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The Early History
of the Electric Light

By T. O’Conor

BOUT 133 years ago Sir Hum-
A phrey Davy produced an elec-
tric arc between two pieces of
charcoal and this may be taken as prac-
tically the birth of the electric light.
Very little effect of illumination had been
given so far by any heated conductor,
but the electric arc was a true light. The
mind of the experimenter seems to have
been fixed an the idea that the arc, the
little flame-like body, extending from
pole to pole, was the light-giving ele-
ment. Later on, carrying out this idea of
the importance of the arc, Sir Humphrey
Davy, using an immense battery, one of
two thousand jars, produced an arc four
inches long. This gives an interesting il-
lustration, or example, of an early mis-

Sloane, Ph.D.

conception of the electric arc lamp. The
carbons are now operated quite close to-
gether, and what the arc does is not to
give light in itself to any extent, but to
supply a path of conduction of high re-
sistance and of very small dimensions.
This makes it a concentrated spot of
lheat, and as the current passes, the two
carbons become intensely hot and the
light is derived from them, the arc giv-
ing a very small proportion. The early
investigators quite misunderstood the op-
eration of the arc as an illuminating
agent, but experimented vigorously and
tried to reduce the high resistance of the
charcoal electrodes by treating them with
metallic mercury. They seemed to have
no objection to the idea of disseminating
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mercury vapor through the air that they
were breathing.

The great trouble in experimenting
with any apparatus requiring a strong
and continuous electric current was in
the battery. The primary battery of those
days was a very poor affair and to-day,
it is fair to say that except for.special
uses, the modern primary electric bat-
tery is poor enough. We can imagine
the labor of setting up Davy’s two thou-
sand cups of primary battery, filling each
cup with the acid, making the four thou-
sand connections to the plates and real-
izing that from the moment the battery
was started by bringing the acid and
plates together, it began to run down.
Even if left on open circuit while theo-
retically idle the battery would lose
strength rapidly, would polarize as it is
called, and would exhaust the acid and
dissolve the zinc. From the instant it
was set up it would begin to destroy
itself.

HE electric arc excited great atten-

tion in these days, people thought
it was of a much higher illuminating
power than it really was and this idea
lasted for many years. They were
warned not to look at it directly for fear
of some injury.

Difficulties in the use of the primary
battery were so great in the development
of power that the electric arc remained
a thing of spectacular and theoretical in-
terest only. Up to within quite a recent
period, the so-called calcium light was
the principal source of illumination for
the magic lanterns, the progenitor of the
moving pictures of to-day, which are
projected by the use of the modern elec-
tric light. »

The great Faraday, Sir Humphrey
Davy’s assistant, and who, it is said, was
treated sometimes with scant cvility by
the older scientist, had produced electric
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currents mechanically. These were very
slight and trivial, but his laboratory ap-
paratus was the progenitor of the gigan-
tic dypamos .of the present day. And
when a self-contained mechanical gen-
erator of electricity, and that is what a
dynamo is, came into being, the electric
arc light became a possibility and the
most diverse efforts were made to bring
it into use. At first the construction of
a feed mechanism for maintaining the
carbons at the proper distance from each
other, offered considerable difficulties,
and various inventors worked upon the
subject. The machinery for feeding the
carbons was more or less complicated
and accordingly efforts were made to
produce an arc lamp which would burn
for a reasonable period without any ma-
chinery. The great problem then was
stated to be the development of a method
of dividing the electric light—the arc
light giving several hundred candle pow-
er was not what mankind wanted, what
was wanted was to divide up this illum-
ination into smaller units and the expres-
sion—"“The Division of the Electric
Light” became a sort of by-word among
investigators in the last century.

It is astonishing how much has been
forgotten of the early work in this di-
rection. A division of the electric light,
to a certain extent, and the dispensing
with feeding mechanism for the carbon
was brought out by the Jablokoff candle,
which played a very big part in the dis-
cussions and work of the last century.
This caonsisted of two carbon rods thin-
ner than a lead pencil, and perhaps eight
or ten inthes long, enbedded in a plaster-
like composition which held them paral-
lel to each other and at a distance apart
of a fraction of an inch, for by this time
inventors realized that a lang arc was
not desirable. The Jablokoff candle was
mounted in the position of the everyday
candle, in a socket, the terminals of the



488

cirouit being connected to the lower ends
of the two carbon rods. A little bit of
carbon was laid across between the up-
per ends of the main carbons and when
the current was turned on this rapidly
became incandescent, burned out in a
few seconds, and the arc started. The
idea was that the arc would persist until
the candle burned down to the socket
just as an ordinary wax candle would do.

This instrumentality for illumination
was tried on an extensive scale both in-
doors and outdoors and much to the
terror of the gas manufacturers the divi-
sion of the electric light seemed at last to
be eflected.

In the direct current arc light one car-
bon always burns much more rapidly than
the other, so the Jablokoff candle had to
be operated by an alternating current. Its
life was rather short and when it died a
natural death, it was pretty well forgot-
ten and to-day, just as the wireless oper-
ator, in many cases, never knew what a
coherer is, the modern electric lamp tech-
nician in most cases, could not tell you
what a Jablokoff candle was.

T \HE power of the electric arc, when

its mechanism was completed so that

it could be used for a number of hours’

work without any attention, was greatly

exaggerated. It was always spoken of as

of 2000 candlepower but it probably was
of less than half that power.

The division of the electric light on
the basis of the arc was found to be al-
most impossible. The experiment was
tried of putting it on a very high pole,
perhaps 100 feet in height, and depend-
ing upon it to illuminate a large area.
It was so small that the shadows which it
cast were very sharply defined. There was
no penumbra, that is, no shading off of
the edges.of he shadows. We were told
that people stooping down would try to
pick up the shadow of a twig, cast by the
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arc light on the pole, as if it was a real one.

Edison, by this time had won his fame
as the wizard of Menlo Park and he at-
tacked the problem of ‘the subdivision of
the light. If a lamp could be devised
which would operate by pure incan-
descence of a solid, without any arc and
with a consecutive conductor, it would
seem that the problem would be solved.
Every one looked to him for the solu-
tion and his platinum wire lamp was
described and illustrated in the press as
important news.

In this lamp a little vertical coil .of
platinum wire in the general shape of an
inch of lead pencil was ignited by the
current and gave light. Through its cen-
ter a metal bar passed and when the coil
approached the danger point of fusion,
the expanion of this bar, acting on a
switch, opened the circuit and reduced or
cut off the current. In practice, this was
supposed to act almost like a variable re-
sistance, the makes and breaks as far as
they were produced, succeeding each
other with a rapidity approaching con-
tinuity. It was not satisfactory, so going
down the line the substance was sought
which, unlike platinum, was virtually in-
fusible. Chemistry had not advanced
very far in those days, at least there was
much ahead of it to be discovered, and
for the electric lamp it appeared that the
most obvious substance which would con-
duct electricity, which was practically in-
fusible, so that it could be brought up to
a white heat, was carbon, the very sub-
stance of the pencils or rods of the arc
light. Edison tried a filament of carbon

- using any number of materials to get a

good substance, sealed it in the bulb just
as in the tungsten lamp of to-day, and
pumped out all the air. To do this he
used a mercurial pump of the Sprengel
type and at one time he had 500 of them
in his laboratory at Menlo Park,

The filament in the shape of the in-
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verted letter “U” was contained in a bulb
mare or less pear-shaped, and from this
form only slight departures have been
made during the many intervening years.
At “one fell swoop” a lamp was devised
without any mechanism, one that would
require no attention during its lifetime,
and which would burn hour after hour
without change. The thing that struck
péople who saw these lamps for the first
time was that they were looking at gas
flames and not at an electric light, so
perfect was the invention. b

OR many years there has been a

standard of light for gas on which
contracts were often based. A burner,
consuming five cubic feet an hour of
standard gas, was supposed to give 16
candles of illumination, though it often
gave much more. This was the light
given by sixteen standard sperm candles.
It became the goal of the everyday in-
candescent electric lamp.

All sorts of carbonaceous materials
were used as the basis for the filament.
Edison had the world combed over to
get the best material. The filament was
subjected to various treatments. It was
ignited to a red heat in an atmosphere
of hydrocarbon vapor. This gradually
diminished its resistance so that by regu-
lating the time of this preliminary igni-
tion it could be brought to any desired
number of ohms. The filament which
may have started almost as charcoal by
this and other subsequent treatments be-
came hard and elastic, which greatly in-
creased its strength under disturbance
by shaking or otherwise. When cold the
filament was extremely elastic. A long
filament, started into vibration by shak-
ing the bulb, would oscillate back and
forth with such extreme rapidity as to
produce a sort of spectral image. It was
a very interesting illustration of the elas-
ticity of a solid body.
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The great feature of the incandescent
lamp was that it gave even illumination
when subjected to a standard potential.
Thus two leads of wire could be carried
any distance and could be maintained at
a definite potential difference, one from
the other, and incandescent lamps con-
nected across them like the rungs of a
ladder, would be steadily lighted by the
current, As the difference of potential
would be greater near the source of elec-
tricity than at a greater distance, lamps
of different voltages could be used on
different portions of the leads. Inside
the lamp bulbs as high a vacuum as pos-
sible was produced, then they were her-
metically sealed so that the vacuum with-
in them was permanent. For many years
the carbon filament in the incandescent
lamp was used with great success for
house illumination.

One of the early incandescent lamps
deserves a special notice, it came so near
to being the perfect solution of the prob-
lem. It depended on the ignition of a
clay filament to'a white heat. The fila-
ment was virtually infusible, was abso-
lutely unaffected by the oxygen of the
air, it seemed to do away with the dif-
ficulties inherent in the old-time incan-
descent lamp with its carbon filament.
This is the Nernst lamp, pretty well for-
gotten now, but from some points of
view the best of the incandescent lamps.
But like many other seemingly good
things, it did not reach a successful ex-
ploitation.

When Edison worked on the incan-
descent lamp, he had also to provide a
system of conductors for it. It was sim-
ple enough to run two conductors in
parallel with each other, wherever light
was desired. In this way, the conduc-
tors would have to be thick enough, that
is to say, of low enough resistance, to
economically carry the current for a
single lamp or for a whole group, per-
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haps a hundred or more. The lamps
were made of about 110 ohms resistance,
some were of higher resistance than the
others, determined by the points of the
conductors where they were to be used.
The happy idea then occurred of using
a central conductor to maintain a differ-
ence of the standard amount of about
110 volts, between the central conductor
and the right-hand conductor on one side
and another 110 volts between the cen-
tral conductor and the left-hand lead.
The lamps were then connected from
center to one side or the other of the
group of conductors. In a general way
they were supposed to be connected sym-
metrically, so that the arrangement was
like a “ladder,” which not only had its
two sides, but had a central bar to sup-
port the rungs. This of course is a mere
comparison. The ~three-wire systems
brought about a most interesting condi-
tion that double the voltage could be
used on the circuit and for the same
number of lamps en a two lead circuit
331/3% more copper would have to be
used,

If one lamp was turned off the other
one would receive the potential existing
between its outside conductor and the
central one. If both were turned on,
each would receive its proper voltage
giving an aggregate of double the
amount for one lamp. Now comes the
personality element as it may be called.
If all the lamps on such a circuit were
going at once, they would be supplied by
the two outside leads only and the cen-
tral lead might be cut off for any good it
would do, but the moment one lamp was
shut off, the equilibrium would be dis-
turbed and the central lead would have
to pass current for the odd lamp. Now
if all the lamps on one side were turned
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off, then everything would be done by
the central lead and one of the outside
leads, leaving the third one idle. But in
the course of human events, it was al-
most impossible that all the lamps on
one side should be turned out. It was
quite safe to assume an average dimen-
sion for the central lead based on how
the customers would handle their lamps
in the way of turning them off or turn-
ing them on. It, therefore, appeared to
be quite safe to reduce the size of the
central lead. As a popular way of put-
ting it, it may be said that this relation
of sizes of leads was based on how hu-
man nature would treat the lamps.

A five wire systeq was tried and
worked well, but never reached any de-
velopment.

We are all familiar with cellophane,
the peculiarly indestructible organic com-
pound used as a wrapper. The question
used to be asked, ‘“What becomes of all
the pins?’ When we find cellophane
being wrapped around everything from
cigars to candy, the question may be
asked, “What becomes of all the cello-
phane?” If the carbon filament lamp
was not extinct, cellophane would seem
to be quite an ideal substance as the
basis for the filament.

The standard carbon filament lamp,
following the lead of the old standard
gas burner, gave a light of about 16
candles and required for this the ex-
penditure of nearly 4 watts to each can-
dle power.

Naturally, there was a great desire to
use a metallic filament. One of the met-
als, tantalum, presented possibilities, but
the conclusion was reached, oddly
enough, that there was not emough
metallic tantalum to be obtained in the
world to supply the lamps for a year.



