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8 ELECTRIC HEATING.

can be shown, from a scientific point
of view, that in reality, therc is not one
of the many ways in which man can
produce heat on the earth, that cannot
trace its prime cause to the sun.

Take, for example, one of the common-
est methods of obtaining heat; namely,
by the burning of a mass of coal. Here it
is, at first sicht, by no means evident, that
the heat of the glowing mass was derived
from the sun. In accordance with mod-
ern scientifie belief, heat is no longer re-
earded as a kind of matter, but as a con-
dition of matter. A hot body differs
from a cold body in that the very small
particles or molecules, of which itis com-
posed, are in a state of rapid to-and-fro
motions or oscillations. When a hot
body grows hotter, the only effect pro-
duced, unless the body is melted or evap-
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Unburnt coal and air possess, jointly, a
store of chemieal energy, having the
power or potency of doing work, but
actually doing no work; while coal and air
after burning, no longer possess this store
of chemical energy, but have acquired in
its place a stock of oscillation or heat en-
ergy; i. e., energy of oseillation.

Could the burning be effected in a heat-
ticht space, this oscillation or heat energy
would be entirely confined to the interior
of the chamber, but as no bodies are per-
feet non-conductors of heat, such a heat-
tight space cannot be obtained, and some,
at least, of the oscillation energy will be
communicated to surrounding bodies.

A steam engine is a machine for pro-
ducing mechanical energy at the expense
of molecular oscillation energy. If we
suppose that a pound of coal could be
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burned in connection “With a theoretically ‘
perfect steam engine, with the necessary
quantity of air, all the molecular oscilla-
tion energy developed by the combustion
could be utilized by the engine, which
would do an amount of work exactly
equal to the amount of original chemical
energy residing in the coal and air. It is
known, as the result of calculation, that
such an engine would be capable of doing
an amount of work represented by the
lifting of one pound through a height of
about 2000 miles. When, therefore, a
pound of coal 1s burnt with air, an amount
of oscillation energy is developed, equal
to that which would be obtained by the
falling of that pound of coal from a height
of about 2000 miles. Owing to a variety
of circumstances, however, the best steam
engines are only capable of yielding about
15 per cent. of this work.
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The store of energy existing in a pound
of coal was obtained from the sun’s radia-
tion during the geological past. That is
to say, during the Carboniferous Age, the
carbon of the coal oricinally existed in
the earth’s atmosphere combined with
oxygen as gaseous carbon dioxide. For
the formation of every pound of coal ex-
isting in the earth’s crust a definite
quantity of carbonic acid gas was dissoci-
ated, or separated into carbon and oxy-
cen, by means of the energy of the sun’s
rays absorbed by the vegetation of the
Carboniferous Era. In other words, the
leaves of the carboniferous flora absorbed
vaseous carbon dioxide from the atmos-
phere, and, in the delicate laboratories of
the leaf, by means of the energy absorbed
directly from the sun’s rays, a dissocia-
tion occurred between the carbon and the
oxygen. The ability, therefore, of the
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amount of work originally expended in
lifting it. In the same way, a pound of
coal has, by the work of the sun, been
placed in a condition in which it can
combine with the oxygen of the air, and
burn. In so doing it must give out an
amount of heat equal to that representing
the sun’s work upon it, amounting, as
we have seen, measured in units of the
earth’s gravitational work, to an elevation
of about 2000 miles.

But it was not only during the geo-
logical past that the solar energy was
thus husbanded in the earth’s crust.
The sun’s energy is to-day being similarly
stored in all vegetable foods, and it is
on this store that animals draw for their
muscular and nervous energy. That is te
say, all vegetable products represent
chemical stores of solar energy. An
animal is capable of releasing this energy
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to a water-wheel from flowing water. In
the case of a windmill, the sun’s heat,
acting upon the air, sets up convection
currents, or winds, whereby the work ex-
pended by the sun in heating the air is
liberated in mass motion. In the case of
a water-wheel, where a stream of water
flowing from a higher to a lower level is
caused to impart its energy to the wheel,
the water, in reality, occupies a position
corresponding to a raised weight, and is
able to do work because, like the water, it
is at the higher level. To what source of
energy does it owe this ability to do work?
Manifestly to the heat of the sun, where-
by the water was raised as vapor and sub-
sequently fell as rain on the slopes of the
higher level from which it is now flowing
to a lower level.

The molecules of a hot body are moving
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moving faster than others for" dumncr theu
to-and-fro motions, they frequently col-
lide, some molecules being thereby accel-
erated and others retarded. The average
molecule, of a given mass possessing a
given amount of heat, may, however, be
assumed to possess on the whole, a cer-
tain average veloeity of motion. It is
clear, therefore, that if we could trans-
form the molecular oscillations of a heated
body into a motion of the whole mass, the
body would move with a uniform velocity
which would be its average molecular ve-
locity, in the sense just deseribed. This
conception is valuable as affording a meas-
ure of the amount of heat possessed by a
body. Similarly, when work is done upon
a body, whereby it acquires, or is capable
of aequiring, a certain velocity of motion,
this motion can be represented by an agi-
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tation of the molecules in the quiescent
mass of the body, the average molecular
velocity corresponding to the velocity of
the mass. Clearly, therefore, heat repre-
sents mechanical work, and mechanical
work represents heat. Or, in other words,
a certain quantity of mechanical work is
capable of being expressed as a definite
quantity of heat, or a certain amount of
heat is capable of being expressed as a
definite quantity of mechanical work,
even though, in all cases, we may not,
at present, possess the means whereby
the actual conversion of one into the other
can be effected.

For this reason a given quantity of heat
can only be made to produce a certain
(quantity of mechanical work correspond-
ing thereto, even though the means of
conversion were so perfect that no loss
should take place during the process. And
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only a comparatively small fraction can
be so converted,

1t is a fundamental doctrine of modern
science that energy is never annihilated.
1t apparently disappears in one form, only
to reappear in another form. Thus, heat
energy, or molecular motion, when disap-
pearing as such, reappears in some other
form; say, for example, as mass motion,
or mechanical energy. Mechanical energy
may in its turn disappear as such, to pro-
duce chemical, thermal, electromagnetic,
or some other form of energy. In all
cases, definite quantitative relations exist
between the amounts of energy ex-
changed, but in every process of conver-
sion a tendency exists whereby some of
the energy assumes the form of molecu-
lar motion or heat, in which it is often
impossible to again utilize or further
transform it.
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less it actually produces a motion in the
body on which it is acting. For example,
when a brick rests on a wall, or on the
ground, it is exerting a force vertically
downward in virtue of the earth’s gravita-
tional pull; that is to say, it is pressing
downward against the earth, with a force
equal to its weight, approximately six
pounds’ weight, but this foree is not doing
work since it is not producing a motion of
the brick. Work had to be done on the
brick when it was raised from the ground
to its position on the wall; that is, a mus-
cular foree, equal to that of six pounds’
weight, had to be exerted, in order to over-
come the earth’s gravitational attraction
on the brick and this force had to be con-
tinuously exerted while the brick was
being raised throuch the vertical distance
existing between the eround and its posi-
tion in the wall. Moreover, if the brick
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weight acts through a distance of one foot.

Suppose a uniform brick wall con-
taining 1000 bricks, each weighing, say six
pounds, has its top six feet from the
eground, The total weight of the wall
would be 6000 pounds, and the average
distance through which the bricks would
have to be raised, in building the wall,
would be three feet, so that the amount
of work necessarily expended in the build-
ing of the wall, would be that required
to raise its weight through its averagce
height, or 6000 x 3 = 18,000 foot-pounds.

The foot-pound is not employed as a
unit of work in countries outside of the
United States and Great Britain, nor gen-
erally in scientific writings anywhere. A
unit frequently employed is called the
joule, and is commonly used as the unit
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the two cases, since, if he does in one
day that which he would otherwise do in
six days, he would clearly expend his en-
erey at an average rate six times greater
in the former case. The rate at which
work is done is called «ectivity, so that the
average activity of the workman would be
six times greater, if the wall is built in one
day, than if it be built in six days.

A unit of activity is the foot-pound-
per-second. As. generally employed in
England and America, the practical unit
of activity is the average activity of a cer-
tain horse assumed as a standard. This
unit of activity is called the horse-power,
and is an activity of 550 foot-pounds-per-
second. The unit of electrical activity
oenerally used all over the world and
which may, therefore, be called the inter-
national unit of activity is the joule-per-
second, or the watt, and is equal to 0.738
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tain an activity of, perhaps, 500 watts, or
even 746 watts, or one horse-power.

As we have already seen, a definite and
fixed relation is maintained between the
amount of heat or oscillation energy
present in a unit quantity of matter, say
a pound of water, and the amount of en-
cerey which must be expended on this
matter in order to heat it to a given tem-
perature. The amount of heat energy in
an indefinite quantity of a body, such as
water, cannot be determined from its
temperature alone; we require, beside
this, to know its mass. If we know its
weight in pounds, and its temperature in
degrees; i.c., the pound-degrees, we can
determine the quantity of heat energy
existing in the mass. In other words,
the pound-degree may be taken as a heat
unit, and, since this represents a definite
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amount of work, this heat unit-may have
its value expressed either in joules or in
foot-pounds. The British heat unit, some-
times called the British thermal unit, or
the B. T. U., is the amount of heat re-
quired to raise a pound of water one de-
gree Fahrenheit, from 59- to 60° F. and is
taken as 778 foot-pounds, or 1055 joules.
The heat unit most frequently employed
in countries other than the United States
and Great Britain, is the amount of heat
required to raise one gramme of water
1" C. This heat is called the water-
gramme-degree-centigrade, the lesser ca-
lorie, or the therm. Expressed in foot-
pounds, one lesser calorie is equal to 4.18
joules, or 3.087 foot-pounds.

The amount of work expended in heat-
ing a cubic foot of water, of approximate-
ly 62} pounds weight, from 50° F. to the
boiling point of 212~ F., or through a tem-
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perature of 162° I, is approximately (624 x
162 =1013 B. T. U. = 1,069,000 joules.

A reservoir filled with water possesses
a certain store of energy, or capacity for
doing work, dependent both on the
amount of water it contains and on the
distance through which the water is per-
mitted to flow in escaping from the reser-
voir. In accordance with what has al-
ready been stated, the amount of this
work can be represented by the weight of
the water in pounds, multiplied by the
distance in feet through which the water
falls. Thus, consider a reservoir holding,
say 100,000 cubie feet of water, at a mean
elevation of 10 feet above a pump which
fills it. The weight of the water would
be approximately 6,250,000 pounds, and
the amount of work required to be ex-
pended by the pump in lifting it 10 feet
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level, and the direction of the current of
water is from the higher to the lower pres-
sure, or from the hicher to the lower level.
So, too, in order to obtain a flow of elec-
tricity, a difference of electrical pressure
or level must exist, or, as it is commonly
called, an electromotive force, and the di-
rection of the electric current is assumed
to be from the higher to the lower pres-
sure, or from the higher to the lower elec-
tric level. Just as in the case of the
water flow, the quantity of water is repre-
sented by some unit quantity, such as a
pound, so in the case of the electric cur-
rent, the quantity of electricity is repre-
sented by a unit of electric quantity called
a coulomb; and, asin the case of the water,
the difference of level is represented by
gome such unit as a foot, so in the case of
the electric flow, the difference of electric
pressure or level, is r_epresented by_ a unit
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sure of 50 volts, the amount of work ex-
pended by the electric current will be 100
x 50 = 5000 joules = 3690 foot-pounds;
one coulomb of electricity passing under
apressure, or through a difference of elec-
tric level, of 100 volts, will expend the
same amount of work; . e., 100 joules, as
100 coulombs passing under a pressure of
one volt. An electric source, such as a
dynamo, or a voltaic battery, is a device
for producing an electromotive force; that
is, a difference of electric level or electric
pressure in a circuit, just as a pump is a
device for producing a difference of water
level as in forcing water into a reservoir.

The activity of a reservoir, when dis-
charging water, depends upon the quan-
tity of water escaping per second; and, as
in the case of all activity, may be ex-
pressed in foot-pounds-per-second, or in
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the nature of its walls, and the number
of its bends, will determine a certain /iy-
draulic resistance, which will permit the
flow of water under a given head or pres-
sure throueh it, and determine the
amount which will escape from the reser-
voir in a given time. In the same man-
ner, in an electrie circuit, the length and
cross-section of the conducting wire, or
circuit, taken in connection with 1ts nat-
ure and physical conditions, will deter-
mine a certain electric resistance, which
will permit the flow of electricity through
it, under a given pressure or E. M. I,
and determine the amount of current
which will flow through the ecircuit in
any given case.

The law which determines the current
strength in amperes, which will pass
through any circuit under the influence
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per second. The work done in the cir-
cuit will be equal to the pressure of two
volts multiplied by the total number of
coulombs that pass in any given time.
For example, in ten minutes, or in (00
seconds, the total number of coulombs
that will have passed through the circuit
will be 600 x 1 = 120 coulombs, and the
work expended by the storage cell in the
circuit will be 2 x 120 = 240 volt-cou-
lomb, or joules, = 177 foot-pounds. We
also know that the activity in this circuit
will be the product of the volts and the
amperes, or 2 volts X } ampere = 2 watt
2 = joule-per-second = 0.295 foot-pound-
per-second.

During the flow of water through a pipe
there will be produced a certain back pres-
sure, or counter-hydraulic pressure, tending
t » check the flow of water through the pipe.
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It will be noticed, in the above case, that
the activity in the circuit, which is the
product of current strength and counter
E. M. F. due to resistance, is expended in
heating the conductor, while the activity
which is the product of current strength
and counter E. M. F., due to what 1s
called magnetic induction, is work ex-
pended magnetically. This may be
taken as a general law; for, whenever a
counter K. M. I. in a circuit is due to
thermo-electrie, chemical, or magnetic ef-
fects, the aectivity of the current on that
C. E. M. F. is expended thermo-eclectric-
ally, chemically, or magnetically; but
when the C. E. M. F. is merely that due .
to the drop of pressure in the conductor,
the activity in this drop is expended as
thermal activity.

Consequently, when an electrie source,
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such as a dynamo-electric machine, is
connected to a eircuit, the counter E. M.
F. of the external circuit must be equal
to the pressure or E. M. F. of the dynamo
at its terminals. The greater the propor-
tion of this counter E. M. F. due to mag-
netie induetion, or to chemical effect, the
greater will be the activity expended in
the circuit as magnetic, or as chemical
activity, while the remainder, due to
drop in pressure, or the resistance of
the circuit, will be expended thermally
in heating the conductor. When, there-
fore, a motoris connected to the terminals
of a dynamo, the efficiency of the motor
will increase with the proportion of
the counter E. M. F. due to the rotation
of the armature; whereas, if instead of
obtaining mechanical work from the
motor we wish to produce as much heat
as possible in the circuit, we cause the
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motor to come to rest, so that all the
electrical activity will be expendedin the
drop of pressure which will then con-
stitute the entire counter E. M. F.

The resistance of any wire depends
upon its resistivity, (or the resistance of a
cubic centimetre measured between op-
posed faces) its length, and its area of
cross-section (1 in. = 2.54 centimetres.
1 sq. in. = 6.4516 square centimetres. 1
cu. in.= 16.387 cubic centimetres.)

The following is a table of resistivities
of the more important metals expressed
in microhms, or millionths of an ohm, for
a temperature of 0° C., the freezing point
of water:

TABLE oF RESISTIVITIES.

Substance. Resistivity.

Silver, annealed, . .. 1.500 microhms.

Silver, hard drawn, . 1.53 £
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If a wire having a cross-section of 1 sq.
cm. as ', at B in Fig 3, have a length of 5
ems., then the resistance between the
terminal faces «' and ', will be b times
as great as between the terminal faces of
the cube at A, in the same figure, or 5 X

F16. 3.—DIAGRAM REPRESENTING RELATION BETWEEN RE-
SISTIVITY AND RESISTANCE.

1.945 =17.97 microhms. Again, if the wire
were b centimetres long, and had a cross-
section of three square centimetres, as
shown at (), in Fig. 3, then each centime-
tre length of such wire would have one-
third the resistance of the unit cube, or
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number of mils in the diameter of a wire
we obtain the number of what is called
cireular mils in the wire. Thus, if a wire
have a diameter of one-tenth of an inch
— 100 mils, the number of circular mils
in the cross-section of this wire will be
100 x 100 = 10,000 circular mils. A wire
one inch in diameter would have a cross-
section of one million circular mils.

The resistance of a pure standard copper
wire one foot long, and one circular mil
in cross-section, is 10.35 ohms, at 27° C.,
that is to say, a wire one-thousandth of
an inch in diameter and one foot lo.
would have this resistance. The re-
sistance-per-foot in any pure copper wire
will be this resistance, divided by the
number of circular mils in its cross-sec-
tion. For example, the wire above re-
ferred to as having 10,000 circular mils
in its area of cross-section would have
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The resistivity of a metal is always re-
duced by the process of softening or an-
nealing it, although the reduction in the
resistivity, due to anmealing, may only
amount to one or two per cent. The re-
sistivity depends very greatly, however,
upon the physical nature and purity of
the material. A very small percentage of
certain impurities in a copper wire, such,
for example, as phosphorus or sulphur,
will greatly increase its resistivity, and
even the presence of gases occluded or
absorbed by the substance of the wire is
said to appreciably increase its resistivity.
The purity with which copper wires can
be commercially obtained, at the present
time, is such that their resistivity is, per-
haps, only one per cent. greater than that
of the so-called pure, standard, soft-cop-
per wire, while it sometimes happens that
wires are obtained commercially whose
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resistivity is actually :
this standard. e

In dealing with wires of other metals
than copper, such as lead, iron and Ger-
man silver, the tabular resistivities can-
not, as a rule, be relied upon to limits
closer than say five per cent., and where a
degree of accuracy greater than this is re-
quired, measurements of the resistivity of
such wires, at a given temperature, are
necessary. This can be done by carefully
measuring the resistance of a given length
of wire when its cross-section is known or
can be carefully observed. The resistiv-
ity in ohms, at the temperature of the
measurement, will then be the resistance
multiplied by the cross-sectional arca of
the wire in square centimetres divided
by the length of the wire in centimetres.
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The effect of temperature on all pure
metallic conductors is to increase the re-
sistivity. Nearly all alloys also increase
in their resistivity with increase in tem-
perature, though less rapidly than their
pure component metals. A few specially
prepared alloys, such as platinoid, have a
very small increase of resistivity with
temperature, and are, therefore, in special
request for the manufacture of permanent
resistance coils, whose resistances are to
remain as nearly constant as possible;
while one or two alloys have been pre-
pared whose resistivities are either not
effected by temperature, or have a slight
positive or mnegative coeflicient; . e., a
slight increase or decrease in resistivity
with temperature, at different points of
the thermometric secale. Carbon di-
minishes in resistivity about 0.5 per cent.
per degree centigrade, reckoned from its
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its tabular resistivity at 0 C. referred
as above to the actual temperature, the
amount of heat which will be developed
in it in a given time, by a given current
strength, becomes known, except in so
far as its temperature elevation under the
heating influence may be undetermined.
For example, if a copper wire were insu-
lated by a thin coating of some non-con-
ducting varnish and placed in ice-water
at 0° C., the resistivity of the wire might
be 1.6 microhms, and a circular-mil-foot
of this wire would have a resistance of
9.625 ohms. If the diameter of the wire
were 0.01”; 7. e., No. 30 of the American
wire gauge (A.W.G.) having a cross-sec-
tion of 100.5 circular mils, the resistance
of 10 feet of such wire would be 25325%10
=0.9577 ohms at 0°C. If a current of two
amperes be sent steadily through this
length of wire, the drop in the wire would
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the air, yet the resistance offered by the
air to the escape of the heat from the wire
would be much greater than that offered
by the varnish and water in the preceding
case, so that the temperature of the wire
would be raised. This would increase
the resistivity of the wire at the rate of,
approximately, 0.4 per cent. per degree
centigrade of temperature elevation, so
that both the resistance and the thermal
activity of the wire would rise.

Suppose, for example, that the air sur-
rounding the wire is at a temperature of
20°C. and that the current through the
wire raises its temperature 10°C. above
the surrounding air, or to 30°C. Then
the resistivity of the wire before the
current passed through it, would be
1.6 x 108 =1.728 microhms, and after
the current has passed through it steadily
1.6 x 412 =1,792 microhms, so that the
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it to increase its temperature. When a
body is heated above the temperature of
surrounding bodies, -heat flows from the
former to the latter, just as water flows
from a higher to a lower level. The great-
er the elevation of temperature of the
heated body, the more rapid will be the
passage of heat, or the greater the thermal
current strength. 'When the body is sup-
plied with heat at a steady rate, its tem-
perature continues to rise until the rate
at which it receives heat is balanced
by the rate at which it loses it. Conse-
quently, a time is reached when the tem-
perature of the body remains constant,
although the body is constantly receiv-
ing heat. When, therefore, an electric
current has been passing for a sufficient
length of time through a conductor, its
temperature will attain a definite eleva-
tion above that of surrounding bodies and
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from the heated surface in straight lines
just as licht does, when a body becomes
incandescent.

As to which of the above methods of
loss of heat is the most effective in the
case of a wire heated by an electric cur-
rent, depends upon the character of the
surroundings of the wire, whether the
wire is bare or covered, and where it is
placed.

Circuit wires may be either bare or cov-
ered. Bare wires are only suitable for
suspension in air. Covered wires may be
placed in air, in water, or in the ground.
The character of the covering may also
vary in different cases.

It might be supposed that a bare wire
suspended in the air was the simplest
case to deal with. Such, however, is far
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surface by radiation and convection. The
amount of heat that will be radiated in a
¢iven time, say one second, from a given
length of the wire, say one inch, will de-
pend upon the extent of free surface of the
wire in that length, upon the nature of
its surface, whether bright, blackened or
colored, smooth or rough, ete., and upon
the temperature elevation the wire has
attained. A rough, blackened surface will
radiate heat, approximately, twice as rap-
idly as a smooth, bright surface.

The heat which will escape from the
wire by convection, in the same length,
so far as is known, is practically the
same for all diameters of wire and for all
characters of surface, so that the loss by
convected heat does not depend upon the
surface, or only increases slightly with
the surface, while the loss by radiated
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or, which is intended for purposes of de-
veloping heat by the expenditure of elec-
tric energy, as in an electric heater, is do-
ing its best service when it is as hot as it
can become without danger of injury from
an excessive temperature. Since the
great majority of heated electric conduct-
ors are those in which heat is both an ob-
jection and a loss, it is necessary to ex-
amine the laws which control their heat-
ing, with a view of avoiding a dangerous-
ly high temperature.

Whether a covered wire be supported
in air, buried in the ground, or immersed
in water, itis evident that its heat must
first escape into the insulating covering,
before it can pass into the surrounding
medium. In other words, the insulat-
ing covering offers a certain resistance to
the escape of heat from the wire, and, if



“,,
the covering could be rex
allowing the electricity to escape—from
the wire, the temperature of the wire,
under any given current strength, would
be less than that it attains with the cover-
ing in place.

The thermal resistance of any insulating
covering, on a round wire, depends on the
proportion of the diameter of the bare
conductor to the diameter of the covered
conductor, and on the nature of the insu-
lating material. As no two insulating
coverings offer exactly the same electric
resistance to the escape of electricity, so
no two insulating coverings offer exactly
the same thermal resistance to the es-
cape of heat from the wire. All good
electric insulators are good thermal non-
conductors, so that just as a considerable
difference of electric pressure is required

séd swithout. .
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to force a given quantity of electricity
through a conducting coating on a wire,
so a considerable difference of thermal
pressure; i.e., difference of temperature,
is required between the inside and outside
of the coating to force a given quantity of
heat through the coating. When, therefore,
the insulating coating is thick, it i1s to be
expected that the temperature elevation
of the wire, for a moderate current
strength, will be appreciable. If, how-
ever, the covered wire be supported in the
air of a room, it will frequently happen
that the wire will be cooler than if devoid
of covering, for the reason that the advan-
tage gained by increased external surface
and the greater radiation therefrom, will
more than compensate for the additional
thermal resistance between the surfaces
of the wire and the air surrounding it.
The same is also more likely to be the
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merged in water it may be safely assumed
that the entire thermal resistance to the
escape of heat exists in the non-conduct-
ing covering, and that no thermal resist-
ance exists in the water outside it.

A covering of metal on the external
surface of an insulated wire, such, for ex-
ample, as a thin shell of lead spread over
the insulating material, does not offer any
appreciable thermal resistance. Metals
conduct heat so rapidly, as compared with
insulating substances, that the thermal
resistance in the metal may be neglected.
In fact a lead sheath aids in cooling a wire
suspended in air, since it provides an in-
creased surface for loss of heat by radia-
tion and convection; or, in other words, it
reduces the effective thermal resistance
of the air.
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tageous to subdivide the conductor; 7. e.,
to employ two or more small wires in-
stead of a large single conductor. In the
case of a subdivided conductor, the tem-
perature elevation of each separate wire
will be considerably less than the tem-
perature elevation of a single wire carry-
ing the entire current. This is for the
reason that the surface of a pound of a
given wire varies with its area of cross-
section, decreasing as the area of cross-
section increases, and vice versa. In
other words, a small wire has a larcer
surface, per pound, than a large one, and,
as is evident, the greater the surface,
the greater" the rapidity with which the
heat generated within the substance of
the wire can escape.

An insulated wire placed in a wooden
moulding, or in a closely-fitting conduit in
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section. This rule is easily applied, and
affords a convenient guide in the absence
of any special tables of reference. It
must be remembered, however, that the
rule implies that a large wire will lose its
heat as readily as a small one, and this,
as we have seen, is not the case, owing
to the reduction of surface per unit of
cross-sectional area or weight. Conse-
quently, a very large wire, selected accord-
ing to this rule, would be heated to a much
higher temperature than a very small
wire. In fact, the rule is not to be re-
carded as entirely safe beyond 250 am-
peres of current strength,

In buildings which are not absolutely
fireproof, it is important that the conduct-
ors, which may be placed in them for
supplying electric licht or power, shall
be so proportioned that their temperature
may never become dangerously high. A
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wire which can be grasped in the hand,
say for a minute, without marked discom-
fort from its heat, may be regarded as at
a safe temperature. The limiting tem-
perature, defined in this way, will of course
depend physiologically upon the condition
of the hand and the sensibility of the per-
son making the experiment, but roughly,
may be considered as in the neighborhood
of 50° C. If we assume that the summer
temperature of the interior of a house is
30° C. or 86° F., then to conform with these
requirements as to temperature, the limit-
ing temperature elevation for such a wire
would be fixed as approximately 20° C.
In other words, we must not allow the
current strength through the wire to ex-
ceed that necessary to elevate its temper-
ature 20°C., since, otherwise, in summer,
the temperature attained by the wire at
full load would exceed 50°C. Inpractice,
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however, the limiting temperature allowed
by Fire Insurance Boards is sometimes
placed as low as 10° C, at full load, so as
to allow margin for any accidental over-
loads that may occur unexpectedly.

If we double the current strength pass-
ing through a wire, under any given con-
ditions, we quadruple, roughly, the tem-
perature elevation of the wire. Thus, if
a wire in moulding be elevated 10° C.
above surrounding temperatures by the
passage of its full-load current, then
twice that current strength will elevate its
temperature 40° C., approximately, or 72°
F., and if the wire be originally at a tem-
perature of 78°F., its final temperature
with double full load will be 150° F.

Insulated wire for underground work
usually possesses in addition to the ordi-
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of the ground is less than the thermal re-
sistance of still air, so that a buried wire,
carrying a given current strength, will be
cooler than the same wire supported in
still air, although cases may occur in
which this statement does not hold ¢ood.

Intermediate between the condition of
a wire suspended in the air of a room,
and a wire in a conduit, in which there is
no attempt at forced ventilation, there is
the condition of a wire supported in a sub-
way. Here the air being at rest, the con-
ditions approximate, thermally at least, to
the case of a wire in the still air of a room.

When a wire has been electrically in-
active for a considerable period of time,
its temperature will necessarily coincide
with that of the surrounding air or other
material. When, however, the full-load
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In the case of buried wires, the heat
has to be propagcated slowly outward
from the wire through the mass of the
neighboring earth. The result is that,
while the layers of earth closely surround-
ing the wire will probably reach 95 per
cent. of their maximum temperature ele-
vation in half an hour, the layers situated
at a considerable distance from the wire,
although they will necessarily receive a
much smaller temperature elevation, yet
will require a much longer time for that
temperature elevation to be established,
and many hours may elapse before 50 per
cent. of the maximum temperature eleva-
tion is attained at a distance. of say four
feet from a deeply buried wire.

The temperature elevation, which may
be permitted in a wire buried in the
ground, is determined by totally different
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conditions to those which limit the tem-
perature elevation of a wire placed in a
building; for it is evident that there is no
danger of setting fire to the ground. The
insulating material of a wire has, how-
ever, to be sufficiently plastic to allow the
wire to be bent or slightly stretched, and
this condition, together with good electric
insulation, is usually found in a substance
that will not permit of a high temperature
without injury. Evenif it were possible
to operate a buried conductor at a high
temperature, such temperature would be
dangerous where the conductor emerged
from the ground. The temperature ele-
vation, in the case of hemp-covered wires,
is usually 25° C. and in rubber-covered
wires 20°C. Most insulating materials,
long before they would be injured by the
heat, would be liable to soften, thus per-
mitting the conductor to sag, so that it
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would no longer remain embedded central-
ly in the insulating material. Conse-
quently, the permissible temperature el-
evation is limited by the softening point.

As regards the temperature elevation of
ocean cables, employed in submarine
telegraphy, the question is at present de-
void of practical interest, since the cur-
rents which such cables carry are so very
feeble, say generally only a few milli-am-
peres, that the temperature elevation of
the conductor is entirely negligible. It is
worth pointing out, however, as an inter-
esting fact, that shouldoccasionever arise
for sending powerful currents through
submarine cables, the fact that the entire
bed of the deep ocean is covered by a
layer of very cold water in the neighbor-
hood of 30° F., would permit a ready
loss of heat,
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current in the wire, supplying the lamps,
might become enormously increased; for,
while the pressure on the mains would
remain practically the same, the resist-
ance in the circuit, if very small, would
permit, by Ohm’s law, a very powerful
current to pass through it.

The effect of such an abnormally great
current would be to cause the amount of
heat liberated in the wire, forming the
short circuit, to be far greater than it
could dissipate without attaininga temper-
ature sufliciently high to make it red hot,
or even to meltit. If such a wire were
melted by an accidental short-circuit, not
only would there be danger of setting fire
to the wood-work, or other inflammable
material surrounding the wire, but there
might also be considerable trouble and
difficulty in replacing the wire after the
accident. Moreover, the effect of a vio-
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to melt even a stout con tor forming
some portion of the cireuit, - would be
liable to injure the dynamo or engine
driving it, or to overheat and consequent-
ly injure any electrical apparatus that
might be in the same circuit. In order to
avoid these difficulties the plan has been
universally adopted of inserting wires,
called fuse wires, in the branch and main
circuits of any system supplied by a
dynamo.

A fuse wire is a wire or a strip of metal,
which has both a hich electric resistance
per unit of length, and a low melting
point. If such a wire be in circuit with
a copper wire, and both are of such sizes
that they are able to carry the normal,
full-load current without overheating, it
will be evident that the fuse wire must
become much hotter than the copper wire;
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for, since, as we have seen, the amount of
heat developed in any circuit, the current
strength remaining the same, depends on
the resistance of the circeuit, it is evident
that the same quantity of heat will be de-
veloped in such lengths of the fuse wire
and the copper wire, as have an equal
drop; i.e., offer an equal resistance to the
current., Consequently, there will be de-
veloped in, say one inch of fuse wire, the
same amount of heat as would be liber-
ated in, perhaps, ten feet of copper wire.
The fuse wire will, therefore, be raised to
the temperature at which it melts, long
before the temperature of the copper wire
would pass the danger point, and the
melting of the fuse wire would interrupt
the circuit and thus automatically cut off
the current. The meaning of the term
safety fuse is, therefore, evident, since the
simple introduction of such a wire into the
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Safety fuses are not only employed in
the form of wires, but also in the form of
strips, as shown in Figs. 5 and 6. In
Fig. 5, the safety strips are connected to
the circuit by means of binding posts, the
studs of which pass through holes at each

F16. 5.—FUSE STRIPS.

end. In Fig. 6, the ends of the strips are
slipped beneath the screw clamps, thus
avoiding the necessity for the removal of
the screw head, as would be the case in
the form shown in Fig, 5.

Fuse wires, such as shown in Fig.4,
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are placed in the circuit by simply wrap-
ping them around binding posts connected
with the circuit and firmly clamping the
connection with a screw head. This pres-
sure is apt to damage the wire and alter

Fi16. 6.—FUSE LINKS.

its carrying capacity, thus causing it to
melt at a unduly low strength of current.
To avoid this, the ends of the wire or
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Fig. 9 shows a simple form of safety
fuse-block consisting of a slab of slate, or
other non-inflammable material, on which
are mounted two metal blocks B and B.
The circuit passes through these metallie
blocks, and the fuse wire is clamped be-
tween them as shown.

B -

Fi1a. 9.—SAFETY FUSE-BLOCK.

Fig. 10 shows a pair of strip safety
fuses S,, S,, or safety links, as they are
sometimes called, inserted in the circuit
of the two leads BB' and AA', under
thumb scerew clamps situated at the ends
of the metallic blocks which form the
terminals of the leads B]%?'-’ and AA*.
These blocks are mounted on a non-con-
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ducting and non-inflammable plate, such
as a slab of slate, porcelain, or marble.

Fig. 11 represents a porcelain fuse-block
prepared for the reception of safety
links between the screw clamps A, A

F16.10.—PAIR OF SAFETY STRIPS, MOUNTED ON FUSE-BLOCK.
and B, B'. The two supply mains 4 and
B are electrically separated from each
other by the porcelain projecting ridge
RR, provided for this purpose. The pres-
sure between these leads may be 100 or
200 volts, aceording to circumstances, and
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were the ridge not present, the blowing
of the fuse might establish a dangerous

Fic. 11.—PorRCELAIN FUSE-Box.

arc across the leads, or such arec might be
accidentally established during the proc-
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F16. 12.—MicA-CovERED FUse-BoxEs.
carried off at rigcht ang¢les. In the event
of any short-circuit between the branch
wires, one or both of the safety links is
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At B, is shown a form of safety fuse-box
through which the mains do not pass, but
terminate, say at the left, and the wires
supplied by such mains enter at the right.

At C, a form is shown from which two
separate branch ecircuits issue from the

F16. 14. —FUske-Box PROVIDED WiTH PORCELAIN COVER.
box, half to the richt and half to the left,
after being suitably connected to the
mains which enter and pass through the
centre of the box.

Practically similar forms are shown in
Fig. 13,
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In all these forms, a thin mica cover
serves to exclude dust, and, at the same
time, renders the conditions of the safety
links externally visible.

Figs. 14 and 15 show forms of fuse-
boxes, provided with porcelain covers.

F16. 16.—CEILING-FIXTURE FUSE-BLOCK.

The form shown in Fig, 14 is similar to the
box shown in Fig. 11, with the addition of
sides and cover. Fig. 15 shows a form
of box in which the safety links are sup-
ported on the cover, and the wires con-
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nected to the base, so that the attach-
ment of the cover to the base closes the
circuit througeh the links.

The form of fuse-box necessarily varies
with the current which has to be carried
through it, and with the character of the

F1G. 17.—CEILING BLOCK WITH SPRING CLIPS.

fixture or circuit in which it is connected.
Fig. 16 shows a form suitable for a ceil-
ing fixture; i e., an electrolier pendant
from a ceiling and usually called a ceiling
block. The supply wires are connected to
the screws S, S, in the permanent block
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which is attached to the ceiling, while the
wires connected to the electrolier are con-
nected to the screws B, B, in the cover.
Connection is secured through the two
safety fuses [, I, by screwing up the
cover against the block. A similar form
is shown in Fig. 17, in which, however,
connection is secured through spring
clips.

F1c. 18.—PLuG Cur-OvUT.

The fuse wire is sometimes placed in a
serew-socket in order to ensure ease in
placing and replacing. Under these cir-
cumstances the electrical connections of
the fuse wire are such that the mere in-
sertion of the screw block in its socket
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inserts the fuse in
shows such a serew-blockfuse, 011 ‘plug cut-
out and Fig. 19 shows various forms of
socket attachments, or cut-out boxes, for
such fuses. The cavities of the block
containing the fuse wires are usually part-

Fi6. 19.—CuTt-OvT BoxES,
ly filled with plaster-of-Paris for the pur-
pose of excluding the air; for, when a fuse
wire suddenly melts or blows, the heated
air might escape explosively from the
cavity forcing particles of melted lead
outward. The effect of the plaster-of-

Ogig’q}lit. Fig. 18 - |

. '{M
s
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Paris on the action of the fuse, is to di-
minish its sensitiveness to a momentary
overload, for the plaster conducts heat
from the wire, and, therefore, a sudden
excess of heat will not so quickly bring
the wire to the melting point, although a
steadily continued current will eventual-
ly melt the fuse almost as readily as if
the plaster were absent. .

When fuse-blocks are placed inside ap-
paratus, it becomes a matter of impor-
tance to insure convenience in inserting
and ingpecting them, and when such ap-
paratus, as, for example, an alternatine-
current transformer, employs dangerous-
ly high pressures, some means are neces-
sary in order to insure'safety of attach-
ing the fuse wires to the fuse-block by
disconnecting them from the primary and
secondary terminals. A form of such a
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fuse-blocks are detachable. One of them
is shown at F, detached, and the other at
I, in place of the interior. The fuse wire
w, w, is clamped under screws whose
studs project through the fuse-block and
enter into spring clips p, p', when the fuse-
block is thrown into position by its han-
dle h, is connected with the external
circuit by a wire shown, and °?, connected
to the apparatus in the interior. Should
any short circuit exist in the apparatus,
the fuse will melt on the insertion of the
block, and the hand of the operator will
be protected from any particles of explod-
ed lead by reason of the shielding action
of the handle A.

The temperature at which a fuse wire
will melt, depends upon its composition.,
Some alloys can be used which will melt
at as low a temperature as 50° C. As a
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exist in its vicinity, would greatly effect
the current strength that melts it. So
also the position of the wire, whether ver-
tical or horizontal, its shape, whether
straight or curved, the shape of its cross-
section, the character of its surface,
whether rough or smooth, tarnished or
bright, all exert an influence on its carry-
ing capacity. As a rule, therefore, fuses
cannot be depended upon to melt at pre-
cisely the current strength for which they
are designed.

When an overload, or an unduly power-
ful current, exists in an elecwrie circuit
for a very brief interval of time, as, for
example, when a short circuit occurs dur-
ing a small fraction of a second, a fuse de-
signed to melt at say, 10 amperes, may
carry 100 amperes or more without melt-
ing, when 10 amperes steadily maintained
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cuit, the main fuse should blow out, while
the branch fuse remains intact. This ac-
tion, by no means of common occurrence,
probably finds its explanation in the
fact that the main fuse has already been
heated by a full-load current of the gener-
ator, to a comparatively hich temperature,
while the particular branch fuse is cold
since no current had been passing through
it prior to the accidental short circuit.
Under these circumstances, when a short-
cirenit  suddenly  occurs between the
branch wires, the powerful rush of cur-
rent through both fuses may be able to
blow the larger fuse, before the smaller
one reaches the temperature of its melt-
ing point,

Since in most commercial clectric cir-
cuits fairly considerable variations in the
streneth of the current passing are apt to
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have attracted no little attention, and its
use, in -certain directions, is rapidly in-
creasing. While there is, perhaps, little
probability in the near future of large
electric plants being erected whose cur-
rent shall be entirely employed for the
production of heat, as in warming build-
ings, mnevertheless, electric heaters are
likely to be extensively employed in con-
nection with already existing systems of
electrice distribution for licht and power.

Electric heaters are to-day in common
use in electric street railway cars, and
this is for the same reason that electrie
lights are employed in these cars. Were
it not for the fact that the cars obtain their
propelline power from the electric cur-
rent, it is not at all likely that electrically
lichted and electrically heated cars would
have come into the general use they have
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exists between a given amount of electric
enerey and the heat energy it is capable
of producing. It has been ascertained
that one joule of work, expended in pro-
ducing heat, will raise the temperature of
a cubic foot of air about {5 °F., and,
therefore, an activity of one joule-per-
second, or one watt, can raise the tem-
perature of one cubic foot of air 5 °F.
per second.

A simple form of eylindrical electric
heater for hot air is shown in Fig. 21. 1t
consists of a metallic strip, wound spiral-
ly on an insulated frame. Here, as in all
forms of air heater, the design is to obtain
as large a surface exposed to the air as
possible.  Since the metal strip employed
is comparatively thin, the total mass or
weight of the metal in the heater is com-
paratively small, and the conductor is
rapidly heated by the passage of the cur-
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F1a. 21.—CYLINDRICAL ELECTRIC HEATER,
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rent. But since the surface exposed to
the air is great, the heating coil never ac-
quires an excessively high temperature.
An electric heating coil best serves its
purpose when it rapidly imparts its heat
to the surrounding air, never itself acquir-
ing a dangerously high temperature.

The heating coil or conductor inan elee-
tric heater is not always in the form of
a strip. 1t sometimes takes the form of
a wire or spiral, either bare, or placed
within a metallic frame.

Fig. 22 represents a form of electrie
heater or radiator resembling in appecar-
ance an ordinary steam or hot water ra-
diator. Here the coils of the electric con-
ductor are placed within the metallic
frame. The exact length and dimensions
of the heater coils will depend upon the
amount of heat required, and on the elec-
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tric pressure employed in the building.
The same coil will, however, give practi-
cally the same amount of heat when con-

FiG. 22. —ELECTRIC RADIATOR.

nected with the same pressure of either
alternating or continuous current.

The advantages of an electric heater
are especially marked when employed in
cars propelled by electricity. Indeed,
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the necessity for utilizing all the available
space in a street car for the accommoda-
tion of passengers, and for maintaining a
uniform temperature, with a minimum of
attention required from the conductor of
the car, renders the use of the eleetrie cur-
rent for heating even more economical
than the use of a stove. This, of course,
arises largely from the fact that the stove
which can, in practice, be placed in the
limited space allotted to it in a car, must
necessarily be very uneconomical, more-
over, the large scale on which electric
power is generated in a central station for
propelling the cars, reduces the cost of
the electric energy so much that the elec-
tric heating of the car actually compares
very favorably in economy with what
would be required to heat it as effectively
by the direct burning of coal in a stove.
Fig. 23 represents a form of electric car
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ing the dress of the passengers from com-
ing into contact with the heated coils,
and for permitting the ready escape of
the air through the apparatus.

An inspection of Fig. 24 will show that
the heating coil, employed in this particu-
lar form of car heater, consists of a close

)
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F16. 24.—BACK AND INTERIOR OF ELECTRIC CAR-HEATER.

spiral conductor, which is spirally wound
around a grooved porcelain tube, and is
supported at the centre and at the two
ends by porcelain washers. The back
of the heater is formed of sheet iron,
suitably provided with asbestos lining.
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Heaters employed on electric railroad
circuits take their current from the mains
at a constant pressure, generally 500 volts.
In order to vary the current passing

F1G. 25. —-CAR-HEATER REGULATING SWITCH.

through the four or six heaters generally
employed in each car, a switch is used,
by means of which the separate heater
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coils can be connected in series, or in
parallel-series, or some of them cut out
from the ecircuit, thus permitting the
amount of heat to be readily varied in or-
der to meet the requirements of the

F1G. 26.--SIDE INTERIOR VIEW OF CAR-HEATER REGULAT-
ING SWITCH.

weather. Fig. 25 shows a form of rey-
ulating switch of this character intended
to produce five different strengths of
current, and, therefore, five different rates
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of producing heat in the car. The side
view of the interior of the switch is shown
in Fig, 20; the front view of the interior
of the switch in Fig. 27. This switch
consists of a number of contact springs,

3
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F16. 27.—FRONT INTERIOR VIEw OF CAR-HEATING REGU-
LATING SWITCH.

whereby, through the motion of a lever
attached to the barrel, the proper connec-
tions can be made for coupling the coils in
the five different arrangements required,
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F1G. 20.—CAR-HEATER.
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Portable electric heaters, as their name
indicates, are so constructed that they
may be readily carried and temporarily
attached in any room where electric sup-
ply is obtainable. These are made in a

F1G. 31.—PORTABLE ELECTRIC HEATER.

variety of forms, but the principle in all
cases is the same. A wire of suitable
length and size is enclosed in the heater
and free access given to it from the
surrounding air. A form of cylindrical
heater is represented in Fig. 30. Other
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forms of portable heaters are shown in
Figs. 31, 32, 33 and 34. That shown in
Fig. 33 is 26 in. long, 7 in. in height, and
10! in. wide, and is provided with three
switches to regulate the temperature. A

FiG. 32.—PORTABLE HEATER.

flexible attachment of the conductors to
the heater is shown in Fig. 34. Fig. 35
represents a small stationary heater in-
tended for attachment to a wall, corre-
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sponding, it may be, in position, to the
ordinary hot-air register.

Figs. 36 and 37 show a form of electric
heater suitable for oftice or house work.

F16. 33.—PORTABLE HEATER.

Fig. 36 shows the exterior, and Fig. 37,
the interior of the apparatus. The heat-
ing coils, six in number, are essentially of
the same type as those employed in con-
nection with the car-heaters represented
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F16. 34.—ATMOSPHERIC HEATER.
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in Figs. 23 and 24. The coils are wound on
vertical poreelain frames, as shownin Fig.
37,and are sometimes provided with a tem-
perature-regulating switch in such a man-
ner that they may be connected in series,
or parallel-series, and so produce less or
greater activity., The stove case shown
in Fig. 36, is made of Russia iron. The
air enters at the bottom of the heater,
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Fic. 35, —WaLL HEATER.
passes up over the heated wire, and
escapes at the top.

Flectric air heaters may be employed
for a variety of purposes, as, for example,
for drying out the interiors of large cais-
sons or tanks. A form of heater suitable
for this purpose is represented in Fig. 38,
It consists, as shown, of a number of coils,
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F1G. 36.—PORTABLE ELECTRIC HEATER.
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capable of being connected either in series
or in parallel. Itis 33in. long, 12in, wide,

o

F16. 37.—PoRTABLE ELECTRIC HEATER, INSIDE VIEW,

71in. in height, and is intended for a pres-
sure of 110 volts with a maximum current
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strength of 42 amperes; i. e., a maximum
activity of 4.62 KW.

As we have already seen, the product
of the drop of pressure in a conductor
and the current strength, equals the ther-
mal activity in the conductor. Since in a
heating coil, the drop is entirely of this

F1G. 33 —TANK HEATER.
nature, it is evident that all the energy of
the current passing through the coil must
appear in the circuit as heat, and all of
this heat energy must be given to the ex-
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ternal air on the cooling of the coil. Con-
sequently, neglecting that small portion
which is dissipated by conduction to the
walls or floor, an electric air heater, as a
device for converting electric energy into
heat energy, may be regarded as a nearly
perfect machine.

The cost of operating a car-heater will
necessarily vary with the amount of ac-
tivity developed in the car, and this, of
course, will depend upon the number of
amperes passing through the coils and
the manner in which the coils are con-
nected by the regulating switeh. If, for
example, there are four heaters in a car,
“and their resistance is 62.5 ohms each,
then, when they are connected in series,
the total resistance of the heating circuit
will be say, 250 ohms. Assuming the
pressure to be uniformly maintained at
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speed of the car, and with the direction
and intensity of the wind. Consequently,
in practice, it is necessary to provide for a
rariable production of heat so as to meet
the requirements of a variable climate.
It is found that the average amount of
current required to warm the car, except
in extremely cold climates, is three am-
peres at a pressure of 500 volts, or 1}
kilowatts. The cost of a KW. hour, when
supplied from a large power station to an
extended system of cars, is usually a little
over one cent and a half, per kilowatt-
hour delivered. At this estimate, the
average cost of heating a car in the winter
is about 2.25 cents per hour, or 40.5 cents
per car-day of 18 hours. The cost is
stated to vary from 25 cents to 50 cents
per car-day of 18 hours, according to the
number of cars and the nature of the
weather. It has been stated, from actual
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no paying space. Consequently, where
clectric cars are used, the electric heater
is coming into extended use, not only on
account of its greater popularity, but also
on account of its convenience,

When it 1s desired to apply heat di-
reetly to the surface of the body, for such
medical treatment as would ordinarily
employ hot water bags, the object can be
much more conveniently obtained by a
suitably constructed cleetrie heater than
by any method which depends for its
heat on material warmed while away
from its body, since, in all such cases,
the cooling of the material necessitates its
repeated renewal.  An electric heater,
suitable for local application to the body,
and called a flexible electric heater, is
shown in Fig. 39, because constructed of
materials which enable 1t to be brought
into intimate contact with the surface to
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be heated. The heatinyg¢ 'ri‘s"\fB.,‘.,&re\ \,u,nﬂ‘*'“j,i
formed of German silver wire arfﬁ’fl’ge&-&s?:“
shown in the figure, placed on asbestos
cloth and suitably insulated. The space

F16. 39.— FLEXIBLE ELECTRIC HEATER.

surrounding the wires is filled with a
solution of silicate of soda, which, on
hardening, acts as a cement to hold the
different parts together. A cushion, or
flexible mass, is then made by packing
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mineral wool, or asbestos fibre, around the
heating conductor and covering the mass
with a suitable cover of ¢loth, The ad-
vantage of such a heater is that the heat
can be readily maintained. The appara-
tus shown in the figure, ordinarily re-
quires to be supplied with an activity of
about fifty watts,

The eleetric heater has recently been
adopted for the warming of the Vaudeville
Theatre in London, England. The advan-
tages of electric heating are specially
marked in the case of theatres, where
pure, warm air, without powerful currenty
or draughts are the desiderata. The
heaters are two feet long and one foot
wide. Twelve of these are attached to
the skirtings round the walls, and twelve
to the partition in front of the orchestra.
TFour larce portable heaters are also em-
ployed with flexible attachments for use
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Suppose any heating coil be taken, as,
for example, the coil shown in Fig. 40,
already deseribed in connection with a
car-heater in Fig. 24, Let us suppose
that this coil has a resistance of 40 ohms
(hot). 1f a current of three amperes be
sent throueh it, the drop in the coil will
be 3 x 40 = 120 volts, and the electric ac-

Fi1c. 40.—HEATING CoOIL.

tivity in the coil 3 x 120 = 360 watts, or
nearly half a horse-power. This amount
of heat is capable of raising the temper-
ature of 20 cubic feet of air 1°F. per
second. If this heater were placed at
work in a closed chamber, the temperature
acquired by the contained air would de-
pend upon the volume of air, A large
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An electric oven consists essentially of
a small chamber, the air in which is prac-
tically isolated, the walls being nearly
air-tight and lined with some non-con-
ducting material, so as to retain the heat.

Fie. 41 shows a form of cleetrie oven
provided with a wooden external case,
lined on the inside with asbestos or felt,
and covered on the inside with bright, tin
plate, which being a good reflector, tends
to prevent heat from being conducted
through the walls.  Two electric heating
coils are shown within at A and B3, respect-
ively, one at the top and the other at the
bottom of the oven. By means of the
switch, shown at the right hand of the
drawing, either or both can be operated.
A thermometer is inserted through a small
hole in the top of the oven, to show the
temperature of the contained air.

Fig. 42 shows another form of electric
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Fi1G. 42.— ELECTRIC OVEN.
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Fig. 43 represents a form of electrice
heater, suitable for heating a large quan-
tity of coffee such as might be required

Fi1G. 44. - ELECTRIC COFFEE-POT.

for use in a restaurant. Here the heater
coil 18 situated in the base of the appa-
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proximately, an activity of 500 watts.
The electrie heater coil is contained in the
base of the pot. A flexible cord connects
it with the nearest lamp socket.

Fig., 45 represents a form of electrically
heated, four-quart tea-kettle. This ket-
tle requires an activity or about 700 watts
or nearly one horse-power, in order to
boil one quart of water in ten minutes.

If one gallon of water be put into an
electric tea-kettle, at say, a tempera-
ture of 41° F. (5°C.) and be raised, with-
out actually boiling, to the boiling point,
or 100°C., it would be elevated 95°C. ;
there would be, consequently, 3786 cubic
centimetres elevated 95°C., (one gzallon
containing 3786 cubic centimetres) or
3786 x 95=359, 575 water-gramme-degrees-
centigrade of heat produced. But one
calorie, or a water-gramme-degree-centi-
orade, requires an expenditure of 4.18
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and, although in an air heater, any heat, so
absorbed in the mass of metal of the heat-
er would be returned to the air; in a wa-
ter heater, this would not necessarily be
returned to the water heated; beside, dur-
ing the time required for the heating of
the water, which would be about fiftcen
minutes for one gallon, the air outside
the kettle would be warmed and would
carry away some of the heat. The pro-
portion of useful heat developed to
total heat developed; or, as it is called,
the efliciency of the kettle, would proba-
bly be about 70 per cent. Therefore, the
actual cost of heating a gallon of water
would be, approximately, 3% x 100 =43
cents at 8 cents per kilowatt-hour, or near-
Iy 9 cents at 15 cents per kilowatt-hour.
1t is evident, from the preceding figures,
that at the present price of electric power,
the electric water heater could not be eco-
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Fig. 46 represents a form of electric
chafing dish in which the electriec heat is
generated from a resistance coil, placed
in a water-tight compartment at the base,
where the wires enter. The apparatus is
designed to hold about one quart of water,

F1G. 46.— ELECTRIC CHAFING DisH.

and requires to be supplied with an activ-
ity of about 500 watts.

Fig. 47 represents an electrically heated
stewing-pan for holding two quarts and
designed for a supply of 700 watts.
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can be made to serve the necessities
of the culinary art, Figs. 48, 49 and 50,
representing respectively an electrie skil-

F16. 48.—ELECTRIC SKILLET.

let, cake ¢riddle and cooker, are shown.

In electric cooking apparatus contact
with the supply mains is sometimes effect-

F1G. 49.—PANCAKE GRIDDLES.

ed by the ordinary screw plug. It is pref-
erable, however, when much work of
this character is to be done, to employ
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F16. 50.—ELECTRIC STEAM COOKER.
special connectors for this purpose. Two
forms of plug-switches for such purposes
are shown in Fig. 51, One of these is for
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attachment to the wall, and consists of a
disc of wood, or hard rubber, with a slot
containing a pair of separate springs con-
nected with the supply mains. The in-
sertion plug fits into the socket and con-
nects two terminals from the flexible cord

Fic. 51.—PLUG SWITCHES.

leading to the heater with the spring clip,
thereby establishing the circuit.

The other switch shows a very conven-
ient method for connecting together two
pairs of flexible cords. Each flexible cord
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en, such asis capable of being furnished
by apparatus  already in existence, is

Fi1a. 52. —ELECTRIC KITCHEN.
shown in Fig. 52. Here an electrically
heated oven is provided with a hood,
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not to carry off the /'N\@,Qf,ﬂ.lpmi‘;uglwbm‘j:
the odors from the cooking=xi
switchboard enables the utensils on the
table to be connected with the supply
mains as desired. B, is a hot-water boil-
er in which water can be readily heated
electrically.

Aswehavealready pointed out, the elee-
tric heater, considered as a device for
transforming electric energy into heat
energy, may be regarded as an extremely
eflicient apparatus. This cannot be as-
serted to the same degree of electrie cook-
ing apparatus, since, in such apparatus,
some of the heat is lost; 7. e., diverted
from the material to be cooked, and sup-
plied to the surrounding metal, air
or water. Since, however, all electric
heat is wusually obtained by burning
coal ina central station, the cost of the
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electric heat on a large scale is consider-
ably greater than the cost of the heat
necessary for the same amount of cook-
ing by the direct use of fuel in an ordinary
range,

The larger the scale on which cook-
ing is ecarried out, the greater the eco-
nomical advantage of an ordinary fuel
range over an electric range.

Under all circumstances, however, the
electric heater is the more convenient
and the more cleanly apparatus, and,
when employed on a small seale for cook-
ing, is often more economical than a coal
range., Consider, for example, the case
of preparing a cup of coffee by electric
heating. Here, there is only required the
generation of an amount of heat slichtly
in excess of that required to bring the
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A simple form of electric heater is rep-
resented in Fig. 53. Here the heat is
obtained from an incandescent lamp, of
size proportionate to the requirements of
each case. As will be seen, the lamp is
placed inside the hollow bottom of a cof-
fee pot or kettle, which is blackened so
as to absorb the heat. In this way 75
per cent, of the heat liberated by the lamp
is utilized in the heating of the water,
It is claimed that in the form shown, a
50-candle-power lamp, of say 200 watts
activity, will heat 23 pounds of water
to the temperature of boiling point in 25
minutes, and that when the water is at
its boiling point it can be maintained at
this temperature by the activity of a 16-
candle-power lamp (about 50 watts), and
in some cases even less,

Beside the uses we have already
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ally heated glue-pot, with a switch at
the base, whereby the strength of current
may be regulated within certain limits.
This apparatus requires 700 watts for a
one quart size, and 500 watts for pint

F16. 55. —ELECTRIC SAD IRON.

size, when heated at the maximum rate.
A much smaller activity is necessary to
keep the glue hot when once melted.
Fig, 55 represents a sad iron, requiring
about 250 watts for its operation, Fig. 56,
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fected in the direction of electric cooking
we may mention a banquet recently
given in London, England, by the direct-
ars of an electric lichting company, to
120 guests, in which all the cooking was
performed electrically., They were ten
courses, which required for their prepar-
ation a total expenditure of energy of 60
kilowatt-hours, or on an average of one
half a kilowatt-hour per guest.

The above company has notified the
public that they will charge 8 cents per
kilowatt-hour for cooking. Consequently,
this would place the expense of such a
banquet at 4 cents per guest for the ten
courses, Considering the convenience of
the process this charge cannot be re-
garded as exorbitant.

An electrically cooked banquet was not
a possibility in the time of Franklin, yet



insignificant part is thus humorously
scribed by him in a letter written in 1769:
“(Chagrined a little that we have been
hitherto able to produce nothing in the
way of use to mankind; and the hot
weather coming on, when electrical experi-
ments are not so agreeable, it is proposed
to put an end to them for this season,
somewhat humorously, in a party of pleas-
ure on the banks of the Schuylkill.
Spirits, at the same time, are to be fired
by a spark sent from side to side through
the river, without any other conductor
than the water; an experiment which we
some time since performed, to the amaze-
ment of many. A turkey is to be killed
for our dinner by the electrical shock, and
roasted by the electrical jack, before a fire
kindled by the electrical bottle; when the
healths of all famous electricians, in En-
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These are capable of being divided into
two sharply marked classes; namely,

(1) Those in which a metal forming
part of an electric circuit is raised to its
welding temperature; that is, a tem-
perature considerably below the melting
point of the metal.

(2) Those in which metals, or refractory
substances, forin portions of an electric
circuit, and a temperature is obtained as
high as is possible to produce under the
circumstances, this temperature at times
being the hich temperature of the vol-
taic are.

Apparatus of the first type find their
examples in various forms of welding ap-
paratus; those of the second type, in elec-
tric furnaces.

By the welding of two pieces of metalis
meant causing them to strongly cohere, or
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1s necessary that the surfaces of the metal-
lic weld be clean and free from oxides or
other impurities. Such clean surfaces are
insured by the use of a suitable flux, as, for
example, borax, which removes the filin of
oxide that so readily forms on the sur-
faces of glowing metal.

In the practical welding of one metal to
another, it has been found that the most
efficient welding is obtained when a cer-
tain temperature is reached but not
exceeded. In welding, carried on by
means of the heat of an ordinary fire,
the operator generally judges as to
when this temperature is reached, by
the color or appearance the metal ac-
quires, and much of the welder’s art con-
sists in his ability to recognize precisely
when the proper temperature has been
reached in order to ensure the most
effective joint.
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only more convenient and rapid than the
ordinary process, but by its means, metals
have been effectively welded, which it is
impossible to weld by the old process.
By the application of the electric welding
process not only can the ordinary metals,
such as iron, steel and copper, be readily
welded, but many metals which required
under the old process to be previously
bronzed, or covered by a layer of brass or
solder, can now be directly welded. The
following metals, for example, have been
successfully welded electrically; viz.,
wrought iron, copper, gold, lead, zine, tin,
silver, aluminum and cast iron, and some
of these metals have even been welded one
to another.

The practical efficiency of any welded
joint, of course, lies in the extent to which
the tensile strength of the welded cross-
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large bars, especially of iron, offer a great-
er resistance to the alternating than to
the continuous current.

It is possible, therefore, to employ al-
ternating currents for electric heating and
this is, indeed, a very fortunate circum-
stance, since, when dynamo-electric ma-
chines are employed as the electrie source,
the use of the commutator is thereby
obviated; for alternating-current gener-
ators employ no commutator, while
continuous-current machines necessarily
employ one. The enormous current
strength employed in welding large bars,
sometimes as high as 50,000 amperes,
would necessitate the use of massive and
expensive commutators, while with the
use of alternating currents these are
dispensed with.

Extended practical experience in the






190 ELECTRIC HEATING.

fore, the bar mnecessarily loses its heat
from the surface, yet, as 1s well known,
alternating currents tend to develop a
greater heat at the surface of a large mass
than at the central portions, and there is
thus ensured a more uniform heating of
the contact surfaces. Consequently, most
welding processes are now carried out by
the use of alternating currents.

The apparatus employed in electric
welding may be divided into two classes;
namely, those in which the alternating
currents employed are generated directly
from a specially designed alternating-cur-
rent dynamo, and second, those in which
the currents employed are taken from the
secondary coil of a step-down transformer,
that is, a transformer in which the sec-
ondary terminals supply a large current
at a lower pressure, or a transformer in
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which the primary consists of a long, thin

F16. 58. —DIRECT WELDER FOR WELDING BABY CARRIAGE
TIRES AT THE RA1E OF 1500 TO 2000 1N TEN HOURS.

wire, and the secondary of a short, stout
wire. The first method is called the proc-
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ess of direct welding, and the second, that
of indirect welding.

Fig, 58 shows a direct welder employed
for welding the iron tires of baby car-
riages. Such a machine can make 1500 to
2000 welds in ten hours. It consists ofan
alternating-current dynamo, or alterna-
tor, with two field magnets M, M, and the
armature A, revolving between the two
pole-pieces, one on each side as shown at
P'. Thearmature is driven by a belt and
pulley Y. The armature has two windings.
One is connected with the commutator C,
at the end of the shaft, and the brushes
B, B, carry off a continuous, or commuted
current, to the field magnet coils J7, 7, for
their excitation. The other windingon the
armature consists of a single massive
turn of copper cable. Itsextremities are
brought to the collecting rings R, R, upon
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which restheavy brushes to carry the pow-
erful welding current to the two clamps
P, P, mounted above the platform F F F.
These clamps can be caused to approach
or recede by the turning of the handle A.
The clamps P, P, hold the tworods d, d
which are to be welded together. The
alternating currents, generated in the
single turn of cable on the armature, are
carried directly to the rods which are
brought into end-to-end contact by the
movement of the clamps. Since the
clamps are attached to the rods to be
welded close to the welded ends, it is evi-
dent that only the portions between these
clamps and the welded surfaces, receive
the welding current and attain the welding
temperature. Moreover, in the immediate
neighborhood of the clamps the heat is
conducted away into the large metallic
masses around the clamps. On the ap-
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plication of the current, the ends of the
bars to be welded are pressed steadily to-
gether and the pressure is increased as the
temperature rises. The current strength
employed in the welding circuit seldom
exceeds 4000 amperes, and the E. M. F.in
the circuit is only two or three volts.

In order to avoid the use of collector
rings for carrying off the heavy welding
currents, forms of direct welders have
been devised in which the armature is sta-
tionary, and the field is movable, In this
case, the ends of the heavy cable, wound
over the armature, are carried directly to
the welding clamps.

Another form of direet welderis illus-
trated in Fig. 59. This welder is spe-
cially adapted to the purpose of welding
strip-iron into hoops. Some of these hoops
are represented at the bottom of the figure
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Fi16. 59.—DI1RECT-WELDING APPARATUS.
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with their welds at W. One of the mag-
nets of the alternator is shown at
M. The pole-piece [P, embraces the
armature, which is driven by a belt on the
pulley Y. The whole machine can be
moved forward with the aid of the rachet
handle 71, so as to tighten the belt, when
necessary. The rheostat 2, enables the
strength of the current from the com-
mutator (', to the magnet coils 1/, to be
readily controlled. On the platform /' F,
are mounted the elamps p p, connected
with the ends of the turn of cable on the
armature, through the collector rings », r,
and brushes resting on the same. The
strip S, to be welded, rests on the supports
7, is then cut off' at the right length and
the two ends forced under the clamps p, p.

Whenever large bars or rods are to be
welded, indirect welders are used, Any






198 ELECTRIC HEATING.

the exciter /£, which supplies the current
for the field magnets of the alternator 4,
through the controlling rheostat R. The
current from the collecting rings of the
alternator armature, is carried through the

e

Fi16. 60, —CONNECTIONS OF INDIRECT WELDING.

switches S, S, and the register g, to the
primary coil of the welding transformer 7.
A register is employed to count the
number of welds that the machine makes.
The metallic mass or shell of the trans-
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former 7, is grounded by the ground con-
nection G, in order to prevent any shock

F16. 61.—CONSTANT POTENTIAL DYNaAMO.

from being accidentally obtained from the
apparatus, by the operator.

Fig. 61 represents an alternator, with
six poles, intended for indirect welding.
Here a separate continuous current genera-
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tor (7, supplies current to the magnets M,
M, of the alternator. For this reason the
alternator is called a separately-excitedma-
chine. There is, however, on the alter-
nator shaf*, a commutator ¢, which serves
to commute part of the current from the
armature A, and supplies this rectified or
commuted current to the field magnets,
in order to compensate for the drop in the
pressure at the terminals of the armature,
when the machine is running at full load.
The machine is, therefore, said to be com-
pound-wound; i. e., contains two separate
windings in its field magnets. The rings
r, r, carry the current to the primary coil
of the welding transformer at a pressure
of ubout 300 volts. The handle #, is for
tightening the belt on the main pulley P,
by driving the generator forward on the
guides ¢, g. This machine has a capacity
of about 60 KW, or, at 300 volts pres-
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tion in the secondary coil, will depend up-
on the relative number of turns or loops of
wire in cach. If, for example, the primary
containg 100 turns and the secondary a sin-
gle turn, then, if the E. M. F. impressed
upon the primary coil from the machine
above deseribed be 300 volts, there will be
induced in the secondary coil an E. M. F.
of about three volts. But, since the resist-
ance of this single turn of very heavy
copper 1is exceedingly low, the resistance
of the secondary coil may be, say.lysth
of an ohm., The current strength which
would flow through the secondary circuit
might, therefore, be 21,000 amperes, a cur-
rent that would necessarily possess large
heating power; namely, 3 x 21000 = 63,000
watts activity.

Fig. 62 shows a form of welding trans-
former. A core /, of laminated iron, made
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up of a number of thin sheets piled to-
cether, is looped with a massive copper
casting S S S S, which serves as a single

Fic. 62. — WEL»ING TRANSFORMER.

turn of secondary conauctor slit between
the clamps C,(', as shown. Within the
eroove formed by this secondary casting
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1s placed an insulated coil of wire forming
the primary coil, but not shown in the fig-
ure. This transformer 1is, in reality,
double, a second transformer being placed
at the back, and only part of which is
seen. Its construction, however, is iden-
tical with that just described. When
an alternating electric current is sent
through the primary coils, powerful cur-
rents are set up by induction in the heavy
sinele copper turn forming the seconda-
ries of these transformers as soon as their
circuit is closed through the clamps and
bars to be welded.

For very large work, which it would be
impracticable to bring to the transformer,
the transformer is so designed that it can
be readily brought to the work. Ifor this
purpose the form of transformer shown in
Fig. 63 has been devised. The outer shel]
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S S S S, of this transformer, is a copper
casting made in twohalvesbolted together,
serving as the secondary coil, and containing
within it the primary coil. By this means

F1G. 63.— LARGE WELDING TRANSFORMER.

the primary coil is protected from mjury.
Insulation is maintained not only by in-
sulating the wire of the primary coil in
the usual way, but also by filling the inte-
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rior of the copper box with oil. The iron
core,not shown in the figure, is linked both
with the primary and secondary coils
through the opening O.

In order to decrease the skill required
for making an effective welded joint, the
automatic welder, Fig. 64, has been devised.
Here the proper degree of pressure be-
tween the contact surfacesis automatical-
ly applied, amounting for copper to 600
1bs. per square inch of welding cross-sec-
tion, 1200 1bs. per square inch for iron,
and 1800 lbs. per square inch for steel.
The rods to be welded are placed in the
clamps (', (", and are pressed together by -
the action of the weight W. The trans-
former 7', supplies from its secondary
coil the current strength required for ef-
fecting the weld. The movement of the
clamps C, C, as the weld is effected,
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causes a contact to be made under the
control of the screw K, actuating the

AT e *'\’Std
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F16. 64.—AUTOMATIC WELDER.

magnet M, which interrupts the main
current.

Indirect welders are made in a variety
of forms. Generally, however, the ap-
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paratusis protected from dirt, dust andin-
jury by a suitable casing. A form of
automatic welder is shown in Fig. 65,
which 1is intended for the welding of
copper wire,

The amount of power, which must be
expended in effecting a weld, depends
both upon the material and upon its cross-
sectional area. If we double the cross-
sectional area, we increase the amount of
work to be expended by about 150 per
cent. that is to say, we more than double
the necessary expenditure of work. In
order to weld bars of iron and steel one
square inch in cross-section, nearly one
megajoule; i. e., nearly 1,000,000 joules
must be expended, or somewhat more
than } of a KW. hour. For a weld in
brass, of one square inch in cross-sec-
tion, about the same amount of work is



v

Fi16. 65.—AUTOMATIC WELDER.

required; 7. e., a triflemore than one mega-
joule, and for a weld in copper one square




210 ELECTRIC HEATING.

inch in cross-section, an expenditure of
nearly one and one-half megajoules is
required. _

Fig. 66 shows a form of welder intended

F1G. 66. - WELDER FOR CARRIAGE TIRES.

for welding carriage tires. The welding
transformer is situated in the interior of
the box upon which the clamps are
mounted. Ilere the pressure is applied
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hydraulically from the eyvlinder ¢, under
the action of the handle /7. The tire to
be welded is gripped in the clamps ), C.

Fi16. 67.—UN1VERSAL WELDER,

Fig. 67 shows a universal welder adapted
to a variety of work, and of 40 kilowatts
capacity, so that at 2 volts E. M. F., the
full-load current would be approximately
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20,000 amperes, or 20 kilo-amperes. In
this apparatus, as in the preceding, the
pressure is applied hydraulically from the
piston G, under the control of the handle

Fi16c. 68.—WEILER I'CR CARRIAGE AXLES.

I1. The handles &, L, are for operating
the clamps (', C'.

Fig. 68 shows a form of welder suited
for welding wagon and carriage axles.

Fig. 69 shows a welder for steel wire
cable or for bars of iron or steel.

Fig. 70 represents a form of welder
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F16, 70,— WELDER FOR WHEEL-SPOKES.
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abutted and welded together, as shown in
the lower right hand portion of the cut.

The extent of telegraphic welds may be
inferred by the fact that asingle firm, man-
ufacturing telegraphic wire, makes onthe
averacze 600 welds daily by this method.
At B and C, are shown thin strips welded
together, At D), is shown a welded pipe
which has been tested to the bursting
point and which has burst not at the
weld, but beyond it. At £, is a coil of
pipe containing welded joints; at /7, a pro-
jectile made in segments and ready for
welding; at ", the same projectile after
welding; G and 11, wire cables welded; at
K, an insulated wire with a welded joint.
Of course, such welded joints can only he
effe cted conveniently in the factory, as
the welding apparatus is not usually avail-
ablein the field.
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Fi16. 72.—WELDER FOR SHRAPNEL SHELLS.
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Fig. 72 shows a special form of weld-
ing machine for welding the hard steel
points of shrapnel shells to their soft steel
bodies. This is an operation that would
be very difticult to accomplish by any

Fi1a. 73.—P1PE-BENDING APPARATUS,

other method. Fig. 73 represents a form
of welding apparatus desiened to heat a
short length of pipe to enable the same to
be readily bent. The pipe is held in the
serew clamps (,C, and the current is
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from the liability to corrosion through
galvanic action. Not only is a contin-
uous conductor mnecessary for the eco-
nomical transmission of electrie current
over the line, but also to reduce to a
minimum the electrie corrosion of the
cgas and water-pipes, or other masses of
metal situated along the line in the
neighborhood of the railroad tracks.
Again, unless the contact between adjoin-
ing rails is electrically good, the advan-
tages gained by buried cables, or ground
feeders, to constitute a return circuit,
is materially diminished.

An attempt has been made to overcome
these difficulties by rendering the entire
length of rail constituting the track one
continuous metallic conductor. This is
done by welding the abutting ends of
the rails tocether, while in place, on the
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carriecd to the weld. To this end the
necessary welding appliances are placed
on a special car which either takes its
current from the trolley wire, or from any
alternating-current circuit that may be in
the neichborhood. When the continuous
current from the trolley wire is employved
for this purpose, the pressure being ap-
proximately 500 volts, this current drives
a motor-dynamo, or rotary transformer,
placed on the car, and by this means the
continuous current received from the
trolley 1is converted into an alternating
current and afterward delivered into the
primary coil of the welding transformer,.

The car employed for this purpose is
shown in Fig. 74. The welding transform-
er, with its larce clamps, is seen sus-
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pended from a beam at the rear end of the
car. The same transformer is shown
more clearly in Fig, 75, which represents
the welding transformer in place, in actual
work upon a track weld. By means of a

FiG. 74, —TRACK-WELDING CAR.

metor in the car, the surface of the rails
is ground by a revolving erinder for a few
inches on each side of the joint, so as to
prepare a clean surface of iron on which
the weld is to be produced. Two iron
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FiG. 75. —TRACK WELDER AT WORK.
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chucks are then placed in position, one on
each side of the joint, and the electric cur-
rent is forced from the jaws of the welder
through the chucks and across the two
ends of the rails. By this means the
chucks and rail ends are brought to-
gether up to the welding temperature.
Hydraulic pressure is exerted upon the
chucks by the hand pump 22, shown on the
richt. When the weld is effected, the two
chucks and the two ends of the rail form
one solid mass. The massive secondary
copper casting, or single turn S .S S S, is
represented in the figure with its two low-
er extremities S, S, forming the terminals
which are brought into contact with the
chucks. The primary coil is contained
within the secondary shell or box, and
the laminated iron core [ I, is passed
through or linked with both. The two
heavy iron jaws J ./, JJ, pivoted at 17, are
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as well as in the welding transformer,
about 120 KW. can be delivered to the

Fia. 76.—WELDED RAILS,

track, representing a current strength of
very nearly 60,000 amperes. The welding
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from bending in summer, by securely
fastening it to the sleepers.

In order to cite an example of the
practical application of eclectric track
welding, it may be mentioned that in the
city of Boston, four miles of Providence
oirder street car rails, weighing 61 1bs.
per yard, were electrically welded in the
summer of 1893 in one continuous length.
1t had been the gencral belief, up to the
date of this experiment, that a track so
welded could not resist the tendency of
its own expansion and contraction to pull
it to pieces. These four miles remained
in good condition until the following
winter, when they broke in about 80
places, but, in nearly all cases, it is inter-
esting to note that these fractures did not
occur at the joints, but about four to eight
inches from them, These fractures were
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fers radically from the preceding, consists,
practically, in bringing the metals to be
welded to the fusing point. This is ac-
complished by the use of the voltaic arc
as follows; one terminal of the source of
current, preferably a storage battery of
between 50 and 100 volts E. M. 1°., is con-
nected to the metals to be welded, and
the other terminal, to a rod of hard carbon,
which is brought into contact at the weld-
ing surfaces and then separated a short
distance from them, so as to form an arc
between the metal and the end of the car-
bon electrode. By this means, a partial
fusion is obtained, which results in an
electric soldering; or, as it is sometimes
called, a welding at the joint. This meth-
od of uniting the ends of metal bars or
rods, is not unlike the burning process as
applied to lead, in which two abutting sur-
faces or ends of lead sheets are united by
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means must necessarily be provided, in
the combustion furnaces, for carrying off
the products of combustion. This not
only ensures an ineflficient form of fur-
nace, but also necessitates the cooling
or chilling of the furnace by the loss of
heat, and by the ingress of cold air. In
marked contrast with this, in an elec-
tric furnace, no essential gaseous prod-
ucts of combustion are formed in the
production of the heat, and, consequent-
ly, all the heat developed is retained,
with the exception of such losses as occur
through the walls of the furnace by con-
duction. Electric furnaces have been
known in the art as early as 1848, and
since that time have been very frequently
employed.

The electriec furnace assumes a variety
of forms, one of which is shown in Fig. 77.



mitted to play inthe interior of a crucible
of refractory material, surrounded by a
non-conducting mass, usually of fire-

F16. V7. —ELECTRIC FURNACE.

brick. Since comparatively little heat
escapes by conduction, the temperature
which may be attained in the interior is
exceedingly hich., This particular form of
furnace was employved to ascertain the
temperature at which carbon boils,
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Although constructed in a variety of
forms, all electric furnaces may be di-
vided into two classes; namely, first, those
in which the operations carried on are
effected by means of the intense heat
electrically produced, and, second, those
in which the operations are effected by
electrolysis; i.e., the power possessed by
an electric current, under certain con-
ditions, of effecting chemical decomposi-
tions. By far,however, the greater num-
ber of commercial electric furnaces
belong to the first class.

In all electric furnaces the heat is
obtained either by means of the electric
arc or by electric incandescence. Since
carbon is one of the most refractory sub-
stances known, it is generally employed
either as the material between which the
arc is formed, or as the substance for
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product is of considerable commercial
value in the arts, owing to its great hard-
ness, and is extensively used as an abra-
sive material, as a substitute for emery and
corundum, and has even been employed
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F16. 78.—LONGITUDINAL SECTION OF CARKORUNDUM FUR-
NACE.

in the place of diamond dust, for the

polishing of gems.

The furnace employed for the produe-
tion of carborundum is shown in longi-
tudinal section, as charged ready for the
passage of the current, in Iig. 78. It
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about 135 KW., or 180 H.P., can, it is
claimed, produce daily in such furnaces a
yield of one short ton, or 2000 pounds of
caleium carbide at a cost of about $15.

No little attention hasrecently been at-
tracted to the preparation of calcium car-
bide, from thefact that when thrown into
water, it is capable of yielding acetylene
gas, a combination of hydrogen and carbon
(C, H,), which possesses a high illumi-
nating power when burnt in air, Either
a continuous or an alternating current
may be employed in its produetion. One
of the most important uses to which
acetylene can be applied is the enrich-
ment of ordinary illuminating gas, so as
to increase its light-giving power.

Up to the present time, perhaps, the
most important application of the electric
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the charee and the wall being filled with
limed charcoal. The furnace employs a
carbon arc as the source of heat, the arc
being formed between the carbon elec-
trodes which lead the current through the
furnace. In the ficure these electrodes
are shown at A+ A—, the are being formed
between them at ). The electrodes pass
through openings in the ends through
boxes B, B, filled with granulated copper.
The charge in such a furnace is frequently
a mixture of 50 lbs. granulated copper,
with 251bs. of crushed cryolite, a mineral
rich in aluminium, and 12 1bs. of charcoal.
The current strength varies from 1200 to
1500 amperes, and is maintained at a
pressure of about 50 volts for 5 hours.
Under these circumstances, the ore of
aluminium is reduced in the presence of
highly heated carbon, and the reduced
metal enters into an alloy with the molt-
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50 1bs. of alloy are obtaihed having from -~

15 to 35 per cent. of aluminitm-and a

small quantity of silicon.

ELECTRIC

In another process, by means of which
the aluminium is obtained in a pure state,
the decomposition is effected by elec-
trolysis. Here the current is led through
an electrolytic bath of alumina dissolved
in a double fluoride of aluminium and
potassium, maintained in a fused state by
the heat evolved durine the passage of
the current. In one process in which
this is effected, the crucible, which con-
sists of an iron box suitably lined with
carbon forming the cathode or negative
electrode, is charged with the ores of
aluminium, and a carbon rod, standing
vertically in the centre, forms the anode,
or positive electrode. The current enters
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by this carbon rod, and, after passing
through the materials of the furnace,
leaves it at the negative or external sur-
face by means of the iron frame suitably
connected to the other pole of the dyna-
mo. The current strength employed is
about 3500 amperes at a pressure of ap-
proximately 35 volts, representing an ac-
tivity of 122,5 KW. The furnace is so
arranged that the metal can be tapped off
and withdrawn as it is formed, so that
the process is a continuous one, fresh ore
being added from time to time. The effect
of the current is not only to keep the
charge in the furnace molten by the heat
produced in the passage through the tfur-
nace, but also to reduce the metal from
the ore by electrolytic action. By these
means the metal obtained is very nearly
pure. The iron box is usually cubical in
shape, and is two feet deep. It has an
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In one form of electric furnace, the ore
18 not only reduced to the metallic state,
by the action of the current, but is also
cast directly from the furnace, within
which a vacuum is maintained. This fur-
nace consists of an air-ticht chamber, pro-
vided with an inclined hearth, arranced so
as to permit the reduced and, molten
metal to flow directly from the furnace
into the mould when so desired. The
chamber of the furnace is filled with a
suitable mixture of ore, flux and redu-
cing agent, and subjected to the influence
of the electrie current; or, the furnace is
ogiven a charge of the metal to be melted
and a current applied sufficient to melt
it, while in the presence of a vacuum.

The practical limit of size proposed for
such a chamber is 40 feet in length and
capable of holding 1% tons of metal at a
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is not obtainable, this method might com-
pete with coal on a commercial basis.
For example, it has been estimated that
in order to smelt a short ton of iron in
the Siemens-Martin regenerative furnace,
from 1000 to 1400 pounds of coal are re-
quired. By the electric process here de-
seribed, assuming that coal is burned to
drive the dynamo and operate the air
pump employed in maintaining the vac-
uum, the same work can, it is claimed, be
done by the consumption of from 720 to
800 1bs. of coal.

In the use of a furnace of the above
type for the direct produection of pig iron
from iron ore, the resulting iron can be
made to contain much less carbon that in
that produced by the ordinary blast fur-
nace, since the ingredients can be much
more closely proportioned in the elec-
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plate, as is well known, is so extreme-
ly hard, that the ordinary drill has no
effect whatever on it. Attempts have
been made to soften, or anneal, these
plates at the points where the drill holes
have to be made, but although the intense
heat of the oxy-hydrogen blow-pipe has
been tried for this purpose, it has been
found to be insufficient. For this reason
a strip around the edges of the plate had
to be left unhardened, so as to permit of
the drilling, and this was an clement of
weakness. It has been found, however,
that under the intense heat of the voltaic
arc, even the harveyized plate was an-
nealed, or restored to the soft condition,
then readily permitting penetration by
the drill. This method of electric anneal-
ing 1s carried out specifically as follows:
Blocks of copper arc laid on the surface
of the plate and connected with an alter-
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nating current transformer, re

welding transformer. By this means, o

the passage of the current, intense heat
is developed in the plate between the two
electrodes or masses of copper. The
temperature is then slowly lowered by re-
ducing the current strength. This has
the effect of withdrawing the temper, or
annealing the plate between the two
blocks of copper. It has been found that
alternating currents are more favorable
for the concentration of the heating effect
than continuous currents, a fact due to
the inductance in the iron.

The heat of the voltaic archasbeen em-
ployed in a process of electric casting al-
ready described and mentioned as a proc-
ess of electric soldering. This processis
applicable to the cases of repairing fly-
wheels, steam cylinders, connecting-rods,
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etc. It consists essentially in the em-
ployment of the voltaic arce taken be-
tween two metal electrodes. One of the
electrodes, consisting of the mass of the
metal to be repaired, is fixed, and the
other, the movable electrode, is made of
the metal which is to be fused and em-
ployed in the repairing. Under these
conditions, the are is formed between the
metal to be repaired and the metal em-
ployed in the casting or filling of the
intervening space, the latter melting,
and dropping into the interstices of the
metal to be filled with the metal and
then soldered or welded.

This process requires about 8 amperes
per active square millimetre of the metal
clectrode. The usual diameter em-
ployed for the electric soldering tool is
from 6 to 10 millimetres. It is neces-
sary that the metal which receives the
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time when it is needed. Instead of re-
quiring a long previous heating in the
forge or furnace with a waste of fuel, the
metal 1s quickly heated by the electric
current. Morcover, heat of eleetrie ori-
gin is capable of much finer and closer
regulation than is heat of the ordinary
forge or furnace. Then again, automatic
devices may be readily introduced where-
by the current can not only be controlled
as to amount, but also can be cut off as
soon as a certain temperature is reached.
This will be found a matter of consider-
able advantage in cases where the metals
to be worked require tempering, since
the heat to which they are subjected
can be made absolutely uniform, irre-
spective of the size of the piece to be
heated. Moreover, the bar can be heated
uniformly throucghout all portions of its
area of cross-section,
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cubic-inch. A larger bar 3 feet long and 3
inches in diameter, would require about
75 KW. over ten minutes, or 45 megajoules
=14 KW. hours, or nearly 180,000 joules-
per-cubic-inch.,

Two distinctly different methods are in
use for obtaining the electrical heating of
the material to be shaped or forged;name-
ly, heating it by passing a sufliciently
powerful current through it while in the
air, and passing an electric current from
it into a mass of surrounding conducting
liquid. The former process, as in electric
welding, requires the use of a powerful
current strength at a low pressure and is
best obtained by means of an alternating-
current transformer. The latter process,
on the contrary, requires comparatively
small current strength, but a compara-
tively high electrical pressure,
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F16G 83,-—ELECTRIC FORGE AND ELECTRIC COOKING RANGE.
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Fig. 83 represents the apparatus em-
ployed when the former method of heat-
ing is adopted. 7 T, is a large alternat-
ing-current transformer for reducing a
current of comparatively high pressure to
one of very low pressure, but of corre-
spondingly increased strength. In the
particular case represented the primary
coil of the transformer receives about 40
KW.at full load at a pressure of 1500 volts
and consequently a current strength of
about 24 amperes. The secondary coil
delivers nearly 40 KW, at full load at a
pressure of about 4 volts and, consequent-
ly, with a current strength of about 10,000
amperes. The seeondary terminals of
the transformer arce connected with the
eopper massive conductors 1 and 2; 3 and
4;5 and 6; and 7 and 8;any pair being se-
lected according to the character of the
work to be heated. These conductors
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Fig. 84, —SAMPLES OF FORGINGS ELECTRICALLY HEATED.
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of the metal and raises its temperature.

It is to be observed that this method
can only be employed with a continuous
current. The heating process is con-
ducted without any oxidation of the metal
to be heated, its surface being thoroughly
protected by the enveloping mass of hy-
drogen. The metal gurface of the vessel
containing the liquid becomes oxidized by
electrolysis durineg the operation of the
process, and has to be renewed from time
totime. Themainresistance in thisliquid
tank exists at the surface of the metal, in
the film or layer of hydrogen, and, conse-
quently, it isatthis surface that the heat
is almost entirely liberated. Consequent-
ly, the amount of current employed is
automatically regulated by the surface
area of the immersed metal, the larger the
surface the greater the current strength
which will flow. The pressure employed
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Dr. Louis Bell. 315 pages, 353 illustrations........... 3.00

The Electric Railway in Theory and
Practice, The First Systematic Treatise on the
Electric Railway. By O. T. Crosby and Dr. Louis
Bell. Second edition, revised and enlarged. 416 pages,

183 illustrations. ... v.iieiiieiiii i 2.50

Alternating Currents. An Analyticaland Graph-
ical Treatment for Studentsand Engineers. By Frederick
Bedell, Ph.D., and Albert C. Crehore, Ph.D. Second
edition. 325 pages, 112 illustrations...,...e0ccvaeeee. 2.50



Publications of the W. §F. FOHNSTON COMPANY.

Gerard’s Electricity. With chapters by Dr. Louis
Duncan, C. P. Steinmetz, A. E. Kennelly and Dr. Cary
T. Hutchiuson. Translated under the direction of Dr.
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The Theory and Calculation of Alternat-
ing-Current Phenomena, By Charles Proteus
SEIER 600000 000000000000000000066050000000600 500

Central Station Bookkeeping. With Suggested
JSLEL 1537 18k Ao INEEE®0 0600 00600606 6606666 00000C

Continuous Current Dynamos and Motors.
An Elementary Treatise for Students. By Frank P.
Cox, B.S. 271 pages, 83 illustrations................

Electricity at the Paris Exposition of
1889, By Carl Hering. 250 pages, 62 illustrations.

Electric Lighting Specifications for the use of
Engineers and Architects. Second edition, entirely re-
written. By E. A. Merrill. 175 pages...............

The Quadruplex. By Wm. Maver, Jr., and Minor
M. Davis. With Chapters on Dynamo-Electric Machines
in Relation to the Quadruplex, Telegraph Repeaters, the
Wheatstone Automatic Telegraph, etc. 126 pages, 63
N80 000000 0000000000 00606000006 000500006000

The Elements of Static Electricity, with Full
Descriptions of th: Holtz and Topler Machines. By
Philip Atkinson, Ph.D. Second edition. 228 pages,
64 illustrations. . ....cuvii ittt

Lightning Flashes. A Volume of Short, Bright
and Crisp Electrical Stories and Sketches. 160 pages,
copiously illustrated. ........ ... ... ool fe o

A Practical Treatise on Lightning Pro-
tection: ByII.W.Spang. 18opages, 28illustrations,
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Publications of the W. ¥. FOHNSTON COMPANY.

Electricity and Magunetism. Being a Series of
Advanced Primers. By Edwin J. Houston, Ph.D. 306
pages, 116 illustrations. .........coiviuineeniinecnn-s $1.00

Electrical Measurements and Other Ad-
vanced Primers of Electricity. By Edwin
J. Houston, Ph.D. 429 pages, 169 illustrations........ 1.00

The Electrical Transmission of Intelli-
gence and Other Advanced Primers of
Electricity. By Edwin J. Houston, Ph.D. 330
pages, 88 illustrations..........ccoiiiiiiiiinniaien, 1.00

Electricity One Hundred Years Ago and
To-day. By Edwin J. Houston, Ph.D. 179 pages,
o EFN 6000000000000200000000000000006066000000 1.00

Alternating Electric Currents. By E. J.
Houston, Ph.D. and A. E. Kennelly, D.Sc. (Electro-
Technical Series)........oee ciiiiiiinrencenancanns 1.0C

Electric Heating. By E. J. Houston, Ph.D. and
A. E. Kennelly, D.5c. (Electro-Technical Series)..... . 1L.oo

Electromagnetism. By E. J. Houston, Ph.D. and
A. E. Kennelly, D.Sc. (Electro-Technical Series)...... 1.00

Electro-Therapeutics. By E. J. Houston, Ph.D.
and A. E. Kennelly, D.Sc. (Electro-Technical Series).. 1.00

Electric Are Lighting. By E. J. Houston, Ph.D.
and A. E. Kennelly, D.Sc. (Electro-Technical Series).. I.00

Electric Incandescent Lighting. By E. J.
Houston, Ph.D. and A. E. Kennelly, D.Sc. (Electro-
TechnicaliSeries) oo ilet ool ele s lolelelole e e ettt ool ot .. Loo

Electric Motors. By E.J. Houston, Ph.D. and A.
E. Kennelly, D.Sc. (Electro-Technical Series)......... 1.00



Publications of the W. F. YOHNSTON COMPANY

Electric Street Railways, By E. J. Houston,
Ph.D. and A. E. Kennelly, D.Sc. (Electro-Technical
SEEY)0 000d0666 00000008000 80000600 5000600 50doo0s00a $1.00

Electric Telephony. By E. J. Houston, Ph.D,
and A. E, Kennelly, D.Sc. (Electro-Technical Series).. 1.00

Electric Telegraphy. By E. J. Houston, Ph .D.
and A. E. Kennelly, D.Sc. (Electro-Technical Series).. 1.00

Alternating Currents of Electricity. Their
Generation, Measurement, Distribution and Application.
Authorized American Edition. By Gisbert Kapp. 164
pages, 37 illustrations and two plates ................. 1.00

Recent Progress in Electric Railways.
Being a Summary of Current Advance in Electric Rail-
way Construction, Operation, Systems, Machinery,
Appliances, etc. Compiled by Carl Hering. 386
pages, 110 illustrations........... 5 ©00060000000003G 1.00

Original Papers on Dynamo Machinery
and Allied Subjects. Authorized American
Edition. By John Hopkinson, F.R.S. 249 pages, 9o
80 0 000 00000000000000000600000060000a06 00C 1.00

Davis’ Standard Tables for Electric Wire-
men. With Instructions for Wiremen and Linemen,
Rules for Safe Wiring and Useful Formulx and Data.
Fourth edition. Revised by W. D. Weaver........... 1.00

Universal Wiring Computer, for Determining
the Sizes of Wires for Incandescent Electric Lamp ILeads,
and for Distribution in General Without Calculation,
with Some Notes on Wiring and a Set of Auxiliary
Tables. By Carl Hering. 44 pages... ......co..... 1.cO0



Publications of the W. ¥. FOHNSTON COMPANY.

Experiments With Alternating Currents
of High Potential and High Frequency.
By Nikola Tesla. 146 pages, 30 illustrations.......... $1.00

Lectures on the Electro-Magnet. Authorized
American Edition. By Prof. Silvanus P. Thompson.
287 pages, 75 illustrations. ......... ..oooiieil Lo 1.00

Dynamo and Motor Building for Amateurs.
\With Working Drawings. By Lieutenant C. D. Park-
IS 6 06666% 06000600000 0000000000000 000060600000000 1.00

Reference Book of Tables and Formulae
tfor Electric Street Railway Engineers.

By E.A. Merrill_..ooviiiiiiinienenininnn.. 50000H0G 1.00
Practical Information for Telephonists

By T. D. Lockwood. 192 pages........c.coevvennnes 1.00
Wheeler’s Chart ot Wire Gauges........... 1.00

A Practical Treatise on Lightning Con-
ductors. By H.W. Spang. 48 pages, 10illustrations. .75

Proceedings of the National Conference of

Electricians. 300 pages, 23 illustrations.......... .75
Wired Love ; A Romance of Dots and Dashes. 256
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Tables of Equivalents of Units of Measure-

ment, By Carl Hering........................... .50

Copies of any of the above books or of any other electrical book
published, will be sent by mail, POSTAGR PREPAID, fo any address
in the world on receipt of price.

THE W. J. JOHNSTON COMPANY,

253 BROADWAY, NEW YORK.



THE PIONEER ELECTRICAL JOURNAL OF AMERICA

Read Wherever the English Language is Spoken.

The Electrical World

is the largest, most handsomely illustrated, and most widely
circulated electrical journal in the world.

It should be read not only by every ambitious electrician
anxious to rise in his profession, but by every intelligent Ameri-
can,

It is noted for its ahility, enterprise, independince and
honesty. For thoroughness, candor and progressive spirit it
stands in the foremost rank of special journalism.

Always abreast of the times, its treatment of everything
1elating to the practical and scientific development of electrical
knowledge is comprehensive and authoritative. Among its
many teatures is a weekly Digest of Current Technical Electri
cal Literature, which gives a complete »ésumé ot current orgi-
nal contributions to electrical literature appearing in other
journals the world over.

Subscription | ncluding postage In the U.5. 183 a Year.

May be ordered of any Newsdealer at 1o cents a week.

Cloth Binders for THE ELECTRICAL WORLD postpaid, $1.00.

The W. J. Johnston Company, Publishers,
253 BROADWAY, NEW YORK.
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