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THE Electrical Engineering Leaflets have been pre-
pared for the purpose of presenting, concisely
but accurately, some of the fundamental principles of
electrical science, as employed in engineering practice.
They have been arranged under three grades; namely,
the Elementary, the Intermediate, and the Advanced.

The Elementary Grade is intended for those electrical
artisans, linemen, motormed, central station workmen, or
electrical mechanics generally, whomay not haveadvanced
sufficiently far in their studies to warrant their undertak-
ing the other grades. Here the mathematical treatment
is limited to arithmetic, and the prineiples are illustrated
by examples taken from actual practice.

The Intermediate Grade is intended for students of
electricity in high schools and colleges. In this grade a
certain knowledge of the subjects of electricity and physics
generally is assumed, and a fuller mathematical treat-
ment is adopted. These leaflets, moreover, contain such
information concerning the science of electricity, as should
be acquired by those desiring general mental culture.

The Advanced Grade is designed for students taking
special courses in electrical engineering in-colleges or
universities. Here the treatment is more condensed and
mathematical than in the other grades.

Although the three grades have been especially pre-
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pared for the particular classes of students referred to,
yet it is believed that they will all prove of value to the
general reading public, as offering a ready means for ac-
quiring that knowledge, which the present extended use
and rapidly increasing commercial employment of elec-
tricity necessitates.

Laboratory of Houston & Kennelly,
Philadelphia, March, 1895.
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ELECTRICAL EFFECTS.

m\

. The friction of a glass rod against silk causes
both the glass and the silk to acquire a property
they did not previously possess, of attracting light
bodies ; 7. e., shreds of paper or cotton, in their vicinity.
This is an electrical effect. In addition to this, when
the glass is vigorously rubbed, crackling sounds are
heard, and, in a dark room, faint gleams of bluish light
accompany the sound. Moreover, if the rod while
vigorously excited, be held near the face, a peculiar
sensation is felt, like that caused by the passage of
cobwebs over the face.
Both glass and silk after being rubbed together, are
said to have acquired an electric charge.

2. The exact nature of the process whereby the

rubbing together of two substances produces an

electric charge is not known, nor is the exact nature of
the charge itself understood.
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It is known, however, that the presence of &a clec-
trical charge onany body or bodies is alwaysaccompanied
by a strained condition in the surrounding space; but
whether this strained condition is the cause of the
electrical charge or charges, or whether it is their effect
is as yet unknown,

All space is believed to be filled with an extremely
tenuous, elastic medium, called the etier. The ether not
only pervades all free space, but even exists in the inter-
spaces between the ultimate particles of all solid bodies, so
that it may be said in this sense to permeate all matter.
Light and radiant heat are particular forms of wave-
motion-disturbance in the ether; and it is generally
believed that the force of gravitation is transmitted
through this medium.

3.  Although the exact manner in which the rub-
bing together of two bodies produces the strained
condition in the neighboring ether is not known, yet it
is undoubtedly due to the contact of dissimilar substances.
‘When any two dissimilar substances are brought into
contact, even without friction, an electrical charge is
produced at their contact surfaces, varying in amount with
the nature of the substances, as well as with the character
of their surfaces; <. e., with the degree of surface dis-
similarity, so to speak.

4. The charge which accompanies the contact of

two dissimilar substances cannot be augmented

by continuing the friction between them if both sub-

stances are conductors, but it may be very greatly ang-

mented by continued successive surface contact or
friction, if one or both substances are non-conductors,
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5 In a lightning flash, which Franklin proved by

his classic experiment with the kite in 1752, to be

a very powerful electric spark, the crackling sounds ob-

served in the experiment with the glass rod, are aug-

mented to the intensity of thunder. Lightningdischarges,

as is well known, may fuse metal work, and rend or tear
masonry.

6.  The discharge of a charged body by any means,

as by a spark, produces momentarily what is

called an electric current ; and, indeed, the establishment

of a charge is also attended by a current. In nearly all

such cases the eurrent is of but momentary character. A

number of successive, momentary discharges following

one another with sufficient rapidity produces an approxi-
mate steady electric current.

7. The dynamo electric machine is a ready source
of powerful electric currents. The passage of
powerful currents through conductors is attended by
Leating effects. After a dynamo has been generating
carrent for some time, its coils of wire become sensibly
warmed. When passed through a metallic conductor an
electric current may even melt or fuse the conductor
if the area or cross-section in the latter is too small.

8.  In the incandescent lamp the passage of an elec-
tric current through a carbon thread or filament,
raises it to a high degree of incandescence. The fila-
ment is enclosed by a glass chamber, from which all
the oxygen has been exhausted, and care is taken to
prevent the current strength from becoming sufficiently
strong to fuse or volatilize the filament.
‘When a powerful electric current is sent through two
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carbon rods which are first in contact, and are then
gradually separated by about one-eighth of an inch, a
powerful luminous discharge called the voltaic arc passes
between the carbon points.

9. The passage of an electric current through a
conductor not only produces heat in the conductor,
but also invariably produces magnetic effects which are
readily observed under certain circumstances. For in-
stance, the passage of a powerful electric current through
the wire coils on the frame of a dynamo machine, pro-
duces powerful magnetic effects, and a bar of iron
brought near to these magnets will be powerfully mag-
netized and attracted.

10.  The electric current also possesses the property
of decomposing chemical solutions through which

it passes; for example, if an electric current be led, under
suitable conditions, through a solution of copper sulphate
it will decompose the salt in the solution, and deposit
metallic copper in a coherent and adherent layer upon
any conducting surface suitably connected with the lead-
ing-in wires. This decomposition is called electrolysis.

11. - Eleetric currents, therefore, produce a variety of
effects which may be grouped as follows :—

((Z) Luminous, asin sparks or in electric lamp.
(2) Thermal, or heating, as in fusion of wire.
Flectrical (3) Mechanical, as in the disruptive effects
Efects. 1 of lightning discharge.
(4) Physiological, as in shock to human body.
(9) Magnetic, as in dynamo magnet.
L(6) Electrolytic, as in electroplating.




12. It is well known that in order to start a
body in motion or to change the direction or
velocity of its motion, force must be applied. Thus a
train of cars at rest requires the action of the steam en-
gine to set it in motion, and when in motion, the action
of the brakes to bring it to a standstill.
A baseball requires a certain force to project it with a
certain initial velocity and can only be stopped by the
application of opposing forces.

13.  'Whenever force acts through a distance, it is said
to do work, and, in the cases just considered, the
motion of the body under the force is an evidence of the
performance of work. The word energy is employed
in the sense of capability of doing work, or as a store of
work, and when work is done, energy is expended, and
some store of work has been drawn upon.
The performance of any work whatever, therefore,
necessitates the expenditure of energy.

14. 'When a railroad train is set in motion, steam has
to do work by moving the pistons to-and-fro in the
eylinders, thus exerting force through a distance. The
steam derived its energy from the burning of the coal
under the boiler, and the coal in its turn originally
derived its energy from the sun, through the absorption
of the sun’s radiant energy by the vegetable matter from
which the coal was formed.

When a baseball is set in motion, the energy of the
moving ball—its power of overcoming obstacles—is
obtained from the muscular power of the thrower who
thus exerted muscular force through a distance. This
muscular energy was originally derived from the food
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assimilated by his body. In its turn, the food derived
its energy from the sun’s radiant heat.

‘When a dynamo is generating an electric current, its
driving belt is exerting force upon the rim of the pulley,
thus moving it through distance and therefore doing
work. It is upon this store of work that the electric
current has to draw for the accomplishment of any of
its above mentioned characteristic effects.

Fig. 1 shows the electrical transmission of power as
contrasted with Fig. 2 which shows the mechanical trans-

ELECTRICAL TR DN OF POWER

COPPER WIRES

Fre. 1,

mission of power by means of a rope. In each case the
falling weight drives the generator, and a motor lifts a
smaller weight. The work done by the motor is less
than the work expended on the generator by an amount
equal to the loss in transmission.

13. It is a well established principle in science
that the total amount of energy in the universe
is constant. All natural phenomena are due to a change
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of form in the energy manifested when force acts on
matter, and throughout all these changes whatever energy
disappears in one form reappears in some other form.

16.  In every transformation some energy is expended

in a direction in which it cannot be utilized;

that is, in effects which are not desired; such diverted

energy is called wasted energy, but is only truly wasted
from an utilitarian point of view.

Since energy, like matter, is indestruetible, it is evi-

dent that the total work done, or the energy which appears

800L8S,

MECHANICAL TRANSMISSION OF POWER,

30C LBS.

tl
Fie. 2.
in the performance of any machine, must always be ex-
actly equal to the work expended in driving it, the
intake ; but the amount of energy turned to useful ac-
count, the oufput, is always less than the intake.

17.  The ratio between the output and the intake, that
is, the output divided by the intake, is called the
efficiency of the machine, and is always less than unity ;
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for example, the efficiency of very large, well constructed
dynamos is about 0.95.

18.  From what has been said, it will be recognized

that the electrical machine forms no exception to

the universal rule that to produce any effect a correspond-
ing expenditure of work in some form is necessary.

SYLLABUS.

An electric charge is accompanied by a strained con-
dition in the ether surrounding the charged body.

The electric charge produced by friction has its origin
in the contact of dissimilar molecules.

The passage of an electric current through a conductor
is always attended by the production of a magnetic field.

‘When an electric current is passed through a solution
of copper sulphate under suitable conditions, a decom-
position called electrolysis is effected.

Work is never done or energy expended unless force
acts through a distance. Energy is never created ; there-
fore, when work is done some previously existing store
of energy is drawn upon. The total store or quantity of
energy in the universe is constant.

Every electrical effect is due to energy expended, and
the amount of such work can generally be calculated.

The total work done by any machine must always
exactly equal in amount the work expended in driving
it, but the useful work done by the machine is always less
than the work expended in driving it. The ratio of the
output of any machine to the intake is called the effici-
ency and is always less than unity.

Laboratory of Houston and Kennelly,
Philadelphia.
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FELECTROMOTIVE FORCE

19.  Electromotive force is the name given to the
unknown force or cause which produces, or tends
to produce, an electric current.

‘Whenever an electric current flows in a circuit such
current is due to an electromotive force (abbreviated
E. M. F.) acting on that circuit.

Just as a mechanical force acting on a body produces
or tends to produce motion in that body, so an electro-
motive force acting on a circuit, produces or tends to
produce an electric motion ; 7. ., current in that eircuit.

An . . foree, like all other forces, possesses a definite
direction, and as all forces tend to produce motion in
their direction, so an e. M. F. tends to produce current in
its direction.

20. As in mechanics, two or more forces, when
simultaneously acting may, when opposed, neu-
tralize each other and thus produce no motion ; or, when
acting in the same direction, may aid each other and thus

Published by
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produce increased motion, 8o two or more k. M. forces
acting simultaneously on the same circuit, when opposed
may neutralize each other, and thus produce no current;
or when acting in the same direction, may aid each other,
and thus produce a stronger current.

Liec. I'nuineer

Fia. 3.

Thus in Fig. 3 the man exerting a steady mechanical
foree moves a car weighing one ton along a level track
at a rate of one mile an hour, and the single voltaic
cell, symbolized as shown by two lines of unequal length
and thickness, produces an E. M. . which sends a certain
current through the conducting circuit.

" When, - however, as in Fig. 4, the two men apply
simultaneously equal mechanical forces to the car in
opposite directions, a neutralization or balance is effected
and ho motion is produced: ‘So ‘the two voltaic cells

¥ SR LY

X S
- (€ ()
Klec. Engineer

Fic. 4.

connected in opposition in the same circuit neutralize or
balance each- other and no current is produced.

_ Again in Fig. 5 the two equal mechanical forces ap-
plied simultaneously in the same direction, move a car
weighing two tons at the rate of one mile an hour, and
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the two voltaic cells connected in series, so that their .
M. F.’s aid each other, produce a double =. ». . that can
send twice the current through the circuit.

An r. ». F. may, therefore, originate a cuarrent, may
increase the strength of a current already existing, or
may oppose and weaken or altogether neutralize such
current.

21.  E M. F.is measured in units named volfs. Large
E. M. F.’s are sometimes expressed in kilovolts and

small . M. ¥.’s in millivolts or microvolts, (7. e., thou-
sanths and millionths of a volt). Thus the E. M. . pro-
duced by a frictional or influence machine which will
cause an electric spark discharge over an air space of

k €c———-- - ——er | dm
LRy e A
se——
Elec. Engineer —— A
Fie. 5.

one inch between brass knobs might be 75,000 volts,
or 75 kilovolts. The k. ». r. of a gravity or bluestone
cell such as is frequently used in telegraphy is about 1.08
volts.

The usual standard of . M. r. for testing and com-
parative purposes is a special form of voltaic cell called
the Clark cel. 1t is composed of pure chemicals and
made with great care. It is accepted ashaving an k. M. F.
of 1.434 volt at 15°C.

22.  The joule is the international unit of work and
is equal to 0.738 foot-pounds at the latitude of
‘Washington; or, in other words, one joule of work will
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raise a pound of matter at the latitude of Washington
through the distance of 0.7381 foot.

The watt is the international unit of activity or power,
or of the rate of working per second of time, and is an
activity of one joule persecond. Thatis to say, a force
which will raise one pound at the latitude of Washington
through the distance of 0.738 foot in a second, expends
work at the rate of one watt, or one joule per second.

The prefixes of %kilo- and mega- are employed for the
multiples of 1,000 and 1,000,000 respectively, and are
often used as convenient abbreviations. Thus a kilowatt
ig 1,000 watts, and represents 788 foot-pounds expended
per second at Washington. The /korse-power” is a
unit of activity introduced by James Watt, and is in
common engineering use. It represents an activity of
550 foot-pounds per second at Greenwich or 746 watts;
so that,

1 1 p. = 0.746 kilowatt,
orl1k.w. = 134 m >

23. It is necessary to carefully distinguish between
work or energy (joules) and activity or power
(watts). Work is an expenditure of energy, and is equal
to the product of a force and the distance through which
that force acts. Activity is the rate of expending energy
or doing work, and is found, or at least averaged, by
dividing the work done by the time occupied in doing it.
The same amount of work is done when a weight of one
pound is raised through one foot, whether it be raised in
minute orin one second, but the rate at which the work one
is done, or energy expended, is sixty times greater in the
latter case.
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24. E. M. F’s are produced by devices called electric
sources. Electric sources are of various kindsand
may be conveniently grouped as follows.

Dynamo electric machines. (Producing . M. ¥. from
1 to 7000 volts or more.) :

Voltaic cells. (Producing singly . M. ¥. of 0.5 to 2.5
volts.)

Thermo-electric couples. (Producing an x. . 7. of a
few millivolts.)

Frictional electric machines. (Producing an . M. F.
of many kilovolts.)

The terminals of an electric source, <. e., the points
from which the current is assumed to leave the source,
and again enter it after having passed through the cir-
cuit, are termed its po’es or terminals; the pole from
which the current is conventionally assumed to leave
the source being called the positive pole, and that at
which it again enters the source after having passed
through the circuit being called the negative pole.

It Las been pointed out (Par. 14) that unless a mechan-
ical force moves through a distance, it does no work. In
the same way, an E. M. F. does no work unlessit produces a
current. But when an E. M. r. produces a current in a
conducting ecircuit it does work, and the energy neces-
sary to do this work is supplied by the electric source.

25. From an engineering standpoint the most im-

portant electric source is the dynamo electric
machine,

The first dynamo electric machine, a mere toy in point
of dimensions, was invented and constructed by Faraday,
in 1831. At the present time dynamos are made up to
3,750 kilowatts.capacity.
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The voltaic cell is the next electric source in order of
practical importance. The output of a cell is, however,
very small by comparison with an ordinary dynamo, and
rarely exceeds 15 watts. A number of cells connected
together so as to form a single source or battery, can, of
course, increase the output proportionally. DBatteries,
however, are never used for the production of any con-
siderable amount of electric power.

26.  Electromotive forces differ not only in magni-
tude, but in variability, or time-rate-of-change.
Thus arise two general divisions of &. M. F., viz., the con-
t/nuous and the altesnat'ng. An E. M. 7. that has always
the same directionis said to be continuous. AnEe.m.F.that
alternately and periodically reverses its direction, is said
to be alternating. As a continuous E. M. F. produces, or
tends to produce, a continuous current, so an alternating
E. M. F. produces, or tends to produce, an alternating or
oscillating current.

Continuous E. M. F.’s are further divided into steady
and pulsating. Steady ®. M. ¥.’s are, for brief periods
at least, practically produced by voltaic batteries and
thermopiles. Continuous current dynamos (so-called),
always produce in reality, fuctuating or pulsating E. M.
r.’s although the fluctuations may in some dynamos be
so slight and rapid as to escape notice.

Alternating E. M. ¥.’s are either symmetr cal or dis-
symmetrical, according as the positive and negative
waves, allowing for changes of direction, are or are not
similar and equal. Alternating current dynamos (alter-
nators) usually produce symmetrical . M. r.’s, while a
Ruhmkorff eoil with a vibrating spring, operated by a con-
tinuous k. M., ¥., produces a dissymmetrical alternating g.M.F.
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The k. M. ¥. at breaking contact being much greater than
the oppositely directed k. . ¥. at making.

27.  If asin (Fig. 6.) the water in the vessel 4, is in
communication with the open vertical tubes a, 0,

¢, d, ¢, f, g, then when the outlet tube B is closed, the
level at which the water stands will be the same in all
the tubes. But when the outlet is open, the level will
be highest in the tube nearest to the reservoir, and
lowest in the tube nearest to the outlet, the level in the
intermediate tubes being found along the inclined dotted

A o’

O
L Tlee Ingineer
F1e. 6.—Hydraulic and Potential Gradients.

line o/, b/, ¢/, &, €, f’, which line may be called the hy-
draulic gradient. The force which causes the water to
flow through the tube cB, which may be called the water-
motive-force, is that due to the difference of level be-
tween A and B. Of this force, that fraction which causes
the water to flow between any two points of the tube
c as for example between @ and b, is that due to the
difference of level between «’ and b'.

Similarly, the &. a. ¥. produced by the electriec source
or dynamo A, which has its positive pole connected to'c,
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and its negative pole connected to the ground produces
a fall of potential or electric pressure along the uniform
conducting wire cB, which is connected to the ground at
B. The gradient of electric potential being represented
by the dotted line a’, &', ¢, d’, ¢/, /', and the . M. F.
which drives the current through any portion of the con-
ductor such as @ ¢ may be attributed to the difference of
potential between ¢’ and ¢/, as represented by the differ-
ence of length between the lines @ &’ and ¢ ¢/ measured
in volts.

As water flows from a higher to a lower level, so the
electric current is assumed to flow from a higher to a
lower potential; and as differences of water level con-
stitute what has been called water-motive force, so
difference of electric potential constitutes electromotive
force. The sum of all the de¢fferences of potential (ab-
breviated p.p.’s) in a circuit is equal to the total k. ». F. in
that circuit. '

SYLLABUS.

An E. M. F. has a definite direction and tends to pro-
duce an electric current in that direction.

E. M. F. is measured in practical units, called volts,
also in micro-, milli-, and kilovolts.

The international unit of work is called the joule.

The international unit of activity; 7. e, the joule-per
second, is called the watt.

An E. M. 7. does no work unless it produces a current.

E. M. ¥’s differ in both magnitude and in variability.
They are, therefore, continmous and alternating. Con-
tinuous E. M. ¥’s may be steady or pulsating.

Laboratory of Houston & Kennelly,
Philadelphia.
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ELECTRIC RESISTANCE.

28.  Resistance is that property of an electric con-

ductor or cireuit, in virtue of which an clectric

current or flow is limited, under any given . M. F., to a
certain value.

The resistance of a water-pipe to the passage of water
through it, increases directly with the length of the pipe,
and diminishes with the cross sectional area of the pipe.
It also varies with the nature of the material from which
the pipe is made, and the smoothness of its inner sur-
face. So too, the resistance of a circunit or conductor,
varies directly with the length of the conductor, and in-
versely as its cross-sectional area. It also varies with
the nature and physical conditions of the materials of
which the conduector is composed.

29.  Electric resistances are compared with one an-
other by reference to certain practical electrical

unite. The unit of resistance is called the International
ohm, and is the resistance offered by a pure chemical
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18 .
material of definite dimensions under fixed physical con-
ditions.

The value of the ohm is most conveniently taken as
the resistance of a colnmn of pure mercury, one square
millimetre in area of cross-section and 106.3 centimetres in
length, at the temperature of melting ice. (Zero centi-
grade or 32° F.) Its value, however, can be detined in
terms of any conducting material, such as, approximately,
one foot of No. 42 A. w. . wire of pure copper; and
such a wire might be more conveniently maintained as a
material standard than a column of liquid mercury; but
although mechanically advantageous, such a standard
would possess the inconvenience that no two samples of
copper wire could be obtained of exactly the same degree
of purity and in the same physical condition, while mer-
cury, by redistillation, can be readily obtained chemically
pure, and in the same physical condition.

The fundamental unit of electric -resistance, in the
International c. . s. system, is that resistance in which
the unit of electric current will do work to the extent
of one erg (one dyne-centimetre) in one second. This
resistance is, however, so extremely small that it would
be impracticable to employ it directly, and another unit,
the ohm, was selected as the practical unit of electric
resistance. The ohmis equal to one billion (1,000,000,000
or 10°), of the fundamental c. . s. units of resistance.

30.  Conductors are generally made in the form of
wires. A circular cross-section is the commonest,
though a rectangular section is sometimes employed in
dynamo armature-winding for economy of space.
Doubling the length of a wire doubles its resistance.
Similarly, halving the length of a wire halves its re-
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sistance ; doubling the area of cross-section also halves
its resistance. Consequently, if a wire of given length
be cut into two equal parts, and the two lengths be laid
side by side, and so connected with the circuit that the
current passes through them in parallel, their joint re-
sistance, .., the resistance of the two in combination,
will be one-fourth of the original resistance of the wire.

‘We have seen that the resistance of a conductor varies
with the nature of the material of which it is composed.
As a rule, metals offer a comparatively low resistance to
the passage of an electric current, and are, therefore,
called electric conductors, while hard rubber, glass,
gutta-percha, air, etc., offer a comparatively high resist-
ance to the passage of an electric current and are, there-
fore, called non-conductors or insulators.

31.  For large multiples or submultiples of an ohm,
or of any other unit, various prefixes are em-
ployed ; as for example, the following multiples,

deka L Sten times: i o L LRSS 10..10
hecto. . .one hundred times...... 100..10°
kilo. .. .one thousand times..... 1,000..103
mega. . .one million times....... 1,000,000..108 -
bega.. ..one billion times........ 1,000,000,000. .109.
trega ..one trillion times.. ... 1,000,000,000,000. .1012

quega . .one quadrillion times....1,000,000,000,000,600. . 10%°

and the following submultiples or decimals,

deci....or one tenth ........ T 107N R 10-1
centi....or one hundredth...1 + 100............. .. 10-2
milli. ...or one thousandth ..1 = 1,000.............. 10-#
- miero. ..or one millionth....1 =+ 1,000,000 ........... 10-°

bicro . ..or one billionth .. ...1 + 1,000,000,000........10-°
tricro.. .or one trillionth. ...1 = 1,000,000,000,000....10-#
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One c. ¢. s. unit of resistance is, therefore, a bicrohm.

One millionth of an ohin is a microhm.

One million ohms is a megohm; a billion ohms, a
begohm; a trillion ohms is a tregohm; and a quadrillion
ohms, a quegohm.

32.  For convenience in comparing the resistances of
different kinds of material, the standard of com-
parison is taken as the resistance of unit length and unit
area of cross-section; namely, the resistance which would be
offered by a cube of the material, one centimetre in length
of edge, between opposite faces. The particular resist-
ance of a body referred to unit dimensions in this way is
called its specific resistance or resistivity. For example,
iron has, at ordinary temperatures, a resistance about six
and a half times that of copper. Thus copper of stand-
ard purity (Matthiessen’s standard) has a resistivity of
1594 c. G. s. units, at the melting point of ice, or 1.594
microhms, while iron at the same temperature, has a
resistivity of 9.687 microhms.

A study of the following table will show that, as a
rule, apart from the metals, solids possess the highest re-
sistivities, or are the poorest conductors. Of liquid sub-
stances, oils possess the highest resistivity. Water, as
measured by Kohlrausch, has a resistivity of 3.75 meg-
ohms. As, however, minute traces of impurity enor-
mously diminish this resistivity, it is generally believed
that absolutely pure water would be almmost a perfect in-
sulator. Water containing 30 per cent. of its weight of
nitric acid has a resistivity of 1.29 ohms.

The following is a table of resistivities in International
ohms. '
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Tem-
Substance. Teg};gra- Resistivity. pel('?(;c_ure Authority.
efficient

Silver, annealed...| 0° C. {1.500 miecrohms| 0.377 [Matthiessen.
Silver, hard drawn o 1.53 Go & <
COR er, annealed

(Matthiessen’s

standard) ...... % 1.594 4 0.388 s
Copper,hard drawn e 1.629 11 e %
Iron, annealed.... . 9.687 ¢4 el ce
Nickel, annealed. . ve 12,420 ¢ e O
Mercury, liquid ... 3 94.84 0.072 9
(rerman silver..... i ab’t 20.9 ¢ 0.044 b
Graphite. . .. 5 L %"(1) 4%?)?33;0 %alt,)%ut, } Everett.
Sulphate of zine,|

saturated solu-| Ewing &

T . S e 10° 33.6ohms ...| .... Macgregor.
Common salt, solu-|

tion of minimum Kohlrausch

resistivity ...... 10° 37 (I | 5 & Nippoldt.
Pure water ¢ 5 { aboniﬁ;ﬁmeg- ; ... |Kohlrausch.
Mica ..... T 5 20° 84 tregohms ..| .... 5( Ay rtonPSgPr.y. v
Grutta-percha...... 24° 1449 = ies -z Latlme&'mk.
Hard rubber...... 46° 28 quegohms.| .... { AyrtonP%rry'
Yo T Rt et S 46° 34 o2 T . U
Glass, flint........ 0°  |16700 © .... {Foussereau.
Porcelain. .. .. 0° 1540 ¥ e 35

The fourth column gives the temperature coefficient,
that is the percentage increase in resistivity per degree
centigrade increase in temperature. Thus, eopper in-
creases 0.388 per cent. per 0° C., within a range of a
few degrees centigrade, according to Matthiessen’s obser-
vations, and, taking its resistivity as 1.594 microhms at
0° C. at 5° C., its resistivity would be 1.594 (1 4 5 X
0.00388) = 1.594 X 1.0194 = 1.625 microhms.
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From this table of resistivity it is possible to arrive at
the resistance of any uniform conductor whose -resistivity -
is given. Thus, if the resistance of a mile of Matthies-
sen’s standard hard-drawn copper wire, having a cross .
section of one square millimetre is required, for 0° C., .
we take the resistivity of 1.629 microhms, and since this
would be the resistance of a bar one centimetre long
and one square centimetre in cross section, the resistance
of a centimetre length of wire of 1 square millimetre
cross section (100 times less area) would be 100 X 1.629
= 162.9 microhms, and the resistance of a mile (160,933
cms.) of this wire would be 162.9 X 160,933 = 26,215,
986 microhms = 26.2 ohms approximately. The pro-
blem of finding the resistance of any wire thus resolves
itself into determining its resistivity at the required
temperature, its cross sectional area in sq. cms, and its
length in cms.

The following table will be useful in these calculations,

1 inch = 2.54 cms. 1 sq. in: = 6.4516 sq. ems..

" 1 foot = 30.48 ems.

1 mile = (1760 yds) = 160,933 cms.

The temperature coefticient of carbon is negative;
namely about — 0.5; that is, a wire or filament of car-
bon; diminishes about 0.5 per °C. increase, for a small
range of temperature. At the temperature at which
glow lamps are ordinarily operated, their resistance is
about half what it is when cold.

The resistivity of insulating substances, diminishes
like carbon, with temperature, and this in fact forms a
criterion as to the class of substances (conductors or
insulators) to which a body belongs.
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33.  Conductance is the inverse of resistance, just as
conduetivity is the inverse of resistivity.

If, as in Fig. 7, four incandescent lamps be connected

. to supply mains as shown, and each lamp has when hot

- a resistance of 100 ohms, (a conductance of )y or

0.01 mho), the total conductance, since the current is

conveyed equally through four different paths, will be

the sum of the separate conductances, ¢. e., 0.04 mho,

and the effective or joint resistance of the combination
will be ;4 = 25 ohms.

Just as the total resistance of a number of separate

1
10 OHMS 75 MHO

15 o WO
Hms W
Fia. 7. Fie. 8.
RESISTANCES IN PARALLEL. RESISTANCES IN PARALLEL,

resistances in series is the sum of those resistances, so the
total eonduetance of a number of separate conductances
in parallel, is the sum of those conductances. Thus,
if three wires of 5,10 and 15 ohms respectively, be con-
nected in multiple, as shown in Fig. 8; their respective
conductances will be 1 = 0.2, {; = 0.10, and {4 =
0.0667 mho. The total conductance, therefore, will be
0.3667 mho, and the joint or effective resistance of the
three wires, %7 = 2.727 ohms.

SYLLABUS.

Resistance is that property of a conductor or circuit
which opposes the flow of electricity through it.
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The resistance of a conductor varies with its length,
< cross sectional area, and the nature of its material.

Resistances are compared with each other by reference
to a practical standard called the International ohmj;

The fundamental c. ¢. s. unit of resistance is one
bicrohm.

The effective resistance of two or more wires in

parallel is called their joint resistance.

The resistance of a body referred to unit dimensions

is called its specific resistance or resistivity.

Laboratory of Houston & Kennelly,
Philadelphia.
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34.  The conductivity of a material is the inverse of
its resistivity, so that the greater the resistivity,
the lower the conductivity. Thus the solution of nitric
acid in water, which gives the lowest resistivity (1.29
ohms), gives the highest conductivity 1%y = 0.77519,
and any other mixture of nitric acid and water would
conduct less perfectly, that is, would have a’lower con-
ductivity. Conductivity is measured in units called
mhos, a term derived from the reverse spelling of the
word ohm.

35.  The resistance of two or more conductors con-
nected in series, that is, joined end to end, is the
sum of their separate resistances. Thus three wires ,
which have respectively 5, 10 and 15 ohms resistance,
have, when connected in series, a total resistance of 30
ohms. The total resistance in a series circuit is, there-
fore, the sum of all the resistances in the different parts
of that cireuit.
Published by
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36. It is not definitely known whether alloys are
mixtures or chemical combinations of their in-
gredient metals. Electrically, it might be supposed from
the resistivity of alloys, that in some cases alloys are
mere mixtures, and in others chemical combinations.
Thus, alloys of such metals as lead, tin, zinc, and
cadmium, behave electrically like bundles of wire made
up in the proportions of their respective metals, while
alloys of such metals as gold, silver, copper, iron,
aluininium, and others, give a resistivity much higher
than that which a mere bundle of such wires would lead
one to expect. '

The temperature coefficient of an alloy is always less
than would be expected from the temperature coeflicients
of its ingredients, and the greater the resistivity of an
alloy, the lower will usually be its temperature co-
efficient. Thus german silver has a resistivity of about
21 microhms (varying considerably with different
samples) and a temperature coeflicient of about 0.044
per cent. per degree C.; while platinoid has a resistivity
of 32.7 microhms, (also varying greatly with different
samples), and a temperature coeflicient of about 0.021 per
cent. per degree C.

37. It has recently been shown that at very low
temperatures certain pure metals have exceedingly

low resistivities at the lowest temperature at present
experimentally attainable (—197° C), and it has been
inferred from such observations that at the assumed
temperature of absolute zero (—273.6° C.) the resistivity
of such metals would be zero, so that a copper wire at
such a temperature would have no resistance whatever.
It would appear, however, from what has already been
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mentioned concerning alloys and their lower temperature
coefficients, that their resistivities would still be eonsid-
able, even at the absolute zero of temperature. _

For the same reasons alloys are greatly to be preferred
to pure metals for the construction of resistance
standards, which should be as nearly constant as possible,
in order that variations of temperature may make
the least change in the value of their resistances.

38.  The materials forming the earth’s erust, such as
clay, sand, gravel, marl, ete., have, when dry,
very high resistivities; but since the ground below a
certain depth, is almost invariably moist, even in dry
weather, and since the water contains various salts in
solution, the resistivity of the entire mass is greatly re-
duced. When, therefore, a telegraph conduetor is
carried on poles between two distant points, it is not
necessary to have a second or return wire to complete
the eireuit, since the ground between the two stations
may be used as a return conductor, introducing a resist-
ance much less than that which a metallic return con-
duetor would possess. This is due to the enormous area
of cross section of the earth, which is so great that the
difference in the earth’s resistance, as measured between
two terminals one mile apart, or one hundred miles
apart, is practically imperceptible.

In order to ensure sufficient contact with the ground,
the ends of the ground wires are connected with large
metallic plates called ground plates, usually of copper
or iron, and sometimes surrounded by eharcoal, buried
sufficiently deeply to meet permanently moist strata. In
cities, the gas or water pipes, from their extended buried
surfaces, serve as excellent telegraph ground plates. The
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resistance of the ground in a circuit may vary from a
fraction of an ohm to hundreds of ohms, according to
the nature of the ground connections, such high resist-
ances being met with in cases where the ground is
improperly made, or where the strata in which the plates
are buried are permanently dry. Thus arise two
varieties of circuits, one, the metallic circuidt, in which
the circuit is metallic throughout; and the other, the
ground return circuit, in which the ground is used as
the return conductor.

F1a. 9.—VARIETIES OF INSULATORS. *

39.  On all pole lines the conductor, whether cover-
ed or bare, is supported on sunitable insulators.

Fig. 9 shows a variety of insulators differing in shape
and material. 4, is a glass insulator; B, an oilcup in-
sulator; ¢, a hard rubber insulator; and b, a porcelain
. insulator. These insulators are rigidly supported on
pins placed on cross-arms. The resistivity of all these
insulating materials is very high and is most con-
veniently rated in quegohms. The resistance of any
ordinary insulator, between the surface of the groove in
which the wire is placed and the surface of the support-
ing pin, would not be less than 500 begohms, but in
practice the resistance an insulator offers to the escape of
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a current is far less, owing to the conductance of a film
of moist dust and dirt on its surface. This is especially
true of glass, on account of its hygroscopic nature, and
these insulators are, therefore, not well adapted for use
in a moist climate. The advantage of an oil insulator
arises from the fact that the oil interposes a high resist-
ance path to leakage over the surface, dust and
moisture settling to the bottom of the oil, leaving a clean
surface.

The greater the number of insulators supporting a wire,
the greater the number of conducting paths for the
escape of current to ground, and hence the greater the
leakage. Therefore, the greater the length of conduet-
ing circuit, the greater the leakage, and the smaller its
insulation resistance. The apparent insulation of a line
measured in megohms, multiplied by its length in miles,
gives its awerage apparent insulation per mile wn
megohm-miles.

40. Resistances in various forms, usually in coils of
wire, are introduced in working ecircuits for the
purpose of controlling or limiting the current strength.
In other cases they -are introduced for purposes of
measurement. - In all cases, however, the conditions
must be such that the current passing through them shall
not produce excessive heating.

For variable resistances, such as are employed for con-
trolling the current strength in working curcuits, iron
wires, strips or plates, carbon blocks or dises, or columns
of liquid are employed, so arranged that different
lengths can be readily introduced or removed from the
cireuit.

Figs. 10 and 10a shows such an arrangement, where, by
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the movement of the lever arm, the contact strip ¢, can be
brought into contact with any of the metal buttons from

o o\ o

s §
e
.

Leae Eror mf

Fi16s. 10 AND 102.—RESISTANCE FRAME AND DIAGRAM OF CONNECTIONS.

A to B, thus varying the number of coils of wire in the
circuit. The particular instrument shown is designed to

Fic. 11.

carry the current to supply six ordinary incandescent 16
candle-power, 110-volt lamps, without overheating.
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Fig. 11 shows a variable resistance or rheostat formed
of iron wire, embedded in porcelain enamel, in firm con-
tact with the heavy iron bed-plate. This arrangement

—

F1e. 12.—WHEATSTONE BRIDGE.

ensures a rapid transference of the heat generated by the
current in the wire to the iron plate, and its subsequent
diffusion and radiation.

41.  Where resistances are employed for the purpose
of comparison or measurement, their values in

ohms are calibrated with reference to a standard ohm.
In this instrument a coil of platinum-silver alloy having
the resistance of one ohm at some convenient definite
temperature, has its terminals connected to two stout

L1000 10010 4 0 100 1060
£ SN | W N 0 N oTa

0

KGR 2900 1050 160 0D 260 160 160
TN ST N ST SRR

Lico. Engineer

F16. 18.—DIAGRAM OF CONSTRUCTION OF RESISTANCES IN BRIDGE.
copper rods whose ends dip in mercury cups. The coil
and rods within the case are embedded in paraffin wax,
a central hollow core being left for the insertion of a
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thermometer, when the instrument is submerged in
water or oil.

Figs. 12 and 13 represents a common form of resist-
ance box called a Wheatstone bridge or Wheatstone
balance, a plan of which appears beneath together with
a diagramatic view of the coils and plugs. DBy suitable
combinations of plngs, the resistance included between
the terminals # and #, can be made any integral number
of ohms between zero and 10,000.

SyLLABUS.

The conductivity of a material is the reciprocal of its
resistivity. :

The conductance of a conductor or circuit, is the
reciprocal of its resistance, and is measured in mhos.

The total resistance of a number of resistances in
series, is the sum of those resistances, and the total con-
ductance of a number of conductances in parallel is the
sum of those conductances.

The temperature coefficient of alloys is less than the
temperature coeflicient of pure metals.

Metallic circuits are metallic throughout. Ground
return circuits complete their circuit through the earth’s
substance. :

The resistance of insulators is in practice the resistance
of a film of dirt or moisture upon their surfaces. The
insulation of a line is expressed in megohm-miles repre-
senting the average insulation resistance of a single mile.

Resistances for measurement are usually in coils of
wire of a suitable alloy. Resistances for controlling
current strength in working circuits are frequently of
iron, carbon or water.

Laboratory of Houston & Kennelly,
Philadelphia.
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42.  The Wheatstone bridge shown in Figs. 12 and
13, (No. 4, Intermediate Grade) is used for
determining the resistance of any condueting path or
circuit. The electrical connections of the bridge are
shown in Fig. 14, where E, isan . M. F., usually a battery,
connected to the terminals ¢ and ». The current from =,
divides between the paths ¢ « » and ¢ z #, where ¢ @, and
q 2, are resistances, usually called the arms of the bridge
or balance, « 7, is the adjustable and known resistance
under the plugs, while z », is the unknown resistance to
be measured. Calling the pressure at 7, zero, and at ¢,
E, volts, as shown in Fig. 15, the fall of pressure through
the resistances will be shown by the inclined lines » « 7,
and p &~ Itis evident that if the resistances ¢ « and ¢z
are equal, and also # » and z », then by symmetry the
pressure « @, will be equal .to the pressure z b. Con-
sequently, if these points # and z, are connected through
a galvanometer, or instrument for detecting a current,
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no current will pass, and the galvanometer needle will
remain at zero. The resistance in each of the arms ¢
and ¢ 2, are usually 10, 100, or 1000 ohims, and in making
a measurement the plugs in the branch « », are removed
or replaced until the galvanometer shows no current
passing. When this is the case the unknown resistance
z r,is equal to the resistance unplugged in « r, provided
that ¢ x and ¢ 2, are equal. If ¢ z, bears any other pro-
portion to ¢ x, then z », bears the same proportion to the
unplugged resistance 7.

| |
74

X
1
l [ ] Llee.Lngineer
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Fi16. 14.—D1aaraM oF WHEAT- F16. 15.—D1aeraM oF FaALL oF
STONE BRIDGE. PRESSURE 1IN BRANCHES oF
‘WHEATSTONE BRIDGES.

43. In order accurately to define, for practical or
commercial purposes, the conductivity of copper

wire, a standard has been very generally agreed upon
based upon the researches of Matthiessen, and called
Matthiessen’s standard of conductivity. The resistivity
of soft copper of this standard quality is 1.594 microhms
at 0° C., although copper-has been obtained at 4 per
cent. higher conduectivity than that of Matthiessen’s
standard. A soft copper wire of Matthiessen’s standard
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conduetivity, one metre long and weighing one gramme,
will have a resistance of 0.14173 international ohms at
0° C. It is common, however, in specifications, to call
fora conduectivity in copper of not less than 96 per cent.
of Matthiessen’s standard. The following isa table of the
resistance of ordinary sizes of soft copper wire of
Matthiessen’s standard conduectivity at 20° C. Hard
drawn copper has a conduectivity of about 2} per cent.
less than soft annealed copper.

Brgvgn and Diameter| Lbs. per Lbs. Ohms per Ohms
R Inch Foot 2 Foot par
Guage No. . ¢ ile. 3 Mile.
0000 0.460 0.6405 3382 10.00004893 0.258
000 0.4096 0.5080 2682 0.00006 17V 0.326

00 0.3548 0.4028 2127 0..00u7780 0.411

0 0.3249 03195 1687 0.00009811 0.518
1 0.2893 0.2533 1337 0.0001237 0.653
2 0 2576 0.21109 1061 0.0001560 0.824
3 0.2294 0.1593 841 0.0001967 1.¢39
* 0.2043 0.1264 667 0.0002489 1.309
5 0.1819 0.1002 529 0.0003128 1.651
6 0.1620 0.07946 420 0.000:3944 2.082
7 01443 0.06302 333 0.0004973 2.626
8 0.1285 0.04998 264 0.0 006271 3.311
9 0.1144 0 03963 209 0.00079u8 4.176
10 0.1019 0.03143 166 0.001:9972 5.265
11 0.09074 0.02493 182 0.001257 6 636
12 0.08031 0.01977 104 0.001586 8.874

44. When two ‘conducting surfaces are placed
lightly in contact, the resistance at the contact is

much greater than if the surfaces are pressed firmly to-
gether. This is due to the fact that under light pressure,
even in the case of the smoothest surfaces, the points of
contact are comparatively few, and as the pressure in-
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creases, these contact points are increased, thus increas-
ing the available cross-section of contact.

Moreover, films of oxide, the resistivity of which is
comparatively high, and which are apt to form rapidly
on nearly all metallic surfaces, increase the difficulty of
obtaining perfect contact. Consequently, care must be
exercised, when introducing apparatus into circuits, that
the contact surfaces are free from oxide or grease, and
are brought firmly togetler, especially in cases where
the introduction of additional resistance is deléterious.

An excellent form of variable resistance is based upon
the preceding principle of resistance offered by light
contacts ; namely, the carbon rheostat. This rheostat
consists essentially of disks or plates of carbon, piled
together, and provided with suitable means for varying
their pressure. The telephone transmitter in ecommon
use employs the principle of variable contact pressure,
to impress on the telephone conducting line, variations
in the current strength corresponding to the vibrations
of sound.

Nearly all the telephone transmitters in common use
employ either the principle of variable contact pressure,
or the principle of varying the length and cross-section
in conducting path through carbon particles, vibrating
between relatively non-vibratory electrodes.

45.  When the current strength remains constant,
the resistance of any part of the circuit depends natur-
ally upon the resistivity of that part, its dimensions
and temperature. When, however, the current strength
varies rapidly, the form or shape of the conductor also
affects its resistance. For instance, a stranded conduc-
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tor, that is, a conductor formed ‘6f a number of separ-
ate wires layed-up together, offers an apparently lower
resistance to a rapidly alternating current, that is, to a
current rapidly changing its direction, than. would a solid
conductor of the same length and total cross-section.
The cause of this increase of ‘resistance will be con-
sidered in a subsequent leaflet.

46. It is now well recognized that lightning dis-

' charges partake of a rapidly alternating character.

An advantage is therefore secured from the use of a

stranded or strip lightning rod, as opposed to a solid rod
of the same weight per unit of length.

47.  The following is a table of the resistances of
various apparatus employed in the commercial
applications of electricity.

GALVANOMETERS.
Thomson Mirror Galvanometer .. .......... 1 ohm to 350,000 ohms.
¢ Common resistance.........eeveeeiiuen 5, 000
Thomson Marine Galvanometer. ....... ..5,000 to 50 000 ¢
D’Arsonval Galvanometers . ...coveee civvee 1 ohm to 750 ¢
L CONMMON TESISEANCE . o7, 2. s s e s « . oie s o afer e MR hars 250 ¢
AMMETERS.

Resistance usually inversely as maximum current
strength measured.

Weston, 15 aIMperes. . cive e ceveeeeooraaisociscsvasass. 0.0022 ohms.
Kelvm Balanees Centiampere balance............... .... 160 ohmc
Deciampere balance........ ... . 2
k% $4 Ampere balance.....c................ 0.18 ohm.
' 9 Composite balance as wattmeter or centi-
ampere balance ...........o0..,.. <+ »30 ohms

ik gk as voltmeter (for voltages up to 200
Volta)y ATt 2 SR 200 to 500 ¢
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VOLTMETERS.
Cardew voltmeters for 100 volts, about................... 500 ohms.
Weston voltmeters for 150 volts, about................ 19,000 ¢
Thomson Muarine voltmeter for 120 volts......... ...... 1,000 ¢

Weston alternating current-voltmeters for 120 volts
2,500 to 3,500 ¢

BATTERIES.
Calland gravitylcell . Sl A 5 S E Tl i s lo e ot
Traclam ChE R, - Ly e e e o fo s e 3.0 627
Biohromatesis . .« Sierr o B srn s st B ORI als ot s o
Edison-Lalande, 300 ampere-hours. . L 4
Storage cell, 100 ampere-hours.........ccoevvvuienannn. 0.005
TELEGRAPHY.
T R A S Al B ey S e g T s 0.5 to 20
Neutral relays =250, . o SRS IR V0 33 80 to 300, usually 150
Polar relaysis . om0 Ly E®n A 100 to 500, usually about 400
; FIRE TELEGRAPHY.
(el iyt AR SRR B T, T S EA s Jr e Ty 20 ohms.
Sighal box magnets, aboul. s« el aa i etmie e e o e S5
SUBMARINE TELEGRAPHY.

SPEAKIDZINITIOL . .+ . oiu s oo 56 o srasm s A B ofs oo siiTele 1,000 to 5,000 ohms.

10T B R S A R B s sl Rl 80 N Py AT 5 2,500 &
Siphon recorder coils, QDORE e pateis o S MR S 3 500 «

TELEPHONY.

Bell telephone;-about. . ... . SO Tl T T s 75 ohms.
Glall e LIROMN . L. <. o o Site S fonee e & Rt b o= 75 to 1,000 ¢
Magneto~armature .................................... 500 «
Induction eoil, primary... ... .. cciiiiin Lo i 0.28 ¢
Induction coil, secondary........c..... ool oLl 12 to 160 *

DYNAMOS AND MOTORS,

- For a given power, or output of these machines, the
armature resistance varies approximately as the square
of the . M. F., and for any E. M. F., roughly in inverse
ratio to the power
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Armature resistance (warm) of 0.5 k. w. dynamo or motor about 4 ohms.

And between b1u<hes 3. 0.4 R
30 g s (3 0. 020 (X

3 I 100 ‘“ s [ n‘0055 “

e 5 200 e £ ¢ 0.0024 ¢

ALTERNATING CURRENT TRANSFORMERS.
Resistances of primary and secondary coil vary with
frequency of alternation and a variety of other circum-
stances. Roughly, they vary inversely as the power
rating of the machine. The following are a few examples.

0.5 k. v primary 21.8 ohm, Secondary 0.04  ohm.
2 $ 5.5 ohms ki 0.015
20 a " 0.48 ohm S 0.0015 **

INCANDESCENT LAMPS.
The resistance varies approximately inversely as candle-
power when operated at uniform k. . r.

Thus at 115 volts an ....... 8 candle-powel lamp, hot 500 ohms.
3 X L g 10 406
i Xy R —ar SR S 16 ‘6 g ‘e X ‘)54 "
. s AR (I st f e 32 ‘e .. s (X} 127 ‘

The human body varies enormously in its resistance
with the position of electrodes, their surface area, the
dryness or moisture of the skin, the duration of the ap-
plication, and the current strength. Lowest resistance
on record, 214 ohms from surface of head to surface of
right calf, and 500 ohms from hand to hand each im-
mersed to wrist in salt water. Average resistance under
latter conditions 1000 ohms.

The resistance of the lightning rod on the Washington
monument (550 feet high) including ground connections
is 2.3 ohms.

SYLLABUS.

In a Wheatstone bridge, the value of an unknown
resistance is determined by equalizing the potential at
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two definite points in a divided eircuit, one branch con-
taining an adjustable resistance, and the other the
unknown resistance.

Matthiessen’s standard of conductivity is based upon
measurements made by Matthiessen of the resistivity of
the purest copper e was able to obtain.

Hard drawn copper has a conductivity of about 21 per
cent. less than annealed copper.

The resistance of contacts between surfaces depends
upon the nature of the surfaces, their area, and the
pressure with which they are brought together.

Since the resistivity of films of metallic oxides is high,
the presence of such films should be carefully avoided
in jointing conductors.

All carbon rheostats and some telephone transmitters
utilize the principle of variable contact pressure.

A stranded conductor offers an apparently lower
resistance to a rapidly alternating current than would a
solid conductor of the same length and weight. Con-
sequently lightning conductors should be preferably
stranded, lightning discharges being usnally oscillatory.

Laboratory of Houston & Kennelly,
Philadelphia.
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FLECTRIC CURRENT.

48. It is evident that the effects produced by the
passage of electricity in a circuit are dependent
on the time during which the flow is maintained. For
example, the amount of work done by an electric motor
depends entirely upon the current which is passing
through the motor, and also upon the time during which
the current is supplied. Again, the amount of heat and
‘light emitted by an electric lamp depends, for a given
current, upon the time during which the lamp is lighted.
The amount of metal deposited in a plating bath depends
similarly, for a given current, upon the time during which
the current is supplied.
Any of these electric etfects, therefore, must be attri-
buted to the passage of a definite quantity of electrical
flow, maintained for a definite time.

49.  Just as the flow of water through a pipe may be
correctly rated as a certain number of cubic inches
per second, so the flow of electricity through a conductor or
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circuit may be correctly rated as a certain number of
coulombs of electricity per second. A coulomb is, there-
fore, the unit quantity of electricity, and eorresponds in
cases of electric current to the unit quantity of water in
hydraulics, say, a cubic inch.

Since electricity is invisible, a coulomb cannot be seen.
It can, however, be rigorously measured by its properties.
For example, a coulomb of electricity on passing throngh
a chemieal solution, liberates by decomposition perfectly
definite quantities of the constituent elements of that
solution. For example, a coulomb will deposit 1.118

F16. 16.—ELECTROLYTIC EFFECT OF THE ELECTRIC CURRENT.
milligrammes of silver from a solution of a salt of silver,
or will liberate 0.01038 milligramme of hydrogen from
water. So rigorously are these relations maintained, that
for many years the voltameter shown in Iig. 16, was
almost the only instrument for measuring electric current.
The current from the battery B, enters the acidulated
water in the glass vessel vv, through platinum electrodes
at the base connected with the leading-in wires marked
+ and —. The passage of the electricity causes the
water to be decomposed, and causes hydrogen and oxygen
to be liberated at the negative and positive electrodes re-
spectively, and the gases evolved collect into the test tube
placed over the platinum plates, thus displacing the water
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with which the tubes were already filled. Since one
milligramme of hydrogen at the standard tem perature and
pressure (760 ems. of mercury and 0°C.) occupies 11.16
e.c., the reading of the level of liquid in the graduated
tubes will show, when corrected for temperature and
pressure, the total number of coulombs that have passed
through the apparatus.

50. A current of electricity is not a total flow, but

a rate of flow, and this distinction must be care-

fully borne in mind. Thus the voltameter just described

does mnot measure current strength directly. What it

measures is the total quantity of electricity which passes

in coulombs, and, therefore, it has to be regarded as a
coulomb-meter.

- The unit rate of flow in electricity is called an ampere,
after a celebrated French electrician, Ampére. It has a
rate of flow equal to one coulomb of electricity per
second; and, just as the rate of flow of water through a
pipe may be measured in cubic inches per second, so the
flow of electricity through a conducting circuit, or its cur-
rent strength, may be measured in amperes, or coulombs-
per-second.

The International ampere, so called because its value
is adopted by all civilized nations, is practically defined
as that current which when passed through a properly
prepared aqueous solution of silver nitrate will liberate
1.118 milligrammes of silver per second. This, as we
have already seen, is the amount deposited by a conlomb
in any time, and the ampere is to deposit this in one
second, since one second is required for the passage of
one coulomb under this current strength.



+4

51, When an ampere flows steadily through a circuit
during one hour, the total quantity of electricity
which passes is 3600 coulombs, this being the number of
seconds in an hour. An ampere-hour is, therefore a unit
of electric quantity equal to 3600 coulombs. This unit is
in common use. 112.7 ampere-hours are required for
the decomposition of a pound of silver. Similarly 374.3
ampere-hours are required, for the decomposition by
electro-plating of a pound of zine. Again in a voltaic
cell one pound of zinc will furnish a quantity of elec-
tricity equal to 1,347,500 coulombs or 374.3 ampere-
hours, assuming that there is no loss of zine by local
action. If a battery of ten cells in series delivers 374.3
ampere-hours collectively, one pound of zinc will be

burnt in each cell.

52.  Electric currents may be classed into' three

different varieties.

(Z.) The continuous current. (2.) The pulsatory cur-
rent. (3.) The alternating current.

The continuous current has constant direction and
magnitude, or, if varying, does not vary periodically.
Such currents are generally obtained from thermopiles,
voltaic or primary cells, and storage or secondary cells.

The pulsatory current is one in which the direction is
uniform but the strength varies.

Pulsatory currents are practically used in many forms
of signal and telegraphic apparatus, also in some arc
light and power circuits. Strictly speaking nearly all
continuous current dynamos furnish pulsatory rather than
continuous currents, owing to the slight fluctuations pro-
duced at the changes of the commutator segments under
the brushes. In well designed continuous current dyna-
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mos, however, these pulsations are usually so slight, that
the current they furnish may be considered as practically
continnous. But even in the best designed continuous
current dynamo, except in those of the so-called unipolar
type, these pulsations do exist.

Alternating currents are those whose direction per-
iodically alternates, and whose current strength is also
periodically variable. They are extensively employed
in electric lighting and in the transmission of power.

53.  The following is a table of current strengths
employed in various practical applications :

The aggregate maximum current strength de-

livered by all the dynamos lighting New York o

CitysiSabonterss S, L TV s Lolioug ... A kilo-amperes,
The strength of current employed in electric

WeldInaEIS OL 0O . i Ter e e s T e 20 to 50 kilo-amperes.
The current strength usually employed in are

lighingpiReseveas . 1 Leg s QAT L STL s sia o 8 to 10 amperes.
The current strength required to operate the

average 110-volt, 16 c. p. lamp is (either alter-

natipglestetniinuous).:. . L ¥ i, A 0.45 ampere.
The current strength required to operate the

averuge telegraph circuitis..... ... ... 25 to 35 milli-amperes.
The minimum current stated to be appreciable

by~thejBellstelephone. .. . o Wl o iis. e o 0.6 tricro-ampere.
The minimum current practically appreciable by -

Thomson mirror galvanometer (one scale di-

vision of a semi-millimetre at a distance of

oneimeétre)slaboutis e s LTl Sl S 20 tricro-amperes.
Alternating eurrent strength hitherto employed

in the execution of criminals by electricity

(NeewrYorleStwte)e: 2ue . gl £ Fa 3 to 8 amperes.
The average current strength employed in firing :
eleetdici fusespabont soe 3500 w0100 Jey ydadis 0.5 ampere.

54.  The capability of electricity to produce chemical
decomposition is very seldom practically employed

for purposes of measuring the current strength in a
circuit. It is much more convenient to employ the mag-
netic effect produced by the current. When an electric
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current traverses a conductor, it produces in the space
surrounding the conductor what is called a magnetic field,
that is, a space permeated by magnetism. When a mag-
netizable substance is bronght into this magnetic field, the
passage of the flux throngh it tends to give it a set or
direction, which is more marked when the magnetizable
substance possesses a magnetism of its own; 7. e., is
already magnetized. A magnetizable substance is gene-
rally made in the form of a magnetic needle, or it may

£LEC Engr Ny

Fi6¢. 17.—WESTON AMMETER. Fie. 18.—TromsoN MIRROR GAL-
VANOMETER, TRIPOD ForM.

be replaced by a movable coil or conductor which pos-
sesses a magnetic field when traversed by an electric
current. - Instruments of this character employed for the
measurements of electric currents are called galva-
nometers, amperemeters, or ammeters. A few galvanom-
eters are shown in the figures.

Fig. 17 shows an ammeter called a Weston ammeter.
Here a permanent magnet is employed and a coil of wire
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capable of rotation between its poles, is moved by the
measured current against the action of a spring. A
pointer, suitably fixed to the coil, indicates upon the scale
the current strength.

Fig. 18 shows a common form of Thomson mirror gal-
vanometer mounted on a tripod. The current to be
measured passes through a circular coil in the instrument,
at the centre of which is a small magnetic needle sus-
pended on a silk fiber, and attached to the back of a
glass mirror. The controlling magnet M, is so supported

Fie. 19.—THOMs0N MIRROR GALVANOMETERS, LLAMP AND SCALE,
on a vertical rod that it can be moved up or down the rod,
and also rotated by the thumbserew s. The position of
this magnet controls the position-of the magnetie needle,
and also the sensibility of the instrument. When a cur-
rent passes through the coil, it causes the magnetic needle,
with its mirror to deflect, and a beam of light from a
suitably placed lamp is reflected back upon a scale. The
movement of the reflected image or spot of light on this
scale measures the current strength.



48

Fig. 19 shows two other forms of Thomson mirror gal-
vanometer, in which two superposed coils of wire are em-
ployed with a double magnet system and mirror attached.
This arrangement which is called an astatic system,
secures a hlgh degree of sensibility. A convenient form
of scale for use with such instruments, is shown on the
right.

SyYLLABUS.

The effects produced by an electric current depend
upon the time during which the current is passing
through the circuit.

The flow of water through a pipe may be conveniently
rated in cubie inches per second.

The flow of electricity through a (*()nductor may be
conveniently rated in coulombs per second.

The unit quantity of electricity is called a coulomb.

A coulomb of electricity will liberate 1.118 milli-
grammes of silver from a solutionr of a salt of silver, or
0.01038 milligramme of hydrogen occupying0ll 16 c. c.,
at standard temperature and pressure.

The coulombs passing in any circuit may be measured
by a voltameter.

The ampere, represents, not the total quantity of elec-
tricity which has passed, but the instantaneous rate at
- which it is passing, that is, its rate of flow.

The international ampere is one conlomb per second.

The magnetic effect is the most convenient effect of a
current to employ for measuring its strength, and is used
in galvanometers.

Laboratory of Houston & Kennelly,
Philadelphia.
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55, The current strength in any continuous current

circuit depends upon the electromotive force or
pressure in the cirenit. If the total electromotive force
be doubléd, then, other things being equal, the current
strength will be doubled. In other words, the current
strength is proportional to the electromotive force. The
current strength in any continuous current circuit also
depends upon the resistance of the circuit. If the re-
. sistance be doubled, the current strength will be halved ;
in other words, the current strength is inversely propor-
tional to the resistance.

These effects were discovered by Dr. Olhm, who an-
nounced them in a law generally known as Ohm’s law ;
namely: The current strength in a continnous current
eircuit is obtained by dividing the total electromotive
force in the cireuit by the total resistance in the
cirenit.
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56. Ohm’s law is generally expressed as follows:

= ., in English speaking countries, where

R o) te} )
(' = current strength in amperes; £ = k. M. F. in volts,
and 2, the resistance in ohms. In foreign countries the

equation is usually written

"~

R

1, here standing for the entensity of the current.

Since, however, at the International Electrical Con-
gress at Chicago in 1893, it was recommended to employ
a uniform symbolic notation, in which / was to be used
internationally in place of C, this latter symbol being
adopted for another purpose, we shall hereafter employ
1, to represent current strength.

57.  From the formula,

= 5 E (1.)

we obtain, O T L (2.)
E

: = — 3.

and T (3.)

In other words, having given any two of the three
essential quantities, electromotive force, resistance and
current strength, in a continuous current circuit, the third
can always be determined by the foregoing equations.
These formula are applicable, not only to an entire cir-
cnit, but also to any portion of a circuit; thus, the .. r.
of a conduetor which is required to send through it the
current it conveys is usually called the “drop” in that
conductor,
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58.  For example, in (Fig. 20) where a battery of
e.M.F. £, and internal resistance, #;, is represented

in circuit with an electromagnet of resistance 7, and
long wires of total resistance 74 leading to a circuit closer.

v Ve E
Here I—E—Ws’

D

¢

B R
ngr’e; Wi
o~ ey
N e P S
Blee 8 = 1A
> ~le ~~a 85
() I < 2 R ]
Al 4 Jos~ome
| o
n=6 OHMS r,—10 OHMS "a=5 OHM

s e

0.4762 AMPERE

Etlec.Engineer
Fia. 20.—Di1STRIBUTION OF POTENTIAL DIFFERENCE IN A CIRCUIT.

in which the resistance /2 is equal to the sum of the
separate resistances. Thus if £ = 10 volts, », = 6 ohms,
7y =10 ohms, 7;= 50hms, then 72 = 21 ohms, and 7 = }¢
= 0.4762 ampere. This current in passing through each
resistance 7, 7, and 7 is attended by such a distribution
of . M. r. as will satisfy equation (2). Thus in passing
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through #,, it will be attended by an k. M. F. of ¢
= 0.4762 X 10 = 4.762 volts, and a woltmeter, an in-
strument for measuring electromotive forces, if snitably
connected across the terminals of 7,; namely, between
« and b, would indicate 4.762 volts. The same relation
would be true for 75, in which there is a drop of 0.4762
X 5 = 2.381 volts. Again ¢, is the drop in the battery
of 04762 X 6 — 2.857 volts, so that while the current
flows, the ».p. at battery terminals = 10 —2.857 = 7.143
volts. '

Since £ = ¢,-}-¢, -} ¢, it is evident that the total elec-
tromotive force in a circuit is equal to the sum of all the
separate potential differences, set up in that cirenit.

4 444
e

4. 444» VOLTS
f (™ 2.202 vou’s

4,444 YOLTS
s

l.

=

22. 5 OHMS

S110A 688°88,
»

F16. 21.— ApPLICATION OF OHM’S L.aw To A DivipED CIrcuUIT.

59.  The preceding formule are also applicable to
branch, derived or shunt circuits. Thus, in Fig.
21 4, the dynamo &, whose E. M. F. is 100 volts, and in-
ternal resistance 7,, is 0.5 ohm, supplies three branches
74 75, and 7, of 50,10¢,and Hohms, respectively, through
two leads, each of one ohm.
In this case we may substitute for the three resistances
in parallel, their equivalent or joint resistance £, as in
Yig. 21 B. By what has been already stated in para-
graph 33, the joint conductance of 7, 75, and 7, is 45 +
i+ 5% = 0.05, and, therefore, their joint resistance
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is ¢35 = 20 ohms. The total resistance in the cirenit
is, therefore, r, 4 r, 4+ 73 -+ £ = 22.5 ohms, and the
current in the main circuit = % = 4.444 amperes.

The drop in the dynamo armature due to its resist-
ance will, therefore be £/ = / R = 4.444 X 0.5 = 2.222
volts, leaving the . p. at dynamo terminals 97.778 volts.

The drop in each lead will similarly be 4.444 volts or
8.889 volts in both, leaving 88.889 volts at the terminals -
C. D.

0.01 OHM 0,01 OHM
r.’! ':l

s 0.1 OHM l

D

Fic. 22.—ArpLIcATION OF OBM’S LAW 10 A CIRCUIT CONTAINING
COUNTER E. M. F.

£ 88.889
The current in 7, will be =50 = 1.778 amperes.
LML, S O S Y 1 111 T A
& [ « g 113 <« asiing 1-778 113
Making the total ...... 4.444 “asbefore.
60.  Fig. 22 represents the case of a low tension dyna-

mo, E, of ELF. seven volts, and internal resistance
71, 0.03 ohms, charging two storage cells in series, of 2.5
volts and 0.01 ohm each, through two leads », and =5 of
0.1 ohm each. In this case the k. M. ¥. of the storage
cells is opposed to that of the charging battery so that
the total u. M. ¥., E—¢ = T — 3 = 2 volts, and the
total resistance », 4 4 7, + 7, + 75 = 0.25 ohm,

E—e 2
making the current / = —p— = G55 = S amperes.
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Here the drop in the dynamo armature due to its
resistance will be £/=7 R =8 X 0.03 = 0.24 volt,
leaving a ». p. at dynamo terminals of 7 — 0.24 = 6.76
volts. The drop in each lead will be 8 X 0.10 = 0.8
volts or 1.6 volts, collectively, making the pressure at
storage battery terminals 5.16 volts, and the apparent drop
in each cell 2.38 volts, of which 2.3 is counter ®. m. F.,
and 0.08 ». . due to 7 2 drop.

61.  Ohm’s law for the current strength developed"
by a given impressed E. M. F. in a circujt of given
resistance, isnot true unless the E. M. F. impressed on the
circuit remains constant in strength, or in case it varies,
allowance is made for its variation. In the case of
alternating current cirenits, where the variation in E. . .
is periodic and obeys a definite law, and where con-
sequently the current strength varies periodically, allow-
ance has to be made for the effect of this variation, and
the current strength in such a circuit, is not generally
the simple ratio of the & . r. to the resistance. The
necessary modification of Ohm’s law as applied to
alternating cirrent circuits, will be explained in a sub-
sequent leaflet.
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SYLLABUS.

In any continuous current circuit, the current
strength varies directly with the 1. ». ¥. or pressure:
7. e., if the pressure be doubled, the current will be
doubled, and if the pressure be halved, the current will
be halved.

In any continuous current circuit the current strength
varies inversely as the resistance; ¢. e, if the resistance
be doubled the current strength will be halved, and
vice-versa. - Both the above relations are expressed in
Ohm’s law in the equation

$
r=%
R
If Z, the total k. m. ¥. be expressed in volts, and R the
total resistance in ohms, then 7, the current strength will
be expressed in amperes.

The resistance in any circuit can usnally be con-
veniently divided into three parts; namely, the resistance
of the source; the resistance of the leads or conductors;
and the resistance of the receptive device; and the
formula of Ohm’s law then becomes

T e SH
"yt
The total . M. . in a circuit is equal to the sum of
the separate E. M. ¥.’s in the circuit if ‘more than one
E. M. F. is acting.
The fall of pressure or “drop” in a conductor carrying
a eurrent, is the k. a. r. required to send that current
through the conductor.
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62, The word circuit, literally a circle, is the path

which an electrie enrrent traverses when it leaves
the positive pole of an electric source, or battery of
sourges, and passes through or influences the various
electro-receptive or translating devices placéd in its path,
re-enters the source or battery at its negative pole, and
refurns to its starting point at the positive pole, after
flowing through the source. In actual practice, the
shape of the path is seldom circular. It is evident that
all_ conducting circuits consist essentially of three parts ;
namely :

(1.) Of the source.

(2.) Of the conductors.

(3.) Of the receptive or translating devices.

The prime object of all electric circnits is to convey
an electric current, produced by an electrie sonree, to more
or less remote places where the electro-receptive devices
are located. :
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63.  The conditions governing the current strength
in any cirenit will, as already pointed out, be de-
termined in aceordance with Ohm’s law, by the relations
existing between the electromotive forces and the resist-
ances.

The resistance of a ecircuit will necessarily depend
upon the separate resistances of the three parts already
referred to, namely, the source, the leads, and the recep-
tive devices, and, since the useful work done by the
various receptive devices will depend upon the relation
existing between their resistance and the resistance of
the rest of the circuit; 7.e., that of the leads and sources,
it is necessary that the resistance of these separate parts
be properly proportioned in order to obtain the desired
efficiency.

64. In order to obtain the best relative resistances
adapted to the conditions of different cases, a

great variety of conducting paths or circuits have been
devised. These, however, may readily be grouped under
four leading classes; namely :

(1.) Series circuits.

(2.) Multiple circuits.

(3.) Multiple-series circuits.

(4.) Series-multiple circuits.

65.  In the series circuit of electro-receptive devices
all the current passes successively through each
electro-receptive device, and returns to the source. For
example, in Fig. 23, which represents a Municipal Series
Incandescent System, the current leaving the dynamo, &,
at its positive or 4 terminal, passes through the lamps 1,
2,3, 4, 5,10, and returns to the dynamo at its negative or
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— terminal. Since in such a circuit, the extinguishment
of any single lamp would break or open the circuit, and
thus render all the other electro-receptive devices in-
operative, some form of safety device is always em-
ployed automatically to short-circuit any lamp which
may become faulty, and thus permit the gurrent to con-
tinue to pass through the other devices.

66. A series circuit of electro-receptive or translat-
ing devices is generally employed in the case of arc

lamps, and of most telegraphic and telephonic apparatus.
The resistance of a series circuit is equal to the sum of
the separate resistances; consequently, in all such eir-

T R Y T e A Y
<HM0—-(7)—49—<|——f«3,—(/——(T—(/)
=

3 &
| € 15 l
~Q /»—m—<—)—m——(\\—-(/)—(\'—(\—-<L
to_1a 17 ie

2 I
21 20 18, A4 r TSR
Eto. Engineer ~

Fia. 23.—* MunicipAL” SERIES CIRCUIT OF 21 INCANDESCENT LAMPs,

cuits, as additional translating devices are introduced or
removed from the circuit, some arrangement must be
provided in the source, which will vary its electromotive
foree, and so ensure a proper working of the clectro-re-
ceptive devices by causing the current which passes
through them to remain constant.

The series circuit as employed for arc lamps is, for
this reason, frequently called a constant current circuit.
A constant current circuit of variable resistance must
necessarily be a circuit of variable r. m. r.

67.  Electric sources may also be connected in series;
for example, in Fig. 24, which shows two dyna-
mos, ; and E, connected in series. Here the positive
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brush of the dynamo, ,, is conneeted with the negative
brush of the dynamo, g, and their free brushes are con-
nected respectively to the negative and positive leads.
In the case of series connection of electric sources, the
electromotive force of the single source so provided, is,
of course, equal to the sum of the electromotive forces
of the separate sources. Dynamos are so coupled when
the electro-receptive devices they are intended to operate,
require a greater electromotive force than that which
either dynamo alone can furnish.

Eleo.Enginegr D
Fie. 24.—SERIES-MULTIPLE ARRANGEMENT OF LAMPS AND SERIES
ARRANGEMENT OF Dy~Nanmos.

68. In the multiple circuit of electro-receptive de-
vices, the separate electro-receptive devices have

all their positive terminals connected to a single positive
conductor or lead, and all their negative terminals simi-
larly connected to a single negative conductor or lead.
The current from the source passes from the positive lead
through as many separate branches, or derived circuits, as
there are conducting paths offered to it, and, after passing
through the receptive devices, returns to the dynamo at
the negative lead. Thus,in Fig. 25, the dynamo p, hasit
positive brush or terminal connected to the positivelead,
and its negative brush or terminal connected to the
negative lead. The separate receptive devices, in this
case a group of lamps, are connected as shown, each
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with one of their terminals to the positive lead, and the
other to the negative lead. The current leaving the
dynamo, branches, as shown by the arrows, and, after
passing through the receptive devices, returns to the
dynamo.

69.  Since in the multiple ecircuit, the resistance of
the entire circuit decreases with every new recep-

tive device added in multiple, it is evident that the cur-
rent strength in the entire circuit will vary with the
number of separate receptive devices; but, since neg-
lecting the drop in the leads, the lamps are all subjected
to the same difference of potential, it is evident that this
circuit will have between its leads a constant difference

INCANDESCENT LAMPS IN PARALLEL

> 2amp. |B 1% AMP.|C 1ANP, {© 3¢ Amp. [€
D <t (2) &1i(3) e
Gl O SR A

2AMP. 1 AMP. 1 AMP. Y6 AMP.
Multiple Arc Circuit .

Fia. 25.
of potential, or electrical pressure, depending upon the
difference of potential furnished by the dynamo, at its
brushes. Such a circuit is, therefore; frequently called
a constant potential circuit. A constant potential cim
cuit is one in which the current strength in the circuit
. mecessarily varies with the number of devices operated.
The electro-receptive devices, however, since their resis-
tances are all equal, will be each traversed by a constant
current, because they are acted on by a constant electro-
motive force.

70.  Electric sources may be connected in parallel.
Thus, Fig. 26, shows four dynamos of equal elec-
tromotive forces, such as would be employed in supply-

—_—
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ing incandescent lamps connected in multiple. Here all
the dynamos have their positive brushes connected to a
single positive lead, or bus-bar, o B, and all their nega-
tive terminals similarly connected to a single negative
lead, or busbar, c . The electromotive force of the
combination is the same as that of a single dynamo, and
the resistance of the combination, much less than that of
a single dynamo, as would follow from the rule already
stated for determining resistances in parallel.

A bus-bar—an abbreviation of omnibus bar—receives,
as its name indicates, the total current supplied by two
or more dynamos.

DL LT
2048
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Fie. 26.—MULTIPLE CoNNECTION OF DYNAMOS.

The total current furnished to the bus-bars may, there-
fore, be much greater than in the case of a single dyna-
‘mo, and, when all the dynamos are exactly equal, will be
just four times as great when each dynamo is operated
at fnll load. ;

71. In the multiple-series circuit, a number of
separate electro-receptive devices are connected in
separate groups in series, and these groups subsequently
connected in parallel.
Fig. 27, shows nine plating baths connected in multi-
ple-series. Here the baths are coupled in separate series
groups of three each, and these groups subsequently con-
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nected in multiple. - This arrangement is, however,
almost entirely limited to the case of voltaic cells, and is
adopted where it is necessary to obtain such relations
between the current strength and the electromotive force
as may be required for the best operation of receptive
devices connected in the circuit.

72.  In the series-multiple circuit, a number of sepa-
rate electro-receptive devices are connected in
separate groups in multiple, and these groups subsequently
connected in series. This arrangement is employed in
the case of the threc-wire system for incandescent lamps,

ff

Litee. Lu.ymur-

[F'16. 27.—ARRANGEMENT OF ELECTROPLATING BATHS IN MULTIPLE-
SERIES.
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where, as indicated in Fig. 24, the lamps are connected
in separate groups in multiple, and these groups sub-
sequently connected in series. In order properly. to
maintain the electrical pressure at the terminals u B, and
1 v, of the two groups of lamps when the number of
lamps in each group may vary, a third or neutral wire
G H, is carried from the point n, to the common connect-
ion a, of the two dynamos, and the current through this
wire automatically tends to equalize the pressure on each
side of the system.
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SyLLABUS. *

All circuits may be divided into four main classes;
viz: series, multiple, multiple-series, and series-multiple.

The resistance of electric devices or sources connected
in series is the sum of their separate resistances; the
electromotive force of series-connected sources is the sum
of their separate electromotive forces.

In the series circuit, the current strength is constant
throughout the circuit: a series circuit is, therefore, some.
times called a constant current circuit.

In a multiple circuit, the conductance of devices or
sources connected in parallel is the sum of their separate
conductances.

In the multiple circuit the potential difference, dis-
regarding drop in the leads, is constant. This circuit is,
therefore, sometimes called a constant potential circuit.

Voltaic cells are sometimes connected in multiple-
series or in series-multiple.

Laboratory of Houston & Kennelly,
Philadelphia.
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73.  'We have already seen that the origin of the k.
M. F. produced by the friction of unlike bodies is
to be traced to the contact of dissimilar surfaces. Here
the energy supplying the electricity is the mechanical
energy required to produce the friction. We have also
seen that this . ». r. can be made to produce momentary
currents. When the contact of different metallic sub-
stances is produced through the agency of a liquid cap-
able of conducting electricity and of being decomposed
by. it, such contact produces an . ». ¥. which can be nti-
lized for the production of a steady current.

74. A device for the.ready production of electro-
motive force by the contact of metallic substances
through the intervention of a liquid substance is called
a wvoltaic cell. In all cases a voltaic cell consists of two
dissimilar substances, generally metals, and an execiting
liquid, called the electrolyte. The two metallic sub-
stances form, when used in this connection, what is called

Published by
THE ELECTRICAL ENGINEER,
203 Broadway, New York, N, Y.

[Entered as second-class matter at the New York, N. Y., Post Office, June 14, 1894.]



66

a voltaic couple, the liquid through whose intervention
their contact is continued is called the electrolyte, and each
of the separate metals of the couple is called an element.

‘Where the amount of current required for use is not
excessive, a voltaic cell is one of the most convenient
sources of electrical energy. It is named in honor of
Alexander Volta, who invented it.

[
w
o
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COPPER

Fie. 28.—SiMPLE ForM oF VoL- Fic. 29.—SimMpLE ForM oF VoL-
TAIc CELL oN OPEN CIRCUIT, TAIc CELL 0N CLosED CIRCUIT.
75.  When as in Fig. 28, two plates of commercial

zine and copper are plunged in a dilute solution
of sulphuric acid in water, the following actions take
place ; namely,

(2.) The acid acts on the zine which is slowly dissolved
with the formation of zine sulphate, ZnSO,, and the lib-
eration of hydrogen, 77,, according to the following
chemical equation,

Zn + H, 80, = ZnSO, + H,.
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(2.) The hydrogen is liberated entirely at the surface
~ of the zine plate, where the action occurs.

(3.) No action occurs at the copper plate.

(4.) The chemical action on the zinc plate is attended
by the liberation of heat which raises the temperature
of the liquid.

‘When now, the zine is connected outside of the liquid
by means of conducting wire, as shown in Fig. 29, the
phenomena change and are as follows :—

(2.) The zinc is attacked as before with the formation
of zinc sulphate, though not necessarily at the same rate
as before.

(2.) The hydrogen is now liberated almost entirely at
the surface of the copper plate.

(3.) The heat liberated during the action now appears
in all parts of the circuit and is not confined to the cell.
That is to say, the wire becomes warm.

(4.) An electric current now traverses the conducting
circuit as may be shown by its action on a magnetic
needle suspended either near the wire or near the battery.

76.  The combination of parts described in connection
with the preceding figure constitutes a simple form
of voltaic cell. = The source of energy which produces the
E. M. F. is clearly to be traced to the chemical potential
energy, of the plates and electrolyte, liberated during
the chemical combination of the positive element with
the negative radical of the electrolyte ; <.c., the SO, ion
or radical.
The chemical equation which expresses the activity of
the cell is, therefore, .
Before action ; Cw + 7, SO, + Zn.
After action ; Cw -+ I, 4+ ZnS0O,.
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The action, therefore, evidently removes an atom of
zine for every molecule of /1, SO, decomposed, while
the hydrogen liberated tends to collect on the surface of
the copper plate. Since this hydrogen, by its contact
with the eopper, tends to produce an k. ». F. directed
opposite to that of the cell, its presence tends to decrease
the working ®. M. ¥. and various devices are employed
to avoid its presence.

Polarization devices in practice provide for either pre-
venting the liberation of the hydrogen or for rapidly
absorbing it after formed. Both of these objects are
effected by surrounding the plate by some suitable
chemical substance. The tendency to the production of
a counter-electromotive force by the presence of hydro-
gen, is called the polarization of the cell, and the sub-
stance surrounding the negative plate for the purpose
of preventing such polarization is called the depolarizer.

7. Voltaic cells may be divided into the following

general classes ; namely,

(Z.) Cells without depolarizers.

(2.) Cells with depolarizers.

Those of the first class are generally called single-fluid
cells, and in them, on closed circuit, polarization is apt to
prove a very serious defect. The best cells of this class
employ for one of the elements a carbon plate. Carbon,
as is well known, possesses in a marked degree, the power
of dissolving and occluding hydrogen gas.

‘When an exciting liquid like chromic acid is em-
ployed, which, besides acting on the zinc, also possesses
the power of combining with and dissolving hydrogen,
the polarization, which would otherwise exist, is reduced.
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Strictly speaking, then, the fluid in such single-fluid cells,
acts both as the exciting and depolarizing fluid.

78.  Voltaic cells with depolarizers may be divided

into two well defined classes ; namely,

(1.) Cells with a single fluid and a solid depolarizer,
and

(2.) Cells with two separate fluids, one exeiting, and
one depolarizing, with a porous partition between them.

In the simple or voltaic cell shown in Fig. 29, .the
current produced on the closing of the circuit is conven-
tionally assumed to flow in the direction shown by the
arrows ; namely, through the electrolyte from the zine
plate to the copper plate, and, outside the electrolyte,
from the copper terminal, through the conducting path,
to the zinc terminal. Since, according to convention,
that pole of the source out from which the electricity
flows is the positive pole, and that pole into which it
flows, the negative pole, it will be seen that the positive
terminal, or electrode, is the terminal connected with the
copper plate, while the negative terminal or electrode
will be that connected with the zinc plate. Strietly
speaking this convention will make the polarity of the
plates, where covered by the electrolyte, exactly opposite
to the polarity in the parts above the liguid ; namely, the
zine plate will be positive in the liquid and the copper
plate negative:

It is evident that the above is a mere convention, that
the zine plate cannot be both positive and negative. In-
deed, if tested by an electrometer, the zinc plate can be
shown to be negative throughout its mass, and the cop-
per ‘plate can be similarly shown to be positive. Still it
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is convenient to refer to the copper plate as the negative
plate because the current enters it from the liquid, and
the zinc plate as the positive plate, because the current
issues from it into the liquid ; and, moreover, since these
terms are sanctioned by general usage we shall employ
them in future. :

79. It may be interesting, in connection with the
preceding, to state the manner in which the con-
vention as to the direction in which the electric current
is assumed to flow (namely from the positive to negative)
arose. It was originally arbitrarily assumed that the
character of the electrification produnced by say, catskin
against glass, was negative on the catskin and positive on
the glass. The glass was, therefore, regarded as having
a positive charge, and the catskin, a negative charge, and,
when these charges neutralized each other, it was as-
sumed that the charge passed in a momentary current or
discharge from the glass to the catskin; 7. e., from the
positive to the negative substance. When ata later date,
Volta’s discovery, showed that electric charges were pro-
duced by the contact of two dissimilar metals through
the intervention of an electrolyte, it was found by the use
of electrometers that the charge produced at the copper
plate of the battery was of the same sign as that pro-
duced on glass by friction. The copper pole was, there-
fore, taken as the positive pole of the cell, and this being
determined, all the other polarities follow.

80. Since hydrogen invariably appears at the sur-
face of the negative plate, a depolarizing substance
should be placed so as to surround the negative plate.
Where the depolarizer is a liquid, the use of a porous
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cell is necessary, in order to prevent the admixture of the
exciting with the depolarizing liquid.

The substance employed for the porous cell or parti-
tion generally consists of unglazed earthenware. Since
the resistivity of the substance of the porous cell is very
high, the electric current produced in the cell passes
almost entirely through the liquid, following the minute
pores or channels in its substance, and the resistance of
the cell is necessarily increased. The formation of erys-
tals, or the collection of bubbles of gas in the pores, may
also still further increase the resistance. Where the de-
polarizer is a solid, the use of the porous cell may be dis-
pensed with and its accompanying disadvantagesavoided.
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SYLLABUS.

In a voltaic cell, the . ». ¥. is produced by the contact
of the elements of the voltaic couple with the electro-
lyte.

The simple chemical solution of zine in sulphurie aeid
is attended with a local evolution of heat. The electro-
chemical solution of zine in a voltaic cell is attended
with a general evolution of heat together with the pro-
duction of electric current through the circuit.  The
counter-electromotive force of a cell is generally due to
the contact of hydrogen with the negative plate.

Polarization of voltaic cells is avoided either by pre-
venting the liberation of free hydrogen, or its removal
by combination, if liberated.

Voltaic cells may be divided into two classes, those
with depolarizers, and those without depolarizers.

Voltaic cells with depolarizers are of two classes,
namely :

Double fluid cells containing an exciting and a de-
polarizing fluid; and single fluid cells containing an ex-
citing fluid with a solid depolarizer.

Laboratory of Houston & Kennelly,
Philadelphia.
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. 81.  The objections already pointed out concerning

the use of single-fluid cells, have prevented, in a
great measure, their commercial introduction. We will,
therefore, describe but two forms of single fluid bat-
teries.

Fig. 80 shows a form of plunge battery, commonly
called a Grenét, bichromate, or Poggendorf cell, although
the first term is most frequently used. This cell consists
of a zinc-carbon couple, furnished with two carbon plates
and a single zinc plate placed between them. In the .
form shown, the zine is supported on a slide rod, so asto
enable it to be lifted out of the exciting liquid when the
battery is not in use. The exciting liquid consists either
of a solution of pure chromic acid, or of a mixture of
bichromate of potash and sulphuric acid in water. This
mixture forms chromic acid and a salt of soda and is
known as electropoion fluid. The Grenét cell gives an
E. M. F.of 1.9 volts; as its resistance is about 0.2 ohm it
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Bunsen cells werc almost entirely used for the produc-
tion of powerfu: electric currents, but they are now
almost entirely superseded by cheaper or better cells.

85. In all the cells thus far described the current
strength supplied is subject to considerable varia-
tion. Daniell was the first to produce, in 1836, a voltaic
cell which furnishes a practically constant current
strength on closed circuit, provided the current density
in the cell is not too great. The Daniell cell is a zine-
copper couple, immersed, respectively, in dilute aqueous
solutions of zine sulphate and concentrated copper sul-
phate. In the early form of Daniell cell, the copper
sulphate was prevented from mixing with the zine sul-
phate by being placed inside a porous jar of unglazed
earthenware. Besides the objection to the use of this
cell arising from the high resistance already referred to,
it was found in practice that the copper, instead of being
deposited on the surface of the negative plate, was de-
posited irregularly on the surface of the porous jar, thus
greatly increasing the resistance of the cell. These
objections have been obviated by the introduction of the
Callaud or Gravity type of Daniell cell.

86. Fig. 33 shows a form of gravity celi as generally
constructed. The copper element is placed at the
bottom of the glass jar and is provided with an insulated
wire that is carried out at the top of the jar. The zinc
element, in the form of an open wheel, or crow’s foot, is
supported near the top of the jar as shown. To charge
the cell, enough crystals of copper sulphate are placed
in the jar to entirely cover the copper plate, and the jar
is filled with water above the upper surface of the zine
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plate. The cell is then placed on short circuit for
about twenty-four hours, inorder to form enough zine sul
phate in solution to reduce the resistance of the battery.

The constancy of the Daniell or Callaud cell depends
on the fact that polarization is almost entirely avoided,
and, instead of hydrogen belng evolved at the surface of
the negative plate, there is’deposited a film of pure,
highly negative copper. Moreover, the exhaustion of
the bat;pery, by the weakening of the battery solution, is
also avoided in this cell, since, as fast as the copper sul-

F16. 38.—GravITY DANIELL CELL.

phate is removed from solution fresh material is dissolved
from the ecrystals of copper sulphate surrounding the
negative plate, and the solution is thus kept saturated.
For each molecule of copper sulphate that is decomposed,
one atom of zine is removed from the zinc plate and a
molecule of zine sulphate formed. Thereis a tendency,
therefore, for the zinc sulphate solution to become con-
centrated. This is readily avoided by syphoning off a
portion of the zinc sulphate solution and replacing it by
fresh water. When most of the crystals of coppersulphate
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have been dissolved, it is only necessary to throw a few
handfuls of fresh erystals into the cell. After the cell
has been in use for some time, the two solutions will be
observed to be separated from each other by a sharply
marked line. The less dense solution of zinc sulphate
floats on the denser solution of copper sulphate. A
Daniell cell gives an . M. F. of about 1.072 volts.

87.  Tig. 34 shows a form of single-fluid cell, called
the Leclanché, with a solid depolarizer that is in
very extensive ' commmercial use. This cell consists of a

Fie. 3¢.—LEcLANCHE CELL.  F16. 85.—Ep1soN-LALaxDE CELL
zine-carbon element immersed in an exciting solution of
sal-ammoniac in water. The carbon plate is placed in a
porous jar and is surrounded by crushed carbon and
black oxide of manganese, tightly packed in the porous
jar. The top of the porous jar is then sealed,a few
openings being left for the escape of gas. The carbon
plate, with its porous cell, is placed inside a glass jar, as
shown, with the zinc element in the form of a eylindrical
rod placed beside it. A Leclanché cell gives an e . F.
of about 1.47 volts. This cell is admirably suited for
open-circuited work. It readily polarizes, but if left for
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sufficient time on open eireuit, recovers its normal con-
dition. It is extensively employed for bell and signalling
work.

-88.  Fig. 35 shows an Edison-Lalande cell of 300
ampere-hours capacity. It consists of a zine-
copper element immersed in a solution of eaustic soda in
water. The depolarizing substance is a solid ; namely, a
block of compressed copper oxide, placed in the copper
frame of the negative plate. The copper plate is sus-
pended between two parallel plates of zine, and, being
separated from them by only a narrow space, and the
plates being comparatively large, the internal resistance
of the cell is small, being in the case of the size of cell
shown about 007 ohm.

The chemical actions which take place are as follows ;
viz., the caustic soda is decomposed with the formation
of a zincate of soda, and the reduction of the cupric oxide
at the negative plate to metallic copper. When the
cell is exhausted, the zinc plate has to be renewed, and
the mass of metallic copper ma.y be converted in a
furnace into cupric oxide.

The Edison-Lalande cell hasan . . r. of about £ volt.

- It has practically no local action when left on open cir-
cuit, and possesses the advantage of being able to furnish
a very powerful current, and also to remain idle for long
periods of time.

89. The silver-chloride cell consists of a zinc-silver
couple immersed in a dilute solution of sal-am-
moniac in water. The silver, usually in the form of a
thin wire or strip, is surrounded by a bar or cylinder of
fused silver chloride.
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When charged, this cell can be hermetically sealed,
and in such form can be readily carried about. Owing
to the cost of the silver, this cell is only employed where
comparatively small currents are required, as in medical
use, or for testing purposes. A silver chloride cell has
a very nearly uniform E. m. . of 1.03 volts.

SYLLABUS.

Nearly all practical voltaic cells employ depolarizers
either in the shape of liquids or solids. Of ecells, em-
ploying liquid depolarizers, the Grove, the Bunsen, and
the Daniell or Callaud are the most important. Of
those employing solid depolarizers, the Leclanché, the
Edison-Lalande, and the silver-chloride are the most im-
portant.

The Daniell, or Callaud cell is very well adapted to °
closed circuit work ; the Leclanché cell for open circuit
work.

The Edison-Lalande cell is snited for intermittent and
also for powerful currents.

The silver-chloride cell furnishes a convenient porta-
ble form of battery with a fairly constant ®. . F., but
gives only a comparatively small current.

Laboratory of Houston & Kennelly,
. Philadelphia.
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90.  No matter what form be given to the voltaic cell,

it ean never reasonably be expected to compete, in

point of economy, with a well designed dynamo-electrie
machine, where any considerable output of electric energy
is demanded. The source of energy in the voltaic cell is
the chemical potential energy of the plates and of the
electrolyte. In the dynamo electric machine the energy
liberated from coal, burned under a boiler, is eventually
converted into electrical energy by causing the conductors
on the armature to cut magnetic flux paths. In the vol-
taic cell a comparatively expensive metal, zine, is burned
in an exciting liquid, and the ountput of the cell, is neces-
sarily much higher in price than in the case of the dynamo.
Thus, assume the cost of a pound of zine, sufficiently good
to be employed in a battery, to be $0.07. This pound of
zine, as we have seen, would be consumed by a delivery
of 1,347,500 coulombs; therefore, if the . M. r. of the
cell is as high as 2 volts, the energy delivered by the
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pound of zine will be 2,695,000 volt-coulombs or joules,
and dividing this by the number of seconds in an hour,
we obtain 748.6 watt-hours, = 0.7486 k. w. hours. The
price of a k. w. hour of electric energy produced from
this voltaic cell would, therefore, be %97, = 9.35 cents
in zine consumed alone, regardless of the cost of the
electrolyte, interest, depreciation and attendance.

On the other hand, it is well known that large engines
require about 1.8 1bs. of coal to be burned under their
boilers for every indicated horse-power-hour delivered to
the dynamos, so that with coal costing, say, $3.00 per ton
of 2,240 1bs., the cost of a horse-power-hour in coal is
0.241 cent, regardless of water, oil, waste, attendance,
interest and depreciation. This represents 0.323 cent
per indicated k. w. hour, and with dynamos converting
90 per cent. of the indicated horse power into electrical
energy, the cost of coal per k. w. hour is, therefore 0.359
cent. It will, consequently, be seen that the cost of a
K. w. hour produced by a voltaic cell,in zinc consumed, is
about 26 times the cost of the same amount of energy
(3600 joules) produced by a steam dynamo on a large scale.

91.  The above has reference only to the case where
a voltaic battery is required to produce a large
amount of electrical energy. In the case of the steam:
engine, the necessary expense for attendance, as well as the
inconveniences attending the delivery of a very small
amount of power, renders the battery a very convenient
source of energy for such small powers as driving sewing
machines, fans or other similar apparatus.
The amount of power delivered to the moving air by a
“an of nine inches in diameter, running at 1,000 revolutions
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per minute, isabout three watts, increasing very nearly as
the cube of the velocity up to a critical speed.

The amount of energy absorbed by an ordinary sewing
machine making about 480 stitches per minute, is approxi-
mately 12 watts. The efliciency of the small motors re-
quired to drive the fan or sewing machine being usually
no more than 0.5, about twice the mechanical energy
must be supplied electrically in every case.

92. A ready measure of the amount of power which

a cell can furnish, neglecting the consequences of

polarization, is the square of its k. M. ¥., divided by its

resistance. This may be called the electrical capability

of the cell and is equal to the number of watts which

would be expended by the cell if placed on short circuit,
being expressed thus:

i o
T
It is evident, therefore, from the above expression
that the electrical capability of a cell increases as the
square of its &. M. ., and is inversely as its resistance. In
the case of any given cell the E. M. F. is beyond control.
In any battery the . M. F. can be increased by adding cells
in series. Theinternal resistance of a cell canbe decreased
by decreasing the distance between the plates or by in-
creasing their area. The latter is usually the most prac-
tical method. It will, therefore, be seen that all methods
for increasing the electrical capability of a voltaic source
are practically limited to coupling a number of cells
together so as to increase the E. M. F. or to decrease the
resistance, or both.
The electrical capability of a battery of V cells is V'
times the electrical capability of a single cell, and is inde-
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pendent of the grouping of the cells, provided that the
cells are all similar, and are symmetrically grouped.
For example, if a cell has an g. M. 7. of 2 volts, and an
internal resistance of 0.25 ohm, its electrical capability
. 2 X2
will be R
would have 16 X 24 = 384 watts. For if arranged in
one series the capability of the battery would be
(2 X 247
0.25 X 24
in multiple, the capability of the battery would be
(2 x 12y
(9_2? x 12) = 384, and so on for any symmetrical

= 16 watts. A battery of 24 such cells

= 384 ; or if arranged in 2 series of 12 each

grouping of rows and series.

93  When a given small amount of activity is to be
furnished by a voltaic battery, the first considera-
tion is, of course, to obtain this activity with a maximum
economy. The maximum economy may be either the
maximum economy of operating the battery, or the
maximum economy of installing it, which, of course, are
entirely different.

The maximum economy of operation is obtained when
the number of cells is such that the materials they con-
sume, together with the interest, depreciation and attend-
ance, on the whole plant, is a minimum. The maximum
economy of installation is obtained when the number of
cells employed that will satisfactorily perform the re-
quired activity is a minimum. If 2, be the amount of
this activity expressed in watts, then the minimum num-
ber of cells is 4/°, divided by the capability of each cell.

4P

Or the number of cells, N = In other words,

iy
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the maximum economy of first installation is reached
when the capability of the battery is four times the
aet1v1t_)

Thus, if a battery were required to operate a sewing
machlne taking 12 watts, through a motor of 0.5 effi-
ciency, requiring 24 watts, and if each cell of the battery
to be used had an E. M. F. of 1 volt and an internal
resistance of 0.125 ohm, its capability would be 8 watts,

and the minimum number of cells required would be
bR ok
bo)

This number of cells would be independent of the
grouping adopted, for the same results would be ob-
tained with 12 cells in a single series, two rows of six,
three rows of four, four rows of three, six rows of two,
or by all twelve cells in parallel. Practically, however,
the arrangement would depend on the winding of the
motor. If the motor were wound for six volts, then all
the cells would be connected in one series. The E. m. ¥.
of the battery would be 12 volts, its internal resistance
12 X 12

RN s
watts. If the battery were placed on short-circuit it
would therefore do work through its own resistance at
the rate of 96 watts, which is four times the external
activity or output required. On connecting with the
miotor, the current delivered at the required output
would be 4 amperes. The drop in the battery would be
IR = 4 X 1.5 = 6 volts, or half the E. M. r., and the
pressure remaining at terminals would be 6 volts. The
external activity would be 24 watts, the internal activity
24 watts, the total activity in the circuit 48 watts or half

e
f”—'LH éb.

1.5 ohms, and its electrical capability

.I'KIVE’«'h.'
\«\( u ’ - _]‘

N

/g)‘" OF THRE = B\
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the capability of the battery, and the efficiency of the
battery would be 0.5.

94.  Minimum cost in battery installation satisties the
following six conditions :

(Z.) The capability of the battery is four times the output.

(2.) The capability of the battery is twice its total
activity.

(3.) The internal and external activities are equal.

(4.) The pressure at battery terminals is equal to the
" drop in the battery.

(6.) The efliciency of the battery is 0.5.

(6.) The current strength through each cell is half
that which it would deliver on short-circuit.

95.  The voltaic cell ranks high as an electric source
for the production of comparatively constant

E. M. F.’s. - Ordinarily the x. ». 7. of a voltaic cell, as usu-
ally constructed, is variable, depending as it does upon a
number of circumstances such as temperature, strength
of solution, purity of plates and exciting liquid, atmos-
pheric pressure, and activity of the circuit. Yet if
certain precautions are taken in the preparation and use
of voltaic cells, they can be made to produce a very
uniform . M. ¥. The & M. . of a dynamo machine can
only remain uniform when the speed of rotation is
maintained constant and the field magnets retain a con-
stant strength, conditions which are frequently difficult
or expensive to maintain, when only a small amount of
power is desired. On the contrary, in the case of the
voltaic cell, if fairly uniform conditions are assured, the
value of the ®. M. ¥. will remain very nearly constant.
So true is this that the legal value of the unit of k. M. 7.,
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the volt, has been decided as being a definite fraction of
that furnished by a particular formm of standard cell
known as a Clark standard, at a definite temperature,

(+2th part at 15° C.)

96.  The following fields of usefulness exist at present

for the voltaic battery :

(1.) Asa limited source of power. This we have seen
is limited by the expense of materials and of operation.
The limit is apparently reached in practice at the power
required to drive a sewing machine, which at ordinary
moderate speeds, as already mentioned, is about twelve
watts. Allowing an efficiency of 0.5in the small driving
motor, the delivery of power from the battery becomes
about 24 watts. Beyond this amount of power, the ex-
penses of installing and maintaining a battery is, even with
the best existing types, generally regarded as prohibitory.

(2.) For signalling purposes, as in telegraphy, tele-
phony, annunciators, ete. Here the amount of work
required is usually very small. The amount of energy
delivered by a battery of 100 cells to a telegraph line be-
ing usually about three watts. In all large telegraph
stations, dynamos, or storage cells charged by dynamos,
are being generally employed.

(3.) For testing purposes, as, for example, in furnishing
a uniform k. M. F.

(4.) For electroplating ; although here also, on all but
the smallest scale of operation, the dynamo has ecome
into use.

(6) For electro-therapeutic purposes, owing to the
portability of a voltaic battery.

It will be seen, therefore, that the principal uses for
voltaic cells are for testing, and for domestic service
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where a current from dynamos cannot readily be obtained.
This statement refers to the existing batteries which burn
zine. Should it become practically possible to consume
carbon in a commercial voltaic battery and obtain an
output approaching the theoretical amount, it might
readily become much cheaper to produce electrical energy
from batteries than from dynamos, and the use of the
steam engine, as the prime source of electric power,
might be superseded.
. SyrLrLaBus.

The source of energy in a voltaic cell is the chemical
potential energy of the plates of the electrolyte.

Voltaic batteries, as at present constructed, can never
compete with steam-driven dynamos for the delivery of
large electric currents. For small powers, however, vol-
taic batteries possess many advantages over dynamos.

The electrical capability of a cell, or the amount of
power the cell is capable of furnishing when placed on
short circuit, is equal to the square of the u. M. F. of the
cell divided by its resistance.

The. electric cell, when suitably constructed, ranks
high as a source of extremely uniform k. M. ¥. In this
respect it far surpasses the dynamo.

The legal value of the volt, the unit of . M. F., is
taken as that furnished by a particular form of Clark
standard cell, at a fixed temperature.

The following are the principal fields of usefulness for
the voltaic cell, viz.:

(1.) As a limited source of power. (2.) For signalling
purposes. (3.) For testing purposes. (4.) For electro-
plating. (4.) For electro-therapeutics.

Laboratory of Houston & Kennelly,
Philadelphia.
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Magnetomotive Force

97.  Surrounding every magnet there is a region of
- magnetic influence, technically known as the mag-
netic field. The region is permeated with what are fre-
quently called Zines of magnetic force, but which may be
more accurately described as magnetic flux-paths.
Magnetic flux possesses the following properties,
namely: (7.) A bar of iron when introduced into the flux
becomes magnetized. (2.) A freely suspended magnetic
needle brought into the flux, comes to rest in a definite
position. (3.) An electric conductor moved across the
flux paths has an electromotive force developed in it.
The exact nature of magnetic flux is not understood,
but it appears to be attended by a stress in the ether.

98. A convention is employed as to the assumed
direction of the magnetic flux, similar to that em-
ployed in the case of electric flux; viz., the magnetic
flux is assaumed to issue from the magnet, as shown in
Fig. 36, at its positive or north, 7. e., north-seeking pole x,
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(that which tends to point northwards if the needle be free
tomove), and, after passing through the region around the

“ &

Fig. 36.—-D1AGRAM or AssuMED DIiRECTION OF FLUX-PATHS 1N A
Maex~eric CircuUIT.
magnet, to re-enter it at its negative or south-secking
pole, s, thus corresponding with the direction of the
electric flux, which is assumed to leave an electric source

Fi16. 37.—PERMANENT MAGNET AND FLUX-PATHS SURROUNDING IT,
As INDICATED BY IRoN FILINGS ON PLATE LAID FLAT oN MAGNET.

at its positive pole and re-enter it after having passed
through the circuit at its negative pole.
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99."  Figs. 37 and 38 represent the assumed direction |
of the magnetic flux in the case of a magnet of the
form shown, placed in Fig. 37, with its greatest length hori-
zontal to the plate, and in Fig. 38, with its greatest length
vertical to the plate. A careful inspection of these
figures will show that the poles are not by any means
concentrated at points situated at the extremities of the
bar, but are distributed over a considerable area.

’ I)_ %, X
| -s:\“ I

Fia. 38.—FLux-PaTHS SURROUNDING MAGNET POLES AS INDICATED BY
IroN FiLiNGS oN PLATE LAID UPON THE PoLAR EXTREMITIES.

~ Magnetic figures may be obtained by suitably support-
ing a sheet of paper over a magnet, sprinkling iron filings
upon the paper, and then gently tapping it so as to enable
the filings to arrange themselves under the influence of
the magnetic forces. )

100. The preceding figures show the flux-paths only
in the immediate vicinity of the magnet, being lim-

ited by the size of the sheet of paperemployed. In reality
the magnetic flux exists for indefinitely great distances
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around the magnet, but at distances exceeding a few
inches becomes so weakened that its detection requires
the use of comparatively delicate apparatus.

The magnetic flux-paths, around any bar magnet,
as they may be traced either by iron filings, or by an
exploring magnetic needle, (i.e., a suspended magnetic
needle which assumes the direction of the flux at the
point it occupies) show that the flux paths coincide with
the stream-lines which would be produced by a tube
filled with and surrounded by an incompressible liquid,
such as water, if a force pump within the tube, drove
the liquid out at one end of the tube and sucked it in at
the other end. In the case of a magnet, the magnetic
stream-lines, asalready remarked, are assumed to pass out
from the north pole and re-enter at the south pole. The
force which causes this flux, corresponding to the force
driving the pump producing the liquid flux, is called the
magnetomotive force, usually abbreviated a. M. r. The
M. M. F., in the case of the magnetic circuit, corresponds
to the ®. M. F. in the case of an electric circuit.

We have seen that in the electrie circuit, no flux, .e.,
no current can exist without the establishment of an
E. M. F. in the circuit. Similarly, in the magnetic cir-
cuit, no flux can exist without the establishment of a
M. M. F. in the circuit.

The unit of magnetomotive force is called the gilbert,
from Dr. Gilbert of Colchester, a famous early authority
on magnetism, (1600 A.D ) -

101. There are two distinet varieties of M. M. F.:
namely, the permanent, or that naturally existing

in certain kinds of matter, notably in iron, nickel, cobalt ;
and the transient, cr that produced in the neighborhood
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of a conductor by the passage through it of an electric
current. When an electric current circulates through a
conductor, a certain distribution of flux is produced in
the region surrounding the conduector. If, however, this
region is occupied by iron, the amount of flux produced
is enormously increased, and the only explanation con-
sistent with the facts is that there is a source of M. M. F.
in the magnetized iron as well as in the electric current;

F1a. 39.—SecTIoN oF A ComMoN TyYPE oF DYNAMO WITH MAGNETIC
CIRCUIT INDICATED.

for, if the iron be hard, its magnetic condition will in a
great measure persist after the magnetizing current has
ceased to flow, in which case the iron must be regarded as
the seat of a permanent M. M. F.

102. In nearly all practical magnetic ecircuits, the
magnetic flux passes, for the greater part of its

path, through iron. Thus in Fig. 39 is shown an ordi-
nary bi-polar dynamo in which the magnetic circuit is
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indieated by the dotted lines. Ilere the path through
the field magnets is entirely of iron ; through the arma-
ture largely of iron, and through the interpolar spaces
between the armature and the surrounding pole faces,
A A, through air.

In the multipolar dynamo shown in Fig. 40, the mag-
netic circuits. passing through each pole, divide, passing
as before through cirenits, indicated by the dotted lines,

F1a. 40.—DIAGRAMMATIC SECTION OF A SEXTIPOLAR DyNAMo, SHOWING
THE MAeNETIC CIRCUITS AND GENERAL ARRANGEMENT OF FLux
DISTRIBUTION UNDER THE Excrting-CoIL M. M. F.’s.

lying mainly through iron, as at ¥, but partially throngh
air, as at B. _

The M. M. ¥. which drives the magnetic flux through
any circuit is dependent on two factors; namely, the
current strength passing through the magnetizing coils,
and the number of turns of wire in these coils. This

' product is generally expressed in ampere-turns.
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103. The unit of M. M. r. is the gilbert. It is the
. 3. F. produced by ‘%9 or approximately 0.7958
L

ampere-turn. It is only necessary, therefore, to multiply
the number of ampere-turns on the field magnets of a
dynamé machine by 37958 7%)58 = 1.257, to obtain the m. . F.
expressed in gilberts. For example, a particular 10 x. w.
dynamo of the bi-polar type has two field coils, one on
each magnet. The total number of turns on these two
coils is 2,100, and the current, which ecirculates through
these coils at full load, is 2 amperes. The M. M. F. in

ampere-turns is, therefore, 4,200, and in gilberts, 5,279.

104. 'While magnetomotive forces may be conve-
niently and accurately expressed in ampere-turns,
the c. 6. s. system of International measures requires that
the unit of ». M. r. should differ by a numerical factor.
In dealing with . M. F.s, it is commonly convenient to
express their values in ampere-turns, but for purposes of
computation, and for simplicity of reasoning, it is usually
advantageous to employ the more fundamental and scien-
tific unit, the gilbert.

105. Magnetomotive force, like electromotive force,
possesses direction. That is, several m. M. r.’s
may oppose or aid one another, the resultant . M. ¥.
being their geometrical sum, precisely like the case of
various E. M. F.’s acting in an electric circuit. Thus the
M. M. F.’s produced in the magnetic cireunit of a dynamo,
by two separate magnetizing coils, as shown in Fig. 39,
will be additive, if the exciting coils are magnetized by
currents in the same direction, and subtractive if the coils
are magnetized in opposite directions.
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The »m. M. . produced by a current of 100 amperes,
passing through a single loop of condueting wire, would
be 100 ampere-turns, or 125.7 gilberts, whether that turn
of wire were alone or whether it were associated with
other turns of wire in a coil, and whether it surrounded
iron or not; but the flux, which that ». M. ¥. would pro-
duce, would vary very greatly in these different cases.

SYLLABUS.

A magnetic field, or a region permeated by magnetic
flux, accompanies every magnet or every conductor con-
veying an electric current.

A magnetic field produces, or is accompanied by, a
stress in the ether, which may manifest its presence in a
variety of ways.

The density of the magnetic flux in any field is greater
near the magnet than at distances from the magnet, and
is usually at its maximum value in the neighborhood of
the magnetic poles.

The unit of a. M. r.is termed the gilbert, and is equal
to the a. M. ¥. produced by 0.7958 ampere-turn.

All magnetic flux, <.e., all magnetism, is produced by
M. M. F., just as all electric flux or current is produced by
E. M. F.

M. M. F.’s, like E. . ¥.’s, possess direction, so that several
M. M. F.’8 may oppose or aid one an other; that is, their
general effect is either subtractive or additive.

Laboratory of Houston & Kennelly,
Philadelphia.
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Magnetic Reluctance.

106. The magnetic flux produced in any magnetic’
circuit by a givenm. m. ¥. depends upon the mag-
netic resistance of the circuit. In this respeect magnetic
resistance is similar to the resistance which an electric
circuit offers to the passage of an electric flux under the
influence of a given k. M. r. Magnetic resistance is called
reluctance. In order to increase the magnetic flux under
given M. M. F. it is only necessary to decrease the reluct-
ance of the circuit.

The following differences exist between magnetic re-
luctance and electric resistance; viz.,

(.) Unlike the resistance in an electric circuit, the
reluctance of masses of similar dimensions of nearly all
materials, except iron and the magnetic metals, is practi-
cally the same as that of air.

(2.) The electric flux can be confined to a definite path,
usually a wire, while the magnetic flux, in general, can-
not. The reason is that an electric conductor can be
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readily insulated, whereas there is no known insulator
for the magnetic flux. The magnetic flux which pro-
ceeds from the north-seeking pole of a magnetic source
passes through numerous diverging paths, re-entering
the magnet at its south-seeking pole.

(3.) In the case of an electric circunit, where a long
single wire sustains a steady current, the current
density is the same at all points in any cross-section of
the wire; in the case of a magnetic circuit, the flux
density, in general, varies at different points in the cross-
section of the circuit, and decreases as we recede from
the poles.

107. As the specific resistance of a conductor is best

defined under the term resistivity; namely, the resis-
* tance offered by a unit volume, ora unit cube of a material
taken between its opposite faces, so the specific magnetic
reluctance of a substance is best defined under the term
reluctivity, or the magnetic reluctance of a unit cube, 7. e.,
of a cubic centimetre, taken between parallel faces. The
magnetic reluctivity of vacuum is taken as unity, and the
reluctivity of air, copper, wood and nearly all substances
except the magnetic metals, does not differ appreciably
from the reluctivity of vacuum. The reluctivity of the
magnetic metals varies with the density of the flux tra-
versing them.

Fig. 41 shows curves of reluctivity in various samples
of iron and steel for different flux densities. Thus the
lowest curve No. VIL, representing soft annealed Nor-
way iron, shows, for example, a reluctivity of 0.7 thou-
sandth, 4. e., 5th that of air, at a flux density of 10
kilogausses. In other words each cubic centimetre of this
iron subjected to a flux intensity of ® = 10,000 gausses,
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offers, between opposed faces, a reluctance of 0.0007
oersted. :

108. There are three varieties of magnetic circuits;

viz.,

(1.) The non_ferric circuit, where the magnetic circuit
is completed through air or other non-magnetic mate-
rials. Such would be the magnetic circuit of a hollow
coil of wire. .

(2.) The ferric circuit, where the magnetic circuit is
entirely completed through iron, asin the case of an

Fie. 42. Fia. 43.

Non-ferric magnetic éircuit. Coils of Ferric magnetic circuit, an alternating
insulated copper wire on rubber cylinders  current transformer. With the exception
distributing a magnetic circuit through of ‘‘leakage’ all the flux passes through
air, wood and hard rubber. iron,

iron ring wrapped with wire, or an electro-magnet with
the keeper pressed upon its poles.

(3.) The aeroferric circuit, in which the circuit lies
partly through air and partly through iron. To this
class of circuit belong the great majority of dynamos
and electro-magnetic apparatus.

Fig. 42 represents a type of non-ferric circuit. Fig.



\. 101

43 represents a type of ferric circuit; and, Fig. 44,a
type of aero-ferric circuit.

109. The reluctances of practical magnetic circuits
are very difficult to compute, owing to the varia-
tion of the cross-section of the magnetic circuit at differ-
ent points. Fig. 45, however, shows a particular case of
non-ferric magnetic circuit, which is amenable to very
simple treatment.
If in the anchor ring of wood, copper, or other non-
magnetic material, uniformly wrapped with wire, as

Fia. 44.

Aero-fesric circuit ; a telegraph relay. Magnetic circuit through cores, yoke and
keeper of magnets and air gaps at poles.

shown in Fig. 45, the mean circumference of the coil is
50 cms., and the cross-section of the interior of the coil is
five square centimetres, then the reluctance of the mag-
net circuit, which will be confined entirely to the space
within the winding, will be approximately 5_50 = 0
oersteds. All the flux paths in this case will be circular,
and there will be no magnetic flux outside the winding.
A compass-needle, therefore, held near the ring, provided
the ring be uniformly wrapped, will fail to show whether
the current is flowing through the winding or not. This
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is the only known case in which magnetic flux can be
readily confined to a determinate path.

110.  If the core of the preceding ring be replaced by
soft iron, then the reluctance of the ecircuit may

be 1,000 times less, and, consequently, the magnetic flux
in the circuit a thousand times greater. Such a ring,
although carrying a powerful magnetic flux, would still
evidence no external magnetism, but if a saw-cut be
made through the ring at any point, as in Iig. 46, the
opposite faces of this gap would show opposite polarity,
and the magnetic circuit would then become of the aero-

JBeaBnginesr
Fia. 45. Fra. 46. Fie. 47.
Principal sections of closed Diagram of aero-ferric Diagram of aero-ferric

circular coil and its mag- magnetic circuit. Anchor magnetic circuit. Anchor
netic circuit. Coreof wood ring iron core with air-gap. ring iron core with wider
or iron, air-gap.

ferrie type, with flux lines proceding through the sur-
rounding air. At the same time, the magnetic reluct-
ance of the circuit is markedly increased ; thus if the
saw-cut is one millimetre in width, and its area of cross-
section five square centimetres, the increase of reluctance
0.1

thus added to the previous ferric cirenit would be T

0.02 oersted approximately. The true value of the re-
luctance would be somewhat less than this owing to the



103

slight diffusion of the flux beyond the limits of the air
gap as shown, thereby sensibly increasing the effective
cross-section of the air gap.

111. If the width of the air gap be increased, as
shown in Fig. 47, then the increase in the reluet-

ance of the cirenit will produce a still more marked
variation in the amount of magnetic flux, and the diffu-
sion of the lines will be more marked. Owing to this
diffusion, the reluctance of the air gap will be increased,

> -3
7 \

Diagram of aero-ferric circuit of half ring.

but not in proportion to its length, the average cross-
section being greater than five square centimetres.

If the air gap be still further widened, as in Fig. 48,
the same effects are still more markedly produced until
the total flux in the magnetic circuit may be only a
small fraction of that existing in the original case. But
this weaker magnetic flux may have far more powerful
influence npon neighboring magnets, owing to the exter-
nal diffusion of the flux paths, as shown.
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112. It is a curious fact that although the reluctivity
of all non-magnetic substances is practically the
same as that of the air-pump vacuum, yet the reluctivity of
different specimens of iron is subject to marked varia-
tions. An exceedingly small percentage of carbon in
iron may greatly increase its reluctivity. As a rule the
softer and purer the iron, the lower its reluectivity.
Nickel is, perhaps, the only ingredient which forms an
exception to this rule.

SYLLABUS.

The reluctivity of a magnetie circuit is the resistance
it offers to the passage of the magnetic flux through it
under a given M. M. F.

Specific reluctance, or reluctivity of a substance, is
the reluctance offered by a eubic centimetre of the sub-
stance between opposite faces.

Reluctanee is measured in units called oersteds. An
oersted is the reluctance offered by a cubic centimetre of
air-pump vacuum.

Magnetie circuits are of three kinds; non-ferrie, ferric,
and aero-ferric.

The reluctivity of iron is much less than that of air,
but varies with the flux density; at first diminishing
and afterwards inereasing with the density.

A closed circular eoil is the only form of magnetic
cireuit in which the flux is strictly limited to a definite
path. In aero-ferric circuits, the diffusion of the mag-
netic flux will be greater as the portion of the cireuit
occupied by air is increased.

Laboratory of Houston & Kennelly,
Philadelphia.
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MEGKRETIC T ERX,

113. The magnetic flux in any magnetic circuit is
directly proportional to the . M. F. acting on that
cireuit and inversely proportional to its reluctance; or,
since the unit of magnetic flux is the weber, the unit of
». M. k. the gilbert, and the unit of magnetic reluctance
the oersted, we have the general expression,

2 gi_lberts TR i,

webers <
oersteds &

this corresponding with the expression given by Ohm’s
electric circuit law,
volts E
ohms 3 o

Here &, is the existing international symbol for Mag-
netomotive Force, similarly, ®, denotes Reiuctance,
and the @ is the symbol for Flux.

In either of the above equations, any two of the three

amperes —
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independent quantities being known, the remaining one
can be calculated. Thus,

gilberts = webers X oersteds ; § = @ Q.
Or,
__ gilberts |

3
oersteds Ri=.=..
webers ’ 7z

114. In practical inagnetic circuits it is often a matter
of considerable importance to be able to calculate
the magnetic flnx. In order to do this, in accordance
with the preceding principles, it is only necessary to de-
termine the values of the M. ». . and the reluctance;
for, as is evident, there are but two ways in which the
value of the magnetic flux in any circuit can be varied ;
namely, by altering the value of either of these quan-
tities. :

The value of the M. M. F. is most readily increased by
increasing the strength of the exciting current. We
will now show, by some practical examples, how the
preceding equations may be applied in the determination
of magnetic flux in a circuit.

115. Case I—the simple case of an anchor ring,
of soft Norway iron, wound with insulated

- wire : We commence with this case, because, as we have
already pointed out, this type of circuit, if properly con-
structed, possesses no magnetic leakage. The area of
cross-section of the iron ring, of dimensions shown in
Fig. 49, is 3.1416 square inches = 20.268 square centi-
metres, and the mean length of the circuit, or the mean
circumference of the ring, is 37.7 inches = 95.74 centi-
metres. If the total flux, which it is desired to send
through this circuit, be 350 kilowebers, it is required to
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determine the M. M. . which must be applied to the ring
in order to produce this flux.

The reluctance of the circuit is obtamed as follows:
When 850,000 webers are transmitted uniformly through
a circuit, the cross-section of which is 20.268 sq. ems.,
the flux density will be 350900 = 17,270 gausses = 17.27
kilogausses ; 7.e., 17.27 kilowebers to the square centi-
metre. Referring to the diagram, Fig. 41, it will be seen
on Curve No. VIL, that, at this density, the reluctance of
acubic centimetre of Norway iron is by measurement, 19.2

Fia. 49.

Ferric Magnetic Circuit. Norway iron ring uniformly wound with wire in turas,
Mean circumference 37.7 in. = 95.74 cms. Cross-section of ring 3.1416 sq. in. = 20.268
sq. cms,

millioersteds. The reluctance of the circuit is, therefore,
PP X 19.2 = 90.7 millicersteds = 0.0907 oersted.
Inserting this reluctance in the equation ¥ = @ &, we
have the required M. M. ¥. = 850,000 X 0.0907 = 31,745
gilberts. Since one gilbert is 0.8 ampere-turn approxi-
mately, the required number of ampere-turns is 31,745
X 0.8 = 25,396, or more nearly 31,745 X 0.7958 =
25,250 ampere-turns. If now the winding of the ring
be composed of 1,500 turns of insulated wire, the cur-
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rent in each turn must be 25250 = 17.167 amperes, and
this is the required exciting current.

116. Case 2.—Taking now the case of an aero-ferric
circuit, in which part of the flux-paths lie through

air, say, an electromagnet, as shown in Fig. 50, let us
first assume that the leakage is sufficiently small to be
negligible ; that the air-gap in the circuit is fixed ; 7.c.,
that the keeper cannot move up to the poles of the mag-
net; and that the iron in the electromagnet and keeper
is ordinary, soft, wrought iron. Then if a total flux of

Lecanugd emse— =5}

pilxcmp. feot- —— 413 eme=—--1-ot
. =
N 22 NN
NN % i
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Elec.Engineer

Fre. 50.

Electromagnet of wrought iron, sero-ferriccircuit, Air gaps ¥ in. = 1.27 cm. Mean
length of magnetic circuit 140.24 cms. Cross-section of magnetic circuit 25 sq. cms.

300 kilowebers is to be sent through the ecircuit, it is
required to find the excitation necessary for the magnet
to produce this flux. Here, as before, we have to find
the total reluctance of the circuit. Taking first the air
reluctance, each air-gap, @, @, has a length of half an
inch = 1.27 cms.; and a cross-section of 3.875 square
inches = 25 square cms. The reluctance of each air-
gap is, therefore, ;27 X 1 = 0.0508 oersted, since the
reluctivity of air is unity. Since they are placed in
series, the reluctance of bothair gaps is, therefore, 0.1016
oersted.
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If the cross-section of the cores, yoke and keeper is
uniformly 25 square ems., the flux density will be uni-
formly 300 = 12 kilogausses. Referring to Fig. 41, the
reluctance of wrought iron at this density may be taken
as approximately 1.316 millioersteds in a cubic centimetre.
With this reluctivity the reluctance of the iron in the
circuit will be 1337 X 1.316 = 7.248 millioersteds, or
0.007248 oersted, since the mean path in the iron has a
length of 137.7 ems. Adding the reluctance of the air,

6136 Volts
e 0002045 Ohm s

001579 Obin a3
—_—

A18F Vlis
0.001579 Ohm
£137 Yok

15,240 Volta
0.0508 Ohm.

Electric Circuit Analogue of Kro-Ferric Circuit in Fig. so, Without Leakage.
we have, for the total reluctance in the circuit, 0.108848
oersted. Consequently, the M. M. ¥. required will be
300,000 X 0.108848 = 32,654 gilberts = 25,980 am-
pere turns, and, should the number of turns on both
coils together be 5,000, the required exciting current is
5.196 amperes.

The electric circuit corresponding to this case is shown
in Fig. 51. Here two equal .M. ¥.s in series, each of
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16,277 volts, act on a circuit of 0.108848 ohm resistance.
The drop of magnetic potential in each air-gap is
15,240 gilberts, while the drop of potential in each core
is 453.7 gilberts.

Owing to the fact that the air round the magnet is not
a magnetic insulator, the preceding calcilation cannot
be regarded as strictly correct, since we have left all ex-
ternal or leakage flux out of consideration. It is evident
that with ferric circuits, in which the flux density is not
excessive, that is say, in which the reluctivity of the cir-
cuit is far less than that of the external air, the leakage
will be small, even though the arrangement of the cir-
cuit differs materially from the anchor ring type with
uniform winding. As the air-gaps in a circuit become
wider and more numerous, the leakage flux bears a
larger proportion to the total, and the circuit becomes
less amenable to simple numerical treatment, owing to
the complexity of the various branch circuits, and the
difficulty of computing their local reluctances. This
condition renders the calculation of practical magnetic
circuits much more tedious and difficult than that of
ordinary electric circuits. Most dynamo or motor mag-
netic cireunits can, however, be computed with a degree
of approximationsufficient for practical purposes in design.
The following case illustrates the method of procedure.

117. Case 3.—Let the magnet, shown in Fig. 50,

possess a leakage flux of 20 per cent. through

the path 5, 6, 7, 8. That is to say, for every 100 webers

passing through the cores and yoke, 20 pass through the

air between the poles, and only 80 pass through the

keeper. Required the M. M. F. to send 300 kllowebers
through the keeper, as before.
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The flux through the cores and yoke will now be 300
= 375 kilowebers, at a mean density of 3,13 = 15 kilo-
gausses. By reference to Fig. 41, the reluctance of a cubic
centimetre of wrought iron for this density is 3.077 milli-
oersteds. Of the 25 square cms. of cross-section in the
cores and yoke,only 20 can now be considered as carrying
the keeper flux, the remaining five square cims. being allot-
ted to theleakage flux. Since the mean length of circuit

1384.5 Volts
15,240 Volts 0.004615 Ohm
0,0608 Ohm 300,000 Amp.
200,000 Amps

041846 Ohm

0.01846 Ohm

1384.6 Volts e 5
" g2 —— |[3BE0Q £
€ i) <5 a4
P 42 gFE Eosg
& 28 e &g PR3-}
pE e 1384.5 Volts

g
¢ - 300,000 Amp.
LI 0.004615 Obm
1384.5 Volts
<
Fie. 52.

Electric Circuit Analogue of Ero-Ferric Circuit in Fig. s0. With Leakage.
through cores and yoke is 98.85 cms., their reluctance in
the main or keeper circuit is 28:85 X 3.077 = 15.21 milli-

OEPRNEA - 0. 0o oo s A o gAY v ... 0.01521 oersted.
The reluctivity of the keeper remains

at 1.316 millioersteds, as its flux den-

sity is 12 kilogausses. The keeper

reluctance is, therefore, 3885 X 1.316

= 2.045 millioersteds = .......... 0.002045 «
The two air-gap reluctances remain as
DCLOTEEA bIRPIRE AL i e e T, ST A 0.1016 £

So that total reluctance in keeper, ete. = 0.118855 oersted.
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The ». M. ¥. necessary to force 300 kilowebers through
this circuit is 300,000 X 0.118855 = 35,656.5 gilberts
= 28,370 ampere-turns, or 14,185 ampere-turns to each
spool, requiring a current strength of 5.674 amperes.

The corresponding electric circuit is shown in Fig. 52.
It will be observed that while the drop of pressure in
the air-gaps is 15,240 gilberts, as before, the drop in the
cores and yoke has been increased by the introduction of
leakage from 1560.9 gilberts to 4562 gilberts.

The reluctance of the leakage path between the poles
is observed to be 0.4146 oersted. It is evident, there-
fore, that, whenever the reluctance of leakage paths can
be computed, the distribution and amount of leakage
flux can be determined.

SyLLABUS.

In any magnetic ecircuit the webers = the gilberts
divided by the oersteds. Corresponding to Ohm’s law
in the electric circuit, the amperes = the volts divided
by the ohms

Given, any two of the three quantities in either of
the above formula, the value of the other quantities
may be calculated.

The value of the magnetic flux in any circuit may be
increased either by increasing the M. M. ¥. or by decreas-
ing the reluctance. The M. M. F. may be increased by
increasing the number of ampere-turns in the magnetiz-
ing circuit. '

In the design of electromagnets, the reluctance can
be varied either by varying the dimensions of the iron eir-
cuit, or by varying the character of the iron employed.

Laboratory of Houston & Kennelly,
Philadelphia.
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ELECTROMAGNETS.

»

118. An electromagnet is a magnet produced by the
passage of an electric current through a coil of
wire linked with a magnetic circuit. The name electro-
magnet is practically limited, however, to cases where
the core, placed inside the hehx, is made of soft iron.
Under these circumstances the core acquires the proper-
ties of an electromagnet, and, disregarding residual mag-
netism, loses these properties when the current ceases.

119. When a bar of hard or soft iron is brought into

a magnetic flux, an alignment of its molecules, or
ultimate particles, is supposed to take place. This align-
ment is more readily produced in soft iron than in hard-
ened iron, as, indeed, would be supposed, bearing in mind,
the characteristic property of hard iron which opposes
any deformation or change of shape. When the prime
M. M. F. ceases to act on the iron, as would occur either
by withdrawing the iron core from the prime flux, or by
causing the magnetizing current to cease, the-freedom-of

l
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movement naturally possessed by the molecules of soft
iron, permit them readily to lose their new alignment,
and the structural . ». ¥. is dissipated with the resump-
tion of practically its previous condition. In the case of
hardened steel, however, the resistance which the mole-
cules offer to change of position, enables the structural
M. M. F. to be largely retained. For this reason the mag-
netism produced in soft iron is sometimes called tempor-
ary magnetism, and that in hard steel, permanent
magnetism.

Fie. 53.
Indicating the direction of magnetization in an iron bar as dependent on the direction
of winding and of current.

120. 'When an electric current passes through a wire,
an M. M. F. is established around the wire. This

M. M. F. produces a distribution of flux in eylinders con-
centric to the wire, the intensity diminishing directly
with the distance from the axis of the wire. The di-
rection of this flux, relative to the direction of the current
in the wire, being as shown in Fig. 53. When the wire
is bent into a circular loop, it is evident that the . . ¥.
produced by the loop is directed either all upwards or
all downwards through the loop, so that the direction of
the flux depends on the direction of the current. The
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M. . F. from a helix, which has a suceession of turns, is
also directed through the helix in one direction or the
other, both according to the direction of the current
and to the direction of the winding.

121. Magnets may be divided into different classes
according to the character of the work they are
called upon to perform ; namely,

(Z.) Tractive magnets; and,

(2.) Portative magnets.

A tractive magnet is one designed to exert a pull at a
distance. A portative magnet is one designed to hold
or support heavy weights attached to its armature, when
the latter is at rest upon the poles.

122. An electromagnet is designed to produce a cer-
tain traction or pull on its keeper. This pull

may be exerted either when the keeper is at a distance;
that is, separated by an air-gap; or, when the keeper is
actually brought into contact with the polar surfaces. In
most practical cases, however, the attractive force is
brought to bear between two parallel surfaces, usually
called the polar surfaces across which the flux passes
perpendicularly, as shown in Fig. 54. Under these cir-
cumstances, every square centimetre of opposed polar

surfaces attracts the other with a force of -8— dynes,
T

where ®& is expressed in gausses, so that if the intensity
is everywhere the same across the surfaces 4, B, ¢ and o, .
E, F, the total force of attraction between the surfaces

2
will be § X gﬁ- dynes. &8 being the area of polar sur-
T

face in square cms.
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123. If the flux does not possess the same value at
different portions of the polar surfaces, then the
active surface must be divided into a sufficient number
of elements to permit the flux density to be considered
uniform over each element, when the separate forces of
each element can be determined, and their sum will be
the total force on the whole surface. So far as the at-
tractive power of a magnet is concerned, the total value
of the flux is of secondary importance; it is the distri-
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Fie. 54.

Flux normal to opposed plane parallel golar surfaces,
bution of the intensity of the flux at the active surfaces,
in gausses, which is of primary importance. In soft
Norway iron, the flux intensity can hardly be maintained
above 19 kilogausses. The attraction between opposed
surfaces of one square em. in area traversed perpendi-
cularly by 19 kilowebers, will be, therefore,
19,000 X 19,000 __ 14 360,000 dynes,
25.133
and, since one dyne equals 1.0203 milligrammes weight,
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at Washington, this force represents 14,658 grammes, or
32.31 pounds weight, at Washington, per square ecenti-
metre of active polar surface (208.4 pounds per square
inch).

124. In Fig. 40 on page 94, a sextipolar dynamo is

represented in cross-section. Since flux passes
into, or out of, the armature beneath each polar surface,
each magnet core may be said to attract the armature,
with a force that can be readily computed, to at least a
fair degree of approximation, when the elements of the
magnetic circuit are known.

For example, suppose that in each of the six magnetic
circuits shown, the useful flux, 7.c., the flux passing
through the armature core, is two megawebers. Then
four megawebers will enter or leave the armature under
each pole-piece. If the surface of each pole-piece is 200
square inches, Z.c., 1,293 square cms., the mean intensity
1n the air-gap and polar surfaces Wlll be ™

4,000,000
1,293
Assuming that this intensity is uniform over the sur-
faces, the tractive force, per square centimetre, exerted
between pole and armature will be
3.__._..____.02‘{41)!(32 094__380 900 dynes=388.5 grammes weight,
and, since there are 1,293 square cms. opposed and active.
the total force will be
388.5 X 1,293 = 502,300 gms. weight = 1,108 Ibs. weight.
As the armature revolves, therefore, its iron core will be
pulled upon outwards opposite each pole, with a force
of about half a ton’s weight, and the framework sup-
porting the armature must be sufficiently strong to safely

= 3,094 gausses.
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support these forces, in addition to the ordinary centri-
fugal forces of rotation.

125. When a current passes through the armature,
whether it be acting as a generator or motor, the

effect of the m. M. ¥., set up by the current in the arma-
ture windings, is to superpose its flux upon that previously
established by the field magnet a. ». r.’s. The combina-
tion of the two magnetic ecircuits is to destroy the sym-
metry of the flux distribution. For example, if the
machine is receiving current as a motor, the effect of
introducing the armature m. ». .’s will be to so modify
the flux distribution, shown in Fig. 40, as to increase the
intensity in the air-gaps underneath all the left-hand
edges of the polepieces (as each pole is regarded from
the armature), and reduce the intensity at the opposite
or right-hand edges. At the same time, the flux will be
deflected from the perpendicular, and drawn through
the air more or less obliquely. Under these circum-
stances tangential pulls will be exerted upon the arma-
ture, and each square centimetre on the left-hand edge
will exert an increased pull in proportion to the square
of the intensity, while the right-hand polar edge will
exert a pull which is relaxed in corresponding measure.
The resultant, or preponderating forces on the left-hand
polar edges, will draw the armature round clockwise.
This effect of the M. a. F. in the armature is called
armature reaction. 1t is by reason of armature reaction
that a motor pulls, and that a generator has to be pulled,

while the pull is in all cases a distribution of
2
g?’_n_ dynes per square cm.

over the opposed polar surfaces, under distortion from
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the original symmetry of flux distribution. The funda-
mental law of tractive force in the electromagnet is con-
sequently the fundamental law of rotary force in all
electric dynamos and motors.

126. The portative force, which a magnet ean exert,
may readily reach 200 1bs. weight per square inch
of active polar surface when the poles are of soft iron.
It should, therefore, be the object, when designing a ferric
magnetic circuit for simply portative purposes, to magneti-
cally saturate the polar surfaces as nearly as possible, and
notallow the iron to become equally saturated at any other
part of the circuit. For this reason it is usual to con-
strict the section of the iron at the poles. The length of
the circuit is then reduced as far as possible, so as to
only allow just room for the exciting coil. In this way
a very small electro-magnet weighing a decigramme can
be made to support 2,500 times its own weight, a magnet
weighing 100 grammes, 600 times its own weight, and a
multipolar magnet, weighing a ton, should be able to
support about 500 times its own weight.

When a tractive magnet has to exert a definite pull,
under a given M.M.F. upon its armature, across an air-gap,
the design-of the magnetic circuit has to be altered. It
is found that the best area of polar surface to employ is
that which makes the reluctance of the air equal to the
reluctance of the iron. This rule ensures the best in-
 tensity in the polar surfaces assuming no leakage to exist.
The influence of leakage calls for a reduction in the air
reluctance.

127. When a tractive magnet has to alternately
attract and release its armature in rapid succes-
sion, as, for example, in the case of a telegraph relay, the
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armature has to be made very light, in order that its in-
ertia may not unduly increase the magnetic forces to be
exerted.

An ordinary Western Union, neutral relay of 140
ohms resistance, has about 7,500 turns of wire,and, when
excited by a steady current of 25 milliamperes, .e., to a
M. M. F. of 187.5 ampere-turns, or 235.8 gilberts, exerts
a total pull upon the face of its armature amounting to
about 78 grammes weight when the distance between
poles and armature is 0.1 cm. The reluctance of its
circuit is then about 0.25 oersted, and the flux, con-
sequently, about 943 webers.

SYLLABUS.

‘When a bar of soft iron is submitted to the permeat-
ing action of a magnetic flux, its ultimate particles be-
come aligned, and a structural ». ». F. is established in
the bar. On the withdrawal of the permeating -mag-
netic flux, the structural m. M. ». disappears, through in-
instability. Hard iron or steel retains the structural
M. M. F. in a greater or less degree.

The tractive force exerted between opposed plane

parallel polar faces is éE: dynes per square cm, of either,
™

or 0.2567 ® dynes per square inch, or 5.7718X 10~ Ibs.
per square inch, & being expressed in gausses.

The electromagnetic rotary pnll of a dynamo or motor
is due to tractive forces set up between the armature and

$

field poles represented locally by ;B_' dynes per square
c¢m, from point to point.

Laboratory of Houston & Kennelly,
Philadelphia.
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INDUCED E. M. F.‘

128. Whenever a conductor moves across a magnetic
flux, or a magnetic flux moves across a conductor,
an E. M. F. is generated in the conductor; or, generally,
whenever relative motion exists between a conductor
and magnetic flux whereby either crosses the other, an
E. M. F. is generated in the conductor. The amount of
this . M. 7. is dependent on the rate of- cutting of flux,
and will evidently vary both with the rapidity of mo-
tion of either the flux or the conductor and with the
intensity of the flux.

129. The following varieties of induced E. ». F. come
under the above general head; namely,

(@) Dynamo-electric induction, where a conductor is
moved across magnetic flux.

(b.) Magneto-electric induction, where magnetic flux
is moved across a conductor by the motion of a magnet.

(¢.) Self-induction, where magnetic flux generated by
a circuit moves through the circuit.

Published by
THE ELECTRICAL ENGINEER,
203 Broadway, New York N. V.

[Entered as second-class matter at the New York, N. Y., Post Office, June 14, 1894.]



122

(d.) Mutual induction, where magnetic flux generated
by one cireuit moves through a neighboring circuit.

130. Three cases may arise where £. M. ¥. i8 pro-
duced by ‘the motion of a conductor through
magnetic flux. First, where a conductor at right angles
to the flux, moves in a direction at right angles to
the flux. Second, where a conductor oblique to the flux,
moves in a direction at right angles to the flux. Third,
where a conductor, oblique to the flux, moves in a
direction oblique to the fluax. The last is the most
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Fia. 55. F1a. 56. Fia. 57.

Conductor normal to flux, Conductor oblique to flux, Conductor oblique to flux,
moving in direction normal moving in direction normal  moving in direction oblique
to flux. to flux, to flux,
general case. Fig. 55 shows the first case, where a-
straight wire a B, of length / ems. moves through a uni-
form flux with a velocity of » ems. per second, which
would carry it in one second to the position A" 1".  The
flux cut through in this time would be that passing through
the rectangle o B 8’ A’. Here the total flux cut will be
the area of this rectangle in sq. cms. multiplied by the
intensity in gausses, and will vary with three quantities;
viz., the length of the wire, the velocity of the motion,
and the intensity of the flux.



123

131. In the second case, as shown in Fig. 56, where

a conductor, oblique to the flux, is moved in a
direction at right angles to it, the k. ». . generated will
depend on the amount of flux cut per second, and this
will be equal to the flux passing through the rectangle
A b Y A’y where the side a b, is the virtual length of A B,
that is, its length projected at right angles to the flux,
and the projected length will evidently be smaller, the
greater the angle 3, or the greater the obliquity to the flux.

In the third case, shown in Fig. 57, both conductor
and motion are oblique to the flux, and the x. . ¥. in
the conductor is proportional to the amount of flux con-
tained in the rectangle a b & &', where 4 b,is the virtual
or projected length of the conductor, and a @/, its virtual
velocity.

The direction of the k.. ¥. produced by the movement
of a conduetor across magnetic flux is, perhaps, most
readily determined by Fleming’s hand rule, in which,
if the right hand be held as shown in Fig. 58, then if a
conductor be moved in the direction in which the thumb
points, and at right angles to the flux in the direction
pointed out by the fore-finger, the . ». ». generated will
flow in the direction pointed out by the middle finger.

For example, if a straight wire 10 ems. long, make an
angle of 30° with the flux, whose intensity is 500
gausses, and if it moves at a rate of 30 cms. per second,
in a direction making an angle of 30° with the flux
paths, the virtual length of the wire considered as lying
across the flux would be 0.5 X 10 = 5 cms., and the virtual
velocity of cutting the flux would be 0.5 X 30 = 15 cms.
per second, so that the k. m. . induced in the wire would
be 5 X 15 X 500 = 37,500 c. . 8. units, = 375 miero-
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volts. This E. M. F. would be produced during the motion
of the wire, but would cease the moment the wire came
to rest.

132. In order that an induced E. M. F. may set up a
current in a conductor, the circuit of that con-
duetor must be closed; 7. e., it must form a conduct-
ing loop. If portions of this loop are cutting across mag-

Fia. 58.

netic flux, and thereby generating . M. ¥. around the wire,
the loop must either be enclosing more, or less, flux. If,
therefore, in a conducting loop all the elementary por-
tions be cutting through flux at an aggregate rate of 100
millions of webers per second, the flux added to, or sub-
tracted from, the loop, will be 100 million webers per
second, and the . m. ¥. around the loop will be one volt.
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In practice, when a dynamo armature is revolving in the
magnetic flux established by its field magnets, the loops
of conductors on the armature are having flux poured
into them and then poured out of them successively ;
that is, are having e. M. r.’s induced in them in one
direction as the flux is pouring in, and in the opposite
direction as the flux is pouring out. For example, if
the flux through a dynamo armature be 100 megawebers,
and the revolving armature be so constructed that it
poured all this flux through a loop upon the armature
surface at a uniform rate during one-tenth of a second,
the rate of pouring flux into the loop during that period,
would be 1,000 megawebers per second, and the E. M. F.
existing in the loop during the same period would be 10
volts. If then, during revolution, the armature con-
tinued emptying the loop at the same rate in the.next
tenth of a second, the . M. F. in the loop during that
period would be still 10 volts, but in the reverse direction.

133. All forms of dynamo electric machinery, that is,
all forms of machinery for the generation or modi-
fication of E. M. ¥., are devices whereby magnetic flux is
poured into and emptied out of conducting loops. The
underlying principles are always the same, although the
methods adopted are very varied in detail.

134. Tt is important to point out that the magnitude
of the E. m. ¥. induced in a conducting loop does

not depend upon the total flux which may be poured
into the loop, but upon the rate at which the entry and
exit are made. A large total flux, entering slowly into a
loop, may produce less E. M. F. in magnitude than a small
total flux entering rapidly. For this, reason, the . m. 7.
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generated by a dynamo increases with an increase in the
speed of revolution of its armature.

135. A resultant E. M. F. is never produced in a con-
dueting loop, by its passage through flux, unless

the amount of flux entering the loop is different from
that leaving it. Thus, if the conducting ring A B ¢, in
Fig. 59, with its plane at right angles to the uniform
flux, be moved at right angles to the flux, then it will
have no resultant k. M. ¥. generated, since the flux it en-
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Conducting ring normal.to flux, mov- Rotation of a loop in a magnetic flux.
ing in plane normal to uniform flux.

closes at any instant is always the same. Or, since the
amount of flux cut by the advancing edge and there-
fore entering the loop, is equal to the amount of flux
cut by the following edge and therefore leaving the loop,
the equal and opposite E. M. F. generated in these two
halves of the rinig exactly neutralize.

136. If, however, a conducting loop be rotated in a
magnetic field, a resultant E. . ¥. will be gene-
rated in it. If, for example, the loop a B ¢, be rotated
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round the axis 1 x, Fig. 60, it will, in different positions,
have an amount of flux poured into it differing from
that poured out from it. If at any instant, the rate
at which flux is being emptied or introduced were con-
tinued unchanged for one second, the amount of flux
(webers) leaving or entering in that time, would be the
resultant . M. ¥, in ¢. ¢. s. units, round the loop at that
instant. Fig. 61 shows a device whereby an ®. M. F. can

Fie. 61.

E. M. F. Produced by Rotation of Coil in Earth’s Flux.

be obtained from the earth’s magnetic flux, by revolving, .
a coil of many turns, in a supporting frame.

137. When the circuit of a voltaic cell is closed
through a long coil of insulated wire, an electro-
motive force is developed in the wire by the flux linked
with the magnetic circuit established under the m. M. ¥.
of the active conductor, and this induced . ». F. has a
direction opposed to the e. M. ¥. of the battery. When,
however, the circuit of the battery is broken, owing to
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the disappearance of the flux from the loops of the cir-
cuit, which has the same effect as the linking of flux
Wlth the loop in the 0pp0$1te direction, an induced E. M. F.
is produced in the wire, whose dlrectlon is the same as
that of the E. m. F. of the battery. These phenomena
are called the phenomena of self-induction. The ten-
dency of the E u. ¥. so produced is to oppose the
change of current which sets it up.

138. When two conducting circuits are placed in
each other’s vicinity, and an electric current is
established in one of them, during the time the current is
increasing in strength, the flux it produces links with the
neighboring circuit and develops in it an E. a. . which
is called an =. M. F. of mutual induction.

SYLLABUS.

‘When a relative motion takes place between a con-
ducting circuit and a magnetic flux, an E. M. F. is pro-
duced in the circuit, varying in direction with the direction
of the motion. The E. m. r. so developed is called in-
duced k. M. ¥. and is equal, in c. 6. s. nnits, to the total
amount of flux that is, or would be, cut in one second of
time. The k. m. ¥. of induction may, therefore, be in-
creased by increasing the velocity of the movement or
the intensity of the flux.

If the total flux linked with a circuit, including all
the loops it may have, be expressed in webers, the E. M. F.
in volts, induced in that circuit, at any moment, will be
the rate at which the flux is changing, divided by
100,000,000.

Laboratory of Houston & Kennelly,
Philadelphia.
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THE DyNAMO.

139. A dynamo-electric machine is a device for pro-
ducing . M. F. by successively filling and empty-
ing loops of wire with magnetic flux. A dynamo-electric
machine consists essentially of two parts; namely,
() That called the field, which produces the magnetic
flux; and (2) That called the armature,which bears the
loops which are successively filled and emptied with
flux.

Numerous machine designs have been produced by
which these objects can be accomplished, thus giving
rise to numerous classes of dynamo-electric machines.

The function of the field magnets is to provide the
magnetic flux in its magnetic circuit, and the loops of
wire on the armature are either carried through this flux,
or the flux carried through them, so that they are suc-
cessively filled and emptied. The rate at which each
loop is filled and emptied determines the yalue of the
E. M. F. generated in. it, and the number of such loops

Published by
THE ELECTRICAL ENGINEER,

: ™D AN
LA 3N

>«
el IR VRN
203 Broadway, New York N, Y. 3 /",) Or TH® -

(rivmr
[Entered as second-class matter at the New York, N. Y., Post Oﬁcé, Jhge.L, : &JS .
' 3
L 2N

L&

-

'a,/.



130

with their grouping or connection, the total amount of
E. M. F. generated by the machine.

140. In the United States, continuous current dyna-
mos have their armatures either of the drum-
wound or ring-wound type. An example of the drum-
wound type of armature is represented in cross-section
at Fig. 39, page 93, and in perspective in Fig. 62.
Let us consider two loops, ¢ » E 7, ¢ 1 J K, Fig. 63 (a),
in a drum-wound armature, at right angles to each other,
and without being connected to a’commutator. These

Fie. 62.

Drum Armature,
loops are supposed to be supported on the axis 4 B, in
a bipolar flux represented as uniform by the arrows.

It will be seen from an inspection of the figure, that
the two loops being at right angles, one is filled
with flux, and the other is cempletely empty. It will
be seen from Fig. 63 (§), that, considering the armature
to be revolving at a speed of 10 revolutions per second,
then in the z34th part of a second, the loop ¢ p & ¥ will
be advanced to the position ¢’ v’ &’ ¥/, represented by the
dotted line, and the amount of flux then emptied out of
it will be that included in the two narrow parallelograms
ec f’ fandd d’'¢ e, which areincladed between the pro-
jections of the sides of the loop in the two positions. If
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the density of the flux be three kilogausses and the areaof
the two parallelograms 34 square cms., the flux emptied out
in this 334th part of a second will be 3,000 X 34 = 102
kilowebers, representing a rate of filling of TO008
24,480,000 webers per second = 0.2448 volts generated
in the loop.

On the contrary, the horizontal loop @ u J K, repre-
sented separately in-Fig. 63 (¢), will have advanced dur-
ing the same z1;th of a second, to the position repre-
sented by the dotted line ¢’ 1’ 5’ ¥/, and will only have

Fig. 63.

introduced into it the flux included in the parallelogram
¢ %' 7 k. With the same density of flux the area of
this parallelogram will be 259 square ems., making a
total loss of flux in the z14;th of a second = 777,000
webers, and the rate of emptying 777,000 X 240 webers
per second = 186,480,000, an E. M. F. in the direction
shown by the arrows of 1.8648 volts. It is easy to see
that if the interval of time had been taken sufficiently
small, the . ». 7. in the horizontal loop would amount to
1.885 volts, while in the vertical loop it would be zero.
For loops that may lie upon the surface of the armature,
between the vertical and horizontal positions, the value
of the ®. M. 7. generated will be intermediate between
zero and 1.883.
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141. The rule for determining the direction of
E. M. F. induced in a loop, is as follows. When a
watch is held in front of an observer, the light by which
he sees the dial, passes directly from the dial to his eye.
If now the watch-face be regarded as a loop, then when
flux is poured through it <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>