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PREFACE.

The rapid growth of electrical science, and the almost
daily addition to it of new words, terms and phrases,
coined, a8 they too frequently are, in ignorance of those
already oxisting, have led to the production of an
electrical vocabulary that is already bewildering in its
extent. This multiplicity of words is extremely dis-
couraging to the student, and acts as a serious obstacle
to a general dissemination of electrical knowledge, for
the following reasons:

1. Because, in general, these new terms are not to be
found even in the unabridged editions of dictionaries.

2. The books or magazines, in which they were first
proposed, are either inaccessible to the ordinary reader,
or, it accessible, are often written in phraseology unin-
telligible except to the expert.

3. The same terms are used by different writers in
conflicting senses.

4. The same terms are used with entirely different
meanings.

5. Nearly all the explanations in the technical dic-
tionaries are extremely brief as regards the words, terms
and phrases of the rapidly growing and comparatively
new science of electricity.

In‘this era of extended newspaper and periodical pub-
lication, new words are often coined, although others,
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already in existence, are far better suited to express the
same ideas. The new terms are used for a while and
then abandoned; or, if retained, having been imperfectly
defined, their exact meaning is capable of no little
ambiguity ; and, subsequently, they are often unfortun-
ately adopted by different writers with such varying
shades of meaning, that it is difficult to understand
their true and exact significance.

Then again, old terms buried away many decades ago
and long since forgotten, are dug up and presented in
such new garb that their creators would most certainly
fail to recognize them.

It has been with a hope of removing these difficulties
to some extent that the anthor has ventured to present
this Dictionary of Electrical Words, Terms and Phrases
to his brother electricians and the public generally.

He trusts that this dictionary will be of use to
electricians, not only by showing the wonderful extent.
and richness of the vocabulary of the science, but also
by giving the general consensus of opinion as to the sig-
nificance of its different words, terms or phrases. Itis,
however, to the general public, to whom it is not only
a matter of interest but also one of necessity to fully
understand the exact meaning of electrical literature,
that the author believes the book will be of greatest
value.

In order to leave no doubt concerning the precise
meaning of the words, terms and phrases thus defined,
the following plan has been adopted of giving,

(1) A concise definition of the word, term or phrase.
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(2) A brief statement of the principles of the science
1nvolved in the definition.

. (8) Where possible and advisable, a cut of theappar-
atus described or employed in connection with the
word, term or phrase defined.

It will be noticed that the second item of the plan
makes the Dictionary approach to some extent the
nature of an Encyclopedia. It differs, however, from
an encyclopedia in its scope, as well as in the fact that
ite definitions in all casges are concise.

Considerable labor has been expended in the collection
of the vocabulary, for which purpose electrical literature
generally has been explored. In the alphabetical ar-
rangement of the terms and phrases defined, much per-
plexity has arisen as to the proper catch-word under
which to place them. It is believed that part of the
difficulty in this respect has been avoided by the free
use of cross-references.

In elucidating the exact meaning of terms by a brief
statement of the principles of the science involved there-
in, the author has freely referred to standard text books
on electricity, and to periodical literature generally. He
is especially indebted to works or treatises by the fol-
lowing authors, viz.: 8. P. Thompson, Larden, Cum-
ming, Hering, Prescott, Ayrton, Ayrtonand Perry, Pope,
Lockwood, Sir Wm. Thomson, Fleming, Martin and
Wetzler, Preece, Preece and Sivewright, Forbes, Max-
well, De Watteville, J. T. Sprague, Culley, Mascart and
Joubert, Schwendler, Fontaine, Noad, Smee, Depretz,
De la Rive, Harris, Franklin, Cavallo, Grove, Hare,
Daniell, Faraday and very many others.
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The author offers his Dictionary to his fellow elec-
tricians as a starting point only. He does not doubt
that his book will be found tocontain many inaccuracies,
ambiguous statements, and possibly doubtful definitions,
Pioneer work of this character must, almost of neces-
gity, be marked by incompleteness. He, therefore, in-
vites the friendly criticisms of electricians generally,
a8 to errors of omission and commission, hoping in
this way to be able finally to crystallize a complete
vocabulary of electrical words, terms and phrases.

The author desires in conclusion to acknowledge his
indebtedness to hic friends, Mr. Carl Hering, Mr.
Joseph Wetzler and Mr. T. C. Martin for critical ex-
amination of his proof sheets ; to Dr. G. G. Faught for
examination of the proofs of the parts relating to the
medical applications of electricity, and to Mr. C. E.
Stump for valuable aid in the illustration of the book ;
also to Mr. Geo. D. Fowle, Engineer of Signals of the
Pennsylvania Railroad Company, for information con-
cerning their System of Block Signaling, and to many
others.

Central High School, Epwin J. HousToN.

Philadelphia, Pa.

September, 1889.
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The word absolute, as applied to the units employed in elec-
trical measurements, was introduced by Gauss to indicate
the fact that the values of such units are independent both
of the size of the instrument employed and of the value of
gravity at the particular place where the instrument is used.

The absolute unitsof length, mass, and time are more prop-
erly called the C. G. 8. units, or the centimetre-gramme-
second units.

An absolute system of units based on the milligramme,
millimetre, and second, was proposed by Weber, and was
called the millimetre-milligramme-gecond units. It has been
replaced by the C. G. 8. units.

Absolute Calibration.—(See Calibration, Absolule.,

Absolute Galvanometer.—(See Galvanometer, Abso-
lute.)

Absolute Unfts.—A term sometimes used to indicate the
C. G. 8. units, but now generally replaced by the term centi-
metre-gramme-second units, or, more briefly, the C. G. S.
units,

Absolute Unit of Carrent.—A current of ten ampeéres.
(See Ampére. Units, Practical.)

Absolute Unit of Electromeotive Force.—The one
hundred millionth of a volt. (See Volt. Units, Practical.)

Absolute Unit of Resistance.—The one thousand
millionth of an ohm. (See Ohm. Units, Practical.)

Absolute Vacuum.—(See Vacuum, Absolute).

Absorption, Electric —The apparent soaking of
an electric charge into the glass or other solid dielectric of a
Leyden Jar or Condenscr. (See Charge. Condenser.)

The capacity of a condenser, or its ability to hold an elec-
tric charge, varies with the time the condenser remains
charged. Some of the charge acts as if it soaked into the
solid dielectric, and this is the cause of the residual charge.
(See Charge, Residual.) Therefore, when the condenser is
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discharged, less electricity appears than was passed in; hence
the term electric absorption.

Absorptive Power.—The property possessed by many
solid bodies of taking in and condensing gases within their
pores.

Carbon possesses marked absorptive powers. The absorp-
tion of gases in this manner by solidbodies is known techni-
cally as the occlusion of guses. (See Occlusion of Gases.)

One volume of charcoal, at ordinary temperatures and pres-
sures, absorbs of

AmMMmMONia. .. oo iiicicaecan. 90 volumes
Hydrochloric Acid ... ... . . __._..... 85 ¢
Sulphur Dioxide ____ ... ... 65 «
Hydrogen Sulphide __..._ ... ... 55 “
Nitrogen Monoxide. .. ... . ... ... ... 40 ‘
Carbonic Acid Gas ... ... ... .. ... 35 «
Ethylene. .______.......... 5 o
Carbon Monoxide __.__.__. 942 «
OXyZen . . i iieeiiiaaao- 9.25 ¢«
Nitrogen. ... ... o eei- 6.50 <
Hydrogen. ... ..o o o i maaaa.. 1.25 ¢«

(Saunssure.)

Acceleration,—The rate of change of velocity.

Acceleration is thus distinguished from velocity : velocity
expresses in time the rate-of-change of position, as a velocity
of three metres per second; acceleration expresses in time
the rate-of-change of velocity, as an acceleration of one centi-
metre per second.

Since all matter is inert, and cannot change its condition
of rest or motion without the application of some force, ac-
celeration is necessarily due to some force outside of matter
itself. A force may therefore be measured by the accelera-
tion it causes in a given mass of matter.

Acceleration 1s termed positive when the velocity is in-
creasing. and negative when it is decreasing.

—That acceleration which

Acceleration, Unit of
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- will give to a body unit-velocity in unit-time ; as, for ex-
ample, one centimetre per second.

Bodies falling freely in & vacuum, and approximately so in
air, acquire an acceleration which in Paris or London, at the
end of a second, amounts to about 931 centimetres per second,
or nearly 32.2 ft. per second.

v .

A = —, or in other words, the acceleration equals the ve-
T

locity divided by the time.
But, since the velocity equals the Distance, or the Length

L
traversed in a unit of time, v = —.
T
L
v T L
Therefore, A = — = — = —, or, the acceleration equals the
T T T
1

length, or the distance passed through, divided by the square
of the time in scconds.
These formula represent the Dimensions of Acceleration.

Accamulator, or Condenser.—A term often applied
to an apparatus called a Leyden Jar or Condenser, which per-
mits the collection from an electric source of a greater charge
than it would otherwise be capable of giving.

The ability of the source to give an increased charge is due
to the increased capacity of a plate or other conductor when
placed near another plate or conductor. (See Condenser.
Jar, Leyden.)

Accamulator, Storage or Sccondary Cell.—
Two inert plates dipping into a liquid incapable of acting
chemically on either of them until after the passage of an
electric current, when they become capable of furnishing an
independent electric current.
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This use of the term accumulator is the one most commonly
employed. (See Storage Cells or Accumulators.)

Accumulator.—A term sometimes applied to Sir Win.
Thomson's Electric Current Accumulator.

The copper disc D, Fig. 2, bas
freedom of rotation, on a horizon-
tal axis at O, in a magnetic field,
the lines of force of which, repre-
sented by the dotted lines in the
drawing, pass down perpendicu-
larly into the plane of the paper. . 2

If, now, a current from any source be passed in the direc-
tion A, O, B, C, A, through the circuit A, O, B, C, A, which
is provided with spring contacts at O, and A, the disc will
rotate in the direction of the curved arrow. This motion is
due to the current acting on that part of the disc which lies
between the two contacts—A and O. This apparatus is
known as Barlow's W heel.

If, when no current is passing through the circuit, the disc
be turned in the direction of the arrow, a current is set up in
such a direction as would oppose the rotation of the disc.
(See Lenz's Law.)

If, however, the disc be turned in the opposite direction to
that of the arrow, induction currents will as before be pro-
duced in the circuit. As this rotation of the disc tends to
move the circuit O A, towards the parallel but oppositely
directed circuit B C, these two circuits, being parallel and
in opposite directions tend to repel one another, and there will
thus be set up induced currents that tend to oppose the motion
of rotation, and the current of the circuit will therefore increase
instrength. (See Electro-Dynamics). Should then acurrentbe
started in the circuit, and the original field be removed, the
induction will be continued, and a current which, up to a cer-
tain extent, increases or accumulates, is maintained in the
circuit during rotation of the disc. (Larden.)
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Barlow's Wheel, when used in this manner, is known as
Thomson’s Electric Current Accumulator.

Accuamulator, Water-Dropping —An appa-
ratus devised by Sir W. Thomson for increasing the difference
of potential of an electric charge.

The tube XY, Fig. 3, connects with a
reservoir of water which is maintained at
the zevo potential of the earth. The water

B cescapes from the openings at C and D in
small drops and falls on funnels provided,
as shown, tu receive the separate drops

A and again discharge them.

The vessels A, A’, and B, B', which are

Fig. 3. " electrically connected as shown, are main-
tained at a certain small difference of potential, as indicated
by therespective 4 and —signs.

Under these circumstances, therefore, C and D, will be
charged inductively with charges opposite to those of A and
B, or with — and + electricities respectively. As the drops
of water fall on the funnels, the charges which the funnels
thus constantly receive, are given up to B' and A’, before
the water escapes. Since, therefore, B, B', and A, A’', are
receiving constant charges, the difference of potential between
them must continually increase. This apparatus operates
on the same principle as the replenisher. The drops of water
act as the carriers, and A, A, and B, B, as the hollow vessels.
(See Replenisher.)

Accumuilators or Condensers; Laws of Acca-
mulation of Elcctrieity.—Sir W. Snow Harris, by the
use of his Unit-Jar, and Electric Thermometer, deduced the
following laws for the accumulation of electricity, which we
quote from Noad’s *Student’s Text-Book of Electricity.” re-
vised by Preece:

(1) ““Equal quantities of electricity are given off at each
revolution of the plate of an electrical machine to an un-
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charged surface, or to a surface charged to any degree of
saturation.”

(2) ““ A coated surface receives equal quantities of electricity
in equal times; and the number of revolutions of the plate is
a fair measure of the relative quantities of electricity, all
other things remaining the same.”

(3) ““The free action of an electrical accumulation is esti-
mated by the interval it can break through, and is directly
proportional to the quantity of electricity.”

(4) “The free action is inversely proportional to the sur-
face.”

(5) ““ When the electricity and the surface are increased in
the same ratio, the discharging interval remains the same;
but if, a8 the electricity is increased, the surface is diminished,
the discharging interval is directly as the square of the quan-
tity of electricity.”

(8) ¢ The resistance of air to discharge is as the square of
the density directly.”

According to some later investigations, the quantity a
plane surface can receive under a given deusity depends on
the linear boundary of the surface as well as on the area of
the surface.

“The amount of electrical charge depends on surface and
linear extension conjointly. There exists in every plane
surface what may be termed an electrical boundary, having
an important relation to the grouping or disposition of the
electric particles in regard to each other and to surrounding
matter. This boundary in circles or globes is represented by
their circamferences. In plane rectangular surfaces, it is by
their linear extension or perimeter. If this boundary be con-
stant, their electrical charge varies with the square root of
the surface. If the surface be constant the charge varies with
the square root of the boundary. If the surface and boun-
dary both vary, the charge varies with the square root of the
surface multiplied into the square root of the boundary.”
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The variety of glass called crown glass produces only haif
as great dispersion of light as the variety called flint glass,
under the same refracting angle g. If the prism A B C,
of crown glass, Fig. 5, whose -
angle g, is twice us great as the
refracting angle ¢/, of the prism
BC D, of flint glass, be con-
nected with it in the manner
shown, then the ray R, will be
transmitted free from color, but 7
will not emerge parallel to its
original direction ; in other Fiq. 5.
words, it suffers refraction or bending. (See Refraction.)

The construction of achromatic lenses is based on this
principle.

Fig. ¢.
The crown glass is generally made with two convex sur-
faces ; the flint glass, with one concave and one plane sur-
face, as shown in Fig. 6.
Sometimes both surfaces of the flint glass are made curved,
as in Fig. 7.

Fig. 7.
Aclinie Line.—The magnetic equator, or a line on the
earth’s surface connccting places where the magnetic needle
has no inclination or dip.
The magnetic equator is not a circle, It cuts the geograph-
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ical equator at 2° E. long., and at 170° W, long. (See Inclina-
tion Map or Chart.)

Acoustic Engraving.—(See Engraving, Acoustic.)

Acoustic Telegraph.—A non-recording system of tele-
graphic communication, in which the dots and dashes of the
Morse system, or the deflections of the needle in the needle
system, are replaced by sotinds that follow one another at in-
tervals that represent the dots and dashes, or the deflections
of the ncedle, and thereby the letters of the alphabet.

Steinheil and Bright each invented acoustic systems of teleg-
raphy in which electro-magnetic bells are used. Morse in-
vented a Sounder, for this purpose, which is used very
generally. (See Sounder, Telegraphic.)

For details of the apparatus and system see Telegraphy,
American or Morse system of.

Actinic Photomcter.—(See Photometer, Actinic.)

Actinic Rays.—The rays of light, or other forms of radi-
ant energy that possess the power of effecting chemical de-
composition. (See Decomposition.)

All rays of light, and even some of those invisible to the
human eye, are actinic to some particular chemical substance
or another. Whether the ether waves produce the effects of
heat, light, or chemical decomposition depends on the nature
of the material on which they fall, as well as on the character
of the waves themselves.

Actinism.—The chemical etfects of light, as manifested in
the decomposition of various substances.

Under the influence of the sun’s light, the carbonic acid ah-
sorbed by the leaves of plants is dccomposed in the living leaf
into carbon, which is retained by the plant for the formation
of its woody fibre or ligneous tissue, and oxygen, which is
thrown off.

The bleaching of curtains, carpets, and other fubrics ex-
posed to sunlight is caused by the actinic power of the light.
The photographic picture is impressed by the actinic power of
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light on a plate covered with some sensitive metallic salt,
generally silver.

Action, Loecal —An irregular dissolving or con-
sumption of the zinc or positive element of a voltaic battery,
by the fluid er clectrolyte, when the circuit is open or broken,
as well as when closed, or in regular action.

Local action is due to impurities, such as carbon, iron, ar-
senic, ete., in the positive plate. These impurities form with
the positive element little voltaic couples, and thus direct the
corrosive action of the liquid to portions of the plate near the
impurities. Locual action causes a waste of energy. It may
be avoided by amalgamation of the zinc. (See Zinc, Amal-
gamation of.)

Action, Local —A term proposed, but not gener-
ally adopted, to indicate the wasteful currents in the pole
pieces or cores of dynamo-electric machines.

These currents are now generally known as Eddy, Foucault,
or Parasitical Currents. (See Currents, Eddy, Foucault,
Local, or Parasitical.)

Action, Magnc-Crystallic
tic Action.)

Action, Unit of —A rate of working, which will
perform one unit of work per sccond.

In C. G.'S. units, the activity of one erg per second. This
unit is very small. One Watt, the practical unit of power, is
equal to ten million ergs per second. (See Watt.)

The unit of activity generally used for mechanical power is
one horse-power, or 746 watts. (See Horse-power.)

Activity.—The work done per second by any agent.

Work-per-second, or, as generally termed in the United
States, Power, or Rate of Doing Work. (See Power.)

A. D. C.—An abbreviation used in medical electricity for
Anodic Duration Contraction.

Adhceston.—The afttraction that exists between unlike
molecules, (See Attraction, Molecular.)

—(See Magne-Crystal-




12 A DICTIONARY OF ELECTRICAL

Adiathermancy.—Opacity to heat.

A substance is said to be diathermanous wheu it is trans-
parent to heat. Clear, colorless crystals of rock salt are very
transparent both to light and to heat. Rock salt, covered with
a layer or deposit of lamp-black or soot, is quite transparent
to heat. An adiathermanous body is one which is opaque
to heat.

Heat transparency varies not only with different sub-
stances, but also with the nature of the source from which
the heat is devived. Thus, a substance may be opaque to the
heat from a non-luminous source, such as a vessel filled with
boiling water, while it is comparatively transparent to that
from a luminous source, such as an incandescent solid, or the
voltaic arc.

A similar difference exists as regards transparency to
light. A colorless glass will allow light of any color to pass
through it. A blue glass will allow blue light to pass
freely through it, but will completely prevent the passage
of any red hght; and so with other colors.

ZEpinus’ Condcnser.—(Sge Condenser.)

Affinity, Chemical — Atomic attractions.

The force that causes atoms to umte and form chemical
molecules.

Atomic, or chemical attraction generally results in a
loss of the characteristic qualities, or properties, that dis-
tinguish one kind of matter from another. In this respect
it differs from adhesion, or the force which holds unlike
molecules together. (See Adhesion.) If, for example, sulphur
is mixed with lamp-black, no matter how intimate the mix-
ture, the separate particles, when examined by a glass, ex-
hibit their peculiar color, lustre, etc. II, howerer, the sul-
phur is chemically united with the carbon, a colorless, trans.
parent, mobile liquid, called carbon bisulphide, results, that
possesses a disagreeable, penetrating odor.

Chemical aflinity, or atomic combination, is influenced by
a variety of causes, viz.:
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(1) Cohesion. Cohesion, by binding the molecules more
firmly together, opposes their mutual atomic attractions.

A solid rod of iron will not readily burn in the flame of an
ordinary lamp, but if the cohesion be overcome by reducing
the iron rod to filings, it burns with brilliant scintillations
when dropped into the same flame.

(2) Solution. Solution, by imparting to the molecules
greater freedom of motion, favors their chemical com-
bination.

(3) Heat. Heat favors atomic combination by decreasing
the cohesion, and possibly, by altering the electrical rela-
tions of the atoms. 1f too great, heat may produce decom-
position. (See Dissociation.)

(4) Light. Decomposition, or the lessening of chemical
affinity through the agency of light, is called Actinism. Light
also causes the divect combination of substances. A mix-
ture of equal volumes of hydrogen and chlorne unites ex-
plosively when exposed to the action of full sunlight. (See
Actinism.)

(5) Electricity. An electric spark will cause an explosive
combination of a mixture of oxygen and hydrogen. Electric-
ity also produces chemical decomposition. (See Electrolysis.)

Agone.—A line connecting places on the earth's surface
where the magnetic needle points to the true geographical
north.

The hne of no declination or variation of a magnetic needle.
(See Declination or Variation of Magnetic Needle.)

As all the places on the earth where the magnetic needle
points to the true north may be arranged on a few lines, it
will be understood that the pointing of the magnetic needle
to the true geographical north is the exception and not the
rule. In many places, however, the deviation from the true
geographical north is so small that the direction of the needle
may be regarded as approximately due north.

Agonlic.—Pertaining to the Agone.
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Ailr-Blast.—An invention of Prof. Elihu Thomson to pre-
vent the injurious action of destructive sparking at the com-
mutator of a dynamo-electric machine.

A thin, forcible blast of air is delivered through suitable
tubes at points on the three-part commutator cylinder of the
Thomson-Houston dynamo, where the collecting brushes
bear on its surface. The effect is
to blow out the arc and thus pre-
vent its destructive action on the
commutator segments. The use of
the air-blast also permits the free
apphication of oil, thus further avoid-
Ing wear.

The blast-nozzles are shown at
B2, B®, Fig. 8, near the collecting
brushes.

The air-supply is ob-
tained from a centri-
fugal blower attached
directly to the shaft of
the machine. Its con-
struction and operation
will be readily under- |
stood from an inspec-Z
tion of Fig. 9, in which -
the top is removed for
a ready examination of
the interior parts.

Fiq. 9.

Alarms, Efectric —Various automatic devices by
which attention is called to the occurrence of certain events,
such as the opeming of a door or window ; the stepping of a
person on a mat or staircase ; the rise or fall of temperature
beyond a given predetermined point; or to cail a persou to a
telegraphic or telephonic instrument.
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Electric alarms are operated by either the closing or the
opening of an electric circuit, generally the former, by means
of which an electro-magnetic or mechanical bell is rung.

Electric alarms may be di-
vided 1nto two classes, viz. :

1. Mechanically operated
alarms, or those operated by
clock-work, that is started by
means of an electric current.

2. Thosein whichthealarm
is both set into operation and
operated by the action of an
electric current.

In Fig. 10, is shown the
general construction of an
electrically started mechani-
cal alarm. The attraction of
the armature B, by the electro-
magnet A, moves the arma-
ture lever pivoted at C, and
thus releases the catch e, and _
permits the spring or weight Fig. 10.
connected with the clock movement to set it in motion and
strike the bell.

Electrically actuated alarm-bells are generally of the
automatic make-and-break form. The striking lever 1s
operated by the attraction of the armature of an electro-
magnet, and is provided with a contact.point, so placed that
when the hammer 1s drawn away from the bell, on the
electro-magnet losing its magnetism, the contact-point is
closed, but when it 1s drawn towards the bell the contact 1s
opened. When, therefore, the hammer strikes the bell,
the circuit is opened, and the electro-magnet releases its
armature, permitting a spring to again close the contact by
moving the striking lever away from the bell. Once set into

.-



16 A DICTIONARY OF ELECTRICAL

action, these movements are repeated while there 1s battery
power sufficient to energize the magnet.
e

In Fig. 11, the
battery terminals
are connected
withtherightand
left hand binding-
posts, P and M.
The hammerK, is
connected with a
striking lever,
which forms part
of the circuit, and
which isattached

| to the armature

" of the electro-

Fig. 11. magnete. A me-

tallic spring g, bears against the armature when the latter

is away from the magnet, but does not touch the armature

when it 1s moved towards the magnet. The movements of

the armature thus automatically open and close the circuit
of the electro-magnet.

This form of make-and-break is called an automatic make-

and-break.

Alarms, Electric Burglar —An electric device
to automatically announce the opening of a door, window,
closet, drawer, or safe, or the passage of a person through
a hallway, or on a stairway.

Electric burglar alarm devices generally consist in mechan-
ism for the operation of an automatic make-and-break bell
on the closing of an clectric circuit. The bell may either
continue nnging only while the contact remains closed, or,
may, by the throwing on of a local circuit or battery, con-
tinue ringing until stopped by some non-automatic device,
such as a hand-switch.
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The alarm-bell is stationed either in the house when occu-
pied, or on the outside when the house is temporarily vacated,
or may connect directly with the nearest police station.

Burglar-alarm apparatus is of a variety
of forms. Generally, devices are provided
by means of which, in case of house pro-
tection, an annunciator shows the exact
part where an entrance has been at-
tempted. (See Annunciator.) Switches
are provided for disconnecting all or parts
of the house from the alarm when so de-
sired, as well as to permit windows to be
partly raised for purposes of ventilation
without sounding the alarm. A clock is
frequently connected with the alarm for
the purpose of automatically disconnecting any portion of
the house at or for certain intervals of time.

Fig. 12, shows a burglar alarm with annunciator, switches,
switch-key, cut-off, and clock.

Alarms, Electric Burglar Yale Lock
Switch for.—An alarm whereby the opening of a door by
an authorized party provided with the regular key will not
sound an alarm, but any other opening will sound such alarm.

Alarms, Elcctrie Fire or Temperature—— —In-
struments for automatically sounding an alarm on an increase
of temperature beyond a certain predetermined point.

Fire-alarms are operated by thermostats, or by means of
mercurial contacts; . e., a contact closed by the expansion of a
column of mercury. (See Thermostat.)

In systems of fire-alarm telegraphs, the alarm is automati-
cally sounded in a central police station and in the district
fire-engine house. (See Telegraphy, Fire-alarm.)

The action of mercurial contacts is dependent on the fact
that, as the mercury expands by the action of the heat, it
reaches a contact-point placed in the tube and thus completes

Fig. 12.
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the circuit through its own mass, which forms the other or
movable contact. Sometimes both contacts are placed on
opposite sides of a tube and are closed when the mercury
reaches them.

Mercurial-temperature or thermostat alarms are employed
in hot-houses, incubators, tanks, and buildings, for the
purpose of maintaining a uniform temperature,

Alarms, Elccetric Water or Liquid Level
Devices for sounding an alarm electrically when a water sur-
face varies materially from a given level.

An electric bell is placed in a circuit that is automatically
closed or broken by the movement of contact-points operated
by.a change of liquid level.

Alarms, Telegraphic —Alarm bells for calling
the attention of an operator to a telegraphic instrument when
the latter is of the non-acoustic or needle type.

In acoustic systems of telegraphy, the sounds themselves
are generally sufficient for this purpose.

Alarms, Telephonic —An alarm-bell for calling
a correspondent to the telephone.

These alarms generally consist of magneto-electric bells.
(See Magneto-Electric Call-Bell.)

Alcohol, Electrical Recectification of. —A
process whereby the bad taste and odor of alcohol, due to the
presence of aldehydes, are removed by the electrical con-
version of the aldehydes into true alcohols through the ad-
dition of hydrogen atoms.

An electric current sent through the liquid, between zinc
electrodes, liberates oxygen and hydrogen from the decom-
position of the water. The hydrogen converts the aldehydes
into alcohol, and deprives the products of their fusel oil,
while the oxygen forms insoluble zinc oxide.

Algebraic Notation.—(See Notation, Algebraic.)
Alphabet, Telegraphic —An arbitrary code
consisting of dots and dashes, sounds, deflections of a mag-
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netic needle, flashes of light, or movements of levers, follow-
ing one another in a given predetermined order, to represent
the letters of the alphabet and the numerals.

Alphabet, Morse’s Telegraphic ———— —
Various groupings of dots and dashes, or deflections of a
magnetic needle to the right and left, that represent the letters
of the alphabet or, other signs.

In the Morse alphabet dots and dashes are employed in
recording systems, and sounds of varying lengths, correspond-
ing to the dots and dashes in the sounder system.

AMERICAN MORSE CODE.
ALPHABET.

E—;-,-'——':'Jq-uo:-ﬁc"é
L]
N« U gdegrtwmamos

=
'
'
I
[
S XIS
I

b ——— 0 —
PUNCTUATION MARKS.
Period --— —-- Interrogation — --—-
Comma - — - — Exclamation — — ——
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Alternating Dynamo-Electric Machine.—A dy-
namo-electric machine that furnishes alternating currcats,
(See Dynamo-Electric Machine.)

Alternating System of Distribution.—A system of
electric distribution in which lamps, motors, or other electro-
receptive devices are operated by means of alternating cur-
rents that are sent over the line, but which, before passing
through said devices, are modified by apparatus called con-
verters or transformers. (See Converter or Transformer.)

For details of the alternating system of distribution, see
Systems of Distribution by Alternating ('urrents.

Alternatives, Voltale —A term used in medical
electricity to indicate sudden reversals of polarity of the elec-
trodes of a voltaic battery.

An alternating current from a voltaic battery, obtained by
the use of a suitable commutator.

Sudden reversals of polarity produce more cnergetic effects
of muscular contraction than do simple closures or comple-
tions of the circuit.

Since wll electricity is one and the same thing or force, what-
ever its source, the necessity for the term voltaic alternative
in place of alternating current is by no wmeans clear. The
only consideration that would appear to warrant its con-
tinued use is that the alternating currents obtained from
the voltaic batteries generally employed in electro thera-
peutics, by the action of a pole-changer, pussess a much
smaller electro-motive force than do faradic currents, which
are also alternating.

Amalgam,—The combination or mixture of a metal with
mercury.

Amailgam, Electric —A substance with which
the rubbers of the ordinary frictional electric machines are
covered.

Electric amalgams are of various compositions. The fol-
lowing is cxcellent :
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Melt together five parts of zinc and three of tin, and gradu-
ally pour the molten metal into nine parts of mercury.
Shake the mixture uatil cold, and reduce to a powder in
a warm mortar. Apply to the cushion by means of a thin
layer of stiff grease.

Mosaic gold, or bisulphide of tin, and powdered graphite,
both actas good electric amalgams.

An electric amalgam not only acts as a conductor to carry
off the negative electricity, but being highly negative to the
glass, produces a far higher electrification than would leather
or chamois.

Amalgamation.—The act of forming an amalgam, or
effecting the combination of a metal with mercury.

Amalgamation of Zinc Battery Plates.—Cover-
ing the surface of the zinc plate of a voltaic cell with a thin
layer of amalgam in order to avoid local action. (See Action,
Local.)

For details of process, see Zinc, Amalgamation of.

Amber.—A resinous substance, generally of a transparent,
yellow color.

Amber is interesting electrically as being believed to be the
substance in which the properties of electric attractions and
repulsions imparted by friction or rubbing were first noticed.
It was called by the Greeks r;' Aekrpov from which the word
electricity is derived. This property was mentioned by the
Greek, Thales of Miletus, 600 B. c., as well as by Theophrastus.

Amorphous,—Having no definite crystalline form.

Mineral substances have certain crystalline forms, that

- are as characteristic of them as are the forms of animals or
plants. Under certain circumstances, however, they occur
without definite crystalline form, and are then said to be amor-
phous solids.

Ampere.—The practical unit of electric current.

Such a current (or rate of flow or trausmission of electricity)
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as would pass with an E. M. F'. of one volt through a circuit
whose resistance is equal to one ohm. That is to say, a cur-
rent of the definite strength that would flow through a circuit
of a certain resistance and with a certain clectro-motive
force. (Sce Electro-Motive Force. Volt. Resistance. Ohm.)
Since the ohm is the practical unit of resistance, and the volt
the practical unit of clectro-motive force, the ampére, or the
practical unit of current, is the current that would flow against
unit resistance, under unit pressure or electro-motive force.
To make this clearer, take the analogy of water flowing
through a pipe under the pressure of a column of water. That
which causes the flow is the pressure or heud ; that which
resists the flow is the friction of the pipe, which will vary
with a number of circumstances. The rate of jflow may be
represented by so many cubic inches of water per second.
As the pressure or head increases, the flow increases pro-
portionally ; as the resistance increases, the flow diminishes.
Electrically, electro-motive force corresponds to the pres-
sure or head of the water, and resistance to the friction of the
water and the pipe. The ampére, which is the unit rate of
Jlow per second, may therefore be represented as follows,
E

viz.: = —, as was announced by Ohm in his law. (See
R

Ohm’s Law.)

This expression signifies that C, the current in ampéres, is
equal to E, the electro-motive force in volts, divided by R, the
resistance in ohms.

‘We measure the rate of flow of liquids uas so many cubic
inches or cubic feet per second—that is, in units of quantity.
‘We measure the rate of flow of electricity as so much clec-
tricity per second. The electrical unit of quantity is called the
Coulomb. (See Coulomb.) The coulomb is such a quantity
as would pass in one second through a circuit in which the
rate of flow is one ampére,
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An ampére per second is therefore equal to one coulomb.

The electro-magnetic unit of current is such a current that,
passed through a conducting wire bent into « circle of the
radius of one centimctre, would attract a unit magnetic pole
held at its centre, and sufficiently long to practically remove
the other pole from the influence, with unit force, i.e., the
force of one dyne. (Sce Dyne.) The ampére, or practical
electro-magnetic unit, is one-tenth of such a current ; or, in
other words, the absolute unit of current is ten ampéres.

An ampére may also be defined by the chemical decom-
position the current can effect as measured by the quantity
of hydrogen liberated, or metal deposited.

Defined in this way, an ampére is such a current as will
deposit .00032959 grammes, or .005084 grains, of copper per
second on the plate of a copper voltameter (See Voltameter),
or which will decompose .00009326 grammes, or .001439
grains, of dilute sulphuric acid per second, or pure sulphuric
acid at 59° F. diluted with about fiftcen per cent. of water, that
is, dilute sulphuric acid of 8p. Gr. of about 1.1,

Ampére-Hour, Ampére-Minute, Ampeére-Sec-
ond.—One ampére flowing for one hour, one minute, or one
second respectively.

The ampére-hour is in reality a unit of quantity like the
coulomb. 1It1s used in the service of electric currents, and
is equal to the product of the current dctivered, by the time
during which it is delivered. The ampére-hour is not a meas-
ure of energy, but when combined with the volt, and ex-
pressed in watt-hours, it 1s a measure of energy.

The storing capacily of accumulators is generally given in
ampére-hours. The same is true of primary batteries.

One coulomb = .0002778 ampére-hours.

One ampére-hour = 3,600 coulombs. (See Watt-Hour, Watt-
Minute, Watt-Second.)

Ampére-Mcter ; Am-meter.—A form of galvanometer
originally designed by Ayrton and Perry to indicate directly,
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the strength of current passing in ampéres. (See Galvanro-
meter.)

Like all galvanometers, the strength of current passing,
i. e., the number of ampéres, is indicated by the deflection of a
magnetic needle placed inside or over a coil of insulated wire
through which the current to be measured is passed.

In the form originally devised by Ayrton and Perry, the
needle came to rest almost immediately, or was dead beat in
action. (See Dead Beat.) It moved through the field of a
permanent magnet. The instrument wuas furnished with a
number of coils of insulated wire, which could be connected
either in series or in multiple-arc by means of a commutator,
thus permitting the scale reading to be verified or calibrated
by the use of a single voltaic cell. (See Circuits, Varietics
of. Commutator. Calibration, Absolute or Relative, of Instru-
ment.) In this case the coils were turned to series, and the
plug to the left pulled out, thus introducing a resistance of
one ohm,

epresents a form

and Perry’s Am-

device called a

or for connect-

Is either in series

1 is shown at C.

osts are provided

and S. The dy-

minals are con-

the posts P, P,

Fig. 15. and the current will pass

only when the coils are

in multiple, thus avoiding accidental burning of the coils.

In this case the entire current to be measured passes through

" the coils so coupled. The posts 8, and PS are for connect-
ing the single battery cell current.

A great variety of ampére-meters, or am-meters, have been
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devised. They are nearly all, however, constructed on es-
sentially the same general principles.

Ampére-Feet.—The product of the current in ampéres
by the distance in feet through which that current passes.

It has been suggested that the term ampére-feet should be
employed in expressing the strength of electro-magnetism,
in the field magnets of dynamo-electric machines or other
similar apparatus.

Ampére-Turns, or Ampére-Windings.—A single
turn or winding through which one ampére passes.

The number of ampéres muitiplied by the number of wind-
ings or turns of wire in a coll give the total number of am-
pere-turns in the coil.  The magnetism developed by a given
namber of ampére-turns 1s independent of the current or of
the number of turns of wire, as long as the product of the
ampeéres and the turns remains the same. Thatis to say, the
same amount of magnetism can be obtained by the use of many
windings and a small current, as in shunt dynamos, or by a
few turns and o proportionally large current, as in series
dynamos. (See Dynamo-Electric Machines.)

Ampeére-Volt.—A waltt, or ;1; of a horse-power.

This term 1s generally written volt-ampére. (Sce Volt-Am-
pére.)

Amperian Currcents.—The electric currents that are
assumed m the Amperian theory of magnetism to flow around
the molecules of a magnet. (See Magnetism, Amperian
Theory or Hypothesis of.)

The Amperan currents are to be distinguished from the
Eddy, Foucault, or Parusitical Currents, since, unlike them,
they are directed so as to produce useful effects. (See Cur-
rents, Eddy, Foucault, Parasitical.)

Amplitude of Vibration or Wavce.—The ratio that
exists in any sound-wave between the degree of condensation
and rarefaction of the air or other medium in which the wave
18 propagated.
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The amplitude of a wave is dependent on the amount of
energy charged on the medium in which the vibration or wave
15 produced.

A vibration or wave is a to-and-fro motion produced in an
elastic material or medium by the action thereon of energy.
Sound, light and heat are effects produced by the action of
vibrations or waves, which, in the case of sound, are set up
in the air, and, in that of light and heat, in a highly tenuous
medium called the luminiferous ether.

As the amplitude of a sound wave increases, the loudness
or intensity of the sound increases. As the amplitude of the
ether-wave increases, the brilliancy of the light or the inten-
sily of the heat increases.

Let A C, Fig. 14, represent an elastic cord or string tightly
stretched between A and C. If the string be plucked by the
finger, it will move to and fro, as shown by the dotted lines.
Each to-and-fro motion is called a vibration. The vertical

T )
A =
B P
. \‘\-M-_J--__.._:.--»"'— C
E
Fig. 1h.

distance B D, or B E, represents the amplitude of the
vibration, and the sound produced is louder, the greater the
amount of energy with which the string has been plucked, '
or, in other words, the greater the value of BD, or B E.

Vibrations assume various forms in solid or fluid media, but
in all cases the amplitude will be proportional $o the amount
of energy that causes the vibration.

Anaijogous Pole.—(Sec Pole, Analogous.)

Analysis,—The determination of the composition of a
compound substance by separating it into the simple sub-
stances of which it is composed.

Chemical analysis is qualitative when it simply ascertains



WORDS, TERMS AND PHRASES. 20

the kinds of elementary substances present. It is quanti-
tative when it ascertains the relative proportions in which the
different components enter into the compound.

Analysis, Electric —Ascertaining the composi-
tion of a substance by electrical means.

Various processes have been proposed for electric analysis ;
they consist essentially in decomposing the substance by
means of electric currents, and are either qualitative or
quantitative. (See Electrolysis, or Electrolytic Decomposi-
tion.)

Anelectrotonus.—In electro therapeutics, the decreased
functional activity that occurs in a nerve in the neighbor-
hood of the anode, or positive electrode. (See Electro-
tonus.)

Angle.—The deviation in direction between two lines.

Angles are measured by arcs of cir- E B
cles. The angle at B A C, Fig. 15, is the
deviation of the straight line A B from
A C. In reading the lettering of an
angle the letter placed in the middle
indicates the angle referred to. Thus
B A C, means the angle between A B b A ¢
and A C; B A D, the angle between Rg. 15.
B Aand AD. Angles are valued in degrees, there being 360
degrees in an entire circumference or circle. Degrees are
indicated thus : 90°, or ninety degrees.

The complement of an angle is what the angle needs to
make its value 90°, or a right angle. Thus B A E, is the
complement of the angle EA D, since BAE 4 E A D = 90°.

The supplement of an angle is what the angle needs to make
its value 180°, or two right angles. Thus E A Cis the supple-
ment of E A D, because EA D4 E A C = 180° or two right
angles.

Angle of Declination or Variation.—The angle
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which measures the deviation of the magnetic needle from
the east or west of the true geographical north.

Thus, in Fig. 16,if N S represents the
true north and south line, the angle of
declination is N O A, and the sign of the
variation 1s east, because the deviation of

w -1€ the needle is toward the east. For further
details see Declination or Variation of
Magnetic N eedle.

Angle of Dip or Inclination.—

Fig. 6. The angle which a magnetic needle, free

to move in a vertical and horizontal

plane, makes with a horizontal line passing through its point
of support. :

A magnetic needle supported at its centre of gravity, and
capable of moving freely in a vertical as well as in a horizontal
plane, does not retain a horizontal position at all parts of the
earth’s surface.

The angle which marks its deviation from the horizontal
position is called the angle of dip or inclination. For further
details see Dip, Magnetic.

Angle of Lag.—The angle through which the axis of
magnetism of the armature of a dynamo-electric machine is
shifted by reason of the resistance its core offers to sudden
reversals of magnetization.

A bi-polar armature of a dynamo-electric machine, has its
magnetism reversed twice in every rotation. The iron of the
core resists this magnetic reversal. The result of this resist-
ance is to shift the axis of magnetization in the direction of
rotation. The angle through which the axis has thereby been
shifted is called the angle of lag.  This term, angle of lag, is
sometimes incorrectly applied so as to include a similar result
produced by the magnetization due to the armature current
itself. It is this latter action which, in armatures with soft
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iron cores, is the main cause of the angle of lead. (See Angle
of Lead. Lead of Brushes.)

Angle of Lead.—The angular deviation from the normal
position which must be given to the collecting brushes on the
commutator cylinder of a dynamo-electric machine, in order
to avoid destructive burning. (Sec Burning at Commutator.)

The necessity for giving the collecting brushes alead, arises
both from the magnetic lag, and the distortion of the field
of the machine by the magnetization of the armature current.
The angle of lead is, therefore, equal to the sum of the angle
of lag and the angular distortion due lo the magnetization
produced by the armature current.

Angular Velocity.—The velocity of a body moving in a
circular path, measured, not, as usual, by the length of its
path divided by the time, but by the angle that path subtends
times the length of the radius, divided by the time.

If r is the radius, @ the angle, and ¢ the time, then

ra
Angular Velocity = ?

Unit Angle is that angle subtended by a partof the circum-
ference equal to the length of the radius, or 57° 17’ 44"'.8 nearly
(Daniell).

Unit Angular Velocity is the velocity under which a particle
moving in a circular path whose radius equals unity would
traverse unit angle in unit time.

Anlmal Electricity.—Electricity produced during life in
the bodies of certain animals, such as the Torpedo, the Gym-
notus, and the Silurus.

Some of these animals, when of full size, are able to give
very severe shocks, and use this curious power as a means of
defence against their enemies.

All animals probably produce electricity. If the spinal cord
of a recently killed frog be brought into contact with the
muscles of the thigh, a contraction will ensue (Matteucci).
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The nerve and muscle of a frog, connected by a water con-
tact with a sufficiently delicate galvanometer, show the
‘presence of a current that may last several hours. Du Bois-
Reymond showed that the ends of a section of muscular
fibres are negative, and their sides positive, and has obtained
a current by suitably connecting them.

All muscular contractions apparently produce electric cur-
rents.

Anion.—The electro-negative radical of a molecule.

Literally, the term ton signifies a group of wandering atoms.
An anion is that group of atoms of an electrically decomposed
or electrolysed molecule which appears at the anode. (See
Electrolysis. Anode )

As the anode is connected with the electro-positive termi-
nal of a battery or source, the anion is the electro-negative
radical or group of atoms, and therefore appears at the electro-
positive terminal. A kathion, or electro-positive radical, ap-
pears at the kathode, which is connected with the electro-
negative terminal of the battery. Oxygen and chlorine are
anions. Hydrogen and the metals are kathions.

Anisotropic Conductor.—A conductor which, though
homogeneous in structure like crystalline bodies, has different
physical properties in different directions, just as crystals
have different properties in the direction of the different
crystalline axes.

Anisotropic conductors possess different powers of electric
conduction in different directions. They differ in this respect
from isotropic conductors. (See Isotropic Conductor.)

Anisotropic Medinm.—A medium, homogeneous in
structure like crystalline bodies, possessing different powers
of specific inductive capacity in different directions.

The term is used to distinguish it from an isotropic medium.
(See Isotropic Medium.)

Anode.—The conductor or plate of a decomposition cell
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connected with the positive terminal of a battery, or other
electric source.

That terminal of an electric source out of which the current
flows into the liquid of a decomposition cell or voltameter is
called the anode. That terminal of an electric source into
which the cmrrent flows from a decomposition cell or volta-
meter is called the kathode,

The anode is connected with the carbon or positive ter-
minal of a voltaic battery, and the kathode with the zinc, or
negative terminal. Therefore the word anode has been used
to signify the positive terminal of an electric source, and
kathode, the negative terminal, and in this sense is employed
generally in electro therapeutics. It is preferable, however,
to restrict the words anode and kathode to those terminals of
a source at which electrolysis is taking place.

The terms anode and kathode in reality refer to the electro-
receptive devices through which the current flows. Since it
is assumed that the current flows out of a source from its
positive pole or terminal, and back to the source at its nega-
tive pole or terminal, that pole of any device connected with
the positive pole of a source is the part by or at which the
current enters, and that connected with the negative pole, the
part at which it leaves. Hence, probably, the change in the
use of the words already referred to.

Since the anion, or the electro-negative radical, appears at
the anode, it is the anode of an electro-plating bath, or the
plate connected “vith the positive terminal of the source that
is dissolved.

‘When the term anode was first proposed by Faraday, vol-
taic batteries were the only available electric source, and
the term referred only to the positive terminal of a voltaic
battery when placed in an electrolyte.

Anodic Opening Contraction.—The muscular con-
traction observed on the opening of a voltaic circuit, the
anode of which is placed over a nerve, and the kathode atsome
other part of the body.
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This term is generally written A. O. C. When the anode
is placed over a nerve and a weak current is employed, if the
circuit be kept closed for a few minutes, it will be noticed
that, on opening, the contraction will be much greater than
il it had been opened after being closed for only a few seconds.
The effect of the A. O. C. therefore depends not only on the
current strength but also on the time during which the cur-
rent has passed through the nerve,

Annunciator, Electro-Magnetic —An electric
device for automatically indicating the places at which one or
more electric contacts have been closed.

Annunciators are employed for a variety of purposes. In
hotels they are used for indicating the number of a room the
occupant of which desires some service which he signities by
pushing a button, thus closing an electric circuit. This is in-
dicated or announced on the annunciator by the falling of a

drop on which is printed a
number corresponding with the
room, and the ringing of a bell
to notify the attendant. The
number is released by the action
of the armature of an electro-
magnet. The drops are replaced
in their former position by some
mechanical device operated by
the hand. In the place of a drop
a needle is sometimes used,
which points to the number sig-
nalhing, by the attraction of the
armature of an electro-magnet.
Annunciators for houses, bur-
glar-alarms, fire-alarms, eleva-
Fig. 17. tors, etc., are of the same general
construction.
Fig. 17, shows an annunciator suitable for use in hotels.
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The numbers 28 and 85 are represented as having been
dropped by the closing of the circuit connected with them.

Anomnlous Magnet.—A magnet possessing more than
two free poles.

There is no such thing as a unipolar magnet. All magnets
have two poles. Sometimes, however, several magnets are
50 grouped that there appear to be more than two poles in the
same magnet.

Fig. 18,

Thus, in Fig. 18, the magnet A B C appears to possess
three poles, two positive poles at A and C, and a®central .
negative pole at B.

Itis clear, however, that the central pole is in reality formed
of two juxtaposcd negative poles, and that A B C actually
consists of two magnets with two poles to each.

Fig. 19.

The magnet A B C D, Fig. 19, which in like manner ap-
pears to possess four separate poles, in reality is formed of
three magnets with twe poles to each.

Since unlike magnetic poles neutralize each other, it is clear
that only similar poles can thus be placed together in order to
produce additiomu]l magnet poles.
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S S The six-pointed star shown
in Fig. 20, is an anomalous
magnet with apparently seven
poles. The formation of the
central N-pole, asis evident

gfrom an inspection of the
drawing, is due to the six
separate north poles, n, n, n,
2, n, n, of the six separate
magnets Sn, Sn, etc. Such
a magnet would be formed

S Fyg0 S by touching the star at the
point N with the S-pole of a sufficiently powerful magnet.

These extra poles are sometfimes called consequent poles.
Their presence may be shown by means of a compass needle,
or by rolling the magnet in iron filings, which collect on the
poles.

Anti-Induction Conductor.—A conductor so con-
structed us to avoid injurious inductive effects from neighbor-
ing telegraphic or electric light and power circuits.

Such anti-induction conductors generally consist of a con-
ductor and ametallic shield surrounding the conductor, which
is supposed to prevent induction taking place in the wire itself.

The anti-induction conductor sometimes consists of a con-
ductor enclosed by some form of metallic shield, which is
supposed to prevent the action of electrostatic induction.

Antilogous Pole.—(Sec Pole, Antilogous.)

Anvil.—The front contact of a telegraphic key that limits
its motion in one direction. (See Telegraphic Key.)

A. 0. C.—A contraction used in medical electricity for
Anodic Opening Contraction. (See Anodic Opening Con-
traction.)

Apparatus, Interlocking —(See Interlocking
Apparatus. Block System for Railroads.)
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Arago’s Disc.—(See Disc, Arago's.)

Are Lamp, Elcetric —(See Lamp, Are, Electric.)

Arec, Metallic —A voltaic arc formed between me-
tallic electrodes.

‘When the voltaic arc is formed between metallic electrodes
instead of carbon electrodes, a flaming arcis obtained, the color
of which is characteristic of the burning metal ; thus copper
forms a brilliant green arc. The metallic arc, as a rule, is
much longer than an arc with the same current taken between
carbon electrodes.

Arc Micromcter.—(See Micrometer, Are.)

Arc, Voltaic —The brilliant arc or bow of light
that appears betweer the carbon electrodes or terminals of a
sufficiently powerful source of electricity.

The source of light in the electric arc lamp.

It is called the voltaic arc because it was first obtained by
the use of the battery invented by Volta. The term arc was
given to it from the shape of the luminous bow or arc formed
between the carbons.

To form the voltaic arc the carbon electrodesare first placed
in contact and then gradually separated. A brilliant arc of
flame is formed between them, which consists mainly of vola-
tilized carbon. The electrodes are therefore consumed, first,
by actual combination with the oxygen of the air, and, second,
by volatilization under the combined influence of the electric
current and the intense heat.

As aresult of the formation of the arc, a tiny crater is formed
in the end of the positive carbon, and appears to mark the
point out of which the greater part of the current flows.

The crater is due to the greater volatilization of the elect-
rode at this point than elsewhere. It marks the position of
greatest temperature of the electrodes, and is the main source
of the light of the arc. When, therefore, the voltaic arc is
employed for the purposes of illumination with vertically op-
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posed carbons, the positive carbon should be made the upper
carbon, so that the focus of greatest intensity of thelight may
be favorably situated for illumination of the space below the
lamp.

The crater in the end of the positive
carbon is secn in Fig. 21. On the
opposed end of the negative carbon
a projection or nipple is formed by
the deposit of the electrically volatil-
ized carbon. The rounded masses or
globules that appear on the surface
of the electrodes are due to deposits
of molten foreign matters in the car-
bon.

The carbon, both of the crater and
its opposed nipple, is converted into
pure, soft graphite.

. 21. Are, Voltaic — Resistance
of.—The resistance offered by the voltaic arc to the passage
of the current.

Like all conductors, the ohmic resistance of the arc increases
with its length, and decreases with its area of cross-section.
An increase of temperature decreases the resistance of the
voltaic arc.

The total apparent resistance of the voltaic arc is composed
of Lwo parts, viz. :

(1.) The true ohmic resistance. (See Ohmic or T'rue Resist-
ance.)

(2.) The counter electro-motive force, or spurious resistance.
(See Spurious Resistance.)

Areometer or Hydrometer.—An instrument for de-
terming the specific gravity of a liquid.

A common form of hydrometer consists, as shown in Fig.
22, of a closed glass tube, provided with a bulb, and filled at
the lower end with mercury orshot. When placed in different
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F,ﬂ liquids, it floats with part of the tube out of the liquid.
J The lighter the liquid the smaller is the portion that
s0 remains out of the hquid when the instrument floats.
] The specific gravity 1s determined by observing the
11, depthto which it sinks when placed in different Liquids,
as compared with the depth it sinks when placed 1n
1y Water.

Argand Lighter, Electric —An electric
device for lighting the gas by pulling a pendant B,
Fig. 28, after it is turned on by hand.

The gas 1s ignited by means of an electric spark
obtained from the extra current of a spark coil. (See
C'urrent, Extra).

Argand Valve Burncr,
Electric —A burner 1n
which the pulling of the ball B,
Fig. 24, turns on and lights the
Fig. 22, gas, while the motion of the slide
extinguishes it.
In some forms of
argand burner, a|
second pulling of the
. ball B, turns off the
' gas.
'S Armaturc.— A
mass of iron or other
magnetizable materi-
al placed on or near
. the pole or poles of a Fig. 2.
Fig. 23. magnet.
In the case of a permanent magnet the armature, when
used as a keeper, is of soft iron and is placed directly on the
magnet poles. In this case 1t preserves or keeps the
magnetism by closing the lines of magnetic force of the

]
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magnet through the soft iron of the armature, and is then
called a keeper. In the case of an electro-magnet, the arma-
ture is placed near the poles, and is moved toward them
whenever the magnet is energized by the passage of the cur-
rent. This movement is made against the action of a spring
or weights, so that on the loss of magnetism by the magnet,
the armature moves in the opposite dlrection. (See Magnet,
Permanent. Keeper of Magnet.)

When the armature is of soft iron it moves towards the
magnet on the completion of the circuit through the coils, no
matter in what direction the current flows, and is then called
a non-polarized armature. 'When made of steel, or of another
electro-magnet, it moves towards or from the poles, according
to whether its poles are of the same or of different polarity.
Such an armature is called a polarized armature. (See Arm-
ature, Polarized.)

Armature, Dynamo—— —The part of a dynamo-
electric machine in which the useful currents are gene-
rated.

The armature usually consists of a series of coils of insu-
lated wire or conductors, that are wrapped around or grouped
on a central core of iron. The movement of these wires or
conductors through the magnetic fleld of the machine pro-
duces an electric current by means of the electro-motive forces
so generated. Sometimes the fleld 1s rotated; sometimes
both armature and field rotate.

The armatures of dynamo-electric machines are of a great
variety of forms. They may for convenience be arranged under
the following heads, viz.:

Cylindrical or drum armatures, disc armatures, pole or
radial armatures, ring armatures, and spherical armatures.
For further particulars see above terms. Armatures are
also divided into classes according to the character of the
magnetic fleld through which they move—into uni-polar, b-
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polar, and multi-polar armatures. (See Dynamo-Electric Ma-
chines.)

The term armature as applied to a dynamo-electric machine
was derived from the fact that the iron core acts to magnet-
ically connect the two poles of the field magnets as an ordi-
nary armature does the poles of a magnet.

Armatures of Holtz Machine.—A badly chosen term
for the pieces of paper on the stationary plate of the Holtz and
other similar machines.

Armature, Polarized —An armature that pos-
sesses a polarity independent of that imparted by the mag-
net pole near which it is placed.

In permanent magnets the armatures are made of soft iron,
and therefore, by induction, become of a polarity opposite to
that of the magnet poles that lie nearest them. They have,
therefore, only a motion of attraction towards such poles.
(See Induction, Magnetic.)

In electro-magnets the armatures may either be made of
soft iron, in which case they are attracted only on the passage
of the current; or they may be formed of permanent steel
magnets, or may be electro-magnets themselves, in which
case the passage of the current through the coils of the elec-
tro-magnet or electro-magnets may cause either attraction
or repulsion according as the adjacent poles are of opposite
polarity or are of the same polarity.

Armature Coils, Dynamo —The coils of wire
or conductors on the armature of a dynamo-electric machine,
(S8ee Dynamo-Electric Machine, Armature Coils.)

Armature Core, Dynamo —The core of iron
around or on which the armature coils are wound or disposed.
(See Dynamo-Electric Machine, Armature Cores.)

Armor of Cable.—The protecting sheathing or metallic
covering on the outside of a submarine or other electric cable.
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Arms of Bridgce or of Elec-
tric Balance.—The electric re-
sistances in an apparatus for the

p measurement of resistance, known
as Wheatstone's Balance or Bridge.

An unknown resistance, such for
example, as that at D, Fig. 25, is
measured by so proportioning the
known resistances A, C, and B,
that no current flows through the
galvanometer G, across the circuit

or bridge M G N. (See Balance, W heatstone’'s Electric.)

Arms or Brackets, Telegraphic —Arms or
brackets placed on telegraph poles for the support of the in-
sulators. (See Brackets or Arms, Telegraphic.)

Arrester, Lightning —A device for protecting
instruments on any line from disturbance by lightning. (See
Lightning Arrester.)

Artificial Carbons.—(See Carbons, Artificial.)

Artificial Hllumination.—(See Illuniination, Artificial.)

Artificial Magnets.—Any magnet not formed naturally.

All magnets other than magnetic iron ore, or lodestone, or
meteoric iron. (See Magnets, Artificial.)

Articulate Speech.—The successive tones of the human
voice that are necessary to produce intelligible words.

The phrase articulate speech refers to the joining or arti-
culation of the successive sounds involved in speech. The
receiving diaphragm of a telephone is caused to reproduce
the articulate speech uttered near the transmitting diaphragm.

Asphyxia.—Suspended respiration, resulting eventually in
death, from the non-aeration of the blood.

In cases of insensibility by an electric shock a species of
asphyxia is sometimes brought about. This is due, probably,
to the failure of the nerves and muscles that carry on respira-
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tion. The exact manner in which death by electrical shock
results is not known. (See Death, Electrical.)

Astatic Circuits,—(See Circuits, Astatic.)

Astatic Ncedle.—A magnetic needle consisting of two
magnets rigidly connected together and placed parallel and
directly over cach other, with opposite poles opposed.

An astatic needle is shown
in Fig. 26. The iwo mag-
nets N S, and 8' N’, are di-
rectly opposed in their po-
larities, and are rigidly con-
nected together by means of
the axis @ a. So disposed,
the two magnets act as a
very weak single needle
when placed in a magnetic
fleld. Fig. 2.

Were the two magnets N S, and S' N, of exactly equal
strength, with their poles placed in exactly the same ver-
tical plane, they would completely neutralize each other, and
the needle would have no directive tendency. Such a system
would form an Astatic Pair or Couple.

In practice it isimpossible to do this, so that the needle has
a directive tendency, which is often east and west.

The cause of the east and west directive tendency of an

unequally balanced astatic system will X
be understood from an inspection of Fig. ~

27, a. Unless the two necdles, n 8, and |

8'n’, are exactly opposed, they will form o | == I -
a single short magnet, NN NN, SSSS, L

the poles of which are on the sides of

the needle. The system pointing with Fig. 97, a.

its sides due N. and S. will appear to have an east and west
direction.

An astatic needle possesses the valuable property of requir-
ing a smaller force to deflect it than a single needle with
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more powerful poles. Its magnetism is not as easily lost or
reversed as that of a weaker magnet.

The principal use of the astatic needle is in the astatic gal-
vanometer, in which the needle is deflected by the passage of
an electric current through a conductor placed near the
needle. Therefore it is evident that one of the needles must
be outside and the other iuside the coil. In the most sensi-
tive form of galvanometer there is also a coil surrounding
the upper needle, the two coils being oppositely connected, so
that the deflection on both needles is in the same direction,
and the deflecting power is equal to the sum of the two coils,
while the directive power of the needles is the difference
of their magnetic intensities.

In the astatic system, shown in Fig. 27, the current, en-
tering at 4+ and flowing out at —,
flows above one needle, SN, and below
the other, 8' N, and therefore de-
flects both in the same direction,
since their poles point in opposite di-
rections.

In some galvanometers a varying
degree of sensitiveness is obtained by
< means of a magnet, called a com-
- == pensating magnet placed on an axis

Fig. 27. above the magnetic needle. As the
compensating magnet is moved towards or away from the
needle the effect of the earth’s field is varied, and with it the
sensitiveness of the galvanometer. Such a magnet may form
with the needle an astaticsystem. (See Compensating Magnet.)

(See Galvanometer, Astatic. Galvanometer, Mirror. Mul-
tiplier, Schweigger’s).

Astatic Galvanometer.—(See Galvanometer, Astatic.)

Astatic System.—A term applied to an astatic combina-
tion of magnets.

Asymptote.—A curvedline that continually approaches a
straight line but never meets it.
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In Fig. 28, the asymptote C D continually 2
approaches the line y z, but never meets it. °

This mathematical conception is hike a
value which, although coastantly reduced D
to one-half of its former value, is never- 7
theless never reduced to zero or no value. Fig. 3.

Atmosphere, The
rounds the earth.

The atmosphere is composed, by weight, of oxygen 23 parts,
nitrogen 77 parts, carbonic acid gas from 4 to 6 parts in 10,000
(or about a cubic inch of carbonic acid to a cubic foot of air),
together with varying proportions of the vapor of water.

Besides these constant ingredients there are in most locali-
ties a number of other substances present as impurities.

A'mosphere, An —A pressure of a gas or flud
equal to about 15 pounds to the square inch.

At the level of the sea the atmosphere exerts a pressure of
about 15 pounds avoirdupois on every square inch of the earth’s
surface. This has therefore been taken as a unit of fluid
pressure.

For more accurate measurements pounds to the square inch
are employed.

Atmospheric pressures are measured by 1nstruments called
Manometers. (See Manometer.)

Atmosphere, Rcsidual —The trace of air or
other gas remaining in a space which has been exhausted of
its gaseous contents by a pump or other means.

It is next to impossible to remove all traces of air from a
vessel by any known form of pump or other appliance. (See
Vacuum, Absolute.)

Atmeospheric Electricity.—The free electricity almost
always present in the atmosphere.

The free electricity of the atmosphere is generally positive,
but often changes to negative on the approach of fogs and

3

—The ocean of air that sur-
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clouds. It exists in greater quantity in the higher regions of
the air than near the earth’s surface. It is stronger when the
arr is still than when the wind is blowing. It is subject to
yearly and daily changes in 1its intensity, being stronger in
winter than in summer, and at the middle of the day than
either at the beginning or the close.

Atmospheric Electricity, Origin of —The ex-
act cause of the free electricity of the atmosphere is un-
known.

Peltier ascribes the cause of the free electricity of the at-
mosphere to a negatively excited earth, which charges the
atmosphere by induction. (See Induction, Electrostatic.)
It has been ascribed to the evaporation of water; to the con-
densation of vapor; to the friction of the wind ; to the motion
of terrestrial objects through the earth’s magnetic field ; to in-
duction from the sun and other heavenly bodies; to differ-
ences of temperature ; to combustion, and to gradual oxida-.
tion of plant and animal life. It is possible that all these
causes may have some effect in producing the free electricity
of the atmosphere.

Whatever the cause of the free clectricity of the atmosphere,
there can be but little doubt that it is to the condensation of
aqueous vapor that the high difference of potential of the
lightning flash is due. (See Difference of Potential.) As the
clouds move through the air they collect the free electricity on
the surfaces of the minute drops of water of which clouds are
composed, and when many thousands of these subsequently
collect 1n larger drops the difference of potential 1s enor-
mously mcreased 1n consequence of the equally enormous de-
crease in the surface of the single drop over the sum of the
surfaces of the coalescing drops.

Atom.—The smallest quantity of elementary or simple
matter that can exist.

The ultimate particle of matter.

Atom means that which cannot be cut. It is generally
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agreed, that material atoms are absolutely unalterable in size,
shape, weight and density; that they can neither be cut,
scratched, flattened, nor distorted; and that they are unaffected
in size, density, or shape, by heat or cold, or by any known
physical force.

Although almost inconceivably small, atoms nevertheless
possess a definite size and mass. According to Sir Wm.
Thomson, the smallest visible organic particle, 1-4000 of a
millimetre in diameter, will contain about 30,000,000 atoms.

Atom, Gramme —Such a number of grammes of
any elementary substance as is numerically equal to the
atomic weight of the substance.

The gramme-atom of a substance represents the number
of calories, required to raise the temperature of one gramme
of that substance through 1° C. (See Heat, Atomic. Colo-
rie.)

Atomic Attraetion.—The attraction that causes the
atoms to combine. (See Affinity. Chemical)

Atomic Encrgy.—(See Energy, Atomir.)
Atomic Hceat.—(See Heat, Atomic.)

Atomicelty.—The combining capacity of the atoms.

The relative equivalence of the atoms or their atomic ca-
pacity.

The elementary atoms do not always combine atom for
atom. Some single atoms of certain elements will combine
with two, three, four, or even more atoms of another ele-
ment.

The value of the atomic capacity of an atom 1s called its
quantivalence or valency.

Elements whose atomic capacity is—

One, are called Monads, or Univalent,
Two, ¢ ‘“  Dyads, ¢ Bivalent.
Three, ¢ ¢ Trads, « Trivalent.
Four, ¢ ¢ Tetrads, ¢ Quadrivalent,
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Five, are called Pentads, or Quinquivalent.
Six, “ ‘¢ Hexads, ¢ Sexivalent.
Seven, ¢  Heptads, ¢ Septivalent.

Atomic Weilght.—The relative weights of the atoms of
elementary substances.

Since the atoms are assumed to be indivisible, they must
unite or combine as wholes and not as parts. Although we
cannot determine exactly the actual weights of the different
elementary atoms. yet we can determine their relative
weights by ascertaining the smallest proportions in which
any two atoms that combine atom for atom will umte with
each other. Such nunibers will represent the relative weights
of the atoms.

Atomization.—The act of obtaining liquids in a spray of
finely divided particles.

Atomizer.—An apparatus for 1eadily obtaining a finely
divided jet or spray ot liquid.

A jetof steam, ora blast of arr, is driven across the open end
of a tube that dips below the surface of the niquid to be atom-
ized. The partial vacuum so formed draws up the iiquid,
which is then blown by the current into a tine spray.

Attracted Disc Elcctrometer.—(See FElectrometer,
Attracted Disc.)

Attraction.—Literally the act of drawing together.

Ia science, a name for a scries of unknown causes that
effect, o are assumed to cffect, the drawing together of
atoms, molecules or masses.

The phenomena of attraction and repulsion underiie nearly
all natural phenomena. While their effects are well known,
it is doubtful 1if anytinng 1s definitely known of their true
causes.

Attraction, Atomic,. —(See Affinity, Chemical.)
Attraction, Electro-Dynamic —The mutual
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attraction of electric currents, or of conductors through which
electric currents are passing. (See Electro-Dynamics.)
Attraction, Electro-Magnctic —The mutual
attraction of the unlike poles of electro-magnets. (See Elec-
tro-Magnet.)
Attraction, Electrostatic—— —The mutual attrac-

tion exerted between unlike electric charges, or bodies pos-
sessing unlike electric charges.

Fig. 29a.

For example, the pith ball supported on an insulated string
is attracted, as shown at A, Fig. 29, by a bit of sulphur which
has been briskly rubbed by a piece of silk. Assoon, however,
as it touches the sulphur and receives a charge, it is repelled,
as shown at B, Fig. 29a.

These attractions and repulsions are due to the effects of
electrostatic induction. (See Induction, Electrostatic.)

Attraction, Magnetic —The mutual attraction
exerted between unlike magnet poles.

Magnetic attractions and repulsions are best shown by
means of the magnetic needle N S, shown in Fig. 30. The
N. pole of an approached magnet attracts the S. pole of
the needle but repels the N. pole,
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The laws of magnetic attraction and repulsion may be
stated as follows, viz.:

(1) Magnet poles
of the same polarity
repel each other.

(2) Magnet poles
_ cf unlike names at-
tract each other.

A small bar mag-
net, N S, Fig. 31,
laid on the top of 2
light vessel floating on the surface of a
liquid, may be readily employed to illus-
trate the laws of magnetic attraction and
repulsion.

Attraction, Mass or Molar
Gravitation,—The mutual attraction exerted between
masses of matter. (See Gravitation.)

Attraction, Molecular———
#~. — The mutual attraction exerted between
__ === molecules.

The attraction of like molecules, or
those of the same kind of matter, is
called Cohesion ; that of unlike molecules, Adhesion.

The strength of iron or steel is due to the cohesion of its
molecules. Paint adheres to wood, or ink to paper, by the
attraction between unlike molecules.

Audiphone.—A thin plate of hard rubber placed in the
human mouth in contact with the teeth, and maintained at a
certain tension by strings attached to one of its edges, for the
purpose of aiding the hearing.

The plate is so held that the sound-waves from a speaker's
voice impinge directly against 1ts flat surface. It operates by
means of some of the waves being transmitted to the ear
directly through the bones of the head,




‘WORDS, TERMS AND PHRASES. 51

Aurora Borealls.—Literally, the Northern Light. Lu-
minous sheets, columns, arches, or pillars of a pale flashing
light, generally of a red color, seen 1n the northern heavens.

The auroral light assumes a great variety of appearances, to
which the terms auroral arch, bands, corone, curtatns and
streamers are applied.

The exact cause of the aurora is not as yet known., It
would appear, however, beyond any reasonable doubt, that
the auroral flashes are due to the passage of electrical cur-
rents or discharges through the upper, and therefore rarer,
regions of the atmosphere. The intermittent flashes of
light are probably due to the discharges being influenced by
the earth’s magnetism.

. Auroras are frequently accompanied by magnetic storms.
(See Magnetic Storms.)

The occurrence of auroras is often simultaneous with
that of an unusual number of sun spots. Auroras are there-
fore probably connected with outbursts of the solar en-
ergy. (See Sun Spots.)

The auroral light examined by the spectroscope gives a
spectrum characteristic of luminous gaseous matter, 4. e.,
contains a few bright lines ; but, according to 8. P. Thomp-
son, this spectrum 1s produced by matter that 1s not refer-
able with certainty to that of any known substance on the
earth.

Whatever may be the exact cause of auroras, their ap-
pearance 1s almost exactly reproduced by the passage of elec-
tric discharges through vacuous spaces. (See Geissler Tubes.)

Aurora Australis.—The Southern Light. A name given
to an appearance 1n the southern heavens similar to that of
the Aurora Borealis,

Austral Pole.—A name sometimes employed in France
for the north-seeking pole of a magnet.

That poie of a magnet which points {o the earth’s geo-
graphical north,
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It will be observed that the French regard the magnetism
of the earth’s Northern Hemisphere as north, and so name the
north-seeking pole of the needle, the austral or south pole.

e The south-sceking pole
of the magnet is some-
times called the boreal or
north pole. (See Boreal
Pole.)

Automatic Burner.
—(See Burner, Auto-
matic,-Electric.)

' AutomaticContact
Breaker, or Auto-
matic Make-and-
Break.—A device for
causing an eclectric cur-
rent to rapidly make and

break its own circuit.
The spring ¢, Fig. 82,
Fig. 32, carries an armature of
soft iron, B, and 1s placed in a circuit in such a manner that
the circuit 1s closed when platinum contacts placed on the
ends of D and B touch each other. In this case the arm-
ature B 1s attracted to the core A, of the clectro-magnet,
thus breaking the circuit and causing the magnet to lose its
magnetism.  The clastiaity of the spring C, causes it to fly
back and again close the contacts. thus again energizing the
clectro-magnet and agan attracting B, and breaking the
circuit.  The makes and breaks usually follow each other so
rapidly as to produce a musical note. (Sce Alarm, Electric.)
Automatic Cut-Out, Electric —A device by
meansof which an electric ciecuit 1s either opened or short
circuited, whenever the current passing might injure the

electro receptive devices. (See Short Circuit.)

~[HIRN -
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The safety devices for arc lights, or series circuits, differ in
their construction and operation from those for incandescent
lights, or multiple circuits. (See Circuits, Varieties of.
Safety Device for Are Light Circuits. Safety Catch. Cut-
out, Automatic. Safety-Fuse. Safety-Strip. Fusible Plug.)

Automatic Regulation.—Such a vegulation of a dy-
namo-electric machine as will preserve constant either the
current or the electro-motive force generated by it.

The automatic regulation of dynamo-electric machines may
be accomplished in the following ways, viz.:

(1) By a Compound Winding of the machine.

This method is particularly applicable to constant-potential
machines. By this winding the magnetic strength of the shunt-
coils is constant, while that of the series-coils varies proportion-
ally to the load on the machine. The series-coils are prefer-
ably wound close to the poles of the machine, and the shunt-
coils nearer the yoke of the magnets. Custom, however, varies
in this respect, and very generally the shunt-coils are placed
nearer the poles than theseries-coils. (See Compound-Wind-
ing, Dynamo-Electric Machines.)

(2) By Shifting the Position of the Collecting Brushes.

In the Thomson-Houston system the current is kept prac-
tically constant by the following devices: The collecting
brushes are fixed to levers moved by the regulator magnet R,
as shown in Fig. 33, the armature of which is provided with
an opening for the entrance of the paraboloidal pole piece A.
A dash-pot is provided to prevent too sudden movement.

‘When the current is normal, the coil of the regulator mag-
net is short-circuited by contact points at S T which act as
a shunt of very low resistance. These contact-points are
operated by the solenoid coils of the Controller traversed by
the main current. The cores of this solenoid are suspended
by a spring. When the current becomes too strong the con-
tact-point is opened, and the current, traversing the coil of
the regulator magnet A attracts its armature, which shifts
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the collecting brushes into a position at which a smaller cur-
rent is taken off. A carbon shunt, , of high resistance, is
provided to lessen the spark at the contact-points S T, which
occurs on opening the circuit.

In operation the contact-points are continually opening
and closing, thus maintaining a practically constant current
in the external circuit.

(8) By the Automatic Variation of a Resistance shunting
the fleld magnets of the machine, as in the Brush System.

In Fig. 84, the variable resistance C forms a partof the
shunt circuit around the field magnets F M. This resistance is
formed of a pile of carbon plates. On an increase of the cur-
rent, such, for example, as would result from turning out
some of the lamps, the electro-magnet B, placed in the main
circuit, attracts its armature A, and, compressing the pile of
carbon plates C, lowers their resistance, thus diverting a pro-
portionally larger portion of the current from the field magnet
coils F M, and maintaining the current practically constant.

In some machines the same thing 1s done by hand, but this
is objectionable, since it requires the presence of an attendant.
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4. By the Introduction of a Variable Resistance into the
shunt circuit of the machine, as in the Edison and other
systems.

This resistance may
be adjusted either
automatically by an
electro-magnet
whose coils are in an
independent shunt
across the mains, or
may be operated by
hand.

In Fig. 35, the vari-
able resistance is
shown at R, the lever switch being in this case operated by
hand whenever the potential rises or falls below the proper
value.
~The machine
shown is thus en-
abled to maintain & |
constant potentialon ¢

Fig. Sh.

the leads to which ¢ :__._‘
the lamps, LL L,
etc., are connectedin  {___| W*———‘

multiple-arc.
6. Dynamometric \ (S' ¢"’ : &'
Governing, 1n which
a series dynamo is -
made to yield a con- Fig. 35.
stant current by gov-
erning the steam engine that drives it, by means of a dynamo-
metric governor that maintains a constant torque or turning
moment, 1nstead of the usual contrifugal governor which
maintains a constant speed.
6. Electric Governing of the Driving Engine, in which the
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Azimath.,—In astronomy, the angular distance between
an azimuth circle and the meridian.

The azimuth of a heavenly body in the Northern Hemisphere
is measured on the arc of the horizon intercepted between the
north point of the horizon, and the point where the great circle
that passes through the heavenly body cuts the horizon.

Azimuth Circle.—The arc of a great circle passing
through the point of the heavens directly overhead, called
the Zenith, and the point directly beneath, called the Nadir.

Azimuth Compass.—A compass empleyed by navigators
for measuring the horizontal distance of the sun or a star from
the magnetic meridian. (8ee Compass, Azimuth.)

Azimuth, Magnctic —The arc intercepted on the
horizon between the magnetic meridian and a great circle
passing through the observed body.

B. A. Ohm.—The British Association Unit of Resistance,
adopted prior to 1884.

The value of the Unit of Electric Resistance, or the ohm,
was determined by a Committee of the British Association
as being equal to the resistance of a column of mercury
at 0° C., one square millimetre in area of cross-section and
104.9 centimetres in length. This length was taken as com-
ing nearest the value of the true ohm deduced experimentally
from certain theoretical considerations. Subsequent re-deter-
minations showed the value so obtained to be erroneous.
The value of the ohm is now taken internationally, as adopted
by the International Electric Congress in 1884, as the resistance
of a column of mercury 106 centimetres in length, and one
square millimetre in area of cross-section. This last value is
called the legal ohm, to distinguish it from the B. A, ohm
which, as above stated, is equal to a mercury column 104.9
centimetres in length. Usage now sanctions the use of the
word ohm to mean the legal ohm.

This value of the legal ohm is provisional until the exact
length of the mercury column can be finally determined.
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The following are the relative values of these units, viz.:

1LegalOhm _........... = 1.0112 B. A. Ohm.
¢ € ieeeaaa- = 1.0600 Siemens Unit.
1B.A.Ohm ............ = .9889 Legal Ohm.
1B.A.Ohm ._.......... = 1.0483 Siemens Unit.
1 Siemens Unit ........_. = .9540 B. A. Ohm.
“ ¢ eeeee-- = .9434 Legal Ohm.

Back Electro-Motive Force.—A term sometimes used
for Counter Electro-Motive Force. The term counter electro-
motive force is the preferable term. (See Counter Electro-
Motive Force.) :

Back or Return Stroke of Lightning.—An elec-
tric shock, caused by an induced charge, produced after the
discharge of a lightning flash.

The shock is not caused by the lightning flash itself, but by
a charge whichy is induced in neighboring conductors by the
discharge. A similar effect may be noticed by standing near
the conductor of a powerful electric machine, when shocks
are felt at every discharge.

The effects of the return shock are sometimes quite severe.
They are often experienced by sensitive people on the occur-
rence of a lightning discharge at a considerable distance.

In some instances the return stroke has been sufficiently
intense to cause death. In general, however, the effects are
much less severe than those of the direct lightning discharge.

Balance, Arms of —(See Arms of Bridge or Elec-
tric Balance.)

Balancce, Bi-fillar Suspension —An instrument
sinular in its construction to Coulomb’s torsion balance, but in
which the needle is hung by two fibres instead of a single one.

Any deflection of the needle shortens the vertical distance
between the points of support and the needle, and so tends to
lift the needle. The motions are therefore balanced against

the force of gravity instead of against the torsion of the
fibre.
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A bi-filar suspension is shown in Fig. 87. The two threads,
a b and a' b', are connected to the needle M N, so as to
permit it to hang in a true horizontal
position. Any twisting around the im- a
aginary axis ¢ ¢/, causes the lines of sus-
pension, a band a' b, to tend to cross
one another and so shorten the axis
cc. ]

Harris, who was the first to employ
the bi-filar suspension, showed that the
reactive force inTparted to the suspension- Fig.s.
threads by turning the needle was :

(1) Directly proportional to the distance between the
threads.

(2) Inversely as their lengths,

(3) Directly proportional tothe weight of the suspendedbody.

(4) As the angle of twist or torsion of the threads on each
other.

Balance, Cou-
lomb’s Torsion
—An apparatus to meas-
ure the force of electric
or magnetic repulsion be-
tween two similarly
charged bodies, or be-
tween two similar mag-
net poles, by opposing to
such force the torsion of
a thin wire.

The two forces balance
each other; hence the
origin of the term. L

Fig. 88 represents a ~ .

Coulomb torsion balance
adapted to the measure- g 5.
ment of the force of electrostatic repulsion. A delicate needle

[4
|
|
|

P —
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of shellac, having a small gilded pith ball at one of its ends,
is suspended by a fine metallic wire. A proof-plane B is
touched to the electrified surface whose charge is to be
measured, and is then placed as shown in the figure. (See
Proof-Plane.) There s a momentary attraction of the needle,
and then a repulsion, which causes the needle to be moved
a certain distance from the ball on the proof-plane. This
distance is measured in degrees on a graduated circle @ a
marked on the instrument. The force of the repulsion
is calculated by determining the amount of torsion required to
move the needle a certain distance towards the ball of the
electrified proof-plane.

This torsion is obtained by the movement of the torsion
head D, the amount of which motion is measured on a gradu-
ated circle at D. The measurement is based on the fact that the
torsional force of a wire is proportional to the angle of torsion.

Balance, Hughes’ Induction —An apparatus

for the detection of the presence of a metallic substance by
the aid of induced electric currents.

P P2

||ﬂ||»/v o

Two small primary coils of wire, P, and P,, Fig. 89, are
placed in the circuit of the battery B, and microphone M,
(See Microphone.) Two small secondary coils, S, and S,, are
placed near them in the circuit of a telephone, T, When the
induction between P, and 8, is exactly equal to that between
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P, and 8, no sound is heard in the telephone, since the cur-
rents induced in S, and S, exactly neutralize or balance each
other's effects.

If a single coin or mass of metal be introduced between
either 8, and P,, or 8,and P,, the balance will be disturbed
and a sound will be heard, since some of the induction is now
expended in producing electric currents in the interposed
metal, and a sound will therefore be heard in the telephone.
But if precisely similar metals are placed in similar positions,
between S, and P,, and 8, and P,, no sound is heard in the
telephone, since the inductive effects due to the two metals
are the same.

The slightest difference, however, either in composition,
size, or position, destroys the balance, and causes a sound to
be heard in the telephone.

A spurious coin 18 thus readily detected when compared
with a genulne coin.

A somewhat similar instrument has been employed to
detect and locate a bullet or other foreign metallic substance
in the human body.

Balance, Thermic
Balance.)

Balance, Wheatsione’s
Elccetric —A device for
measuring the value of electric re-
sistances. Q

A, B, Cand D, Fig. 40, are four
electric resistances, any one of
which can be measured in ohms,
provided the absolute value of one
of the others, and the relative values
of any two of the remaining three
are known in ohms.

A voltaic battery, Zn C, is connected at Q and P, so as
to branch at P and again unite at Q, after passing through
the conductor D C and B A,

—See Bolometer, or Thermic
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A sensitive galvanometer, G, is connected at M N, as
shown.

The passage of a current through any resistance is attended
by a fall of potential that is proportional to the resistance.
(See Potential, Electric.) If then the resistances A, C and B,
are so proportioned to the value of the unknown resistance
D, that no current passes through the galvanometer G, the
two points, Mand N, in the two circuits, Q MP and Q NP,
are at the same potential. That is to say, the fall of poten-
tial along Q M P and Q N P, at the points M and N, is
equal. Since the fall of potential is proportional to the resist-
ance it follows that

A:B::C:D,
orAXD=BXC,

B
01'D=(—) C.
A

" If then we know the values of A, B and C, the value of D
can be readily calculated.

B
By making the value z some simple ratio, the value of D is

easily obtained in terms of C.

The resistances A, B and C, may consist of coils of wire
whose resistance is known. To avoid their magnetism affect-
ing the needle during the passage of the current through them,
they should be made of wire bent into two parallel wires
and wrapped in coils called resistance coils, or a resistance-box
may be used. (See Coils, Resistance. Box, Resistance.)

There are two general forms of Wheatstone’s Balance, viz.:
the box form, and the shding form.

Balance, Wheaitstone’s Electric , Box or
Commercial Form of Wheatstone’s Bridge.—A
commercial form of bridge or balance in which all three known
arms or branches of the bridge consist of standardized resist-
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ance coils, whose values are given in ohms. (See Coils,
Resistance.)

The box form of
bridge is shown in
perspective in Fig.
41, and in plan in
Fig. 42. Thebridge
arms, correspond-
ing to the resist-
ances A and B, of
Fig. 40, consist of
resistance coils of
10, 100, and 1,000

ohms each, insert-
edin the armsqz,
and g x, of Fig. } .
42. (Sce Balance, (;’
Wheatstone’'s 0
Electric.) These
are called the pro-
portional coils.
The arm corre-
sponding to resist- Fig. 4.
ance C, of Fig. 40, is composed
of separate resistancesof1, 2,
2, 5, 10, 10, 20, 50, 100, 100, 200
500, 1,000, 1,000, 2,000, and
5,000 ohms. In some forms
of box bridges, additional
decimal resistances are added.
The resistance coils are
wound, as shown in Fig. 48,
after the wire has been bent
on itsélf in the middle, in
order to avoid the effects of
induction, among which are a disturbing action on a galvano-

Fig, 4s.
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meter used near them, and the introduction of a spurious
resistance in the coils themselves. (See Spurious Resistance.)

To avoid the effects of changes of resistance occasioned by
changes of temperature, the coils are made of German silver,
or preferably of alloys called Platinoid, or Platinum silver.
(See Platinoid. Platinum Silver.) Even when these alloys are
used, care should be taken not to allow the currents used to
pass through the resistance coils but for a few moments.

The coils, CC’, are connected with one another in series by
connecting their ends to the short, thick pieces of brass, E EE,
Fig. 43. Ontheinsertion of the plug keys, at S8, the coils are
cut out by short-circuiting. Care should be taken to see that
the plug keys are firmly inserted and free from grease or dirt,
otherwise the coil will not be completely cut out.

The following are the connec-
tions, viz.: The galvanometer is
inserted between ¢ and r, Fig.
44; the unknown resistance be-
tween z and r; the battery is
connected to « and z. A con-
venient proportion being taken

i for the value of the proportional
Z'n . coils, resistances are inserted in
Pig. [ C, until no deflection is shown by

the galvanometer G. The simi-
larity between these connections and those shown in Fig. 42.
will be scen from an inspection of Fig. 44. (See Balance,
W heatstone’s Electric.) The arms, A and B, correspond to
q x and q z, of Fig. 42; C, to the arm x r, Fig. 42; and D, to
the unknown resistance. We then have as before

B
A:B::C:D.,orAxD:BxC,.-.D:(z) C.

The advantage of the simplicity of the ratios, A and B, or
10, 100, and 1,000, of the Bridge Box, will therefore be mani-
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balance in which the proportionate arms of the bridge are
formed of a single thin wire, of uniform diameter, generally of
German silver, of comparatively high resistance.

A Spring Key slides over the wire ; one terminal of the key
is connected with the galvanometer and the other with the

T— NE o

Y 7

5 '.9

Fig. 6.

wire when the spring key is depressed. As the wire is of
uniform diameter, the resistances of the arms, A and B, Fig.
46, will then be directly proportional to the lengths. A scale
placed pnear the wire serves to measure these lengths. A
thick metal strip connected to the slide wire has four gaps at
P, Q, Rand 8. .

‘When in ordinary use, the gaps at P and S are either con-
nected by stout strips of conducting material or by known
resistances, in which case they act simply as ungraduated
extensions of the slide wire, and, like lengthening the slide
wire, increase the sensibility of the instrument.

The unknown resistance is then inserted in the gap at Q,
and a known resistance, generally the resistance box, in that
at R. The galvanometer has one of its terminals connected
to the metal strip between Q and R, and its other terminal to
the sliding key. The battery terminals are connected to the
metal strips between P and Q, and R and 8, respectively.

These connections are more clearly seen in the form of
bridge shown in Fig. 45. The slide wire w w, consists of three
separate wires each a metre in length, so arranged that only
one wire, or two in series, or all three in series, can be used.
Matters being now arranged as shown, the sliding key is
moved until no current passes through the galvanometer.
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The sliding bridge is not entirely satisfactory, since the
uncertainty of the spring-contact causes a lack of correspond-
ence between the point of contact and the point of the scale
on which the index rests.

The loss of uniformity of the wire, due to constant use,
causes a lack of correspondence hetween the resistance of the
wire and its length. With care, however, very accurate ve-
sults can be obtained.

Ballistic Curve.—The curve actually described by a pro-
jectile thrown in any other than a vertical direction through
the air.

Theoretically, the path of a pro-
jectile in a vacuum is a parabola E
—that is, the path A E B, Fig. 47,
Actually, the effects of fluid resist-
ances cause it to tuke the path A A \ B

D||F

C D, called a ballistic curve. The

ballistic curve has a smaller verti-

cal height than the parabola. The Fig, 47,
projectile also has a smaller vertical range. Instead of reach-
ing the point B, it continually approaches the perpendicular
EF.

Ballistic Galvanometer.—A form of galvanometer
suitable for measuring momentary currents, such as those
produced by the discharge of a condenser, which vise rapidly
from zero to a maximum, and then as rapidly fall to zero.
(See Galvanometer, Ballistic.)

Barad.—A unit of pressure recently proposed by the Brit-
ish Association.

One barad equals one dyne per square centimetre.

Barometer.—An apparatus for measuring the pressure
of the atmosphere.

Barometric Column.—A column, usually of mercury,
approximately thirty inches in vertical height, sustained in
a barometer or other tube by the pressure of the atmosphere,
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The space above the barometric column contains a vacuum
known as the Torricellian vacuum.

Bars, Krizik’s —Cores of various shapes, provided
for solenoids, in which the distribution of the metal in the bar
is so proportioned as to obtain as nearly as possible a umform
attraction or pull while in different positions in the solenoid.

Various Krizik's
bars are shown in
Fig. 48. Aswill be
observed, in all
cases the mass of
metal is  greater
towards the middle
of the bar or core
than near the ends.

When a core of

Fig. 15 uniform diameter is
drawn into a sole-
noid, the attraction or pull is not uniform in strength for dif-
ferent positions of the bar.  When the bar is just enfering the
solenoid, the pull is the strongest ; as soon as the end passes
the middle of the core the attraction grows less, until, when
the centres of the bhar and core coincide, the motion ceases,
since both ends of the solenoid atiract equally in opposite
directions. By proportioning the bars, asshown in the figure,
a fairly uniform pull for a considerable length may be ob-
tained.

Bath, Electro-Therapeutic —A bath furnished
with suitable electrodes and used in the application of elec-
tricity to curative purposes. Such baths should be used only
under the advice of an intelligent physician.

Bath, Electro-Plating —Tanks containing me-
tallic solutions in which articles are placed that are to be
electro-plated. (Sce Electro-Plating.)

Bathometer.—An instrument invented by Siemens for
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A Leyden battery is shown in Fig. 49, where nine separate
Leyden jars are connected as a single jar by joining their
outer coatings by placing them in the box P, the bottom of

Fig. 9.
which is lined with tin foil. The inner coatings are con-
nected together by the metal rods B, as shown.

A discharging rod A’ may be employed for connecting the
opposite coutings. The handles arc made of glass or any
good insulating material.

Battery, Local —A voltaic battery used at either
end of a telegraph line to operate the Morse sounder, or the
registering or recording apparatus, at that end only. (See
Telegraphy, Morse System of.)

The local battery is thrown into or oul of action by the
telegraphic relay.  (Sce Relay.)
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Battery, Magnctle
magnet, of a number of separate magnets,

A magnetic battery, or compound magnet,
is shown in Fig. 50. It consists of straight
bars of steel, p p p, with their similar poles
placed near together, and inserted in masses
of soft iron, N and S, as shown.

Battery, Plunge —A number of
voltaic cells connected so as to form a single
cell or electric source, thie plates of which
are so supported on a horizontal bar as
to be capable of being simultaneously
placed in, or removed from, the liguid.

The plunge battery shown in Fig. 51 con-
sists of & number of zinc-carbon elements
immersed in an electrolyte of dilute sul-
phuric acid, or in electropoion liquid, con-

—The combination, as a single

o

{

“Hhig. 5.

tained in separate jars, J, J. (See Electropoion Liquid.)

Fig. 51
Battery, Primary

—The combination of a num-

ber of primary cells so as to form a single source.
The term primary battery is used in order to distinguish it
from secondary or storage battery. (See Storage Cells or Accu-

mulators.)
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Battery, Secondary —The combination of a
number of secondary or storage cells so as to form a single
electric source. (See Storage of Electricity.)

Battery, Selenfum —The combination of sele-
nium with another element to form an electric source when
acted on by light.

Battery, Split —A voltaic battery connected in
series, and having one of its middle plates connected with
the ground.

By this means the poles of a battery are maintained at
potentials differing in opposite directions from the potential
of the earth.

Battery, Thermo-Electric —The combination,
as a single thermo-electric cell, of a number of separate thermo-
electric cells or couples. (See Thermo-Electric Couple.)

Battery, Voltaic, Closed-Circuit —A voltaic
battery which may be kept constantly on closed circuit.

The gravity battery is a closed-circuit battery. As em-
ployed for use on most telegraph lines, it is maintained on
a closed circuit. When an operator wishes to use the line he
opens his switch, thus breaking the circuit and calling his
correspondent. Such batteries should not polarize. (See
Polarization of Voltaic Cell.)

Battery, Voltale, Open-Circult —A voltaic
battery which is normally on open-circuit, and which is used
for comparatively small durations of time on closed circuit.

The Leclanché-cell is an excellent open-circuited battery.
It has a comparatively high electro-motive force, but rapidly
polarizes. It cannot therefore be economically used for
furnishing currents continuously for long durations of time. -
‘When left on open circuit, however, it depolarizes. (See Cell,
Voltaic, Leclanché.)

Battery, Voltaic —The combination, as a single
source, of a number of separate voltaic cells.

Battery, Water —A battery formed of zinc and
copper couples immersed in ordinary water,
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Any voltaic couple cen be used, the positive element of
which is capable of being slightly acted on by water. When
numerous couples are employed considerable difference of
potential can be obtained.

‘Water batteries are employed for charging electrometers.
They are not capable of giving any considerable current,
owing to their great internal resistance.

B. A. U.—A contraction sometimes employed for the Brit-
ish Association Unit or Ohm,

Bell Call, Electric —An electric bell used to call
the attention of an operator to the fact that his correspondent
wishes to communicate with him.,

Bell, Extension Call —A device for prolonging
the sound of a magneto call, and for sounding the signal at
some distant point.

An alarm-bell is connected with the circuit of a local bat-
tery by the current generated by the magneto call, and con-
tinues sounding after the current of the magneto call has
ceased.

Bell, Indicating —An electric bell in which, in
order to distinguish between a number of bells in the same
office, a number is displayed by each bell when it rings.

Bell Magnet—(See Magnet, Bell.)

Bell, Magneto Call Telephone Call
A call-bell operated by currents generated by the rotation of
an armature in a magnetic field.

Bells, Relay —Bells used 1 the early forms of
of acoustic telegraphs as employed in England with relay
sounders.

The dots and dashes of the Morse alphabet were indicated
by the sounds of a bell, a tap on one bell indicating a dot, and
a tap on the other a dash. This system is now practically
abandoned.

Bias of Relay Tongue,—A term to signify the adjust-




4 A DICTIONARY OF ELECTRICAL

ment of a polarized relay such that, on the cessation of the
working current, the relay tongue shall always rest against
the insulated contact and not against the other contact, or
vice versa.

Sometimes, as in the split-battery-duplex, the bias is toward
the uninsulated contact. (Sec Relay, Polarized.)

Bichromate Voltalc Cell.—(See Cell, Voltaic.)
Bi-Filar Balance.—(Sce Balance, Bi-filar Suspension.)

Bi-Filar Suspension.—The suspension of a needle or
magnet by two fibres in place of a single fibre. (See Bal-
ance, Bi-Filar Suspension.)

Bi-Filar Winding of Colls.—A winding of a coil of
wire such that, instead of winding it in one continuous length,
the wire is doubled in itself and then wound.

This method is employed in resistance coils, so as to avoid
disturbing effects on neighboring instruments. (See Coils,
Resistance.)

Binary Compound.—In chemistry, a compound formed
by the union of two different elements.

Water is a binary compound, being formed by the union
of two atoms of hydrogen with one atom of oxygen. Its
chemical composition is thus expressed in chemical symbols,
viz., H,0, which indicates two atoms of hydrogen combined,
or chemically united, with one atom of oxygen.

Fig. 52.

Binding Posts, or Binding Screws,—Devices for
connecting the terminals of an electric source with those of an
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electro-receptive device, or for connecting different parts of an
electric apparatus with one another.

The conducting or circuit wire 1s either introduced io the
opening a, Fig. 52, and clamped by the screw b ; or 1s placed
in the space, d d, and kept in place by means of a thumb-screw.
Sometimes two openings are provided at c und ¢, for the
purpose of connecting two wires together.

Biology, Elcctro —(See Electro-Biology.)

Black Lead.—A variety of carbon employed in various
electrical processes.

Black lead 15 also termed plumbago or graphite. (See Plum-
bago. Graphite.)

Blasting, Electric —The electric ignition of pow-
der or other material in a blast. (See Fuse, Electric.)

Bleaching, Electric —Bleaching processes in
which the bleaching agents are liberated as required by
the agency of electrolytic decomposition.

In the process of Nuudin and Bidet, the current from a dy-
namo-electric machine, is passed through a solution of common
salt between two closely approached electrodes. The chlorine
and sodium thus liberated react on each other and form so-
dium hyphochloride, which is drawn off by means of a pump
and used for bleaching. (See Electrolysis.)

Block, Branch —(See Branch Block.)

Block System for Rallways.—A system for securing
safety from collisions of moving railroad trains by dividing
the road into a number of blocks or sections of a given length,
and so maintaining telegraphic communication between
towers located at the ends of each of such blocks, as to prevent,
by the display of suitable signals, more than one train or en-
gine from being on the same block at the same time.

There are two kinds of block railway systems, viz.

(1) The Absolute Block System.

(2) The Permissive Block System,
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In the absolute system, which is of course the safest, one
train only 1s permitted to be on any particular block at a
given time.

In the permissive block system more than one train is per-
mitted, under certain circumstance and conditions, to occupy
the same block simultaneously, each train then being notified
of the fact that 1t is not alone on the block.

The absolute block system, though expensive to construct
and maintain, 1s the only one that should be permitted in law
to exist on roads whose traffic reaches a certain amount.

The absolute block system 1s employed on the London Un-
derground Railroad, and on the Pennsylvania Railroad
Systems.

The system. as in use on the New York division of the
Pennsylvania Railroad, 1s as follows :

Fig. 53.

The road between Philadelphia and Jersey City is divided
into some seventy sections, the length of cach section being
dependent on the amount of daily traffic; thus, between
Jersey City and Newark, where the traffic 1s great, there are
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some fifteen sections, although the distance is only 7.9
miles.

In each block-tower there are connections with three separ-
ate and distinct telegraph lines or circuits, viz. :

(1) A line or wire called the train wire, connecting the
block-tower with the General Dispatcher's office at Jersey
City. This line is used for sending train orders only.

(2) A line or wire called the block wire, connecting cach
block-tower with the next tower on each side of it.

(3) A line or wire called the message wire, and used for local
traflic or business.

The general arrangement of the block-tower is shown in
Fig. 53.

Each of the block-towers is sufficiently elevated above the
road-bed to afford the operator an unobstructed view of the
tracks.

The operator, having ascertained the actual condition of the
track either by observation, or by telegraphic communica-
tion with the stations on either side of him, gives notice of
this condition to all trains passing his station by the display
of certain semaphore signals.

The semaphore signals as used on this road are shown on
following pages, in Figs. 54 and 55. The form shown in Fig.
54 is used in the absolute systen, and that shown in Fig. 55 in .
the permissive system.  These signals consist essentially of
an upright support provided with a movable arm A B, called
the semaphore arm, capable of being set in any of two, or three
positions. The semaphore signal is placed outside the
signal tower, often scveral hundred fecet away, but is
readily set from the tower in any of the desired positions by
the operator, by the movement of rods connected with levers,

The semaphore arm can, in the permissive system, be set in
three positions, viz.:

(1) In a horizontal position, or where the semaphore arm
makes an angle of 80° with the upright.
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(2) Or it may be dropped down from the horizontal position
through an angle of 75°, as shown in Fig. 4.
(8) Or it may occupy a position exactly intermediate be-

Fig. 5.

tween the first and the second, or 37° 30' below the horizontal,
as shown in Fig. 55.
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Position No. 1, is the danger signal, and when it is displayed
the train may not enter the block it governs.

Fig. 55.

Position No. 2 shows that the track is clear, and that the
train may safely enter the block it governs.
Position No. 3, which is used in the permissive block system

o — ——
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only signifles caution, and permits the train to cautiously
enter the block and look out for further signals.

The semaphore arm consists of a light wooden arm, 11
inches wide by 514 feet in length, painted red, or other
suitable color that can be easily distinguished by daylight.

By night the positions of the semaphore arm are indicated
by colored lights. These lights are operated as follows ; viz.,
in the absolute system, the semaphore arm A B, pivoted at .
A, bears at its shorter end a disc or lens of red glass R, and,
in the permissive system, below this another disc or lens of
green glass G.  An oil lantern, provided with an uncolored
glass lens, is so supported on a bracket fastened to the up-
right that when the semaphore arm points to danger, the red
glass is immediately in front of the lantern ; when it points to
caution, the green glass is in front of the lantern; but
when it points to safety, the lantern is left uncovered save
by its uncolored glass.

At night, therefore, when the semaphore arm is set to
danger, a red light is displayed; when it points to caution, a
green light is displayed ; and when it points to safely, a white
light is displayed.

The green light is only used in the permissive block system.
In the absolute block system, the semaphore arm has two
positions only ; viz., danger, or horizontal, and safety, or 75°
below the horizontal.

A single arm is used when it is intended to govern a single
track only. Where the condition of a number of tracks is to
be indicated, several arms are employed, one above the other.

‘When semaphore signals are placed on each side of a double-
track road, the semaphore arm pointing to the right of the
vertical support governs the line running to the right.

When the semaphore signals are placed at junctions or
switch-crossings, the operator in the signal-tower opens or
closes the switches from the tower by the movements of
levers that set the switches, and then displays the proper
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semaphore signal for that crossing or route, red, or danger, if
the route is blocked, and white, or safety, if it is clear. Here
the interlocking apparatus is employed, which consists in a
device by means of which, when a route has once been set up
and a signal given for that route, the switches and signals are
so interlocked that no signal can possibly be given for a con-
flicting route.

The signals or switches are operated by means of iron rods
passing over rollers or pulleys. These rods are attached by
suitable connections to the switch or semaphore signals, and
are operated by means of levers from the signal-tower.
Switches can be operated as far as 1,000 feet from the tower ;
signals as far as 2,500 feet.

Colored switch-signals are placed opposite the end of the
switches to indicate the positions of the switch. These sig-
nals consist of red and white discs for day, and a lantern pro-
vided with red and white glasses for night. When the switch
on any hne is open, the switch-signal shows red; when shut,
it shows white. These switch-signals are only used in the
yards.

No passenger train is permitted on a block, after another
train has passed the signal station, until a dispatch has been
received from the station ahead that the train has passed and
the block is thus cleared.

As an additional precaution against rear collisions, tail-
lights are displayed at the ends of the trains. These consist
of lanterns placed on each side of the rear end of the last
car. These lanterns are furmished with three glass slhides.
The side of the lantern towards the rear of the car shows a
red light ; that to the front and side of the car shows a green
light. The engineer, looking out of the cab, can thus see a
green light, which serves as a ‘“ marker” and indicates to hm
that his train is intact. By day a green flag, placed in the
same position as the lantern, serves the same purpose as a
marker. An observer on the track, or in the tower, sees the
red lights on the rear of the train when it has passed.
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Freight {raing are now run on separate tracks, except
in places where the extra tracks are not yet completed.
Here they do not run on schedule time, but are permitted to
follow one another at intervals that depend on the condition
of the tracks as shown by t!:e signals displayed.

Blow-Pipe, Elcctric

—A blow-pipe in which the
air-blast 18 supphed
by the stream of air
particles  produced
at the point of a
charged conductor
by the convection
discharge.

The candle flame
/ « Fig. 56, is blown
L.[§ in the direction
&, shownby thestream

of air particles pass-
ing off from the point P. (See Convection, Electric.)

Blow-Pipe, Electric Are —A device of Wer-
dermann for cutting rocks, or other refractory substances, in
which the heat of the voltaic arc is directed by meaus of a
magnet, or blast of airsagainst the substance to be cut.

The carbons are placed parallel, so
as to readily enter the cavity thus cut
or fused. This invention has never
been introduced mto extensive prac-
tice.

As shown in Fig. 57 the voltaic arc,
taken between two vertical carbon elec-
trodes, is deflected into a horizontal posi-
tion under the influence of the inclined
poles of a powerful electro-magnet.

The highly heated carbon vapor that Fig. 1.
constitutes the vollaic arc is deflected by the magnet in

P

Fig. 56.
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the same direction as would be any other movable circuit or
current.

Board, Multiple Switeh —A board to which the
numerous circuits employed 1n systems of telegraphy, tele-
phony, annunciator, or electric hght and power circnuts, are
connected.

Various devices are employed for closing these circuits, or
for connecting, or cross-connecting, them with one another,
or with neighboring circuits.

A multiple switch board, for example, for a telephone
exchange, will enable the operator to connect any subscriber
on the line with any other subscriber on that line, or on
another neighboring line provided with a multiple switch-
board. To tlus end the following parts are necessary :

(1) Devices whereby each hine entering the
exchange can readily have inserted inits arcuit &

a loop connecting 1t with another line. This

is accomplished by placing on the switch- 2 N
board a separate spring-jack connection for
each separate hne. Tlus connection consists
essentially of one or two springs made of any
conducting metal, which are kept in metalhe
contact but which can be separated from one Fig. 28.
another by the introduction of the plug key, Fig. 58, the
termunals, @ and b, of which are msulated from each other, and
are connected to the ends of a loop coming from another line.
As the key is inserted, the metallic spring or springs of the
spring-jack are separated, and the metallic preces, a and b,
brought into good shding contact thevewith, thus introducing
the loop into the ciremt. (Sce Spring-Jack.)

(2) As many separate Annunciaor Drops as there are separate
subscribers. These are provided so as to notify the Central
Office of the particular subscriber who desires a connection.
Alarm-bells, to call the operator’s attention to the calling

| K
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subscriber, or to the falling of a drop, are generally added.
(See Annunciators. Bell Call, Electric.)

(3) Connecting Cords and Keys for connectiong the opera-
tor's telephone, and means for ringing subscribers’ bells, and
clearing out drops.

Fig. 59.

In Electric Light Switch-Boards, or Distribuling Switches,
spring-jack contacts are connected with the terminals of dif-
ferent circuits, and plug-switches with the dynamo terminals.
By these means, any dynamo can be connected with any cir-
cuit, or a number of circuits can be connected with the same
dynamo, or a number of separate dynamos can be placed
in the same circuit, without interference with the lights.
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Boat, Electric
tive power.

Electric power has been applied both for ordinary vessels
and for sub-marine torpedo bouts.

Bobbins, Electric —An insulated coil of wire for
an electro-magnet. (Sce Coils, Electric.)

Body Protector, Elcctric — —A device for pro-
tecting the human body against the accidental passage of
an electric discharge.

To protect the human body from the acci-
dental passage through it of dangerous elec-
tric currents, Delany places alight, flexible,
conducting wire, AABLL, in the posi-
tion shown in Fig, 60, for the purpose of
leading the greater part of the current
around instead of through the body.

Inside insulating shoe-soles for lessen-
ing the danger from accidental contacts
through grounded circuits have also been Fig. 60.
proposed.

Boller-Feed, Electric —A device for automatic-
ally opening a boiler-feed apparatus electrically, when the
water in the boiler falls to a certain predetermined point.

Bole.—A unit recently proposed by the British Associa-
tion.

One bole is equal to one gramme-kine.

Bolometer, or Langley’s Thermic Balance.—An
apparatus for determining small differences of temperature,
constructed on the principle of the differential galvanometer.
(See Galvanometer, Differentiul.)

A coil composed of two separate insulated wires, wound to-
gether, issuspended in a magnetic field, and has a current sent
through it. Under normal conditions, this current separates
into two equal parts, and runs through the wires in opposite

—A boat provided with electric mo-
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directions. It therefore produces no seunsible field, and suffers
no deflection by the field in which it is suspended.

Any local application of heat, however, causing a difference
in resistance, prevents this equality. A ficld is therefore pro-
duced in the suspended coil, which, though extremely small,
is rendered measurable by means of the powerful field pro-
duced in the coil, within which the double coil is suspended.

Differences of temperature as small as -lTllb—lﬁ degree F. are

detected by the instrument.

Bombardment, Molecuiar —The forcible rec-
tilinear projection of molecules in exhausted vessels, that
tukes place from the negative elecetrode, on the passage of
electric discharges.  (Sce Matter, Radiant.)

Boreal Magnet Polc.— A namesometimes employed in
France for the south-secking pole of a magnet, as distin-
guished from the austral, or north-secking pole.

That pole of a magnet which points toward the geo-
graphical south,

If the earth’s magnetic pole in the Northern Hemisphere be
of north magnetism, then the pole of a needle that points to
it must be of the opposite polwrity, or of south magnetism.
In this country we call the end which points to the north the
north-sceking end, or the marked pole. In France, the end
which points to the worth is called the austral pole.  Austral
means south pole. (Sce .tustral Magnet ole.)

The austral is therefore the north-sceking pole, and the
boreal, the south-sceking pole.

. Boucherizing.—A process adopted for the preservation
of wooden telegraph poles, by injecting w solution of copper
sulphace into the pores of the wood. (See Poles, Teleyraphic.)

Bound and Free Charge.—The condition of an elec-
tric charg: on a conductor placed near another counductor,
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but separated from it by a medium through which electro-
static induction can tuke place. (See Induction, Electrostatic.)

The charge, on a completely isolated conductor, readily
leaves it when put in contact with a good conductor con-
nected with the ground. The charge in this condition is
called a free charge. When, however, the conductor is placed
near another conductor, but separated from it by a medium
through which induction can take place, a charge of the oppo-
site name is induced in the neighboring conductor. This
charge is held or bound on the conductor by the mutunal at-
traction of the opposite charges.

To discharge a bound charge, both conductors must be sim-
ultaneously touched by any good conducting substance. The
bound charge wus [ormerly called dissimulated or latent elec-
tricity. (See Chuarge. Dissimulated or Latent Electricity.)

Box Bridge.—(See Balance, Wheatstone's Electric, Box
Form of.)

Box, Distribution for Electric Arc Light
Circuits,—A device by means of which arc and incandescent.
lights may be simultaneously emplyyed on the same line,
from a constant current dynamo clectric-machine or other
source.

A portion of the line circuit, whose difference of potential
is sufficient to operate the electro-receptive device, as for ex-
ample an incandescent lamp, is divided into such & number
of multiple circuits as will provide a current of the requisite

ke P
T
XX R EE ]

Fig. 61.
strength for each of the devices. In order to protect the re-
maining of these devises so interpolated, on the extinguish-
ment of any of the devices, automatic cut-outs are provided
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which divert the current thus cut off through a resistance
equivalent to that of the device.

A variety of distribution boxes are in use.

The character of circuit employed in connection with dis-
tribution boxes is shown in Fig. 61. (See Circuits, Varieties
of.)

Box, Resistance —A box containing a number of
standardized resistance coils.

The resistance box and coils are of the same general con-
struction as the Box Bridge. (See Balance, 1V heatstone's
Electric, Box Form of.)

Bracket, Lamp—— —A device for holding or sup-
porting an electric lamp, similar to a bracket for a gas burner.

Fig. 62. Hg. 63.

Fig. 6k

Lamp brackets are either fixed or movable. Those shown
in Figs. 62 and 63 are fixed. That shown in Fig. 64 is mov-
able,

Brackcts, Tclegraphic or Arms.—The sup-
ports or cross pieces on telegraph poles, provided for the
insulators of telegraphic lines,
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Telegraphic insulators are supported either on wooden arms,
or on iron or metal brackets.

Fig. 65. Flg. 66.

Fig. 65, shows a form of iron bracket. Fig. 66, shows a
form of woo<en arm.

Various well known modifications of these shapes are in
common use. For details see Telegraph Poles.

Brake, Electro-Magneltic —A brake for car
wheels, the braking powers for which is cither derived from
electro-magnetism, or is thrown into action by electro-mag-
netic devices.

Electro-magnetic car brakes are of a great variety of forms,
They may, however, be arranged in two classes, viz.:

(1) Those in which magnetic adhesion or the magnetic at-
traction of the wheels to the brake is employed.

(2) Ordinary brake mechanism in which the force operating
the brake is thrown into action by an electro-magnet.

Brake, Prony or Friction —A mechanical de-
vice for measuring the power of a driving shaft.




90 A DICTIONARY OF ELECTRICAL

An inflexible beam, Fig. 67, is provided at one end with a
clamping device for clamping the. driving shaft, and at the
other end A, with o pan for holding weights.

-1 If the brake be arranged as

- b shown in Fig. 67, and the
shaft rotate in the direction
of the arrow, the tendency is
to carry the beam around with
it, placing it at one moment
Fig. 61. in the position shown by the

dottedline. Ifasufficiently heavy
weight be placed at @, in a pan
hung at A, the beam will assume
a vertical position downwards.
If, however, the forque, or twist- __x
ing force of the driving shaft be
balanced by the weight, the bar
will remain horizontal. The
power can then be calculated by
multiplying the weightin pounds
> | by the circumference in feet
¢ 3 of the circle of which the bar is

a radius, and this product by the

number of turns of the driving

shaft per minute. The product

will be the number of foot-

‘ pounds per minute, and, when
Fig. 69. divided by 33,000, will give the
Horse-Power. (See Horse-Power.)

Some modified forms of the Prony Brake are shown in Figs.
68, and 69.

Branch-Block.—A device employed in clectric wiring
for taking off a branch from a main circuit.

Breaking Weilght of Telegraph Wires.—The
weight which when hung at the end of a wire will break it.

Fig. 8.
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maintained at these points. The two long sides are formed
of two halves each, which form the four arms of the balance.
Two of these only are movable.

Two curved bars of soft iron, of the same area of cross-sec-
tion as the arms of the bridge, rest on the middle of the long
arms, in the arched shape shown. Therr ends approach near
the top of the arch within about a half inch. A space is Lol-
lowed out between these ends, for the reception of a short
ncedle of well-magnetized hardened steel, suspended by a wire
from a torsion head.

The movements of the needle are measured on a scale by a
spot of light reflected from a mirror.

The electro-magnet maintains a constant difference of mag-
netic potential at the two shorter ends of the rectangle. 1f,
therefore, the four bars, or arms of the bridge, are magneti-
cally identical, there will be no deflection, since no difference
of potential will exist at the ends of the bars between which
the needle is suspended.  If one of the bwrs or arms, how-
ever, be moved even a trifle, the needle is at once deflected,
the motion becoming a maximum when the bar is entirely re-
moved. If replaced by another bar, differing in cross-section,
constitution, or molecular structure, the balance is likewise
disturbed.

The magnetic bridge is very sensitive. It was designed
by its inventor for testing the magnetic qualities of the iron
used in the construction of dynamo-electric machines.

Bridge, Wheatstone’s Elcetric —(Sce Wheat-
stone’s Balunce, Electric.)

Broken Circuit.—An open circuit.

A cireuit, the electrical continuity of which has been broken,
and through which the current has therefore ceased to pass.

Broken Circuift.—(Sce Circuit, Broken.)

Brush Discharge — The faintly luminous dis-
charge that occurs from a pointed positive conductor. (See
Discharge, Convective.)
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Brush, Faradie —An electrode in the form of a
brush employed in the medical application of electricity.
The bristles are generally made of nickelized copper wire.

Brush Holders for Dynamo-Electric Machines.
—Devices for supporting the collecting brushes of dynamo-
electric machines.

As the brushes require {o be set or placed on the commu-
tator in a position which often varies with the speed of the
machine, and with changes in the external circuit, all brush
holders are provided with some device for moving them con-
centrically with the commutator cylinder.

Brushes, Adjustment of the of Dynameo-.
Elcetric Machines.—Shifting the brushes into the required
position on the commutator cylinder, either non-automatically
by hand, or auntomatically by the current itself. (Sce Auto-
matic Regulation of Dynamo-Electric Machines.)

Brushes for Dynamo-Electric Machines.—Strips
of metal, bundles of wire, or slit plates of metal, or carbon,
that bear on the commutator cylinder
and carry off the cufrent generated.

Rotating brushes consisting of metal
discs are sometimes employed. Copper
is almost universally used for the
brushes of dynamo-electric machines.

The brush shown at B, Fig. 71, is
formed of copper wires, soldered to-
gether at the non-bearing end. A cop-
per plate, slit at the bearing end, is
shown at C, and bundles of copper
plates, soldered together at the non-
bearing end, are shown at D.

The brushes should bear against the
commutator cylinder with sufficient
force to prevent jumping, and conse- Fig.71.
quent burning, and yet not so hard as to cause excessive wear.
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Burning at Commutator of Dyname.—An arcing
at the brushes of a dynamo-electric machine, due to their im-
perfect contact, or improper position, which results in loss of
energy and destruction of the commutator segments.

Butt Joint.—(See Joint, Bult.)

Button, Push -—A device for closing an electric
circuit by the movement of a button.

A button, when pushed by the hand, closes a contact, and
thus completes a circuit in which some electro-receptive device
1s placed.  This civeuit 18 opened by a spring, on the removal
of the pressure. Some forms of push-buttons are shown in
Figs. 73 and 73a.

p— D -
Hg. 73. Fig. 73a. Fig. 7.

A floor-push for dining-rooms and offices is shown in Fig.
74.

B. W. G.—A contraction for Rirmingham Wire Gauge.
(See Wire Gauge.)

Buzzcr, Electric —A call, not as loud as that of a
bell, produced by an automatic make and break. (See
Alarms, Electric.)

Cable Armor—(See Armor of Cable.)
Cable Clip.—(See Cable Hunger.)
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Cable Core.—(See Core of Cable.)

Cable, Aerial —A cable for telegraphic or tele-
phonic communication, suspended in the air from suitable
poles.

Cable, Electric —A conductor containing either
a single conductor, or two or more separately insulated
electric conductors,

Strictly speaking, the word cable should be limited to the
case of more than a single conductor. Usage, however,
sanctions the employment of the word to indicate a single
insulated conductor.

The conducting wire may consist of a single wire, of a
number of separate wires electrically connected, or of a num-
ber of separate wires insulated from one another.

An electric cable con-
sists of the following
parts, viz. :

(1) The conducting
wire or core.

() The insulating
material for separating
the several wires, and

(8) An armor or pro-
tecting covering, con-
sisting of strands of iron
wire, or of a metallic
coating or covering of
lead.

As to their position,
cables are, aerial, sub-
marine, or under-
ground. As to their

. 7. purpose, they are tele-
graphic, telephonic, or electric light and power cables.

Fig. 75 shows a form of submarine cable in which the armor
is formed of strands of iron wire.
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Cablegram.—A message received by means of a sub-
marine telegraphic cable.

Cable Hanger.—A hanger or hook, smtably secured to
the cable, and designed to sustain its
weight by intermediately supporting it
on iron or steel wires.

A cable hanger, or cable clip, is
shown in Fig. 76.

The weight per foot of an aerial cable
is generally so great that the poles or
supports would require to be very near
together, unless the device of inter-
mediate supports, by means of cable 4
clips, were adopted

Cable Serving.—Strands of tarred ¥
hemp or jute, wrapped around the in- Fig.76.
sulated core of a cable, to protect it from the pressure of the
metallic armor.

Cables, Submarine
under water.

These are either shallow-water, or deep-sea cables. Gutta-
percha answers admirably for the insulating material of the
core. Various other insulators are also used.

Strands of tarred hemp or jute, known as the cable-serving,
are wrapped around the insulated core, to protect it from the
pressure of the galvanized iron wire armor afterwards put on.
To prevent corrosion of the iron wire, it is covered with tarred
hemp, galvanized, or otherwise coated.

Cables, Underground
underground.

These are either placed directly in the ground, or in con-
duits, or subways, especially prepared to receive them. (See
Conduit, Electric Underground. Subway, Electric.)

Callbration, Absolute and Relative of In-
strument.—The determination of the absolute or the rela-

—Cables designed for use

—Cables designed for use
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Aiwe wvalues of the reading of an electrometer, galvanometer,
mplimeter, ampeéremeter, or other similar instrument.

‘The calibration of a galvanometer, for example, consists in
the determination of the law that governs its different de-
flections, and by which is obtained in ampéres, either the ab-
solute or the relative current required to produce such
deflections.

For various methods of calibration, see standard works on
Electrical Testing, or on Electricity.

Calibration, Invariable ———— of Galvan-
ometer.—In galvanometers with absolute calibration, a
method for preventing the occurrence of variations in the in-
tensity of the field of the galvanometer, due to the neighbor-
hood of masses of iron, etc.

Callaud Voltate Cell.—(See Cell, Voltaic.)

Call-Bell, Electric —(See Alarm, Electric. Bell-
Call, Electric.)

Caloric.—A term formerly applied to the fluid that was
believed to be the cause or essence of heat.

The use of the word caloric at the present time is very
unscientific, since heat is now known to be an effect and not a
material thing. (See Heat.)

Calorie, or Calory.—A heat unit.

There are two calories, the small and the large calorie.

The amount of heat required to raise the temperature of one
gramme of water, 1° C. is called the small calorie.

Sometimes the term is used to mean the amount of heat
required to raise 1,000 grammes of water 1° C. This is called
the large calorie. The first usage of the word is the com-
monest.

Calorescence.—The transformation of invisible heat-rays
into luminous rays, when received by certain solid substances.

The term was proposed by Tyndall. The light and heat
from a voltaic arc are passed through a hollow glass lens
filled with a solution of iodine in bisulphide of carbon.
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This solution is opaque to light but quite transparent to
heat.

If a piece of charred paper, or thin platinum foil, is placed
in the focus of these invisible rays, it will be heated to brilliant
incandescence. (See Focus.)

Calorimeter.—An instrument for measuring the quan-
tity of heat possessed by a given weight or volume of a body
at a given temperature.

Thermometers measure temperature only. A thermometer
plunged in a cup full of boiling water shows the same temper-
ature that it would in a tub full of boiling water. The quantity
of heat present in the two cases is of course greatly different
and can be measured by calorimeters only.

Various forms of Calorimeters are employed.

In order to determine the quantity of heat in a given
weight of any body, this weight may be heated to a definite
temperature, such as the boiling point of water, and placed in a
vessel containing ice, and the quantity of ice melted by the
body in cooling to the temperature of the ice, is determined
by measuring the amount of water derived from the melting
of the ice. Care must be observed to avoid the melting of the
ice by external heat.

In this way the amount of heat required to raise the tem-
perature of a given weight of a body a certain number of de-
grees, or the capacity of the body for heat, may be compared
with the capacity of an equal weight of water. This ratio is
called the Specific Heat. (See Heat, Specific.)

The heat energy, present in a given weight of any substance
at a given temperature, can be determined by means of a
calorimeter ; for, since a pound of water heated 1° F. absorbs
an amount of energy equal to 772 foot-pounds, the energy can
be readily calculated if the number of pounds of water and the
number of degrees of temperature are known. (See Me-
chanical Equivalent of Heat.)
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Calorimeter, Electric —An instrument for meas-
uring the heat developed in a conductor, in a given time, by
an electric current.

A vessel containing water, is
provided with a thermometer T,
Fig. 717. The electric current
passes for a measured time
through a wire N M, immersed

in the liquid.
The quantity of heat is deter-
mined from the increase of
- temperature, and the weight of

the water.
According to Joule, the num-
ber of heat units (See Heat Un-
Fyg. 1. its, English) developed in a con-
ductor by an electric current is proportional,

1. To the Resistance of the Conductor.

2. To the Square of the Current passing.

3. To the Time the current is passing.

The heating power of a current is as the square of the cur-
rent only when the resistance remains the same. (See Heat,
Electric.)

Calorimetric Photometer.—(See Photometer, Calori-
metric.)

Candle, Elcctric —A term applied to the Jab-
lochkoff candle, and other similar devices.

The Jabiochkoff electric candle consists of two w
parallel carbons, scparated by a layer of kaolin 2§ % kX~
or other heat-resisting insulating material, as
shown in Fig. 78. The current is passed into
and out of the carbons at one end of the candle,
and forms a voltaic arc at the other end. In
order to start the arc, a thin strip called the igniter,
consisting of a mixture of some readily ignitable
substance, connects the upper ends of the carbons,  Fig. 78
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An alternating current is generally employed with these
candles, thus avoiding the difficulty which would otherwise
occur from the more rapid consumption of the positive than
the negative carbon. (See Current, Alternating.)

Candle, Foot —A unit of illumination equal to
the illumination produced by a standard candle at the distance
of oue foot. Proposed by Hering.

According to this unit, theillumination produced by a stand-
ard candle at the distance of two feet would be but the one-
fourth of a foot-candle ; at three feet, the one-nminth of a foot-
candle, etc.

The advantage of the proposed standard lies in the fact
that knowing the illumination in foot-candles required for the
particular work to be done, it is easy to calculate the position
and intensity of the lights required to produce the illuniina-
tion.

Candle, Metre —The 1illumination produced by
a standard candle at the distance of one metre.

Candlc, Standard —A candle of definite compo-
sition which, with a given consumption in a given time, will
produce a light of a fixed and definite brightness.

A caadie whic