continued. For, in the above equation, £ =

two #'s cancel one another, leaving the equation, £ =
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NSn
10°
some modifications to the closed-coil conductor wound upon
either the ring or drum core. The ring core, Fig. 28, will
first be considered. In the equation, £ is the maximum
E. M. F. in volts that is obtained from the brushes 4+5 and
— /2 when the core is revolved; [\ is the total number of
lines of force passing from the north pole through the core
to the south pole. Each wire, therefore, on the periphery
of the core cuts the total number of lines twice during every
revolution; or, in other words, each outside wire cuts 2 V
lines of force per revolution. S is the number of outside
wires on the periphery through which the current flows in
sertes, and n is the number of complete revolutions per
sccond of the core. Therefore, the maximum E. M. F. in
volts that is obtained from the brushes is found by the

formula

23. The equation £ = can now be applied with

QNSn
E_T' (1.)

That is to say, the E. M. F. obtaincd from a number of
conductors connected in series and moved across a magnetic
Sield is equal to twice the number of lines of force multiplicd
by the numbcr of conductors in series and by the revolutions
per sccond of the core, divided by 100,000,000. For example,
assume the total number of lines /V passing from the north
pole through the core to be 3,000,000, or N = 3,000,000.
In the diagram, Fig. 28, there are 8 outside wires in
series, or S = 8. If the core is rotated at 2,100 revolutions

. 2,100 . .

per minute, 7 =" "G()i = 35 revolutions per second. Substi-
. . . R N

tuting the values in the formula gives £ = gfle”_ =

2 % 3,000,000 X 8 X 35
100,000,000
potential between the brushes 4+ /5 and — 7 on open cir-
cuit. The difference of potential between the brushes when
the external circuit is closed is somewhat smaller than when

= 16.8 volts, or the difference of
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no current is flowing; because, as in the case of the voltaic
cell, a part of the total E. M. F. developed is required to
overcome the internal resistance of the coil itself.

The formula £ = 21;,0“? *
core, Fig. 30. In both cases, the number of outside wires
through which the current flows in series is equal to one-
half the total number of outside wires. Hence, by using
the same magnetic field and rotating the cores at equal
speeds, the E. M F generated in both cases will be
equal.

holds equally true for the drum

24. The foregoing articles demonstrate the elementary
principles and physical theory of a dynamo. A dymamo,
therefore, is a machine for converting mechanical energy
into electrical energy by electromagnetic induction. It has
three essential features, viz.: (1) a magnetic field; (2) a
conductor, or several conductors, called an armature, in
which the electromotive force is generated by some move-
ment relative to the lines of force in the magnetic field; and
(3) a commutator, or a collector, from which the current is
collected by two or more conducting brushes.

In all dynamos, the magnetic field is produced either by
a permanent magnet or by an electromagnet, and they are
classified accordingly; for present purposes, however, it is
sufficient to consider only the uniform magnetic field lying
between the poles of some large magnet. In the preceding
article, the armature core and commutator were assumed to
be fastened rigidly to a shaft and the shaft supported by
suitable bearings in such a position that the core would
rotate in the magnetic field with its axis of rotation at right
angles to the lines of force. The shaft with core and com-
mutator was assumed to be rotated by some exterior
mechanical power. The armature conductors were wound
directly upon the core and rotated with it. If it were not
for mechanical considerations, however, only the armature
conductors would need to be rotated; the core could remain
stationary.
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ARMATURE REACTIONS.

25. When the current is flowing through the armature
conductors, it produces several effects upon the magnetic
field; and the field, in return, reacts upon the current.
These effects will be considered before describing the typical
forms of dynamos.

Consider the case of a single conductor in which a cur-
rent is flowing from a voltaic battery or a continuous-
current dynamo, and a magnet. It has been shown that a
magnet and a conductor conveying an electric current exert
a mutual force upon each other; or, in other words, each
tends to produce motion in the other. In the case of a com-
pass placed over or under a conductor conveying a current,
if the magnetic needle be held rigidly and the conductor be
allowed to swing freely in a horizontal plane, it would tend
to place itself at right angles to the length of the needle.
In general, when a conductor conveying an electric current’
is placed in @ magnetic ficld, the conductor will tend to move
in a definite direction and with a certain force, depending
upon the strength and direction of the current, and upon the
direction and density of the lines of force in that ficld.

Imagine that a conductor conveying an electric current is
placed across a uniform magnetic field, and that it lies in a
position at right angles to
the lines of force. For ex-
ample, the diagram in Fig.
31 represents a cross-sec-
: tional view of a uniform
magnetic field, the dots
. reprcsenting the ends of
: the lines of force and the
heavy line a conductor con-
veying a current. The di-
rection of the lines of force
is assumed to be down-
wards, that is, piercing the
paper; or, in other words, the observer is looking along

Fi1G. 81.
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the lines of force towards the face of a south magnetic pole.
The lines of force along the conductor from the top to the
bottom of the magnetic field act upon the current in the
conductor with equal intensities, and all tend to move
the conductor in the same direction. This action, if the
magnetic field is uniform, is similar to that of a uniformly
distributed load upon a beam tending to move or bend it.

The motion imparted to the conductor is perpendicular to
the lines of force, and also perpendicular to the flow of cur-
rent in the conductor. To fulfil these conditions, therefore,
the conductor in Fig. 31 must tend to move bodily either to
the right or left across the field; in which of these two
directions it moves depends upon the relative direction of
the lines of force with the direction of the current in the
conductor. In this case, if the direction of the lines is down-
wards, piercing the paper, and the current flows from the
top 7o the bottom of the diagram, as indicated by the small
arrow-heads, the conductor will tend to move from the left
to the right in the direction in which the two large arrows
are pointing. If the direction of the lines of force only is
changed, the conductor will tend to move in the opposite
direction, i. e., from the right to the left; or, if the direction
of the current in the conductor only is reversed, the con-
ductor will tend to move also from right to left across the
field. But should both the direction of the lines of force
and the direction of the current in the conductor be
changed, the conductor would still tend to move from left -
to right.

26. There is a convenient thumb-and-finger rule for
remembering the direction of motion imparted to a con-
ductor conveying an electric current when placed in a mag-
netic field; it is similar to the rule for generated currents,
Art 8, with the exception that the /of? kand is used instead
of the right.

Rule.— Place thumb, forcfingcr, and middle finger of the
left hand eack at right angles to the other two; if the fore.
Singer points in the dircction of the lines of force, and the
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middle finger points in the direction towards whick the cur-
rent flows, then the thumb will point in the direction of
movement tmparted to the
conductor.

For example, in Fig. 32,
if a vertical conductor in
which a current is flow-
ing downwards’is placed
in front of the north

Direction o
* agetiow.

L pole NV of a magnet, it will

HE tend to move in the direc-

] ; tion as indicated by the
Fic. 2. thumb.

27. Comparing the rulein Art. 8 with that given above,
it will be seen that the two appear to oppose each other; or,
in other words, the current which flows in the former case,
according to the latter rule, tends to oppose the motion of
the conductor and move it in the opposite direction. This
is exactly what takes place. When a conductor is moved
across lines of force, an electromotive force is generated
which tends tosend a current in a definite direction; if the
circuit is open and no current flows, it requires no force to
move the conductor across the field; but if the circuit is
closed and a current flows through the conductor, then the
action of the lines of force on the current opposes the orig-

“inal motion and tends to stop or retard the conductor. The
opposing force is proportional to the strength of current
flowing in the conductor; that is, if a current of 10 amperes
acts with a certain force, a current of 20 amperes will act
with twice that force, and so forth. Hence, the stronger
the current in the conductor, the greater will be the force
necessary to keep the conductor moving in the original
direction. The above explanation will be made clearer by
the graphical illustration in Fig. 33. The diagram repre-
sents a cross-sectional view of a magnetic field, the direction
of the lines of force being downwards, piercing the paper.
If the conductor ¢ ¢/ be moved across the field by some
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exterior motive power in the direction indicated by the
arrows a, a, a current will flow through the circuit in the
direction indicated by <

the small arrow-heads,
according to the rule
given in Art. 8. The
length of the arrows

a, a may also serve to
represent the magni- Re.
tude of the force that
moves the conductor.

As the current flows
through the conductor,

the lines of force imme-
diately react upon it, >
producing a counter

force which tends to stop the conductor and move it in the
direction indicated by the arrows &, . The counter force
would never actually move the wire in the direction of the
arrows 4, b, but it exerts a dragging effect upon the con-
ductor, which would reduce its speed and almost stop its
motion if the exterior motive force were not increased. So
long as the conductor is moved, the applied motive force is
always larger than the counter force, as graphically repre-
sented by the relative lengths of the arrows.

FIG. 83.

28. The above principle explains the action of convert-
ing the mechanical energy into electrical energy in the
dynamo. For example, suppose that an armature is rotated
at a constant speed in a magnetic field by some exterior
motive force, as, for instance, by a belt from an engine. If
the armature is properly wound and connected to a com
mutator, an electromotive force is generated in the outside
conductors on the core, causing a difference of potential
between the brushes. If the brushes are not connected to
an external circuit, and no current is flowing through the
armature, it requires no energy to rotate the armature,
excepting a small amount to overcome the friction of the
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shaft in the bearings and the loss in the armature iron
by eddy currents. By connecting the brushes to an ex-
ternal circuit, however, and allowing a current to flow
through the armature, the conditionsare altered. The lines
of force react upon the current in the conductors, tending
to rotate the core in an opposite direction and to retard its
motion; the stronger the current, the greater will be the
retarding effect. Hence, in order to keep the speed constant
and to generate a constant E. M. F., more energy must be
supplied to the pulley from the engine. This retarding effect
of the current is known as the counter torque of a dynamo.
The word torque, which will appear later in connection with
the action of motors, means simply furning force.

It can be mathematically proven that the mechanical
energy delivered to the armature from any exterior source
is exactly equal to the electrical energy obtained from the
armature plus the energy lost in mechanical friction, eddy
currents in the iron, and other small losses, which will be
described subsequently.

29. Besides producing a counter torque in the arma-
ture, the current tends to distort or crowd the lines of force
from their original po-
sition in the magnetic
field. This effect is
termed armature
reaction, and will be
understood by inves-
tigating the magnetic
effects of the current
‘in the armature when
the armature is re-
moved from between
the poles of the field-
magnets. In the dia-
gram, Fig. 34, the cur-
rent is flowing through
direction as represented in
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Fig. 28. The current circulating around the armature coil
in two directions acts as a magnetizing force upon the core
and produces two electromagnets. According to the rule
for magnetic polarity, the two magnets thus formed oppose
each other at the two neutral spaces of the armature; that
is, their like poles V, V' and S, S’ tend to act in opposite
directions at the neutral spaces. As previously explained,
lines of force can never intersect each other, and will
always produce consequent poles when acting in opposite
directions at one place. Therefore, in this case, two con-
sequent poles are formed in the core, one at each neutral
space, as shown in the diagram. The polarity of the con-
sequent poles, of course, depends upon the direction in which
the coil is wound upon the core and the direction in which
the current is generated. The same action occurs when the
armature is rotated between the poles of a magnet and a
current flows through the coil, although the conditions are
somewhat altered. The lines of force from the magnet tend
to pass through the core nearly at right angles to those pro-
duced by the current. The lines can never intersect, how-
ever, and they crowd and distort one another in order to
coincide in direction. The lines that pass out from the
north pole of the magnet tend to enter the core at the south
consequent pole and to pass out from the core at the north
consequent pole. At the same time, the south consequent
pole is shifted towards the north pole of the magnet, and
the north consequent pole towards the south pole of the
magnet. The diagram in Fig. 35 represents the manner in
which the magnetic field is distorted by the reaction of the
armature current. In the case where the armature was
removed from the magnetic field, the consequent poles coin-
cided with the neutral space; but when the armature is
replaced, as in the diagram, the consequent poles are shifted
backwards against the direction of rotation, and the neutral
spaces are moved forwards in the opposite direction, as indi-
cated by the imaginary diameter x y. As the positions of
the neutral points on the commutator depend upon the posi-
tions of the neutral spaces on the core, they are also shifted




40 DYNAMOS AND MOTORS. 8§29

forwards in'the direction of rotation when the current flows
through the armature; hence, the brushes must be moved

‘s

»_____r
FiG. 8.

forward in order to obtain the full E. M. F. generated in
the coil. The stronger the current, the farther forwards the
brushes should be shifted.

30. From the fact that in all dynamos of this character
the relation of the lines of force, direction of rotation, and
direction of current are constant, tie neutral spaces are
always shifted forwards in the direction of rotation when the
current bccomes stronger, no matter how the coil is wound
upon the armature, or in which direction the lines of force
pass through the core.

These armature reactions are not confined entirely to the
ring core, but are produced with the same effects in adrum-
core armature, such as represented in Fig. 30. If the direc-
tion of the current is traced by the arrow-heads upon the
counductors, it will be seen that the current is flowing upwards
along the face of the core in front of the north pole, as repre-
sented by the open circles, Fig. 36, and downwards in front
cof the south pole, as represented by the solid circles. The
lines of force surrounding each conductor in which the
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current is flowing coincide with those around the adjacent
conductors, forming a large number of long lines which pass
through the core and produce consequent poles at the neutral
spaces, as shown in Fig. 36. The direction of the lines of
force around the conductors in which the current is flowing
downwards corresponds with the movements of the hands of

a watch, while the direction of the lines around the other con-
ductors is opposite. The lines from all conductors, however,
coincide in direction in passing through the center of the
core. When the armature is rotated between the poles of a
magnet, the field is distorted, and the neutral spaces shifted
forwards in a manner similar to that described for the ring
core.

31. Armature reactions not only distort the magnetic
field, but also have a tendency to reduce the total number
of lines of force from the magnet, and thereby diminish the
E. M. F. generated in the armature. This effect, however,
can be almost entirely eliminated by increasing the strength
of the field, or, in other words, by increasing the number of
lines of force passing through the core. This fact leads to
the consideration of fie/d-magnets.

F. IV.=8
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FIELD-MAGNETS.

32. In Art. 214 it was stated that the magnetic field in
all dynamos is produced from either a permanent magnet or
an electromagnet. A dynamo of the first class is called a
magneto-machine. Such machines are necessarily small
on account of the difficulty of making large permanent mag-
nets; in fact, the field in most magneto-machines is pro-
duced by several permanent magnets placed side by side.
The magnets are usually of the U-shaped
pattern, of hard steel, and with a recess
bored out between the ends of the poles
to admit the armature, as shown in the
diagram, Fig. 37.

As the majority of magneto-machines
are made for testing and signaling pur-
poses where alternating currents can be
used toadvantage, the armature is wound
with one large coil of wire, and the two
ends of the coil are connected totwo sepa-
rate collector rings, as shown in Fig. 38. The alternating
current is obtained from two brushes, one rubbing against

Fi1G. 87.

FiG. 88.

each collector ring. The brushes can bear upon the collector
ring at any position relative to the coil and the field-magnets,
since all parts of one collector ring are at the same potential
in any instant. By comparing this coil with that in Fig. 13,
it will be seen that the current obtained from the two brushes
flows in two directions during every revolution,

33. In nearly all dynamos furnishing current for lamps,
power, and other commercial purposes, the magnetic field is

AN
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produced by an electromagnet. This class of dvnamws is
divided into various types, depending upon the manner in
which the current is obtained to excite the field-magnets.

34. The first class of machines to be considered is
termed a separately-excited dvnamo, from the fact that
its field-magnets are excited or magnetized by a current
from some external source, as, for instance, a voltaic bat-
tery, or another con-
tinuous-current dyna- ?{‘Y
mo. The connections
of a separately-excited _
dynamo are represent-
ed in Fig. 39. The
magnetizing coils are
wound around the
cores of a magnet and
connected to the ter-
minals of a voltaic bat-
tery B. The exciting
current flows from the
battery around the
cores of the field-mag-
net in such a direction
as to produce a closed magnetic circuit through the arma-
ture, and has no connection whatever with the current
obtained from the brushes by rotating the armature. If the
strength of the exciting current is not changed, the differ-
ence of potential between the brushes of the dynamo when
the armature is rotated at a uniform speed remains constant
so long as the external circuit is open; but when the external
circuit is closed, the difference of potential gradually dimin-
ishes as the strength of current increases, owing to the
internal resistance of the armature conductors and the
reactions of the armature current on the field.

v
8

FiG. 39.

35. The magnetizing force is that which produces the
lines of force in the magnet. Its strength is proportional
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to the strength of current flowing and to the number of
coils or complete turns around which the current circu-
lates. The total number of turns multiplied by the strength
of the current in amperes will give the magnetizing force
in ampere~-turns. It has been proven that 10 amperes
circulating around 20 turns exert precisely the same mag-
netizing force as 1 ampere circulating around 200 turns, or
as 200 amperes circulating around 1 turn. In each of these
cases, the magnetizing force is 200 ampere-turns. But the
number of lines of force produced in an electromagnet is not
directly proportional to the magnetizing force in ampere-
turns. The strength of the magnet in lines of force depends
upon the permeability of the magnetic substances used in
the core. The permeability varies greatly in different
magnetic substances, depending upon both the physical
condition and the chemical composition of the substance.
In general, wrought iron, soft sheet iron, and stec! have
greater permeability than cast iron, and, whenever avail-
able, should be used in field-magnets in preference. The
permeability, however, of all magnetic substances changes
with every stage of magnetization. In all kinds of mag-
netic substances, the permeability decreases when the mag-
netism is increased beyond a certain limit.  This tendency
of the substance to become less permeable is called mag-
netic saturation ; thatis, the substance becomes saturated
with lines of force and can not hold any more. A limit is
never reached where actual saturation takes place, but there
is a hmit beyond which it becomes impracticable to mag-
netize the substance. The practical saturation in wrought
iron, soft sheet iron, and cast steel is when there are between
120,000 and 130,000 lines of force per sq. in. of sectional
arca of the iron, measured on a plane at right angles to the
lines of force in the magnet. In gray cast iron, the prac-
tical saturation limit is from 60,000 to 70,000 lines of force
per sq. in. IHence, when these limits are exceeded, it
requires an enormous increase in the ampere-turns to produce
a slight change in the number of lines of force in the magnet.
In general, however, the ficld-magnets of dynamos are
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designed with the density of the lines of force below the
saturation limits, and it is safe to assume that any change
in the strength of the current circulating around the mag-
netizing coils produces a corresponding change in the num-
ber of lines of force passing through the magnetic circuit.
Consequently, if the strength of the current in the field coils
of a separately-cxcited dynamo is increased as the current in
the armature becomes stronger, the E. M. F. obtained from
the brushes will remain practically constant. This is usu-
ally accomplished by inserting an adjustable resistance-box,
or field rheostat 7, in series with the battery and field coils,
and decreasing the resistance as the difference of potential
between the brushes tends to drop.

36. The second class of machines with an electromagnet
is termed a self-exciting shunt dynamo, or simply a
shunt dynamo, from the fact that the exciting current
for the field-magnet is furnished by the dynamo itself, the

FiG. 40.

field coils being connected in s/unt with the external circuit
from the brushes. In Fig. 40, one terminal of the mag-
netizing coil is connected to the positive brush, and the other
to a binding-post on the field rheostat »; the negative brush
is connected to the arm of the field rheostat. If the resist-
ance of the rheostat is neglected or cut out, it will be seen
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that the total difference of potential exists between the
terminals of the magnetizing coils when the dynamo is
generating its .maximum E. M. F. The magnetizing coils
of a shunt dynamo, however, consist of a large number of
turns of fine copper wire, thus making the resistance large
in comparison with the difference of potential between the
field terminals. In well-designed dynamos the resistance of
the shunt coil is large enough to allow not more than
about 5% of the total current of the dynamo to pass through
the field coils; for, according to Ohm'’s law, the strength of
current in amperes circulating around the field coils is equal
to the difference of potential in volts between the brushes,
divided by the resistance in ohms in the field coil, neglect-
ing the resistance of the rheostat. For example, suppose
that the difference of potential between the brushes of a
shunt dynamo is 500 volts when a current of 10 amperes is
flowing from the armature. If 5% of this current is required
to excite the field-magnets, the strength of current circu-
lating around the field coils is 10 X .05=.5 ampere; and
if E£,is the E. M. F. at the brushes, C, is the current in
the shunt field, and R, is the resistance of the shunt field,

then, according to Ohm’'s law, R, = g‘—' = -é%g = 1,000 ohms.

37. When a shunt dynamo is rotated at a constant
speed, an appreciable length of time elapses before the arma-
ture generates a maximum E. M. F. after the field circuit
is closed, and in some cases a self-exciting dynamo will
generate no E. M. F. until after it has been once separately
excited. The starting of a dynamo to generate an E. M. F.
is termed picking-up, or building-up. If the field cur-
rent of a dynamo is open so that no current flows through
the magnetizing coil, the armature would generate no
E. M. F. when rotated, providing the field-magnets were
not permanent magnets; consequently, when the field cir-
cuit is closed on a shunt dynamo, no current will flow
through the magnetizing coils, because there is no differ-
ence of potential between their terminals. But nearly all
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magnetic substances become permanent magnets in a slight
degree after once being magnetized.

This permanent magnetism is called residual magnet-
ism, since it 7esides in the metal after the magnetizing force
has been removed. In general, soft iron and annealed steel
retain -only a small amount of magnetism, and in some
cases the residual magnetism is imperceptible. Chilled iron
and hardened steel retain residual magnetism in large quan-
tities. Artificial or permanent magnets are made by pla-
cing a piece of hardened steel in a dense magnetic field or in
contact with another magnet. Lodestone is the result of a
natural residual magnetism. Iron and its alloys will also
become slightly magnetized in the process of refining and
working.

From these facts it will be seen that the cases where field-
magnets do not exhibit some residual magnetism are exceed-
ingly rare. The armature conductors when cutting the
lines of force of the residual magnetism generate a small
E. M. F,, and this E. M. F., in turn, causes a feeble cur-
rent to circulate around the magnetizing coils when the field
circuit is closed. The residual magnetism is, therefore,
reenforced by the magnetizing effect of the current, which
is followed by an increase in the E. M. F. generated, and
that, in turn, by a stronger current in the field. These
actions and reactions continue until a limit is reached where
the fields become saturated with magnetism, and the number
of lines do not increase at such a rapid rate; finally, both
the E. M. F. and the current in the field become constant.

38. The difference of potential between the brushes
of shunt dynamos gradually decreases as the current from
the armature becomes stronger, on account of the internal
resistance of the armature conductors and the reactions of
the current on the field. The effect is even more marked
than in separately-excited dynamos, because a decrease in
the difference of potential between the brushes causes a
corresponding decrease on the field terminals, thereby
weakening the current in the magnetizing coils. In order to
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compensate for the decrease inthe E. M. F., a field rheostat r
of comparatively high resistance is connected in the field
circuit, and so adjusted that when no current is flowing in
the external circuit only enough current flows through the
field to produce the normal difference of potential between
the brushes; this normal difference of potential between the
brushes is kept constant, as the load increases, by gradually
cutting out, or short-circuiting, the resistance coils of the
rheostat.

NoTe.—The word /oad as used above is a common expression for
current in dynamos generating a constant potential, and the student
should become familiar with its use.

39. The third class of machines whose field-magnets
are excited by an electric current are termed self-exciting
seriesdynamos,orsimply
series dynamos. The
magnetizing coils of a series
dynamo are connected di-
rectly in series with the ex-
ternal circuit; that is, all
the current from the arma-
ture circulates around the
magnetizing coils and flows
through theexternalcircuit.
The connections of a series
dynamo are shown in Fig.
41. The currentstarts from
the positive brush 4B, cir-
culates around the external circuit Re, from thence through
the magnetizing coils back to the negative brush — 5. The
action of a series dynamo differs widely from that of a shunt
dynamo. In the first place, no E. M. F. is generated in the
armature unless the external circuit is closed and a current
flows from the brushes, that is, neglecting the small E. M. F.
generated by the residual magnetism. In the second place,
the difference of potential between the brushes depends upon
the strength of current flowing from the armature. The
E. M. F., however, is not directly proportional to the

Fi1G. 41.
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strength of the current unless the internal resistance and
reactions of the armature are negligible. Compared with the
coils on a shunt dynamo, the magnetizing coils of a series
dynamo are made of a few turns of a large conductor. This
is necessary, because the coils usually are required to carry
the total current from the armature; the conductor is made
large to carry the current without heating, and only a few
turns are used to secure the proper degree of magnetiza-
tion, since that is proportional to the ampere-turns.

40. The E. M. F. of a series dynamo may be regulated
in three different ways, viz.: (1) By controlling the strength
of current in the external circuit as previously described;
(2) by short-circuiting, or cutting out, part of the magneti-
zing coils; and (3) by skunting part of the current around the
magnetizing coils.

The second of the above methods of regulating the E. M. F,
will be understood from the diagram in Fig. 42. S Frep-
resents the magnetizing
coils. Aisacontactarm
which travels in either
direction along the line
x y, one end making con-
tact with the ends a,4,¢,d,
etc. of the seriesfield, and
the other being always
connected to the external
circuit Re. As the arm FIG. 42.
is moved towards &, the turns between it and 4 are cut out
of circuit; that is, the current from the armature circulates
around only those coils between the arm and a; if the
strength of the current remains constant, the magnetizing
force is thereby reduced. On the contrary, when the arm
is moved towards y, additional turns are connected in
circuit, and the magnetizing force is increased.

41. The third method of regulating the E. M. F. of a
series dynamo changes the strength of the magnetizing
current instead of varying the number of turns in the coil.

Re.
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This effect is accomplished by connecting a resistance R,
Fig. 43, in parallel or shunt with the series field coils S 7,
the current dividing between the two circuits inversely pro-
portional to their separate resistances. Consequently, to

8F
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increase the magnetizing force on the field-magnets, the
resistance K of the shunt circuit is increased, and vice versa.
The total current from the armature is made to pass
through the magnetizing coils by opening the shunt circuit

entirely.

In the dynamo previously described, the regulation

of the E. M. F. is not automatic; it is accomplished by a

mechanical movement of an
arm or contact. This move-
ment is sometimes imparted
by a magnet controlled by
the current from the arma-
ture, but more often the
E. M. F. is automatically reg-
ulated in the dynamo itself
by a combination of the skunt
and series magnetizing coils.
Such machines are termed
compound, or shunt-
and-series, dynamos. In

Fig. 44, the shunt coils consist of a large number of turns
of fine insulated wire wound upon the core of the magnet.
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The series coils, consisting of a few turns of large insulated
wire, are wound over the shunt coils. The main part of the
current from the armature flows from the positive brush
+ B, through the external circuit Re, thence through the
series coils to the negative brush —B. The two terminals
of the shunt coils are connected to the two brushes 45
and — 5, respectively. But the series and shunt coils are
so wound that the currents in both circulate around the
core of the magnet in the same direction when connected,
as shown in the diagram. The action of both currents,
therefore, is to produce the same polarity in the magnet,
the shunt current being reenforced by the series current.
When the dynamo is not loaded, that is, when no current is
flowing in the external circuit, and the armature is rotated
at normal speed, the normal E. M. F. is generated in the
armature due to the magnetic field produced by the shunt
coils alone. Upon closing the external circuit, however,
the difference of potential between the brushes fends to
decrease, and would continue to decrease, as previously
described in a simple shunt machine, if the series coils were
neglected. The current circulating through these, however,
reenforces the magnetizing force of the shunt coils, and
immediately increases the number of lines of force in the
field, which, in turn, raise the difference of potential
between the brushes to normal. These actions are pro-
duced simultaneously, and, to all appearances, the differ-
ence of potential between the brushes remains normal for
all changes of load in the external circuit. This method of
regulating the E. M. F. of a dynamo is called compound-
ing. The terminals of a dynamo are the binding-posts
to which the cxternal circuit is connected; in a series, or
compound, dynamo one terminal is attached to the outside
end of the series coils, as — 7" in Fig. 44, and the other
terminal is connected directly to the brush, as represented
by 4+ 7 in the figure. It is desirable in a great many cases
to over-compound a dynamo, or, in other words, to wind
a sufficient number of turns on the series coils so as to
increase the difference of potential between the terminals
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of a dynamo above normal when the load increases. The
expression per cent. over-compound means that the dif-
ference of potential between the terminals increases a given
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per cent. of the normal when the load is at a maximum.
For example, supposing the normal voltage of a dynamo is
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500 volts, and it is 10% over-compound at full load; the dif-
ference of potential between the terminals of the machine
at full load is, therefore, 500 + (500 X .10) = 550 volts.

In some cases it is an advantage to connect the shunt
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field outside the series coils; that is, in Fig. 44, to connect
the negative end of the shunt coil to the negative terminal
— T, instead of being connected to the negative brush — 5.
This connection is seldom used in practice.
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TYPES OF BIPOLAR FIELD-MAGNETS.

43. The various types of field-magnets for dynamos in
which the armature revolves between only one pair of poles
are shown in Fig. 45. It is customary to speak of such
machines as bipolar dynamos, from the fact that only one
pair of poles is presented to the armature. The broken lines
and arrow-heads in each of the separate cuts represent the
paths of the lines of force which must pass lengthwise
through the coils from the north pole to the south pole. The
black dots indicate a cross-section through the wires which
form the coils.

Field poles are distinguished as follows with respect to
the coils producing them: (@) Salient poles; (4) Con-
sequent poles.

In all cases where a single coil is used, or where, if two
coils are used, they are wound so as to produce unlike poles
at their free ends, the poles are called salient poles. When
two coils are used and wound so as to make their adjacent
poles similar, the resultant poles are called consequent
poles.

Referring to Fig. 45, salient poles exist in fields B, C, G,
J, K, L, M, N, and consequent poles in 4, D, E, F, H, I
The adjacent coils in /I, Fig. 45, have their adjacent poles
at /Vand S similar. Were these poles opposite, the mag-
netic flux would circulate around the magnets without
passing through the armature.

TYPES OF DYNAMOS.

44. Dynamos arc divided into three general types,
depending on the character of their currents. These three
types are:

1. Constant-potential dynamos, in  which the
E.M.F. remains constant and the strength of current (con-
tinuous) changes with the load or external resistance.
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2. Constant-current dynamos, in which the strength
of current (continuous and pulsating) remains constant and
the E. M. F. changes with the load.

3. Alternating-current dynamos, the current from
which alternates or reverses direction with great rapidity
and whose E. M. F.is constant. In ordinary alternating-
current dynamos the reversals average generally either
7,200 or 16,000 per minute.

NotTe.—A dynamo which generates current for power purposes has
been conventionally termed a generator, to distinguish it from a
machine for lighting.

CONSTANT-POTENTIAL DYNAMOS AND GENER-
ATORS.

45. The foregoing articles have demonstrated the prin-
ciple and regulation of constant-potential dynamos, but only
one form has been considered, namely, a dynamo in which a
ring or drum armature is rotated between only one pair of
poles from a U-shaped magnet. Theoretically, however,
constant-potential dynamos can be built with one armature
revolving between any number of pairs of poles, although
in practice eight pairs of poles are seldom exceeded. Ma-
chines having more than
one pair are called mul-
tipolar dynamos.

In multipolar dynamos
the pole-pieces and field
cores are fastened into
one magnetic yoke, more
or less circular in shape,
as shown in Fig. 46, which
represents the magnetic
circuits of a four-pole dy-
namo. A magnetizing coil
is wound upon each field
core, and the four coils
are connected in series in
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such a manner that when a current circulates around the coil,
it produces first a north pole and then a south pole. The lines
of force from each field core divide into two magnetic circuits
in the yoke and armature, as represented in the diagram.
Their density is practically uniform, however, where they
pass from the north pole into the armature core, or from the
armature core into the south pole. In nearly all multipolar
dynamos this same principle of polarity is applied, that is,
every other pole is of like polarity, and lines of force from
each core divide into two magnetic circuits, in the arma-
ture and in the field yoke.

46. The process of generating an E. M. F. is similar
to that in bipolar machines, but there are some points which

should be understood.  Consider first the case of a ring core
with a closed-coil winding as shown in the diagram, Fig. 47.
If the armature is rotated in the direction of the large
arrow, the E. M. F. generated in the conductors in front of
the south poles will tend to act downwards along the face of
the pole, while that generated in front of the north pole will
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tend to act upwards. By tracing out, by aid of the small
arrow-heads on the conductors, the direction in which the
E. M. F. acts, it will be seen that there are four points
where the E. M. F. acts in opposite directions. The action
of the electromotive forces is to meet at ¢’ and ¢’ and to
divide at ¢ and »'. The segments connected to @' and ¢’
have the same potential and form two positize neutral points
of the commutator; the segments connected to ¢ and -
have the same potential and form two neutral points of the
commutator. Hence, four brushes are necessary—two posi-
tive and two negative. The current is obtained from the
armature by connecting the two positive brushes in paral-
lel to one terminal of the external circuit, and the two nega-
tive brushes to the other terminal, as shown in Fig. 48.
The currents from the positive brushes unite to form the
current in the external circuit and di-
vide again between the negative brushes.
The current in the armature is divided
into four circuits in parallel instead of
two, as in bipolar dynamos, and the
maximum E. M. F. that is obtainable
from the brushes is equal to that
generated by the active conductors
in one of the circuits only. For exam-
ple, the difference of potential between the positive and
negative brushes in Fig. 47, when no current is flowing, is
equal tothe E. M. F. generated in one-quarter of the out-
side wires on the core; or, in other words, the total E. M. F.
of the armature is proportional to the number of outside
wires connected in series.

The current in a ring armature wound and connected in
this manner, if placed in a ficld-magnet of six poles, would
divide into six circuits in parallel; if the armature is placed
in a field-magnet of eight poles, the current would divide
into eight circuits in parallel, and so on. An armature
winding of this character is called a parallel, or multiple,
winding, since the current divides into as many circuits
in parallel as there are poles in the field-magnet.

F. IV.—9

F1G. 48.
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47. It is possible, however, to connect and group the
conductors in an armature for a multipolar dynamo so that

F10. 49.

the current divides into two circuits only, making the num-
ber of active conductors in series equal to one-half the total
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number of outside wires on the core. This armature wind-
ing is termed a sertes winding, since one-half of the total
outside wires is the largest possible number that can be
connected in series and produce a continuous current.

There are many different methods of connecting and
winding armatures for generating a continuous current, the
method used depending upon the character of the current
and E. M. F. desired. Drum windings as well as ring
windings are connected in a variety of ways for multipolar
and bipolar dynamos, but the principle of commutation and
generation of E. M. F. does not differ from that previously
described; the E. M. F. is always proportional to the num-
ber of outside or active wires connected in series.

48. The regulation of multipolar dynamos for constant
potential is accomplished by the changing of the strength
of the magnetizing force, as in the bipolar machines. In a
compopnd dynamo the series coils are wound on each field
core and all connected together in parallel or series, which-
ever is more expedient.

19, Types of Multipolar Field-Magnets. —The
various types of multipolar field-magnets are shown in
Fig. 49. Consequent and salient poles are used as in bipo-
lar field-magnets, but the type generally employed has
salient poles alone, as in C and £. A embodies both conse-
quent and salient poles. In 5 the field-magnet is surrounded
by the armature and is known as an internal-pale dynamo.
The field of this dynamo revolves, and the armature is kept
stationary. The armature in all cases is that part of a
dynamo in which the current is generated. Each type of
field-magnet in the above figure has its own special advan-
tages, but all represent good design.

50. Mechanical Construction. — Heretofore, only
the principlesof a dynamo have been considered ; its mechan-
"ical construction in detail depends upon the requirements of
the machine and upon the originality and taste of the
designer. A few general remarks, however, on the con-
struction of the principal parts of the machine are necessary
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to give the student a clear conception of a complete dynamo
ready for operating.

The mechanical construction of a typical bipolar dynamo
is shown in Fig. 50, which is a vertical section taken along
the center of the armature shaft. The parts of the machine
shown in the figure are lettered, and the names of the parts
corresponding to the letters are as follows:

A = Armature core, which may be either punchings from
sheet iron or built up of fine annealed iron wire.

B = Armature spider for connecting core to shaft.

C = Armature spider bolts.

D = Armature key for fastening spider to shaft.

£ = Armature lock-nut.

F = Pole-piece.

G, = Magnetic yoke.

G = Magnetizing or field coil.

1 = Frame.

/, = Commutator bars or segments.

/ = Commutator insulation.

A" = Commutator shell or body, and rings for holding com-
mutator segments in place.

L = Bolt for clamping commutator frame.

M = Armature leads, connecting armature winding to
commutator.

N = Armature dressing or covering.

O = Rocker-arm or brush-holder yoke.

/> = Brush holder.

Q = Insulating bushings.

R = Carbon brushes.

R, = Carbon-brush hammers.

S = Shaft.
IV = Standard. il ca“[;d k
W = Cap for standard. priow-block
X = Pulley.

Y = Key for pulley.
Z = Eye-bolt.
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51. Frame.—The frame is made up of two castings;
the upper one forms the magnetic yoke G, and pole-pieces £,
and is bolted to the lower one A, which forms the baseand is
extended on either side to support the standards V, V. The
pole-pieces are bored out to admit the armature core when
wound ; the standards are bolted to the base casting, and are
so adjusted as to allow the armature core to revolve centrally
between the pole-pieces. The magnetizing or field coils G,
only one of which is shown in this cut, are wound on sepa-
rate bobbins or spools, and one is slipped over each pole-
piece.

52. Armature.—As generally used, the word arma-
ture includes the wound core and commutator mounted on
the shaft ready for operating. In Fig. 50, the armature
spider B is made in two halves; each half is provided with
flanges £, at the ends to hold the disks or sheets of iron A4
in place. The disks are punched in circular rings from thin
sheet iron annealed, and a large number are slipped over
each half of the spider, which is then bolted together by long
spider bolts C as shown. The spider usually has three or
four arms joining the flanges to the hub, the armature con-
ductors on the inside of the ring, in case of ring winding,
being wound between the arms. The hub of the spider is
bored out to slip over a portion of the shaft S; it rests against
a turned shoulder S, and is held in this position by the ar-
mature nut ~Z. The spider and core are made to revolve with
the shaft by the aid of a key or feather J), fitted into the
spider hub and into the shaft. The core and spider are insu-
lated by mica, cloth, paper, etc., 47, and the armature con-
ductors are wound on them in the manner previously
described, with armature leads properly connected to the
winding at suitable places. After the core has been wound
and the leads connected to the commutator, the winding is
sometimes covered or dressed with cloth of suitable texture
to prevent flying particles and dust injuring or short-circuit-
ing the coils. The armature leads should be made of a flex-
ible conductor or cable, insulated from one another with
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cotton or rubber tape; an electrical contact of two leads will
short-circuit and burn out the intervening coil. It is some-
times the practice to use the armature conductors themselves
for leads by looping the conductor and connecting the end
of the loop to the commutator. This is bad practice, how-
ever, and, except for small dynamos, ought not to be fol-
lowed. A large solid copper wire is liable to bccome crys-
tallized by the repeated vibration of the machine, and will
eventually give way.
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general construction. Fig. 51 showstwoenlarged views ¢f a
commutator such as is shown in placein Fig. 50. It will be
noticed that the segments are broader on the outside of the
commutator than near the center, thus providing for an
cqual thickness of insulation between all parts of adjacent
bars. A portion @ of each segment projects above the gen-
eral level of the commutator surface, and is provided with a
slot into which the armature leads are securely fastened by

screws s, s, as shown at /. Sometimes the leads are soldered

to thesegments. The method of clamping and securely hold-
ing the segments is shown in the lower view. The commuta-

tor shell, it will be seen, consists of two rings cc and ¢, ¢,,

clamped together by bolts 4, 4. The notches # in the seg-
ments fit over corresponding projections on the rings, and

as the bolts are tightened the segments are drawn firmly

against the insulation which separates them. The commu-

tator shell is usually made of brass, sometimes of cast iron.

This shell is, of course, thoroughly insulated from the com-

mutator segments. A key is fitted into the commutator

shell and shaft to cause the commutator to turn with the

shaft. The armature leads from the winding are soldered

or screwed to ears or clips extending from cach commutator

bar, as shown by the cross-sectional view.

54. DBrushes and Brush Holders.—In the cut of the
machine in Fig. 50, the brushes shown are made of carbon
and rub against the segments of the commutator radially,
the pressure being regulated by a spring which is attached
to a hammer pressing on top of the carbons. The carbons
slide in slots in the brush holders, fitting snugly, with but
little play or lost motion sideways. Both brush holders are
provided with studs which pass through holes in the rocker
arm, cach stud being insulated from the arm by insulating
bushings, as shown in the cross-sectional view. The rocker
arm is fitted over the journal-box, and can be rocked or
rotated to change the position of the brushes on the commu-
tator as the position of the neutral points changes when the
load is varied.  This action is usually accomplished by a
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handle attached to the rocker arm; and a thumb or set
screw is provided to hold the rocker arm in position when
properly adjusted. The current is taken from the brushes
by a cable or flexible conductor connected to the brush
holder, generally by the use of a small cable clip surround-
ing the stud. Ona large class of dynamos it is customary
to use copper brushes; that is, brushes made either of cop-
per leaves, strips, wires, or gauze. Such brushes are built
in a great variety of ways, and on constant-potential
machines are generally used where the E. M. F. does not
exceed 125 volts.

855. Journals or Bearings.—The armatures of most
dynamos are generally driven at a high speed compared with
the average rotating machinery, and hence it is important
that the journals or bearings should be of the best design
possible. In thedynamo shown in Fig. 50 the bearings are
called self-aligning boxes; that is, the linings are allowed
to find their own alignment with the shaft. This is accom-
plished by turning a spherical surface I, around the center
of the lining, and turning the cap and standard to match, as
shown in the cross-sectional view. The linings / in such
a bearing are usually made of some composition metal, as
bronze or gun-metal, for small machines; on large machines
the linings are made of cast iron covered on the inside with
babbitt metal.

The best practice in lubricating high-speed journals in
dynamos is to make the bearings se/f-oiling or self-lubrica-
ting; that is, to design the bearings with a reservoir of oil
below the journal, using some device to carry the oil from
the reservoirs to the top of the journal, from whence it
flows around the journalsand drops back into the reservoirs
again. This method produces a constant circulation of oil
around the journals and allows the oil to be used over and
over again.

A good method of automatically oiling or lubricating
bearings on journals is shown in the cross-sectional view in
Fig. 50. Two slots are cut across the top of each lining,
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permitting two circular oil-rings U to rest upon the jour-
nals of the shaft; the diameters of the rings are made large
in comparison with the diameter of the shaft, and their
lower parts dip into the reservoirs of oil. When the shaft
is rotated, the friction between it and the inside of the
oil-rings causes the latter to revolve, thus carrying the oil
which adheres to the bottom part of the rings to the top of
the journal, where it finds its way between the linings and
the shaft.

In general, any freely lubricated journals can be usedin
dynamos or generators.

56. Driving Mechanism.—The armatures of nearly
all dynamos are driven in one of the following ways: (1) By
using a flat belt passing over a pulley on the armature shaft.
(2) By using several ropes, side by side, running in a grooved
pulley. (3) By connecting the armature directly to the
crank-shaft or shaft of the driving machine, which, in most
cases, consists of a steam-engine, steam turbine, or water-
wheel. In any of the above methods, the driving mechan-
ism should be amply capable of transmitting the total out-
put of thedynamo with a suitable factor of safety.

FIG. 52.
87. A perspective view of the bipolar dynamo just
described is shown in Fig. 52. In the cut the machine is
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represented as ready for operating, and is mounted upon
sliding rails which are attached to the wooden bed-platc.
Two adjusting screws, one on each side of the machine, are
used to move the dynamo along the rails, thereby loosening
or tightening the belt as the circumstances may require.
The current passes from the brush holders through flexible
copper cables to two terminals fastened to, but insulated
from, the pole-pieces; from the terminals the current passes
through the series winding on the field or magnetizing coils,
and thence to a small connection board on the top of the
pole-pieces. An incandescent lamp is connected between
the main terminals of the connection board, and is used to
indicate when the machineis generating its normal E. M. F.
A lamp used for this purpose is usually called a pilot lamp.

F1G. 63.

58. A multipolar dynamo for developing a constant
potential and ready for operating is shown in Fig. 53. In
this machine the frame is made of two main castings; one
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consisting of the upper magnetic yoke and two pole-pieces,
and the other consisting of the lower magnetic yoke and two
poie-picces, from which project two extensions for support-
ing the piliow-blocks.  The dynamo slides upon a cast-iron
bed-plate, and adjustment is made by a screw, as in the
case of the bipolar dvnamo.

The two dvnamos previously described are illustrations
taken from actual practice, and embody some special fea-
tures which are not found in other machines of the same
character; they were selected, however, on account of their
simplicity, to convey to the student a general idea of how
electrical principles are combined with mechanical construc-
tion.

EFFICIENCY OF CONSTANT-POTENTIAL
DYNAMOS.

89. As previously stated, a dynamo is a machine for
converting or transforming mechanical into electrical
energy. In any transformation of energy, the total amount
of energy is constant; when energy which is manifested in
one form disappears, the same quantity will always appear
again in another form or in several other different forms.
This action is exactly that which takes place in a dynamo.
A certain amount of mechanical energy is delivered to the
armature shaft of the dynamo by a belt or some other trans-
mitting device; a large portion of the energy is converted
into electrical energy in the armature conductors, and is
transmitted to the external circuit, while the rest of the
energy, usually the smaller portion, is converted directly or
indirectly into heat energy in the different parts of the
dynamo itself. The amount of energy delivered to the arma-
ture shaft is always equal to the energy appearing in the
external circuit from the brushes, plus the energy converted
into heat in the dynamo itself.

‘In adynamo the mechanical energy dclivered to the arma-
ture shaft is usually called the input; the electrical energy
appearing in the external circuit from the brushes is called
the output, and the energy converted into heat directly or
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indirectly in the dynamo itself is termed enmergy losses,
or simply losses. This last term is not a strictly true one;
for the energy converted into heat in the dynamo is lost only
in relation to its utility—it can not be utilized to an advan-
tage, and if too intense, endangers the life of the machine.

From what has been stated, it will be scen that the input
of a dynamo is always equal to the owfput at the brushes,
plus the /Josses in the machine itself; or, in other words, the
losses in the dynamo are equal to the difference between the
input and the output. It is assumed in the above statement
that the snput, output, and losses are reduced to the same
units. For example, suppose that 20 horsepower is deliv-
ered to the armature shaft of a dynamo where the output
from the brushes to the external circuit is 13,428 watts.
Reducing the 20 horsepower to watts gives 20 X 746 =
14,920 watts; hence, the losses in the dynamo are equal to the
difference between the input of 14,920 watts and the output
of 13,428 watts, or 14,920 — 13,428 = 1,492 watts.

60. It is more convenient, however, to express the rela-
tion of the input, output, and losscs of a dynamo in per-
centage; that is, the output as well as the losses may be
expressed as a certain per cent. of the input. The relation
of the input to the output of a dynamo, expressed in per-
centage, is termed the efficiency of the machine.

Let 7= the input of a dynamo;
O = the output;
E = the per cent. efficiency.

Then, the per cent. efficiency of a dynamo may be found
by the formula

E= ———IOOIX ° (@)

That is, to find the per cent. efficiency of a dynamo, divide
the output in watts by the input in watts and muliiply by 100.
For instance, in the above example, the efficiency, by
formula 2,
100 X 13,428

E= 11,020~ 90 per cent.
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61. The relation of the input to the heat losses in a
dynamo, expressed in percentage, is termed the per cent.
loss.

Let L = per cent. loss.

Then, the per cent. lossin a dynamo may be found by the
formula
_ 100 (/= 0)
= 7 .

That is, to find the total per cent. loss in a dynamo, drvide
the diffcrence betwoeen the input and the output in watts by
the tnput in watts and multiply by 100.

L (3.)

ExaMPLE.—(a) What is the per cent. efficiency of a dynamo if 10
horsepower is delivered to the armature shaft and the output from the
brushes is equivalent to 6,341 watts? (4) What is the total per cent.
loss in the dynamo when running under these conditions ?

SoLuTioN.—Reducing the input of 10 H. P. gives 10 X 746 = 7,460
watts input. (a) By formula 2, the efficiency

100 X 6,341

E=—"2160

=85 per cent. Ans.

(¢) By formula 3, the total loss

100 (7,460 — 6,341)

L= 5460 =15 per cent. Ans.

The efficiency of a dynamo depends upon its character,
construction, condition when tested, its capacity (or output),
losses, and various other conditions; in fact, two dynamos of
the same construction and capacity seldom show exactly the
same cfficiency. The following list, however, will give the
student a general idea of the approximate per cent. efficien-
cies which should be obtained from constant-potential
machines of different capacities, or outputs, under ordinary
conditions met with in practice:

From %50 to 1,500 watts output inclusive, about 75%
efficiency.

From 3,000 to 5,000 watts output inclusive, about 80%
efficiency.

From 7,500 to 10,000 watts output inclusive, about 85%
efficiency.
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From 15,000 to 100,000 watts output inclusive, about 90%
efficiency.

From 150,000 watts output and upwards, from 91 to 93%
efficiency.

The method of actually testing a dynamo to find its effi-
ciency and losses is beyond the scope of this paper; the
above, however, will serve as a guide to the student when
computing the necessary power required to drive dynamos
of different capacities or outputs.

62. When the output of a dynamo and its corresponding
efficiency are given, the input necessary may be found by
the formula

_ 100 X O
I._—E——.

That is, the input nccessary to drive a dynamo, when its
output and efficiency at that output are given, is obtained by
dividing the output by the per cent. ¢fficiency and multiplying
the quotient by 100.

(4.)

ExaupLE.—The efficiency of a constant-potential dynamo is found
to be 852 when giving an output of 6,341 watts; find the input in
horsepower necessary to drive its armature shaft under these con-
ditions.

100 x 6,341
T8

SoLuTION.—By formula 4, the input necessary / =

7,460 watts. The equivalent of 7,460 watts in horsepower is 1—7%%0=

10 horsepower, which is the power required to drive the armature
shaft of the dynamo under the stated conditions. Ans.

63. When the input of a dynamo and its corresponding
efficiency are given, the output may be found by the formula

JE
O=1s (5

That is, the output of a dynamo, of whick the input and
the efficiency at that input are given, is obtained by mul-
tiplying the input by the per cent. efficiency and dividing
by 100.
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ExXANPLE.—An input of 35 horsepower is delivered to the shaft of
a dynamo; if its efficiency at that input is 89.5%, find its output in
watts.

SoLuTioN.—The equivalent of 35 horsepower is 35 X 746 = 26,110
watts. By formula S, the output of the dynamo under these con-
26,110 X 89.5

— 9 5
100 = 23,368.45 watts. Ans.

ditions, O =

64. The total loss of power in a dynamo can be sepa-
rated into smaller losses, depending upon the manner in
which the loss is produced and the part of the dynamo in
which it occurs. In ordinary cases, all the losses will come
under one of the following heads:

1. Mechanical-friction loss.
2. Core loss.

3. Field loss.

4. Armature loss.

Friction Losses.—The larger part of the loss duec to
mechanical friction takes place between the bearings and
journals. The brushes rubbing on the commutator produce
some friction and consequent loss, but the amount is small,
and in most cases need not be considered. The per cent. of
power lost in mechanical friction necessarily depends upon
the construction and condition of the bearings and journals,
upon the size of the machine, and, to some extent, on the
method of driving the armature shaft. Under ordinary
conditions, the loss in mechanical friction should not exceed
5% of the input of dynamos from 1,500 up to about 10,000
watts output, and 3% of the input of dynamos from 15,000
to 100,000 watts output. For example, suppose that a
dynamo has an cfficiency of 837 at its rated output of
22,000 watts, and a test shows that 2.5% of the input is lost
in mechanical friction.  The total loss in the machine is 100
— 88 = 124, of which 2.54 is lost in friction; the remaining
9.5% loss is due to other causcs. The total input to the
machine, from formula 4, is 22290 % 100 = 25,000 watts;
25,000 X 2.5

100 = 625 watts.

hence, the power lost in friction is
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65. Core Losses.—The core loss is the energy con-
verted into heat in the iron disks of the armature core when
they are ratated in the magnetic field. A small portion of
this loss is due to eddy currents generated in the revolving
core disks, as explained in Art. 163 the larger portion of
the loss is due to a magnetic friction which occurs whenever
the direction of the lines of force is rapidly changed in a
magnetic substance. When the magnetism of an electro-
magnet is rapidly reversed—that is, when the direction of
the lines of force is suddenly changed several times in rapid
succession by reversing the direction of the magnetizing
current—the iron or steel in the core becomes heated, which
necessitates a certain amount of energy being expended.
This effect is due to a kind of internal magnetic friction by
reason of which the rapid changes of magnetism cause the
iron to grow hot. This effect is called hysteresis.

The energy expended by hysteresis is furnished by the
force which causes the change in the magnetism, and in
the case of an electromagnet where the magnetism is
reversed by the magnetizing current being reversed, the
energy is supplied by the magnetizing current.

The same effect is produced when the iron of the arma-
ture core is rapidly rotated in the constant-magnetic field of
the dynamoj this case differs from the electromagnet only
in the fact that the magnetic lines of force remain at rest
and the iron core is made to rotate. Since the core is
rotated from the armature shaft, the energy lost in hysteresis
is furnished by the force which drives the shaft.

The loss of energy due to hysteresis depends (1) upon the
hardness and quality of the magnetic substance in which
the magnetic change takes place, (2) upon the amount of
metal in which the reversal takes place, (3) upon the num-
ber of complete reversals of magnetism per second, and (4)
upon the maximum- density of the lines of force in the
metal. Building the core of iron disks does not affect the
hysteretic loss; it only reduces the eddy currents. Hys-
teretic loss is greatly reduced by using soft annealed iron,
which exhibits only slight traces of residual magnetism;

r.ooIv—in

= -
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for where the residual magnetism is large, the loss due to
hysteresis is large in proportion. The hysteretic loss in-
creases in a certain ratio with the magnetic density and the
number of reversals per second; hence, these quantities are
kept within reasonable limits. In well-designed dynamos
the magnetic density in the armature rarely exceeds 85,000
lines of force per sq. in., and the maximum number of
complete reversals of magnetism in the armature core is
about 133 per second. In bipolar dynamos the number of
complete reversals of magnetism in the armature is equal to
the number of revolutions per second at which the arma-
ture shaft is driven; in multipolar machines the number of
reversals is equal to the number of revolutions of the arma-
ture shaft, multiplied by the number of pairs of poles. For
example, if the armature of a four-pole dynamo is driven at
600 revolutions per minute, or 10 revolutions per second, -
the number of complete reversals of magnetism in the
armature core is 10 X 2 = 20 per second.

In a well-designed dynamo, the core loss, including eddy
currents and hysteresis, should not exceed 2% of its input
when delivering its rated output from the brushes.

66. Field Losses.—In self-exciting dynamos, a portion
of the electrical energy generated in the armature is required
to excite the field-magnets. This energy is considered as
one of the losses of the dynamo, since it does not appear in
the external circuit and it is entirely dissipated in the form
of heat.

In a series-connected dynamo, where the total current
from the armature passes through the magnetizing coils,
the power in watts is equal to the square of the current,
multiplied by the resistance of the series turns, as already
demonstrated in formula 20, Part 1. If, then, C is the
total current from the armature, r is the total resistance of
the series coils, and IV is the watts lost in the series coils,
then, W = C*7». For example, suppose that a series dynamo
generates 200 volts between its terminals when a current of
100 amperes is flowing from its brushes through its series
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coils and through the external circuit. The total output of
the dynamo is, then, 100 X 200 = 20,000 watts. If the total
resistance of the series coils is .1 ohm, then the number of
watts (1) required to excite the ficld-magnets = C?*r =
100® X .1 =100 X 100 X .1 = 1,000 watts.

67. In a shunt dynamo which generates a nearly con-
stant potential for limited strengths of current in the arma-
ture, the field coils, as stated in Art. 36, usually consist of
a large number of turns of fine wire, offering a high resist-
ance compared with the field coils of a series dynamo. The
inside and outside ends of the shunt field coils are connected
to the positive and negative brushes, respectively, of the
dynamo in parallel with the external circuit, thereby allow-
ing the full potential of the dynamo to act against the resist-
ance of the coils. Then, from Ohm'’s law, the current in the
shunt coil is equal to the electromotive force of the brushes,
divided by the resistance of the coils. Let £, represent the
differenceof potential between the brushesofthedynamowhen
running at normal speed and fully excited, let 7, represent
the resistance of the shunt coils, and C, represent the current
in the shunt coils. Then, from Ohm’s law, the current in the

shunt coils is given by the formula C, = % For example,

suppose that a shunt dynamo, when running at a constant
speed, generates a constant difference of potential of 110
volts, and the resistance of the magnetizing coils from the
positive connection to the negative connection is 55 ohms;
or /5, =110 volts and 7,= 55 ohms. Then, the current in
the shunt coils would be given by substituting these values
in the above formula, or C, = £, = -1,12
7, 55
This gives the strength of current in the shunt coils, but
does not indicate the amount of power required to con-
stantly excite the field-magnets. By formula 19, Part 1,
the power in watts, II"'=C/; that is, it is equal to the cur-
rent in amperes flowing through the shunt coils, muitiplied
by the difference of potential in volts between the terminals

= 2 amperes.
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of the shunt coils. We have found in this case that the cur-
rent (=2 amperes and the E. M. F. £ =110 volts; then,
"= 2 x 110 = 220 watts, which represents the power
required to excite the ficld-magnets.

Since the power in watts can be expressed in terms of
resistance and clectromotive force, or resistance and strength
of current, the number of watts dissipated in the shunt coil
is also given by either formula 20 or 21, Part 1.

All other conditions being similar, the same number of
watts will be dissipated in a shunt field coil as in a series
coil, provided an equal amount of magnetizing force is pro-
duced in the two cases.

68. Ina compound-wound dynamo, the field loss con-
sists of two losses, one in the series coil and the other in the
shunt coil. The loss in the series coil depends upon the
strength of current flowing from the dynamo, as in the case
of a simple-series dvnamo, while the loss in the shunt coil is
constant, irrespective of the load on the machine; provided,
of course, the dynamo generates a constant electromotive
force for all loads. This can readily be understood from the
following example: A dynamo is compounded to generate
220 volts between its terminals for all loads up to its rated
capacity; that is, when the current from the armature
becomes stronger and the difference of potential between the
terminals tends to fall, the current in passing through the
series coil strengthens the field-magnets sufficiently to keep
a difference of exactly 220 volts between the terminals of
the dynamo. Assume the resistance of the shunt coil to be
275 ohms and that of the series coil to be .055 ohm. Ata
rated output of 4,400 watts, the current flowing through
the scries coil and into the external circuit is 4% = 20 am-
peres (assuming the connections are made for a skort shunt).

. . o~ E, 220
At all loads the current in the shunt coil is C, = Y Ty =

S ampere, and the loss of power in the shunt coil is 17, =
/5, x C, =220 X .3 = 176 watts; even when the external cir-
cuit is open the loss in the shunt coil remains constant, or
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176 watts in this particular case. The loss in the series coil,
however, varies directly with the square of the current pass-
ing through it. In this example, the loss in the series coil
is "= (C* X r = 20" X .055 = 22 watts; at half load, or
10 amperes, the loss is /=10 X .055 = 5.5 watts, etc.; at
no load there is no current in the series coil, and, conse-
quently, no loss. The total field loss in a compound dynamo
is the sum of the losses in the series and shunt coils. For
instance, in this example, the total field loss at full load is
198 watts; at half load, 181.5 watts,and at no load, 176 watts.

69. The amount of power lost or dissipated in the field
coils of a dynamo depends (1) upon the capacity of the
dynamo, (2) upon its design, and (3) upon the amount of
copper used in the coils. In the last condition it is obvious
that in order to produce a certain number of ampecre-turns,
the current in amperes required could be made exceedingly
small by using a large number of turns of copper wire,
thereby reducing the electrical loss. A limit is reached,
however, where it is not economical from a commercial
standpoint to increase the amount of copper in order to save
in electrical loss.

The per cent. loss in the field coils of dynamos varies
from about 10% of the input to dynamos having an output
of about 1,000 watts to as low as 1.5% to 2% of the input to
dynamos having an output of 100,000 watts and upwards.
For example, suppose that the input to a dynamo from an
engine was 100 horsepower and the loss in the ficld coils
was 2.5%. Under these conditions, how many watts are lost
or dissipated in the field coils? Changing the input from
horsepower to watts gives 100 X 746 = 74,600 watts, since
one horsepower is equivalent to 746 watts. Hence, the
number of watts lost in the field coils is 74,600 X .025 =
1,865 watts.

Z70. Armature Losses.—The principal armature loss
is that produced by the current in flowing against the
internal resistance of the armature, that is, the resistance
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of the armature conductors. The core losses previously
described could also be classed as part of the armature
losses, but it is usual to consider them apart. The arma-
ture loss proper is usually termed the copper, or wire, loss,
since it is due to the resistance of the armature conductors,
which are composed of copper wire or bars. The internal
resistance of an armature is an exceedingly variable quantity,
depending upon the form, construction, size, number of
conductors, size of conductors, etc. In constant-potential
dynamos, generally speaking, the internal resistance of the
armature must necessarily be comparatively small, since it
determines the maximum strength of current that can be
obtained from the dynamo, as will be seen subsequently.
The armature loss depends upon the amount of internal
resistance and upon the strength of current flowing through
the armature conductors. In a given armature the internal
resistance rcmains constant at equal temperatures, while
the strength of current varies with the load upon the
dynamo at that particular moment; in other words, this
loss only occurs when there is a current flowing through the
armature—the stronger the current, the gteater is the loss,
and vice versa.  As previously shown (formula 20, Part 1),
in all cases where an electric current flows against the resist-
ance of a conductor, the loss of power in watts is equal to
the resistance of the conductor in ohms, multiplied by the
square of the current in amperes; hence, in an armature
the number of watts lost in the armature conductors is
equal to the square of the current in amperes flowing
through the armature, multiplied by the internal resistance
in ohms of the armature from the positive to the negative
brush. If C represents the total current in amperes flowing
through the armature and 7, the internal resistance in ohms
from the positive to the negative brush, then ;= C*r,,
where 117 is the number of watts lost in the armature con-
ductors. From this fact, thisarmature loss is also designated
as the C* » Joss. Tor example, suppose that the internal
resistance of an armature from brush to brush is .125 ohm,
and a total current of 40 amperes is flowing through the
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armature. Determine the number of watts lost in the arma-
ture. Using formula 20, Part 1, let € = 40 amperes and
7, = .125 ohm; then, W, = C*r, = 40" X .125 = 200 watts.

The per cent. loss in armatures of constant-potential
dynamos varies from about 124 of the input to dynamos
having a rated capacity of about 1,000 watts to as low
as 1.5% to 24 of the input to dynamos having a rated capacity
of about 100,000 watts and upwards. For example, sinppose
that a dynamo was working under a load which required
50 horsepower to run it, and, at this rating, the armature
loss alone amounted to 3% of the input; determine the num-
ber of watts dissipated or lost in the armature conductors.
Changing the input from horsepower to watts gives 50 X 746 =
37,300 watts, since 746 watts are equal to one horsepower.
The armature C*r loss is, therefore, 3% of the input, or
37,300 X .03 = 1,119 watts.

Z1. Other Losses. — Aside from the four principal
losses mentioned, other small losses occur in some machines
when the armature is revolving. If large conductors are
used in the winding of the armatures, a difference of poten-
tial is sometimes generated between the edges of the con-
ductor in such a manner as to give rise to small eddy or
local currents in the conductors themselves, and which do
not appear in the external circuit and are useless. In some
cases these local currents dissipate considerable energy and
heat the armature badly when the machine is not loaded;
but in a well-designed dynamo they are too small to be con-
sidered. .

In an armature in which the conductors are wound in
slots cut in the core disks, the teeth between the slots have
a tendency to disturb the position of the lines of force where
they enter and leave the polar faces. This movement causes
local or eddy currents to be generated in the pole-pieces,
thereby dissipating a certain amount of energy. These
eddy currents in the pole-pieces arc sometimes termed
Foucault currents, in memory of the man who first
recognized their existence. But, as in the previous case, a
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well-designed dynamo will show but few traces of Foucault
currents. Other local currents may occur in various parts
of some dynamos on account of bad design, but it is only
necessary here to treat specifically upon such losses as are
common to all dynamos and impossible to eliminate.

72. From the four previous articles, the following sum-
mary will be a help to establish the rules of efficiency and
losses:

Input = the power driving the dynamo, which is derived-
from some outside agency.

Output = input minus the total losses.

Total losses = the sum of the friction, core, field, arma-

ture, and other losses.
input minus total losses

Per cent. efficiency = ; X 100
input
utput
or 22PUE o 100.
input
friction losses
Per cent. loss in friction= ——— X 100.
input
core losses
Per cent. loss in core = —-—— X 100.
input
field losses
Per cent. loss in field = —————— X 100.
imput
armature losses
Per cent. loss in armature = — —— X 100.

_m—p ut

- THE OUTPUT OF CONSTANT-POTENTIAL
DYNAMOS.

73. If a dynamo is so constructed as to give a constant
potential at any load, it is evident that the current flowing
is inverscly proportional to the resistance of the external
circuit; that is, if the external resistance is reduced, the
amount of current will be correspondingly increased.
There is a limit, however, to the amount of current that
any given machine can give out, depending on one (or both)
of two factors; namely, the heating and the sparking.
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The heat that is being continually generated in the arma-
ture and field coils of a dynamo when working under load, due
both to the C* 7 Joss and the core loss, is given off from the
surface of the armature and of the whole machine to the sur-
rounding air. This giving off of heat can only occur when
the dynamo is hotter than the air, for if two bodies are
equally hot, one can not give any heat to the other. Con-
versely, the greater the difference in temperature between
two bodies, such as a dynamo armature and the surrounding
‘air, the more heat will be given from the hot body to the
cool.

Z4. When a dynamo is first started, it is at about the
same temperature as the air, so that when the conductors in
the armature begin to generate heat, this heat can not pass off
to the air, but instead it raises the temperature of the arma-
ture, until it is enough hotter than the surrounding air to
cause all the heat which is being generated to be given off.

If the amount of heat generated is practically constant,
as will be the case if the load remains constant, the temper-
ature of the armature will also remain constant, because the
heat is given off as fast as generated; and if the load is
increased so as to increase the amount of heat generated,
the temperature will again rise until the armature is enough
hotter than the air to give off all of this increased amount
of heat.

It is evident, then, that when other conditions remain the
same, the greater the load on a dynamo armature, that is,
the more current it gives, the hotter it will get.

Now, at a certain temperature, the materials used in
insulating the conductors of the armature, such as cotton,
silk, shellac, paper, etc., will become carbonised, that is,
charred, or otherwise rendered useless as insulating mate-
rial. For a short time these materials will withstand a
temperature considerably above the boiling-point of water
(212° F.), but it has been found that if they are continually
subjected to a temperature greater than about 180° F.,
they will gradually become carbonized; hence, as armatures
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are expected to last several years, they should never be sub-
jected to a continual temperature greater than about 170° F.
Consequently, the amount of current which will cause a
dynamo armature to heat to about 170° F. is the limiting
amount which that armature can safely give.

Z5. As an armature must be a certain number of
degrees hotter than the air in order to give off the heat
generated, it is evident that if the air itself were originally
of a high temperature, the armature would actually have a
higher temperature when giving off a certain amount of
heat than if the air were cooler; that is, for a certain
amount of heat generated, the temperature of the arma-
ture will rise to a certain number of degrees abowe the tem-
perature of the air.  The average temperature of the air in
places where dynamos are installed is often as high as 90° F.,
so the allowable rise in temperature of the armature above
that of the air is about 170 — 90 = 80° F.; and dynamos are
usually rated according to this rise in temperature.

As still air is a very poor conductor of heat, most of the
heat given off to it is carried away by the motion of the air;
this motion is partly due to the air-currents set up by the
rise of the heated air and the flowing in of the cooler air to
take its place, but mainly to the air-currents set up by the
motion of the armature itself. This latter effect 1s usually
greater in ring than drum armatures, due to the more open
construction of the former and to the fan action of the
spider arms.

The heat generated in the field coils is disposed of in the
same way as that of the armature; that is, it is given off
to the surrounding air. The rise in temperature of the
ficld coils is subject to the same limitations as the rise of
the armature; i. e., it is usually limited to about 80° F
above the temperature of the air.

76. By the sparking of a dynamo is meant the sparks
which appear at the brushes, due to the reversal of the
current tn the armature coils.  1f the commutator is out of
true, or has one segment higher or lower than the others,
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or from other similar causes, there will be flashes or sparks
at the brushes; but these are merely mechanical faults
which can be easily remedied, and this is not what is meant
by sparking. Referring to Fig. 28, it will be seen that in
the armature coil a’p p’, when in the position shown, the
general direction of the current is from right to left; but as
soon as it moves into the position occupied by coil §aa’,
the general direction of the current is from left to right.
Between these two positions the direction of the current
must have been reversed, and this occurs during the time
that the brush 4 B is resting on 407/ the commutator
segments which are connected to this coil (a’ g ).

Now, it has been shown (Art. 5) that if the amount of
current in a coil is suddenly increased or decreased, the
self-tnduction of the coil tends to set up an E. M. F. in the
coil which gpposes the change in the strength of the current.
Hence, when the current is reversed in the armature coil as
it passes from one side of the brush to the other, the self-
induction of the coil tends to prevent this reversal, so that
when one of the commutator bars to which the coil is con-
nected passes out from under the brush, the current flowing
from the side of the armature into which the coil is entering
(the left side in Fig. 28) in trying to pass through this coil
is opposed by the E. M. F. of self-induction of the coil. In-
stead of passing through the coil, then, the current jumps
from the commutator bar through the air to the end of the
brush, making a spark. The same action takes place at each
point of commutation.

. In order to prevent this sparking, which burns the com-
mutator bars and the brushes, the brushes are shifted for-
wards ahead of the actual neutral point, until at the same
instant that the current in a coil is reversed the coil is mov-
ing in the edge of the magnetic field that spreads out from
the pole-pieces, which generates in the coil an E. M. F. that
is opposite in direction to the E. M. F. of sclf-induction.
The consequence of this is that the E. M. F. of self-induction
is diminished, which decreases the sparking. If the brushes
are shifted to just the right position, the E. M. F. generated
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in the coil by the magnetic field will just equal the E. M. F.
of self-induction, and there will be no opposition to the
reversal of the current; hence, no sparking. This is seldom
actually done, as the E. M. F. of self-induction changes
with every change in the strength of the current; but the
effect of a certain amount of shifting of the brushes will
usually so nearly counterbalance the E. M. F. of self-induc-
tion that the sparking will be slight at different loads.

Z7. It has been shown (Art. 29) that the current in
the armature winding reacts upon the magnetic field, forcing
the actual neutral point ahead (in the direction of rotation).
Now, if the brushes are moved ahead of this neutral point
to avoid sparking, the effect is to move the consequent
poles (due to the current circulating in the armature wind-
ing) also ahead, which shifts the neutral point still farther
ahead, which requires a further slight shifting of the brushes.
As long as the field due to the magnetizing coils is much
stronger than the reactive effect of the armature, this action
is slight, so that only a slight shifting of the brushes is
necessary for practically sparkless operation. As the cur-
rent in the armature increases, its reactive effect grows
stronger, and a movement of the brushes is followed by a
considerable movement of the neutral plane. Indeed, if the
current in the armature is strong enough, the brushes may
be shifted more than half way around the commutator with-
out coming to the sparkless position. There is, therefore, a
limit to the amount of current which can be taken from an
armature (aside from its heating limit), which is reached
when any amount of shifting of the brushes will not afford
sparkless commutation.

This amount of shifting is generally confined to the space
between the tips of the pole-pieces; that is, the brushes may
be shifted until the coil short-circuited by a brush is at or
just under the tip of a pole-piece.

In dynamos of good design the heating limit and spark-
ing limit are reached with about the same current; that is.
a current which will raise the temperature of the armature
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above that of the air by the amount decided upon as a limit
will also necessitate the brushes being shifted to the maxi-
mum allowable extent.

Z8. It is evident that while a brush is resting on two
commutator bars at the same time, the coil connected
between these two bars is short-circuited, the current from
the two sides of the armature passing into the brush, one
half through each of the two commutator bars, without
passing through the short-circuited coil. The resistance
which the current meets in passing from the bars into the
brush is evidently the contact resistance of the surfaces which
are in contact. When the brush rests equally on both com-
mutator bars, the contact resistance opposed to each half of
the current is the same; but as one of the bars moves out
from under the brush and the other moves farther under it,
the contact resistance is altered, and there is more opposition
to the passage of one half the current into the brush than
there is to the other. Now, with mectallic brushes, which
have a very low contact resistance if properly made, this dif-
ference is not enough to give any appreciable opposition to
the current until the commutator bar is actually leaving the
brush; hence, the current is suddenly forced to pass through
the coil which has just been short-circuited. With carbon
brushes the contact resistance is much greater than with
metallic brushes; when the two bars are equally under the
brush, this contact resistance is opposed equally to the cur-
rent from each half of the armature, but as the one commu-
tator bar begins to move from this position, the resistance
opposing the current which is passing from that bar into the
brush is great enough to force a part of the current around
through the short-circuited coil and into the brush through
the ot/ter commutator bar, in spite of the E. M. F. of sclf-
induction of the coil.

From this it follows that with metallic brushes much more
care must-be taken to place the short-circuited coil in a
field which will generate an E. M. I. equal to the E. M. IV
of self-induction, since the absence of sparking depends
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mainly on this point than with carbon brushes, since with
these the absence of sparking depends both on generating
‘an E. M. F. in the coil and on the contact resistance of the
brush. On account of the increased resistance of contact,
carbon brushes require less shifting for variations in load
than do metallic brushes, and are generally used on machines
where the variations in load are so frequent and extensive
that a great deal of time would be spent in shifting the
brushes, if this had to be done for every change in the load.

79. If the brushes are shifted so far forwards that the
E. M. F. generated in the short-circuited coil is greater
than the E. M. F. of self-induction, not only will the latter
be neutralized, but a current will be sent around the coil
through the commutator bars and the brush which short-
circuits the coil. If this current is greater than the current
which one half of the armature is supplying to the exter-
nal circuit, it is evident that when the short-circuited coil
movesover and becomes a part of that half of the arma-
ture, its current will be reduced; this reduction is opposed
by the self-induction of the coil, as before, and sparking
results. Since the circuit of the short-circuited coil is partly
through the brush and its contact with the commutator
bars, it is evident that with metallic brushes of low resist-
ance the liability of the current in this coil becoming exces-
sive is greater than with carbon brushes of (comparatively)
high resistance. For the reason, therefore, that they are of
higher resistance, carbon brushes will spark less than metal-
lic brushes under the same conditions.

The cause and remedy for flashing and sparking at the
brushes, due to mechanical imperfections or-accident, will
be taken up later.
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(PART 3.

CONSTANT-CURRENT DYNAMOS.

1. If an ordinary series-wound dynamo is connected tc
an external circuit whose resistance is variable, both the
current and the E. M. F. will vary.” For example, if the
external resistance is increased, the current will be dimin-
ished; as the machine is series wound, this weakens the
field, which lowers the E. M. F., and still further decreases
the current. If the external resistance is decreased, the
current and E. M. F. will each be increased.

In order to obtain a constant current in a circuit of vari-
able resistance, it is necessary, then, to vary the E. M. F. of
the machine as the resistance changes, and in the same pro-
portion. There are many different devices for accomplish-
ing this, as will be described.

In general, the field-magnets of constant-current dyna-
. mos may be bipolar or multipolar, with salient or conse-
quent poles, according to the ideas of the designer. They
are usually series wound. The armature windings, how-
ever, may be divided into two classes, closed coil and
open colil.

CLOSED-COIL ARMATURES.

2. These have already been described in connection
with constant-potential dynamos. Ring armatures are gen-
erally used in constant-current dynamos, on account of
their good ventilation (see Art. 78, Part2), and from the
ease with which any damaged coil may be repaired since a
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coil can be replaced without disturbing others, which is not
the case in the usual form of drum windings, where the coils
overlap.

3. The methods used to regulate the E. M. F. of closed-
coil armatures are as follows: (1) Varying the speed;
(?) varying the strength of the field; and (3) shifting the
brushes.

The first method is seldom used, though in special cases
it is very convenient. The principle of this method is that
with a simple series-wound dynamo, if the external resist-
ance is increased, decreasing the current and E. M. F.
(Art. 1), the speed may be increased until the E. M. F. rises
to a point where it will force the normal current through
the external circuit; if this adjustment of the speed is made
as rapidly as the external resistance changes, the current
will be maintained at a constant value.

4. The second method has been described in Arts. 40
and 41, Part 2, in connection with series-wound dynamos.
It is evident that this same principle may be applied to con-
stant-current machines, so as to properly vary the E. M. F.
The range of this method of regulation is quite limited,
because the strength of the field can not be economically
forced beyond the point where the iron begins to be
saturated (Art. 38, Part 2), and if it is much reduced, the
armature reaction (which is constant, since the current is
constant) will cause the neutral point to considerably alter
its position.

8. The third method is almost universally used in this
type of machines. Ithas been pointed out (Art. 19, Part 2)
that the greatest difference of potentialin a (bipolar) closed-
coil armature exists between the two opposite coils which
are in the neutral spaces; so, to get this maximum differ-
ence of potential between the brushes, they are placed on
the opposite commutator segments which are connected to
these two coils.  Now, if the brushes are shifted from this
position, although the E. M. F. generated in the armature
is not altered, the differcuce of potential between the brushes
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is reduced; for, although the circuit through the armature
winding is still divided inio two parts connected in parallel
between the brushes, the separate E. M. F.’s of all the coils
in each of the two parts are not all in the same direction.
This may be more plainly seen by examining Fig. 23,
Part 2.

6. If there were no armature reaction, shifting the
brushes to a point half way around the commutator from
the neutral space would reduce the difference of potential
between them to zero, and in positions between these two,
the difference of potential would be proportional to the
amount of shift. Since the coils short-circuited by the
brushes would be moving in strong magnetic fields, there
would also be violent sparking. (See Art. 79, Part 2.)

There is, however, a very considerable armature reaction
in dynamos of this type, which is so proportioned with
r¢spect to the strength of the field that it has two effects.
One is to shift the neutral point so that the difference of
potential between the brushes is not quite proportional to
the amount of shift; but this is of little importance com-
pared to the second effect, which is that the tendency of the
current in the armature winding to form consequent poles
at the points where the current enters or leaves the winding
through the leads to the commutator (Fig. 34, Part 2) actu-
ally forces the lines of force of the ficld away from the arma-
ture at these points, leaving only a weak field to influence
the short-circuited coil. By proper proportioning of the
armature winding, this results in little or no sparking at the
brushes, especially as the amount of current in a constant-
current machine seldom exceeds 10 amperes, which allows of
the use of such a narrow brush that the time during which a
coil is short-circuited is so short that the current in the coil
does not have time to become large enough to cause serious
sparking.

The brushes may be shifted by hand to get the desired
regulation, but as this would require constant attention, it
is usual to shift the brushes automatically, by devices on or

Foolv.—I1i
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near the dynamos. These devices are usually controlled
about as follows: Electromagnets are connected in the
main circuit, and are so adjusted that when any change in
the external resistance causes the current to increase or
decrease from normal, the corresponding movement of the
magnet keeper mechanically connects the rocker-arm of
the dynamo to some sort of driving mechanism, so that the
brushes are properly shifted. When they reach such a point
that the current is again at its normal value, the electro-
magnet (usually called the controlling magnct) disconnects
the rocker-arm from the driving mechanism, and the motion
of the brushes ceases until some- change in the external
circuit calls for a new adjustment.

The mechanical parts of the various brush-shifting devices
are quite different in the different makes of constant-current
machines. In the following description of the principal
features of some of the best known types of closed-coil, con-
stant-current machines, the types of regulating devices used
will be takén up more in detail.

PRINCIPAL CLOSED-COIL CONSTANT-CURRENT
DYNAMOS.

Z. Wood Dynamos.—These machines have bipolar,
consequent-pole, series-wound field-magnets of the type illus-
trated at A, Fig. 45, Part 2, and ring-wound armatures of
quite large diameter.

The regulator on all except the largest size of this dynamo
is such as is shown in Fig. 1 (2) and (4). To reduce the
sparking to a minimum, it has been found desirable to use
two positive brushes a, @,, located a little distance apart on
the commutator, and two negative brushes &, 4,, located
opposite the positive brushes. The brushes are mounted
on opposite ends of the rocker-arms » and 7,, so that simply
shifting these two effects the shifting of the four brushes.
The angle between the rocker-arms 7 and 7, of each pair of
brushes is variable, preserving a distance between the
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bearing ends of the brushes equal to about 3 commutator seg-
ments at light loads (low E. M. F.), and about double this
at heavy loads (high E. M. F.). This variation in distance
is accomplished by shifting the dack brushes a, and b, of each
pair a little faster than the front brushes a and 4 are shifted,

so that the back brush gradually overtakes the front one,

lessening the distance between them, in shifting from the
heavy-load to the light-load position.

The electromagnet ¢ is connected in series with the arma-
ture, field, and external circuit, and furnishes the power for
regulating the current. The cores ¢, ¢ of this electromag-
net are free to move into or out of the coils, the attraction
of the magnet being balanced by a tension spring provided
with an adjustment at &. The lever arm m is raised by
the electromagnet when the current increases, and is low-
ered when the current weakens. A small gear g on the end
of the shaft continuously drives two friction-rollers f,, £, in
opposite directions by means of the gears ¢,, ¢..  The move-
ment of the lever arm ¢ presses the friction-wheel /, by
means of the intermediate links 7, o, against one or other of
the friction-rollers, thereby turning the friction-wheel in a
forward or backward direction. This motion is then com-
municated by means of gearing to the rocker-arms, pro-
ducing the relative movement already referred to.  The two
positive and the two negative brushes are connected by
short, flexible cables, so that the interv'enmg coils on the
armature are short-circuited.  As the distance between the
brushes increases, a further number of coils will be short-
circuited; as these coils lie, however, in the neutral space,
the effect of cutting them out is to neutralize their demag-
netizing action, thereby increasing the E. M. F. of the dy-
namo. Inorder to facilitate adjustment, the brushes are set
to a certain length, the amount of their projection from the
holders being determined by means of a gauge. The regu-
lator is fastenced to one of the yokes y of the field. In the
larger sizes of these machines, the friction-rollers are driven
by a light belt from a small pulley (tn the end of the arma-
ture shaft, but otherwise operate in the same manner as
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that described. These regulators are simple and reliable in
action.

8. Standard Dynamos.—These machines have bipo-
lar, consequent-pole, series-wound field-magnets of the type
illustrated at /77, Fig. 45, Part 2. The armature is of the
ring type, and differs from that of the Wood machine only
in the details of its construction. A single pair of brushes
is used, which is shifted to vary the E. M. F. and to keep
the current constant by a mechanism situated on the base of
the machine. This mechanismisdriven by a light belt from
a small pulley fastened to the end of the armature shaft.

In these machines, the field-magnets themselves act as a
controlling magnet, a short bar of soft iron pivoted in the
center being placed between the tips of the pole-pieces on
one side to act as a keeper. The tendency of this keeper is
to move around until it is in a straight line between the two
pole tips, but it is held at an angle to this position by the
pull of a spring. Attached to this keeper is a lever, which
is also attached to two paw/s, or pointed strips of iron,
hinged at one end and pointing in opposite directions.
These two pawls are kept at a certain distance apart, but
the attachment to the keeper is so arranged that when the
keeper moves away from its normal position against the pull
of its spring, the pawls move so that the points of both are
lowered, and when the spring pulls the keeper away from its
normal position, the points of both the pawls are raised.

These pawls are given a continuous back-and-forth move-
ment by an eccentric driven by the belt from the pulley on
the armature shaft, and between them there is a flat bar,
notched or toothed on the edges, which is attached to the
rocker-arm of the machine.

The method of regulationis, then, as follows: If the resist-
ance of the external circuit decreases, the corresponding
increase in the current strengthens the ficld-magnets, which
causes the keeper to move away from its normal position
against the pull of the spring. This lowers both the pawls,
and the top pawl, which points Zozwards the commutator,
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catches in the teeth on the top edge of the flat bar which is
attached to the rocker-arm, and as the pawl moves back and
forth, the rod is pushed ahead (towards the commutator),
thus shifting the brushes away from the neutral point.
When the reduction in the difference of potential is sufficient
to reduce the current to its normal value, the keeper returns
to its normal position, lifting both pawls, so that neither
catches on the teeth of the flat bar, which therefore becomes
stationary. If the current is reduced below its normal value
by anincrease in the external resistance, the keeper is pulled
away from its normal position by the spring, and the pawls are
lifted stiil farther, until the lower pawl catches on the teeth
on the under side of the flat bar. As this pawl points away
from the commutator, its motion causes it to push the rod
in the same direction, rocking the brushes fowards the neu-
tral point and increasing the difference of potential between
them until the current is again at its normal strength.

9. Western Electric Dynamos. —In the smaller
sizes these machines have bipolar, consequent-pole, series-
wound field-magnets of the type illustrated at /, Fig. 45,
Part 2, with drum-wound armatures; in the larger sizes the
field-magnets are multipolar, with salient poles, and ring-
wound armatures are used.

The machines are regulated to give a constant current by
shifting the brushes, as in those previously described; the
mechanism for shifting the brushes is driven by a belt from
the end of the armature shaft, and controlled by a separate
controlling magnet, as in the Wood dynamo. The control-
ling magnet throws into or out of gear or reverses a fric-
tion-clutch arrangement, which shifts the brushes forwards
or backwards as the load is increased or diminished.

10. Excelsior Dynamos. — These machines have
bipolar, salient-pole, series-wound field-magnets,-and use
ring armatures. The type of field-magnet used is similar to
what the type illustrated at [, Fig. 45, Part 2, would
become if the field cores, yoke, and spools on one side of the
magnet werc removed, leaving the pole-pieces covering
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three faces of the armature. An iron arm projects from
2ach pole-piece, forming the pcle-pieces for a smallarmature,
which is operated as a motor to shift the brushes of the
machine. * This small armature is geared to the rocker-arm,
and the controlling magnet is so arranged that if the cur-
rent in the machine rises above the normal, a portion of the
current is shunted through the armature of this small motor,
which causes it to turn in such a direction that the brushes
are moved away from the neutral point, thus reducing the
current.

At the same time, the motion of the rocker-arm operates
a switch which cuts out some of the turns of the magneti-
zing coils, thus reducing the E. M. F. of the armature. It
will be seen that this method of regulating the difference of
potential between the brushesisa combination of the methods
described in Arts. 4 and 5.

If the current is decreased below the normal strength, the
controlling magnet reverses the current in the armature of
the small motor, so that it runs in the opposite direction and
shifts the brushes towards the neutral point, at the same
time cutting 7z some of the turns of the magnetizing coils,
all of which brings the current back to its normal strength.

11. Ball Dynamos.—These machines are of a very
peculiar construction. The magnetic circuit is represented

in Fig. 2, from which it
—

will be seen that two arma-
mxxrxxx!’ 4
e

N

fg

tures are employed, each
with an independent com-
mutator. The field-mag-
net is arranged with only
one pole-piece for each
armature, as represented;
but as the lines of force must complete their circuit, they
form irregular poles on the opposite side of the armature,
the paths of the lines of force being represented by the
dotted lines in the figure. The armatures are ring wound,
and may each be uscd separately or connected in series.

FiG. 2.
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In the larger machines of this type, the regulation is
obtained by automatically shifting the brushes, the field-
magnets of the machine itself acting as the controlling mag-
net, and also furnishing the necessary power. A circular
opening is made in the magnetic yoke (on each end of the
machine) of such size that the area of the magnetic circuit
at that point is much reduced, which causes a leakage of the
lines of force across the opening. Two iron segments are
supported on a non-magnetic hub in this opening. Now, if
these iron picces were free to move, they would take up such
a position in the opening as to make up as much as possible
for the reduction in the area of the magnetic circuit, and
allow the lines of force to pass directly through them. They
are free to rotate about the hub to which they are attached,
which revolves on ball bearings, but are prevented from
taking up their natural position by a counterweight, which
deflects them more or less, according to the strength of the
field of the machine.

The brush-holder studs are connected directly to this
movable part of the magnetic yoke, so that when the
strength of the field increases, due to an increase in the
current above the normal strength, this movable part is
pulled around against the opposition of its counterweight
until the brushes are shifted to the point where the current
again becomes of normal strength.

OPEN-COIL ARMATURES.

12. Open-coil windings consist of a comparatively small
number of coils, which are connected directly to the exter-
nal circuit (through the commutator) when in the position
where the E. M. F. generated in them is a maximum. (See
Art. 20, Part 2.)

As the coils move away from this position, they are con-
nected in parallel with other coils, and are finally, when near
the position where their E. M. F. is zero, disconnected
entirely from the external circuit. These various connections

.
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are made by the brushes and the commutator, by means
which will be explained in speaking of the principal makes
of machines of this type. The changes in the connections
of the coils and the small number of coils used make the
difference of potential between the brushes fluctuate, so that
the current in the external circuit is pu/sating in character.
In speaking of it as a constant current, it is meant that the
average current strength is constant.

PRINCIPAL OPEN-COIL CONSTANT-CURRENT
DYNAMOS.

13. Brush Dynamos.—These machines use a disk-
shaped ring-wound armature with projections on both sides
of the ring, between which the coils are wound.

The magnetic circuit has four poles, but is really a conse-
quent - pole, bipolar field-
magnet, as will be seen
from Fig. 3, which repre-
sents the field-magnet as
seen from the top. This
type of field-magnet is
what that shown at D,
Fig. 45, Part 2, would be- |7 —
come if that part of each T Ty
pole - piece which covers FIG. 3.
the cylindrical face of the ring were removed.

The armature winding of these machines consists really
of a number of windings, each with a separate commutator.
Each winding consists of four coils, arranged in two sets of
two coils each. The two coils of each set are placed on
opposite sides of the armature core, so that one coil is always
in the same position relative to one pole-piece that the other
coil is to the other pole-piece; this being the case, the
E. M. F.’s generated in the coils arc equal at all parts of
their revolution, and they are permanently connected in
series, so that they really act as one coil. The other set of
coils belonging to the winding is placed on the core in the

)
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same manner, but at right angles to the first set, so that
when the coils of one set are under the center of the pole-
pieces, that is, are in their most active position, the coils of
the other set are in the neutral spaces, that is, in their least
active position.

14. It will be seen that this arrangement of the two
sets of coils corresponds to the arrangement of the two loops
of wire described in Art. 158, Part 2, and illustrated in
Fig. 19, Part 2; the ends of each of the two sets of coils are
connected to two opposite segments of a commutator just
as there described, except that instead of each segment
being a little less than } of the circumference, so that the
brushes leave one pair of segments at the same time that
they begin to bear on the other pair, in the Brush com-
mutator each segment covers a little more than } the cir-
cumference, the segments of one pair being placed alongside
the segments of the other pair, to allow for this extra length.

This is represented in Fig. 4, @ and a' being the two
segments connected to one set of
coils, and 6 and 4’ being the two
that 'are connected to the other
set. It will be seen from this
figure that each of the brushes
(1 and 2) rests on one of the two
opposite segments & and &'; but
as the commutator revolves, each
brush rests on one segment of
cach pair, a' and &' and a and
b, where they overlap. Conse-

l quently, the coils connected to
each pair of segments are con-
Fro. 4. nected in parallel with each other
during a part of each half revolution.

If this form of commutator with overlapping segments be
applied to Fig. 19, Part 2, it will be seen that at the moment
when the two loops of wire are thrown in parallel by each
brush resting on two segments, the E. M. F. in the two

——
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loops is not the same, that of the loop which had just before
alone been connected to the brushes being higher than that
of the other. A little later, at the moment when one of the
loops is disconnected from the circuit by each brush passing
from two segments to a single segment, the coil which is
disconnected has a less E. M. F. than the other.

If the loops had little self-induction, this would result in
the greater E. M. F. of the one loop sending a current
around through the other loop against the E. M. F. gener-
ated in it, which current would not appear in the exter-
nal circuit, and would therefore represent so much wasted
energy.

This local current would evidently be greatest when the
difference between the E. M. F.’sof the two coils is greatest,
that is, at the moment when the two loops are connected in
parallel, and at the moment one of the loops is disconnected
from the brushes. Then, when the one loop i1s disconnected
from the other, this local current would be suddenly broken,
and this would result in sparking.

In the Brush machines, the self-induction of the coils is
considerable, so that when two sets of coils are connected in
parallel, the self-induction of the coil having the lower
E. M. F. preventsA this sudden rush of local current, and
takes up its share of the output of the machine gradually.

At the same time, the parallel connection of the scts of
coils is not broken until the E. M. F. of the sct which is
disconnected is enough lower than that of the other set so
that it is furnishing practically none of the current output;
hence, there is little sparking when it is disconnected.

15. As stated, the Brush armature winding is made
up of two or more separate windings, the action of each
being as already described.

Fig. 5 represents a Brush armature with two separate
windings. In this figure, the pole-pieces are represented by
the heavy dotted lines as they face the sides of the arma-
ture, as shown in Fig. 3. The segments of the two scparate
commutators are, for convenience, represented as concentric,
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with the brushes resting on their edges; whereas, actually,
they lie side by side, forming two separate commutators of
the same diameter, each having four segments, and the
brushes rest on their circumferences.

F16G. 5.

One winding consists of two pairs of coils 4 4’ and B B/,
located at right angles to each other, the coils of each pair
being connected in series, as represented.

This winding is connected to its commutator, coil 4 to
segment a, coil A’ to segment a’, coil B to segment 4, and
coil B' to segment &', as represented. Brushes 7 and 2 rest
on this commutator, making contact on the line of maxi-
mum action x y of the coils. It will be seen that this line
is not from center to center of the pole-pieces, but is moved
ahead (in the direction of rotation, as indicated by the
arrows) from this position by the armature reaction.

The second winding consists of two pairs of coils C C’
and D D', located at right angles to each other and half
way between the coils of the first winding. These coils are
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connected in series and to the segments of the second com-
mutator, coil C to segment ¢, coil C' to segment ¢’, coil D to
segment &, and coil D' to segment &', as represented.
Brushes 3 and 4 rest upon the segments of this commutator
on the same line of maximum action of the coils.

Taking each winding separately, it will be seen that its
two sets of coils pass through the following combinations:
One set of coils only connected to the brushes; then the two
sets, connected in parallel, both connected to the brushes;
then one set only; then both sets in parallel; and so on.

The maximum E. M. F. occurs when the single set of coils
is connected and is directly in the line of maximum action;
the minimum occurs ¢ of a revolution ahead of this point,
when both sets of coils are in parallel and are equally dis-
tant from theline of maximum action. (See Fig. 20, Part 2,
and compare the accompanying text with the above.)

This being the case, it is evident that as the coils of one
winding are half way between the coils of the other, ¢/4e
maximum E. M. F. of one winding occurs at the same instant
as docs the minimum E. M. F. of the other. On account of
this, when the two windings are connected in series, the
fluctuations of the current are much reduced.

This connection of the two windings is obtained by con-
necting the positive brush (2. Fig. 5) of one winding with
the negative (3, Fig. 5) of the other, the external circuit
being connected between the two remaining brushes (/ and
4, Fig. 5).

In the large sizes of these machines, three and even four
separate windings are used, each with its commutator, and
all connected in series. In the larger multipolar machines,
each winding consists of two sets of coils, each set contain-
ing four coils, one for each pole-piece. The action is pre-
cisely the same as in the bipolar machine.

16. The regulation of the Brush machines is nearly
automatic; that is, a machince will give nearly a constant
current without any regulation whatever. This is due to
the fact that the armature reaction increases so much with
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any increase in the current that the line of maximum action
is shifted farther ahead, which changes the relations of the
various coils at the time when they are connected with, or
disconnected froin, each other or the external circuit.

This regulation is, however, not close enough for com-
mercial working; so in addition, a resistance is placed in
shunt to the magnetizing coils, which is varied by a con-
trolling magnet in the main circuit, thus making the regula-
tion very exact. (See Art. 41, Part 2, and Fig. 43, Part 2.)

This resistance consists of a series of blocks of carbon—a
material which has the property of lessening its resistance
if subjected to pressure. In this case the pressure is obtained
by the pull of the controlling magnet on its keeper, which
forms the end of a lever that presses upon the carbon blocks.
If the current in the external circuit increases, due to a
lessening of the external resistance, the controlling magnet
pulls on its keeper with greater force, thus increasing the
pressure on the carbons, decreasing their resistance, and
weakening the strength of the field-magnets, which reduces
the E. M. F. of the armature coils until the current is again
at its normal strength.

The shifting of the point of maximum action, due to the
weakening of the field at light loads, causes a certain amount
of sparking, which is remedied by slightly shifting the
brushes. In the multipolar machines, this shifting is per-
formed automatically by mechanism driven by a belt from a
small pulley on the end of the armature shaft, and controlled
by the controlling magnet, as in the closed-coil dynamos
described.

17. Westinghouse Dynamos. — These machines,
which are comparatively new, use a multipolar field-magnet
with six salient poles, of the type illustrated at C, Fig. 49,
Part 2. Thearmature coils are wound around eight project-
ing teeth on the armature core, there being, therefore, eight
armature coils. With eight coils and six poles, it is evident
that only two coils can be directly under any two pole-pieces
at thesame instant. This armature winding, as in the Brush
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machine, is divided into two separate windings, each con-
sisting of two pairs of opposite coils, and each connected to
a separate commutator. The combination of connections
of the various sets of coils is similar to that of the Brush
machine; that is, the set of coils in the position of least
action is disconnected entirely from the circuit, those near
the position of maximum action are connected in parallel,
and in series (by external connection of the brushes) with
that set which is actually in the position of maximum action.

In this machine, a coil is in the position of least action
when the projection on which it is wound is directly under a
pole-piece, for when in this position all the lines of force
from the pole-piece pass directly through the ‘center of the
coil, which therefore cuts none of the lines of force. As
soon as the coil moves from this position, one side begins to
cut the lines of force of the pole-piece it.is moving away
from; as it moves still farther, the ot/er side of the coil
begins to cut the lines of force of -the pole-piece fowards
which it is moving, so that when half way between the two,
both sides of the coil are cutting lines of force equally and
at the maximum rate, and this is, therefore, the position of
maximum action.

18. A diagram showing the connections of the armature
winding to the commutator of the Westinghouse machine is
given in Fig. 6. As in Fig. 5, the two commutators are
represented as concentric, though they are actually side by
side on the shaft, and, as in the Brush machine, are situated
on the end of the shaft outside one of the bearings, the leads
to the commutator being brought out through a hole in the
shaft, instead of being connected directly, as represented in
the diagram.

The two pairs of coils 4 and A’ and B and 5’ make up
one winding, and are connected to one commutator, as rep-
resented. The two opposite coils 4 and A’ and B and B’
are connected in series by connections across the back of
the armature core (not shown in the diagram).

The other winding is made up of the two pairs of coils
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C and C' and D and I, the coils of each pair being con-
nected in series, as before.

It will be seen that each commutator is made up of twelve
segments separated by a considerable width of insulating
material (indicated by the solid-black parts). These twelve
segments are connected together by cross-connecting wires
in three sets (one for each pair of poles), of four segments
each (one for each coil of the windings).

Instead of the segments overlapping as they do in the
Brush machine, each brush is divided into two parts, which
rest on the commutator at a distance apart equal to the
length of one segment, as represented at 1 I' or 2 2

Applying the statement made in Art. 17 to Fig. 6, it
will be seen that coils .1 and A4’ are in the position of least

|~ |

{T’I
Fi1G. 6.

action, and are disconnected from the external circuit. The
other set of coils of this winding, 5 and /', is, however, in
the position of maximum action, and is connected to the
circuit through brushes 7 and 1’ and 2 and 2', which rest on
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segments & and &', respectively. Of the second winding,
each set of coils C and ' and D and /)" is equally distant
from the position of maximum action, and these two sets
are therefore connected in parallel with each other through
brushes 4 and 4/, which rest on segments ¢ and d, and brushes
& and &', which rest on segments ¢’ and &’, and are connected
in series with the set of coils B and 5’ by the external
connection between the two sets of brushes 2 and 2' and
3 and 3.

To follow out the changes in the connections of the coils,
consider that the armature is moving in the direction
indicated by the arrow.

As coils 5 and /' move away from their position of maxi-
mum action, brushes 7’ and £’ are disconnected from seg-
ments & and #’, and as the armature moves, finally come
into contact with segments @ and a’, thus throwing the two
sets of coils A and ' and 5 and /' in parallel. At the
same time, brushes 4 and 3 being disconnected by the ‘insu-
lating segment from segments ¢ and ¢/, coils D and 2 only
of the second winding are connected to the circuit through
brush 4’ and in series with the coils of the other winding
(now connected in parallel) through brush 3’ and its con-
nection with brushes 2 and 2, coils ¢ and (' being entirely
disconnected.

It will be seen that these successive combinations of coils
are precisely the same as take place in the Brush machine,
except that each combination takes place six times in each
revolution, instead of twice, which is due to the multipolar
field. The regulation of this machine is entirely automatic.
The field-magnets are scparately excited, the current being
furnished by a separate constant-potential dynamo, which
gives a constant magnctizing force; but the strength and
distribution of the resulting ficld are dependent on the arma-
ture reaction, which is so proportioned that any excess of
current over the normal so reduces and distorts the field that
the E. M. T. generated in a winding during the time that
it is connected to the brushes is reduced until the current is
again at its normal strength.

F.oIV.—-12
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19. Thomson-Houston Dynamos.—These machines
have bipolar, series-wound, salient-pole field-magnets, of the
type illustrated at X Fig. 45, Part 2. The completed arma-
ture is very nearly spherical in shape, and the pole-pieces
are bored out accordingly, so that they almost entirely
enclose the armature.

In the older machines, the armature is drum-wound,
although the core is a ring, but in the newer machines, a
ring winding is used; in either case, three separate coils, or
sets of coils, make up the winding. One end of each of
these coils (or sets of coils) is connected to a commutator
segment, all the other ends being joined together.

The commutator has three segments, each covering nearly
% of the circumference, the balance being made up by the
air-spaces which separate the segments.

Two positive and two negative brushes are used, those of
each pairresting on the commutator at two points at a dis-
tance apart equal to one-half a commutator segment, that
is, nearly } the circumference, when the machine is giving
its greatest E. M. F.

20. A diagram of the connections, etc., of the drum-
wound armature is shown in Fig. 7. A4 A’, B B, and CC"'

v

Fi1G. 7.

are the three coils, wound on the core § of the cireumference
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apart. One end of cach of the coils is joined to a metal
ring (not represented in the figure) on the back of the arma-
ture, which forms a common connection for the three. The
other ends are joined to the commutator segments, that of
A A' to segment a, that of B 5’ to segment 4, and that of
C C' to segment ¢, as represented; 7 and 2 are the nega-
tive, and 3 and 4 the positive, brushes. . Brushes 2 and 4 are
usually called the przmary brushes and 1 and 3 the secondary
brushes, to distinguish them.

From the diagram (Fig. 7) it will be seen that coil A A’,
though half way between the pole-pieces, is partly active,
since the neutral line is shifted forwards by armature reac-
tion, as indicated by the line x y. This coil A A'is con-
nected in parallel with coil 7 /' by the two positive brushes,
and the two are in series with coil € C'. If the armature
be considered as moving in the direction indicated by the
arrow, it will be seen that as coil -1 A’ gets to the position
of least action, it is disconnected from the circuit by seg
ment e passing out from under brush 3, leaving coil 5 5’
and coil € ("' in series. However, as the distance between
brush 3 and brush 2 is only slightly greater than the span of
one segment, coil A 1" is almost immediately connected in
parallel with coil C.C’, as segment a passes under brush 2,
making the following combination: Coil Z B’ in series with
coils 4 1"and C C’ in parallel.

As the rotation of the armature continues, coil C C'is
disconnected from the negative brush 7 and connected to
the positive brush j, being thus thrown in parallel with coil
B I, the two being then in series with coil o /1.

Completing the half revolution, coil /5 /" is disconnected
from the positive brush 3, and is joined in parallel with coil
A ' by the two negative brushes 1 and 2, leaving coil
C (' connected to the positive brushes.

Further rotation of the armature repeats this series of
connections; that is, during every half revolution, one of
the coils (.1 1" in the preceding paragraphs) is first in par-
allel with the coil bekind it, then momentarily disconnected
from the circuit, then connected in parallel with the coil



22 DYNAMOS AND MOTORS. § 30

akead of it, then connected in series with the other two,
which are then in parallel.

From the diagram (Fig. 7) it will be seen that when a coil
is disconnected from one set of brushes, it is very nearly in
the position of least action, and the coil with which it was
just before connected in parallel has the higher E. M. F. of
the two. As explained in Art. 14, the self-induction of
the coil prevents the higher E. M. F. of the other sending
a current through it in opposition to its own E. M. F. at
the time when they are connected in parallel; in fact, when
the coil is disconnected from its mate, it is still supplying
some of the current, so that there is a spark at the brushes.

21. Theregulation of this machine is effected by vary-
ing the distance between the two brushes of each set, the
primary brush being moved back and the secondary ahead.
This movement of the brushes decreases the distance
between the primary brush of one set and the secondary of
the other. Now, as when in the position shown in the figure
(Fig. 7), this distance is only slightly greater than the span
of one commutator segment, it is evident that lessening this
distance will allow of one segment being under dot/4 one of
the positive and one of the negative brushes during a part
of a revolution, which skort-circuits the armature, reducing
the difference of potential between the brushes (momen-
tarily) to zero.

As the field-magnets are in series with the armature, their
great self-induction prevents the strength of the current
from falling to zero, its fluctuations being comparatively
small. At the same time, the self-induction of the armature
coils preventsany excessive flow of current from one to the
other through this short circuit; for, there being two places
where the short circuit occurs, i. e., between brushes 7 and 4
and 2 and 3, and there being three commutator segments,
it is evident that six short circuits occur during every revo-
lution, and if the armature is revolving at 850 revolutions
per minute, there are 6 X 850 = 5,100 short circuits every
minute, so that each lasts only an extremely short time.
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As the distance between the brushes of a set is increased,
each short circuit is kept up for a slightly longer time. It
will be seen that this momentary reduction of the difference
of potential between the brushes to zero reduces its effect
in sending a current through the circuit, although its maxi-
mum value is not much reduced; so that by shifting the
brushes at the proper time, the current in the external cir-
cuit can be kept at a constant strength, in spite of variations
in the external resistance.

This shifting of the brushes is done automatically by the
following apparatus: The primary and secondary brushes
are mounted on separate rocker-arms, which are connected
together by a system of levers, so that when the primary
brushes are shifted back, the secondary are moved ahead.
The amount of movement of the secondary brushes is very’
little, being for the purpose of following the line of maxi-
mum action, which moves ahead slightly at light loads (low
E. M. F.). A large magnet attached to the frame of the
machine has attached to its keeper a lever, which is con-
nected to the rocker-arm that carries the primary brushes,
so that when the keeper of the magnet is pulled up, the
primary brushes are shifted back and the secondary ahead,
thus reducing the effective difference of potential between
the brushes, as explained. The current for operating this
regulating magnet is supplied by the main current, but it is
not continually in circuit, being cut in or out, as occasion
requires, by a controlling magnet, which is placed on the
wall of the room at some convenient place.

22. Fig. 8is a diagram of the connections used in this
apparatus. R represents the regulating magnet and A its
keeper, which is connected to the rocker-arms by a lever
(not shown), as described. C, C represent the coils of the
controlling magnet, which are stationary, and D, D rep-
resent the cores of this magnet, which are movable.
Their weight is partly counterbalanced by the spring s,
the tension of which is adjusted by means of the nuts at .V,
Attached to these cores is a contact point, which touches a
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stationary contact piece at B. The connections being as
represented, + being the positive terminal of the dynamo, it
is evident that when the two contact points at B are touch-
ing, the regulating magnet R is short-circuited, the current
flowing from + to p*, thence to P, thence through the con-
tact points at B to £, thence through coils C, C to P?, and out
to the line. Now, if this current exceeds a certain strength,
the pull of the coils C, C on the cores D, D becomes sufficient
to raise them, breaking the contact at B. This forces the
current around from P* through the regulating magnet R
to P, thence to P', where it passes out to the line as before.
The regulating magnet then attracts and pulls up its
" keeper K, which in moving shifts the brushes and reduces
the current as described.
When the current is reduced to its normal value, the cores
of the controlling magnet descend, and contact is made at 5,
; which short-circuits the
regulating magnet, and
allows its keeper to
drop. This shifts the
brushes again so as to
increase the current.
This action is kept up,
so that the cores of the
controlling magnet and
the brushes of the
machine are continually
in slight motion. In
FIG. 8. order to prevent the self-
induction of the regulating magnet causing a serious spark
at /7 when the contact is broken, a shunt of high resistance
is permanently connected around the break at B, as rep-
resented at . This self-induction is produced in the reg-
ulating magnet R whenever the circuit is opened at 5, for
this suddenly diverts the main current through the regu-
lating magnet, whose momentary self-induction opposes the
current, forcing it along by way of #*, ?, and the resist-
ance 7 to the line. If the resistance were not there, the
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current would cross the air-gap at B, making a destructive
spark.

The space betwegn the ends of the commutator segments
being small, some device is necessary to prevent the spark
which occurs when a segment passes from under one of the
secondary brushes from continuing to pass from segment to
segment, for that would permanently short-circuit the
machine. This device consists of a small rotary blower,
which is situated between the commutator and the bearing.
This blower is so arranged as to deliver a puff of air right
at the end of the secondary brushes at the moment that the
spark occurs, so that it is immediately broken and does no
damage.

The adjustment of the commutator, brushes, air-blast,
etc., of this machine requires considerable attention in
order that the machine should run well. The manufactur-
ers supply printed matter with each machine, giving full
particulars of these operations, hence they need not be taken
up here.

THE OUTPUT OF CONSTANT-CURRENT
DYNAMOS.

23. From the nature of the output, the heat losses in
constant-current dynamos are practically constant at all
loads. In some of the open-coil machines, the local currents
which circulate in the coils may be of greater strength than
the current in the external circuit, at light loads, so that
the heating of the armature may be even greater at light
loads than at full load. It is evident, however, that the
heating is not the factor which limits the load, nor is
the sparking, since the machine must be so designed that
the sparking is the same at all loads. The factor of the load
which varies is the E. M. F., so that when this has reached
its highest value, any further increase in the external resist-
ance can only reduce the current, since the E. M. F. can
not increase farther. The maximum E. M. F. which the
machine can give is then the limit of its output.
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Constant-current machines may be rated according to their
output, expressed in kilowatts (1 kilowatt being one thousand
watts), as are constant-potential machines; but as they are
almost invariably used for operating arc lamps, they are
wsually rated according to the maximum number of lamps
for which they can supply current. The strength of the
current most used is from 9.3 to 10 amperes, 9.6 being the
standard adopted by many manufacturers.  With this cur-
rent, each are lamp requires from 435 to 50 volts.  All lamps
being connected inseries, this makes the maximum E. M. F.
of, for example, an S0-light dynamo 80 X 50 = 4,000 volts.
Machines are built of 130 lights capacity, but the sizes
most generally used have a capacity of from 50 to 80 lights.

Almost all the regulating devices used are practically
independent of the speed, so that they will maintain the
current constant when the speed varies somewhat, if the
variations are not too sudden.  Any reduction in the speed,
however, reduces the maximum E. M. F. and output which
can be obtatned, and, conversely, an increase in the speed
will increase the possible output.

ALTERNATING-CURRENT DYNAMOS.

DEFINITIONS.

24. The detinition of an alternating current is given in
Art. 13, Part 20 In speaking of alternating currents, each
reversal of the current, that is, each increase of the current
from zero to its maxtmum, and the decrease to zero again,
is called an alternation.  In the case of a simple loop of
wire rotating in a magnetic ficld, the current in the loop
goes through one aleernatien in each half revolution; in a
complete revolution, it passes through two alternations—one
in one direction and one in the contrary.

If the rotation is continued, this process is repeated for
every revolution, so that an alternating current is made up
of a number of repetitions of a pair of opposite alternations.
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This pair of alternations is called a cycle. The number of
cycles which occurs in a given time (usually one second) is
called the frequency, so that if the simple loop referred to
above is rotated at the rate of 60 revolutions per second, the
frequency of the alternating current generated would be
said to be 60, that is, GO cycles per second.

In treating of alternating currents, the graphical method
of representing the value of the E. M. F., or current,
explained in Arts. 12 and 13, Part 2, is much used. Itis
only necessary to represent one cycle, since under similar
conditions they are all’alike, and for convenience, the length
of one cycle is taken to represent 360°, whatever may be the
length of time required to complete it. . Different parts of
the curve may then be said to be so many degrees apart;
for example, if the base line /1 % in Fig. 14, Part 2, is taken
as 360°, each division will then represent 30°, since there are
twelve divisions, and any two succeeding zero-points, as
A and Cor C and £, will be 180° apart, or a zero-point and
a maximum point, as A and /55, are 90° apart.

Further, any point on the curve may be said to be so many
degrees ahead or behind some other point. For example,
in this same figure, point C is 180° de/iind point /1, because
point C represents a later period of time than does point A,
and is 180° akead of point £, because it represents an earlier
period of time.

ALTERNATORS.

25. The current in the separate conductors of a direct-
current armature is naturally alternating; for when the
conductors pass over from one pole-piece to another, the
direction of the current in them is reversed. It is often
necessary to use alternating currents in the external cir-
cuit, and when this is the case, there is substituted for the
commutator which is used for the purpose of changing the
alternating current of the armature conductors to a direct
current for the external circuit, a pair of collector rings,
which make continuous contact between the ends of the
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armature winding and the brushes connected to the external
circuit.  (See Fig. 33, Part 2.)

The principle of the winding of alternating-current dyna-
mos (commoanly called alternators) is the same as that of
direct-current machines, and either a ring or a drum wind-
ing may be used: but in order to get the best results, it is
necessary to use a ditferent method of connecting and loca-
ting the coils of the winding.

It a single coil of wire is wound on a ring core, and the
cure is rotated in a magnetic field, it is evident that if the
cuil oecupies a space on the core gredter than the width of
the neutral space (see
Art. 21, Part 2), there
will be two points in each
revolution where a part of
the coil is under cac/ pole-
piece, as represented in
Fig. 9. Under these cir-
cumstances, the E. M. F.
generated in that part of
the coil under one pole-

Feos piece is opposite in direc-
tion to that generated in the part under the other pole, as
represented by the arrow-heads, so that they neutralize, or
partly neuatralize, cach other, until the coil has moved
entirely out from under one pole-piece.

In order to prevent this opposition of the E. M. F.'s gen-
erated, it s necessary to make the coil no wider than the
neutral space. Now, if the pole-pieces cover a large part of
the surface of the armature, as is the case in the direct-
current machines described, the coil must be very narrow,
so that only a small part of the surface of the core is utilized.
To remedy this, the pole-pieces of alternators are made
narrow, usually so that the width of the neutral spaces is
equal to the width of the ficlds. A coil may then be wound
on the core equal in width to the width of the neutral space
(or of the field, since these are equal), and there will be no
opposition of the E. M. F.'s when the armature is rotated.
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As the armature is rotated, the coil enters and leaves the
field gradually; that is, first one conductor moves into the
field and becomes active, then the next, then the next,
and so on until the entire coil is in the field, when it moves
out in the same manner. On this account, although the
field is practically of uniform strength, the zota/ E. M. F. of
the coil rises gradually from zero, when it is wholly in a
neutral space, to a maximum when it is wholly in one field,
then falls gradually to zero again when in the other neutral
space. Thus, the graphical representation of the values of
the E. M. F. of such a coil at any instant would correspond
with those given for the single loop in Art. 12, Part 2.

26. If only a single coil is wound on the core, and its
width is confined to that of the neutral space, only a small
part of the surface of the core will be covered; but it is evi-
dent that another coil of equal width may also be wound on
the core, directly opposite to the first.

This second coil will then enter or leave one field at the
same time that the first is entering or leaving the other field,
and with the same velocity, so that if the number of turns
in the two coils is the same, they will have equal E. M. F.’s
generated in them at any instant.

This being the case, the two coils can be connected in
series, so that their E. M. F.’s will add together. Fig. 10
represents a ring-wound ar-

. o
mature rotating in a bipolar
field, with two opposite coils, ) s
each equal in width to the -
width of the neutral space, § Y = 1|N
which is equal in width to : X
the field. These two coils % "B

are connected in series, and
to the two rings of a collect-
or (shown for convenience FiG. 10.
as being concentric) on which bear two brushes 7 and /77,
between which an external circuit may be connected.
In this case, as in the simple loop, the E. M. F. (and the
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resulting current) passes through one complete cycle during
each revolution, so that the frequency is equal to the num-
ber of revolutions per second. The frequency of the alter-
nating currents used for lighting is usually 125, although,
recently, lower frequencies, down to about 60, have been
adopted. Itisevident that it would be very difficult to run
an armature in a bipolar field at a number of revolutions per
second equal to even the lower of the above frequencies,
and for this reason it has been necessary to use multipolar
fields for alternators.

With a multipolar field, the widths of the neutral spaces
and of the fields are about equal in the best machines, and a
number of coils, each equal in width to the width of a neutral
space, is wound on the core, the number of coils being made
equal to the number of poles, and arranged, as in the bipolar
machine described, so that each coil is in the same part of a
field or neutral space at the same instant.

It is evident that the E. M. F. of each coil passes through
one complete cycle during the time that it is passing
under two successive poles. This being the case, the
frequency is then equal to the revolutions per second mul-
tiplied by the number of pairs of poles.

For example, in a ten-pole machine running at 1,500 rev-
olutions per minute, the frequency is

1,500 _ 10
60 X r) = 125.

27. For these multipolar machines, ring windings are
seldom used in this country. One of the commonest types
of alternators is shown in Fig. 11. This machinc is pro-
vided with eight radial poles and eight coils on thc armature,
giving a style of winding in common use for machines used
on lighting circuits. In Fig. 11, the coils C are shown bed-
ded in the slots p on the periphery of the iron core £; which
is built up of thin iron stampings. These coils are heavily
taped and insulated and are secured in placc by hardwood
wedges <. This makes a style of armature not easily
injured, and the use of the dovetailed slots and wooden
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wedges does away with the necessity of band wires. It is
necessary that the space between the two halves of auy one
coil be made about equal to the width of the field, as repre-
sented in Fig. 11; for, if this were not the case, a part of

Fic. 11,

each of the two halves would be in the same field at the same
time, which would cause the E. M. F.’s generated to oppose
each other.

28. Alternators are generally required to furnish a high
voltage, and, in consequence, the armature coils are usually
connected in series. Care must be taken, in connecting up
such windings, to see that the coils are so connected that
the E. M. F.’s do not oppose one another. By laying out
a diagram of the winding, the manner in which the coils
must be connected will be easily seen. This has been done
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in Fig. 12, which shows diagrammatically the winding of
the armature in Fig. 11. The coils are represented by the
heavy sector-shaped figures, and the connections between

Fi1G. 12.

them by the lighter lines. The circles in the center repre-
sent the collector rings of the machine, and the radial lines
that part of the coil which lies in the slot, that is, the part
in which the E. M. F.is generated. The circular arcs join-
ing the ends of the radial lines represent the ends of the
coils which project beyond the laminated armature core.
The drawing is made to show the coils at the instant the
conductors in the slots are opposite the centers of the pole-
pieces. At this instant, the E. M. F. will be assumed to be
at its maximum value, and we will suppose that the direction
of rotation is such that the conductors under the north
poles have their E. M. F.’s directed from the back of the
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armature towards the front. These E. M. F.’s will be denoted
by an arrow-head pointing towards the center of the circle,
since the inner end of the radial lines represents the front or
collector-ring end of the armature. The E. M. F.’sin the
conductors under the south poles must be in the opposite
direction, or pointing away from the center. After having
marked the direction of these E. M. F.’s, it only remains to
connect the coils up so that the current will flow in accord-
ance with the arrows. Starting from the collector ring R
and passing through the coils in the direction of the arrows,
it is seen that the connections of every other coil must be
reversed; i. e, if 1, 1, 2, 2', etc., represent the terminals of
the coils, 1’ and 2’ must be connected together, also 2 and 3,
and soon. The end & is connected to the other collector
ring, and the winding thus completed. The connections of
such a winding are quite simple; but if not connected with
regard to the direction of the E. M. F.’s, as shown above,
the armature will fail to work properly. For example, if 1’
were connected to 2, 2' to 3, and so on around the armature,
the even-numbered coils would exactly counterbalance the
odd-numbered ones, and no voltage would be obtained
between the collector rings. Of course, in this case, all the
coils are supposed to be wound in the same direction, as is
nearly always done in practice. The connections in the dia-
gram, Fig. 12, are shown between the coils in Fig. 11. It
should be noted that this constitutes an open-circuit wind-
ing; that is, the winding is not closed on itself, like that of a
continuous-current drum or ring armature. A large num-
ber of alternator windings are of the open-circuit type,
which is better adapted for the production of high voltages,
because it admits of a larger number of turns being con-
nected up in series.

29. Alternators are usually constructed to give a con-
stant potential, and are generally compound wound for this
purpose; but instead of a shunt winding, separate excita-
tion is almost invariably used, a small constant-potential
direct-current dynamo furnishing the necessary current.
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This small dynamo is sometimes coupled directly to the end
of the shaft of the alternator, but more usually belted toa
pulley on that shaft.

The series coils of the field-magnets are excited by the
main current of the alternator, just as in direct-current
machines. As the alternating current could not be used
directly for this purpose, a commutator is used, which
changes the alternating current into a direct but pulsa-
ting current, in which form it is used to excite the series
coils. .

This commutator has as many segments as there are
poles, but alternate segments are connected together,
making practically a two-part commutator.

Two brushes rest upon this commutator at opposite points,
and are so adjusted that they rest on two adjacent seg-
ments only at the moment that the E. M. F. of the arma-
ture winding is zero, so that the alternating current is
changed toa pulsating current, just as described in Art. 14,
Part 2.

30. If the series coils alone were connected between
these brushes, their self-induction would oppose both the
rise and fall of the current, and would therefore cause
sparking at the commutator; hence, a resistance coil, so
wound as to have very little self-induction, is connected
in parallel with the series coil, which so acts as to steady
the current through the series coils and prevent the
sparking at the commutator, in addition to providing a
means for varying the degree of compounding of the
series field. In some machines, a revolving shunt is con-
nected across the terminals of the rectifier, thus cutting
down the current to be rectified and thereby decreasing
sparking.

This circuit through the series coils being in series with
the armature winding, it forms a loop in that winding, and
may be connected in at any convenient place; a point in the
winding about half way between the ends which are con-
nected to the collector rings is usually taken.
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This is represented in Fig. 13, which is a diagram repre-
senting a 10-pole alternator, with a drum-wound armature
of 10 coils, all connected in series. The beginning of coil 1
and that of coil 70 are both connected to one of the col-
lector rings R, R, on which bear the brushes B and B,,
which are connected to the line terminals 7 and 7, as rep-
resented. Coil 5 is not connected directly to’coil 6, but its

Fic. 18.

end is carried to one of the sections n, #, n, n, n of the
commutator, these sections being all connected together as
represented.

The end of coil 6 is connected to one of the rest of the
sections o, 0, 0, 0, 0 of the commutator, these being also all
connected together.

At opposite points on this commutator rest two brushes
B, and B,, which are connected to the terminals ¢, 4 of
the series winding on the fields. To these terminals the

F. Iv.—13
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resistance S is also connected, it being in parallel with
the series coils.

The permanent excitation of the machine is supplied by
a separate direct-current dynamo, as stated, which is con-
nected to the terminals a, 4.

In the position shown, the armature coils are most active,
and the brushes B, and B, rest upon the middle of the com-
mutator segments. At this instant, the path of the current
flowing is as follows: Entering at terminal 7, it passes
through brush B to the inner collector ring, then through
coils 10, 9, 8, 7, and 6 of the armature winding, then to one
of the commutator segments marked o, and through brush
B, to terminal & of the series field coils. Here it divides
between these series coils and the resistance S, and reunites
at terminal ¢, from whence it passes through brush B, to
one of the commutator segments marked 7z, then through
coils 5, 4, 8, 2, and 1 of the winding to the outer collector
ring, then through brush 5, to terminal 7}, and out through
the external circuit.

As the armature revolves, bringing the coils into the neu.
tral spaces, its current falls to zero. At this point, the brushes
B, and B, pass from segments 2z and o to segments o and 7,
respectively, so that when the coils enter the fields again,
and the current flows in the opposite direction through
them, the direction of the current through the series wind-
ing is not reversed, but remains in the same direction as
before.

It will be seen that the difference of potential between
brushes 5, and B, is only that due to the drop in the series
coils and the resistance, which are in parallel. The dif-
ference of potential, therefore, between either of these
brushes and one of the main brushes is practically the
same, being equal to 4 the total E. M. F. generated in the
coils.

The above arrangement is that generally used in this
country, although the type of the field-magnets and the
details of construction vary considerably in the different
machines.
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MULTIPHASE ALTERNATORS.

31. The phase of an alternating current refers to the
period of time at which it is at some particular point of its
cycle; this term is generally used in comparing two or more
different alternating currents. For example, if two alter-
nating currents of the same frequency arrive at similar
points in their cycles, the maximum or the zero-points, for
instance, at the same instant, the two currents are said to
be 7n phase ; while if one current does not arrive at its max-
imum value at the same instant that the other does, the two
currents are said to differ in phase.

The amount of this difference can be expressed in degrees,
just as is the difference between any two points in the cycle
of a single alternating current. (See Art. 2.4.) Thus, if
of two alternating currents, one reaches its maximum value
at the same instant that the other is zero, they differ in
phase by } cycle, or 90°, and every point in the cycle of one
current is 90° ahead of (or behind) the similar point in the
cycle of the other current.

32. The alternators which we have been considering
have a single winding and furnish only one current; for this
reason, when it is desired to make a distinction, these
machines are called single-phase alternators, and their cur-
rent a single-phase current. The word monophase is also
used to express the same meaning. For certain applications,
alternators are provided with several windings, so arranged
as to each give an alternating current differing in phase
from the others. Such a machine is called, in general, a
polyphase or multiphase alternator. Those in general
use have either two or three separate windings, and are
called two-phase or three-phase alternators, as the case
may be.

Two-phase armatures can be considered as the windings
of two single-phase machines mounted on one core, the two
windings being separated 90° in the case of a two-pole
machine. That is, when a coil of one winding would be
directly under a pole, the corresponding coil in the second



38 DYNAMOS AND MOTORS. §30

winding would be midway between that pole and the
next.

The two currents can be collected in two ways, namely:
(1) by means of four collector rings, and (2) by means of
three collector rings. To illustrate the former case, Fig. 14
may be referred to. This represents the two windings of a

-

a’ Phase 1. _,

Fi1G. 4.

two-phase machine in a two-pole field. A displacement of
90° between the two currents calls for a similar mechanical
displacement between the two windings. If four wires are
used, the two circuits are independent of each other. The
windings are represented by coils 7 and 2, connected to the
collector rings a, @' and 4, §'. These windings, as was
stated, have no electrical connection with each other and
connect to two distinct circuits.

33. Sometimes, instead of using two distinct circuits
with four collector rings, a common-return wire is employed,

0, ¥

(a) FiG. 15. (®)

e‘L.

as indicated in (@), Fig. 15. Here one end of each of the
phases is joined to a common-return wire, and but three

AW
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collector rings are necessary. If E represents the E. M. F.
generated per phase, the voltage between @ 4 and & ¢ will be
E, while that between a ¢ will be £4/2. This will be
understood by referring to (&), Fig. 15, the E. M. F. between
a and ¢ being the resultant of the two E. M. F.’s £ at right
angles to each other.

34. In some two-phase machines, the armature is wound
with the equivalent of a series-path continuous-current
winding, and four collector rings and independent circuits
are then required to avoid short-circuiting portions of the
armature. If a closed-coil continuous-
current winding, as is represented in
Fig. 16, is used in a two-pole field, a sin- 2 4
gle-phase alternating current can be ob-
tained by connecting two collector rings
to opposite points of the winding, as at
1and 8. Connecting two gpposite points
will give the highest E. M. F. that can ;g° 2’e
be obtained in this manner. If on the FIG. 16.
same armature we make connection to two other opposite
points 2 and 4, situated midway between I and 3, we shall
have in circuit 2'-4' a single-phase alternating current dif-
fering in phase by 90° from that in circuit 7'-3". To obtain
a three-wire two-phase circuit from this sort of winding, it is
evident that there could be no combination of the indicated
circuits made, as a portion of the winding would be short-
circuited thereby. Instead, three of the four wires are used,
as 7', 2',and 8. In this case, the two phases are 7 and 2 and
2and 8. Taking the E. M. F. per phase in the first instance

1

to be E, in the latter case its value would be % The
E. M. F. across the two outside wires I and 3 would be
equal to £. The current in the common-return wire making
connection at 2 will be 4/2 times that in each of the outer
wires.

The graphical representation of these two currents shows
that their sum at any instant is never as much as twice the
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maximum of one of the currents; this is represented in
Fig. 17.

In this diagram, 7 and 2 are the curves of the two cur-
rents, their difference in phase being 90°. It will be readily
seen that there are partsof the cycle when the two currents
are equal in value, but in opposite direction, as at 135° and
315°, and their sum at these points is then zero. At points
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90° from these, the currents are again equal, but in the
same direction, so that their sum is a maximum. Between
these points their sum varies, its value at any instant being
indicated by the dotted curve 3-3. It will be seen that the
maximum point of this curve is about 1.4 times the maxi-
mum of either of the others, and occurs 45° ahead of the
maximum of the one and 45° behind the maximum of the
other; consequently, the sum of the two curves which differ
90° in phase is a similar curve which differs in phase 45°
from each of the others.

35. In three-phase machines, three windings are used,
giving three separate currents differing 120° in phase;
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these are graphically represented in Fig. 18. It will be
seen from this diagram that at any instant tke amount of
current flowing in one divection is equal to the amount
fowing in the opposite direction. For example, at the
moment when the current represented by curve 2 is at its
maximum, as at 90°, the other two currents are in the
opposite direction, and are each equal to half their maxi-
mum value; their sum is then equal and opposite to the
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other current. At 180°, when curve 2 is at zero, the
other two curves indicate that the currents are equal
in value and opposite in direction. At any other part
of the cycle, the above statement still holds true, as will
be seen by measuring off with a pair of dividers the ver-
tical distances of the three curves above or below the
base line at any point, and comparing the sum of the.
distances found below the line with that of those found
above it.

This property of the three-phase current has a very impor-
tant result, namely, that only three wires are required for
the three separate currents, since at any instant some one
of the wires can act as a return conductor for the current
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iz the <ifer twe Tois al<o allows the use of but three
ool=ctar rings oo the armature windings, one winding
being connected either between
» each two rings or between one
of the rings and a common
junction. The former is repre-
sented in the diagram, Fig. 19,
the latter in the diagram,
Fig. 20. In each, R, R,, and R,
are the three collector rings,
on which bear the brushes 5,
B,. and B, and to which are
Fre. ™ connected the three armature
windings I, 2, and 3. In Fig. 19, winding 7 is connected
between rings K and K. winding 2 between rings R and
KR,. and winding 3 between rings
R, and K,: while in Fig. 20, B,
windings I, 2, and 3 are respect- B
ively connected between rings
R, K. and A, and a common
junction . The method of *
connection shown in Fig. 19 is
known as the A (delta) or
mesh connection.  That shown
in Fig. 20 is known as the Y
or star connection. F1G. 20.

It should be understood that the above representations
(Figs. 19 and ?0) are merely diagrammatic; the separate
windings are actually wound on the core in the same man-
ner as illustrated in Fig. 12; the space between the two
parts of each coil of each winding being made great
enough to adinit the coils of the other two windings, so
that the surface of the core is entirely covered.

It will be seen that the method of connecting the
windings shown in Fig. 20 is the same as is used in the
Thomson-Houston constant-current open-coil dynamo (see
Art. 20), collector rings being here substituted for the
commutator segments of that machine.
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PROPERTIES OF THE AL"I‘ERNATING CURRENT.

36. It has been pointed out (Art. ZQ, Part 2) that the
heat generated in a conductor by a current, that is, the
loss, is equal to C* R. As the strength of the current
changes at every instant in an alternating-current circuit,
it is evident that the heat generated also varies in the
same manner; the temperature of the conductor does not
correspondingly fluctuate, because the variations in the
current are too rapid at the frequencies commonly used,
but instead rises to some value where it remains steady.
Now, if a certain direct current will cause the temperature
of a conductor to rise to a certain point, it is evident that
an alternating current may be sent through this same con-
ductor, which, under the same conditions, will cause its
temperature to rise to the same point, in which case the
effective strength of the alternating current will be the same
as the strength of the direct current.

In order that the alternating current may fulfil these
conditions, the mean or average of the square of all its dif-
ferent values during a complete cycle must be equal to the
square of the direct current with which it is compared;
then the square root of this mean square will be its effective
strength, which may be expressed in amperes.

As in a circuit which does not have any self-induction, the
current is directly proportional to the E. M. F., itis further
evident that the efectzive E. M. F. of analternating current
is also equal to the square root of the mean square of the
various values of the E. M. F. which occur throughout the
cycle.

When the form of the curve is about that shown in
Figs. 17 and 18, as is usually the case, the effective current
is equal to (very nearly) .707 of its maximum value, as is also
the E. M. F. In speaking of an alternating current of so
many amperes or volts, the effective current strength or volt-
age (.707 of the maximum) is meant, unless otherwise stated.

37. When the external circuit of an alternator is com-
pleted, the self-induction of that circuit prevents the current
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from being proportional to the E. M. F. of the alternator;
that is, when the E. M. F. is rising towards its maximum,
the tendency of the current to increase is opposed by the
self-induction of the circuit, and when the E. M. F. begins
to decrease towards zero, the self-induction tends to keep up
the current. In other words, the current lags bekind the
E. M. F.

If the circuit has little self-induction, this lag will be very
slight; but if the self-induction is considerable, the lag is
also considerable, and its effect must be considered.

If the current lags behind the E. M. F., C does not

equal 4, if £ represents the applied E. M. F. as in the case

E
7\;.
of direct currents. This is due to the E. M. F. of self-
induction, which opposes any change in the current due
to a change in the applied E. M. F.; so that the applied
E. M. F. which is sending the current through the circuit
at any instant is equal to the diference between the actual
E. M. F. used in overcoming resistance and the counter
E. M. F. (that due to self-induction) at the same instant.
The difference is here taken because the counter E. M. F.
of self-induction is in itself negative, i. e., it tends to
prevent the current from changing. If we considered
the E. M. F. necessary to owvercome self-induction (the
equal and opposite of the E. M. F. of self-induction), then
the applicd E. M. F. would be equal at each instant to
the swm of the E. M. F. necessary to send the current
through the resistance and that necessary to overcome the
self-induction. This will be understood from the curves
in Fig. 21.

38. To find the applied E. M. F. necessary to send a
given (alternating) current through a circuit having a cer-
tain resistance and a certain self-induction, it is necessary
to find the E. M. F. due to the self-induction at various
instants during each cycle. The E. M. F. required to over-
come resistance being directly proportional to the current,
the difference between it and the counter E. M. F. (of self-
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induction) at any instant is the applied E. M. F. required.
It is to be observed that if at any instant the signs of the two
values are opposite, i. e., if one is 4+ and the other — , the
actual difference between them is the sum of their numerical
values.

The E. M. F. of self-induction is, of course, proportional
to the rate at which the lines of force generated cut the
conductors of the circuit, that is, the rate at whick the
number of lines of force gemerated changes. This is in
turn proportional to the rate at whick the strength of
the current changes, which is greatest when the actual
value of the current is zero, for then it is changing from
a certain strength in one direction to the same strength in
the opposite, and is least (zero) when the strength of the
current is at its maximum, for then the current is not
changing at all.

39. If the instantaneous values of the current and the
resulting E. M. F. of self-induction are graphically repre-
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sented, thelatter will be found to be a curve similar in shape
to the current curve, and of the same frequency; but as its
maximum value occurs at the instant the current curve is
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zero, the difference in phase (see Art. 31) between the two
curves is 90°.

This is represented in Fig. 21, curve I being the current
curve and curve 2 the curve of the E. M. F. of self-induc-
tion.

As the actual/ E. M. F. required to send the current
through the resistance is of necessity proportional to that
current, it is evident that by properly choosing the scale to
which it is drawn, the current curve (curve I, Fig. 21) may
also represent the curve of this actual/ E. M. F.

Considering this to be the case in Fig. 21, the applied
E. M. F. curve may be constructed by taking the difference
between the number of vertical divisions between curves
1 and 2 and the base line at various instants (or the sum, if
one is 4 and the other — ), and taking the result as the dis-
tance between the base line and the applied E. M. F. curve
at those instants; in other words, applying the principle
given in Art. 38.

This applied E. M. F. curve, so constructed, is represented
by curve 3, Fig. 21.

It will be seen that in this curve for a part of the time
the E. M. F. of self-induction acts in the same direction as
the applied E. M. F., while at other times it acts in the
opposite direction. The effect of this is, as stated in
Art. 37, that the current curve lags behind the E. M. F.
curve, and the greater the self-induction the greater the
lag.

The effect of this lag is to fncrease the apparent resist-
ance of the circuit; for, as shown by Fig. 21, it takes a
greater applied E. M. F. to force the current through
the circuit than is represented by the drop (CR) due to
that current; consequently, the energy expended in the
circuit is nof equal to the product of the E. M. F. and the
current.

On this account, ordinary measurements of resistance,
watts, etc., can not be relied upon if made with alternating
currents, unless instruments especially designed for the
purpose are used.
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TRANSFORMERS.

40. The principal value of alternating currents is due
to the fact that they can be 7ransformed, that is, a current
of 10 amperes at a pressure of 1,000 volts may be trans-
formed to any higher or lower pressure, with a correspond-
ingly less or greater current, and this transformed current
will represent nearly as much energy as the original current.
On this account, the energy necessary to operate, say a
number of incandescent lamps, may be sent out from the
dynamo at a high pressure and small current strength, so
that only a small wire is needed to transmit the energy,
effecting thereby a large saving in copper expense; then, at
the point where the lamps are to be used, the current may
be transformed from the high pressure used on the line,
which would be dangerous to use inside a house, to a cur-
rent of any convenient low pressure, which may then be
used for operating the lamps.

This transformation is effected by setting up a mutual
induction between a coil of wire connected to the source of
the alternating current (the alternator), which coil is called
the primary, and a second coil, called the secondary,
which is connected to the circuit in which it is desired to
utilize the electrical energy. See also Art. 6, Part 2.

These two coils are wound upon a closed magnetic circuit
of laminated iron, such as is used in armature cores. The
lamination is intended to serve the same purpose here,
namely, to prevent the generation of eddy currents which
would otherwise be set up in the core, owing to the con-
tinual change of direction of the lines of force in the iron.
This arrangement of primary and secondary coils, wound
upon a magnetic circuit, is called a transformer.

41. The primary coil of a transformer has a great deal
of self-induction, since a small current through it will cause
a large number of lines of force to pass through the closed
magnetic circuit, which lines cut the turns of the primary
coil at a certain rate. Now, these lines also pass through
the secondary coil, and cut its turns at the same rate, so that
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if the number of turns in both primary and secondary is the
same, the same E. M. F. will be set up in each; while if the
number of turns differs, the E. M. F. set up in each will be
in the same ratio as the number of turns. Thus, if the num-
ber of turns in the primary is 1,000 and in the secondary 100,
the E. M. F. in the secondary will be (%% = % of that in
the primary.

On account of its great self-induction, a high E. M. F. is
required to send even a small current through the primary
coil; in other words, the E. M. F. of self-induction is very
nearly equal to the applied E. M. F., so that, generally
speaking, the ratio between the applied E. M. F. of the
primary and that generated in the secondary is the same as
the ratio of the number of turns.

When the secondary circuit is closed, a current begins to
flow in it. The effect of this current is to tend to send
lines of force around the magnetic circuit of the transformer
in the opposite direction to those which are due to the cur-
rent in the primary coil; that is, to oppose the change in the
lines of force which is producing the change in the current
by changing the E. M. F.

This reduces the choking-back effect of the primary coil,
and results in an increase in the primary current, which
restores the number of lines of force to its original value.
The result of these various reactions is that the E. M. F.
generated in the secondary coil is (practically) constant,
whatever the current in the secondary, within reasonable
limits.

The current in the primary circuit is thus directly pro-
portional to the current in the secondary plus a certain
constant amount, which is necessary to send the lines of
force through the magnetic circuit and to make up for the
hysteresis and eddy-current losses in the iron due to the
rapid reversals of the magnetism.

A transformer is similar in action to a dynamo and a
motor connected together, and is subject to the same losses,
except friction, which does not appear, since the material
parts of the apparatus are stationary. The C*R loss of
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both primary and secondary and the hysteresis and eddy-
current loss in the magnetic circuit are present, and may
be calculated in a similar way as for a dynamo.

42. Fig. 22 represents one form of transformer, without
the outside case. ( is the core, or magnetic circuit.

The primary coil is divided into two parts, Zand P, which
are located on each side of the secondary coils S and S,.
The two parts of the primary coils are connected in series

Fic. . FIG. 28.

by the connection shown at »; ¢ and ¢, are the primary
terminals. The ends a and & of coil Sand ¢ and & of coil S,
are brought out separately, in order that the two coils may
be connected either in series or in parallel, as may be desired.

Fig. 23 represents a cross-section of this transformer,
showing the method of construction. Here C represents
one of the punchings of which the core is built up. In
making the punching, it is cut across at /4, leaving the
tongue 7, which is located between the coils PP, S S, S, S,
and P, P. These coils are wound separately, and when
completed are placed together and the punchings of the
core slipped over them, the tongue 7" being bent out to one
side until the punching is in place, when it is bent back
again. The path of the lines of force through the magnetic
circuit is indicated by the dotted lines. In some forms of
transformers, the central piece 7" is made entirely separate;
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a number of these pieces is assembled together and placed
within the coils, the part C being slipped over. The mag-
netic circuit is then broken in two places, while in the case
shown it is broken only at one place, 4.

43. For ordinary work, transformers are wound for a
primary E. M. F. of 1,000 or 2,000 (effective) volts, each
secondary coil being wound to give about 50 volts. These
may then be connected in parallel or in series, giving 50 or
100 volts as the secondary E. M. F. The efficiency of a
100-light  transtormer is about 96% at full load; in larger
sizes the etfictency is higher, and in smaller sizes it is lower,
as in dynamos.

44. It is often necessary to change direct current to
alternating, and wce ersa, and machines for accomplishing
this are known as rotary transformers. The transfor-
mation might be etfected by having an alternating-current
motor coupled to a direct-current generator, simply using
the alternating current to drive the generator. Anarrange-
ment of two machines is, however, not usually necessary,
although such motor-generator sets are used to some extent.
Rotary transtormers are largely used for changing alter-
nating current to direct for the operation of street railways,
clectrolytic plants, etc.

458. Suppose an ordinary Gramme ring armature to be
revolved in a two-pole field, as shown in Fig. 24; a contin-
uous E. M. F. will be generated and a continuous current
obtained by attaching a circuit to the brushes @, a'. If,
instead of the commutator, two collector rings were attached
to opposite points of the winding, an alternating current
would be obtained in a circuit connected to 4, &'. If the
machine be equipped with both commutator and collector
rings, the armature may be revolved by means of direct
current led in at the brushes @, @', thus running it as a
motor instead of it being driven by a belt. The conductors on
the revolving armature will be cutting lines of force just as
much as they were when the machine was driven by a belt;
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therefore an alternating current will be obtained from the
rings 4, &. In other words, the machine acts as a trans-
former, changing the direct current into a single-phase
alternating current. If the operation be reversed and the
machine be run as an alternating-current motor, the alterna-
ting current will be transformed into a direct one.

a’

F16. 24.

In the above single-phase rotary transformer, it is evident
that the maximum value of the alternating E. M. F. occurs
when the points 1,1' to which the rings are connected
are directly under the brushes ¢, a'; that is, the maximum
value of the alternating E. M. F. is equal to the continu-
ous E. M. F. For example, if the continuous E. M. F.,
were 100 volts, the effective volts on the alternating-current
side would be 70.7, because the effective value is .707 times
the maximum value. Therefore, if £ is the alternating
voltage and V the direct, we may write for a single-phase
rotary transformer,

K. IV.—1;
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46. By connecting four equidistant points of a wind-
ing (similar to that described in Art. 45), asin Fig. 17,
to four collector rings, we would have a two-phase ro-
tary transformer. The two phases would be related as
shown in Fig. 17, and the E. M. F. of each phase would
be determined in exactly the same way as in the case of
a single-phase rotary transformer, such as described in

Art. 45.

47. By connecting three equidistant pointsof a winding,
such as that described in connection with single-phase rotary
transformers (Art. 45), a three-phase transformer is ob-
tained. Since all direct-current, constant-potential arma-
tures have closed circuit windings, it follows that the
connections on the alternating side of a three-phase rotary
transformer are always A, the Y connection not being prac-
ticable. If Z be the effective voltage between the lines on the
alternating side of a three-phase rotary transformer and V
the voltage of the continuous-current side,

E=.612V. (2.)

48. In the rotary transformers, whose principles were
just shown, the ratio of transformation is fixed, and the only
way by which the transformed E. M. F. can be raised or low-
cred is to raise or lower the primary voltage, or the voltage of
the current supplied to the machine. It would appear at first
sight that a variation in field strength would cause a varia-
tion in the speed of a rotary transformer. This is true when
dircet current is supplied to the machine, the secondary volt-
age being alternating. However, when the primary voltage is
alternating, the machine operates as an alternating-current
motor, and a variation in field strength in no wise affects
the speed at which the armature rotates. The reason for
this will be scen when the subject of synchronous motors is
taken up.

When the primary voltage is continuous, the speed would
need to be varied in possibly only one case.  That would be
to synchronize the secondary alternating E. M. F. witha



§ 30 ‘DYNAMOS AND MOTORS. 53

corresponding alternating-current circuit with which the
rotary transformer is to operate in multiple.

When the primary voltage is alternating, a variation in the
secondary (continuous) E. M. F. is secured by varying the
number of turns in the secondary of the transformer sup-
plying the rotary transformer.

49. In order that the speed of rotary transformers
may not be too high, it is usually necessary to make them
with more than two poles. In fact, in general appearance,
they are very similar to ordinary multipolar direct-current
generators with the addition of the collector rings to one end
of the armature. Fig. 25 shows one of these machines and

F16. 28.

gives a very good idea as to the construction usually adopted.
In this machine, the collector rings may be seen at the left-
hand side of the machine. This particular machine is
intended for electrolytic work calling for a large current
output, and, for this reason, the commutator is larger than
usual in order to obtain ample contact surface.
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ELECTRIC MOTORS.

PRINCIPLES.

50. The principle upon which all electric motors operate
is that given in Art. 28, Part 2, namely, tkat a conductor
carrying a current will tend to move if placed in a mag-
netic field. A motor then consists chiefly of a magnetic
field and a conductor, or series of conductors, arranged to
move in this field; that is, the requirements for a motor
are the same as for a dynamo, and, as in a dynamo, the
conductors are arranged around the surface of a drum
or ring core, which rotates between the poles of an electro-
magnet.

Their difference can be summed up as follows: Inthe case
of a dynamo, the mechanical energy delivered at the pulley
rotates the armature in a magnetic field, and this results in
the generation of an E. M. F. in the armature. In the case
of a motor, an electric current is sent through the armature,
and this results in a reaction between the armature conduct-
ors and the field, producing a rotation of the motor arma-
ture. The essential difference, therefore, between adynamo
and a motor is that in the case of the former, mechanical
energy is transformed into electrical energy, while in the
case of the latter, electrical energy is transformed into
mechanical energy.

51. Motors may be divided into the same general
classes as dynamos, according to the character of the cur-
rent they require, as follows:

Constant-potential motors, which are supplied with a
continuous current at a constant potential.

Constant-current motors, which are supplied with a
continuous current of a constant strength.

Alternating-current motors, which are supplied with
an alternating current.
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C€ONSTANT-POTENTIAL MOTORS.

K2. If the fields of a constant-potential dynamo are
excited, and a current is supplied to the armature from some
source, as represented at D in Fig. 26, so that the current
enters at the brush + 5B, and passing through the winding
in the direction indicated by the arrow-heads, leaves at

F1G. 26.

brush — B, it will be found by applying the thumb-and-
finger rule given in Art. 2@, Part 2, that all the con-
ductors under the S pole face, 4, ¢, d, ¢, f, and g, will tend
to move downwwards, and all those under the AV pole face,
7, &, 1, m, n, and o, will tend to move upwards, as indicated
by the small arrows.

These forces combine to produce a tendency of the arma-
ture to rotate about its axis, as indicated by the large
arrows, which tendency is called the torque of the motor.

The amount of this torque—which is usually expressed in
pound-feet, that is, a certain number of pounds acting
at a radius of a certain number (usually 1) of feet—depends
upon (1) the strength of the field, (2) the number of con-
ductors, (3) their mean distance from the axis of the
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armature, and (4) the amperes in each conductor. In any
given machine, the second and third conditions are con-
stant, so that the torque depends upon the strength of the
field and of the current.

- 83. If the armature isstationary, the E. M. F. required
to send the current through the winding is only that necessary
to overcome the drop, which is due to the resistance of the
winding. If the torque exerted by this current is greater
than the opposition to motion, so that it causes the armature
to revolve, the motion of the conductors through the field
generates in them an E. M. F. which is opposed to the
E. M. F. that is sending the current through the armature,
as will be seen by applying the thumb-and-finger rule given
in Art. 8, Part 2, to Fig. 26.

This opposing E. M. F., or counter E. M. F,, as it is
called, then diminishes the effect of the applied E. M. F.,
so that the current is reduced, reducing the torque. Should
the torque still be greater than the opposition to motion,
the speed of the armature will continue to increase, increas-
ing the counter E. M. F., and thereby further reducing the
current and the corresponding torque, until the torque just
balances the opposition to the motion, when the speed will
remain constant.

54. At all times the drop of potential through the
armature is equal to the difference between the counter and
the applicd E. M. F.’s, and as the product of this drop
and the current represents energy wasted, it is desirable
to make it as low as possible. In good motors of about
10-horsepower output, the drop in the armature is seldom
more than about 5% of the applied E. M. F., and is less in
larger machines.

This being the case, it is evident that if the armature
is at rest, so that it has no counter E. M. F., and is con-
nected directly to the mains, a very large current will flow
through it, which would be liable to damage the armature.
On this account an external resistance, called a starting
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resistance, is connected in series with the armature when
it is to be started. This resistance is made great enough to
prevent more than about the normal current from flow-
ing through the armature when it is at rest; as the arma-
ture speeds up and develops some counter E. M. F., this
resistance is gradually cut out, until the armature is con-
nected directly to the mains, and is running at its normal
speed.

The energy represented by the product of the drop in
the armature and the current is wasted; that represented
by the product of the current and the rest of the E. M. F.,
that is, the counter E. M. F., is the energy required to
keep the armature in motion. This energy is expended
in overcoming the friction losses and core losses in the
motor itself, which are of the same nature and effect as
the similar dynamo losses (see Arts. 64 and 65, Part 2),
and also in overcoming the resistance to motion of what-
ever external apparatus is driven by the motor.

Aside from the comparatively small amount of current
required to furnish the torque necessary for overcoming the
losses in the motor itself, which is practically constant, the
amount of current taken from the mains is directly propor-
tional to, and varies automatically with, the amount of the
external load, for if this external load is increased, the
current which has been flowing in the armature can not
furnish sufficient torque for this increased load, so that the
machine slows down. This decreases the counter E. M. F,,
which immediately allows more current to flow through the
armature, increasing the torque to the proper amount. If
the external load is decreased, the current flowing furnishes
an excess of torque, which causes the speed to increase,
increasing the counter E. M. F. and decreasing the cur-
rent until it again furnishes only the required amount of
torque.

Since the counter E. M. F. is very nearly equal to the
applied, it is only necessary for it to vary a small amount to
vary the current within wide limits. For example, if the
resistance of a certain armature is 1 ohm, and it is supplied
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33

with current at a constant potential of 250 v..its, thea, when
a current of 10 amperes is flowing through it. the dr.p s
10 x 1 = 10 volts, and the counter E. M. F. is 250 — 10 = 240
volts. Now, if the current is reduced to 1 ampere, the drup
is 1 Xx 1 =1 volt, and the counter E. M. F. is 250 — 1 = 249
volts; that is, the counter E. M. F. only varies 52, or 3.75%,
while the current varies ¥, or 904.

K55, The field-magnets of constant-potential motors
may be either shunt wound or series wound.

If shunt wound, and supplied from a constant-potential
circuit, the magnetizing force of the field coils is constant,
giving a practically constant field. This being the case, the
counter E. M. F. is directly proportional to the speed, so
that variations of the load make only slight variation in
the speed. A shunt-wound motor is then (practically) a
constant-spced motor.

With series-wound motors, the strength of the field varies
with the current. If the load on such a motor is reduced, the
cxcess of torque makes the armature speed up, but as the
resulting decrease of the current decreases the field strength,
the armature must speed up to a much greater extent, in
order to increase the counter E. M. F. to the right degree,
than would be necessary if the field were constant. If the
load is increased, the increase in the current so increases the
field strength that the speed must decrease considerably, in
order to decrease the counter E. M. F. by theright amount.
The speed of a series-wound motor, then, varies largely
with variations in the load.

An advantage of the series motor is that if a torque
greater than the normal is required, it can be obtained with
less current than with a shunt motor, since the increased
current increases the field strength, and the torque is pro-
portional to both these factors (Art. 52).

8@. It would not be practicable to make the field
strength of a shunt motor as great as is possible to get with
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a series motor, since it would require a very large magnet-
izing force (Art. 38, Part 2), and with the shunt winding,
this extra magnetizing force would have to be expended all
the time, whether the strong field was required or not,
which would be very wasteful. In the series motor, how-
ever, this extra magnetizing force is expended only while it
is needed.

A disadvantage of the series winding is that if all the load
is taken off, the current required to drive the motor is very
small, making a weak field, which requiressuch a high speed
to generate the proper counter E. M. F. that the armature
is liable to be damaged. In other words, the motor will 7ace
or run away, if the load is all removed. This can not occur
with the shunt motor as long as the field circuit remains
unbroken.

On account of the above features, shunt motors are used
to drive machinery that requires a nearly constant speed
with varying loads, or which would be damaged if the speed
should become excessive, such as ordinary machinery in
shops and factories, pumps, etc. Series motors are used on
street-cars, to operate hoists, etc., where, on account of the
gearing-used, the load can not be entirely thrown off, and
the torque required at starting and getting quickly up to
speed is much greater than the normal amount.

REGULATION.

K7. The torque of a motor is a matter of current only;
that is, for a given current, the torque will be the same
whatever may be the speed, under otherwise the same con-
ditions. The speed at which the armature runs is a matter
of E. M. F. only; that is, with a given current the speed
will be proportional to the applied E. M. F., or, more
strictly, the counter E. M. F., other conditions remaining
the same.

It has been shown that the torque will automatically
regulate itself for changes in the load. The speed, however,
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may be varied by varying the applied E. M. F., or the
strength of the field. A change in speed may or may not
result in a change in the torque required, depending on the
character of the work done by the motor.

The simplest way to vary the applied E. M. F. is to insert
a resistance, in series with the armature, similar to the start-
ing resistance. By varying this resistance, the applied
E. M. F. at the terminals of the motor is also varied, al-
though the E. M. F. of the mains remains constant. It is
evident that the energy represented by the drop through
the resistance is converted into heat, and is thereby wasted;
therefore, for great variations in speed this method is not
economical, though often very convenient.

The applied E. M. F. may also be varied by varying the
E. M. F. of the generator supplying the current; but this
can only be done where a single generator is supplying a
single motor or several motors, whose speed must all be
varied at the same time; so that this method is used only in
special cases.

If the strength of the field is changed, the speed neces-
sary to give a certain counter E. M. F. will also be changed,
and this gives a convenient method of varying the speed.
If the strength of the field is lessened, the speed will increase,
and if the field is strengthened, the speed will decrease.
With shunt motors, the field may be weakened by inserting
a suitable resistance in the field circuit, as in shunt dyna-
mos; with series motors, the same result may be obtained by
cutting out some of the turns of the field coils or by placing
a suitable resistance in parallel with the field coils, as in
series dynamos.

This method of regulation is also of limited range,
since it is not economical to maintain the strength of
the field much above or below a certain density. The
resistance method described above being rather more
simple, it is generally used. For special cases, such as
street-railroad work, various special combinations of the
above methods of regulation are used, which need not be
described here.
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CONNECTIONS.

K8. Fig. 27 shows the manner in which a shunt motor
is connected to the terminals 4+ and — of the circuit. It
will be seen that the
current through the
shunt field does not
pass through the re-
sistance R. which is
connected in the ar-
mature circuit. This
is necessary, since to
keep the field strength
constant the full differ-
ence of potential must
be maintained between
the terminals of the
field coil, which would
not be the case if the
rheostat were included
in the field circuit, for then the difference of potential would
be only that existing between the brushes 45 and —B5.
Ason starting the motor this difference of potential is small,
only a small current would flow through the field coils, which
would generate such a weak field that an excessive current
would be required to furnish the necessary torque for start-
ing the motor.

When connected as shown,
however, the field is brought
up to its full strength before
any current passes through
the armature, so this diffi-
culty does not arise.

F16. 27.

[

59. Since in a series
motor the same current flows
through both armature and
field coils, the starting resist-
Fia. 28. ance may be placed in any

5
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part of the circuit. The diagram in Fig. 28 illustrates
one method of connecting a series motor to the line ter-
minals 4~ and —. Here the starting or regulating resist -
ance R is placed between the — line terminal and the brush
— I3 of the motor.

T'o reverse the direction of rotation of a motor, it is
necessary to reverse cither the polarity of the field or the
direction of the current through the armature. (See
Art, 28, Part 2.) It is usual to reverse the direction of
the current in the armature, a switch being used to make
the necessary changes in the connections.

Fig. 29 shows the connections of one form of reversing-
switch. Two metal bars B and B, are pivoted at the
points 7°and 7; one is extended
— \ and supplied with a handle 4,
a Iy @c and the two bars are joined

j together by a link L of some in-
"’"/ sulating material, such as fiber.

Three contact pieces a, 4, and ¢
are arranged on the base of the
T T switch, so that the free ends of
the bars B and B, may rest
+ = either on @ and 4, as shown by
H the full lines, or on & and ¢, as
shown by the dotted lines. The
Fia. 99, line is connected to the termi-
nals 7" and 7, and the motor armature between @ and 4, or
vice versa, a and ¢ being connected together.,
When the switch is in the position shown by the full lines,
T is connected to a by the bar 5, and 7, to 4 by the bar B,.
If the switch is thrown by means of the handle /A into the
position indicated by the dotted lines, 7" is connected to &
by the bar B, and 7| to a by the bar B, and the connection
between cand a. The direction of the current through the
motor armature, or whatever circuit is connected between
a and b, is thus reversed.
In order to reverse only the current in the armature, the
reversing-switch must be placed in the armature circuit
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only. Fig. 30 represents the connection for a reversing
shunt motor (2) and a reversing-series motor (4); + and -
are the line terminals; R, the starting resistance; B and 5,

Fic. 80.

the brushes of the motor; and F, the field coil of the motor.
Some manufacturers combine the starting resistance and
reversing-switch in one piece of apparatus.

60. In connecting up motors, some form of main switch
is used to entirely disconnect the motor from the line when
it is not in use.

To prevent an excessive current from flowing through the
motor circuit from any cause, short strips of an easily melted
metal, known as fuses, mounted on suitable bases, known
as fuse boxes or cut-outs, are placed in the circuit.
These fuses are made of such a sectional area that a current
greater than the normal heats them to such an extent that
they melt, thereby breaking the circuit and preventing
damage to the motor from an excessive current. The length
of fuse should be proportioned to the voltage of the circuit,
a high voltage requiring longer fuses than a low voltage, in
order to prevent an arc being maintained across the termi-
nals when the fuse melts.

If desired, measuring instruments (ammeter and volt-
meter) may be connected in the motor circuit, so that the
condition of the load on the motor may be observed while it
is in operation. All these appliances, regulating resistance,
reversing-switch, fuses, instruments, etc., are placed ¢nside
the main switch; that is, the current must pass through the
main switch before coming to any of these appliances, so
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that opening the main switch entirely disconnects them from
the circuit, when they may be handled without fear of
shocks.

61. To illustrate the manner in which these various
apparatus are connected, the following example in connect-
ing a series-wound motor is given:

ExAMPLE IN CONNECTING.—Draw a diagram showing the connec-
tions of a series-wound motor with reversing-switch, regulating
resistance, ammeter, fuse boxes, main double-pole switch, and volt-
meter, indicating the potential of the line inside the main switch.

Fig. 31 shows the connections that should be made. The
terminals of the circuit supplying the current are connected
to the upper contacts of the main switch A7. S., and the
terminals of the motor circuit are connected to the lower
contacts. A fuse box F. B. is placed in each side of the

i}
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Fi16. 81.

motor circuit, just inside the main switch. The voltmeter
V. M. is connected to each side of the circuit just above the
fuses, so if a fuse is blown, the voltmeter will still indicate
the difference of potential between the mains if the circuit
is ‘* alive.”
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The armature terminals of the motor S. A/. are connected
to one side of the reversing-switch R. S., the other terminals
being connected to the fuse boxes, one directly, the other
through the field coils of the motor, starting and regulating
resistance C. 5., and ammeter A. M.

ouUTPUT.

62. The torque of a motor corresponds to a certain
number of pounds pull exerted at the circumference of the
pulley, or at the pitch-circle of the gear, or, in general, at
some radial distance from the center of the shaft. As stated,
this torque is the same for a given current whatever the
speed. But for each revolution of the motor, the point at
which the pull (torque) is exerted moves through a certain
distance, equal to 3.1416 X the diameter of the circle, or to
2 X 3.1416 X the radius of the circle at the circumference
of which the torque is considered to act. Each revolution
of the motor, then, when a certain torque is exerted, cor-
responds to a certain number of foot-pounds of work done.

This number of foot-pounds will be the same for a given
torque, whatever the radius of the circle through which its
point of application moves, for, if a radius be taken that is
twice as long as another, the distance moved through will
be twice as great, but the pull in pounds will be only half as
much, so that their product remains the same. For the
sake of uniformity, a standard radius of one foot is used,
and the torque is expressed in pounds at one foot radius.
See also Art. 52,

It will be noticed that the words moment and torque have
nearly the same meaning. If the distance from the center
to the line of action of the force whose moment it is desired
to express was always measured in feet, then the words
moment and torque would have the same meaning.

-The foot-pounds of work done in each revolution and the
number of revolutions per minute being known, the foot-
pounds of work done per minute, and from that the horse-
power, may be found by the following formula:
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If 7 represents the torque in pounds at one foot radius,
and S the number of revolutions per minute, then the horse-
power

2X 31416 7S

H.P.= 33,000

=.0001904 7'S. 3.)

That is, to obtain the horscpower of a motor, multiply
8.1416 by 2, this product by the torque expressed in pounds at
one foot radius, and this product by the number of revolutions
per minute ; divide the final product by 83,000. An alterna-
tive method is to use the constant .0001904, and multiply this
by the product of the torque and speed expressed as above.

If the H. P. and the torque are known, the number of
revolutions per minute may be found from a modification of
the above formula:

33,000 H.P. _ H.P

S= 2 X 3.1416 77— .0001904 7™

(4.)
Or, if the H. P. and the number of revolutions per minute
are known, the torque may be found from the formula

_ 33,000 H.P.  H.P. (5.)
T2 X 3.1416 S T .0001904 S °

63. Fig. 32 illustrates a method of measuring the torque
of a motor by means of a Prony brake.

This brake consists of two blocks of wood B, B, made to
fit the surface of the pulley /2 These two blocks bear upon
the pulley on opposite sides, as represented, and their pres-
sure on the pulley is regulated by means of the thumb-nuts
A, N on the bolts which hold the two parts of the brake
together.

The lower of the two blocks of wood is extended in both
directions, forming-on the one side an arm A, which presses
on the platform of a set of scales S, and on the other a place
where weights I/ may be placed to balance the weight of
the arm 4. A spike, or lag-bolt, C should be driven through
the end of the arm 1 to better locate the point where it
presses on the scale platform.
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If the pulley P is revolved in the direction indicated by
the arrow, the friction of the brake will cause it to tend to
rotate with the pulley, which will cause the spike in the end
of the arm A to press down on the scale platform, and the
amount of this pressure may be weighed by the scale-beam.
The product of the number of pounds pressure and the
horisontal distance R between the point € and the center
of the pulley in feet, will give the torque in pound-feet.

Fic. 32.

Then, if the number of revolutions per minute of the motor
is counted, the horsepower absorbed by the friction of the
brake, that is, the output of the motor, may be calculated
by formula 3. If at the same time the amperes input and
the voltage at the motor terminals are measured, their
product will be the watts input, and by reducing the output
and the input to the same units, the efficiency may be
calculated by dividing the output by the input. (See for-
mula 2, Part 2.)

64. The following example shows the application of the
above rules and method of testing motors:

EXAMPLE.—A given shunt-wound motor is designed for an output
of 10 H. P. and to be run on a constant-potential circuit of 230 volts.

F. IV—I15
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When driving a certain piece of machinery, it requires an input (to
both field and armature) of 35 amperes at 230 volts. It is desired to
find the actual horsepower required to drive this machinery. The
motor is disconnected from its load and a Prony brake rigged up as
shown in Fig. 32. The thumb-nuts are screwed up until an ammeter
in the motor circuit indicates that 85 amperes are flowing through the
motor circuit, and the voltage at the terminals is found to be 230 volts.
Under these conditions, the pressure on the scale platform is found to
be 24 pounds, and the speed of the motor 800 revolutions per minute.
The horizontal distance between the center of the shaft and the point
where the brake arm rests on the scales is 30 inches. What is the out-
put of the motor at this load in horsepower, and what is its efficiency ?

SoLuTioN.—The distance R (Fig. 82) being 80 in., or 24 ft., and the
pressure on the scales being 24 1b., the torque of the motor is 24 X 2§ =
60 pound-feet. Substituting this value for 7, and 800 for S, in

2 X 3.1416 X 60 X 800 __ 301,593.6

formula 3, gives H.P. = 33,000 T 783,000

NoTE.—As the instruments used are liable to slight errors, four
figures (other than the zeros) left in the calculations will be near
enough: if the last figure dropped is equal to 5 or more, the last figure
Aept should be increased 1.

Then, 30—1—902 = 9.1898, or 9.139 H. P. is the output of the motor.
33,000 A

The input is 35 X 230 = 8,050 watts. Reducing 9.139 H. P. to watts
gives 9.139 X 746 = 6,817.694, or 6,818 watts.

6,818 x 100 _

Then, by formula 2, Part 2, the efficiency E:W_

84.7 per cent. Ans.

65. The loss represented by the difference between
the input and the output is made up of exactly the same ele-
ments as the total loss in dynamos; that is, mechanical fric-
tion, core loss, field loss, and armature loss. Asin dynamos,
the armature loss and field loss may be calculated from the
resistance of the armature and field coils, remembering that
in a shunt motor the armaturc current is /ess than the total
current, since the field circuit is in parallel with the arma-
ture. The core loss and friction taken together evidently
equal the difference between the total loss and the sum of
the armature and field losses; they can not be separated
without making special tests.
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In a shunt motor, the field loss, core loss, and friction are
all practically constant at all loads, since the speed is nearly
constant. Thisbeing the case, the watts required to run the
motor without any external load whatever is a measure of
these losses plus a certain small amount of armature C'R,
which may be calculated, though it is usually small enough
to be neglected without much error. This being the case,
the output which a motor will give at any given input will
be very closely equal to that input less the watts required
to run the motor free, and also less the armature C* R loss at
the given input; from this the efficiency may also be calcu-
lated. To determine the efficiency of the motor at any load
within its rated capacity, then, it is only necessary to care-
fully measure its input at no load (running light or free),
and to make the above calculation. This, however, will give
no idea of its performance as to heating and sparking, under
the calculated load, so that the Prony-brake test is more
satisfactory.

For example, a certain shunt-wound motor requires a cur-
rent of 1.2 amperes at 500 volts when running free, i. e.,
without external load. Its armature resistance is 2.4 ohms
and its field resistance is 834 ohms. Its field current is
then §$¢ = .5995 ampere, or say .6 ampere. Its armature
current is then 1.2 — .6 = .6 ampere, and its armature loss
only .6 X .6 X 2.4 = .864 watt, which may be neglected.

The input amounts to 1.2 X 500 = 600 watts, of which the
field loss is .6 X 500 = 300 watts.

If the efficiency when taking 10 amperes at 500 volts is
wanted, it may be found from the above figures, as follows:
Total input, 10 X 500 = 5,000 watts. Field loss and core
loss and friction combined amount to 600 watts, as found
above. The armature loss amounts to 9.4 X 9.4 X 2.4 =
212.064, or say 212 watts. The total loss is then 600 4 212
= 812 watts, so that the output is 5,000 — 812 = 4,188 watts,
and by formula 2, Part 2, the efficicncy E=4):% = 837,
or 83.74. In a similar manner the efficiency at any other
input, or the input required for any given output, may be
found.
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The input, consequently the output, of constant-potential
motors is limited by the same factors that limit the output
of dynamos, namely, heating and sparking.

In motors, as the direction of the current, for the same
direction of the lines of force of the field and of rotation, is
opposite to that in a dynamo, the armature reaction shifts
the neutral spacc in the opposite direction, that is, backwards,
against the direction of rotation. (Compare Fig. 26 with
Fig. 28, Part 2. Sce also Art. 29, Part 2.) Consequently
the brushes of a motor must be shifted backwards as the
load increases.

THE CONSTRUCTION OF CONSTANT-POTENTIAL
MOTORS.

686. It should be clear that any direct-current constant-
potential machine can be used either as a motor or adynamo.
If supplied with current, it turns and furnishes mechanical
power; if supplied with mechanical power, it turns and fur-
nishes an E. M. F. which can be used to supply a current.
Conscequently, the statements already made concerning the
construction of dynamos apply equally well to the construc-
tion of motors, and the same varying types of field-magnets,
bipolar and multipolar, are used with either drum-wound or
ring-wound armatures. (See Figs. 45 and 49, Part 2.)

For certain special applications of motors, such as for
street-cars, locomotives, and the like, certain features must
be introduced in the design to meet the peculiar conditions
under which the motor is to operate; these features need
not be discussed here.

EXAMPLES FOR PRACTICE.

1. A certain shunt-wound motor gives an output of 28 H. P. and
requires an input of 96.6 amperes at 240 volts. Itsarmature resistance
is .096 ohm and its field resistance 150 ohms. Find the per cent. of the
above input lost in the core and in friction combined. Ans. 4.512.

2. What is the counter E. M. F. generated in the above motor, when
running under the conditions given? Ans. 230.88 volts.

|
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3. A series-wound motor has an armature resistance of .5 ohm and
a field resistance of .35 ohm. When tested with a Prony brake, it
gave a torque of 62 foot-pounds when running at a speed of 950 revo-
lutions per minute, and took 44 amperes at 240 volts. Find (a) the
efficiency of the motor; (4) the armature loss in per cent. of the input;
(¢) the field loss in per cent. of the input; and (#) the core loss and
friction combined in per cent. of the input. (a) 79.222.
(%) 9.167%.
(c) 6.427.
(d) 5.193¢.
4. After the test made in Art. 64 is completed, the tension on
the brake thumb-nuts is slackened until the motor takes 24 amperes,
the E. M. F. remaining at 230 volts. The pressure on the scale plat-
form is found to be 15.66 Ib. The armature resistance is then measured
and found to be .4 ohm, and the field resistance 230 ohms. Using only
four figures in any of the calculations, etc., calculate (a) the speed
(assuming it to be proportional to the counter E. M. F., and taking it to
the nearest whole revolution only); (&) the horsepower output; (¢) the
input in watts; (@) the efficiency ; (¢) the per cent. of the input lost in the
fields; (/) the per cent. of the input lost in the armature; and ( ¢) the per
cent. of the input lost in the core and in friction combined.
(a) 816 R. P. M.
(6) 6.083 H. P.
(¢) 5,520 watts.
Ans. { (d) 82.1563.
(¢) 4.167%.
(f) 3.833z.
(g) 9.844¢7.

CONSTANT-CURRENT MOTORS.

67. If a series motor be supplied with a constant cur-
rent, the resulting torque will also be constant. This being
the case, if this torque is in excess of that required to over-
come the opposition to the motion of the armature, the speed
of the motor will increase indefinitely ; that is, the motor will
run away, until the armature bursts from centrifugal force.
The increase in the counter E. M. F. of the machine merely
increases the applied E. M. F. in the same proportion, this
being automatically regulated by the dynamo.

Motors intended for constant-current circuits must then
be provided with some sort of regulator for varying the
torque according to the load.
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The usual method of reculation is to attach to the motor
shaft a device like a centrifugal governor. If the speed of
the motor exceeds a certain limit, by reason of the load
being thrown off, the weights of the governor move out-
wards, and this motion is made to decrease the torgue of
the motor, either by cutting cut some of the turns of the
field coils or by shifting the brushes arnund the commutator.
The first method reduces the torque by weakening the field;
the second causes the torque of a part of the armature
winding to oppose that of the rest, so that the resulting
torque is diminished.

Constant-current motors are made only in the smaller
sizes, and are little used, being generally less satisfactory in
their operation than constant-potential machines; they need
no further description here.

ALTERNATING-CURRENT MOTORS.

SYNCHRONOUS MOTORS.

688. Single-Phase Synchronous Motors. —If an
alternating-current generator has its fields excited from
some source of direct current, and a simple, single-phase,
alternating current is supplied to the armature, the rapid
reversal of the current will produce a torque that as rapidly
reverses its direction; consequently, the armature will
remain at rest, since the tendency to turn in any one direc-
tion is reversed before the armature has time to start.

If, however, the armature is rotated from some external
source until its own E. M. F. is not only of the same fre-
quency, but opposite in phase to the E. M. F. of the source
of the alternating current, and is then connected to the
alternating-current circuit, the torque will be continuous in
one direction, and the armature will continue to rotate,
because each time the current reverses its direction in the
armature conductors they will>have moved into a field
of the epposite polarity, so that the reversed current will give
a torque in the same direction.
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It is necessary that the two E. M. F.’s (that of the circuit
and that of the motor armature, i. e., the counter E. M. F.)
should be in phase, for if that is not the case, the maximum
E. M. F. of the circuit will occur at the instant that there
is little or no counter E. M. F. to oppose it, so that an
excessive current will flow through the armature, which
will not produce a corresponding torque, since the reaction
of this excessive current will very much weaken the mag-
netic field of the machine.

In order that the frequency of the counter E. M. F. should
be the same as that of the applied E. M. F., it is evident
that the motor must be driven at such a speed that the
product of the number of revolutions per second and
the number of pairs of poles of its field-magnets shall equal
the frequency desired. (See Art. 27.)

69. When the counter E. M. F. of the motor is exactly
opposite in phase to the applied E. M. F., it is evident that
a coil of the motor armature must be in exactly the same
position relative to the fields through which it is moving as
a coil of the generator is to its fields. On this account these
motors are called synchronous motors, synchronous mean-
ing ‘‘occurring at the same time.”

If these two E. M. F.'s are made exactly equal, then no
current can flow through the motor armature when they
are connected together; but just as soon as the motor arma-
ture s/ips back a sufficient fraction of a revolution for its coils
to be in a certain position (relative to the fields) an rnustant
later than the generator coils, then a current can flow
through the motor armature and exert a torque to drive it.

If this torque is sufficient to drive the armature, it does
not slip back further; if not sufficient, it slips back a little
more until the increased current does furnish torque enough.
If the load changes, the armature slips back a little or moves
ahead a little, according to whether the load increases or
decreases.

The total amount of this slip of the armature at the maxi-
mum load does not exceed about a quarter of the width of a
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pole-piece, or in a ten-pole machine, about 5 revolution,
so that the rewolutions per minute do not change with
changes in the load, if the frequency is kept constant. If
the load increases beyond the capacity of the machine, so that
more than this amount of slip takes place, the excessive cur-
rent which flows distorts and weakens the field to such an
extent that little or no torque is exerted, and the armature
stops.

The action of a synchronous motor may be likened to a
pulley (the generator) driving another (the motor) by means
of a spring, as represented in Fig. 33,
where G represents the driving pulley,
A the driven, and S is the spring fixed
firmly to the driving pulley and play-
ing between two pins on the driven
pulley. If there is no load on the
driven pulley, the spring will be nearly
straight, as represented by the full
lines; but if a load is thrown on the driven pulley, the
additional torque required will bend the spring, as repre-
sented by the dotted lines, so that the driven pulley s/ips
back a little, with reference to the driving pulley, although
the number of revolutions per minute of each remains the
same.

If the torque becomes excessive so that the spring is bent
beyond its elastic limit, it breaks, and the driven pulley
stops.

When supplied from a circuit of a constant frequency,
there is then only one speed at which the motor can
run, and there is no method of regulating the speed,
except by varying the frequency of the applied E. M. F.,
which is not practicable. If the field is weakened, more
current is required to give the same torque, but the
speed remains the same; if the applied E. M. F. is
decreased (without changing the frequency), the armature
must s/zp back a little more to allow the same current
to pass through the armature, but the speed remains the
same.

F16. 8.
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70. If asingle-phase generator is used as a motor, it will
not be self-starting.  Single-phase synchronous motors are
manufactured by the Fort Wayne Electric Works, which are
self-starting, with or without load. One of these machines
is illustrated in Fig. 34, and a brief description will serve
to explain the principle employed in starting.

The general appearance of the machine can be seen from
Fig. 34, which is quite similar in appearance to a multipolar
direct-current machine.

I1G. 34.

The laminated field in the machine illustrated has ten
poles. These are provided with two windings. One of
these is composed of a few turns per pole of comparatively
heavy wire, and another of a large number of turns of light
wire. The former is used in starting and the latter serves
to supply the field excitation after thc machine has been
brought to speed.
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The armature is provided with two windings, one an
ordinary d.siributed winding connected to the commu-
tator showa at the left end of the machine, and the other
a shuitle winding, concentrating a number of distinct
and regulariv alternating poles around the armature. The
two ends of this latter winding are connected to two
collector rings at the pulley end of the machine. Bearing
on these rings are two brushes, one of which can be seen
at a.

The operation of the machine can be summed up as fol-
lows: In starting, the heavy field winding and distributed
armature winding are connected in series. These connec-
tions to the circuit are made by means of the special knife
switch mounted on top of the machine. Its starting posi-
tion is that shown in the figure. The alternating current re-
verses its direction in the armature and field simultaneously,
preducing a torque in one direction. This brings the
machine rapidly up to synchronous speed, which is indicated
by the illumination of a lamp / connected to the shuttle
winding on the armature. When this speed has been reached,
the handle of the switch is lifted and the shuttle armature
winding thereby directly connected to the alternating supply
circuit. The field requiring direct current receives its
excitation from the fine wire winding, which is, by means
of the switch, connected to the distributed armature wind-
ing through the brushes and commutator shown at the left
end of the machine.

71. Polyphase Synchronous Motors. — Synchro-
nous motors for polyphase circuits are similar in construction
to polyphase generators. With regard to their construction,
these machines can be divided into two general classes:
(1) those with internally revolving fields; (2) those with -
internally revolving armatures.

Machines of the first class are those used for such pur-
poses as driving arc-light dynamos, frequency changes, etc.
The external stationary member is made of laminated soft-
iron disks, with inwardly projecting radial teeth. The

[N
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winding is similar to that of the stationary member of a
polyphase induction motor, as will soon be described. The
effect of the polyphase currents (either two or three phase)
is to cause a rotating magnetic field.

In starting, a current is induced in the internal field,
which has radial poles. When the machine is working at
synchronous speed, the internal field is energized by a con-
tinuous current, and
the motor is now ca-
pable of furnishing
power. Fig. 35 shows
a three-phase machine
with stationary arma-
ture and internally
revolving field. The
field is supplied with
its exciting current by
the two collector rings
shown. Such a
machine could be
operated either as a
three-phase generator _—
or a three-phase syn-
chronous motor.

Machines belonging to the second class, as divided above,
are used principally as rotary converters. Here the wind-
ing on the armature causes a rotating magnetic field in that
member. The reaction between its field and that caused
by the current induced in the stationary winding is sufficient
to start the machines.

Several other methods of starting polyphase synchronous
motors can be employed. The first of these necessitates the
use of a polyphase induction motor, belted to the shaft of
the synchronous motor. It will be seen farther on that
induction motors are self-starting, and a machine of this
type and of small capacity can be used for the purpose
mentioned. When the synchronous motor is running at
full speed, it is synchronized with the supply circuit as any

<
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alternator would be, and the belt from the induction motor
is then thrown off.

Another method of starting a synchronous motor, which
is employed only in case the motor forms part of a rotary
transformer, involves the employment of the direct-current
side of the machine. The latter winding enables the ma-
chine to be run as a direct-current motor, enabling the
alternating side to be synchronized with the supply circuit,
as before. From the foregoing it will be seen that poly-
phase synchronous motors are not to be used where ma-
chines requiring a large starting torque are required. Their
essential quality of operating at absolutely constant speed
(supposing the frequency of the supply circuit to be con-
stant) makes their use in many cases indispensable.

INDUCTION MOTORS.

72. Single-Phase Motors.—The lack of the power
of sclf-starting under load in synchronous motors led to
the development of a type of motor known under the above
head.  Induction motors, in the same way as synchronous
motors, can be divided into two general classes: (1) single-
phase, and (2) polyphase.

The operation of an induction motor, whether single or
polyphase, rests essentially on the existence or assumption
of a rotating magnetic field.

Until a few years ago, a single-phase, self-starting induc-
tion motor was practically unknown in commercial work.

In discussing induction motors, some writers employ the
terms ficld and armature in the same relation to the supply
circuit that exists in a direct-current machine. To avoid
confusion, however, we shall refer to the armature as the
revolving member and the fie/ld as the stationary member,
irrespective of line connections.

73. The ficld of a single-phase induction motor is wound
exactly the same, in principle, as that of a direct-current
machine. The field core, as well as the armature core, is

|
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laminated instead of being solid, and is so made to reduce
loss from hysteresis and eddy currents.

The armature of a single-phase induction motor is, in most
cases, the same as that employed in polyphase induction
motors. By referring to Fig. 36, an idea of its construction
can be obtained. There is a laminated core provided with
a number of slots. In these slots are placed copper bars
b, b, b, insulated from the core by means of insulating

FiG. 86.

troughs 7. The ends of the copper bars are connected
together by means of the copper rings 7, ». The whole con-
struction resembles a squirrel cage, and this form of winding
is therefore known as the squsrrel-cage winding. The alter-
nating magnetism in the field sets up current in the arma-
ture, and the reaction between the two causes a repulsion.
This does not evince itself as useful torque, as the forces
are balanced. If, however, the armature is given a start
(by hand) #n either direction, it will increase in speed till
such a speed is reached that the slip is just sufficient to
allow the proper working current to be induced in the arma-
ture. An increase in Joad will cause the armature to drop
slightly in speed.
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Z4. It has been said that a motor with an armature of
this type is not self-starting. As far as practical require-
ments are concerned, a motor of this type would do little
towards supplying the demand.

The motor shown in Fig. 37 is one made by the Wagner Elec-
tric Manufacturing Company, and has the property of self-
starting. The field is of the usual type, described as follows:
The armature is provided with a distributed winding. In

FiG. 87.

starting, the field is connected to the supply circuit, and the
induced currents in the armature, instead of being allowed
to circulate at will, as in the squirrel-cage type, are con-
trolled by means of short-circuited brushes, one of which
can be seen at /%, Fig. 37. The reaction between armature
and field causes a repulsion as before, one component of
which acts tangentially on the armature, causing it to
revolve with considerable torque. When the proper speed
has been reached, a pair of centrifugal weights concentric
with the shaft lift the brushes from the commutator and
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introduce at the same time a copper ring into the center of
the commutator, completely short-circuiting the latter. By
this means the armature winding is converted into one of
the squirrel-cage type, and the machine, therefore, continues
to operate. This machine can be made to start with even
more than full-load torque by cutting out part of the field
winding. This is done by connecting the line-wires to bind-
ing-posts @ and ¢, in place of @ and 4.

The direction of rotation in a Wagner single-phase induc-
tion motor can be changed by shifting the brushes a slight
amount forwards or backwards.

POLYPHASE INDUCTION MOTORS.

75. Ina great many casesit is necessary to have analter-
nating-current motor which will not only start up of itsown
accord, but one which will start with a strong torque. This
is a necessity in all cases where the motor has to start up
under load. It is also necessary that the motor be such
that it may be started and stopped frequently, and in gen-
eral be used in the same way as a direct-current motor.
These requirements are fulfilled by polyphase induction
motors, which have come largely into use, especially in sizes
up to about 100 or 150 H. P.

76. Polyphase induction motors are usually made
for operation on two or three phase circuits, although they
are sometimes operated on single-phase circuits, as explained
later. They always consist of two essential parts, namely,
the primary, or field, to which the line is connected, and the
secondary, or armature, in which currents are induced by
the action of the primary. Either of these parts may be
the revolving member, but we will suppose in the following
that the field is stationary and the armature revolving. In
a synchronous motor or direct-current motor, the currentis
led into thc armature from the line, and these currents
reacting upon a fixed field provided by the stationary field-
magnet produce the motion. In the induction motor, how-
ever, two or more currents differing in phase are led into
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the field, thus producing a magnetic field which is constantly
changing and which iuduces currents in the coils of thearma-
ture in the same way that currents are induced in the sec-
ondary coils of transformers. These induced currents
react on the field and produce the motion of the armature.
It is on account of this action that these machines are called
induction motors.

FIELD WINDING.

Z7. The winding on the field of an induction motor is
almost exactly the same as that on the armature of a syn-

chronous motor. The field structure is built up of disks
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with teeth on their inner circumference, which form slots
when the core is assembled. The coils are placed in these
slots, forming a winding like that on the surface of a poly-
phase armature. Distributed windings are usually employed;
that is, there is generally more than one coil per pole per
phase, and the winding when completed resembles very
much the evenly distributed arrangement of coils on a con-
tinuous-current armature. Fig. 38 shows a finished field
for‘an induction motor. The coils are seen at a, a distrib-
uted evenly around the inner circumference.

Z8. The action of the out-of-phase currents in produ-
cing a changing field will be understood by taking the case
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of a simple two-phase field, as shown in Fig. 39. In order to
make the action clearer, we will suppose that the coils are
wound on projecting poles instead of being sunk in slots.

F. IV—14
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The field F composed of laminations has eight polar projec-
tions, four poles for each phase. Each projection is wound
with a coil, and alternate coils belong to the same phase, the
winding constituting phase I being shown full and phase 2
dotted. The winding is such that if a current is sent
through either of the windings, the poles formed are alter-
nately north and south; for example, 1, 3, 5, 7 would be N
and S, as shown. If such a field were connected to a two-
phase alternator, currents would be induced in each of-the
circuits, differing in phase by 90° and continually reversing
in direction. The effect of thisis that as the magnetism in,
say, pole 1 dies out, it increases in pole 2, and so on, thus
producing the effect of a field continually shifting around or
revolving. In fact, the field produced by the field coils
shifts around in the same way that the field is made to shift
around the armature of the alternator by its rotation in the
field produced by the separately excited field-magnets.
This gives, then, the effect of a four-pole revolving field; the
speed at which it revolves would depend upon the frequency
of the alternator. In this case, if the frequency were 60,
the field would make S = 2 *460
R. P. M. The effect of the distributed winding in Fig. 38is
more uniform than that in the simple motor shown above,
and causes the motor to exert a more even torque.

= 30 rev. per sec., or 1,800

79. Suppose an armature having also eight polar pro-
jections to be placed inside the field of Fig. 39. Each of
these projections is wound with a coil ¢, Fig. 40, and these
coils form independent closed circuits, since their two termi-
nals are united at the points 4. When a current is sent
through the field, a varying magnetic flux is set up through
the armature coils, thus generating an E. M. F. in them.
Since the coils form closed circuits, the induced E. M. F.
causes currents to be set up in them, and this causes the
armature to rotate by the reaction of these currents on the
field. If the armature were held from turning, the coils on
the armature would act like the secondary of an ordinary
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transformer, and heavy currents would be set up in them.
However, as the armature comes up to speed, the relative
motion between the revolving field and armature becomes
less, and the induced E. M. F.’s and currents become
smaller, because the secondary turns do not cut as many
lines of force as before. If the armature were running
exactly in synchronism with the field, there would be no
cutting of lines whatever, no currents would be induced, and
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the motor would exert no torque. Therefore, in order to
have any induced currents, there must be a difference in
speed between the armature and the revolving field, and the
greater the current and consequent torque or effort, the
greater must be this difference. When the load is very light,
the motor runs almost exactly in synchronism, but the speed
drops off as the load is increased. This difference between
the speed of the armature and that of the field for any given



86 DYNAMOS AND MOTORS. § 30

load is called the slip. The slip in well-designed motors
does not require to be very great, because the armatures are
made of such low resistance that a small secondary E. M. F.
causes the necessary current to flow. In well-designed
machines it varies from 2 to 5% of the synchronous speed,
depending upon the size. A 20-H. P. motor at full load might
drop about 5% in speed, while a 75-H. P. motor might fall off
about 2}4. For example, if an 8-pole motor were supplied
with current at a frequency of 60, its field would revolve
60 = 15 rev. per sec., or 900 R. P. M., and its no-load speed
would be very nearly 900. At full load the slip might be
5%, so that the speed would then be 855 R. P. M. It isthus
seen that as far as speed regulation goes, induction motors
are fully equal to direct-current shunt machines.

That member of an induction motor to which the working
current is led and in which the rotating field is produced is
by some writers called the field, irrespective of its use as a
stationary or rotating member of the motor. In single-
phase induction motors, the field is invariably the stationary
member, or, as it is sometimes called, the stator. Inregard
to polyphase induction motors, we have thus far considered
only that type in which the rotating field is produced in the
stationary member. Inanother type, in which the armature
is wound similarly to that of a polyphase alternator, current
is delivered to the winding by means of collector rings. In
this type of machine, the relation between the rotating field
produced in the armature and the consequent direction of
rotation differs somewhat from that in the type heretofore
considered, in which the rotating field is produced in the
stator. In the second type of machine just mentioned, the
rotating member is sometimes referred to as the field, for
the reason that the rotating ficld is produced in it. To
avoid confusion in the application of the terms fie/d and
armature, it is sometimes well to refer to the rotating mem-
ber as the 7ozor and the stationary member as the szator, as
mentioned before.  In a polyphase induction motor, the
winding in which the rotating field is produced encloses, or
is enclosed by, another winding, whose conductors will be



§ 30 DYNAMOS AND MOTORS. 87

cut by the lines of force of the rotating ficld, and an E. M. F.
will be set up in them, and if their circuit is completed, a
current will flow through them. This current will react on
the moving field, the tendency of this reaction being fo cause
the magnetic ficld to become stationary with respect to the
external conductors. That s, if the rotating field is produced
in the rotor, and the latter is held stationary and the exter-
nal conductors are free to move, they will revolve in the same
direction that the field moves; while if, in the same case,
the stator is fixed and the rotor is free to move, the arma-
ture will rotate in the opposite direction to that in which
the field moves.

ARMATURE WINDING.

80. A form of armature winding for polyphase induc-
tion motors was described in Art. 73 and illustrated in
Fig. 36. In some cases, especially in the larger motors, it is
best to have the armature winding so arranged that a
resistance may be inserted in series with it while the motor is
starting up, and cut out when full speed is attained. If this
is not done, there will be a large rush of current at start-

“ing, because when the motor is standing still it is in the
condition of a transformer with its secondary short-cir-
cuited, and since the armature is stationary with regard to
the field, a fairly high E. M. F. may be induced, thus caus-
ing a very heavy current to flow through the low-resistance
secondary winding. This would cause a large current to
flow in the primary, and would therefore be objectionable.
Moreover, this large secondary current reacts on the field
produced by the primary so as to greatly weaken it, and
results in a very small starting torque. If the armature
were so designed as to have a fairly high resistance in itself,
in order to limit the starting current and procure a good
starting torque, the motor would be inefficient and would
give bad speed regulation. It is therefore best to have a
resistance which may be placed temporarily in the circuit
and then cut out. This may be done by supplying the sec-
ondary with a regular winding similar to that of the field
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and bringing the terminals to collector rings. By means of
these, connection may be made to a resistance-box, and
resistance cut in or out in much the same way as is done in
starting up direct-current motors. Inthe General Electric
Company’s motors, the use of collector rings is avoided by
mounting the resistance on the armature spider, and cutting
it out by a switch operated by a sliding collar on the shaft.

F1G. 41,

This enables the motor to be built without any moving con-
tacts whatever. Fig. 41 shows one of the above motors with
adjustable resistance in the secondary, the handle % shown
in the figure being used to operate the sliding collar ¢. It also
shows the arrangement of the parts of a motor with station-
ary field and revolving armature.

81. In cases where it is necessary to have induction
motors run at variable speeds, it is usual to supply them with
collector rings connected to an adjustable rheostat, a method
often used where such motors are intended for operating
hoists, etc.

o
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The direction of rotation of the revolving field produced
in a polyphase induction motor can be changed by reversing
one of the phase connections.

82. Induction motors are always constructed with a
multipolar field, so as to keep down the speed of rotation.
The number of poles employed increases with the output,
and the speed is correspondingly decreased. The following
table gives the relation between poles, output, and speed for
some of the standard sizes of induction motors (60 cycle).

Poles. H. P. Speed.
4 1 1,800

6 5 1,200
6 10 1,200

8 10 900

8 20 900
10 50 720
12 75 600

PHASE SPLITTING.

83. Motors are sometimes operated from single-phase
circuits by splitting the phase; that is, the original single-
phase current may be split up into other currents which are
out of phase, and thus suitable for starting up a motor. A
simple arrangement of this kind is shown in Fig. 42. The
motor is supplied with two windings, which are connected
to the mains, one in series with a resistance R and the
other in series with an inductance L. It is evident that
the current in circuit B will lag behind that in A4, and the
motor will therefore be supplied with two currents suitable
for starting. After the motor has run up to speed, R and
L are usually cut out and the machine runs as a synchronous
motor. A number of starting devices are in use for oper-
ating motors from single-phase machines; but where a
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really satisfactory motor is required, the multiphase induc-
tion or synchronous motorsare used. The latter are especially

Line.

FiG. 42.

valuable for large power-transmission plants, where lagging
currents are objectionable.

OUTPUT.

84. The output of an alternating-current motor, in fact
of any motor, steam, hydraulic, or electric, may be meas-
ured by the method given in Art. 62. As stated in
Art. 39, the ordinary methods of measuring the input to
the machine can not be relied upon with alternating cur-
rents, so that special methods are required. The efficiency
of good alternating-current apparatus is, however, equal to
that of similar direct-current machines, and the losses are
distributed in about the same proportion.

As no sparking occurs in alternating-current machinery,
it obviously does not affect the output. Armature reac-
tion, however, does affect it, as has been pointed out in the
case of synchronous motors (Art. 68). With rotary-field
motors, if the load on the machine becomes so great as to
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require an excessive torque, the increased current in the
armature will at a certain point so weaken the field that it
can furnish no increased torque, in which case the machine
will stop.

The effect of the heat generated by the current in alter-
nating machines is the same as in direct-current machines,
so that the same limitations exist; that is, they should not
heat to more than 80° F. above the temperature of the sur-
rounding air.

THE INSTALLATION AND CARE OF
DYNAMO-ELECTRIC MACHINERY.

INSTALLING.

85. Dynamo-electric machinery should always be located
in a dry place, where the air is cool (see Art. 78, Part 2),
and where it will not be exposed to dust, especially metallic
or mineral dust. Moisture will soon injure the insulation,
and dust will, if metallic, often cause damage by settling in
the winding or in the bearings.

For dynamos or motors up to about 30 H. P. capacity,
a good, substantial floor affords a sufficient foundation.
Machines of larger size should be provided with brick or
stone foundations, of a size and weight depending on the
size of the machine. For machines of 100 H. P. or greater
capacity, the foundations should not be less than five feet
deep.

The machine should be supported on a wooden subbase,
resting on the foundation or floor, which should be about
8 inches high. This subbase scerves to insulate the frame of
the machine from the ground, so the bolts which hold it
down to the foundation should be so located as not to
touch the bolts which hold the base of the motor down
on the subbase. The subbase should not be painted,
but should be oiled or filled, to prevent it from absorbing
moisture.
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If the machine is driven by a belt and the belt passes a
part of the frame before reaching the pulley, the static elec-
tricity generated in the belt will sometimes pass into the
frame of the machine, when it is liable to injure the insula-
tion by jumping through it to the winding. A path for this
static electricity to escape to the ground may be made by
charring with a red-hot iron a fine line on the wooden sub-
base, extending from one of the bolts which holds the sub-
base to the foundation to one of the bolts fastening the
dynamo base to the subbase. A heavy pencil line drawn
with a soft pencil will answer the same purpose. This will
not materially affect the insulation of the machine from the
ground, but will afford a path for the static electricity to
escape.

It is a good plan to place a tin drip pan about 1 inch deep
between the base of the machine and the subbase and large
enough to catch whatever oil may drip from the bearings,
thereby preventing it from soaking into the floor.

86. The foundation should be located with respect to
the driving pulley or shaft, so that the length of the belt
used should not be too small nor too great. Fifteen to
twenty feet between centers is about right, unless the dri-
ving pulley is more than about six times the diameter of the
driven, in which case longer belts should be used, so as to
get sufficient arc of contact on the driven pulley to drive it
without making the belt too tight.

Belted machinesof the smaller sizes (less than 150 H. P.
capacity) are usually provided with a s/iding bed-plate with
guides or rails on which the machine slides, it being moved
backwards or forwards by screws operated by levers or
hand-wheels. (See Figs. 52 and 53, Part 2.) The machine
is not, then, bolted directly to the subbase, but may be
fastened down on the bed-plate which is bolted to the
subbase.

If a new belt is to be used, its length should be calcuiated
for that position of the pulleys when they are nearess
together. Then, as the belt stretches with use and becomes



§ 30 DYNAMOS AND MOTORS. 93

slack, the machine may be slid along the guides, and the
proper tension of the belt maintained.

The width of belt necessary to transmit the power to or
from the machine may be calculated by the rules given in
previous articles. It will usually be found that the pulley
furnished with the machine is about 1 inch wider than the
belt required. For machines of between 10 and 50 H. P.
capacity, the belting used should be that known as /ight
double or dynamo belting, which should be of about # the
width of a single belt totransmit the same power. Dynamo
and motor belts should have cemented or riveted joints,
to insure smooth running. Laced belts should not be
used.

The size of the pulley on the engine or shaft to which the
machine (dynamo or motor) is belted may be calculated from
the size of the pulley and its number of revolutions, using
formula N = % To the calculated size of the driver
should be added 24, to allow for the slip of the belt. . 7/e
size of the pulley on the machine should not be altered, except
by the advice of the makers or their representatives.

87. In the following articles upon the setting up and
the testing of machines, only direct-current constant-poten-
tial dynamos will be considered. Other classes of machines
will be taken up later. On setting up a new machine, the
foundation and subbase should first be prepared, then the
bed-plate set in position on the subbase, but not fastened.
The machine should then be ve¢ry carefully unpacked and
set in position on the sliding base. Small machines, up to
10 or 15 H. P. capacity, are usually packed in a box, with
the armature and field coils in position and connections
made, so it is only necessary to take them out of the box and
set them upon the bed-plate.

Machines from 15 to about 50 H. P. capacity usually have
the armature removed and packed separately, the field coils
being left on the frame, which is boxed. Still larger ma-
chines usually have the armature, field coils, connection
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boards, rocker-arm, etc., removed and packed separately,
and the frame skidded.

When this is done, the bearings, joints in the magnetic
circuit, and similar bright surfaces are slushed with grease
or painted with thick white-lead paint; thisshould be cleaned
off, using benzine or kerosene oil for the grease and tur-
pentine for the paint.  Joints in the magnetic circuit should
be wiped off with a cloth, not with waste, for the latter will
catch on the tiny points on the surface of the iron, and will
prevent the two surfaces from coming tightly together.

Most machines of the larger sizes are now made multi-
polar, and the top part of the magnetic circuit may be
removed, down to the center line of the shaft, to allow of
removing and replacing the armature. Others have the
magnetic circuit solid, but the standards are made remov-
able, so that the armature may be slipped out endways. If
there is little headroom, it is desirable that the machines
have both the upper part of the magnetic circuit and
the standards removable, so that the armature needs to be
lifted only 2 or 3inches, instead of more than half its diam-
cter, as would be the case with standards cast solid with the
base.

88. After cleaning up the bearings and joints, the lower
half of the machine should be set up in position on the bed-
plate, and the ficld coils and the pole-pieces (if removable)
placed in position, care being taken to get the field coils on
in the right erder and position, so that they will connect
together properly.

If the bearings are se/f-oiling, the cavity in the standard
which contains the o1l should be examined to see if all the
sand from the mold in which it was cast has been removed.
If this has not been done, it should be blown out with a hand
bellows, or, better, with a jet of live steam from the boilers,
if that is obtainable.  The caps for the standards should be
examined and cleaned in the same manner. The bearings
should then be wiped out, cloth being preferable to waste
for this purpose also.

.
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After this has been done, the armature should be looked
over to see if the winding and commutator are uninjured,
and all dirt or sawdust should be brushed or blown out of
the spaces between the coils, etc.: it should then be placed
in position in the bearings.

89. Asit is very important not to bump the armature
against the projecting corners of the machine in putting it
in place, it should not be lifted in by *‘ main strength," if so
heavy that two men can not handle it readily, but a crane
or other hoisting mechanism should be .used.

To lift the armature, a rope sling should be used, which
should be looped around the ends of the armature shaft,
never around the commutator. To this sling, the hook of
the tackle, or chain block, may be fastened, and to prevent
the sling from bearing against and possibly injuring the
armature winding or the commutator, a piece of board,
notched at the ends, should be placed between the two parts
of the sling.

This is represented in Fig. 43, B being the notched piece
of board and S the sling. The sling should be crossed in
the hook, as represented, for otherwise it is very liable to
slip and drop the armature. ‘

FiIG. 43.

A single chain block, or tackle, is not desirable to use in
handling a heavy armature, as, either in raising or lower-
ing, the armature must be swung out to one side, which is
very inconvenient, and the armature is liable to swing
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around unexpectedly and damage itself by bumping against
the frame. If an overhead traveler is not at hand to attach
the tackle to, two tackles should be used, one hung directly
over the center of the machine, and the other directly over
the nearest point on the floor to which the armature can be
brought.

The armature may then be lifted by this latter tackle
until high enough to clear the frame of the machine, when
the other tackle may be hooked on, and by slacking off on
the one and hauling in on the other, the armature may be
lowered directly into place. In this way, two men can
easily handle a heavy armature.

The top part of the magnetic circuit or other heavy parts
of the machine may be put in place in the same manner.

If the armature winding is on the surface of the core, it
should not be rested directly on the floor, but on a pad of
waste or rags, or the end of the shaft should be supported
on a couple of wooden horses. If the armature is of the
‘“ironclad ” type, in which the winding is embedded in
slots cut in the periphery of the core, this precaution is not
necessary. In either case, the armature should always be
lifted by means of the shaft.

After placing the top part of the magnetic circuit with its
pole-pieces and field cores in position and setting up the
bolts or screws which hold it in place, the bearings should
be filled with oil and the armature turned over a few times
by hand to make sure that it does not touch the pole-pieces
at any point and that the shaft runs easily and true; if it
binds at any particular point of a revolution, the shaft may
have been sprung in transit, and it should not be run in that
condition. The armature shaft should have an end play of
from } to § an inch, except in those machines in which the
pole-pieces face the end surface of the armature, like the
Brush constant-current machine. This end play allows of a
slight end motion of the armature as it runs, which makes
the wear on the commutator and bearings more uniform,
and prevents the shaft from sticking by any slight endwise
expansion it may undergo.
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TESTING, AND LOCATING AND REMEDYING
FAULTS.

90. If everything appears to be all right, the pulley
should then be put on and the machine carefully lined up
with the shaft and pulley to which it is to be belted, and
the bed-plate fastened permanently to the subbase. Then
the belt should be put on and the machine run without
load and with no field excitation for two or three hours, if
possible, to make sure that the bearings and oiling arrange-
ments are in working order. .

If the bearings begin to heat badly, the oil in the bear-
ings should be examined to see if it is gritty, and if so, it
should be drawn off and fresh oil substituted. Only the best
grades of light mineral oil should be used ; any cheaper oil
costs more in the end. If the bearings still heat, they
should be taken out and examined for rough spots, and if
necessary, scraped.

If taken in time, the corresponding roughness of the
journal may be removed in the following manner: Take a
piece of crocus cloth of a width equal to the length of the
journal, wet it with oil, and wrap it around the journal;
then take a turn around the journal with a piece of cloth
tape or strip of cloth, take one end of the strip in each
hand, and by alternately pulling on each end rotate the
piece of crocus cloth around the journal, which will effect-
ually polish it and remove all slightly rough spots. If the
shaft has been bruised or dented, the high spots should be
carefully brought down with a fine file before polishing with
the crocus cloth.

If self-oiling bearings are used, they should be examined
to see if the rings turn freely; if they show a tendency to
hug the sides of the slots in the bearings, and turn very
slowly, or not at all, they should be bent a trifle, so that all
parts of the ring do not lie in the same plane, and so that as
they turn they will run from side to side of the slots in the
bearings. This may usually be done with a pair of heavy
pliers or a small wrench, without removing the bearings
from the machine. It should be carefully done, and the
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*“wind ” of the ring made uniform, so that it will not catch
in the slots at any point.

If a new belt is used and it has been made of the proper
length, it will usually be tight enough to cause the bearings
to get hot at first, but in half an hour or so it will stretch
sufficiently to relieve the pressure, and the bearings should
cool off. Large belts that are made endless by the manu-
facturers are usually stretched by them, in which case they
should be put on without quite as much tension as an
unstretched belt. (See Art. 86.)

91. If the machine runs all right, it should then be
prepared for a run under load. Before stopping the machine,
the commutator should be examined for high or low bars or
rough spots, by touching it lightly with the finger nail or
the end of a lead-pencil all along its length, as it turns,
which will show if the above defects exist. Rough spots
can be removed with sandpaper (necver emery-paper or
cloth) folded around a bit of board and pressed evenly on
the commutator as it turns. High or low bars, or ‘‘flats,”
can only be removed by turning the commutator down to a
uniform diameter, using for this purpose a sharp V-pointed
tool, a fine feed, and a high speed, finishing with fine (0 or 00)
sandpaper or a smooth file.

After the commutator has been turned up, it should be care-
fully gone over to see that the tool has not left chips that have
become embedded in the insulation between the bars. If
any such exist, they should be carefully picked out and all
copper dust wiped or blown off the commutator and arma-
ture.

The yoke and brush holders should then be placed in
position, and the brushes, if not of the radial type, carefully
adjusted, so that they bear on the commutator the proper
distance apart. This may be done by counting the com-
mutator segments, and dividing their number by the num-
ber of poles, the result being the number of segments which
should lie between the tips of successive sets of brushes.
Some multipolar machines use only two sets of brushes, but
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the fraction of the circumference of the commutator that
separates the two is indicated by the rocker-arm.

It is often convenient to make marks by means of a prick
punch on the end of the commutator shell, which will indi-
cate the segments on which the various sets of brushes
would rest when the proper distance apart. These refer-
ence marks will serve to relocate the brushes at any time.

The brushes should bear evenly on the commutator
throughout their whole end surface. Metallic brushes are
usually flexible enough to take care of this point, but carbon
brushes should be fitted to the commutator surface. This
may readily be done by putting them in position in the
brush holders, and dragging a sheet of medium-fine sand-
paper back and forth between the brushes and the commu-
tator, keeping the paper side of the sandpaper down on the
commutator; this will grind the ends of the brushes down
to the same curve as that of the commutator.

The tension used on the brushes should be uniform—Iight
with metallic and heavier with carbon brushes.

Machines which are shipped with the connections broken
are usually accompanied with a diagram showing the proper
method of connecting them up; if this is not the case, some
one perfectly familiar with the apparatus should make the
connections. In any case, the connections should be care-
fully looked over to see if they are all right, and all screws,
binding-posts, and other connections fastened firmly.

92. The machine should then be run up to its proper
speed, the brushes placed in the approximate neutral posi-
tion, the shunt-field circuit closed, and the resistance
gradually cut out. If everything is all right, the machine
will build up to its proper voltage (see Art. 37, Part 2);
but if this does not occur, the trouble may be looked for as
follows: Attach a voltmeter to the brushes, with the field
circuit gpen ; the voltmeter should show a slight deflection,
due to the E. M. F. generated by the residual magnetism.
Then close the field circuit, and if the voltmeter necdle
goes back towards zero, it shows that the current sent around

F. IV.—I17
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the fcld coils by the E. M. F. due to the residual magnetism
tonds to magnetize the ficlds in the opposite dircction, so that
the few lines of force of the residual magnetism are opposed
and destroyved, and the machine can not build up.

It this scems to be the case, rock the brushes ahead or
back until any one set occupies the position formerly occu-
pied by its neighbor.  Then close the field circuit again,
awd if this its the only trouble, the machine will build up.
It it does, and this position of the brushes is inconvenient
for any reason, they may be put back in their former posi-
tion and the connections of the shunt fields reversed.

It the machine still does not build up, it may be due to
the absence of any residual magnetism, in which case the
current from a few cells of battery or another dynamo
sent through the coils will establish a sufficient amount to
enable the machine to build up.  The presence (or absence)
of residual magnetism may be shown by a voltmeter, as
deseribed above.

If this is not the trouble, the field circuit may be broken
somewhere,  Examination of the connections between the
various coils will show if they are defective or loose; quite
frequently the wire in the leads from the spools becomes
broken at the point where they leave the spool, while the
insulation rematns intact, so that the break does not show.
This may be readily detected by ** wiggling ” the leads.

It the break is inside the winding of one of the coils, it
can only be detected by testing out each coil separately
to sce if its circuit is complete.  This may be done witha
Wheatstone bridge (\Art. 83, Part 1) or with a few cells of
battery and a galvanometer. A low-reading Weston volt-
meter makes a good galvanometer to use for this purpose.

If the current trom another dynamo can be obtained, the
faulty spool may be detected by connecting the terminals of
the ficld circuit to the terminals of the circuit of the other
machine; no current will flow through if the circuit is
broken, but if a voltmeter is connected across cach single
ficld coil in succession, it will show wo deflectton if the coil is
continuous, because both poles of the voltmeter will be

|
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connected to the same side of the dynamo circuit. If the
coil has a break in it, one of its terminals will be connected
to one side of the circuit and the other, to the other side, so
that a voltmeter connected between these terminals would
show the full E. M. F. of that circuit. Consequently, when
the voltmeter is connected across a spool and shows a con-
siderable deflection, that spool has an open circuit which
must be repaired before the dynamo can operate.

93. This method of testing is represented by the dia-
gram, Fig. 44; 1, 2, 3, and 4 represent the field coils of a
4-pole dynamo, there be-
ing a break in coil 2 at B.
The terminals @ and ¢ of
the field winding are con-
nected to the 4+ and —
terminals of a ‘‘live” cir-
cuit; thatis, a circuit con-
nected to a dynamo in
operation. It will be seen

“that terminals @ and & of
coil I are both connected
to the 4 side of the circuit,
and as there is no current
flowing through the field
circuit, there is no difference of potential between @ and 4;
therefore a voltmeter connected to @ and 4, as at V, will
show no deflection. But terminal ¢ of coil 2 is connected to
the — side of circuit, so a voltmeter connected to 4 and ¢, as

at V,, will show a deflection, and in fact will indicate the

difference of potential between « and e.

The above test may be roughly made with a bit of wire
long enough to span from terminal to terminal of a coil. If
one end of the wire is touched on a, for instance, and the
other on 4, it will not affect the circuit any; but if touched
on the terminals of the coil in which the break is located,
the field circuit will be completed through the bit of wire,
and a spark will occur when the wire is taken away. The

S

Fi1G. 4.
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wire should not be allowed to span more than one coil at a
time, otherwise it may short-circuit so much of the field
winding that too great a current would flow.

94. If the machine builds up to about half its normal
voltage or less, and refuses to come up higher when all the
external resistance is cut out of the field circuit, the trouble
may be due to too low speed, which may be easily tested by
counting the number of revolutions made by the machine.
If this is not the fault, the brushes should be rocked back
and forth, and if the voltage increases with a motion of the
brushes in either direction, this motion should be continued
until the voltage will not increase further, in which case the
brushes are probably in the proper neutral plane.

If the voltage is still considerably too low, it is probable
that one of the field coils is wrongly connected, so that the
ficlds are not all of the proper polarity. This can be tested
with a small compass, and if one field is found to be of the
wrong polarity, the connection of its coil should be reversed,
in which case the machine will probably build up properly,
unless there is some serious defect in its construction.

When the machine has built up to its proper voltage, and
the brushes have been adjusted to the non-sparking posi-
tion, the armature should be examined for skort circuits.
These occur when the ends of one of the coils form acci-
dental contact with each other, or when two neighboring
wires touch each other; the effect in either case is to form a
closed circuit of one or more active conductors, which circuit,
being of low resistance, has an excessive current ‘generated
in it, causing it to heat badly, and finally destroying its
insulation.

This fault may be detected by holding a nail, screw-
driver, or other small piece of iron over the surface of the
armature between the poles. The fluctuations in the cur-
rent flowing in the short-circuited coil, as it passes from one
pole to another, set up corresponding fluctuations in the
stray field between the pole-pieces, so that the piece of iron
held in this stray ficld will be vibrated quite strongly. Care
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should be taken not to allow the bit of iron to be pulled into
the armature by the attraction, as that would probably
destroy the winding. -

95. Armatures in which the winding is embedded in
slots cut in the periphery of the core will sometimes cause a
picce of iron held between the poles to vibrate, especially if
the slots are comparatively few in number; but this action
can be readily distinguished from that due to a short-
circuited coil, as the vibrations due to the teeth on the
armature occur several times in a-revolution, while those
due to the short-circuited coil occur only once in a revolu-
tion. The difference in the rate of the vibration may be
easily distinguished. '

If a short-circuited coil appears to exist, the machine
should be run for some time (with no external load), per-
haps ten minutes, and then shut down. By feeling all the
armature coils in succession on the back end of the arma-
ture, the defective coil may be readily picked out by its
being much hotter than the others. It should then be
marked in some way and the armature taken out and the
coil rewound or the short circuit otherwise removed.

96. If the armature shows no short circuit, it should be
run under load for some time before being put regularly in
commission. It is usually not desirable to connect it for
this test to the circuit which it is to supply with current,
since the load can not be readily controlled. It is better
to provide an artificial load for the machine which may
be readily controlled, so that any desired load may be
obtained.

With small machines of the proper voltage, this artificial
load may be made by using a lamp bank ; that is, a num-
ber of incandescent lamps arranged so that few or many
may be connected in circuit by manipulating the necessary
switches.

With larger machines, especially of the higher voltages
(230 or 500 volts), this method is not so convenient as a water
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rheostat, which consists of a wooden tank filled with salted
water, in which are hung two iron (or other metal) plates,
that are attached to the terminals of the dynamo. The cir-
cuit is thus completed through the water between the plates,
and by varying the distance between the plates, the resist-
ance of the external circuit can be adjusted between wide
limits.

An old oil barrel makes a good tank if the dynamo to be
tested has an output of not more than about 15 kilowatts.
If a greater amount of energy must be disposed of, the sur-
face and the amount of the water must be greater than a
barrel will afford, and a tank should be made for the pur-
pose, especially if several machines are to be tested. Fig. 45
illustrates a form of water rheostat, in which 7 is the

F1G. 45.

wooden tank, which should be about 7 feet long and about
2} feet square, inside measurements, made of 1}-inch or
2-inch pine plank, with tongued-and-grooved joints, which
should be leaded to make them tight, the whole being held
together by cross-bolts, as represented in the figure.

Two iron rods R, R are placed across the top of the
tank, and to them the terminals of the dynamo circuit are
attached, as represented at I, I, From these rods two
iron plates /£, /2 are hung, which should have about 3} or
4 square feet of surface (on one side) below the water-level.
These plates may be made of a couple of pieces of old boiler-
plate or heavy (}-inch or thicker) sheet iron, cut with two
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projecting lugs on the top, which are bent into hooks by
which the plates are hung from the rods R, K. Castiron will
do equally well; two old ash-pit doors, for example, will
make very good plates, the rods being passed through the
holes for the hinge pins.

When ready for use, the tank should be filled with water,
and from 5 to 20 pounds of rock salt or washing-soda added
to reduce the resistance to the required figure, as water alone
would give altogether too high a resistarnce. The resistance
should be made such that when the two plates are at opposite
ends of the tank, about ; the normal current of the gen-
erator will flow when the circuit is closed. An ammeter
should be connected in circuit with the rheostat, of a
capacity sufficient to measure the full-load current of the
machine.

When all preparations are completed, connections firmly
made, and the plates at opposite ends of the tank, the exter-
nal circuit should be closed and the plates moved closer
together, until the current is about one-quarter the full-load
current of the machine. The machine should then be
cxamined for further faults, which will generally be indi-
cated by sparking at the brushes.

97. If the brushes spark badly, they should be shifted
backwards and forwards a little, and the position of least
sparking found. If they are too far back, the spark will
occur at the forward tips of the brushes, and will generally,
especially with copper brushes, be short, bluish in color, and
confined to one or two points along the row of brushes in
each set. If too far forwards, the spark will appear to come
from wnder the brush, will generally be more yellowish in
color, and will occur all along the rows of brushes.

Even when in the best position, the sparking will not
entirely disappear, for by looking carefully under the brushes,
a tiny twinkling spark will be seen, which, however, does no
damage.

If there is an intermittent sharp flash at the brushes,
occurring at each brush once in a revolution, it is probably
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due to an gpen circuit in the armature winding, which
usually occurs in the leads from the armature coils to the
commutator segments. The break may be located by run-
ning the armature and allowing it to flash for half aminute
or so, when it will be found that one, perhaps two, commu-
tator bars are noticeably burned, the burn extending from
the forward edge of the bar (in the direction of rotation)
back half its width or more. The armature head should
then be removed and the lead from the winding to the
burned bar examined.

If the lead is only disconnected from the bar by having
become unsoldered or by the wire slipping out from under
the screw which holds it, the fault may be quickly repaired.
If it is necessary to resolder the connection, care should be
taken that particles of the solder do not fall on the back of
the commutator in such a way as to connect two barsor two
leads together, or to connect a commutator bar with the
shell.  ceid should not be used in soldering these connec-
tions, since the acid will corrode the joint and finally cause
a break; the surfaces should be scraped bright and resin
used as a flux. Resin dissolved in alcohol makes a very
convenient flux for this kind of work.

If the break is such that it can not be readily repaired,
and there is not time to put in a new connecting wire, the
machine may be temporarily used by connecting the burned
bar with either of the adjacent bars by a drop of solder, or
by hammering lightly on the end of the bars until the space
between the two is bridged over by the soft metal.  7T/is should
never be done if possible to repair the broken connection, but
will sometimes be necessary in case of an emergency. When
the break is repaired, which should be as soon as possible,
the connection between the bars must be removed.

When the break is in the connection between the winding
and the commutator bars, the continuity of the winding is
not usually disturbed, since the leads to the commutator do
not usually form a part of the winding. In case the break
is in the coil itself, the expedient described above can not be
used without affecting the capacity of the machine, and the
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break must be located and repaired, which will usually
require the rewinding of the broken coil.

A high bar or a ““flat,” and sometimes a badly short-cir-
cuited coil, will cause a flashing similar to that due to an
open circuit, but these should have been looked for and
remedied before, as described in Arts. 91 and 94. If none
of the above troubles develop, the load on the machine
should be gradually increased by moving the plates of the
water rheostat closer together, until the current is as great
as the rated capacity of the machine will allow.

98. If the dynamo is compound wound, the voltmeter
should be watched as the load is increased, to see if the com-
pounding is of the correct amount. If the voltage falls off
rapidly as the load is increased, the series coils are probably
connected wrongly, and their connection should be reversed,
when the voltage should remain constant or slightly
increase as the load increases, without changing the resist-
ance in the shunt-field circuit.

The brushes should be carefully shifted as the load
increases, if necessary to prevent sparking, and the posi-
tion of the brushes at the different loads noted. If the
machine is to be used under a suddenly variable load, the
shifting of the brushes should be slight, and in fact there
should be a position of the brushes where the sparking will
be nothing at medium loads, and not serious at either full
load or no load, and they should be kept in this position at
all times.

99. In multipolar machines with as many brushes as
there are poles, the sparking between one pair of brushes
may become violent as the load increases, while the others
run quietly. This may be due to a wrong adjustment of
the brushes, which may be readily detected and remedied;
but if this is not the trouble, the series coil (in compound-
wound machines) of that pole-piece between the two sets of
brushes may be short-circuited or wrongly connected. This
may be detected by trying the strength of that pole-piece
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relative to one of the others, by noting the pull required
to detach a screw-driver or other bit of iron from similar
points on the two pole-pieces. If the series coil is defective,
there will be a noticeable difference in the pull of the two
pole-pieces, that on which the defective coil is wound being
much weaker than the other.

If the series coil is connected wrongly, the error can be
readily rectified, and a further test will show i{ this is the
fault. If the coil has some of its turns short-circuited, it is
difficult to locate the fault except by unwinding and rewind-
ing the coil, which should only be done by representatives
of the company furnishing the machine or by their direc-
tion.

If one of the shunt coils is affected in the same way,
that is, wrongly connected or partially short-circuited, the
trouble will manifest itself before the load is put on. (See
Art. 94.) If one of the coils is partially or wholly short-
circuited, the field current will be greater than the normal,
which will cause the good coils to heat excessively, while the
defective coil remains cool.

While running under full load, the bearings and belt
should be watched; if the bearings have a tendency to heat
excessively, the belt should be slacked off, if possible. If
the belt squeaks loudly in passing over the pulley, it is too
slack, and if it can not be tightened without causing the bear-
ings to heat excessively, a wider belt should be substituted,
unless the heating is due to dirty oil or rough spots in the
bearings. These last causes will usually show up in the
first part of the run, however, when the machine is not
loaded.

100. After the machine has thoroughly warmed up,
it should be tested for ‘‘grounds,” or connections between
the winding and the frame or armature core. This may
best be done with a good high-resistance voltmeter, such
as a Weston, as follows: While the machine is running,
connect one terminal of the voltmeter to one terminal
of the dynamo, and the other terminal of the voltmeter
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to the frame of the machine, as represented in Fig. 46,
where 7 and 7, are the terminals of the dynamo, and I~
and I”, two positions of the voltmeter, connected as described
above.

If, in either position, the voltmeter is deflected, it indi-
cates that the field winding is grounded somewhere nzar the
other terminal of the dynamo; that is, if the voltmeter at
V" shows a deflection, the machine is grounded near the ter-
minal 7, and vice versa. 1f the needle shows a deflection

F1G. 46

in bot/ positions, but seems to vibrate or tremble, the arma-
ture or commutator is probably grounded. If, in either case,
the deflection does not amount to more than about 3 the
total E.M.F. of the machine, the ground is not serious; but
if the deflection is much more than this, the windings should
be examined separately, the ground located, and if pos
removed.

101. To locate the ground, if thought to be in the
coils, each should be disconnected from its neighbor
the machine shut down, of course) and *‘tested out
connecting one terminal of another dynamo (or of a *¢
circuit) to the frame of the machine, care being tak
make a good contact with some bright surface, such ¢
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end of the shaft or a bolt-head, and the other to a terminal
of the coil to be tested, through a voltmeter, as represented
in Fig. 47.

Here C and C, represent the terminals of a *‘live” circuit,
which should have a difference of potential between them
about equal to the E. M. F. of the machine when it is in
operation, but also not greater than the capacity of the volt-

meter will allow of measur-

4 y ing. Tand 7, represent the

‘ terminals of the dynamo, as
o before, and 7 and 7, the ter-
minals of the field coils,
which have been discon-

‘\ . nected from each other and
from the dynamo terminals.

’ \ One terminal C of the cir-

cuit is connected to the

! l frame of the machine; the

other terminal C, of the cir-

Fia. 47. cuit is connected through

the voltmeter J to the terminal ¢, of the field coil. If that

coil is grounded, the voltmeter will show a deflection about

equal to the E. M. F. of the circuit C C,, but if the insula-

tion is intact, it will show little or no deflection. The wire

connecting the voltmeter with the terminal #, may be con-

nected in succession to the terminal of the other coil, or

coils, and to the commutator; any grounded coil of the field

or armature winding will be shown up by a considerable
deflection of the voltmeter needle.

102. If the machine tests out clear of grounds, it should
be shut down after the proper length of time and the various
parts of the machine felt over to locate any excessive heat-
ing. If accurate results are wanted, thermometers should
be used, by placing the bulb on the various parts (armature,
field coils, etc.) and covering with a wad of waste or rags.
They should be looked at from time to time, until it is seen
that the mercury no longer rises, when the point to which it
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has risen should be noted. A thermometer hung on the
wall of the room will give the temperature of the air, and
the difference between the air temperature and that of the
various parts of the machine should not exceed the pre-
scribed limit. (See Art. 75, Part 2.)

When the dynamo has been found or made to be in good
condition, it may be connected to the circuit which it is to
supply and put in commission. The oil used in the bearings
during the preliminary runs should be drawn off and a fresh
lot substituted. All connection to the dynamo and to the
switchboard terminals should be made firm and tight; sur-
faces in contact should be made bright and clean before
fastening together.

DIRECT-CURRENT MOTORS.

103. In setting up direct-current motors, the same
remarks apply that have been made concerning the location
and assembling of dynamos. After having set up the motor
and made the necessary connections to the circuit which is
to supply it with power, it should be tested and run without
its load, to develop any faults which may exist.

After making sure that the connections are such that
when the main switch is closed or the arm of the starting
box turned on to the first contact, the field circuit is closed
separately and before the armature circuit (if it is a shunt
motor), the current should be turned on to the field circuit,
and the pole-pieces tested for magnetism with a bit of iron
(a screw-driver or a nail). If they are not magnetized, and
the circuit to which they are connected is surely “‘alive”
(which may be tested with a voltmeter, lamps, or, if the
E. M. F. of the circuit is not more than 125 volts, by lightly
touching the terminals of the circuit with the thumb and
finger of one hand), the field circuit is probably open, and
the break should be located by the methods described in
Arts. 92 and 93. It is sometimes the case that in the
style of starting box in which the movement of the contact
arm first closes the field circuit and then the armature
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circuit, that a particle of dirt will prevent the field-circuit
contact from being made.

If the fields show that they are magnetized, then polarity
should be tested with a compass, and if any one is wrong,
its field coil should be reversed. When the fields are found
to be of the proper polarity (with respect to each other), the
armature circuit should be completed through the resistance
or starting box, with the belt or other connection to the load
removed, if possible.

If the motor refuses to start when the current is turned
on, it should at once be examined to see if this is due to the
shaft sticking in the bearings or to some similar cause
which binds the armature fast. If this is not the case and
the armature turns freely by hand, the armature circuit
may be open in the armature, in the connections, or in the
starting box. If the current is actually passing through
the armature, which can be shown by lifting the brushes on
one side, a slight spark showing the presence of the current,
the brushes may be in the wrong position. They should be
shifted backwards or forwards, when the motor will start if
this is the trouble. If the fields are not magnetized, the
motor will not start, except with an excessive current; this
point, however, should have been previously looked into.

If the motor starts off all right, the armature should then
be examined for short circuits, open circuits, defective com-
mutator, ctc., in the same manner as has been described for
dynamos, and these faults, if they exist, remedied. When
this has been done, the load should be put on the machine,
and its performance carefully watched for an hour or so,
to sce that no defects develop themselves.

If the installation is large enough to warrant it, the tem-
perature should be taken at the end of the run, providing
the conditions are such that the motor has been subjected
to as much load during the run as it is liable to get. If this
is not the case, it is often desirable to make a test of its
efficiency and behavior (as to sparking, etc.) under full
load, using for the load a Prony brake, as described in

Art. 63.
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CARE OF DIRECT-CURRENT MACHINERY.

104. The most essential feature in caring for dynamo
machinery is cleanliness. The machine should be kept
thoroughly cleaned, and oil should never be allowed to
accumulate on either the armature or the field windings, as
it will gradually affect the insulation.

Whenever the commutator is polished off with sandpaper,
the fine copper dust should be wiped or blown off from the
machine, especially from any part of the winding.

The commutator should 7of be kept bright; it is in its
best condition when covered with a brownish glaze. This
condition can be arrived at by carefully turning up the com-
mutator, adjusting the brushes until there is little or no
sparking, and then wiping the commutator off at frequent
intervals with a cloth just moistened with oil or vaseline.
Waste should not be used for wiping off the commutator, as its
threads are liable to become caught in the brushes. A soft
pine stick makes a very good burnisher for a commutator.

A convenient tool for wiping off the commutator may be
made from a strip of heavy canvas, 3 or 4 inches wide and
perhaps 18 inches long. Spread a thin layer of vaseline
over one side of the cloth, roll it up like a jelly cake, and
fasten the end by sewing or wrapping the roll with string.
The end of this roll applied to the commutator will wipe it
off and grease it to just about the right extent, and as the
- end becomes frayed or dirty, it can be trimmed off.

Too much oil or grease will cause the brushes to flash,
long yellow sparks being thrown out from under the brush;
at each point where a spark appears, a black ring will form
around the commutator. which should be wiped off.

105. Carbon brushes should not be used on machines
of over 10 or 15 H. P. capacity if of low voltage, i. e., 125
volts or less, as their high resistance will cause heating,
owing to the large currents required. In any case they
should be carefully fitted to the commutator and examined
from time to time to see that the bearing surface ‘(of the
brush on the commutator) is as great as the size of the
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brush will permit. When taken out after running for some
time, the end of the brush should look smooth and glossy ; if
rather rough, grayish in color, and gritty to the touch, the
carbon is ‘* hard,” and should be discarded.

It often improves a carbon brush to heat it to redness and
plunge it in lubricating oil. This practice is to be recom-
mended, as there will then be no liability of getting too
much oil on the commutator, and enforced inattention will
not be the cause of a poor commutator.

Metallic brushes are made of strips of copper, bundles of
copper wires, or, more frequently, copper gauze folded into
shape and stitched. Those made of strips or wires are very
liable to have the edges or ends of the lamina fused
together by sparking, forming hard points that cut the
commutator. Whenever this occurs, they should be taken
out and the ends trimmed off. To get them to the proper
bevel, so that they will rest evenly on the commutator at the
proper angle, it is customary to use a ‘‘filing jig,” which
consists of a block of steel with a hole through it the size of
the brush, and with one end beveled off to the proper angle
and hardened. The brush is placed in the jig with the end
projecting a little from the beveled face, and clamped in
position by a thumb-screw. The end of the brush may then
be filed or ground down flush with the face of the jig, thus
giving it the correct bevel.

Metallic brushes should not be allowed to become filled
with oil or dirt; if they get in this condition they may be
readily cleaned with benzine or kerosene. If a commutator
becomes very dirty, it may be cleaned in the same way, when
the machine is not running.

This is preferable to sandpapering, so long as the commu-
tator is smooth and round; sandpapering should only be
resorted to when the commutator is rough, and not even
then if there is a high bar or *“flat,” for in that case the only
remedy is turning down the commutator. (See Art. 91.)

106. If short circuits or open circuits develop in the
armature winding after the machine is in operation, they
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may be detected and remedied in the manner described in
Arts. 914, 97, and the following:

In dynamos, a break in the (shunt) field circuit will simply
cause the dynamo to cease generating, and the break may be
found as previously described. In shunt motors, however,
a break in the field circuit will cause an excessive current to
flow through the armature, and if the motor is not loaded, it
will speed up excessively.

If the motor circuit is properly protected by fuses (Art.
60), this excessive current will probably do nofurther dam-
age than to blow the fuses. If not so protected, the arma-
ture will be overheated and the insulation damaged or
destroyed. The break in the field circuit may be found as
previously described. (Art. 93.)

The overheating of the insulation of an armature or field
coil may be readily detected by the smell.

If the coil is new and is not much overheated, the smell
will be that of hot shellac; but if old, or if the coil is much
overheated so as to char,the insulation, the smell is very
peculiar, and once experienced will not be forgotten. It is
something like the smell of a strong solution of soot in rain-
water. It is usually present to some extent in machines
which have been running a long time, especially if their nor-
mal working temperature is high. Whenever this peculiar
smell becomes apparent, the electrical machinery should
at once be examined for some overheated part, which may
be a field coil, the armature winding as a whole, or a short-
circuited coil in the armature.

When the insulation of any part of a dynamo or motor
has become badly charred, the part is said to be burncd out.
A burn-out requires that the part affected be replaced.
A short-circuited armature coil will usually burn out
in a very short time if not attended to (sce Art. 95).
With short-circuited field coils, it is the good coil that
burns out (see Art. 99), so that in case a burn-out of one
of the field coils occurs before the trouble is located,
the other coils should be examined for the cause of the
trouble.

F. IV.—I8
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REPAIRS.

107. Incase of accident to parts of the machinery, it is
sometimes very convenient to make repairs on the spot,
saving the time lost in sending the injured apparatus to
the makers.

Shunt field coils, especially of the smaller sizes, may be
readily rewound in a lathe. In rewinding such a coil, the
damaged wire and insulating material should be carefully
removed, noticing while so doing just how they are disposed
in the coil, the thickness and character of the insulating
material at different points, especially on the heads and
barrel of the spool, and the manner in which the leads or
terminals of the coil are attached to the winding and
brought out.

The size of the wire and character of its insulation (i. e.,
whether single or double, covered with cotton or silk) should
also be carefully noted.

When rewinding the coil, all these features of the old
coil should be duplicated. The number of turns of wire in
the new coil should be as nearly as possible the same as in
the old; this may be arrived at nearly enough by weighing
the old coil before stripping off the winding, and bringing
the new coil up to the same weight.

If necessary to make a joint in the wire, the ends of the
wires should be rubbed bright with fine sandpaper, twisted
firmly together, and soldered with a hot iron, using only
resin as a flux. Only solder enough should be left on the
joint to make the connection between the wires solid. The
joint should then be covered with extra insulation, such as
silk, cotton, or adhesive tape. All projecting ends of wire
or drops of solder must be removed from the joint, or they
will pierce the insulation and make contact with neighbor-
ing wires.

108. Armature coils require more care and expe-
rience in rewinding, so that their repair should not be
attempted except in the case of the very simple forms
of ring "armatures, when a coil may be removed and
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replaced without disturbing in the least the other coils or
connections.

If it is decided to rewind a damaged coil, the binding wires
should first be removed by filing them through at some
point where the winding will not be injured. The number,
size, and material of the wires in each band, and the char-
acter and thickness of the insulation used between the
bands and the winding should be carefully noted.

The damaged coil should then be carefully disconnected
from the others and removed, noting the exact number and
arrangement of the turns in the coil, the thickness, char-
acter, and location of whatever insulation is used, and the
method of bringing out the leads of the coil and connecting
them to the commutator or the rest of the winding. The
length of the piece of wire removed should be measured,

and a new piece, a little longer than the old, cut for the new
coil, of the same size wire and the same kind of insulation.

The new piece of wire should be carefully wound in place
of the old coil, duplicating it in every feature, taking great
pains not to kink the wire or bruise its insulation in the
operation. It may be necessary for an inexperienced hand
to make two or three trials before the coil is successfully
rewound. -

When complete, the binding wires should be replaced and
the coil tested for grounds by the method illustrated in
Art. 101, before connecting it to the commutator. If free
from grounds, it should be connected up, the heads on the
armature replaced, and the armature put in its frame and
tested for short circuits.

In replacing binding wires, they should be subjected to a
considerable tension, sothat when they cxpand as the arma-
ture heats up, they will not become loose.  They should be
soldered together quickly with a very hot iron, using again
only resin as a flux.

109. Many makers balance their armatures by mcans
of small masses of solder sccured to the binding wires. If
these binding wires are replaced, the armature must be
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rebalanced in order that it may run without excessive
vibration.

For this purpose, two iron or steei ways sh..uid be pro-
vided from } to ¢ inch wide on the upper edge and 12 to
1% inches long, depending upon the weight and size of the
armature to be balanced. These ways should be true and
straight, sct up level, and at such a distance apart that the
journals of the armature shaft will rest upon them.

To balance the armature, it should be placed upon the
ways, when it will turn over until the heavy side is beneath.
A small weight (a piece of solder, for instance) should then
be temporarily fixed to the upper part of the armature,
which should then be just started in motion by the hand.
It will then settle in some new position, when another
weight should be temporarily placed on the armature, or a
little of the other weight removed, according to the judg-
ment of the workman.  This operation should be continued
until the armature shows no decided tendency to remain in
any one position, when the weights may be permanently
fastened in place.

T'he method of repairing broken leads, connections, and
the like may be readily scen from the nature of the fault.
In any kind of a repair, the object in view should be to
replace the defective part, so that it will be exactly as it
was before being damaged.

CONSTANT-CURRENT DYNAMOS.

110. Al the preceding remarks concerning constant-
potential dynamos (except those concerning shunt field
coils) apply equally well to constant-current dynamos of the
closed coil armature type, and they should be installed and
cared for in the same manner, and are subject to the same
faults and injuries. In  addition, whatever controlling
apparatus s used should be kept in good working order
and well otled, especially when first started.  The moving
parts should not be allowed to get gummed up with oil and
dust and should move freely without sticking.

1 %
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Machines of the open-coil type, of which there are but
few makes, usually require special precautions in setting
the brushes, adjusting the controlling apparatus, etc., and
their manufacturers supply pamphlets in which these and
directions for otherwise adjusting and operating the ma-
chines are clearly set forth.

Open-coil machines, when running normally, always show
a bluish spark from } to } inch long; but the commutators
are so designed that this spark does no harm, and in fact
is an indication that the machine is running properly. Any
fault in the machine is usually indicated by some change in
the character of the spark.

ALTERNATORS.

111. Alternators require no special directions for set-
ting up, other than those given for constant-potential
machines. The way in which the exciter (see Art. 29)
is to be set up will be evident from the construction of the
machine.

Alternators should be given a trial run, without load, to
make sure that the bearings are in good condition and to
locate short circuits and open circuits in the windings.
Short circuits manifest themselves just as they do in direct-
current machinery, and may be similarly located (Art. 9-1).
If the armature is open-circuited, it will simply refuse to
show any E. M. F. Some alternators have the armature
divided into two parallel circuits, and an open circuit in
one of these will not affect the E. M. F. at no load. When
the load is put on, however, the open circuit will be indicated
by excessive heating of the armature, excessive drop in the
voltage, and generally by a fluctuation in the stray field
similar to that produced by a short circuit.

An open circuit in the field winding may be -easily
detected, since the machines are separately excited. The
exciter being a constant-potential direct-current machine,
its faults or troubles may be detected as already described.

In setting the brushes, those on the collector rings require
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no particular adjustment, except to see that they bear
evenly and firmly on the surface of the rings.

The brushes on the commutator should be set opposite
one another, and at such a point that the insulation between
two segments is under a brush at the moment that the
armature coils are in the position of least action (see Art.
29). It should be remembered that in the drum-wound
alternators, or those in which the coils are wound around
teeth, the position of least action occurs when the coil or
tooth is wholly under onc pole-piece. See also Arts. 17
and 30. When running under load, these brushes may
need a slight adjustment forwards or back, as indicated by
‘the sparking.

The operation of multiphase machines does not differ
from that of ordinary alternators. On account of the
simplicity of the winding and connections, alternators are,
as a rule, less subject to electrical troubles than are direct-
current machines; but as the voltage used is usually high,
any accident which does occur is generally quite disastrous.
For the same reason, cleanliness is a most important feature
in the care of alternating-current machinery, and oil from
the bearings must be rigidly excluded from the armature
and field windings.

ALTERNATING-CURRENT MOTORS.

112. Synchronous motors are used only in the larger
sizes, whose installation and preliminary operation are in
the hands of experienced men who thoroughly understand
the special features of starting and operating this class of
machinery, and who make sure that these features are
understood by the persons who are to have the machinery
in charge. The rotary-field motors, however, are being
installed in all sizes and places, but they require no special
directions for operation, being usually even simpler than a
direct-current motor.

The device for cutting out the starting resistance (see
Art. 80) should work freely and make good and firm
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contact. If at any time the motor should become over-
loaded and stop, the current should be at once cut off and
the machine turned over by hand with the load removed
as far as possible, to see if the overload was due to excessive
friction of the bearings; if this is the case, the trouble may
be remedied as already described.

If found to be in the machinery the motor is driving, a
part of the load should be removed and the machine started
again.

If the current is left on the machine after it has stopped
from overload, the field coils will become overheated and
will eventually burn out.

ELECTRICAL MACHINERY IN GENERAL.

113. As before remarked, cleanliness is the essential
feature in operating electrical machinery successfully, and
care in this respect will usually prevent the development of
serious trouble. Most of these troubles manifest themselves
by excessive heating of one or more parts of the machine;
so if at any time more than the normal amount of heating
is noticed in any part of the machine, it should be at once
examined, as already described, to discover the source and
nature of the fault.

Noise is usually another indication that all is not working
well, and all rattling, pounding, or squeaking should be inves-
tigated and the fault corrected, if possible. Carbon brushes
which bear radially upon the commutator are the source of
much noise, but with a glazed, smooth commutator and well-
fitting brushes, this need not occur. A newly turned com-
mutator will cause the brushes to ‘‘sing,” as it is never
exactly true, owing to the ‘‘ jumping " of the tool in passing
from segment to segment in turning it down.

To prevent unpleasant and even dangerous shocks, all
electrical apparatus in operation should be handled with
one hand only; that is, only one part of the machine should
be touched at a time, and then only when the surrounding
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floor and the shoes of the operator are dry or a dry piece of
board is used to stand upon.

The shock of any circuit of less than 500 volts E. M. F.is
not dangerous of itself to a person in good health, but may
often cause one to lose his balance and fall upon or into
moving machinery, and cause serious injury. The voltage
of most alternators and the larger constant-current machines
is high enough to give a fatal shock in most instances. If
necessary to expose one'’s self to the liability of receiving
such a shock, a pair of rubber gloves worn on the hands will
afford protection; but even then care should be exercised in
handling the wires or in touching ‘‘live " parts of the circuit.

NoTE.—In case a person has been exposed to a shock so violent as
to cause insensibility, he should be treated as if drowned; that is, his
breathing should be kept up artificially, by alternately pulling and
releasing the tongue and raising and depressing the arms, with slow,
rhythmical motions, until a physician can take charge of the case.

All permanent connections around a machine should be
kept firmly fastened, as a loose connection will frequently
be the cause of much more serious trouble. Whenever con-
venient, these connections should be soldered, and large
wires and cables should be provided with brass or other metal
tips or terminals, with which the necessary connection may
be made.

It is not possible to lay down a set of rules by which all
the troubles with dynamo-electric machinery that may occur
may be located and obviated, but from those given, and
from a knowledge of the principles under which these
machines operate, most of the difficulties ordinarily met with
may be overcome if good judgment and common sense are also
used.

SWITCHBOARDS.

114. The switchboard is a necessary part of every
plant. Its object is to group together at some one conve-
nient and accessible point the necessary apparatus for con-
trolling the dynamos and distributing the current to the
various circuits, and the safety devices for properly protecting
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the lines and machinery. The number and kind of these
appliances depend upon the character and size of the
plant.

There are four general types of switchboards in use, as
follows:

1. Switchboards for arc-lighting circuits using constant
currents.

2. Switchboards for incandescent-lighting circuits using
direct currents at a constant potential.

3. Switchboards for incandescent-lighting circuits using
alternating currents at a constant potential.

4. Switchboards for electric railroads using (ordinarily)
direct currents at a constant potential.

Switchboards of all kinds are frequently made of wood,
but this is not desirable on account of the danger from fire.
The least dangerous type of wood switchboard is the skeleton
type, which is merely an open framework of hardwood
beams or joists, with its members so spaced as to properly
support the instruments on the board. When properly built,
this form of board is safer than any other wooden board, and
in many places is the only type of wooden board allowed by
the fire underwriters.

Switchboards of slate, marble, or soapstone are coming
into more extensive use on account of their safety and
appearance. These are made up in panels or slabs of con-
venient size, and from § inch to 2 inches thick, according to
circumstances. Being in themselves insulating material, the
switches, etc., are usually mounted directly on the face of
the board.

When all the wiring and connections are upon the face of
the board, it may be mounted directly on the wall of the
room; but if the wiring is all on the back of the board, as is
the general custom, it should be placed at least 2 feet
from any wall, so as to give a space for examining and
making alterations in the wiring. A clear space of at least
2 feet should also be left between the bottom of the board
and the floor.
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SWITCHBOARDS FOR ARC-LIGHTING CIRCUITS.

115. This type of board is one of the simplest. Arc-
lighting plants usually consist of several dynamos, of which
any one must be capable of being switched into any one of
several circuits. This may be accomplished in a variety of
ways, but there are two in general use.

In the first method, the terminals of the various dynamos
are led to a row of contacts on the bottom of the board.
The terminals of the various circuits are led to a similar row
(or rows) higher up on the board, and connection between
the various members of the two rows is made with flexible
insulated cables, provided with tips which age so arranged
that the connection may be readily made.

To facilitate changing over from one circuit to another,
the contacts are usually made doable, so that two cables may

FiG. 48.

be connected to the same point if desired. The form of the
contact varies with the different manufacturers, but is usu-
ally of the plug type; that is, the tip on the cable is in the
form of a cylindrical brass plug, provided with a wooden or
rubber handle, and the contact on the board is a short brass
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tube into which the plug fits. This tube is generally split
to insure firm contact, and often a spring latch is added to
hold the plug in place when inserted.

Fig. 48 represents one form of this sort of board, arranged
for two dynamos and four circuits. Each terminal is double,
and those for the dynamos are arranged in the lower row,
and marked 4 A4, — 4, 4+ B, and — B, each dynamo being
distinguished by its letter (4 or B). The terminals of the
four circuits are arranged in two rows at the top of the board,
and are marked 4 1, — 1, 4+ 2, — 2, 4+ 3, — 3, + 4, and — J,
each circuit being distinguished by its number (1, 2, 3, or 4).
The ammeter A. M. is mounted in the center of the board
and provided with terminals (marked 4 and —) to enable it
to be connected into any circuit, to determine if the current
of that circuit is of normal strength. In this figure, the cir-
cuits are connected up as follows: Circuit 7 is ‘“‘dead”;
circuit 2 is on dynamo A, and circuits 8 and 4 are in series
with each other, and are on dynamo B. The ammeter is also
in this circuit.

116. The necessity for the two contacts at each ter-
minal is obvious when it is considered that the external cir-
cuit of a constant-current dynamo should never be opened
while the machine is running, because that'would be equiva-
lent to increasing the resistance of the external circuit,
which would cause the E. M. F. to rise so suddenly as to
endanger the insulation, besides making a long and vicious
arc at the switchboard. It is often necessary to cut in or
out circuits, machines, or the ammeter without stopping the
plant, and, as stated above, without opening the circuit; with
the two contacts at each terminal, and by the use of a suffi-
cient number of connecting cables, these various changes in
the connections may be easily made.

For example, suppose it is desired to connect the ammeter
(in the foregoing figure) into No. 2 circuit. To disconnect
it from circuits 3 and 4, a cable is plugged in between
the vacant contact at 4+ /7 and that at 43; this short-cir-
cuits the ammeter, which may then be disconnected from
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terminals 4 B and + 3, and connected to terminals + A
and 4 2. Then, on removing the cable directly connecting
+ A and + 2, the ammeter is in No. 2 circuit.

Again, suppose it is desired to connect No. I circuit in
series with No. .2, without shutting down either the dynamo
or No. 2 circuit. The first step would be to connect termi-
nal 4 7 with terminal 4 2, then terminal 4 .1 with termi-
nal 4 1. These two make the same connection as the cable
directly connecting terminal + A4 and terminal + 2, and this
latter may be removed without affecting the circuits any.
Terminals — I and 4 2 are now connected together, and the
connection between terminals 4 f and + 2 removed, throw-
ing the two circuits (Nos. I and 2) in series.

An examination of the board and a little practice in ** plug-
ging in”" circuits when the dynamos are not running, will
soon enable the operator to make any desired combination
at will.

117. In the second method, the cables hanging across
the front of the board are done away with, connection being
made by means of plugs. This is accomplished by means
of two groups of contacts, arranged in two parallel planes a
little distance apart. The contacts in one group are divided
into pairs of horizontal rows, each pair being connected to
the terminals of one of the dynamos; the contacts of the
other group are divided into pairs of vertical rows, each pair
being connected to one of the circuits. The contacts are
directly opposite each other, and the connection betweenany
dynamo contact and any circuit contact is made by a long
brass plug, which is pushed through the outside contact to
the inside.

Fig. 49 is a diagram showing the connections of this form
of board arranged for four dynamos and four circuits. The
contacts in the front board are connected to the dynamo
terminals, and those on the back board to the circuit ter-
minals, as described above. It will be seen that owing to
the way the connections are arranged, any dynamo may be
connected to any circuit by simply pushing a plug (7, 2, etc.)
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through the contacts connected to the dynamo that cor-
respond in position to those of the circuit it is desired to
connect. '

The back or circuit board is provided with an extra row
of contacts at the bottom, by which circuits may be con-
nected in series, using for the purpose cables with suitable
terminals, similar to those used for connections in the first
form of board described. One of these cables (called a
Jumper) is shown in the figureat /. In thediagram, circuit
No. 4 is represented as being connected to dynamo 5, and
circuits Nos. 2and 8 are inseries and connected todynamo A4.
Circuit No. 1is ‘‘dead.”

FiG. 49.

The method of connecting from one circuit to another,
etc., will be evident from an inspection of the diagram,
Fig. 49.

118. As constant-current dynamos are self-regulating,
there is no liability of an excessive current flowing through
any circuit, so that there is no need of safety devices to pre-
vent the damage which such excessive current might do.
The considerable length of overhead wire which is used for
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arc-light circuits is exposed to the high potentials of lightning
discharges, which are liable to puncture the insulation of the
dynamo windings in the effort to get to the ground. To
prevent this from occurring, apparatus called lightning-
arresters are used.

The simplest form of lightning-arrester consists of a spark
gap, or narrow space between the edges of two notched car-
bon or metal plates, one of which is connected to the line,
the other to the ground. When the line becomes charged
with atmospheric electricity (lightning) which is of the
nature of static electricity, and therefore of very high poten-
tial, it is discharged by the lightning jumping across this
narrow gap and passing into the earth. With this form of
arrester, however, the dynamo current can follow the arc of
the lightning discharge, and if the line happens to be
grounded elsewhere, the current will flow through the cir-
cuit thus formed, which now presents a comparatively low
resistance, and the arc will burn and destroy the arrester.

To prevent this, many forms of lightning-arresters have
been constructed, in which the two plates between which the
arc may form are suddenly moved apart whenever such an
event takes place, thus rupturing the arc. Most of these
are quite complicated, and are seldom sure to act; the
Thomson arrester, however, performs the same office with-
out moving parts, by taking
advantage of the mutual reac-
tion between a current and a
magnetic field.

This arrester is illustrated in
Fig. 50. The spark gap across
which the lightning charge
jumps exists between the two
curved jaws y and j,, jaw j
being connected to the ground
at g, and jaw J, being con-
nected to the line at 4. The
gap between these jaws is
Fic. 50. not uniform in width; the
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lightning discharge jumps across at the point where the
jaws are nearest, and this point is situated between the
poles of an electromagnet s, which is in series with the main
or dynamo circuit, which is connected at 4. Any cur-
rent which passes across the gap between the jaws ;and,
is therefore in the field of this magnet, whose polarity is so
chosen that the reaction of the current on the field repels
the current out towards the tips of the jaws, thus making
its path so long that it can not follow it, and the arc is there-
fore ¢ blown out,” or ruptured.

119. The windings of the electromagnet serve another
very important purpose. Without them, the lightning
charge would have no particular preference for the spark
gap of the arrester over the gap (insulation) between the
winding and the frame of the dynamo, but as these mag-
nets have considerable self-induction, the sudden rush of
the lightning charge is prevented from passing through the
magnet coils, and is therefore forced to pass across the
spark gap in the arrester.

All good lightning-arresters should have a choking colil,
as a coil is called which is inserted in a circuit merely for the
effect of its self-induction or the obstruction it offers to rap-
idly changing currents. It should be remembered that the
best arresters are useless unless their connection with the
ground is carefully and thoroughly made and unless they
are carefully installed.

The usual location for lightning-arresters is at the point
where the circuits enter the station, one arrester being
placed in each side of each circuit. A common ground-
connection will do for the entire bank of connectors, if
the number does not exceed ten. This ground-connec-
tion should be of two or three strands of No. ¢ or No. 8
(B. & S. gauge) wire, run with as few bends and turns as
possible to a thorough ground-connection, which should be
either a large plate of copper buried in an excavation which
has been carried down to moist earth and surrounded with
coke or charcoal, or a piece of 1 or 1} inch iron pipe at least
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10 feet long, driven its full length into the ground, and
provided with a brass plug in the top, to which the ground
wire is attached. A supplementary connection may be
made with a system of water-piping, if desired.

120. In using arc (constant-current) switchboards, it
should be remembered that it is dangerous to break the
circuit of a dynamo, while it is safe to short-circuit one.
Breaking the circuit is liable, from the sudden rise in the
potential, to puncture the insulation where it is weakest,
on the line or in the machine, causing a ground. (See
Art. 118.)

Lines should be tested daily, when not in operation, for
open circuits and grounds. A rough way of making such a
test is by means of a magneto (Art. 32, Part 2), which will
show the presence of either an open circuit or a ground,
but will not locate them from the station. Some manufac-
turers of arc-lighting apparatus furnish with their switch-
boards appliances for locating the position of a ground with
considerable precision, which greatly facilitates its removal.

SWITCHBOARDS FOR DIRECT-CURRENT IN-
CANDESCENT-LIGHTING CIRCUITS.

121. Incandescent lamps are usually operated in par-
allel, at a constant potential. When direct currents are used,
the potential on a single circuit is seldom greater than 125
volts, and as each 16-candle-power lamp takes nearly .5 am-
pere at this voltage, the volume of current is consideratle
if a large number of lamps is operated. Consequently, the
fittings, switches, and appliances-on an incandescent-circuit
switchboard are of more massive construction than those
for arc-light circuits.

Dircct current for incandescent lighting is distributed
according to one of two gencral systems—the two-wire
and the three-wire systems.

In the two-wire system, all the lamps are connected in
parallel on a single circuit or sct of circuits, there being but
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two wires to each circuit, the wire which carries the current
to the lamps being considered positive, and marked + in
Fig. 51, and the wire carrying the current from the lamps
back to the dynamo, which is called the negative, and is
indicated by the sign —. The two-wire system is repre-
sented in Fig. 51, where & represents the dynamo which

®© o O C)(%)
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supplies the current to the lamps /, /, /, etc., by means of
the two mainsa é and ¢ /. It will be seen that in this sys-
tem each lamp or other device using the current is inde-
pendent of the others, and may be turned off or on without
affecting them. The current may be supplied from one
dynamo or from several connected in parallel.

In the three-wire system, illustrated in Fig. 52, two dy-
namos & and d, are neces-
sary.

These are connected in
series, as represented, and
amain a & led out from
the — terminal of one ma-
chine, and another ¢ f

0y
C—p
-

from the 4 terminal of the - ®
other machine. A third "’
main ¢ /% is led out from v 7

the junction of the two

machines, and it is be-

tween this main, called Fic. 52.

the neutral/ main, and either of the other two that the

lamps or groups of lampsare connected in parallel, as shown.
If the number of lamps connected between the neutral

wire and either the 4 or the — main is the same, no current

will flow from the dynamo through the neutral wire, since

the current which flows through the lamps on one side is

just that necessary for the lamps on the other, and it will

¥, IV.—1Y
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over, that is, moving the handle through 180°, the contact
peints of this second set are connected together. Sucha
switch is called a double-throw switch; the switch illustrated
in Fig. 533 is a double-pole, single-throw switch.

The contact points are provided with terminals of varying
forms, to which the ends of the wires are connected. For
use on wooden switchboards and for separate use, jack-knife
switches are provided with a slate or marble base (s, Fig.
53). on which all the partsare mounted. On slate or marble
switchboards, the various parts of the switch are mounted
directly on the face of the board, connection with the con-
tact pieces being usually made from the back of the board,
so that no wires show in front. These switches should
always be mounted on the board with the handle up, so that
when opened they will have no tendency to close by their
own weight.

124. Bus-Bars.—When several dynamos are to be
run in parallel tosupply a common set of circuits, it is cus-
tomary to run a set of heavy wires or bars across the board,
to which the dynamo terminals and the circuits may be
attached at convenient points. These are called bus-bars.
For three-wire systems, three bus-bars are necessary, and
where two or more compound-iound dynamos are run in
parallel, for a two-wire system, three bus-bars are also used,
two being for the 4+ and — terminals, the third being for
the cqualizing connection, the office of which will be explained
later.

Bus-bars are usually made of bare copper rods, to facilitate
making connection at any desired point, and are mounted
€ither on the front or on the back of the board. When on
the front, they are pe lished and add much to the appearance
of the board. They are usually supported 2 or 3 inches
from the face of the board by brass castings, whether
on the front or back, and are made of large cross-section, s0
that the difference of potential between them is practically
Uniform 4 all points, even when large currents are flowing
through them.
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of the board, connection to the resistance coils being made
from the back.

It is usual to provide the resistance-box with an **open-
circuit” point, so that after the contact arm has been so
moved that all the resistance is in circuit, further move-
ment breaks the circuit, thus shutting down the dynamo.

123. Switches.—Switches for incandescent work are
usually of the jack-knife type, illustrated in Fig. 53. In this
form of switch, the circuit is made or broken by means of a
copper contact blade £, which fits between the flexible cop-
per tongues of two contacts, as ¢ and dor @ and 4. These
are shown in perspective at ». Each contact blade is fitted
toa lever /, /,, pivoted at one end at p, p,, and provided at the

y Sy

other with a handle % by which it may be operated. These

FiG. 88.

switches are provided with one, two, or three blades and sets
of contacts, each insulated from the others, and are accord-
ingly called single, double, or triple pole. These names are
usually abbreviated to S. P., D. P., and T. P. Sometimes
the levers are provided with two contact blades, one on each
side, and a second set of contact points is placed on the other
side of the pivot, so that by throwing the switch completely
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over, that is, moving the handle through 180°, the contact
points of this second set are connected together. Sucha
switch is called a double-throw switch; the switch illustrated
in Fig. 53 is a double-pole, single-throw switch.

The contact points are provided with terminals of varying
forms, to which the ends of the wires are connected. For
use on wooden switchboards and for separate use, jack-knife
switches are provided with a slate or marble base (, Fig.
53), on which all the parts are mounted. On slate or marble
switchboards, the various parts of the switch are mounted
directly on the face of the board, connection with the con-
tact pieces being usually made from the back of the board,
so that no wires show in front. These switches should
always be mounted on the board with the handle up, so that
when opened they will have no tendency to close by their
own weight.

124. Bus-Bars.—When several dynamos are to be
run in parallel tosupply a common set of circuits, it is cus-
tomary to run a set of heavy wires or bars across the board,
to which the dynamo terminals and the circuits may be
attached at convenient points. These are called bus-bars.
For threc-wire systems, three bus-bars are necessary, and
where two or more compound-wound dynamos are run in
parallel, for a two-wire system, three bus-bars are also used,
two being for the 4 and — terminals, the third being for
the cqualising connection, the office of which will be explained
later.

Bus-bars are usually made of bare copper rods, to facilitate
making connection at any desired point, and are mounted
either on the front or on the back of the board. When on
the front, they are polished and add much to the appearance
of the board. They are usually supported 2 or 3 inches
from the face of the board by brass castings, whether
on the front or back, and are made of large cross-section, so
that the difference of potential between them is practically
uniform at all points, even when large currents are flowing
through them.
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125. Instruments.—It is very desirable to know the
output of each dynamo; consequently, an ammeter should
be connected in circuit with each machine. The best forms
of switchboard ammeters do not require that the whole cur-
rent should enter the instrument, but instead only a small
part, so that the ammeter may be located at any convenient
point on the board, and the current carried to it by means
of small wires. This is accomplished by making the
ammeter of such resistance that when connected in parallel
with a short length of the main conductor, or a specially
prepared low resistance inserted in the main circuit,
enough current will flow through the instrument to cause
it to indicate, on a properly divided scale, the amount
of the current flowing in the circuit to which it is con-
nected. This often saves a great deal of wiring on a
switchboard.

In incandescent-lighting plants, it is very necessary that
the voltage of the circuits be maintained as nearly constant
as possible, as variations of more than about 2¢ from the
normal will affect either the life of the lamps or the quality
of the light. For this reason, a reliable and sensitive volt-
meter should be used to indicate the voltage of the various
circuits. More than oneinstrument for the various circuits
and dynamos is not necessary, for by the use of a small plug
switchboard, which need be only a few inches square, or by
the use of a specially devised switch, known as a voltmeter
switch, a single instrument may be connected at pleasure
with the terminals of any dynamo or any circuit, or may be
used to indicate the presence of a ground in the dynamos or
circuits, in the manner described in Art. 100.

Switchboard instruments are, as a rule, made with large,
open scales, so that they may be read at a distance. Volt-
meters are often provided with a pointer, which may be
moved by hand to the point where it is desired to keep the
voltage constant; then, when the voltage is at the proper
point, the voltmeter needle coincides in position with this
pointer, which may be seen at a greater distance than the
scale can be read.
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Incandescent lamps are often so arranged on the switch-
board as to illuminate the scales of the instruments; if this
is the case, the lamps should be shaded to prevent the light
from shining in any other direction than directly on the face
of the instrument, as otherwise they are practically useless.

126. Safety Devices.—To prevent the possible dam-
age to dynamos and circuits, due to an excessive flow of cur-
rent from any cause, fuses (see Art. 60) are placed in each
lighting circuit, also in each dynamo circuit. Those for the
lighting circuits are usually placed at the top of the board,
and form convenient points to which to attach the circuits.
The dynamo fuses are sometimes placed at the bottom of
the board, but more often on the connection board of the
dynamo. The fuses should be of sufficient size to carry all
the current that the various parts of the circuit in which
they are connected will safely transmit.

The larger sizes of fuses are usually made in the form of
strips, of rectangular section, mounted on copper terminals
of suitable shape and size to clamp under the binding-screws
of the fuse block.

The fuse blocks should be located on the back of the
board, if possible, for if on the front, the board w